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Resveratrol, 3,5,4'-trihydroxy-trans-stilbene, is a 
natural polyphenolic phytochemical that possesses a 
diverse array of biochemical and physiological 
actions, and offers promising therapeutic potentials.  
Although present in many plant species, it is found 
in only a select number of dietary sources, being 
absent in most fruits and vegetables,1 thus is not a 
common component of the standard American diet.  
Primary dietary sources include grapes, red wine, 
peanuts and peanut butter.2  Wine, however, is 
considered the predominant dietary source.3  
Biochemically, the production of resveratrol is 
induced in the above mentioned plants in response 
to stressors, which may include injury, infection, 
water deprivation or UV irradiation.  Its primary 
means of production, however, is in response to 
fungal infection.4  As a phytoalexin compound 
resveratrol is classified as an anti-fungicide, which 
confers disease resistance in susceptible hosts.3   
 
In the last ten years an abundant number of 
scientific studies have documented the benefits of 
resveratrol consumption in the promotion and 
maintenance of optimal health.  The focus of a 
majority of these studies has been on its 
cardioprotective benefits.  Other favorable attributes 
of resveratrol have also been acknowledged, and its 
range of benefits noted to encompass numerous 
protective effects, including hepatic protection, 
protection against inflammation, neuronal injury 
and degeneration, and against viral insult.5   
 
Cardiovascular Health 
Resveratrol is viewed as a major cardioprotective 
constituent in red wine.6  In the French population a 
high consumption of red wine is associated with a 
decreased risk of morbidity and mortality from 
coronary heart disease, a phenomenon referred to as 
the “French paradox”.7  The positive attributes of 
resveratrol on cardiovascular health are broad, and 

encompass multiple modalities of health-promoting 
actions.  Included in these actions are its 
vasorelaxative properties, its benefits on 
inflammation, its ROS scavenging abilities, as well 
as its anti-apoptosis and angiogenic properties.4 
 
In both acute and chronic models of cardiovascular 
disease, resveratrol demonstrated cardiac protection, 
which was attributed to its “preconditioning 
effect”.4  Its use has also been confirmed to 
modulate cellular vascular function, as well as to 
inhibit LDL oxidation.  Additionally, administration 
of trans-resveratrol was demonstrated to result in a 
reduction in both LDL and triglycerides,8 as well as 
a 7% increase in HDL,9 which is in agreement with 
other studies demonstrating the hypolipidemic 
properties of this stilbene.  These beneficial 
cardiovascular features are postulated to be 
mediated through the activation of the poly-ADP-
ribose polymerases (PPAR), specifically PPARα,9,10 
which is the isoform involved primarily in both 
fatty acid and lipid importation and catabolism, as 
well as in the activation of genes involved in fatty 
acid oxidation.9  At very low concentrations, as is 
typical in the daily diet, resveratrol is speculated to 
offer cardioprotection.11  This phenomenon has 
been referred to as the “French Paradox”, which 
correlates wine intake with a low incidence of CVD 
mortality, despite an increased intake of saturated 
fat.12  Trans-resveratrol has also been shown to 
suppresses platelet aggregation; reduce myocardial 
damage during ischemia-reperfusion, and to inhibit 
LDL oxidation.11, 13  The suppression of platelet 
aggregation by resveratrol was validated in one 
study, whereby aggregation was induced by a 
stimulus, being either collagen, thrombin or ADP.  
Under these conditions resveratrol administration 
was demonstrated to inhibit platelet aggregation.14  
It was also demonstrated to inhibit apoptotic cell 
death.15  Other studies have observed similar 
results, with resveratrol demonstrating a protective 
effect against induced apoptotic cell death on aortic 
endothelial cells.16  It was also shown to attenuate 
the generation of hydrogen peroxide (H2O2), and to 
result in a significant decrease in DNA damage.17  
At higher doses it was demonstrated to facilitate 
apoptotic cell death, and possess anti-carcinogenic 
properties, thus due to this action it has 
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consequently been classified as a chemo-
preventative agent.15  Corroborating this action, 
another study specifically indicated that 
administration of resveratrol resulted in apoptosis, 
in addition to a corresponding release of 
cytochrome c and apoptotic protease-activating 
factor-1  (APAF-1).18  This specific action has been 
further classified, with the proposition that 
resveratrol’s action is in the activation of the 
caspase cascade, specifically caspase-8.19  The 
caspase cascade is an essential component of 
cellular apoptosis, and caspase-8 specifically is 
classified as an initiator of the caspase cascade.20   
  
In addition to the affirmative benefits noted above, 
the correlation between resveratrol consumption 
and cardiovascular health has also been attributed to 
its ability to improve nitric oxide bioavailability.  
The molecule nitric oxide has been associated with 
cardiovascular health, primarily due to its wide 
range of biological properties, which function in the 
preservation of vascular homeostasis.  Nitric oxide 
is believed to play a critical role in cardiovascular 
preconditioning.21,22  The properties possessed by 
resveratrol are said to include the “modulation of 
vascular dilator tone, regulation of local cell growth, 
and protection of the vessel from injurious 
consequences of platelets and cells circulating in 
blood,” 23 as well as “defense against ischemic-
reperfusion injury, promotion of vasorelaxation, 
protection and maintenance of intact endothelium, 
anti-atherosclerotic properties, inhibition of low-
density lipoprotein oxidation, and suppression of 
platelet aggregation”.24   Additionally, expanding 
evidential support has correlated the constitutive 
expression of nitric oxide with a cardio-protective 
role.25,26  Heart preconditioning with resveratrol was 
demonstrated to provide cardioprotection, as well as 
to reduce the size of myocardial infarction and 
apoptosis of cardiomyocytes.  This cardioprotective 
effect was completely abolished with the use of 
either a NO inhibitor or an inducible NO synthase 
blocker, affirming resveratrol’s beneficial action.27 
A separate study associated resveratrol’s action to a 
beneficial effect on the human endothelial nitric 
oxide synthase (eNOS) enzyme activity and 
promoter, which was demonstrated to be 
significantly enhanced with consumption.28  

Cumulatively, all effects taken into consideration, 
dietary supplementation of resveratrol has 
demonstrated a supportive role in cardiovascular 
health through a diverse range of mechanisms, thus 
making it a beneficial adjunct for cardiovascular 
wellbeing.    
 
Benefits in Inflammatory Pathologies  
Both cyclooxygenase (COX)-1 and COX-2 are 
important enzymes in the production of the 
prostanoid class of compounds, which includes 
prostaglandins, prostacyclin and thromboxane.29  
While COX-1 is found in most mammalian cells 
and is considered a constitutively expressed 
enzyme, it is upregulated with inflammation.30  
Conversely, COX-2 is an inducible enzyme, 
produced specifically in response to cellular signals, 
including mitogens and growth factors.31   Zarraga, 
et al. have postulated that a correlation exists 
between the expression of COX-2, and the stimuli 
implicated in the development of disease 
pathologies, specifically atherosclerosis.  These 
pathologies and the correlated stimuli include the 
production or generation of free radicals,32 tumor 
necrosis factor, interleukin-1,33 platelet-derived 
growth factor,34 as well as increased shear stress on 
the arterial wall.35  With resveratrol administration, 
a non-selective inhibition of both cyclooxygenase-1 
(COX-1) and cyclooxygenase-2 (COX-2)36,37,38 has 
been demonstrated, thus signifying an anti-
inflammatory effect.  In regards to COX-2, 
resveratrol was demonstrated to inhibit COX-2 
enzyme activity in a dose-dependent manner.5  
Other studies have indicated that resveratrol acts as 
a suppressor of COX-2 expression, rather than an 
inhibitor.   In a separate in vitro study resveratrol’s 
anti-inflammatory effect was confirmed by its 
inhibition of the production of reactive oxygen 
species (ROS), phospholipase A2 activity, PGE2 
synthesis and the release of arachidonic acid.39  A 
successive study confirmed this action, indicating 
that resveratrol, in a dose dependent manner, 
inhibited the arachidonate-dependent synthesis of 
thromboxane B2, hydroxyheptadecatrienoate (HHT) 
and 12-hydroxyeicosatetraenoate (12-HETE).40  In 
addition to inhibiting the induction of COX-2, a 
successive study established that with resveratrol 
supplementation, an inhibition of the ROS induced 
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formation of lipolysaccharide and phorbol esters 
(PMA), along with a marked reduction in the 
synthesis of prostaglandins occured.36  Other studies 
have noted a significantly lower level of edema, 
inflammatory activity and necrosis with resveratrol 
use.41  In a separate animal study, using chronic 
ethanol administration as a stimulus, resveratrol 
intake was noted to inhibit lipid peroxidation, as 
well as to ameliorate SOD, glutathione peroxidase 
(GPx) and catalase (CAT) activities in the liver.  In 
the ethanol only group (without resveratrol), the 
activities of hepatic SOD, GPx, and CAT were 
reduced, implicating a protective, antioxidant effect 
of resveratrol administration.42  Taken together 
these results indicate resveratrol’s potent anti-
inflammatory activity. 	
  
  
Gastrointestinal Benefits of Resveratrol 
Gastrointestinal diseases, including inflammatory 
bowel disease, may be characterized by 
proinflammatory cytokines, resulting in associated 
damage to corresponding tissues, and a neuronal 
loss in inflamed mucosa.  Correspondingly, the 
cholinergic protective mechanisms are susceptible 
to damage from the ensuing inflammatory 
responses.43  Due to its anti-inflammatory 
properties, resveratrol use has demonstrated 
beneficial attributes for gastrointestinal health.  In 
one study utilizing an acute colitis animal model, 
resveratrol was demonstrated to modulate apoptosis, 
as well as to “significantly attenuate the damage 
score” and to correct the associated morphological 
disturbances.44  A separate study indicated that 
resveratrol supplementation improved induced acute 
gastric lesions, as well as prohibited the progression 
of these lesions into ulcers.45  An additional study 
demonstrated resveratrol’s beneficial attributes in 
the prevention of damage to the gastrointestinal 
mucosa in experimentally induced necrotizing 
enterocolitis (NEC).  In this study resveratrol was 
demonstrated to attenuate the release of inducible 
nitric oxide synthase (iNOS) and to preserve both 
mucosal integrity and epithelial structure.46  Other 
studies have conclusively demonstrated 
resveratrol’s benefits in significantly alleviating 
oxidative stress, which was evidenced by a 
reduction in TNF-alpha levels, with a successive 
reduction in the ensuing damage resulting from 

experimentally induced colitis.  In colonic cells it 
was also shown to normalize PGE2 production and 
to stimulate apoptosis.44,47  
 
Additional Cellular Protective Effects of 
Resveratrol 
Anti-Aging Benefits 
In addition to extending the replicative lifespan of 
yeasts, C. elegans and Drosophila, resveratrol has 
also demonstrated beneficial attributes in improving 
human cell survival.  The anti-aging benefits of 
resveratrol have been associated with the fact that it 
functions as a sirtuin activator.48,49  Thus, not 
surprisingly it has been referred to as a sirtuin 
activating compound or STAC.49  The Class III 
protein deacetylases, silent information regulator 2 
(Sir2) family proteins, classically known as sirtuins, 
and referred to as the SIRT genes in mammals, are 
conserved among species, from prokaryotes to 
mammals.50   Humans contain seven sirt genes, 
denoted as SIRT 1-7.51, 52  In a broad classification 
they function to deacetylate transcription factors 
(DNA binding proteins that control the processing 
of DNA to RNA), including forkhead box class O 
transcription factors	
   (FOXOs), as well as p53,53, 54, 

55, 56, 57 an important factor in signaling pathways 
involving cell surveillance following cellular 
stress,58 and nuclear factor Kappa B59, 60, 61  (NF-
KappB).  In humans and yeasts, the sirtuins function 
specifically to catalyze NAD-dependent histone 
deacetylations, thus for this reason their action has 
been linked to metabolism.62, 63, 64  In addition to 
anti-aging properties, by virtue of their regulation of 
programmed cell death, they have also been 
associated with the regulation of gene silencing,65,66 
DNA repair mechanisms67, 68, and ribosomal DNA 
recombination.69, 70, 71  Studies utilizing in vitro 
models have demonstrated that SIRT1 provides 
cellular protection against amyloid-beta-induced 
ROS production and DNA damage, subsequently 
resulting in reduced apoptotic cell death.72  In other 
models it has been shown to increase the longevity 
of myocytes (heart muscles cells) in weakened 
hearts, by virtue of sirtuins activation.73  SIRT1 has 
also been shown to regulate neuronal survival, 
gluconeogenesis, lipolysis, ß-cell survival, and 
insulin secretion by interacting with a number of 
target proteins.74  As such, sirtuin activation has 
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been likened to the effects of a restricted calorie 
diet, which is known to extend life-span in 
mammals.   In fact in one animal study utilizing 
resveratrol and a gene expression assay, of the 
1,029 genes (P≤0.01) in the heart demonstrating a 
significant alteration in expression with aging, 
resveratrol opposed 947 (92%) of age-related 
changes in gene expression.  Of these, 522 
represented highly significant differences in 
expression between the control and the resveratrol 
groups (P≤0.01).75 
 
Antioxidant Properties 
In addition to its antiaging properties, resveratrol 
has also been shown to be a potent antioxidant.  The 
mechanism has been demonstrated to result from its 
ability to increase the cellular content of manganese 
superoxide dismutase (MnSOD).  MnSOD is 
essential for life, and overexpression has been 
shown to protect against pro-apoptotic stimuli and 
ischemic damage,76 as well as to offer 
neuroprotective characteristics.  In a human cell line 
(MRC-5) two weeks exposure to resveratrol was 
demonstrated to increase the MnSOD protein level 
6-fold, and the activity level 14-fold, resulting in a 
highly specific upregulation of MnSOD.77  Mn-
SOD is considered the first line of defense against 
oxidative stress.78 A decline in MnSOD activity has 
been associated with various diseases, including 
cardiovascular impediments79, vascular oxidative 
stress, endothelial dysfunction, aging80, Hutchinson-
Gilford Progeria Syndrome (progeria)81, asthma82, 
and transplant rejection.83 
 
Anti-angiogenesis properties.    
Resveratrol has been shown to inhibit the abnormal 
formation of new blood vessels, a process known as 
angiogenesis.  Tumor growth is dependent upon 
angiogenesis, and disruption of blood vessel growth 
inhibits tumor expansion and its metastasis84, thus 
angiogenesis is considered a crucial step for the 
growth and metastasis of cancers.  In animal models 
resveratrol administration was demonstrated to 
directly inhibit endothelial cell growth, as well as to 
inhibit endothelial cell attachment to the basement 
membrane components fibronectin and laminin.85  
A separate study observed angiogenesis inhibition 
of multiple myeloma by resveratrol via its 

regulation of expression and secretion of both 
growth factors (VEGF and vFGF) and 
metalloproteinases (MMP)-2 and MMP-9 mRNA.86 
 
Post menopausal benefits.   
Resveratrol was found to exhibit bone-protective 
effects equivalent to those exerted by hormone 
replacement therapy and to decrease the risk of 
breast cancer in both in vivo and in vitro models.  
Resveratrol is therefore anticipated to be highly 
effective in management 
of postmenopausal osteoporosis without an 
increased risk of breast cancer.87  
 
Although the research on resveratrol is still in 
infancy, as the literature is continually documenting 
additional benefits, specifically of the trans form, 
its use illustrates promising advantages for multiple 
scenarios.  The trans form is the naturally available 
form, which may be converted to the cis form via 
exposure to ultraviolet light.88   Safe dosage is 
estimated to be between the ranges of 200 to 2000 
mg per day.  Of importance to note is that all 
resveratrol is not equivalent as various degrees of 
purity are commercially available.  Furthermore, 
although resveratrol is reasonably well absorbed in 
humans, it has a low bioavailability,89, 90 and is 
cleared rapidly via both glucuronidation and 
sulfation pathways.91, 92   As such modulating 
(slowing) the metabolism rate of oral resveratrol 
administration is a prudent consideration.  
                                                 

References 
1 Dercks W, Creasy LL. Influence of fosetyl-A1 on phytoalexin accumulation in 
Plasmopara viticola-grapevine interaction. Physiol Mol Plant Pathol. 1989 34:203-13. 
2 King, RE, Bomser JA, Min DB. Bioactivity of Resveratrol. Comprehensive Reviews in 
Food Science and Food Safety 2006 5(3):65–70. 
3 Soleas GJ, Diamandis EP, Goldberg DM. Resveratrol: a molecule whose time has 
come? And gone? Clin Biochem. 1997 Mar;30(2):91-113. 
4 Das DK, Maulik N. Resveratrol in Cardioprotection: A Therapeutic Promise of 
Alternative Medicine. Mol Interventions. 2006 6(1):36-47. 
5 Bhat, KPL, Kosmeder JW, II, Pezzuto JM. Biological effects of resveratrol. Antioxid 
Redox Signal. 2001 Dec;3(6):1041-64.  
6 Chan MM, Mattiacci JA, Hwang HS, Shah A, Fong D. Synergy between ethanol and 
grape polyphenols, quercetin, and resveratrol, in the inhibition of the inducible nitric 
oxide synthase pathway. Biochem Pharmacol. 2000 Nov 15;60(10):1539-48. 
7 Kopp P. Resveratrol, a phytoestrogen found in red wine. A possible explanation for the 
conundrum of the "French Paradox"? Eur J Endocrinol 1998 138:619-620. 
8 Miura D, Miura Y, Yagasaki K. Hypolipidemic action of dietary resveratrol, a 
phytoalexin in grapes and red wine, in hepatoma-bearing rats. Life Sciences. 2003 
73(11):1393-1400.  
9 Rimando AM, Nagmani R, Feller DR, Yokoyama W: Pterostilbene, a new agonist for 
the peroxisome proliferator-activated receptor alpha-isoform, lowers plasma lipoproteins 
and cholesterol in hypercholest-erolemic hamsters. J Agric Food Chem. 2005, 53:3403-
3407. 
10 Pan Z, Agarwal AK, Xu T, Feng Q, Baerson SR, Duke SO, Rimando AM.  
Identification of molecular pathways affected by pterostilbene, a natural dimethylether 
analog of resveratrol. BMC Medical Genomics 2008, 1:7. 
11 Bagchi D, Das DK, Tosaki A, Bagchi M, Kothari SC. Benefits of Resveratrol in 
women’s health. Drugs Expt. Clin. Res. 2001 27:233-248.  



 
 
 

© Copyright 2010 

                                                                                     
12 Criqui MH, Ringel BL. Does diet or alcohol explain the French Paradox? Lancet 1994 
344: 1719–1723. 
13 Bradamante S, Barenghi L, Villa A. Cardiovascular protective effects of resveratrol. 
Cardiovasc Drug Rev. 2004 Fall;22(3):169-88.  
14 Wang Z, Huang Y, Zou J, Cao K, Xu Y, Wu JM. Effects of red wine and wine 
polyphenol resveratrol on platelet aggregation in vivo and in vitro. Int J Mol Med. 2002 
Jan;9(1):77-9. 
15 Das S, Das DK. Resveratrol: A Therapeutic Promise for Cardiovascular Diseases. 
Recent Patents Cardiovasc Drug Discov. 2007 Jun;2(2):133-8. 
16 Csiszar A, Labinskyy N, Podlutsky A, Kaminski PM, Wolin MS, Zhang C, 
Mukhopadhyay P, Pacher P, Hu F, de Cabo R, Ballabh P, Ungvari ZI. Vasoprotective 
Effects of Resveratrol and SIRT1: Attenuation of Cigarette Smoke-induced Oxidative 
Stress and Pro-inflammatory Phenotypic Alterations. Am J Physiol Heart Circ Physiol. 
2008 Apr 18. 
17 Ungvari Z, Orosz Z, Rivera A, Labinskyy N, Xiangmin Z, Olson S, Podlutsky A, 
Csiszar A. Resveratrol increases vascular oxidative stress resistance. Am J Physiol Heart 
Circ Physiol. 2007 May;292(5):H2417-24. 
18 Kalra N, Roy P, Prasad S, Shukla Y. Resveratrol induces apoptosis involving 
mitochondrial pathways in mouse skin tumorigenesis. Life Sci. 2008 Feb 13;82(7-8):348-
58. 
19 Byun HS, Song JK, Kim YR, Piao L, Won M, Park KA, Choi BL, Lee H, Hong JH, 
Park J, Seok JH, Lee YJ, Kang SW, Hur GM. Caspase-8 has an essential role in 
resveratrol-induced apoptosis of rheumatoid fibroblast-like synoviocytes. Rheumatology 
(Oxford). 2008 Mar;47(3):301-8.  
20 http://en.wikipedia.org/wiki/Caspase.  
21 Guo Y, Jones WK, Xuan YT, Tang XL, Bao W, Wu WJ, Han H, Laubach VE, Ping P, 
Yang Z, Qiu Y, Bolli R. The late phase of ischemic preconditioning is abrogated by 
targeted disruption of the inducible NO synthase gene. Proc Natl Acad Sci U S A. 1999 
Sep 28;96(20):11507-12. 
22 Tosaki A, Maulik N, Elliott GT, Blasig IE, Engelman RM, Das DK. Preconditioning of 
rat heart with monophosphoryl lipid A: a role for nitric oxide. J Pharmacol Exp Ther. 
1998 Jun;285(3):1274-9. 
23 Cannon, III RO. Pharmacological preconditioning with resveratrol: role of nitric oxide. 
Am J Physiol Heart Circ Physiol. 2002 282: H1988–H1995. 
24 Saiko P, Szakmary A, Jaeger W, Szekeres T. Resveratrol and its analogs: defense 
against cancer, coronary disease and neurodegenerative maladies or just a fad? Mutat 
Res. 2008 Jan-Feb;658(1-2):68-94. Epub 2007 Aug 17. 
25 Flogel U, Decking UKM, Godecke A, and Schrader J. Contribution of NO to ischemia-
reperfusion injury in the salineperfused heart: a study in endothelial NO synthase 
knockout mice. J Mol Cell Cardiol. 1999 3:827–836. 
26 Maulik N, Engelman DT, Watanabe M, Engelman RM, Maulik G, Cordis GA, and Das 
DK. Nitric oxide signaling in ischemic heart. Cardiovasc Res 1995 30: 593–601. 
27 Hattori R, Otani H, Maulik N, Das DK. Pharmacological preconditioning with 
resveratrol: 
role of nitric oxide. Am J Physiol Heart Circ Physiol 2002 282: H1988–H1995.  
28 Räthel TR, Samtleben R, Vollmar AM, Dirsch VM. Activation of endothelial nitric 
oxide synthase by red wine polyphenols: impact of grape cultivars, growing area and the 
vinification process. J Hypertens. 2007 Mar;25(3):541-9. 
29 http://en.wikipedia.org/wiki/Cyclooxygenase. 
30 Smith WL, Garavito RM, DeWitt DL.  Prostaglandin endoperoxide H synthases 
(cyclooxygenases)-1 and -2. J Biol Chem 271: 33157–33160, 1996. 
31 Saha D, Datta PK, Sheng H, Morrow JD, Wada M, Moses HL, Beauchamp RD. 
Synergistic induction of cyclooxygenase-2 by transforming growth factor-beta1 and 
epidermal growth factor inhibits apoptosis in epithelial cells. Neoplasia 1:508–517, 1999. 
32 Adderley SR, Fitzgerald DJ. Oxidative damage of cardiomyocytes is limited by 
extracellular regulated kinases 1/2-mediated induction of cyclooxygenase-2. J Biol Chem 
1999;274:5038–46. 
33 Jones DA, Carlton DP, McIntyre TM, Zimmerman GA, Prescott SM. Molecular 
cloning of human prostaglandin endoperoxide synthase type II and demonstration of 
expression in response to cytokines. 
J Biol Chem 1993;268:9049 –54. 
34 Xie W, Herschman HR. Transcriptional regulation of prostaglandin synthase 2 gene 
expression by platelet-derived growth factor and serum. J Biol Chem 1996;271:31742– 8. 
35 Topper JN, Cai J, Falb D, Gimbrone MA Jr. Identification of vascular endothelial 
genes differentially responsive to fluid mechanical stimuli: cyclooxygenase-2, manganese 
superoxide dismutase, and endothelial cell nitric oxide synthase are selectively up-
regulated by steady laminar shear stress. Proc Natl Acad Sci U S A 1996;93:10417–22. 
36 Martínez J, Moreno JJ. Effect of resveratrol, a natural polyphenolic compound, on 
reactive oxygen species and prostaglandin production. Biochem. Pharmacol. 2000 59, 
865–870. 
37 Martín, AR, Villegas I, La Casa C, Alarcón De La Lastra C. Resveratrol, a polyphenol 
found in grapes, suppresses oxidative damage and stimulates apoptosis during early 
colonic inflammation in rats. Biochem. Pharmacol. 2004 67(7):1399–1410. 
38 Szewczuk LM, Penning TM. Mechanism-based inactivation of COX-1 by red wine m-
hydroquinones: a structure–activity relationship study. J. Nat. Prod. 2004  67:1777–1782. 
39 Moreno  JJ. Resveratrol modulates arachidonic acid release, prostaglandin synthesis, 
and 3T6 fibroblast growth. J Pharmacol Exp Ther. 2000 294: 333–338. 
40 Pace-Asciak CR, Hahn S, Diamandis EP, Soleas G, Goldberg DM. The red wine 
phenolics trans-resveratrol and quercetin block human platelet aggregation and 
eicosanoid synthesis: implications for protection against coronary heart disease. Clin 
Chim Acta. 1995 Mar 31;235(2):207-19. 

                                                                                     
41 Uguralp S, Irsi, C, Aksoy T, Karabulut AB, Kirimlioglu H, Mizrak B. Resveratrol 
attenuates inflammation and stricture formation in experimental caustic esophageal burns. 
Pediatr Surg Int 2008 24(4): 425-30. 
42 Kasdallah-Grissa A, Mornagui B, Aouani E, Hammami M, El May M, Gharbi N, 
Kamoun A, El-Fazaâ S. Resveratrol, a red wine polyphenol, attenuates ethanol-induced 
oxidative stress in rat liver. Life Sci. 2007 Feb 20;80(11):1033-9. Epub 2006 Dec 15.  
43 Bai A, Guo Y, Lu N. The effect of the cholinergic anti-inflammatory pathway on 
experimental colitis. Scand J Immunol. 2007 Nov;66(5):538-45. 
44 Martín AR, Villegas I, Sánchez-Hidalgo M, de la Lastra CA. The effects of resveratrol, 
a phytoalexin derived from red wines, on chronic inflammation induced in an 
experimentally induced colitis model. Br J Pharmacol. 2006 Apr;147(8):873-85. 
45 Brzozowski T, Konturek PC, Konturek SJ, Sliwowski Z, Drozdowicz D, Stachura J, 
Pajdo R, and Hahn EG. Role  of  prostaglandins  generated  by  cyclooxygenase-1  and  
cyclooxygenase-2  in  healing  of  schemia–reperfusion-induced gastric lesions. Eur J 
Pharmacol 385: 47–61, 1999. 
46 Ergün O, Ergün G, Oktem G, Selvi N, Doğan H, Tunçyürek M, Saydam G, Erdener A. 
Enteral resveratrol supplementation attenuates intestinal epithelial inducible nitric oxide 
synthase activity and mucosal damage in experimental necrotizing enterocolitis. J Pediatr 
Surg. 2007 Oct;42(10):1687-94.    
47 Martín AR, Villegas I, La Casa C, Alarcón De La Lastra C. Resveratrol, a polyphenol 
found in grapes, suppresses oxidative damage and stimulates apoptosis during early 
colonic inflammation in rats. Biochem. Pharmacol. 2004;67:1399–1410. 
48 Wood JG, Rogina B, Lavu S, Howitz K, Helfand SL, Tatar M, Sinclair D. Sirtuin 
activators mimic caloric restriction and delay ageing in metazoans. Nature. 2004 Aug 
5;430(7000):686-9. Epub 2004 Jul 14. 
49 Howitz KT, Bitterman KJ, Cohen HY, Lamming DW, Lavu S, Wood JG, Zipkin RE, 
Chung P, Kisielewski A, Zhang LL, Scherer B, Sinclair DA. Small molecule activators of 
sirtuins extend Saccharomyces cerevisiae lifespan. Nature. 2003 Sep 11;425(6954):191-
6. Epub 2003 Aug 24. 
50 Buck SW, Gallo CM, Smith JS. Diversity in the Sir2 family of protein deacetylases  J. 
Leukocyte Biol. 2004 75, 939–950. 
51 Frye RA. Characterization of five human cDNAs with homology to the yeast SIR2 
gene: Sir2-like proteins (sirtuins) metabolize NAD and may have protein ADP-
ribosyltransferase activity. Biochem Biophys Res Commun. 1999 Jun 24;260(1):273-9. 
52 Frye RA. Phylogenetic classification of prokaryotic and eukaryotic Sir2-like proteins. 
Biochem Biophys Res Commun. 2000 Jul 5;273(2):793-8. 
53 Solomon JM, Pasupuleti R, Xu L, McDonagh T, Curtis R, DiStefano PS, Huber LJ. 
Inhibition of SIRT1 catalytic activity increases p53 acetylation but does not alter cell 
survival following DNA damage. Mol Cell Biol. 2006 26:28-38. 
54 Cheng HL , Mostoslavsky R , Saito S , et al . Developmental defects and p53 
hyperacetylation in Sir2 homolog (SIRT1)-defi cient mice. Proc Natl Acad Sci USA. 
2003 100:10794-10799 . 
55 Vaziri H , Dessain SK , Ng Eaton E , et al . hSIR2(SIRT1) functions as an NAD-
dependent p53 deacetylase. Cell. 2001 107:149-159. 
56 Luo J, Nikolaev AY, Imai S, Chen D, Su F, Shiloh A, Guarente L, Gu W. Negative 
control of p53 by Sir2alpha promotes cell survival under stress. Cell. 2001 107:137-148. 
57 Langley E, Pearson M, Faretta M, Bauer UM, Frye RA, Minucci S, Pelicci PG, 
Kouzarides T. Human SIR2 deacetylates p53 and antagonizes PML/p53-induced cellular 
senescence. EMBO J. 2002 21:2383-2396. 
58 Vogelstein B, Lane D, Levine AJ. Surfing the p53 network. Nature. 2000 Nov 
16;408(6810):307-10. 
59 Chen J, Zhou Y, Mueller-Steiner S, Chen LF, Kwon H, Yi S, Mucke L, Gan L. SIRT1 
protects against microglia-dependent amyloid-beta toxicity through inhibiting NF-
kappaB signaling. J Biol Chem. 2005 Dec 2;280(48):40364-74. 
60 Yeung F, Hoberg JE, Ramsey CS, Keller MD, Jones DR, Frye RA, Mayo MW. 
Modulation of NF-kappaB-dependent transcription and cell survival by the SIRT1 
deacetylase. EMBO J. 2004 Jun 16;23(12):2369-80. 
61 Yang SR, Wright J, Bauter M, Seweryniak K, Kode A, Rahman I. Sirtuin regulates 
cigarette smoke-induced proinflammatory mediator release via RelA/p65 NF-kappaB in 
macrophages in vitro and in rat lungs in vivo: implications for chronic inflammation and 
aging. Am J Physiol Lung Cell Mol Physiol. 2007 Feb;292(2):L567-76.  
62 Imai S, Johnson FB, Marciniak RA, McVey M, Park PU, Guarente L. Sir2: an NAD-
dependent histone deacetylase that connects chromatin silencing, metabolism, and aging. 
Cold Spring Harb Symp Quant Biol. 2000;65:297-302. 
63 Landry J, Slama JT, Sternglanz R. Role of NAD(+) in the deacetylase activity of the 
SIR2-like proteins. Biochem Biophys Res Commun. 2000 Nov 30;278(3):685-90. 
64 Smith JS, Brachmann CB, Celic I, Kenna MA, Muhammad S, Starai VJ, Avalos JL, 
Escalante-Semerena JC, Grubmeyer C, Wolberger C, Boeke JD. A phylogenetically 
conserved NAD+-dependent protein deacetylase activity in the Sir2 protein family. Proc 
Natl Acad Sci U S A. 2000 Jun 6;97(12):6658-63. 
65 Rusche LN, Kirchmaier AL, Rine J. The establishment, inheritance, and function of 
silenced chromatin in Saccharomyces cerevisiae. Annu. Rev. Biochem. 2003 72:481-516. 
66 Gasser SM, Cockell, MM.  The molecular biology of the SIR proteins. Gene. 2001 
279,1-16.  
67 Yuan Z, Zhang X, Sengupta N, Lane WS, Seto E. SIRT1 regulates the function of the 
Nijmegen breakage syndrome protein. Mol Cell. 2007 Jul 6;27(1):149-62. 
68 Yuan Z, Seto E. A functional link between SIRT1 deacetylase and NBS1 in DNA 
damage response. Cell Cycle. 2007 Sep;6(23):2869-71. 
69 Fritze CE, Verschueren K, Strich R, Easton Esposito R. Direct evidence for SIR2 
modulation of chromatin structure in yeast rDNA. EMBO J. 1997 Nov 3;16(21):6495-
509. 



 
 
 

© Copyright 2010 

                                                                                     
70 Sherman JM, Stone EM, Freeman-Cook LL, Brachmann CB, Boeke JD, Pillus L. The 
conserved core of a human SIR2 homologue functions in yeast silencing. Mol Biol Cell. 
1999 Sep;10(9):3045-59. 
71 Michan S, Sinclair D. Sirtuins in mammals: insights into their biological function. 
Biochem J. 2007 May 15;404(1):1-13. 
72 Pallàs M, Verdaguer E, Tajes M, Gutierrez-Cuesta J, Camins A. Modulation of 
sirtuins: new targets for antiageing. Recent Patents CNS Drug Discov. 2008 Jan;3(1):61-
9. 
73 Opie LH, Lecour S. The red wine hypothesis: from concepts to protective signalling 
molecules. Eur Heart J. 2007 Jul;28(14):1683-93. Epub 2007 Jun 7. 
74 Haigis MC, Guarente LP. Mammalian sirtuins—emerging roles in physiology, aging, 
and calorie restriction. Genes & Development. 2006 20:2913-2921.  
75 Barger JL, Kayo T, Vann JM, Arias EB, Wang J, Hacker TA, Wang Y, Raederstorff D, 
Morrow JD, Leeuwenburgh C, Allison DB, Saupe KW, Cartee GD, Weindruch R, Prolla 
TA. A low dose of dietary resveratrol partially mimics caloric restriction and retards 
aging parameters in mice. PLoS ONE. 2008 Jun 4;3(6):e2264.  
76 Macmillan-Crow LA, Cruthirds DL. Invited review: manganese superoxide dismutase 
in disease. Free Radic Res. 2001 Apr;34(4):325-36. 
77 Robb EL, Page MM, Wiens BE, Stuart JA. Molecular mechanisms of oxidative stress 
resistance induced by resveratrol: Specific and progressive induction of MnSOD. 
Biochem Biophys Res Commun. 2008 Mar 7;367(2):406-12. 
78 Packer L, Ed. Methods in Enzymology. Volume 349. San Diego, California. 
Academic Press; 2002. 
79 Yen HC, Oberley TD, Vichitbandha S, Ho YS, St Clair DK. The protective role of 
manganese superoxide dismutase against adriamycin-induced acute cardiac toxicity in 
transgenic mice. J Clin Invest. 1996 September 1;98(5):1253–1260. 
80 Brown KA, Didion SP, Andresen JJ, Faraci FM. Effect of aging, MnSOD deficiency, 
and genetic background on endothelial function: evidence for MnSOD 
haploinsufficiency. Arterioscler Thromb Vasc Biol. 2007 Sep;27(9):1941-6. Epub 2007 
Jun 7. 
81 Yan T, Li S, Jiang X, Oberley LW. Altered Levels of Primary Antioxidant Enzymes in 
Progeria Skin Fibroblasts. Biochem Biophys Res Commun. 1999 Apr 2;257(1):163-7.  
82 Comhair SA, Xu W, Ghosh S, Thunnissen FB, Almasan A, Calhoun WJ, Janocha AJ, 
Zheng L, Hazen SL, Erzurum SC. Superoxide dismutase inactivation in pathophysiology 
of asthmatic airway remodeling and reactivity. Am J Pathol. 2005 Mar;166(3):663-74. 
83 Nilakantan V, Halligan NL, Nguyen TK, Hilton G, Khanna AK, Roza AM, Johnson 
CP, Adams MB, Griffith OW, Pieper GM. Post-translational modification of manganese 
superoxide dismutase in acutely rejecting cardiac transplants: role of inducible nitric 
oxide synthase. J Heart Lung Transplant. 2005 Oct;24(10):1591-9. 
84 Folkman, J. Angiogenesis in cancer, vascular, rheumatoid and other disease. Nat. Med. 
1995 1:27–31. 
85 Cao Y, Fu ZD, Wang F, Liu HY, Han R. Anti-angiogenic activity of resveratrol, a 
natural compound from medicinal plants. J Asian Nat Prod Res. 2005 Jun;7(3):205-13. 
86 Hu Y, Sun CY, Huang J, Hong L, Zhang L, Chu ZB. Antimyeloma effects of 
resveratrol through inhibition of angiogenesis. Chinese Med J. (Engl). 2007 Oct 
5;120(19):1672-7. 
87 Su JL, Yang CY, Zhao M, Kuo ML, Yen ML. Forkhead Proteins Are Critical for Bone 
Morphogenetic Protein-2 Regulation and Anti-tumor Activity of Resveratrol. J. Biol. 
Chem. 2007 Jul 6;282(27):19385-98. 
88 Chen X, He H, Wang G, Yang B, Ren W, Ma L, Yu Q. Stereospecific determination of 
cis- and trans-resveratrol in rat plasma by HPLC: application to pharmacokinetic studies. 
Biomedical Chromatography. 2006 21(3):257-265.  
89 Manach C, Scalbert A, Morand C, Remesy C, Jimenez L. Polyphenols: food sources 
and bioavailability. Am J Clin Nutr. 2004;79:727–47. 
90 Walle T, Hsieh F, DeLegge MH, Oatis JE Jr, Walle UK. High absorption but very low 
bioavailability of oral resveratrol in humans. Drug Metab Dispos. 2004 Dec;32(12):1377-
82. Epub 2004 Aug 27. 
91 Meng X, Maliakal P, Lu H, Lee MJ, Yang CS. Urinary and plasma levels of resveratrol 
and quercetin in humans, mice, and rats after ingestion of pure compounds and grape 
juice. J Agric Food Chem. 2004;52:935–42. 
92 Walle T, Hsieh F, DeLegge MH, Oatis JE, Walle UK. High absorption but very low 
bioavailability of oral resveratrol in humans. Drug Metab Dispos. 2004;32:1377–82. 


