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Cancer Chemopreventive Activity 
of Resveratrol, a Natural Product 

Derived from Grapes 
Meishiang Jang, Lining Cai,* George O. Udeani, 

Karla V. Slowing, Cathy F. Thomas, 
Christopher W. W. Beecher, Harry H. S. Fong, 
Norman R. Farnsworth, A. Douglas Kinghorn, 

Rajendra G. Mehta, Richard C. Moon, John M. Pezzutof 

Resveratrol, a phytoalexin found in grapes and other food products, was purified and 
shown to have cancer chemopreventive activity in assays representing three major 
stages of carcinogenesis. Resveratrol was found to act as an antioxidant and antimuta-
gen and to induce phase II drug-metabolizing enzymes (anti-initiation activity); it medi
ated anti-inflammatory effects and inhibited cyclooxygenase and hydroperoxidase func
tions (antipromotion activity); and it induced human promyelocytic leukemia cell differ
entiation (antiprogression activity). In addition, it inhibited the development of preneo
plastic lesions in carcinogen-treated mouse mammary glands in culture and inhibited 
tumorigenesis in a mouse skin cancer model. These data suggest that resveratrol, a 
common constituent of the human diet, merits investigation as a potential cancer che
mopreventive agent in humans. 

Chancer is the largest single cause of death 
in both men and women, claiming over 6 
million lives each year worldwide. Chemo-
prevention, the prevention of cancer by 
ingestion of chemical agents that reduce 
the risk of carcinogenesis (I), is one of the 
most direct ways to reduce morbidity and 
mortality. Cancer chemopreventive agents 
include nonsteroidal anti-inflammatory 
drugs (NSAIDs) such as indomethacin, as
pirin, piroxicam, and sulindac, all of which 
inhibit cyclooxygenase (COX) (2). This in
hibitory activity is relevant to cancer che-
moprevention because COX catalyzes the 
conversion of arachidonic acid to pro-in
flammatory substances such as prostaglan-
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dins, which can stimulate tumor cell growth 
and suppress immune surveillance (3). In 
addition, COX can activate carcinogens to 
forms that damage genetic material (4). 

In searches for new cancer chemopreven
tive agents over the past several years, hun
dreds of plant extracts have been evaluated 
for their potential to inhibit COX. An ex
tract derived from Cassia quinquangulata 
Rich. (Leguminosae), collected in Peru, was 
identified as a potent inhibitor, and on the 
basis of bioassay-guided fractionation, res
veratrol (3,5,4'-trihydroxy-tra?as-stilbene) 
(Fig. 1) was identified as the active prin
ciple (5). 

The process of chemical carcinogenesis 
can be divided into three general stages, 
and chemopreventive agents have been cat
egorized according to the stage that they 
inhibit (6). Resveratrol inhibits cellular-
events associated with tumor initiation, 
promotion, and progression. As noted 
above, the compound was identified on the 
basis of its ability to inhibit the cyclooxy
genase activity of COX-1 (median effective 
dose ED50 = 15 \xM) (Fig. 2A), and this 
activity correlates with antitumor promo
tion. Although its inhibitory activity was 
less than that of certain NSAIDs, such as 

indomethacin (ED50 = 2.3 \xM) (Fig. 2A), 
it was much greater than that mediated by 
compounds such as aspirin (ED50 = 880 
(jiM). Also, unlike indomethacin and most 
other NSAIDs, resveratrol inhibited the hy
droperoxidase activity of COX-1 (ED50 = 
3.7 (JiM) (Fig. 2B). Resveratrol-mediated 
inhibition was specific for the cyclooxygen
ase activity of COX-1 because there was no 
discernable activity when oxygen uptake 
was assessed with COX-2 (Fig. 2A), an 
inducible form of the enzyme associated 
with responses such as inflammation (7), 
and inhibition of the hydroperoxidase ac
tivity of COX-2 (ED50 - 85 (JIM) (Fig. 2B) 
was greatly reduced relative to the activity 
observed with COX-1. 

On the basis of these results, we inves
tigated the anti-inflammatory activity of 
resveratrol. In the carrageenan-induced 
model of inflammation in rats, resveratrol 
significantly reduced pedal edema both in 
the acute phase (3 to 7 hours) and in the 
chronic phase (24 to 144 hours). The 
edema-suppressing activity of resveratrol 
was greater than that of phenylbutazone 
and was similar to that of indomethacin 
(Fig. 3). Overall, these data demonstrate 
the potential of resveratrol to inhibit tu
mor promotion. 

Resveratrol was also found to inhibit 
events associated with tumor initiation. For 
example, resveratrol inhibited, in a dose-
dependent manner, free-radical formation 
(ED50 = 27 (JiM) when human promyelo
cytic leukemia (HL-60) cells were treated 
with 12-O-tetradecanoylphorbol-13-ace
tate (TPA) (8). The compound also func
tioned as an antimutagen. as illustrated by 
its dose-dependent inhibition of the muta
genic response induced by treatment of Sal
monella typhimurium strain TM677 with 
7,12-dimethylbenz(a)anthracene (DMBA) 
(ED50 = 4 (JiM) (9). In addition, resveratrol 
induced quinone reductase activity with 
cultured mouse hepatoma (Hepa lclc7) 
cells (concentration required to double ac
tivity, 21 (JiM) (I0)y which is relevant be
cause phase II enzymes, such as quinone 
reductase, are capable of metabolically de
toxifying carcinogens (11). An identical re
sponse profile was observed with cultured 
BPrCl hepatoma cells (a derivative of Hepa 
lclc7 cells that is incapable of phase I 
enzyme induction), indicating that resvera
trol is a monofunctional inducer. 

We also tested the ability of resveratrol 
to inhibit the progression stage of carcino-

Fjg. 1. Structure of resveratrol. 
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genesis by treating cultured HL-60 cells 63, 63, or 55%, respectively (Fie. 4B). No further ~nvestigation as a cancer chemopre- 
( 1  2) w t h  resveratrol. Under normal culture overt slgns of resveratrol-~nduced toxicity ventive aeent In humans. In light of the ad- 
conditions, these cells have unlimited pro- were observed, as judged by visual inspec- verse health effects of long-term alcohol con- 
liferative capacity. In a dose-dependent tion of the sltin, gross illorpholoe~cal exam- sumption, ho\vever, foods and nonalcoholic 
manner, resveratrol induced expression of ination of major orean systems, or chanee in l~everaees derived &om grapes (20) should be 
nitroblue tetraioliuin reduction activity, a body \veiellts, relative to controls. considered as alternative dietary sources. 
marlter of granulocyte formation (ED,, = The physiological function of resveratrol 
11 ~ h l ) ,  and nonspecific acid esterase ac- in plants is not well defined. The com- 
tivity, a marker of ~nacrophage (monocyte) pound is tllouellt to be a phytoalexin, one 3 
formation (EDjc = 19 FM). Concurrently, of a croup of compounds that are produced o 
incorporation of [3H]thymidine was inhib- during times of environmelltal stress or B 
ited (ED,, = 18 yk l ) ,  indicative of termi- pathogenic attack. Resveratrol has been 5 20 

P 
nal differentiation to a nonproliferative found in at least 72 plant species (distrib- c = 40 
phenotype. uted in 31 eenera and 12 families), a num- c 

To assess more directly the cancer che- l ~ e r  of \vhich are co~llponents of the human 60 
moprel~entive activity ofresl~eratrol, we in- diet, such as mulberries, peanuts, and S 
vestigated ~ t s  effects in a mouse mammary grapes. Relatively high quantities are found 80 

eland culture model of carc~nogenesis (13). in the latter, possibly because of the re- 5 
Resveratrol ~nhibited. in a dose-dependent sponse of L i i i i  uinifrm (V~taceae) to fnngal % o 20 40 60 80 100 120 140 
manner, the development of DklBA-in- infection (14). Fresh grape skin contains Hours 
duced preneoplastic lesions (ED, ,  = 3.1 about 50 to 100 yg of resveratrol per gram, Fig. 3. Effects of resveratrol (C, 3 mg per kllogram 
FM) (Fig. 2C). No s i p s  of toxicity were and the concentration in red \vine is in the of body 3, 8 mg,kg), phenylbutazone (A), 
observed, as judged by lnorphological exam- range of 1.5 to 3 mglliter (15). Appreciable or indomethacin (r) on carrageenan.induced in. 
ination of the glands. Finally, we studied amounts are also f o ~ ~ n d  in ~vhite  and rosi. flammation in rats (22). Percent reduction (i SD) 
tumorigenesis in the two-stage mouse skin wines (I  6). was obtained by comparing the paw volume in the 
cancer illode1 in which DMBA was used as The results of several epidemiological control group () (treated with carrageenan only) 
initiator and TPA as promoter. During an studies have suggested that coronary heart with that in the drug-treated group. Dosing was 

18-~veelt study mice treated \vith DAllBA- disease mortality can be decreased by mod- repeated days, refers 
plus TPA developed an average of tn.o tu- erate consumption of alcohol, especially red after injection. The data for the indo- 

mors per mouse with 40% tumor incidence wine ( 17). It is conceival~le that resveratrol methacin group at 120 hours and 140 hours were 
not reliable because of the induction of secondary 

(Fig. 4A).  Application of 1, 5, 10, or 25 plays a role in the prevention of heart dis- lesions, 
ymol of resveratrol together with TPA ease (18) because it has been reported to 
twice a \veelt for 15 weeks reduced the inhibit platelet aegreeation and coaeula- 
number of sltin tumors per mouse by 68, 81, tion, alter eicosanoid synthesis, and modu- 
76, or 98%, respectively, and the percent- late lipoprotein lnetabolisln (1 9) .  - 8 40 

age of mice with toinors uas loivered by 50, Our results s~ggest that resveratrol merits 3o 

0 u .; 20 
Fig. 2. (A) Effects of ndomethacin () on COX-1 activity, A .- c 
and resveratrol on COX-I (C) or COX-2 (A) activity. COX 
activity was measured by assessing oxygen consump- 
tion at 37°C (21). Reactons were started by adding 0.6 
mM arachidonic acid to a mixture containing 0.1 M sodi- 
um phosphate (pH 7.4). 1 .O mM phenol, and 0.01 mM 25 40 
hemin; microsomes (0.2 mg of protein) derlved from a 2 
sheep seminal vesces as a crude source of COX-I or 32 

recombinant human COX-2 (0.1 mg of protein): and the 3 
1 10 24 

test compound, (B) Effect of indomethacin on COX-1 (2) 
hydroperoxidase activity, and resveratrol on COX-I (0) or 
COX-2 (A) hydroperoxidase activity. Hydroperoxidase 
activity was determined by spectrophotometry. Reaction z 
mixtures contained 0.1 M tris-HC (pH 8.5), 1.2 FM he- 0 

min, 0.24 mM N,N,Nf,N'-tetramethy-p-phenyenedi- 0 2 4 6 8 10 12 14 1 6 1 8  
amine (TMPD), COX-1 (36 p g  of protein) or COX-2 (45 

Weeks after treatment 
y g  of protein), and test compounds. H,O, (250 pM) was 
used to initiate the reaction, and changes in absorbance 1 10 100 Fig. 4. Effect of resveratrol on tumorigenesis n 
at 595 nm were measured. Inhibitory activ~ty was cacu- the two-stage mouse skin model. Six groups of 20 
ated by comparing the initial rate of change in absor- 80 female CD- I  mice (4 to 5 weeks old) were treated 
bance n the presence of test compounds with that ob- 5 60 topically with 200 p m o  of DMBA in 0.2 m of 
served with solvent (DMSO) only. Each pont represents ,G acetone on the shaved dorsal region (23). One 
the mean i SD of two determinations. (C) Inhibition of 5 40 week later, the mice were treated with 5 y m o  of 
DMBA-induced preneoplastic lesions in mouse mamma- 20 TPA In 0.2 ml of acetone alone (2) or together with 
ry gland culture by treatment wlth resveratrol. Mammary 1 (I). 5 (A). 10 (V), or 25 (0) pmol of resveratrol ~n 
glands were incubated wlth resveratro for 10 days and 0 0.2 m of acetone, tw~ce a week for 18 weeks. 
DMBA for 24 hours on day 3 (13). Percent ncidence of 0.01 0.10 1.m 1o.m 1m.m Animals were weighed weekly and observed for 
mammary lesions was determined after an additional 14 Concentration (1M) tumor development once every week. (A) Percent 
days of ncubation. The data from resveratrol-treated incidence of observable skln tumors; (B) total 
groups were compared with control groups and the results expressed as a percentage. number of observable skin tumors. 
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Synaptic Depression and Cortical Gain Control 
L. F. Abbott," J. A. Varela, Kamal Sen, S. 6. Nelson 

Cortical neurons receive synaptic inputs from thousands of afferents that fire action 
potentials at rates ranging from less than 1 hertz to more than 200 hertz. Both the 
number of afferents and their large dynamic range can mask changes in the spatial 
and temporal pattern of synaptic activity, limiting the ability of a cortical neuron to 
respond to its inputs. Modeling work based on experimental measurements indicates 
that short-term depression of intracortical synapses provides a dynamic gain-control 
mechanism that allows equal percentage rate changes on rapidly and slowly firing 
afferents to produce equal postsynaptic responses. Unlike inhibitory and adaptive 
mechanisms that reduce responsiveness to all inputs, synaptic depression is input- 
specific, leading to a dramatic increase in the sensitivity of a neuron to subtle changes 
in the firing patterns of its afferents. 

Cor t i ca l  neurons transmit infor~nation by 
responding selectively to changes in  the  
spatial and temporal pattern of presynaptic 
action potentials arriving a t  about 10,000 
synapses. Extracting meaningful informa- 
t ion from such a large and complex set of 
inputs presents a severe challenge. Presyn- 
astic afferents fire action potentials a t  a 

wide variety of different rates, and signals 
carried by slowly firing afferents may be 
masked by random fluctuations in the  ac- 
tivity of afferents firing a t  high rates. This 
problem can be avoided if cortical neurons 
monitor slovrrly firing afferents a t  high gain 
while reducing the  gain for high-rate inputs. 
Such gain control cannot be achieved 
through fixed synaptic weights, because af- 

L. F. Abbott and Kamal Sen, Volen Center Brande~s 
Unversty, Watham, MA 02254, USA ferent firing rates change over time. W e  
J A Varela and s B. Nelson, Department of B I O I O ~ ~ ,  propose that short-term synaptic depression 
Brandes Unversty, Watham, MA 02254 USA. provides a n  automatic, dynamic gain-con- 
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