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Welcome! 
 
Dear Colleagues and Friends, 
 
It is a great pleasure to welcome you to Resveratrol 2010, 1st international conference of resveratrol and 
health, September 13th – 15th 2010. 
 
The decision for preparing the first international conference on resveratrol was only made 1½ year ago, and 
the format was decided during a dinner in Copenhagen in the beginning of June 2009. I am truly honored 
that this idea did not only stay a dream, but became reality. 
 
Thank you to all of you who have supported and contributed to the development of the conference. I would 
especially like to thank the other members of the scientific committee to whom I first presented the idea, and 
whose faith in my idea is crucial for us all being here at this conference:  

• Dipak K. Das, Thomas Szekeres, Andreas J. Gescher, Nihal Ahmad, Young-Joon Surh, and Jochen 
Förster.  

 
Also many thanks to the other members of the local organizing committee: 

• Mie Bendtsen, Steen Gammeltoft, and Sami Sassi.  
 
Would it be possible to make a conference without participants? No! Therefore, thank you to all participants 
for accepting our invitation to come to Denmark and share our interest of resveratrol. Also, I would of course 
like to thank our invited speakers, sponsors, everyone who has submitted abstracts, and exhibitors.  
 
At this conference you will meet colleagues from more than 25 countries from six continents: South and 
North America, Australia, Asia, Africa, and Europe. I hope you will catch this great opportunity for 
networking and exchange of knowledge and ideas with old and new colleagues. 
 
Thirteen years after the first paper showed a possible cancer preventive effect of resveratrol, I now feel that 
we are crossing a border as the results of the first clinical studies will be presented here at the conference. 
Therefore, I really look forward to hear both lectures on state-of-the-art knowledge as well as recent research 
results. As you may know, after the official program, we have a closed session on September 16th with 
invited speakers only. The goal of this one day meeting is to formulate recommendations on the present use 
of resveratrol and on research in the resveratrol area. 
 
We have chosen this nice and historic place in Helsingør for the conference, and hope that you will have a 
pleasant stay. I hope that you will give yourself the opportunity to look around in the old part of Helsingør 
and perhaps visit the castle, Kronborg. The old hero Holger Danske is dwelling in the basement of Kronborg, 
to sleep until some day when Denmark is in mortal danger, at which time he will rise up and defend his 
country. We hope that we will not need any help from Holger Danske during our conference. 
 
We hope that you will enjoy the program, and help us make this conference successful through an active 
participation in discussions as well as through visits to our sponsors in the exhibition hall and the posters. 
 
Once again welcome to 2½ days full of resveratrol! 
 
Yours sincerely 
Ole Vang 



   

 
 
 
Scientific committee 
 
 
The scientific committee for the Resveratrol 2010 conference has been assembled from the leading 
scientists globally in the area of resveratrol and human health. 
 
 
Nihal Ahmad (University of Wisconsin, Madison, USA) 
 
Dipak K. Das (University of Connecticut School of Medicine, Farmington, USA) 
 
Jochen Förster (Fluxome A/S, Stenløse, Denmark) 
 
Andreas J. Gescher (University of Leicester, Leicester, UK) 
 
Thomas Szekeres (Clinical Institute of Medical and Chemical Laboratory Diagnostics, Vienna, 
Austria) 
 
Young-Joon Surh (Seoul National University, Seoul, South Korea) 
 
Ole Vang (Roskilde University, Roskilde, Denmark) 
 
 



   

 
 
 
Local Organising Committee 
 
 
The Resveratrol 2010 conference is organized by the Danish Society of Biochemistry and 
Molecular Biology, Roskilde University and Øresund Food. 
 
 
Ole Vang (Roskilde University, Roskilde, Denmark) 
 
Steen Gammeltoft (Danish Society of Biochemistry and Molecular Biology, Glostrup University 
Hospital, Denmark) 
 
Mie Bendtsen (Øresund Food, Copenhagen, Denmark) 
 
Sami Sassi (Fluxome A/S, Denmark) 
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Sponsors 
 
The organisers would like to thank the following companies for sponsoring the conference:  
 
 

 
 

 

 
  

 
 
Exhibitor list  
 
Visit the stands in the exhibition area and get the opportunity to explore the world of the following 
exhibitors:  
 

Stand Company 
1 Jiaherb – essential of nature 
2 Reserverage organics 
3 DSM 
4 Functional Point 
5 Gumlink 
6 Beauté Pacifique 
7 Øresund Food 
8 Fluxome 

 
 
 

 

 

 

 

 
   

 
  

   

 

 
 

 



   

 
 
 
Overview of venue 
 
 
Basement: Conference hall, poster areas, exhibition area and coffee area 
Ground floor: Reception, registration and restaurant 
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Program 
 
Monday 13th September 2010 
 
11:00  Registration opens 
 
13:30–14:00  Welcome 
 Ole Vang, Associate Professor, Roskilde University, Denmark 
 
Keynote lecture 
Chairperson: Ole Vang 
 
14:00–15:00 John M. Pezzuto, Professor, University of Hawaii at Hilo, USA 
 The Phenomenon of Resveratrol: Redefining the Virtues of Promiscuity (abstract K1) 
 
15:00–15:30 Break 
 
Resveratrol and cancer 
Chairperson: Ole Vang 
 
15:30–16:00  Namasivayam Nalini, Professor, Annamalai University, India  

Chemoprevention in Experimental Animals (abstract I1) 
 
16:00–16:30  Karen Brown, Professor, University of Leicester, UK  

Clinical Experiments of Resveratrol (abstract I2) 
 
16:30–17:00  Hung-Yun Lin, Senior Scientist, Ordway Research Institute, Albany, New York, USA  

Resveratrol and apoptosis (abstract I3) 
 
17:00–17:30  Thomas Szekeres, Professor, Medical University of Vienna, Austria  

Chemopreventive Effect of Resveratrol Derivates (abstract I4) 
  
17:30–18:00  Bharat B Aggarwal, Professor, The University of Texas, USA  

Chemosensitization of Tumor Cells by Resveratrol (abstract I5) 
 
18:00–19:00 Exhibition and Poster session (P1 – P18) with refreshments 
 
20:00 Dinner 
 
 



   

 
Tuesday 14th September 2010 
 
Keynote lecture 
Chairperson: Hung-Yun Lin 
 
8:30–9:30 Young-Joon Surh, Professor, Seoul National University, Seoul 151-742, South Korea  

Anti-inflammatory, antioxidative and anticarcinogenic effects of resveratrol and its 
analogs (abstract K2) 

  
Resveratrol and cancer 
Chairperson: Thomas Szekeres 
 
9:30–10:00 Yogeshwer Shukla, Dr., Indian Institute of Toxicology Research (CSIR), India  
 Resveratrol and cellular mechanisms of cancer (abstract I6) 
 
10:00–10:30 Nihal Ahmad, Associate Professor, University of Wisconsin, Madison, Wisconsin, 

USA 
Resveratrol in Cancer Management: Where we are and where we go from here?(abstract 
I7) 

 
10:30–11:00 Break 
 
Resveratrol and heart disease 
Chairperson: John M. Pezzuto 
 
11.00-11:30 Dipak K. Das, Professor, University of Connecticut School of Medicine, Farmington, 

Connecticut, USA 
Regeneration of Infarcted Myocardium with Resveratrol-Modified Cardiac Stem Cells 
(abstract I8) 

 
11:30–12:00  Nilanjana Maulik, Professor, University of Connecticut Medical Center, Farmington, 

Connecticut, USA 
Resveratrol: expanding role in diabetic myocardium (abstract I9) 

 
12:00–12:30  Joseph M. Wu, Professor, New York Medical College, Valhalla, NY, USA 

Resveratrol - a cardioprotective substance (abstract I10) 
 
12:30–13:00 Partha Mukhopadhyay, Dr., National Institute of Health, Bethesda, Maryland, USA 

Resveratrol and microRNA: Role in Ischemic Heart (abstract I11) 
 
13:00–14:00 Lunch 
 



   

 
Metabolism and stability of resveratrol 
Chairperson: Jochen Förster 
 
14:00–14:30 Thomas Walle, Professor Emeritus, Medical University of South Carolina, Charleston, 

SC, USA 
Bioavailability of resveratrol (abstract I12) 

 
14:30–15:00  Dominique Delmas, Assistant Professor, Université de Bourgogne, France 

Transport and stability of Resveratrol condition its biological activity (abstract I13) 
  
Neuroprotective activity 
Chairperson: Clifton A. Baile 
 
15:00–15:30 Tristan Richard, Associate Professor, University de Bordeaux, France 

Neuroprotective properties of resveratrol and derivatives (abstract I14) 
 
15:30–16:00 Carmem Gottfried, Professor, Federal University of Rio Grande do Sul. Porto Alegre, 

RS, Brazil 
Protective effect of resveratrol on astroglial cells (abstract I15) 

 
16:00–16:30  Break 
 
Selected presentations 
Chairperson: Young-Joon Surh 
 
16:30–16:50  Shazib Pervaiz, Professor, National University of Singapore, Singapore 
 Resveratrol: Genie in the bottle? (abstract O1) 

 
16:50–17:10 SM Hadi, Professor, Aligarh Muslim University, Aligarh, UP, India 

Resveratrol mobilizes endogenous copper in human peripheral lymphocytes leading to 
oxidative DNA breakage: A putative mechanism for chemoprevention of cancer (abstract 
O2) 

  
17:10–17:30 Jozefa Wesierska-Gadek, Professor, Medical University of Vienna, Vienna, Austria 

Impact of resveratrol on the cell cycle of cancer cells differing in the functional status of 
p53 protein and G1/S checkpoint (abstract O3) 

 
17:30–17:50  Anait S. Levenson, Associate Professor, University of Mississippi Medical Center, 

Jackson Mississippi, USA 
Epigenetic action of Resveratrol in prostate cancer: inhibition of MTA1/NuRD complex 
(abstract O4) 

 
18:00–19:00 Exhibition and Poster session (P19 – P44) with refreshments 
 
20:00 Dinner 
 



   

 
Wednesday 15th September 2010 
 
Keynote lecture 
Chairperson: Steen Gammeltoft 
 
8:30–9:30 Joseph A. Baur, Assistant Professor, University of Pennsylvania School of Medicine, 

Philadelphia, USA  
 Resveratrol and life extension (abstract K3) 
 
Longevity and anti-inflammation 
Chairperson: Dipak K. Das 
 
9:30–10:00  Anna Csiszar, Assistant Professor, University of Oklahoma Health Sciences Center, 

Oklahoma City, USA 
Anti-inflamatory effect of resveratrol in relation to life extension (abstract I16) 

 
10:00–10:30 Qing-Yong Ma, Professor, First Affiliated Hospital of Xi’an Jiaotong University, 

Xi’an, Shaanxi Province, China 
 Effect of resveratrol on acute and chronic pancreatitis (abstract I17) 
 
10:30–11:00 Break 
 
Obesity and diabetes 
Chairperson: Nihal Ahmad 
 
11:00–11:30 Tomasz Szkudelski, Associate Professor, Poznan University of Life Sciences, Poznan 

Poland  
Anti-diabetic effect of resveratrol?(abstract I18) 

  
11:30–12:00 Carlos Canto Alvarez, Dr., École Polytechnique Fédérale de Lausanne, Lausanne, 

Switzerland 
Mitochondrial modulating effect of resveratrol (abstract I19) 

 
12:00–12:30 Clifton A. Baile, Professor, University of Georgia, Athens, USA 

Effect of resveratrol on fat mobilization (abstract I20) 
 
12:30–13:30 Lunch 
 
Production and commercial use of resveratrol 
Chairperson: Joseph M. Wu 
 
13:30–14:00 Jochen Förster, Dr., Fluxome A/S, Stenløse, Denmark 

Resveratrol production with yeast (abstract I21) 
 
14:00–14:30 James A. Edwards, Dr., DSM Nutritional Products Ltd, Kaiseraugst, Switzerland 

Safety of resveratrol with examples with Resvida™ (abstract I22) 



   

 
 
14:30–15:00 Marina Heinonen, Professor, University of Helsinki, Finland 

Requirements for gaining regulatory status of resveratrol in EU (abstract I23) 
 
15:00–15:30 Break 
 
Selected presentations 
Chairperson: Joe A. Baur 
 
15:30–15:50 Mehdi Shakibaei, Professor, Ludwig-Maximilian-University, Munich, Germany 

Resveratrol stimulates osteogenesis by inhibition of receptor activator of nuclear factor-κB 
ligand (RANKL) through modulation of NF-κB pathway (abstract O5) 

 
15:50–16:10 Sandip K. Bandyopadhyay, Professor, Dr. B.C. Roy Post Graduate Institute of Basic 

medical Sciences, Kolkata, India 
Contrainducative property of resveratrol in NSAID induced gastric ulcer and its remedy 
(abstract O6) 

 
16:10–16:30 Steve Anton, Assistant Professor, University of Florida, Gainesville, USA 

Resveratrol for Improved Performance in the Elderly: The RIPE Trial (abstract O7) 
 
16:30–16:50 Swati Nagar, Assistant Professor, School of Pharmacy Temple University, PA, USA 

LC-MS/MS Analysis and Pharmacokinetics of Resveratrol and its Metabolites (abstract 89) 
 

16:50–17:10 Wei Zhang, Professor, Flinders University, Bedford Park, Adelaide, Australia 
Biotechnological production of natural resveratrol in suspension cell culture of Vitis 
vinifera (grape) (abstract O9) 

 
17:10–17:30 Maria Angeles Pedreño García, Professor, University of Murcia, Spain  

Strategy to increase trans-resveratrol production in grapevine suspension cultured cells 
and evaluation of its antitumoral activity (abstract O10) 

 
17:30–18:00 Concluding comments and end of seminar 
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Abstracts – invited presentations 
 
Keynote-lectures 
 
K1. The Phenomenon of Resveratrol: Redefining the Virtues of Promiscuity 

John M. Pezzuto 
College of Pharmacy, University of Hawaii at Hilo, Hilo, Hawaii 96720, USA; 
E-mail: pezzuto@hawaii.edu 

 
Cancer chemoprevention entails the ingestion of dietary or pharmaceutical agents that can prevent, 
delay or reverse the process of carcinogenesis. Given the severity of malignant metastatic 
conditions, the power of chemoprevention is apparent. With support provided by the National 
Cancer Institute, we have been actively engaged in the discovery and characterization of natural 
product chemopreventive agents. The typical approach involves identifying active crude substances, 
such as extracts derived from terrestrial plants or marine organisms, utilizing in vitro bioassay 
systems, followed by isolation of pure active components. These chemical constituents are 
subjected to structure elucidation, synthesis, more advanced testing and mechanistic evaluation. A 
team approach is required, leveraging the strength of multiple areas of scientific expertise. 
As part of this project, an extract obtained from a nonedible Peruvian legume, Cassia 
quinquangulata Rich. (Leguminosae), was evaluated and found to be active as an inhibitor of 
cyclooxygenase. The active component was identified as resveratrol. This lead was interesting since 
the level of activity was similar to the positive control substance, indomethacin. As a standard 
modus operandi, activity was tested with additional in vitro bioassay systems. Surprisingly, broad 
spectrum activity was observed, indicative of potential to inhibit carcinogenesis at the stages of 
initiation, promotion and progression. In turn, this led to the commercial procurement of sufficient 
material to evaluate antiinflammatory activity with a rat model and antitumor activity with the two-
stage mouse skin model. Impressive responses were demonstrated in both animal models and these 
data comprised the original report appearing in Science (Jang, M., Cai, L., Udeani, G.O., Slowing, 
K., Thomas, C.F., Beecher, C.W.W., Fong, H.H.S., Farnsworth, N.R., Kinghorn, A.D., Mehta, 
R.G., Moon, R.C., and Pezzuto, J.M. Cancer chemopreventive activity of resveratrol, a natural 
product derived from grapes. Science, 275: 218-220, 1997). 
Although resveratrol is widespread in nature, it is found in only a few edible substances, most 
notably the grape. The grape, of course, is used for the production of wine, and resveratrol is found 
predominantly in red wines due to the processing methodology. This is the reason resveratrol 
received such intense and immediate attention: the notion of red wine preventing cancer. The stage 
had already been set for notoriety, as a result of the French Paradox. Our discovery extended the 
vision to cancer prevention. Moreover, a molecule had been identified that might provide a 
plausible explanation. 
There are now around 3500 papers concerning some aspect of resveratrol action. Nonetheless, aside 
from all of the issues of absorption, metabolism and efficacy, it is not likely that dietary resveratrol 
has much influence on human health, at least as a single entity. Concentrations found in the diet are 
too low. However, this simple, promiscuous molecule has stimulated a great deal of basic and 
applied research, and captured the attention of the public. No doubt, the public has a greater 
awareness of the virtues of disease prevention, and the relationship between diet and health. 
Although any true benefit for human health remains to be seen, some have been able to exploit the 
molecule for great financial gain. The story is ongoing. The journey has been interesting and 
somewhat surprising. In the end, the journey may prove more important than the destination itself, 
whatever that may be. 
(Work conducted in the laboratory of the author is supported by program project P01 CA48112 
awarded by the National Cancer Institute) 

mailto:pezzuto@hawaii.edu�
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K2. Anti-inflammatory, antioxidative and anticarcinogenic effects of resveratrol and its 
analogs 
Young-Joon Surh 
Department of Molecular Medicine and Biopharmaceutical Sciences, Graduate School of 
Convergence Sciences and College of Pharmacy, Seoul National University, Seoul 151-742, 
South Korea 
E-mail: surh@plaza.snu.ac.kr  

 
Multiple lines of compelling evidence support that oxidative and inflammatory stresses are 
implicated in a vast variety of human disorders. Therefore, potentiation of cellular antioxidant 
capacity and/or abrogation of inflammatory insult by dietary manipulation has been considered to 
be one of the most feasible ways to reduce the risk for the majority of ailments including cancer. 
Our early studies have demonstrated the protective effects of resveratrol on the apoptotic PC12 cell 
death induced by oxidative insults. The cytoprotective effects of resveratrol have been attributable 
not only to its ability to scavenge the reactive oxygen species (ROS), but also induction of de novo 
synthesis of antioxidant enzymes, such as glutamate cysteine ligase and heme oxygenase-1. The 
transcriptional regulation of these antioxidant enzymes was mediated predominantly by the redox-
sensitive transcription factor Nrf2. In another study, resveratrol inhibited the dioxin-induced 
expression of CYP1A1 and CYP1B1 in human mammary epithelial cells, thereby attenuating the 
formation of carcinogenic catechol estrogen metabolites from estradiol. The compound induced 
apoptosis in human promyelocytic leukemia cells. More recently, attention has been focused on the 
antiaging potential of resveratrol that mimics the same biochemical effects of calorie restriction and 
prolongs the lifespan of laboratory mice as well as yeast. Resveratrol directly activates Sir2, a 
“longevity gene” activated in response to calrorie restriction, and hence acts as calrorie restriction 
mimetics. Resveratrol exerts strong anti-inflammatory effects through downregulation of the 
inflammatory response mediators. Resveratrol inhibited phorbol ester-induced COX-2 expression in 
mouse skin by blocking the activation of NF-κB. Likewise, inflammatory injury caused by dextran 
sulfate sodium in mouse colon was attenuated by oral administration of reveratrol. Chronic 
inflammation is also known to accelerate aging process. Contributing to the inflammatory response 
are ROS. As a potent antioxidant, resveratrol mitigates the inflammatory effects of ROS, which 
may also account for its antiaging potential. 
  

mailto:surh@plaza.snu.ac.kr�
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K3. Resveratrol and life extension 
Joseph A. Baur 
Institute for Diabetes, Obesity, and Metabolism, and Department of Physiology, University of 
Pennsylvania School of Medicine, Philadelphia, PA 19104, USA; 
E-mail: baur@mail.med.upenn.edu  

 
Age is the most important risk factor for many of the leading causes of morbidity and mortality in 
the Western world. Consequently, targeting the aging process itself, rather than individual diseases 
may be a very effective strategy to improve the quality of human life. Although this may seem a 
lofty goal, slowing the rate of aging and delaying or preventing associated diseases is routinely 
accomplished in laboratory rodents through genetic or dietary means. Caloric restriction (CR), a 
decrease in energy intake in the absence of malnutrition, can extend lifespan by as much as 50%. 
However, such a diet is not likely to be widely adopted in the human population, and attempts to 
mimic the effects of CR pharmacologically have been limited by our poor understanding of the 
mechanisms involved. It has been proposed that sirtuin enzymes might be key mediators of CR, and 
consequently, that small molecule activators of sirtuins might be effective CR mimetics. Indeed, the 
small polyphenol resveratrol activates the mammalian sirtuin SIRT1 in vitro, and produces changes 
in transcriptional profiles that resemble CR in vivo. Further, resveratrol improves insulin sensitivity, 
organ function, endurance, and overall survival in obese mice, suggesting that it may have 
therapeutic potential against diseases such as diabetes. However, resveratrol has numerous targets 
beyond SIRT1 in mammalian cells, and much remains to be elucidated about the specific pathways 
that contribute to its effects on health.  Moreover, resveratrol has not been shown to extend lifespan 
in lean mice, indicating that it does not recapitulate the full effect of CR. In support of the idea that 
SIRT1 could play a role in the benefits that have been described for resveratrol, novel activators or 
overexpression of the protein are sufficient to improve metabolism. However, the poor phenotype 
of SIRT1 null mice has thus far precluded a more definitive test. Overall, the results to date suggest 
that resveratrol mimics some, but not all, aspects of CR and likely works through multiple 
mechanisms. 
 
 

mailto:baur@mail.med.upenn.edu�


 

 6 

Abstracts – invited presentations 
 
Resveratrol and cancer  

 
I1. Chemoprevention in Experimental Animals 

N. Nalini 
Department of Biochemistry & Biotechnology, Annamalai University, Annamalainagar, 
Tamil Nadu, India; 
Email: nalininam@yahoo.com; bionalini@gmial.com  

 
The potential cancer preventive effects of resveratrol as evident from the data obtained by various 
studies are summarized in this review. Resveratrol (trans-3,5,4'-trihydroxystilbene), a naturally 
occurring polyphenolic compound, was first isolated in 1940 as a constituent of the roots of white 
Hellebore (Veratrum grandiflorum O. Loes) and is now found to be present in various plants, 
including grapes, berries, peanuts and red wine. This review, first briefly describes the current 
evidence on the link between resveratrol and cancer occurrence based on epidemiological studies. 
Subsequently, investigations with resveratrol in animal models of colon carcinogenesis are 
presented, followed by a comprehensive compilation of resveratrol on cancer. In the second part, 
the article focuses on results from investigations on cancer preventive mechanisms of resveratrol. 
Biological activities including antioxidant effects, modulation of carcinogen metabolism, 
antiinflammatory potential, antioxidant properties, antiproliferative mechanisms by induction of 
apoptosis and cell differentiation are discussed. Some novel information on its modulating effects 
on cell signaling pathway, metabolism studies, bioavailability and cancer preventive efficacy is also 
provided. Based on these findings, resveratrol may be used as a promising candidate for cancer 
chemoprevention. 
 

 
  

mailto:nalininam@yahoo.com�
mailto:bionalini@gmial.com�
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I2. Clinical trials of Resveratrol 
Karen Brown, Victoria A. Brown, Ketan Patel, Edwina N. Scott, William P. Steward, 
Andreas J. Gescher. 
Cancer Biomarkers and Prevention Group, Department of Cancer Studies and Molecular 
Medicine, University of Leicester, Leicester, LE2 7LX, UK; 
E-mail: kb20@leicester.ac.uk  

 
To advance the clinical use of resveratrol we have conducted a series of trials investigating its 
pharmacokinetics and tissue distribution along with the safety and tolerability of repeated dosing. In 
the first of these studies, forty healthy volunteers consumed GMP formulated resveratrol tablets at 
daily doses of 0.5, 1.0, 2.5 or 5.0g for 29 days. Plasma levels of resveratrol and its metabolites were 
measured using a validated HPLC-UV assay in samples obtained before and up to 24h after a dose 
during the last week of administration. Resveratrol was generally safe, but the 2.5 and 5g doses 
caused mild to moderate gastrointestinal symptoms in a significant proportion of participants, 
suggesting 1g may be the maximum dose that can be taken regularly. Consistent with avid 
conjugation, resveratrol-3-O-sulphate, resveratrol-4’-O-glucuronide and resveratrol-3-O-
glucuronide were the major derivatives present in plasma. Maximal plasma levels and AUC values 
for the metabolites dramatically exceeded those for resveratrol. The mean Cmax for resveratrol 
ranged from ~0.2-4.2μM, whereas the 3-sufate and glucuronide metabolites reached ~18μM at the 
highest dose. 
In contrast to the low plasma levels of parent compound, a subsequent study revealed resveratrol to 
be an abundant species in colorectal tissue. Twenty patients with colorectal cancer ingested 8 daily 
doses of resveratrol at 0.5 or 1.0g, prior to surgical resection. Resveratrol and reveratrol-3-O-
glucuronide were recovered from tissues at maximal mean levels of 674 and 86nmol/g, 
respectively. Although variable, tissue resveratrol concentrations attained at the 1g dose often 
exceeded those associated with efficacy in the ApcMin mouse. Interestingly, concentrations of 
resveratrol and its metabolites were consistently higher in tissues taken from the right side of the 
colon compared to the left; this may have implications for the efficacy of resveratrol in different 
regions of the intestine.  
Since many diet-derived putative cancer chemopreventive agents are first discovered as a 
consequence of epidemiological data purporting activity, we investigated whether a dietary relevant 
dose of resveratrol could reach potential target tissues and compared the pharmacokinetic profile 
with that of a higher pharmacological dose. As the concentrations generated were expected to be 
extremely low we utilized the sensitive technique of accelerator mass spectrometry (AMS) for the 
detection of [14C]-labelled resveratrol/derivatives. [14C]-Resveratrol was administered at 5mg or 
1g/day to healthy volunteers as a single dose, and preoperatively to prostate and colon cancer 
patients for 7-14 days, with the final dose radiolabelled (ten per group). The low dose is comparable 
to the amount contained in a glass of red wine. In volunteers, plasma pharmacokinetic parameters 
for resveratrol increased linearly with dose whilst the metabolite profile remained unaltered. In 
prostate tissue, mean [14C]-resveratrol equivalent levels were 0.08 (5mg) and 22nmols/g (1g), 
reflecting the 200-fold difference in intake. HPLC-AMS analysis revealed the presence of 
metabolites but not free resveratrol in the prostate. On the contrary, [14C]-resveratrol was a major 
species in colonic mucosa and muscle.  
These findings support the colorectum as a target tissue for resveratrol but efficacy in internal 
organs may be dependent on the potential contribution of metabolites, unless lower concentrations 
are active in these tissues. 
 
  

mailto:kb20@leicester.ac.uk�
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I3. Resveratrol and Apoptosis 
Paul J. Davis, Heng-Yuan Tang, Faith B. Davis, Hung-Yun Lin 
Signal Transduction, Ordway Research Institute, Albany, New York, USA;  
E-mail: hlin@ordwayresearch.org 

 
Resveratrol is a naturally-occurring stilbene that has a variety of biological activities including 
acting as an antioxidant, promotion of nitric oxide production, inhibition of platelet aggregation, 
and increase of high-density lipoprotein cholesterol, and thereby serving as a cardioprotective agent. 
We have recently demonstrated the presence of a plasma membrane receptor for resveratrol near the 
arginine-glycine-aspartate (RGD) recognition site of the integrin αvβ3. Cells are treated with 
resveratrol in the presence or absence of an RGD peptide which blocks stilbene binding to integrin 
αvβ3. Resveratrol treatment causes activation and nuclear translocation of mitogen-activated protein 
kinase (ERK1/2), pSer15-p53 phosphorylation and apoptosis, all of which is inhibited by the RGD 
peptide. The nuclear accumulated COX-2 complexes with phosphorylated ERK1/2 and p53. 
Nuclear association of phosphorylated p53, COX-2 and p300 is increased in resveratrol-treated cells 
and is blocked by the ERK1/2 inhibitor, PD98059. Chromatin immunoprecipitation (ChIP) studies 
indicate binding of COX-2 to the promoters such as PIG3 and Bax, p53-responsive genes. 
Inhibition of COX-2 activity or abundance suppresses resveratrol-induced nuclear co-
immunoprecipitation of ERK1/2 and pSer-15-p53, and of ERK1/2 and COX-2, although ERK1/2 
activation per se is not suppressed. Apoptosis is also inhibited by nuclear COX-2 blockage in 
resveratrol-treated cancer cells. These suggest that inducible COX-2 is an essential component of 
p53-dependent apoptosis. In order to understand the effect of growth factor and hormone on 
resveratrol-induced apoptosis, their interactions are also investigated. Treatment of cancer cells with 
resveratrol in the presence of epidermal growth factor (EGF) reduces resveratrol-induced apoptosis 
but not resveratrol-induced ERK1/2 activation. Similar observation is obtained in the effect of 
estrogen and thyroid hormone on resveratrol-induced apoptosis. These suggest that resveratrol, 
growth factor and hormone may share similar signal transduction pathway.  
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I4. Chemopreventive Effect of Resveratrol Derivatives 
Thomas Szekeres1, Philipp Saiko1, Monika Fritzer-Szekeres1, Walter Jäger2 
1Medical University of Vienna, Institute of Laboratorymedicine, General Hospital of Vienna, 
5H 1090 Vienna, Austria, 2Department of Clinical Pharmacy and Diagnostics, Faculty of Life 
Sciences, University of Vienna 
E-mail: thomas.szekeres@meduniwien.ac.at 

 
Resveratrol is considered to be the ingredient of red wine being responsible for the so called French 
paradox. This is the fact that the incidence of heart infarction is 40% lower in France than in the rest 
of the western world. One reason for this effect might be the consumption of wine in France and the 
preventive effects of its ingredients. Resveratrol was identified to one important ingredient of red 
wine. It is an excellent free radical scavenger with numerous beneficial effects including the 
prevention of blood vessel disease.  
In the attempt to improve these effects including the induction of programmed cell death in tumor 
cells and the inhibition of inflammation by inhibiting cyclooxygenase activity, we synthesized a 
number of polyhydroxy and polymethoxy substituted analogues of resveratrol. Structure activity 
studies revealed that increasing the number of OH groups on the phenol ring could increase the free 
radical scavenging capacity of the compounds. In addition, antitumor activity could be enhanced, 
which was shown by lowering the IC50 values (concentration which causes 50% growth inhibition 
of the respective tumor cell line) of the compounds, being active against a number of human tumor 
cell lines, including leukemia, prostate and melanoma tumor cell lines. Polyhydroxy resveratrol 
derivates, in particular the most effective hexahydroxy compound significantly inhibited the activity 
of the enzyme ribonucleotide reductase, which is considered to be a very important target for 
antitumor activity due to significantly increased enzyme activity in human tumor cells. 
Hexahydroxy stilbene (M8) was also shown to induce apoptosis at concentrations lower than 
resveratrol. In addition the compound turned out to be a highly selective inhibitor of 
cyclooxygenase (COX) 2, thus inhibiting inflammation reactions. The selectivity for COX 2 was 
better than that for Celebrex® and the concentration necessary for inhibition of tumor cell 
proliferation was lower than that of resveratrol. Therefore M8 was selected as lead compound for 
further investigations. We have tested the effects of M8 in two different melanoma animal models. 
M8 could inhibit melanoma tumors in primary tumor model alone and in combination with 
dacarbacine, a clinically used anticancer compound. Three out of six animals were after 
combination chemotherapy even tumor free. In a second melanoma model, development of lymph 
node metastasis was tested. M8 could significantly inhibit primary tumor size as well as the size and 
weight of lymph node metastasis.  
We therefore conclude that resveratrol as well as polyhydroxy analogues of resveratrol are able to 
alter biochemical pathways and might be used not only as preventive agents against blood vessel 
disease, but also in the treatment of inflammation and cancer.  
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I5. Chemosensitization of Tumor Cells by Resveratrol 
Bharat B. Aggarwal 
Cytokine Research Laboratory, Department of Experimental Therapeutics, The University of 
Texas M. D. Anderson Cancer Center, Houston, Texas 77030, U.S.A. 
E-mail: aggarwal@mdanderson.org 

 
Whether chemotherapy or radiation, both are known to induce resistance of tumor cells. Linkage 
between cancer and chemoresistance is indicated by numerous lines of evidence; first, transcription 
factors NF-κB and STAT3, two major pathways for inflammation, are activated by most cancer risk 
factors; second, an inflammatory condition precedes most cancers; third, NF-κB and STAT3 are 
constitutively active in most cancers; fourth, hypoxia and acidic conditions found in solid tumors 
activate NF-κB; fifth, chemotherapeutic agents and gamma irradiation activate NF-κB and lead to 
chemoresistance and radioresistance; sixth, most gene products linked to inflammation, survival, 
proliferation, invasion, angiogenesis, and metastasis are regulated by NF-κB and STAT3; seventh, 
suppression of NF-κB and STAT3 inhibits the proliferation and invasion of tumors; and eighth, 
most chemopreventive agents mediate their effects through inhibition of NF-κB and STAT3 
activation pathways. Thus suppression of these proinflammatory pathways may provide 
opportunities for both prevention and treatment of cancer. We will discuss the potential of 
resveratrol and its analogues in suppression of chemoresistance of cancer. 
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I6. Resveratrol and Cellular Mechanisms of Cancer Prevention 
Yogeshwer Shukla 
Proteomics Laboratory, Indian Institute of Toxicology Research (CSIR), Mahatma Gandhi 
Marg, Lucknow 226001 (U.P), India; 
E-mail: yogeshwer_shukla@hotmail.com  

 
Cancer chemoprevention using bioactive food agents, a cost-effective and non-toxic approach, has 
received considerable importance as a potential means to control the incidence of cancer. Bioactive 
food agents are comprised of a wide variety of phytochemicals that are ubiquitous in plants and 
many of them have been used as traditional medicines for thousands of years against diverse forms 
of cancers. Resveratrol, a naturally occurring polyphenol, shows pleiotropic health beneficial 
effects, including anti-oxidant, anti-inflammatory, anti-aging, cardioprotective and neuroprotective 
activities. Due to several protective effects and wide distribution of this compound in the plant 
kingdom, resveratrol can be envisaged as a chemo-preventive/curative agent introduced almost 
daily with the diet. Resveratrol affects all three discrete stages of carcinogenesis (initiation, 
promotion, and progression) by modulating signal transduction pathways that control cell division 
and growth, apoptosis, inflammation, angiogenesis, and metastasis. Currently, a number of 
preclinical findings suggest resveratrol as a promising nature's weapon for cancer prevention and 
treatment. A remarkable progress in elucidating the molecular mechanisms underlying anti-cancer 
properties of resveratrol has been achieved in the last years. Concerning the resveratrol mechanism 
of action as a protective (vs. normal cells and tissues) and toxic (vs. cancer cells) compound, many 
studies focus on its antioxidant capacity as well as on its ability to trigger and favor the apoptotic 
cascade in malignant cells. Our research endeavors have aided in comprehending the crucial events 
associated with carcinogenesis which facilitate the use of dietary intervention as a key strategy to 
prevent cancer development. In this course, we have investigated the anti-cancer effects of 
resveratrol also using various animal and in vitro models. Resveratrol has been found to inhibit 
chemically induced mouse skin tumor development through induction of apoptosis via 
mitochondrial cell death pathway. Also, we showed that resveratrol and UVB act synergistically to 
promote cell death and apoptosis of human epidermoid carcinoma A431 cells. Thus continued 
efforts are needed for future resveratrol research to establish its activity and utility as a human 
cancer preventive and therapeutic drug. 
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I7. Resveratrol in Cancer Management: Where we are and where we go from here? 
Nihal Ahmad 
Department of Dermatology, University of Wisconsin, Madison, Wisconsin, USA. 
E-mail: nahmad@dermatology.wisc.edu 

 
Resveratrol (trans-3,5,4’-trihydroxystilbene), a phytoalexin antioxidant found in grapes, red wines, 
berries and peanuts, has been shown to afford protection against several diseases. A plethora of pre-
clinical studies, including in vitro and in vivo studies from our laboratory, have suggested that 
resveratrol imparts chemopreventive as well as therapeutic response against several cancers. The 
use of resveratrol is continuously increasing as a supplement as well as a complementary and 
alternative medicine (CAM) approach for the management of several diseases/conditions. However, 
an important issue with the future development of resveratrol for disease management is believed to 
be its low bioavailability due to its rapid metabolism in mammals. Because of the proven efficacy 
of resveratrol in pre-clinical settings, it is necessary that concerted multidisciplinary efforts are 
made to enhance its bioavailability in humans. In this direction, some possible scenarios are as 
follows.  
1. The bioavailability of resveratrol can be enhanced by novel approaches aimed at slowing its in 
vivo metabolism. We are currently investigating a unique approach of enhancing the bioavailability 
of resveratrol by inhibiting its metabolism by combining it with piperine, an alkaloid derived from 
black pepper (Piper spp.). It is known that during metabolism, the majority of resveratrol undergoes 
glucuronidation and sulfation. Studies have also shown that piperine inhibits glucuronidation in 
vivo. We believe that piperine will inhibit glucuronidation of resveratrol thereby enhancing its 
bioavailability leading to a superior chemopreventive and/or therapeutic response. Our preliminary 
studies have shown that piperine (20 mg/kg; oral gavage) enhances the bioavailability of resveratrol 
(500 mg/kg; oral gavage) in serum by approximately 175% in C57BL6 mice. 
2. Recent studies have suggested that nanoparticle-mediated delivery could serve as a useful tool for 
improving the bioavailability of chemopreventive agents. Nanotechnology is an emerging area of 
research that operates at the crossroads of biology, chemistry, physics, engineering, and medicine. 
Design of nanoparticles for an effective and regulated delivery of anti-cancer agents is being 
considered as one of the most exciting applications of nanotechnology. Thus, nanoparticle-
encapsulated resveratrol, because of its significantly enhanced bioavailability, should provide a 
much superior in vivo response. 
3. Naturally occurring as well as synthetic analogues of resveratrol with improved bioavailability 
could be developed and studied for their chemopreventive and therapeutic effects. Piceatannol 
(monohydroxylated resveratrol), also found in wine and grapes at low concentrations, needs to be 
carefully studied for its chemopreventive effects, alone as well as in combination with resveratrol.  
4. The metabolites of resveratrol (such as glucuronide and sulfate conjugates) may be responsible 
for its observed in vivo effects, as they may be deconjugated at the target sites of action, thereby 
releasing the substrate to elicit biological activity. 
Thus, taken together, concerted and multidisciplinary efforts of scientists from diverse disciplines 
(chemistry, biology, engineering and clinics) are needed to take this excellent chemopreventive 
agent to the next level i.e. from ‘bench-to-bedside’. 
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Resveratrol and heart disease  
 
I8. Regeneration of Infarcted Myocardium with Resveratrol-Modified Cardiac Stem 

Cells 
Narasimman Gurusamy, Istvan Lekli and Dipak K. Das. 
Cardiovascular Research Center, University of Connecticut School of Medicine, Farmington, 
Connecticut, USA; 
E-mail: ddas@neuron.uchc.edu 

 
To study the efficiency of maintaining the reduced tissue environment via pretreatment with natural 
antioxidant resveratrol in stem cell therapy, we pretreated male Sprague Dawley rats with 
resveratrol (2.5 mg/kg/day gavaged for 2 weeks). In a parallel study, resveratrol was treated with 
stem cells and these stem cells were directly injected into infracted myocardium. After occlusion of 
the left anterior descending coronary artery (LAD), adult cardiac stem cells stably expressing EGFP 
were injected into the border zone of the myocardium. One week after the LAD occlusion, the 
cardiac reduced environment was confirmed in resveratrol treated rat hearts by the enhanced 
expression of nuclear factor-E2-related factor-2 (Nrf2) and redox effectors factor-1 (Ref-1). In 
concert, cardiac functional parameters (left ventricular ejection fraction and fractional shortening) 
were significantly improved. The improvement of cardiac function was accompanied by the 
enhanced stem cell survival and proliferation as evidenced by the expression of cell proliferation 
marker Ki67 and differentiation of stem cells towards the regeneration of the myocardium as 
evidenced by the expression of EGFP twenty-eight days after LAD occlusion in the resveratrol 
treated hearts. Our results demonstrate that resveratrol maintained a reduced tissue environment by 
over expressing Nrf2 and Ref-1 in rats resulting in an enhancement of the cardiac regeneration of 
the adult cardiac stem cells as evidenced by increased cell survival and differentiation leading to 
cardiac function. 
 
  

mailto:ddas@neuron.uchc.edu�


 

 14 

I9. Resveratrol: Expanding Role in Diabetic Myocardial 
Mahesh Thirunavukkarasu, Suresh Varma Penumathsa and Nilanjana Maulik 
Department of Surgery, University of Connecticut Medical Center, 06030 Farmington, 
Connecticut, USA; 
E-mail: nmaulik@neuron.uchc.edu 

 
Resveratrol, a red wine and grape-derived polyphenolic antioxidant, is well known to protect the 
heart from ischemia/reperfusion injury as well as to possess the cancer chemopreventive property. 
Resveratrol mediated cardioprotective effect, may be attributed to its ability to (i) stimulate nitric 
oxide production and (ii) free radical scavenging activity. The resveratrol-mediated angiogenesis in 
vivo and in vitro is through the increased heme oxygenase-1 (HO-1) activity regulated by 
thioredoxin-1 (Trx-1), resulting in the induction of vascular endothelial growth factor (VEGF). 
Human coronary arteriolar endothelial cells exposed to resveratrol or Trx-1 on Matrigel 
demonstrated induction of HO-1 and VEGF expression and significantly accelerated tubular 
morphogenesis in vitro. This angiogenic response was repressed by tin-protoporphyrin IX (SnPP), 
an inhibitor of HO-1 activity, and this inhibition was accompanied by decreased VEGF expression. 
However Trx-1 expression was not affected by SnPP in vitro. In vivo, rats were orally administered 
with resveratrol (1mg/kg/day) for 14 days, and then underwent permanent LAD occlusion. Our 
results demonstrated that pretreatment with resveratrol markedly reduced infarct size and increased 
capillary density in the peri-infarct myocardium along with better left ventricular function 4 days 
after myocardial infarction (MI) compared with vehicle-treated control. Concomitantly, resveratrol-
treated myocardium after MI significantly induced Trx-1, HO-1 and VEGF expression. This 
resveratrol-mediated cardioprotection and angiogenic response via upregulation of VEGF were 
blocked by SnPP. Since resveratrol is one of the major components of certain varieties of red 
grapes, these events may underlie the cardioprotective effects thought to be obtained from moderate 
red wine consumption.  
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I10. Resveratrol - a Cardioprotective Substance 
Joseph M. Wu1, Zhirong Wang2, Tze-chen Hsieh1 
1Department of Biochemistry and Molecular Biology, New York Medical College, Valhalla, 
NY, USA; 2Department of Cardiology, Affiliated Hospital of Xuzhou Medical College, 
Xuzhou, Jiangsu, China; 
E-mail: Joseph_Wu@nymc.edu  

 
Coronary heart disease (CHD) is a major, preventable cause of morbidity and death in the United 
States. Recently, significant research efforts have been directed at an epidemiological phenomenon 
known as the “French paradox”. This observation refers to the co-existence of high risk factors with 
unanticipated low incidence of CHD and is postulated to be associated with low-to-moderate 
consumption of red wine. In vivo studies have shown that red wine intake is more CHD-
preventative in comparison to other alcoholic drinks; enhanced cardioprotection may attribute to 
grape-derived polyphenols, e.g., resveratrol, in red wine.  
Results that summarize in vitro and animal studies showing that resveratrol exerts multi-faceted 
cardioprotective activities will be presented. In addition, evidence demonstrating presence of 
proteins specifically targeted by resveratrol, exemplified by NQO2 (N-
ribosyldihydronicotinamide:quinone oxidoreductase), will be summarized. Data showing that 
resveratrol exerts distinct effects on human aortic endothelial cells and human pulmonary artery 
endothelial cells, derived from different anatomical sites will also be presented. A mechanism 
encompassing non-genomic and genomic effects and a research roadmap will be proposed as a 
framework for uncovering further insights on cardioprotection by resveratrol. 
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I11. Resveratrol and microRNA: Role in Ischemic Heart 
Partha Mukhopadhyay1, Pal Pacher1 and Dipak K Das2 
1National Institute of Health [NIAAA/NIH], Bethesda, Maryland and 2Cardiovascular 
Research Center, University of Connecticut School of Medicine, Farmington, Connecticut 
E-mail: mpartha@mail.nih.gov 

 
Cardiprotection by resveratrol and its derivative in ischemia/reperfusion [I/R] rat model was 
examined with miRNA expression profile. Unique expression pattern were found for each sample. 
Particularly with resveratrol [pure compound] and longevinex [commercial resveratrol formulation] 
pretreated hearts. Longevinex and resveratrol pretreatment modulates the expression pattern of 
miRNAs close to the control level based on PCA analyses. Differential expression was observed in 
over 50 miRNAs, some of them, such as mir21 were previously implicated in cardiac remodeling. 
The target genes for the differentially expressed miRNA include genes of various molecular 
function such as metal ion binding, sodium-potassium ion, transcription factors, which may play 
key role in restricting the damage heart. 
  

mailto:mpartha@mail.nih.gov�


 

 17 

Metabolism and stability of resveratrol  
 
I12. Bioavailability of resveratrol 

Thomas Walle  
Medical University of South Carolina, Charleston, SC, USA; 
Email: wallet@musc.edu 

 
Resveratrol has long been considered to be a chemoprotective agent against various cancers and 
cardiovascular as well as other disease states. Numerous studies, mainly in vitro, have suggested a 
variety of biological mechanisms for these effects. However, in vivo studies, whether in animals or 
in humans, have provided few examples of efficacy of resveratrol, in spite of using sometimes high 
doses. Limited bioavailability has been the common explanation for these “therapeutic failures”. 
This presentation will review our current understanding of the absorption, metabolism and 
bioavailability of resveratrol with the emphasis on humans. 
The oral absorption of a single moderate dose of resveratrol is about 75%. Studies in the human 
intestinal Caco-2 cell line indicate that this occurs by simple transepithelial diffusion. Extensive 
intestinal metabolism together with hepatic metabolism resulted in an oral bioavailability of 
resveratrol of considerably less than 1%, at least at low doses. 
After single oral doses of resveratrol in normal human volunteers, isomeric glucuronic acid and 
sulfate conjugates predominate in both urine and plasma, accounting for about 50% of the 
metabolism, as analyzed by LC/UV/radioactivity measurements. In second hand, both glucuronic 
acid and sulfate conjugates of dihydroresveratrol, i.e. reduced metabolites of resveratrol, were 
identified. Third, several highly polar metabolites were recognized by LC/radioactivity analysis, the 
structures of which have yet to be determined.  
Although it is evident that both the intestine and the liver are important sites of resveratrol 
metabolism through conjugation reactions, recent thoughts have put bacterial metabolism into 
focus. First, it is now clear that dihydroresveratrol is derived from bacterial reduction of resveratrol 
followed by enteric absorption, conjugation to glucuronic acid and sulfate and finally urinary 
excretion. Second, highly polar, by LC, resveratrol metabolites have been recognized through the 
use of radioactive resveratrol doses. The nature of these metabolites has not yet been deduced. 
However, together with the dihydroresveratrol conjugates, they may account for as much as 50% of 
a low oral dose of resveratrol. As bacterial metabolism is thought to be increasingly important in the 
biological actions of several other dietary chemoprotective agents, this deserves an in depth study 
also for resveratrol.  
Dose escalation as well as repeated doses of resveratrol have been tested as means of further 
understanding resveratrol’s efficacy, but as yet with limited success. Additional areas also deserving 
more studies are, first, glucuronic acid and sulfate conjugates and their possible deconjugation 
reactions; and second, the importance of specific tissue distribution for the biologic activities. Also, 
resveratrol derivatives will be increasingly important. However, bacterial metabolic products may 
be of particular significance. 
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I13. Transport and stability of Resveratrol condition its biological activity 
Dominique Delmas1,2, Virginie Aires1,2, Emeric Limagne1,2, Patrick Dutartre1,2, Frédéric 
Mazué1,2, François Ghiringhelli1,3 and Norbert Latruffe1,2 
1Inserm U866, Dijon, F-21000, France; 2Université de Bourgogne, Faculté des Sciences 
Gabriel, Centre de Recherche-Biochimie Métabolique et Nutritionnelle, Dijon, F-21000, 
France; 3Université de Bourgogne, Faculté de Médecine, Centre de Recherche-
Immunothérapie et Chimiothérapie des Cancers, Dijon, F-21000, France; 
Email: ddelmas@u-bourgogne.fr  

 
Resveratrol (3,4’,5-trihydroxystilbene) is a secondary metabolite produced in limited plant species 
and is found in grapes, red wine, purple grape juice, and some berries. In plants, a major form of 
resveratrol is trans-resveratrol-3-O-β-D-glucoside, often referred to as piceid. Like many other plant 
polyphenols (i.e. flavonoids and epicatechins of green tea or cocoa), resveratrol is considered to be 
a preventive food component. Indeed, numerous studies have reported that trans-resveratrol is a 
preventive agent of several important pathologies: vascular diseases, cancers, viral infection, 
neurodegenerative processes such as Alzheimer’s. These beneficial effects of resveratrol have been 
supported by observations at the cellular and molecular levels in cellular and in in vivo models, 
although, resveratrol presents a low bioavailability and a rapid clearance from the circulation. 
Concerning resveratrol metabolism, studies in human and animals reveal that resveratrol is mainly 
metabolized into glucuronide and sulfate conjugates which might retain some biological activity. 
Recently, five sulfate metabolites (mono-, di- or tri-sulfate derivatives) have been synthesized and 
their biological effects tested in a set of assays that are associated with cancer chemopreventive 
activity. These events i.e. resveratrol uptake, cellular fate, metabolism, stability of the parent 
molecule and that of its metabolites are still remaining unclear and need further investigation to get 
insight into the biological activity of resveratrol and to provide the scientific basis for nutritional or 
clinical applications. Indeed, the resveratrol stability, which involves peroxidation, redox processes 
and isomerisation mechanisms, is important to its biological activity and for its uptake. This last one 
can be influenced by various parameters such as plasmatic proteins, lipoproteins or integrins. These 
extracellular molecules may influence the cellular response in malignant models. Moreover, we 
have shown that the membrane microenvironment influences the cellular absorption to initiate the 
biological activity of resveratrol. The pharmacokinetics and resveratrol metabolism represent 
another important question notably the putative effects of its metabolites on pathologies models. In 
this review, we will detail 1) the stability of resveratrol with a special focus on its anti- and pro-
oxidant properties resulting from its biotransformation and on the associated mechanisms; 2) the 
action of resveratrol metabolites; 3) the current and challenging strategies to increase resveratrol 
bioavailability which intend to its lipophilicity, chemical structure and site of delivery and 4) the 
patents available in data bases for resveratrol structure modifications and formulation to exhibit 
better activity. The modifications of stability, chemical structure, resveratrol metabolism could 
change the cellular and molecular targets and could be crucial to improve or, on the contrary, to 
decrease the efficiency of the molecule towards its chemopreventive properties. 
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Neuroprotective activity  
 

I14. Neuroprotective properties of resveratrol and derivatives 
Tristan Richard, Pascal Poupard, Meriam Nassra, Yorgos Papastamoulis, Marie-Laure 
Iglésias, Stéphanie Krisa, Pierre Waffo-Teguo, Jean-Michel Mérillon, Jean-Pierre Monti 
Institute of Vine and Wine Sciences of Bordeaux – University de Bordeaux, 33883 
Villenave d’Ornon, France;  
Email: Tristan.richard@u-bordeaux2.fr 
 

Vine and wine are an abundant source of polyphenolic compounds including stilbenoids. The latter 
appear to constitute a large class of resveratrol derivatives, monomers and oligomers resulting from 
different oxidative condensations of the reveratrol. Stilbenes exhibit potent biological activities in 
vitro on several targets that might be able to influence favorably several physiological and 
pathological processes. 
For demographic reasons, the percentage of neurodegenerative diseases is on increase. Alzheimer’s 
disease (AD) is the most common type of neurodegenerative disorder, accounting for 65% of all 
dementias, with the prevalence estimated to be between 1 and 5% among people aged 65 years, 
which doubles every 4 years to reach about 30% at 80 years. Histopathology reveals that one of the 
major characteristics of AD is the abundant protein accumulation: tau protein and β-amyloid 
peptide (βA). Concerning this latter, βA originates from the proteolytic cleavages of the 
transmembrane amyloid precursor protein (APP). βA accumulation leads to formation and deposit 
of amyloid plaques and neurofibrilary tangles, which promote pro-inflammatory responses and 
activate neurotoxic pathways, leading to dysfunction and death of brain cells.  
Different studies have investigated the effects of resveratrol and some others stilbenoids on AD, 
suggesting that stilbenoids could modulate multiple mechanism of AD pathology. Some of these 
studies suggested that stilbenoids have protective effects through their abilities to scavenge reactive 
oxygen species. But other reports indicated that it may be reasonable to speculate that stilbenoids 
could prevent the development of AD, not only through scavenging reactive oxygen species, but 
also through directly inhibiting the deposit of βA fibrils in the brain. Indeed, pathologic and 
biochemical studies suggest that fibrilar βA are reactive oxygen species generator whereas 
monomeric (soluble) βA acts as natural antioxidant that prevents neuronal cell death caused by 
oxidative stress. Resveratrol and derivatives are able of inhibiting fibril formation in vitro by direct 
complex formation with βA.  
In this present study, we report the inhibitory properties of resveratrol and derivatives compounds 
on amyloid fibril formation. 
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I15. Protective effect of resveratrol on astroglial cells 
Carmem Gottfried, Larissa Bobermin and André Quincozes-Santos 
Federal University of Rio Grande do Sul. Porto Alegre, RS, Brazil; 
E-mail: cgottfried@ufrgs.br 

 
Astroglial cells are key modulators of neuropathology events. Resveratrol, a redox active compound 
present in grapes and wine, have a wide range of biological effects. Our group has been investigated 
whether resveratrol is able to prevent hydrogen peroxide (H2O2)-induced oxidative damage in 
astroglial cells. We found that following a short oxidative insult (model I - 1 mM H2O2 /30 min), 
resveratrol increased glutamate uptake (60%), glutamine synthetase (GS) (139%), glutathione 
(GSH) (120%) and S100B secretion (24%); prevented oxidative damage to cellular DNA and 
attenuated DCFH oxidation (34%) as compared to H2O2 values. Under less intense (0.1 mM H2O2), 
but lasting (6 h) insult (model II), resveratrol had an opposite effect, potentiating the H2O2-induced 
decrease in glutamate uptake (from 34 to 63%), in GS (from 22 to 50%), in GSH (from 22 to 54%) 
and also potentiating DCFH oxidation (from 24 to 38%), indicating pro-oxidant effects. In 
summary, these findings showed that resveratrol, a redox active compound, was able to modulate 
important neurotrophic function of astroglial cells under different oxidative conditions. Since no 
data are available to indicate whether resveratrol is pro-oxidant in vivo in the human peripheral and 
cerebral tissues, caution is necessary regarding its therapeutic use. 
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Longevity / anti inflammation  
 
I16. Anti-inflammatory effect of resveratrol in relation to life extension 

Anna Csiszar 
University of Oklahoma Health Sciences Center, Reynolds Oklahoma Center on Aging, 
Department of Geriatric Medicine, Oklahoma City, OK, USA 
Email: Anna-Csiszar@ouhsc.edu 

 
Resveratrol was reported to prolong the lifespan in model organisms, as well as in shorter-living 
vertebrates. The effect of resveratrol on mammalian lifespan is more complex. Although resveratrol 
fails to significantly extend lifespan in unstressed laboratory mice, it was shown to extend the 
lifespan of laboratory rodents kept under stress conditions (e.g. in models of metabolic diseases). 
Resveratrol was also shown to significantly improve the health span both in unstressed and stressed 
aged rodents. The molecular mechanisms, which mediate the multifaceted cytoprotective effects of 
resveratrol in aging are the subject of ongoing investigations. Increased oxidative stress in aging as 
well as in pathological conditions associated with accelerated aging promotes inflammatory 
processes, which contribute to the development of various age-associated diseases (including 
cardiovascular diseases, Alzheimer disease). From the recent literature the view emerges that 
resveratrol exerts significant anti-oxidant and anti-inflammatory effects both in aging and in 
pathological conditions associated with accelerated aging by attenuating production of reactive 
oxygen species (e.g. down-regulating NADPH oxidases, decreasing mitochondrial free radical 
generation), increasing antioxidant defenses (e.g. by activating Nrf2-dependent antioxidant 
response) and interfering with pro-inflammatory signaling pathways (e.g. inhibiting NF-κB 
signaling, disrupting pro-inflammatory cytokine production). Importantly, the anti-inflammatory 
and anti-oxidative effects of resveratrol manifest in the cardiovascular system. Because in humans 
cardiovascular disease is the primary cause for age-related morbidity and mortality, future studies 
are warranted to determine whether long-term consumption of resveratrol-enriched diet improves 
cardiovascular health in the elderly, preventing/delaying the development of cardiovascular diseases 
and thereby extending human lifespan. 
 

mailto:Anna-Csiszar@ouhsc.edu�


 

 22 

I17. The modulating effect of resveratrol on severe acute pancreatitis 
Qingyong Ma, Zheng Wang, Zhenghua Ma, Huanchen Sha 
Department of Hepatobiliary Surgery, First Affiliated Hospital of Xi’an Jiaotong University, 
Xi’an, Shaanxi Province, China; 
Email: qyma56@mail.xjtu.edu.cn 
 

Severe acute pancreatitis (SAP) develops in 15-20% of patients with acute pancreatitis. The 
management of SAP is a challenge because of its high morbidity due to systemic inflammatory 
response syndrome (SIRS) and multiple organ failure. According to the recent research, the advance 
of SAP was caused by several hypotheses, such as inflammatory cytokines theory, microvascular 
dysfunction theory, calcium overload theory, etc. Therefore, it is important to explore a valuable 
medicine to control the SAP progression. Resveratrol, a drug widely used in traditional Chinese 
medicine, has possessed various biological properties including anti-inflammatory, anti-oxidative, 
anti-coagulant and chemoprotective properties. Here, we hope to observe the effect of resveratrol on 
SAP. According to a series study, we summarize the possible mechanism of resveratrol on severe 
acute pancreatitis. Firstly, resveratrol could relieve the pathologic injury of pancreas and extra-
pancreas organs (lung, liver and intestine) induced by SAP and increase the livability of SAP at 12 
hours after operation. Secondly,  resveratrol could inhibit the activation of NF-κB, and modulate the 
production of inflammatory cytokines, finally ameliorate the pancreas injury and progression of 
SIRS; Thirdly, Resveratrol could improve microvascular permeability, relieve the leucocyte 
migration of tissues and inhibit the inflammation reaction through modulating the level of ICAM-
1、6-Keto-PGF1α and TBX2; Additionally, the data described that resveratrol could improve the 
hemodynamic abnormality; Moreover, resveratrol could induce the cell apoptosis of pancreas and 
extra-pancreas organ through modulating the level of Bax、caspase-3 and Bcl-2 which could 
relieve organ pathologic injury; Finally, resveratrol could modulate the calcium concentration of 
cells, and relieve the tissue injury induced by calcium overload. Therefore, resveratrol could inhibit 
the production and progression of SAP through relieving inflammation cytiokine, improve 
microcirculation, modulating cell apoptosis, and blocking calcium overload. We believe it is not too 
far for the clinical trial of the compound on SAP. 
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Obesity / diabetes  
 
I18. Anti-diabetic effect of resveratrol? 

Tomasz Szkudelski and Katarzyna Szkudelska 
Department of Animal Physiology and Biochemistry, Poznan University of Life Sciences, 60-
637 Poznan, Poland; 
E-mail: tszkudel@jay.up.poznan.pl 

 
Resveratrol (3,5,4’-trihydroxystilbene) belongs to the group of compounds classified as 
polyphenols. In the last years, resveratrol was demonstrated to exert numerous beneficial effects, 
including cardio-protective, anti-cancer, anti-inflammatory and antioxidant activity. The most 
recent data indicate that resveratrol may be helpful in preventing and treating obesity and diabetes. 
These effects are summarized in the review article (Szkudelska and Szkudelski, 2010).  
The prevalence of diabetes is very high and tends to be increased. Therefore, numerous natural 
compounds are studied in the context of their potential use as anti-diabetic agents. Among different 
types of diabetes, type 2 diabetes is the most frequent. In type 2 diabetes, pancreatic B-cells are 
excessively stimulated to secret insulin. This exaggerated stimulation leads to the loss of their 
endocrine function. Results of the experiments with isolated pancreatic islets demonstrated that 
resveratrol is able to reduce the insulin-secretory response of B-cells and thereby may retard their 
damage. Resveratrol was found to decrease glucose-induced insulin secretion already a few minutes 
after treatment. This effect was demonstrated to be due to reduced metabolic activity of B-cells 
incubated in the presence of resveratrol – the tested compound reduced glucose-induced 
hyperpolarisation of the inner mitochondrial membrane and decreased ATP content in B-cells. 
Importantly, the inhibitory effect of resveratrol on insulin secretion was transient and was not 
related to the damage of B-cells. According to these results, experiments in vivo demonstrated that 
resveratrol may reduce blood insulin in animals with hyperinsulinemia.  
Resveratrol was also demonstrated to decrease blood glucose in animals with hyperglycemia. This 
effect is proposed to be due to resveratrol-induced increase in glucose uptake by different kinds of 
cells. The ability of resveratrol to reduce hyperglycemia is very important in the context of the 
potential use of this compound in preventing and treating diabetes. 
In type 2 diabetes, insulin action is usually deteriorated. Therefore, the improvement in its action is 
one of the pivotal aspects of treating type 2 diabetes. Studies on animals with insulin resistance 
revealed that resveratrol increased the sensitivity to insulin. The mechanism of this action is 
complex and involves changes in the activities of some enzymes and changes in gene expression. 
Moreover, the direct effect of resveratrol on lipid accumulation in adipocytes was recently 
demonstrated. Studies on isolated fat cells demonstrated that resveratrol increased the lipolytic 
response of adipocytes to epinephrine and restricted the antilipolytic action of insulin. These effects 
may contribute to reduced lipid accumulation. Some studies indeed demonstrated reduced body fat 
content in animals consuming resveratrol. Reduced adiposity is known to usually improve insulin 
action in the individuals with type 2 diabetes.  
Rodent studies concerning the effects of resveratrol in relation to diabetes provided interesting and 
promising results. However, some discrepancies in the literature can be found. Besides, human 
studies are still lacking and the real value of resveratrol in preventing and treating diabetes remains 
to be elucidated. 
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I19. Resveratrol effects on mitochondrial function and energy metabolism – AMPK as a 
key player? 
Carles Cantó1, Marie Lagouge2, Lake Q. Jiang3, Jerome N. Feige2, Lilia Noriega1, Atul S. 
Deshmuhk3, Juleen R. Zierath3 and Johan Auwerx1 
1École Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland; 
2Institut de Génétique et de Biologie Moléculaire et Cellulaire, 67404 Illkirch, France; 
3Department of Molecular Medicine and Surgery, Karolinska Institutet, S-171 77 Stockholm, 
Sweden; 
E-mail: carlos.canto@epfl.ch 

 
Diminished mitochondrial oxidative phosphorylation and aerobic capacity are associated with 
reduced longevity. The work from our lab and others demonstrates that resveratrol, a compound 
known to extend lifespan in many eukaryote organisms, impacts on mitochondrial function and 
metabolic homeostasis. Treatment of mice with resveratrol significantly increased mitochondrial 
biogenesis and their aerobic capacity, as evidenced by their increased running time and oxygen 
consumption in muscle fibers. Consequent to these effects, resveratrol-treated mice were protected 
against of high-fat diet induced obesity and related disorders. This ensemble of beneficial effects 
has raised the interest in understanding the molecular mechanisms driving resveratrol action. 
Initially believed to be a direct SIRT1 activator, resveratrol was demonstrated to impact, through 
SIRT1, on the activity of a number of key transcriptional regulators of energy metabolism, such as 
PGC-1α and the FOXO family of transcription factors. Our recent work, however, identifies the 
AMP-activated kinase (AMPK) as the initial trigger pulled by resveratrol, leading to the activation 
of SIRT1 and downstream pathways through an indirect mechanism based on the increase in 
intracellular NAD+, the rate-limiting substrate for the enzymatic activity of SIRT1.  The work using 
transgenic models of defective AMPK we demonstrate that, in the absence of AMPK, resveratrol 
cannot activate SIRT1 and downstream substrates such as PGC-1α. The defective activation of 
these transcriptional regulators, makes resveratrol unable to increase mitochondrial gene expression 
in muscles lacking the AMPKγ3 subunit. The activation of AMPK by resveratrol provides the most 
plausible to explain how resveratrol acts not only in muscle, but also in other key metabolic tissues, 
such as liver and why resveratrol action is intimately linked to SIRT1. Altogether, our results 
indentify AMPK as the main mediator of resveratrol actions on SIRT1, mitochondrial biogenesis 
and energy expenditure. 
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I20. Modulation of fat metabolism by resveratrol 
Clifton A. Baile, Jeong-Yeh Yang, Srujana Rayalam, Diane L. Hartzell, Ching-Yi Lai, 
Charlotte Andersen and Mary Anne Della-Fera 
University of Georgia, Athens, GA 30602, USA; 
E-mail: cbaile@uga.edu  

 
Higher levels of body fat are associated with increased risk for development of numerous adverse 
health conditions.  Further, aging results in relative increases in body fat content accompanied by 
accumulation of adipocytes in bone marrow, which is directly implicated in age-related bone loss.  
Phytochemicals are potential agents to inhibit differentiation of preadipocytes, stimulate lipolysis, 
and induce apoptosis of existing adipocytes, thereby reducing adipose tissue.  We were first to 
report the effect of resveratrol on Sirt3, UCP1 and Mfn2 expression in vitro in both pre and mature 
3T3-L1 adipocytes.  Resveratrol decreased adipogenesis and viability in maturing preadipocytes, 
mediating not only through down-regulating adipocyte specific transcription factors and enzymes, 
but also by genes that modulate mitochondrial function.  Also, resveratrol increased lipolysis and 
reduced lipogenesis in mature adipocytes in vitro. 
Further, we explored combining multiple natural products that have synergistic activity resulting 
from actions on multiple molecular targets in the adipocyte life cycle.  To this end, we conducted a 
series of studies to first identify activities and biochemical mechanisms of individual compounds 
and combinations in vitro in adipocytes.  Phytochemicals act by blocking one or more targets in 
signal transduction pathways, by potentiating effects of other phytochemicals, or by increasing the 
bioavailability or half-life of other chemicals.  For example, flavonoids like genistein (G) and 
resveratrol in combination exert an enhanced effect on inducing apoptosis and inhibiting 
adipogenesis in 3T3-L1 adipocytes.  Similarly, G, quercetin (Q), and resveratrol each produced 
anti-adipogenic activities in adipocytes, but in combination, G+Q+resveratrol caused enhanced 
inhibition of lipid accumulation in both murine 3T3-L1 adipocytes and primary human adipocytes 
(HAs) greater than the responses to individual compounds and to the calculated additive response.  
In addition, combined treatment with G, Q, and resveratrol decreased cell viability and induced 
apoptosis in early- and mid-phase maturing and lipid-filled mature HAs.  In contrast, no compound 
alone at the doses tested induced apoptosis.   
Lagouge, et al., showed that dietary treatment of mice with resveratrol significantly increased their 
aerobic capacity, evidenced by their increased running time and consumption of oxygen in muscle 
fibers.  Resveratrol’s effects were associated with induction of genes for oxidative phosphorylation 
and mitochondrial biogenesis which protected mice against diet-induced-obesity and insulin 
resistance.  Resveratrol treatment induced marked mitochondrial morphological changes and also 
increased UCP-1 expression levels in brown adipose tissue.  These mitochondria, with activated 
futile heat-producing pathways, likely contributed to increased energy expenditure and resistance to 
weight gain.  In addition, we found that dietary supplementation with combinations of vitamin D 
(D) and resveratrol+Q+G inhibited bone loss and decreased adiposity to a greater extent than 
control or D alone treatments in aged ovariectomized female rats, a model for postmenopausal 
women.  The combination treatment also reduced body weight gain, and fat pad weights.  Since 
multiple pathways are dysfunctional in obesity and osteoporosis, an ideal approach for obesity and 
osteoporosis prevention would be using combinations of phytochemicals, including resveratrol, to 
address several targets simultaneously.  Combining several phytochemicals or using them as 
templates for synthesizing new drugs, provides a large potential for using phytochemicals to target 
adipocyte adipogenesis, apoptosis and lipolysis.  Recent resveratrol developments are prime 
examples of these opportunities. 
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Production and commercial use of resveratrol  
 
 
I21. Resveratrol production with yeast 

Jochen Förster 
Fluxome A/S, Stenløse, Denmark; 
E-mail: jf@fluxome.com 

 
Trans-resveratrol has been introduced as a dietary supplement on the US market more than 10 years 
ago, and the major source of resveratrol today is extracts from plants. A demand for a secure supply 
of high quality resveratrol led to a search for a novel production process. Fluxome A/S has recently 
developed a process for the production of resveratrol by microbial fermentation. The present talk 
will summarize the development of a fermentation process using the baker’s yeast Saccharomyces 
cerevisiae - from lab-scale to production. 
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I22. Safety of resveratrol with examples for high purity, trans-resveratrol, resVida™ 
James A Edwards, Mareike Beck, Christoph Riegger, Jochen Bausch 
NRD/CH Product Safety, DSM Nutritional Products Ltd, Kaiseraugst, Switzerland; 
E-mail: James-a.edwards@dsm.com 
 

DSM Nutritional Products Ltd manufactures high purity resveratrol (resVidaTM) for which self-
GRAS status was obtained in 2008. The GRAS evaluation, based on the DSM safety package, and 
other supporting data from the literature, defined an Acceptable Daily Intake (ADI) of 450 
mg/person per day. This was based on NOAELs of 750 mg/kg bw/day and a standard default safety 
factor of 100x, which was considered sufficient in particular on the basis of kinetic and 
toxicological results. The DSM safety package included genotoxicity, developmental and sub-
chronic toxicity studies and is presented and discussed in the light of structural considerations, 
adequacy of 100 fold safety factor and more recently published resveratrol studies. The latter 
generally support the ADI defined in 2008. 
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I23. Requirements for gaining regulatory status of resveratrol in EU 
Marina Heinonen 
Department of Food and Environmental Sciences, University of Helsinki, Finland 
E-mail: marina.heinonen@helsinki.fi 

 
The possibilities for a regulatory status of resveratrol in EU could include either a use as a novel 
food ingredient or as a food additive or marketing of resveratrol containing foods with permitted 
health claims. All these possibilities require that an evaluation either on the safety or on the 
scientific substantiation of the health beneficial properties is carried out by the European Food 
Safety Authority (EFSA) and thereafter a decision is made by the European Commission. 
According to the Novel Food Regulation (EC) N° 258/97 the safety of a food ingredient having not 
been marketed within the EU before May 1997 need to be assessed. This is also the case when an 
ingredient currently available as a dietary supplement is planned to be marketed with extended use   
as an ingredient in different types of foods such as beverages, cereal or dairy based foods. In order 
for new food additives such as antioxidants to enter the market a safety evaluation need to be 
carried out following the updated legislation ( EC N° 1333/2008). The data provided for a food 
safety evaluation includes product specification, chemical, microbiological and nutritional data, 
intake information and exposure estimates, and profound toxicological information such as a 90-day 
oral subchronic toxicity study. In order to bear health claims a food needs to comply with  the rules 
set out in the European “claims regulation” that came into force in July 2007 (EC N°1924/2006). 
Regarding other substances than nutrients, such as polyphenolic compounds like resveratrol, 
scientific data is needed from human intervention studies where the relevant health effect has been 
proven by well established methods.  
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O1. Resveratrol: Genie in the bottle? 

Shazib Pervaiz 
Department of Physiology, National University of Singapore, Singapore;  
Email: Shazib_Pervaiz@nuhs.edu.sg 

  
The diverse biological properties of the wine polyphenol, Resveratrol (RSV), have been extensively 
reported over the past decade or so. Its presence in grapes and wines has also been linked to the 
“French paradox”-wine consumption linked to cardio-protective effect. One aspect of RSV biology 
that has generated tremendous interest is its reported cancer preventive activity at least in animal 
models of carcinogenesis. Along these lines, we reported apoptosis inducing activity of RSV in 
human tumor cells via mechanisms involving up-regulation of the death receptor CD95-CD95L 
signaling pathway. Furthermore, in an attempt to understand the molecular basis for the apoptosis 
inducing activity of RSV, we resorted to 2D proteomics approach and pulled out an increase in 
cleaved lamin A in lysates from RSV treated HCT116 colon carcinoma cells. Biochemical analysis 
showed this to be linked to RSV-mediated activation of caspase 6. More recently, we have 
identified a novel transcriptional target of RSV, downregulation of which is associated with 
increased sensitivity to apoptosis inducing agents. Treatment of cells with RSV resulted in 
downregulation of the promoter activity as well as protein expression of the pH regulator Na+/H+ 
exchanger, increased expression and activity of which have been linked to various processes of 
carcinogenesis. We provide further evidence that this effect of RSV was mediated via caspase-
dependent cleavage/inactivation of the AP-2-like transcription factor in the absence of cell death. 
Intriguingly, this effect of RSV was mediated by a significant increase in intracellular ROS 
production, in particular hydrogen peroxide. These data provide novel insights into the biology of 
this remarkable compound and indicates its ability to function both as a pro- and anti-oxidant, 
depending upon its concentration and the cell type. These data will be discussed in the light of our 
working hypothesis linking cellular redox status to cell fate decisions.  
1. Clement, M-V., Hirpara, J., Chowdhury, S., Pervaiz, S. Chemopreventive agent resveratrol, a 
natural product derived from grapes, triggers CD95-signaling dependent apoptosis in human tumor 
cells. Blood, 92(3):996-1002, 1998. 2. Ahmad, K., Clement, M-V., Hanif, I.M., and Pervaiz, S. 
Resveratrol inhibits drug-induced apoptosis in human leukemia cells by creating an intracellular 
milieu non-permissive for death execution. Cancer Res. 64(4):1452-59, 2004. 3. Lee SC, Chan J, 
Clement M, and Pervaiz, S. Functional proteomics of resveratrol-induced colon cancer cell 
apoptosis: caspase-6-mediated cleavage of lamin A is a major signaling loop. Proteomics. 
6(8):2386-2394, 2006. 4. Jhumka, Z., Pervaiz, S., and Clément, M-V. Resveratrol regulates the 
expression of NHE-1 by repressing its promoter activity: Critical involvement of intracellular H2O2 
and caspases 3 and 6 in the absence of cell death. Int J Biochem Cell Biol. 41(4):945-56, 2009. 
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O2. Resveratrol mobilizes endogenous copper in human peripheral lymphocytes leading 
to oxidative DNA breakage: A putative mechanism for chemoprevention of cancer.  
SM Hadi, MF Ullah, AS Azmi, A Ahmad, U Shamim, H Zubair, HY Khan 
Dept. of Biochemistry, Faculty of Life Sciences, AMU, Aligarh 202002, UP, INDIA; 
E-mail: smhadi@vsnl.com 

 
Plant polyphenols are important components of human diet and a number of them are considered to 
possess chemopreventive and therapeutic properties against cancer. They are recognized as 
naturally occurring antioxidants but also act as prooxidants catalyzing DNA degradation in the 
presence of metal ions such as copper. The plant polyphenol resveratrol confers resistance to plants 
against fungal agents and has been implicated as a cancer chemopreventive agent. Of particular 
interest is the observation that resveratrol has been found to induce apoptosis in cancer cell lines but 
not in normal cells. Over the last few years we have shown that resveratrol is capable of causing 
DNA breakage in cells such as human lymphocytes. Such cellular DNA breakage is inhibited by 
copper specific chelators but not by iron and zinc chelating agents. Similar results are obtained by 
using permeabilized cells or with isolated nuclei, indicating that chromatin bound copper is 
mobilized in this reaction. It is well established that tissue, cellular and serum copper levels are 
considerably elevated in various malignancies. Therefore, cancer cells may be more subject to 
electron transfer between copper ions and resveratrol to generate reactive oxygen species 
responsible for DNA cleavage. The results are in support of our hypothesis that anticancer 
mechanism of plant polyphenols involves mobilization of endogenous copper and the consequent 
prooxidant action. Such a mechanism better explains the anticancer effects of resveratrol in 
particular and plant polyphenols in general as it accounts for the preferential cytotoxicity towards 
cancer cells. 
 
Representative Publications: 
1. S.M. Hadi, Showket H. Bhat, Asfar S. Azmi, Sarmad Hanif, Uzma Shamim, M.F. Ullah. 
Oxidative breakage of cellular DNA by plant polyphenols: A putative mechanism for anticancer 
properties. Seminars in Cancer Biology 2007;17:370–376. 2. S.M. Hadi, M.F. Ullah, A.S. Azmi, A. 
Ahmad, U. Shamim, H. Zubair, H.Y. Khan. Resveratrol mobilizes endogenous copper in human 
peripheral lymphocytes leading to oxidative DNA breakage: A putative mechanism for 
chemoprevention of cancer. Pharmaceutical Research 2010; DOI: 10.1007/s11095-010-0055-4. 
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O3. Impact of resveratrol on the cell cycle of cancer cells differing in the functional 
status of p53 protein and G1/S checkpoint 
Margarita Maurer, Matthias P. Kramer, Andreea Borza, Jozefa Wesierska-Gadek 
Inst. of Cancer Research, Dept. of Medicine I, Medical University of Vienna, A-1090 Vienna, 
Austria;  
Email: Jozefa.Gadek-Wesiersk@meduniwien.a.at  
 

Resveratrol (RESV) is known to affect the cell cycle and to induce apoptosis. It modulates the 
function of certain cell-cycle-regulatory proteins like p53 and p21waf1/cip1. In the present study, we 
addressed the question whether the status of p53 and G1/S checkpoint might affect the kinetics of 
the cell cycle arrest upon exposure to RESV and the recovery of cancer cells from RESV-mediated 
arrest in the S-phase. For this purpose, we choose two cancer cell lines differing in the status of p53 
protein and G1/S checkpoint. Unlike in human MCF-7 breast cancer cells, in HeLa cervical 
carcinoma cells the G1/S checkpoint and wt p53 are impaired due to the expression of HPV-
encoded oncoproteins E6 and E7. 
Continuous treatment with RESV for 48 h resulted in an S-phase block in both cancer cell lines. 
However, the kinetics and the extent of the arrest differed between them.  
We observed that RESV induces a stronger S-phase block (90%) in HeLa cells accompanied by a 
decrease of the G1-phase cell population. Cell cycle arrest in HeLa cells proceeded much slower 
than in MCF-7 cells. Surprisingly, both cancer cell lines spontaneously re-entered the cell cycle 
despite of the presence of RESV. Interestingly, MCF-7 cells responded much faster to RESV and 
the re-entry into the cell cycle started earlier.  
After removal of RESV and post-incubation in a drug free medium, both cell lines started to rapidly 
progress through G2/M phase, but even approximately 24 h after drug removal both cell lines 
showed a cell cycle distribution different from the corresponding control. 
Thus, RESV induces a strong but (and) transient S-phase block in human cancer cell lines and the 
kinetics of this arrest and recovery from the cell cycle block depend on the functional status of p53 
tumor suppressor protein and checkpoint. 
 
  

mailto:Jozefa.Gadek-Wesiersk@meduniwien.a.at�


 

 36 

O4. Epigenetic action of Resveratrol in prostate cancer: inhibition of MTA1/NuRD 
complex 
Li Kai, Shirley Samuel, and 
Pathology and Biochemistry, Cancer Institute, University of Mississippi Medical Center, 
Jackson Mississippi 39216-4505, USA; 

Anait S. Levenson 

Email: alevenson@umc.edu 
 
There is growing evidence that Resveratrol may contribute to chromatin remodeling encompassing 
events associated with epigenetic alterations that are important in cancer progression. Metastasis-
associated protein 1 (MTA1) is a part of nucleosome remodeling and deacetylation (NuRD) 
complex that mediates posttranslational modifications of histones and non-histone proteins resulting 
in transcriptional repression of various genes. The complex also contains histone deacetylases 1 and 
2 (HDAC1 and 2). MTA1/HDAC1 subunit plays an essential role in governing deacetylation of 
histones and other proteins. MTA1 is expressed in numerous human cancers, and its expression 
correlates with tumor aggressiveness and metastasis. We demonstrated that Resveratrol down-
regulates MTA1 protein levels in prostate cancer cells, leading to destabilization of 
MTA1/HDAC1/NuRD complex thus allowing acetylation and activation of tumor suppressor p53. 
MTA1 silencing by RNA interference further sensitized prostate cancer cells to Resveratrol-
dependent p53 acetylation and transcriptional activation of p21 and Bax pro-apoptotic genes. 
Furthermore, MTA1 knockdown maximized accumulation of Bax and decreased the levels of Bcl-2 
proteins. Finally, we demonstrated that MTA1 silencing increased Resveratrol-induced apoptosis 
more than four times. In summary, our results indicate MTA1 as a new molecular target for 
Resveratrol and modulation of MTA1 as a novel epigenetic mechanism that contributes to 
Resveratrol’s anticancer activities: degradation of MTA1 by Resveratrol deactivates NuRD 
complex therefore decreasing p53 deacetylation/acetylation balance. In addition, combined 
treatment of Resveratrol and HDAC inhibitor SAHA (suberoylanilide hydroxamic acid) 
cooperatively increased acetylated p53 levels and apoptosis, suggesting novel therapeutic strategies 
for prostate cancer with the use of dietary compound and an agent that is already clinically 
approved. 
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O5. Resveratrol stimulates osteogenesis by inhibition of receptor activator of nuclear 

factor-κB ligand (RANKL) through modulation of NF-κB pathway 
Mehdi Shakibaei, Constanze Buhrmann, Ali Mobasheri 
Musculoskeletal Research Group, Institute of Anatomy, Ludwig-Maximilian-University, 
Munich, D-80336 Munich, Germany; 
E-mail: mehdi.shakibaei@med.uni-muenchen.de   
 

Resveratrol is a polyphenolic phytoestrogen that has been shown to exhibit potent antioxidant, anti-
inflammatory and anti-catabolic properties in several cell types. Osteoclasts and osteoblasts play 
important roles in bone turnover and remodelling. However, increased osteoclast activity and 
decreased osteoblast activity results in bone resorption, loss of bone mass and mineral density. This 
has been implicated in pathological processes occurring in subchondral bone in rheumatoid arthritis 
(RA) and in osteoporosis. Receptor activator of NF-κB ligand (RANKL), a member of the TNF 
superfamily, has been reported as a major mediator of bone loss. In this study we investigated the 
effects of resveratrol on RANKL during osteogenesis in high-density cultures of canine osteoblasts 
in vitro. 
At the ultrastructural level, untreated high-density cultures of osteoblasts produced well-organised 
bone-like structures and synthesized bone specific extracellular matrix and bone transcription factor 
Cbfa-1. Osteogenesis was inhibited when the osteoblasts were treated with RANKL. These effects 
were abolished through co-treatment with resveratrol. RANKL induced activation of NF-κB and 
caspase-3 in primary osteoblasts in a time and concentration dependent fashion, whereas 4h pre-
treatment with resveratrol significantly suppressed RANKL-induced activation of Iκ-Bα and NF-κB 
translocation to the nucleus. Reseveratrol pre-treatment also suppressed the expression of pro-
apoptotic (i.e. activated-caspase-3) and inflammatory (i.e. MMP13, Cox-2, VEGF) NF-KB–
regulated gene products in a time and concentration-dependent fashion in primary osteoblasts. 
The results presented demonstrate that resveratrol inhibits the RANKL-induced NF-κB activation 
pathway that leads to suppression of apoptosis and stimulation of osteoblastic activity and 
osteogenesis in vitro, thereby highlighting its therapeutic potential in osteoporosis and in RA-
related bone loss. 
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O6. Contrainducative property of resveratrol in NSAID induced gastric ulcer and its 
remedy 
Sandip K. Bandyopadhyay 
Research Advisor, Research & Development Centre, VJRC, Kolkata-700 032, India; 
Email: sandipkpc@gmail.com   

 
Although, Resveratrol (Resv) is currently being evaluated in preclinical studies as a potential cancer 
chemo preventive agent and cardiovascular stress releasing compound but treatment of Resv 
severely delays healing of pre-existing acute gastric ulceration. We found that besides delaying 
ulcer healing, Resv also aggravated acute gastric ulceration-induced by the non-steroidal anti-
inflammatory drugs (NSAIDs) by reducing the synthesis of prostaglandin (PG) E2 via a specific 
inhibition of cyclooxygenase-1 (COX-1) that also hampered angiogenesis. At the same time Resv 
treatment induced the balance of iNOS/ eNOS expression subsequently. Hence, we tried to 
maneuver eNOS activity to alleviate the ulcerogenic effects of Resv. Based on these studies we 
suggest that effective dose of L-Arg modulates eNOS activity, which in turn acted as a molecular 
switch in Resv treated mice and ultimately erased out the ulcerogenic effects of Resv and delay 
healing was accelerated, even faster than autohealing. Therefore, L-Arg might be useful clinically 
for alleviates the ulcerogenic side-effects of Resv. Again Resv showed biphasic activity on 
indomethacin induced gastric ulcerated mice. A biphasic nature of Resv was also observed that 
indicate the protective effect at lower dose (2 mg kg-1) but adverse effect at higher dose of Resv 
(10mg kg-1) on NSAID induced gastric ulcer. The possible mechanisms observed were controlled 
by COX-1 and eNOS balance, which ultimately maintained angiogenesis in Resv treated pre-
ulcerated mice. The lower dose augmented eNOS expression without altering COX-1 expression 
but at higher dose, Resv predominantly suppressed COX-1 expression, which significantly reduced 
both PGE2 synthesis and angiogenesis leading to delay healing of indomethacin induced ulcer. 
Therefore it could be concluded that COX-1and eNOS acted as key regulatory factors to switch the 
biphasic effects of Resv in indomethacin induced ulcerated mice. 
 
 
  

mailto:sandipkpc@gmail.com�


 

 39 

O7. Resveratrol for Improved Performance in the Elderly: The RIPE Trial 
Steve Anton, Christiaan Leeuwenburgh, Miho Bautista, Michael Marsiske, Glenn Finney, and 
Todd Manini 
Aging and Geriatrics, University of Florida, Gainesville, 352-273-7514 Florida, USA; 
Email: santon@aging.ufl.edu 

 
Loss in cognitive and physical performance is a frequent complaint in older adults and a growing 
public health issue. Although the etiology of these age-associated losses is complex and multi-
factorial, accumulating research suggests that a key mechanism underlying these declines may be 
the deleterious effects of oxidative stress. Resveratrol, a natural polyphenol present in high 
concentrations in the skin of grapes and in other foods and plants (e.g., peanuts, blueberries), has 
been found to have potent antioxidant, anti-inflammatory, antimutagenic, and anticarcinogenic 
effects. In both in vitro and in vivo models, resveratrol has been found to have neuroprotective 
effects. A growing body of research suggests that resveratrol supplementation improves 
mitochondria function, as well as improves physical and memory performance in rodents. This 
implies that resveratrol may also prevent or reduce age-related decrements in cognitive and physical 
performance in humans. No study to date, however, has tested this hypothesis. The proposed 
double-blind, randomized, placebo-controlled phase I clinical trial will test the effects of resveratrol 
supplementation over 12 weeks on physical and mental function, as well as biomarkers of oxidative 
stress and inflammation. Our study participants will be generally healthy, but overweight, older 
adults (age range = 65 to 100). It is hypothesized that resveratrol supplementation will (1) improve 
cognitive and physical performance and increase hippocampal brain activation patterns in older 
adults, and (2) reduce systemic oxidative stress and inflammation, which will be negatively 
correlated with changes in cognitive and physical performance. Thus, the proposed study represents 
cutting edge, translational research that has the potential to lead to novel treatments for preventing 
or reducing age-related cognitive and physical decline. The goal of this research is to develop 
interventions that are effective in improving or preserving both cognitive and physical function in 
older persons, and to gather insights into the mechanisms underlying such improvement. 
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O8. LC-MS/MS Analysis and Pharmacokinetics of Resveratrol and its Metabolites 
Satish Sharan and Swati Nagar 
School of Pharmacy Temple University, 3307 North Broad Street PA 19140, USA; 
Email: Swati.nagar@temple.edu  
 

Purpose: Resveratrol (t-Res) is a polyphenolic compound found in several plant species, well 
known for its antioxidant effects. We aimed to: a) develop and validate an analytical method for t-
Res and its metabolites, and b) determine the pharmacokinetics of t-Res and its metabolites in mice. 
Methods: Concentrations of t-Res and its metabolites in plasma were quantified with LC-MS/MS. 
Analytes were measured by ESI-MRM (negative ion mode) using transition of m/z 227→185 for t -
Res, 150→107 for the internal standard (acetaminophen), 403→113 for resveratrol 4’-glucuronide 
(R4’G) and resveratrol 3-glucuronide (R3G) and 307→227 for resveratrol 4’ -sulphate (R4’S) and 
resveratrol 3-sulphate (R3S). Within day and between-day variability was evaluated. 
Pharmacokinetics of t-Res and its metabolites were assessed in C57BL/6J mice upon a 60 mg/Kg 
i.a. dose. Carotid artery was cannulated and blood samples were collected by serial sampling from 6 
animals at 2.5 – 600 min. Noncompartmental analysis was conducted.  
Results: Calibration curves were generated over the concentration range 10 ug/ml-10 ng/ml for t-
Res, R4’G and R3G, 3.57 ug/ml-3.57 ng/ml for R4’S and 2.46 ug/ml-2.46 ng/ml for R3S. The 
LLOQ was 10 ng/ml for t-Res, R4’G and R3G, 3.57 ng/ml for R4’S and 2.46 ng/ml for R3S. 
Plasma concentration of t-Res declined rapidly over the first 2 hours and then increased abruptly 
over 10hr, possibly due to enterohepatic recirculation. The mean t-Res AUC0-10hr was 249.7 ± 99 
ug*min/ml (Mean ± SD, n = 5). All four metabolites were detected and R3G and R3S were 
quantitatively major metabolites. For R3G, the mean AUC0-10hr was 1626.7 ± 468 ug*min/ml (n = 
6). Estimates of t1/2, CL/fm and Varea/fm in 2 mice (ID 3 & 6) were 133 and 380 min, 44 and 32 
ml/min/Kg, and 8.4 and 17.5 L/Kg respectively. Future work will delineate the extent of metabolite 
formation and enterohepatic recycling. Acknowledgment: NIH R03CA133943 
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O9. Biotechnological production of natural resveratrol in suspension cell culture of Vitis 
vinifera (grape) 
Wei Zhang 
Molecular Bioprocessing and Bioproducts Laboratory and Flinders Centre for Marine 
Bioprocessing and Bioproducts, School of Medicine, Flinders University, Bedford Park, 
Adelaide, SA 5042, Australia; 
Email: Wei.Zhang@flinders.edu.au 

 
Resveratrol has received great interest for its health benefits in cancer prevention, anti-aging, 
cardiovascular protection, anti-inflammation, and weight control. With an increasing range of 
products to reach the market, the demand on reliable supply of high purity resveratrol is incessantly 
growing. There are currently four different production methods of resveratrol: extraction from 
plants, chemical synthesis, fermentation of transgenic yeast (Saccharomyces cerevisiae), and plant 
cell culture. The roots of a Chinese herbal plant, Polygonum cuspidatum that contain the highest 
level of resveratrol up to 0.5% of its dry weight, have been the main commercial source of natural 
resveratrol. However the P. cuspidatum-derived resveratrol suffers an unwanted impurity of 
emodin, difficult to remove, except the problem with sustainable supply to meet increasing market 
demand. Chemical synthesis has been commercialized by a few companies, such as DSM, but 
consumers may not favour this “unnatural” supply of resveratrol. The recent progress of metabolic 
engineering tools has led to a novel fermentation production of resveratrol by transgenic yeast, 
which is an interesting development. As a naturally equivalent production method from plants, plant 
cell culture has been demonstrated to produce trans-resveratrol only in milligram per liter. 
With the aim of developing a reliable, sustainable, non-genetic modified production of high purity 
food and pharmaceutical grade of natural resveratrol, this presentation will report a highly efficient 
production system by grape (Vitis vinifera) cell suspension culture. Using an integrated strategy of 
optimizing both the biosynthetic and post-biosynthetic (transport, storage, catabolism and secretion) 
pathways of resveratrol, this technology has achieved a few thousands-fold increases in trans-
resveratrol production, reaching 3200 – 40000 mg/L. Combining the analysis of gene expression, 
enzyme activity and metabolic profiling, the molecular mechanisms responsible for the enhanced 
resveratrol biosynthesis have been elucidated. The commercialization of this novel technology is 
under development, with highly competitive product quality and economics.  
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O10. Strategy to increase trans-resveratrol production in grapevine suspension cultured 
cells and evaluation of its antitumoral activity 
Sarai Belchi Navarro, Francisco Fernández Pérez, Roque Bru Martínez, Mª Angeles Pedreño 
García,  
Plant Biology, University of Murcia, 30100 Murcia, Spain;  
Email: mpedreno@um.es 

 
In this work, we used elicitation as a strategy to increase the production of trans-resveratrol (trans-
R) in suspension cultured cells (SCC) of Vitis vinifera cv Monastrell as a previous step to scaling-
up in a bioreactor. We studied how both elicitors and different factors might enhance trans-R 
production since this could be particularly valuable in large-scale systems. Thus, when SCC of 
Monastrell were elicited for eight continuous elicitation cycles, trans-R production increased until 
the third elicitation cycle when it reached 0.82±0.05 mg/L.day, using cyclodextrins and methyl 
jasmonate as elicitors. When grapevine SCC was scaled-up using a cell biomass ranging from 0.1 to 
1.5 L in flasks that ranged in size from 0.25 to 5 L, maximum trans-R productivity was obtained in 
both the 0.5 and 5 L flasks, containing 0.2 or 1.5 L, respectively, of cells suspension elicited with a 
combination of cyclodextrins and methyl jasmonate. In these conditions, the final productivity was 
9.89±0.10 mg/g fresh weight (FW) in 0.5 L flask and 8.65±0.10 mg/g FW in 5 L flask.  
In addition, in vitro trials were carried out to better characterize trans-R role in protection against 
cancer. For this, the antitumoral activity of trans-R obtained from our grapevine SCC was tested in 
JURKAT E.6 (Human acute T cells leukaemia), THP-1 (Human acute monocytic leukaemia) and 
MCF-7 (Human breast adenocarcinoma) cell lines. After 72 hours of incubation we determined the 
IC50 values with different concentrations of trans-R. The values obtained were 29.3±2.5 μM for 
JURKAT E.6, 21.73±3.2 μM for THP-1 and 60.47±2.9 μM for MCF-7. Cell cycle distribution was 
determined by flow cytometry analysis. A concentration of 30 µM trans-R led to the accumulation 
of cells in their S phase, accompanied by a significant decrease in the G0/G1 and G2/M states in all 
cell lines after 48 hours of incubation. Increasing the concentration to 90 µM trans-R restored the 
G0/G1 cell population to close of their initial control levels, while the total number of cells and cells 
in the S phase were reduced. 
This work has been supported by the MCI (BIO2008-02941), by the Consejería de Educación, 
Ciencia e Investigación de la Región de Murcia (BIO BVA 07 01 0003) and Fundación Séneca 
(08799/PI/08). 
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Resveratrol and cancer 
 
P1. Resveratrol Oligomers are Potent MRP1 Transport Inhibitors 

Małgorzata Bobrowska-Hägerstrand, Anna Wróbel, Patrik Eklund and Henry Hägerstrand 
Department of Biosciences, Åbo Akademi University, Åbo/Turku, Finland; Institute of 
Physics, Wrocław University of Technology, Wrocław, Poland; Laboratory of Organic 
Chemistry, Åbo Akademi University, Åbo/Turku, Finland; 
Email: mhagerst@abo.fi 

 
Knowledge of the structure-activity relationships of multidrug resistance protein 1 (MRP1, 
ABCC1) inhibitors may aid in developing potent inhibitors that can be used to circumvent MRP1-
mediated multidrug resistance. Six stilbenes were examined for their ability to inhibit MRP1-
mediated transport of 2´,7´-bis-(carboxypropyl)-5(6)-carboxyfluorescein (BCPCF) from human 
erythrocytes and into inside-out erythrocyte membrane vesicles (IOVs). The concentrations of 
stilbenes decreasing BCPCF transport by 50% during 60 min of incubation at 37°C (IC50) were 
determined from dose-response curves. Stilbenes inhibited BCPCF transport in cells in the rank 
order (+)-α-viniferin (IC50 = 0.8 μM) >sophorastilbene A (IC50 = 3.1 μM) >(-)-ε-viniferin (IC50 = 8.9 
μM) >piceatannol (IC50=57 μM). Resveratrol and rhaponticin were ineffective. (+)-α-Viniferin 
(IC50 = 0.8 μM), sophorastilbene A (IC50 = 3.7 μM) and (-)-ε-viniferin (IC50 = 3.5 μM) were also 
efficient BCPCF transport inhibitors in IOVs. Stilbenes may efficiently inhibit MRP1-mediated 
organic anion transport. This inhibitory potency of stilbenes increases with oligomerisation. The 
membrane is not a strong barrier for the inhibitory activity of the trimeric stilbenes. 
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lines MCF-7 and MDA-MD-231 
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Breast cancer is a major cause of cancer death in women worldwide. Evidence from 
epidemiological and experimental studies indicates that natural constituents of the diet may well act 
as chemopreventive agents and inhibit mammary carcinogenesis. One of these compounds is 
resveratrol, which antiproliferative property has been demonstrated against breast cancer cells and 
human breast cancer xenografts. Although gene and protein expression have been extensively 
profiled in breast cancer cells after resveratrol treatment, there are no data about metabolic 
alterations that characterize the effects of this compound. Using a high-throughput liquid 
chromatography-based mass spectrometry platform, we quantified 56 analytes focusing on the 
amino acids, biogenic amines and eicosanoids in the breast cancer cell lines MCF-7 and MDA-MD-
231. Resveratrol significantly reduced cell viability in the cancer cell lines MCF-7 ZR and MDA-
MB-231, yielding IC50 of 68.3 ± 2.6 and 67.6 ± 4.1 µM, respectively. Cell growth inhibition was 
accompanied by substantial metabolic changes, which were dose-dependent in both cell lines. For 
all amino acids (n = 17) analyzed levels in the supernatant increased up to 55-fold at 100 µM 
resveratrol in both cell lines with far lower concentrations in MDA-MB-231 compared to MCF-7 
cells. Among the biogenic amines (n=17) resveratrol increased the synthesis of kynurenine, 
sarcosine, spermindine, spermine and taurine in both cell lines up to 61-fold compared to controls 
indicating that resveratrol strongly interacts with cellular biogenic amine metabolism. A 
pronounced increase in extracellular arachidonic acid and its metabolite 12S-HETE could also be 
observed with high doses of resveratrol in MDA-MB-231 and MCF-7 cells indicating release from 
cell membrane phospholipids upon activation of phospholipase A2 and subsequent metabolism by 
12-lipoxygenase. In conclusion, we revealed several small molecules as novel markers for the 
pharmacological response of resveratrol, which must be considered in humans following oral 
uptake of dietary resveratrol. 
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P3. Roscovitine, a CDK inhibitor, modulates resveratrol-induced differentiation of 
human HL-60 promyelocytic leukaemia cells 
Oxana Komina and Józefa Węsierska-Gądek 
Inst. of Cancer Research, Dept. of Medicine I, Medical University of Vienna, A-1090 Vienna 
Austria;  
Email: Jozefa.Gadek-Wesiersk@meduniwien.a.at  

 
We have recently shown that resveratrol (RES) combined with Roscovitine (ROSC), an inhibitor of 
cyclin-dependent kinases (CDKs) [1], modulates the effects of the inhibition of CDKs in human 
MCF-7 breast cancer [2] and HL-60 promyelocytic leukaemia cells [3]. Upon treatment of 
exponentially growing HL-60 cells, RES potentiated ROSC-induced apoptosis [3]. RES is known to 
induce differentiation in HL-60 cells. In the present study we raised the question whether ROSC, 
administered at low doses, may affect RES-initiated differentiation of HL-60 cells.  
For this purpose, HL-60 cells were treated for one week with RES, ROSC or their combinations. 
The granulocytic differentiation of myeloid leukaemia cells was monitored by flow cytometric 
determination of the expression of CD11b, a surface antigen. Apoptotic cells were evaluated by 
quantification of Annexin-V positive cells. As expected, RES induced differentiation of HL-60 
cells. After exposure to 25 µM RES for 96 h 70 % of cells expressed CD11b. Unlike RES, ROSC 
alone did not affect the differentiation. However, the combined treatment reduced the ratio of 
CD11b-positive cells by 30 %. Bivariate analysis revealed that both drugs alone induced apoptosis 
of differentiated HL-60 cells. Interestingly, RES combined with ROSC also triggered apoptosis in 
CD11b-negative cells. Thus, these results evidence that ROSC diminishes the rate of RES-initiated 
differentiation and that during the combined treatment also undifferentiated myeloid leukaemia 
cells undergo programmed cells death. 

1. J. Wesierska-Gadek, I. Chamrad, V. Krystof, Future Medicinal Chemistry 1, 1561 (2009). 
2. J. Wesierska-Gadek, M. P. Kramer, M. Maurer, Food Chem Toxicol 46, 1327 (Apr, 2008). 
3. O. Komina, J. Wesierska-Gadek, Biochemical Pharmacology 76, 1554 (2008). 
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P4. Biological effect of resveratrol analogues on intestinal epithelial cancer cell growth 
Carolina Storniolo, Rosa M. Lamuela-Raventos, M. Teresa Mitjavila, Juan José Moreno 
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(Thematic Network RD06/0045), Spain;  
Email: carobagheera@hotmail.com 

 
trans-Resveratrol is a well known polyphenol present in grape products, mainly wine, which 
exhibits a broad spectrum of antiproliferative effects in human cancer cells. In order to enhance 
these effects, this molecule has been modified. Thus, piceatannol (3,5-dihydroxyphenyl ethenyl 1,2-
benzenediol) has an additional hydroxyl group; pterostilbene (3,5 dimethoxyphenyl ethenyl phenol) 
has two methoxy groups and trismethoxy resveratrol presents all hydroxyls replaced by methoxy 
groups. CAY10464 and CAY10465 result to change hydroxyls by two chlorines and methoxy or 
two chlorine and trifluoromethyl groups, respectively. All compounds were tested for cell growth 
inhibition and the ability to modify cell cycle using a human adenocarcinoma cell line (Caco-2) 
culture with 10% fetal bovine serum as experimental model. Our results shown that additional 
hydroxyl did not have additional effects whereas the replacement of two hydroxyls by methoxy 
groups increased 5-10-fold Caco-2 cell growth inhibition. The change of the three hydroxyls by 
methoxys increased 100-fold Caco-2 cell growth inhibition. Moreover, we did not observed a 
different potency on inhibition of Caco-2 proliferation between trans or cis form of resveratrol and 
trimethoxyresveratrol. Furthermore, we observed that the methoxylated form of the dichloro phenyl 
ethenyl benzene has a highest cell growth inhibition than the trifluoromethylated form that has 
similar potency than resveratrol. The impairment of Caco-2 cell growth induced by resveratrol and 
resveratrol analogues were consequence of a marked S-phase arrest. These data indicate that 
structural alterations of resveratrol molecule can be effective in increasing intestinal epithelial 
cancer cell growth inhibition. 
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P5. Resveratrol increases cell death by induction of autophagosomes and generation of 
ROS in proliferating cells but not in quiescence cells 
Henning F. Bjerregaard 
Department of Science, Systems and Models, Roskilde University, DK-4000 Roskilde, 
Denmark; Email: hfb@ruc.dk 

 
Resveratrol (3,4’,5-trihydroxystilbene), a polyphenolic component in grapes and red wine, has 
several beneficial health actions, such as protecting cells and tissues against neurodegeneration, 
cardiovascular disease, diabetes, obesity-related disorders, cancer and extending lifespan of 
organisms. The mechanism behind these diverse actions is however incomplete understood. The 
aim of this study was to investigate the effect of resveratrol on different stages in the cell cycle of 
an epithelia cell culture from the distal part of the kidney (A6 cells). This cell line proliferates as 
single cells in the G1, S, G2 and M phase of the cell cycle until cell-cell contact are established. 
Thereafter, a confluent monolayer is formed and quiescent cells in G0 will differentiate into tight 
epithelia that actively transport ions. Addition of resveratrol (50µM) to proliferating single cells 
induced a marked increase in cell death within 1 hour. However, a part of the cell population was 
not affected and continued to proliferate to confluent epithelia within 48 hours. Pre-incubation with 
the antioxidant NAC diminish the induction of cell death, indicating involvement of reactive 
oxygen species (ROS). Real time measurements of ROS generation with fluorescent intracellular 
dyes showed that addition of resveratrol within 10 minutes increase the rate of ROS generation five 
times. Microscope assessment of cells treated with resveratrol for 10 minutes showed that all cells 
had developed numerous vesicles with dense deposits. These vesicles were not detected in living 
cells after 3 hours treatment with resveratrol. Addition of resveratrol to confluent epithelia did not 
increase the amount of dense vesicles nor increased cell death.  
These results show that resveratrol, in proliferating cells, can induce a transient formation of 
autophagosomes, which are known to be one of the major sites for basal ROS generations in cells. 
A sub-population of cells dies, while other cell continues to proliferate. This indicates that 
resveratrol may affect a specific target in the cell cycle and induce programmed cell death by a 
mechanism involving autophagy. 
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Nicola Sassi, Andrea Mattarei, Lucia Biasutto, Ester Marotta, Spiridione Garbisa, Cristina 
Paradisi, Mario Zoratti 
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Email: zoratti@bio.unipd.it  

 
To promote accumulation of resveratrol inside cells we have synthesised derivatives bearing an O-
linked (4-triphenylphosphonium)butyl group at either position 3 or position 4’ (R3BTPI and 
R4’BTPI). Since they are positively charged and membrane-permeating, these compounds 
accumulate in regions held at negative electrical potential, i.e. the cytoplasm and the mitochondrial 
matrix. To rank the two isomers as hydrogen donors we have used the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) assay. While resveratrol itself and R4’BTPI proved to be about equally 
good at scavenging the stable DPPH radical, with a stoichiometry of about 3 DPPH reduced by each 
molecule of resveratrol or derivative, R3BTPI was much less efficient, with a stoichiometry of 
about 1.3. 
These compounds, as well as their diacetylated derivatives, turned out to be cytotoxic for cultured 
cells (C-26, MEFs, Jurkat), selectively killing fast-growing cells when supplied in the µM range for 
a few days. Resveratrol was essentially without effect under these experimental conditions. 
Experiments with Bax-/-/Bak-/- cells, caspase inhibitors and classical biochemical assays are under 
way to clarify whether cell death is mostly of the apoptotic or necrotic type. All mitochondriotropic 
compounds caused depolarisation of in situ mitochondria. Loss of potential was permanent and it 
was not affected by cyclosporin A, a well-known inhibitor of the mitochondrial permeability 
transition. For concentrations up to 5 µM all four compounds caused only a slight increase in ROS 
production by cells. At 20 µM the two acetylated derivatives (but not R3BTPI and R4’BTPI) 
induced instead a massive production of radicals, apparently downstream of a death-inducing 
process. 
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Resveratrol and heart disease 
 
P7. Enhanced antioxidant / antiapoptotic capacity and metabolic activity of peripheral 

human blood lymphocytes cultured in vitro with wine polyphenols. 
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The effect of wine polyphenols, resveratrol and catechine (concentration range: 5-50 μM), was 
investigated on apoptotic cell death and on the oxidative metabolic status of human peripheral blood 
mononuclear cells (PBMNC), isolated ex vivo from healthy donors, and cultured in presence of 1,1-
diphenyl-2-picryl-hydrazyl (DPPH), a stable free radical known to exert a strong apoptogenic and 
oxidative effect.  
Methodology: Apoptosis was detected with flow cytometry by recording changes of membrane 
permeability to propidium iodide (PI) and of phosphatidylserine (PS) exposure on the plasma 
membrane. Oxidative status was assessed by measuring the intracellular level of glutathione [GSH], 
the intracellular activity of gamma-glutamyltransferase [γ-GT] and glutathione-S-transferase [GST] 
antioxidant enzymes and the cellular content of malondialdehyde [MDA] produced from the lipid 
peroxidation.  
Results: Neither apoptosis nor cellular oxidative parameters were affected by culturing PBMNC in 
medium containing RS or catechine alone up to 20 μM for 5 days, while the frequency of cells with 
intermediate permeability to PI (apoptotic cells) increased twice at 50 μM RS or catechine with 
respect to the level measured in untreated cell populations. In another series of experiments, 
PBMNC were first grown in medium containing 20 μM RS or catechine alone for 24 h, and then for 
96 h in medium containing 20 μM of each polyphenol supplemented with 20 μM DPPH radical. A 
pre-treatment of PBMNC with polyphenols RS or catechine for 24 h counteracted the oxidative 
effect triggered by DPPH, as identified by the increase of GSH level and the activity of [γ-GT] and 
[GST], the reduction of MDA content and the dramatic decrease of apoptotic cells frequency, when 
compared to parameters measured in cells cultured without pre-treatment. 
Conclusions: PBMN cells acquired an efficient antioxidant and antiapoptotic capacity in vitro when 
they were pre-incubated for 24 h with polyphenols RS or catechine alone before the addition of the 
free radical DPPH, a strong oxidant agent. 
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Inhaled particulate matter (PM) from emissions pollution induces oxidative stress and vascular 
endothelial dysfunction. Animal models and in vitro studies suggest that resveratrol attenuates 
oxidative stress and maintains vascular function, though this has not been evaluated in humans. 
Purpose: To determine if three weeks of oral 500mg 98% pure trans-resveratrol supplementation 
improves markers of oxidative stress and endothelial function following exposure to high PM 
during exercise.  
Methods: Sixteen recreationally active college students were randomly assigned to a resveratrol 
(RES, n=8) group or placebo (PLA, n=8) group. Subjects pedaled at 70% of maximal aerobic 
capacity on a cycle ergometer inside an environmental chamber under low PM conditions at 
baseline, and under high (PMHIGH) and low PM (PMLOW) conditions (randomized order) 
following three weeks of supplementation. Plasma glutathione (GSH) and malondialdehyde (MDA) 
were measured immediately before (tpre), immediately after (tpost), and 24 hours after (t24post) 
each exercise session. Pre- and post-occlusion diameters of the brachial artery were measured at 
these time points to assess flow-mediated dilation (FMD). Repeated measures ANOVA were used 
to compare differences in these variables across conditions and across time points between RES and 
PLA.  
Results: A significant interaction (p=0.047) was observed for RES to decrease maximal brachial 
artery diameter across all conditions and time points. A non-significant trend for interaction 
(p=0.094) was observed for FMD. Pairwise comparisons revealed RES had significantly greater 
FMD compared to PLA at tpre under PMLOW (10.93 ± 1.32% vs. 6.87 ± 1.32%, p=0.047) and 
tpost under PMHIGH (11.45 ± 1.33 vs. 5.40 ± 1.33%, p=0.007). No significant interactions were 
observed for GSH (p=0.362) or MDA (p=0.124).  
Discussion: These results suggest resveratrol alters vascular function to maintain FMD during 
exercise under high PM. Resveratrol does not appear to alter selected markers of oxidative stress at 
rest or following exercise.  
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Animal data indicates that resveratrol is a potent vasorelaxor and augmenter of blood flow, due 
namely to its interaction with nitric oxide. Its effects on cerebral blood flow (CBF) during stroke 
induced insults have been shown to preserve aspects of cognitive and motor performance in animals 
also. To date however, no research has been reported that directly investigates the possibility that 
resveratrol might modulate any aspect of brain function in humans via CBF modulation.  
After an initial pilot study, a double blind, placebo controlled, cross-over study of 22 healthy adults 
was conducted in order to assess the effects of resveratrol on CBF and cognitive performance. Each 
received placebo and two doses (250 mg and 500 mg) of trans-resveratrol in counterbalanced order 
on separate days. Following a 45-min resting absorption period participants performed a selection 
of cognitive tasks that activate the frontal cortex for a further 36 minutes. CBF and haemodynamics, 
as indexed by concentration changes in oxygenated and deoxygenated haemoglobin, were assessed 
in the frontal cortex during a pre-treatment baseline period and throughout the post-treatment period 
using Near Infrared Spectroscopy (NIRS).  
Resveratrol administration resulted in dose dependent increases in cerebral blood flow during task 
performance, as indexed by total concentrations of haemoglobin. There was also an increase in 
deoxyhaemoglobin following resveratrol, suggesting enhanced oxygen extraction, which became 
apparent towards the end of the 45-minute absorption phase and was sustained throughout task 
performance. Cognitive function was not affected. 
These results show that oral resveratrol can modulate aspects of brain function. The resveratrol-
related improvements in blood flow parameters suggest this polyphenol may be pertinent to healthy 
ageing and the treatment of a range of neurological diseases.  
Due to the relatively poor bioavailability of resveratrol, current work is attempting to assess the 
effects of augmented plasma levels on CBF and cognitive performance in healthy humans. 
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Metabolism and stability of resveratrol 
 
P10. Contribution of glucuronidation to resveratrol’s pharmacologic effects and low 
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Purpose: The dietary polyphenol resveratrol is extensively conjugated to its sulfate and glucuronide 
conjugates in-vivo resulting in poor systemic bioavailability. These set of studies examined the in-
vitro glucuronidation kinetics of total resveratrol at high doses and the contribution of resveratrol 
glucuronides to its pharmacologic activity using cell growth inhibitory activity as an end point. We 
also studied the effects of genotypic differences in glucuronidation capacity on resveratrol 
metabolism and examined resveratrol’s capacity to induce its own glucuronidation in Caco-2 cells. 
Methods: Glucuronidation assays were conducted with a validated HPLC method using human 
liver and intestinal microsomes and a panel of recombinant UGTs reportedly responsible for 
resveratrol’s glucuronidation. Resveratrol glucuronides were synthesized and tested for their ability 
to inhibit cell growth in human neoplastic and in murine preneoplastic and normal cell lines. Human 
livers genotyped for polymorphisms in two key UGTs (1A1 and 1A6) responsible for total 
resveratrol metabolism were used for glucuronidation assays. Total RNA from Caco-2 cells treated 
with varying resveratrol concentrations was quantified for UGT1A1 expression; cell homogenates 
were prepared and used for glucuronidation assays. 
Results: Resveratrol glucuronidation followed atypical kinetics in most enzyme sources studied. 
Resveratrol inhibited cell growth in Caco-2 cells with less potent effects in the murine cell lines 
while no activity was observed with the glucuronides. Genetic polymorphisms in UGT1A6 affected 
glucuronidation of cis-resveratrol but no correlation was seen with UGT1A1 and trans-resveratrol. 
Resveratrol induced UGT1A1 expression in a non-concentration dependent manner at the mRNA 
level. 
Conclusions: The results detailed above highlight the complex reversible glucuronidation of 
resveratrol, and the role of UGT induction and pharmacogenetics in this process. Our in-vitro 
results underline the difficulty in direct in-vivo extrapolations.  
Acknowledgment: NIH R03CA133943 and AAPS PPDM NIG. 
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Polyphenols, including resveratrol, are vexed by their low bioavailability, which hinders 
development of a full-fledged pharmacology. We are developing pro-drugs with the goals of 
increasing absorption from the gastrointestinal tract and permeation of the blood-brain barrier, and 
of providing temporary protection from phase II metabolism. Resveratrol is our model polyphenol. 
The pro-drug will have its hydroxyls protected by capping groups which ideally will a) help or at 
least not hinder permeation of epithelia; b) prevent conjugative modification during absorption and 
first-pass through the liver; c) be eliminated with opportune kinetics to regenerate the parent 
compound. We report here on our ongoing work with carbamate derivatives. Carbamates are not 
easily hydrolyzed, and have been used to build many pro-drugs. 
Since tri-[(N,N-dimethyl)carbamoyl] resveratrol proved to be nearly insoluble in water, we have 
synthesised the analogous derivatives in which one of the methyl groups on each nitrogen is 
replaced by a 4-glucosylbutyl construct or by a short PEG chain. Besides solving the solubility 
problem, both constructs were meant to favour permeation of the intestinal wall, with the 
involvement of glucose transporters in the former case and by exploiting the adjuvating properties 
of PEG in the latter. The carbamate linkage is stable under in vitro conditions. The glucosylated 
molecule proved capable of translocation from the apical to the basolateral side of explanted rat 
intestine, without loss of the protective groups. Inhibition experiments indicate that glucose 
transporters are indeed involved. These results suggest that this pro-drug may be efficiently 
absorbed in vivo and may also be able to cross the blood-brain barrier, which has a high density of 
glucose transporters. On the other hand no resveratrol derivatives could be detected on the 
basolateral side when the PEGylated molecule was used. Work is in progress to determine the 
behaviour in pharmacokinetic experiments. 
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After a single oral administration of 85.5 mg trans-resveratrol-3-O-β-D-glycoside (piceid) per 70 kg 
bw to nine healthy volunteers, the metabolites resveratrol-3-sulfate, resveratrol-3,4’-disulfate, 
resveratrol-3,5-disulfate, resveratrol-3-glucuronide and resveratrol-4’-glucuronide were identified 
and quantified in plasma and urine by LC-MS/MS using synthesized reference compounds the 
structure of which was confirmed by NMR experiments. Furthermore, two novel resveratrol-C/O-
conjugated diglucuronides were identified, synthesized and quantified. Sulfate conjugates were 
quantitatively dominating in urine and plasma samples. Results from animal experiments on knock-
out mice revealed selective transport mechanisms of sulfate and glucuronide conjugates via the 
transport proteins BCRP/Bcrp1 and MRP3/Mrp3. 
Antioxidant and chemopreventive effects of the resveratrol metabolites identified on cytochrome 
P4501A, NAD(P)H:quinone oxidoreductase, inducible nitric oxide synthase, cyclooxigenase 1 and 
aromatase revealed a structure dependent activity, with the number of free hydroxyl groups 
determining their efficacy. However, an antioxidant effect for orally administered piceid was also 
demonstrated in the human intervention trial, indicated by increased catalytic activities of 
superoxide dismutase and decreased concentrations of conjugated fatty acid dienes in erythrocytes. 
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Introduction: Resveratrol (RSV) is well absorbed in the gut. However, information concerning the 
amount of their metabolites present in different tissues and organs is already scarce.  
Objective: To assess the amounts of RSV metabolites accumulated in liver, white adipose tissue 
and skeletal muscle in rats fed an obesogenic diet, supplemented with different doses of this 
polyphenol. 
Methods: Twenty-four male Sprague-Dawley rats were divided into three experimental groups, 
which received 6 mg RSV/kg body weight/d (RSV1), 30 mg RSV/kg body weight/d (RSV2) or 60 
mg RSV/kg body weight/d (RSV3) in the diet for 6 weeks. RSV metabolites in tissues were 
determined by HPLC tandem mass spectrometry (Urpí-Sardá et al., 2007). Statistical analysis was 
performed by using ANOVA I test and post-hoc Newman-Keuls test Statistical significance was 
set-up at the P < 0.05 level. 
Results: The amounts of RSV metabolites (μg/g tissue) present in tissues are shown in the table.  

 RSV1 RSV2 RSV3 
Liver 2.15±0.31 a 10.67±2.31 b 35.47±11.68 c 
Adipose tissue    0.07±0.01 a      0.48±0.13 b     0.75±0.13 b 
Skeletal muscle    0.00 a       0.16±0.03 b     0.19±0.04 b   

Data in the same line not sharing a common letter are significantly different. 
 
Conclusion: The greatest accumulation of RSV metabolites is found in liver. The amount of this 
polyphenol stored in adipose tissue is greater than that accumulated in skeletal muscle. A dose-
response effect is observed in liver. With regard to adipose tissue and skeletal muscle, this dose-
response pattern is only found when the lowest and the medium doses are compared. In contrast, no 
additional significant increases are observed when the medium dose is compared with the highest 
one. 
 
Urpí-Sardà M., Zamora-Ros R., Lamuela-Raventós R., Cherubini A., Jáuregui O., de la Torre R., 
Covas MI., Estruch R., Jaeger W., Andrés-Lacueva C. HPLC-Tandem Mass Spectrometric Method 
to characterize Resveratrol Metabolism in Humans. Clinical Chemistry 53:2, 292-299 (2007). 
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Resveratrol and other Polyphenols are extensively modified and metabolized not only in the small 
intestine and in the colon but also in the liver, where most of the conjugation takes place. Any 
single polyphenol generates several metabolites, although two or three usually dominate. Trans-
resveratrol-3-Oglucuronide and trans-resveratrol-3-sulfate are the most abundant metabolites for 
Resveratrol. All these modifications deeply affect the biological activity of polyphenols. Extremely 
rapid sulfate conjugation by the intestine/liver appears to be the rate-limiting step in resveratrol’s 
bioavailability. Consequently, the compounds that reach cells and tissues are chemically, 
biologically and functionally different from the original form. Because the majority of dietary 
compounds contain a mixture of polyphenols, it is important to understand their combinatorial 
effect at dietary concentrations regarding resveratrol bioavailability. For this purpose we have 
studied the putative sulfate conjugation of different mixtures of polyphenols to assess how some 
mix of polyphenols can interfere/inhibit the resveratrol conjugation. The results reported show a 
higher affinity of quercetin and epicatechin for the intestine sulfate enzymes. Therefore 
coadministration of epicatechin + quercetin could enhance resveratrol bioavilability.  
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The high hydrophobicity of resveratrol and its sensitivity to external agents such us air, light and 
oxidative enzymes may constitute a serious problem for its bioavailability, formulation and 
manipulation in the elaboration of functional foods. In the present work β- and HP-β-cyclodextrins 
were used to increase the aqueous solubility of resveratrol to increase total resveratrol concentration 
in aqueous solution, while free resveratrol concentration remains constant, as do its biological 
activities.  
The complexation constant between resveratrol and each type of CD was calculated using three 
different methods: enzymatic, solubility and fluorimetric. The Kc values obtained showed that HP-
β-CDs with their very high Kc of 18,048 ± 625 M-1, were the most effective for complexing 
resveratrol. Moreover, comparison of the results obtained by the three methods revealed that the 
fluorimetric method undervalued the Kc between resveratrol and CDs, while the enzymatic and 
solubility methods were more precise for calculating the Kc between resveratrol and CDs, as 
demonstrated by the cyclodextrin-assay. 
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A growing interest is focused on chemopreventive and chemotherapeutic properties of Resveratrol 
(RESV) against tumor development. In our laboratory we started the studies on antitumoral action 
of RESV in U87 MG glioma model. Radiation/temozolomide treatment is the standard therapy for 
gliomas with only modest benefit so that alternative therapeutic approach are steadily in progress. 
We showed the ability of RESV to modulate the response to ionizing radiation through the re-
establishment of Gap Junction Intercellular Communications in relation to a delay of the cell cycle 
progression during S phase with a concomitant increase of histone H2AX phosphorylation. Being 
this expression linked to the increase of DNA double strand breaks, we assayed both the ability of 
RESV to induce chromosome damage and to interact with human Topoisomerase IIα. By using an 
in vitro assay we show that RESV is able to inhibit the catalytic activity of recombinant human 
Topoisomerase IIα to decatenate the kinetoplast DNA. On the base of these evidences we postulated 
that this molecule could act as a Topo-poison. For this reason, we are carrying out a series of 
experiments to support our hypothesis. A molecular docking test has highlighted a probable 
interaction between RESV and the binding site for DNA on the Topoisomerase IIα. Furthermore a 
fluorimetric assay aimed to measure the binding of RESV to topoisomerase and an ICE test (In vivo 
Complex of Enzyme) in U87 cells to test if RESV provokes stable complex between DNA and 
Topoisomerase IIα (“covalent cleavable complex”) are in progress.  
A positive response to these tests could render Resveratrol an important anti-tumor agent against 
high grade gliomas which are highly resistant to conventional therapies. 
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Purpose: To examine the effects of three months of oral resveratrol supplementation on physical 
and neurocognitive performance measures in sedentary adults.  
Methods: 90 sedentary adults were randomly assigned to receive a high-dose supplement (HI: 
200mg trans-resveratrol, 200mg quercetin, 40mg mixed polyphenols), low-dose supplement (LOW: 
100mg trans-resveratrol, 100mg quercetin, 20mg mixed polyphenols), or placebo (PLA). Subjects 
performed an incremental cycling test and a standardized neurocognitive test (ImPACT®) prior to 
and following supplementation. Subjects pedaled at 60 revolutions per minute on a cycle ergometer 
with an initial workload of 50 Watts (W) while heart rate (HR) was continuously recorded. 
Workload was increased 25W every three minutes until subjects reached volitional exhaustion. 
ImPACT® questions were randomly selected to minimize inter-session learning effects. 
Differences between baseline and post-supplementation values between groups were determined 
using ANOVA and Tukey’s HSD post hoc comparisons.  
Results: 51 subjects successfully completed all components of the study (age= 48.4±8.3y, mass: 
84.2±31.3kg, HI: n=17, LOW: n=20, PLA, n=14). No adverse events were reported. No significant 
differences in physical performance measures were found when all three groups were compared 
separately. When HI and LOW were combined into one group (RES), subjects had significantly 
smaller increase in HR from baseline at 75W compared to PLA (RES= 0.7±1.4 vs. PLA= 9.2±4.8 
beats.min-1, p=0.029, n=42). A non-significant trend was observed for RES to have a decreased HR 
from baseline at 100W (RES= -2.5±2.0 vs. PLA= 3.3±3.9 beats.min-1, p=0.150, n=27). HI had 
significant (p=0.002) improvements in verbal memory score (9.8 ± 3.0%) compared to PLA (-3.2 ± 
6.6%).  
Conclusions: There is evidence that resveratrol is safe and may improve physical and 
neurocognitive performance in sedentary individuals. Further research is needed to determine the 
ideal dosages and combinations of resveratrol, quercetin, and/or other grapeskin polyphenols for 
optimal efficacy across various populations. 
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Increased oxidative stress and energy metabolism deficit have been regarded as an important 
underlying cause for neuronal damage induced by cerebral ischemia/reperfusion (I/R) injury. In this 
study, we investigated the oxidative mechanisms underlying the neuroprotective effects of 
resveratrol, on structural and biochemical abnormalities in rats subjected to global cerebral 
ischemia. Experimental model of transient global cerebral ischemia was induced in Wistar rats by 
the four vessel occlusion method for 10 min and followed by different periods of reperfusion. Nissl 
and fluoro jade C stained indicated extensive neuronal death at 7 days after I/R. These findings 
were preceded by a rapid increase in reactive oxygen species (ROS) generation, nitric oxide (NO) 
levels, lipid peroxidation, and by a decrease Na+K+-ATPase activity and disrupted antioxidant 
defenses (enzymatic and non-enzymatic) in hippocampus and cortex. Administration of resveratrol 
by i.p. injections (30 mg/kg) for 7 days before ischemia significantly attenuated neuronal death in 
both studied structures, as well as decreased the generation of ROS, lipid peroxidation and NO 
content and brought to normal levels the antioxidant and Na+K+-ATPase activity in cortex and 
hippocampus. These results support that resveratrol could be used as a preventive, or therapeutic, 
against global cerebral ischemia and suggest that scavenging of ROS contributes, at least in part, to 
resveratrol-induced neuroprotection. 
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Resveratrol, a polyphenol found mainly in red wine and dark-skinned grape cultivars, has anti-
aging, anti-oxidant, and anti-inflammatory effects in numerous organisms.  
Oxidative changes are a primary cause of skin aging as excessive free radical production will 
stimulate cellular DNA to produce activator protein 1, which will produce metalloproteinases that 
break down existing collagen, contributing to wrinkle formation. Wrinkle development, as a direct 
consequence of skin aging, has negative physical and psychological impacts that have become 
exaggerated with longer life expectancy and changing social values. No research to date has 
examined the effects of resveratrol and collagen on human’s skin. Thus, our study purpose is to 
examine the physical and psychological effects of taking a combination supplement of collagen and 
resveratrol (Collagen BoosterTM supplied by Reserveage Organics) on facial wrinkles, skin 
satisfaction, and quality of life. A sample of 50 community-dwelling male and female adults 
between the ages of 30 - 80 years are being recruited to participate in the Dermacare trial (current 
enrollment is 42). Eligible participants will take Collagen BoosterTM daily for 6 months (200 mg 
of resveratrol and 1000 mg of BioCell Collagen II), and complete trimonthly assessments (i.e., 
baseline, 3 and 6 months) of skin satisfaction, quality of life, and facial wrinkles using skin 
profiling via Fast Optical in vivo Topometry. We will present the preliminary results of our trial. 
Our long term goal is to develop interventions aimed at improving the internal and external effects 
of aging, and to gather insight into the mechanisms underlying such improvements. 
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In the next two decades, the projected number of individuals in the United States aged 65 years or 
older will double from 35 million to 71 million, increasing from 12% to about 20% of the 
population (USDHHS, 2006). This rapid demographic shift in age will dramatically increase the 
prevalence of age-related disorders such as diabetes, cardiovascular disease, neurodegenerative 
diseases, and inflammation. Not surprising, the search for interventions that can alleviate age-
related health problems is rapidly increasing. In the last decade, resveratrol has generated much 
scientific, media, and public interest, largely because of its ability to delay aging and prevent age-
related diseases such as cancer, cardiovascular disease, diabetes, and autoimmune diseases. 
Although hundreds of studies exist on the effects of resveratrol in animal and laboratory 
experiments, few studies exist with humans to date [e.g., PubMed search using “resveratrol” 
resulted in 3,254 hits compared to 9 hits for “resveratrol” and “clinical trials”]. To fully realize the 
potential of resveratrol, human studies, in particular clinical trials, are needed. A need exists to 
systematically review (via qualitative and quantitative techniques such as meta-analysis when 
applicable) the human literature examining the effects of resveratrol. Thus, the purpose of this study 
is to conduct a comprehensive literature review of the human resveratrol research which will 
provide the essential evidence needed to determine the current state of this literature and identify 
new areas requiring additional research. The widely varying circumstances under which resveratrol, 
as a pure compound or in wine and/or other beverages, has been examined in humans will be 
summarized in tabular format. Because this is an emerging area of research, both published as well 
as ongoing studies will be reviewed. Although brief reviews of human studies exist (see Bishayee, 
2009), this methodologically rigorous comprehensive review is innovative in systematically 
examining published and ongoing resveratrol epidemiological and clinical studies. 
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Aging leads to the modifications of the wall structures of arteries and cardiovascular diseases. There 
are several pieces of evidence that resveratrol, a wine polyphenol, can reduce cardiovascular 
dysfunction. The aim of this study was to evaluate the effects of 3 months of treatment on metabolic 
and cardiovascular parameters in 9 months and 25 months old C57BL/6J mice (corresponding to 
middle age and old age respectively). In each group, the mice received either a standard diet or a 
high fat diet (HFD).  
Old mice were in a hypolipidemic state and undernourished with a decrease in the albumin serum 
level when compared to the middle age mice. Insulin and resistin blood levels were increased 
whereas leptin was decreased. Old mice exhibited a significant decrease of the aortic distensibility 
(-15%) and of the cardiac posterior wall thickening (PWTh) (-23%) determined by echography-
doppler. Moreover, the pulse wave velocity was increased (+200%). The histological study showed 
a significant increase of intima-media thickness (+12%) and a decrease of cell density in the media 
(-24%).  
HFD mice exhibited an increased serum level of triglyceride, cholesterol, insulin and resistin, a 
decreased PWTh, a left ventricular hypertrophy and a decreased ejection fraction when compared to 
the mice fed a standard diet.  
Resveratrol treatment resulted in a serum level decrease of triglyceride and resistin. 
In conclusion, resveratrol seems to be beneficial in aging process which may encourage human 
clinical studies. 
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We previously tested six stilbenes, including resveratrol, and showed pterostilbene as the most 
effective in preventing dopamine-induced decrements in calcium clearance following oxotremorine-
induced depolarization in COS-7 cells transfected with M1 muscarinic receptors. The effect of 
pterostilbene on cognition and memory deficits was then investigated, using Morris Water Maze 
test. Fischer 344 rats (19 month old) were fed diets supplemented with pterostilbene, one group at 
0.004% and another 0.016% of the diet. In both groups, pterostilbene reversed cognitive behavioral 
deficits in the aged rats, and working memory was correlated with pterostilbene levels in the 
hippocampus, particularly in the group given the higher dose. In further studies, the effect of 
pterostilbene and resveratrol on age-related cognitive changes and signaling pathways associated 
with Alzheimer's disease (AD) was investigated in senescence-accelerated mouse (SAMP8), an 
excellent model for studying early neurodegenerative changes associated with AD. After 8 weeks of 
dietary supplementation (120 mg/kg diet) animals were tested for cognitive function in the Passive 
Avoidance and the Radial Arm Water Maze tests. Biochemical analysis showed that both 
compounds up-regulated SIRT1 in the hippocampus. However, pterostilbene significantly increased 
Mn-SOD activity, but not resveratrol. Pterostilbene was also more effective in modulating pJNK. 
Our data implicated both pterostilbene and resveratrol as modulators of PPARα receptor in the 
hippocampus, but pterostilbene more powerfully. These results suggest that pterostilbene may be 
beneficial in AD and cognitive dysfunction. 
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Introduction: In obesity adipose tissue becomes hypoxic due to the inability of the vasculature to 
keep pace with the adipose tissue growth. Hypoxic conditions cause an increase in proteins 
involved in e.g. angiogenesis, glucose utilization and inflammation. Resveratrol is a natural 
polyphenolic compound synthesized in a large number of plant species. It has been shown that 
resveratrol has powerful anti-inflammatory effects and beneficial effects on several metabolic 
factors. 
Methods: The effect of hypoxia, induced by incubation at 1% O2, was examined on the expression 
and secretion of inflammation-related adipokines in whole human adipose tissue cultures - 
plus/minus resveratrol (50 μM).  
Results: Exposure of adipose tissue to hypoxia for up to 24 h resulted in increases in glucose 
transporter-1 (GLUT-1) (19-fold, p=0,006), vascular endothelial growth factor (VEGF) (10-fold, 
p=0,001), interleukin-8 (IL8) (8-fold, p=0,046) and interleukin-6 (IL6) (5-fold, p=0,030) mRNA 
levels and VEGF protein levels (8-fold, p=0,007) compared to normoxia. Resveratrol treatment 
resulted in a marked significant decrease in GLUT-1 mRNA level, the level being 21 fold (p=0.019) 
lower compared to untreated hypoxic cells, in VEGF 14 fold (p<0.001), IL8 37 fold (p=0.035) and 
IL6 73 fold (p=0.004). In addition, in adipocytes treated with resveratrol, the hypoxia mediated 
VEGF secretion was decreased 11-fold (p=0.039). Non significant reductions were found in IL8 
and IL6 protein levels (4 fold). 
Conclusion: These results demonstrate that hypoxia induce extensive changes in human adipose 
tissue in the expression of inflammation-related adipokines. Finally, the inhibition of hypoxia 
mediated inflammation may represent a novel mechanism of resveratrol in preventing obesity-
related pathologies. 
 
 
  

mailto:mmp@KI.AU.DK�


 

 66 

P24. Anti-inflammatory effect of resveratrol on MCP-1 expression and secretion in 
human adipose tissue explants 
J Ølholm, B Richelsen and SB Pedersen 
Department of Endocrinology and Metabolism C, Aarhus University Hospital, 8000 Aarhus 
C, Denmark;  
Email: jens.olholm@ki.au.dk 

 
Introduction: Human obesity is closely associated with increased adipose tissue macrophage 
(ATM) infiltration. Monocyt chemoattractant protein-1 (MCP-1) secretion from adipose tissue is 
essential in recruitment of ATM. Calorie restriction antagonizes negative effects of obesity and 
improves metabolic profile. These effects are dependent upon the activation of the Sirt1 enzyme, 
and can be mimicked by a phytoalexin, resveratrol (RSV), a potent Sirt1 activator. Sirt1 has 
recently been found in human adipose tissue and we surmise that the beneficial role of RSV in 
improving metabolic profile are at least in part due to altering MCP-1 expression and secretion 
through Sirt1 dependent pathways. 
Metodes: The effect of RSV on IL1β induced change of MCP-1 mRNA gene expression and 
secretion were measured in human adipose tissue explants and in 3T3-L1 adipocytes.  
Results: Exposure to IL1β for 24 hours increased secretion of MCP-1 (p<0.05) and increased 
mRNA expression (p<0.05) accordingly. Concomitant incubations with RSV reversed the IL1β-
stimulated secretion and gene expression. Incubation with sirtinol (an inhibitor of the SIRT-1 
enzyme activity) was able to diminish the anti-inflammatory effect of RSV (p<0.05) in 3T3-L1 
adipocytes, indicating that the anti-inflammatory effects of RSV are mediated through the SIRT-1 
enzyme. 
Conclusion: Inhibition of MCP-1 expression in human adipose tissue may represent a novel 
mechanism of resveratrol in preventing obesity-related pathologies. 
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Resveratrol, a compound identified as potent sirtuin 1 (SIRT1) activator and, this way mimicking 
calorie restriction (CR), has several beneficial effects described mainly in age-related diseases. CR 
is the first physiological intervention described to increase lifespan of several organisms range yeast 
until primates. Sirtuins, a family of NAD+-dependent enzymes deacetylases, regulates many 
proteins, acting in different pathways, especially cell metabolism regulating apoptosis, lipolysis and 
adipogenese, gluconeogenese, glycolysis, insulin secretion, cell survival, generation of reactive 
oxygen species. Among seven sirtuins (SIRT1-7) identified in mammals, SIRT1 is the most well 
studied and little know about others. Recently was showed that SIRT3 and SIRT4 also regulate 
functions in metabolism cellular as those reported above. Actually one hypothesis around sirtuins is 
that their activity can be regulated by nicotinamide phosporibosyltransferase enzyme 
(NAMPT). So we analyzed the gene expression pattern of SIRT1, SIRT3, SIRT4, PGC1 alpha and 
NAMPT besides determining NAD+ and NADH levels, regulated by resveratrol or caloric 
restriction, in zebrafish liver. The sqRT-PCR was performed and the relative mRNA abundance of 
each gene versus β-actin was determined by optical densitometry. Resveratrol did not change the 
mRNA levels of SIRT1 and PGC1α but decreased SIRT3, SIRT4 and NAMPT expression in liver. 
NAMPT mRNA levels decrease was accompanied by increase in NADH and change in the NAD+/H 
ratio. CR decreased all sirtuins mRNA levels but did not modify PGC1α. However, CR increased 
NAMPT gene without change NAD+/NADH ratio. Thus, we conclude that resveratrol is not a direct 
activator of SIRT1, but it modulates other sirtuins. At transcriptional level, resveratrol mimicked 
partially mechanisms of CR and was by another pathway than SIRT1. This was the first study that 
compared gene expression of SIRT3, SIRT4 and NAMPT regulated by two different interventions, in 
zebrafish liver. 
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Chronic alcohol consumption affects the liver by altering and impairing the metabolism, resulting 
an imbalance in redox equivalents. It is clear that excessive intake of alcohol results in reactive 
oxygen species (ROS) generation, impaired mitochondrial function and liver damage. Resveratrol 
has pleiotropic properties including an antioxidant effect and protective effects against alcoholic 
liver injury, as demonstrated in model animals. Furthermore, resveratrol was described as sirtuin 
activator and evidences indicate alcohol-induced changes at mRNA levels both in sirtuins and its 
targets. Sirtuins (SIRTs) are a class of evolutionary conserved NAD+-dependent deacetylases that 
play important physiological and pathophysiological roles in cellular metabolism and mitochondrial 
biogenesis. In the liver, SIRT1 controls a gluconeogenesis/glycolytic pathway through the 
transcriptional coativactor PGC1α, with roles in thermogenesis, gluconeogenesis, mitochondrial 
biogenesis and respiration. SIRT3, an important mitochondrial deacetylase, suppress ROS through 
PGC1α, inducing several key ROS-detoxifying enzymes. Under this scenario, this study aimed to 
study the SIRT1, SIRT3 and PGC1α gene expression in zebrafish liver, after resveratrol, ethanol or 
combined exposure during acute and chronic treatments. Animals were exposure to Ethanol 1% (E), 
Resveratrol 20mg/L (R) and Ethanol plus Resveratrol (E+R) solutions during 1h or 14 days, plus 
control groups. Immediately following, fish were euthanized and had the liver (n=5) dissected. 
After total RNA extraction, semi-quantitative RT-PCR were performed and analyzed in 1% agarose 
gel with GelRed®. The relative mRNA abundance of each gene versus β-actin was determined by 
optical densitometry (ImageJ1.37) and statistically analysed with One-Way ANOVA and Turkey 
Test (SPSS v11.5). SIRT1 and SIRT3 presented different levels comparing acute and chronic 
treatment, reinforcing that sirtuins regulation upon ethanol and resveratrol treatments, is complex 
and possibly time-dependent. PGC1α expression showed significant decreased in E+R group, after 
chronic exposure suggesting an ethanol injury reversal by resveratrol, at least at a transcriptional 
level. 
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Incorporation of osteoinductive factors in a suitable scaffold is considered as a promising strategy 
for generating osteogenic biomaterials. Resveratrol is a polyphenol found in part of certain plants, 
including nuts, berries and grape skins. It is known to increase DNA synthesis and alkaline 
phosphatase (ALP) activity in osteoblasts and to prevent femoral bone loss in ovariectomized 
(OVX) rats. In the present study, resveratrol was coupled through a hydrolysable covalent bond 
with the carboxylic acid groups in porous poly-ε-caprolactone (PCL) surface grafted with acrylic 
acid (AA). The osteogenic effect of this new scaffold was evaluated in mesenchymal cell cultures 
and in the rat calvarial defect model. We found that the incorporation of resveratrol caused 
increased ALP activity of rat bone marrow stromal cells and enhanced mineralization of the cell-
scaffold composites in vitro. After 8 weeks, the calvarial defects implanted with resveratrol-
conjugated PCL displayed a higher X-ray density than the defects implanted with control PCL. By 
histology, bone-like structures, which were positively immuno-stained for bone sialoprotein, were 
shown to be more extensively formed in the resveratrol-conjugated PCL. These results show that 
incorporation of resveratrol to the AA functionalized porous PCL scaffold led to a significant 
increase in osteogenesis. 
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The bone anabolic effects of resveratrol have been demonstrated in several osteoporosis models 
while the underlying mechanism is largely unclear. In the present study, we evaluated the effects of 
resveratrol on proliferation, differentiation and apoptosis on murine osteoclast progenitor 
RAW264.7 cells. We found that resveratrol dose-dependently inhibited cell proliferation and 
induced apoptosis. Additionally, resveratrol inhibited RANKL-induced osteoclast differentiation. 
Resveratrol has been demonstrated to mimic estrogen effects and has been shown to be an activator 
of Sirt1, a NAD dependent protein deacetylase. However, we found that the effects of resveratrol 
could not be blocked by ICI182780, a high affinity estrogen receptor antagonist, and although Sirt1 
protein was abundantly expressed in RAW264.7 cells, other Sirt1 regulators, such as nicotinamide, 
EX-527 and sirtinol, could not exert similar effects. The central role of reactive oxygen species 
(ROS) in RANKL-induced osteoclast differentiation has been recently clarified. We found that 
resveratrol suppressed RANKL-induced ROS generation in a concentration dependent manner. 
Therefore, although more experiments are needed we postulate that the direct inhibitory effects of 
resveratrol on pre-osteclasts are mainly mediated via inhibition of ROS generation. 
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P29. Resveratrol improves peripheral glucose utilization in rats fed an obesogenic diet 
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Introduction: Resveratrol is well known by its anti-oxidant, anti-carcinogenic, anti-inflammatory, 
anti-aging, etc. properties. Moreover, it has been recently proposed that this molecule can induce 
beneficial effects on obesity and its associated pathologies, such as insulin resistance and diabetes. 
Objective: To analyze the effect of two doses of resveratrol on peripheral glucose utilization in rats 
fed an obesogenic diet. 
Methods: Twenty-four male Sprague-Dawley rats were divided into three experimental groups fed 
an obesogenic diet during 6 weeks: a control group and two groups receiving resveratrol at doses 6 
(RSV1) and 30 (RSV2) mg/kg BW/d, respectively. Glucose tolerance test (2 g/kg BW, 
intraperitoneally) was performed one week before the end of the experimental period. The Area 
Under the Curve (AUC) was calculated by trapezoidal method, and peripheral glucose utilization 
was calculated by the Area Above the Curve. At the end of experimental period, animals were 
exsanguinated by cardiac puncture, and their main adipose tissues (subcutaneous, perirenal, 
epididymal and mesenteric) were dissected and weighed. Serum glucose, insulin, free fatty acids, 
and the adipokines leptin, adiponectin, resistin and visfatin were analyzed by commercial kits, and 
HOMA-IR was calculated. Results were analyzed by ANOVA I and post-hoc Newman Keuls test, 
and significance was assessed at the P < 0.05 level. 
Results: There were no significant differences between animals from control and RSV1 groups in 
any of the parameters analyzed. However, animals from RSV2 group had lower fat depot weight (-
24%), serum leptin (-20%) and AUC (-21%), and higher peripheral glucose utilization (+15%), 
without changes in the rest of the parameters. 
Conclusions: Resveratrol, at a dose of 30 mg/kg/d, but not at 6 mg/kg/d, decreases body fat 
accumulation. Furthermore, although apparently it does not modify obesity-induced insulin 
resistance under basal conditions, it improves peripheral glucose utilization in dynamic conditions. 
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Introduction: Resveratrol (RSV), an antioxidant present in grapes and its derivative drinks, is 
known to have beneficial properties in the prevention of some patologies such as, cancer or 
cardiovascular disease. Nevertheless, its effect on lipid metabolism, and specially, on lipolysis, has 
not been widely analyzed.  
Objective: To analyze the effect of RSV on lipolysis under basal and stimulating conditions and on 
lipase expression in SGBS human adipocytes. 
Methods: SGBS preadipocytes were cultured in DMEM/Ham´s F12+FBS media. Two days after 
confluence (day 0), differentiation was induced by adding human insulin, transferrin, cortisol, 
triodotyronine, IBMX, rosiglitazone and dexamethasone. On day 12 mature adipocytes were treated 
with 100 µM and 200 µM of trans-RSV. 10-5M of isoproterenol and 500 μM of IBMX were added 
in order to stimulate adipocyte lipolysis. Cells were harvested after 12 and 24 hours and released 
NEFA were measured by spectrophotometry. Hormone Sensitive Lipase (HSL) and Adipose 
Triglyceride Lipase (ATGL) expressions were analyzed by Real Time RT-PCR after 24 hours 
treatment. The results were analyzed by Student t test. 
Results: 100 µM and 200 µM of trans-RSV enhanced fatty acid release under both, isoproterenol 
and IBMX stimulating conditions, but they did not under basal conditions. ATGL expression was 
higher in RSV treated cells and HSL remained unchanged.  
Conclusion: Trans-resveratrol stimulates lipolytic activity of SGBS adipocytes by acting mostly on 
ATGL. 200 µM of RSV does not increase this effect in a greater extent than does 100 µM. 
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Our initial studies demonstrated that pterostilbene, a dimethylether analog of resveratrol, activated 
endogenous PPARα in H4IIEC3 cells more effectively than resveratrol or the clinically-used 
PPARα agonist ciprofibrate. In further studies, PPARα activation was investigated in the presence 
of an endogenous antagonist, chenodeoxycholic acid (100 µM). The luciferase activity responses to 
pterostilbene were dose-dependently reduced, in a similar manner to that of Wy-14,643 (positive 
control). Docking of pterostilbene and resveratrol was performed in PPARα ligand-binding domain. 
Both compounds were oriented in the front pocket of the PPARα towards the AF2 helix. 
Pterostilbene showed hydrogen-bonding interactions with Phe351, Ser280 and Tyr464 (these amino 
acids are essential for PPARα activation). Resveratrol had hydrogen-bonding only with Phe351 and 
280. Syrian Golden hamsters fed hypercholesterolemic diet containing pterostilbene (25 mg/kg diet) 
showed lower serum glucose, VLDL- and LDL-cholesterol, with increased HDL-cholesterol levels 
compared to control animals, consistent with PPARα activation. Using gas chromatography-mass 
spectrometry, Vaccinium berries were surveyed, and pterostilbene was found in highbush, half-
highbush, rabbiteye, and oval-leafed blueberries. Rabbiteye blueberry peels were used in hamster 
feeding studies. Whole blueberry peels (BBP, 8% of diet), dried ethanol extract of the peels (BBPX, 
2% of diet), and the extracted peels (BBPEXT, 6% of diet) affected serum lipid levels and hepatic 
gene expression differently. In general, serum LDL-cholesterol was lowered by all diets, but only 
the BBPX showed statistically significant reduction (34%). BBP and BBPX significantly lowered 
hepatic total cholesterol content by 40% compared to control. Free cholesterol and triglyceride 
contents were not affected by the diets. BBPX, presumably having greater concentrations of 
phenolic constituents, up-regulated hepatic PPARα expression. Pterostilbene was indentified in 
BBPX. Hepatic CYP7A1 expression was up-regulated by all diets, and CYP51 expression was up-
regulated by BBPX and BBPEXT diets, suggesting that cholesterol synthesis is being directed 
towards bile acid formation inducing plasma cholesterol lowering. 
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Objective: A growing body of evidence shows that resveratrol (RSV) is an antidiabetic molecule 
when used at high doses but that the mechanism remains controversial since it is poorly absorbed by 
the gut. We suggest that the mechanism could be linked to the secretion of GLP-1 and here 
developed an innovative formulation allowing its intestinal absorption for clinical use.  
Research design and methods: To this aim we first performed preclinical studies on the high-fat 
diet (HFD)-fed diabetic mouse daily treated with a low dose of RSV (60mg/kg/day) for 5 weeks. In 
a subset of mice a DPP4 inhibitor sitagliptin was added to the RSV treatment. 
Results: The innovative formulation of RSV (Glucoratrol ®) dramatically increased the plasma 
circulating concentration of RSV thirty minutes after oral administration in human. In the of HFD-
fed mouse the chronic Glucoratrol treatment significantly reversed the glucose intolerant phenotype, 
increased the portal vein plasma and intestinal concentration of active GLP-1 and of portal insulin. 
This was associated with an augmentation of the corresponding colonic proglucagon mRNA. RSV-
induced GLP-1 secretion was responsible for the therapeutic effect since GLP-1 receptor knockout 
mice remained insensitive and fasted glycemia unaffected by the treatment. When a DDP4 inhibitor 
was added to RSV, the active concentration of portal GLP-1 and glycemic profiles improved.  
Conclusion: We show that our innovative RSV formulation allows an efficient intestinal absorption 
of the molecule and controls glucose tolerance through a GLP-1 dependent mechanism. Therefore, 
this represents a new, safe, and efficient therapeutic strategy for the treatment of diabetes. 
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Despite the role of resveratrol in red wine in the description of the French paradox, the production 
of this famous stilbene is currently obtained from the plant named Polygonum cuspidatum 
(Japanese knotweed) and not from grape. Extraction protocols appeared easier and cheaper using 
knotweed roots despite the necessity to deglycosylate piceid in order to obtain free resveratrol. 
Nevertheless, a demand for resveratrol and derivatives from grapevine is claimed by cosmetic 
companies for example. Considering the difficulty to promote sustainable processes from wine 
shoots, the use of plant cell biotechnology appears as a promising alternative (Donnez et al. 2009). 
Using elicitors such as methyljasmonate (MeJA) and cyclodextrins, a high production of resveratrol 
(5 g/L) in the culture medium of grapevine cells has been obtained in small volumes of culture (Bru 
and Pedreno 2006). Our work on grapevine defense mechanisms led us to develop a cell suspension 
from rootstock 41B callus. MeJA was shown to be a good inducer of resveratrol biosynthesis, 
confirming the phytoalexin behaviour of this stilbene compound. Optimization of our protocols 
allowed us to scale-up the culture in a 2L stirred bioreactor. Correlated to a good growth of the cells 
in these conditions, elicitation by MeJA has resulted in the accumulation of up to 300 mg/L of 
resveratrol in the medium, representing 90 % of the culture production. FPLC gel filtration of 
resveratrol metabolites together with UPLC-MS analysis has led to the characterization of ε and δ-
viniferins, described for the first time in grapevine cell cultures. Our results show that grape cells 
could be consider as good production systems for resveratrol and its active derivative viniferins in 
non GMO’conditions, that is of interest especially for European consumers. 
 
Donnez D, Jeandet P, Clément C, Courot E (2009) Trends in Biotechnology, 27 (12): 706-713 
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Plant cell culture technology promise for the large-scale production of valuable plant tissues and 
bioactive compounds. The aim of our work was to develop a unique customized design for both 
liquid culture of plant cells, in particular grapevine, and production of bioactive compounds, 
preferably accumulated extracellularly, in particular trans-resveratrol. The requirements for plant 
biomass growth and metabolite production, including air-flow, pH control, stirrer type and speed, 
etc., were determined in a 2-liter commercial stirred-aerated bioreactor (SAB-2L). After an initial 
construction and characterization of a 2-liter airlift-type bioreactor (ALB1-2L) prototype 
customized to the requirements of grapevine cell culture, it was determined that the critical factor of 
the ALB1 performance in relation to SAB was the gas-transfer efficiency which became limiting at 
moderately high cell densities. The biorreactor was re-designed so to improve the gas-transfer and 
constructed in a 7-liter version (ALB2-7L). The performance of ALB2 resulted comparable to SAB 
for biomass growth at any cell density, but even better for trans-resveratrol production. In addition 
the new design allows for the in situ re-use of the cells for at least three cycles, thus eliminating the 
batch-to-batch timeout and bottlenecks in the downstream processing, such as separation of medium 
from cells. The product obtained, recovered in a high yield by liquid-liquid extraction followed by 
solvent removal, was characterized for its ORAC value. It contained at least a 70% (w/w) of trans-
resveratrol, an additional amount of resveratrol derivatives, mainly dimmers. In conclusion we have 
designed a cost-effective and scalable biorreactor that fulfils the requirements of grapevine cells to 
grow up in liquid culture and to produce trans-resveratrol with a very high productivity (9.70±2.63 
mg/g fresh weight of cells; 0.49±0.10 g/l.day). In relation to commercial models this biorreactor 
have several operational improvements for production, recovery and downstream processing of 
extracellular compounds. 
Work financed by the Spanish Ministry of Science and Innovation and FEDER (BIO2005-00332 
and BIO2008-02941). 
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The leguminous peanut plant (Arachis hypogaea L.) when infected by a fungal pathogen is capable 
of producing stilbene-derived phytoalexins, which have been considered the backbone of the plant’s 
inducible chemical defenses against pests. In addition, the potential health beneficial effects of 
resveratrol from peanuts have been acknowledged by several researchers. Despite considerable 
progress in peanut research, relatively little is known about biological activity of the diverse 
resveratrol derivatives. Several new resveratrol derivatives have been isolated from fungal-
challenged peanut seeds. The structures of these new putative phytoalexins named “arahypins” were 
determined by analysis of NMR, MS, and UV data. Since the new stilbenoids appear to play a role 
in plant defense mechanisms, they were evaluated for their effect on plant pathogenic fungi of the 
genera Colletotrichum, Botrytis, Fusarium, and Phomopsis, all considered major plant pathogens of 
economic importance worldwide. We further investigated biological activity of new compounds 
isolated from peanuts in a panel of bioassays to determine their antiinflammatory, cytotoxic, and 
antioxidant activities in mammalian cells. Several stilbenoids were also evaluated as mammalian 
opioid receptor competitive antagonistic compounds. Present research revealed diverse biological 
activity of peanut-derived stilbenoids. 
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The occurrence of prenylated resveratrol analogues in peanut (Arachis hypogaea) has been linked to 
exposure to biotic and abiotic stresses. Issues linked with variable and low quantity recovery from 
fungal-challenged peanut seeds and plants have limited the study of these compounds. In order to 
study the biosynthesis and biological activity of these compounds, we established axenic hairy root 
cultures of peanut as a sustainable and inducible bioproduction system of resveratrol analogues. 
Different elicitors including sodium acetate, methyl jasmonate and hydrogen peroxide distinctively 
induced the biosynthesis of these polyphenols. Upon sodium acetate treatment the roots secreted 
resveratrol as well as several monomeric and oligomeric prenylated resveratrol analogues which 
were characterized by HPLC-mass spectrometry. More than 95% of the total amount of these 
polyphenols was secreted into the culture medium facilitating downstream purification. The 
production of two major prenylated resveratrol analogues, arachidin-1 and arachidin-3, was 
optimized by the addition of a non-polar resin into the culture medium. To scale-up production, the 
peanut roots were cultured in airlift balloon-type bioreactors. Centrifugal partition chromatography 
allowed for purification of arachidin-1 from the culture medium to more than 95% purity in a single 
run. The root culture-derived arachidin-1 showed higher antioxidant activity than resveratrol in a 
lipid peroxidation assay. Furthermore, peanut root culture extracts enriched in prenylated 
resveratrol analogues showed higher neuroprotection than resveratrol against oxidative stress in 
PC12-cell derived neurons. Our results indicate that the peanut hairy root cultures provide a 
valuable scalable system for producing unique natural prenylated resveratrol analogues and 
discovering bioactive compounds with potential applications in human health. 
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The healthy benefits of a moderate red wine consumption is commonly attributed to the presence of 
the resveratrol. Red wine contains trans-resveratrol but also epsilon-viniferin, and other resveratrol 
monomers and oligomers. 
The biological activities of these compounds will be presented. Some biological activities of these 
compounds are similar to those of trans-resveratrol and we can suppose that they also contribute to 
the healthy benefits of a moderate red wine consumption. 
Vineatrol® is the only grapevine extract which provides the Resveratrol monomers and oligomers 
found in Red Wine. 
The presentation includes the extraction process as well as the description of the resveratrol 
derivatives identified in the extract. The biological activities of this extract will be presented: anti-
oxidative, anti-inflammatory, anti-tumor effects,… 
Some results show that the grapevine extract is more active than the trans-resveratrol alone. The 
hypothesis that the blend of resveratrol derivatives may have synergic effects is introduced. 
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Resveratrol triphosphate (RTP) is a proprietary product from Ajinomoto OmniChem obtained by a 
phosphorylation process starting from natural resveratrol (Polygonum cuspidatum root). 
Due to the introduction of the phosphate groups, Resveratrol becomes highly soluble in water and 
shows excellent stability against oxidation, offering new possibilities for use in various matrixes, 
such as cosmetic formulations, nutraceutical or food supplement applications. 
Reveratrol can be generated from RTP by enzymatic hydrolysis (phosphatase) or acidic treatment, 
by a slow release mechanism driven by temperature and time.  
These specific properties have led to interesting applications in cosmetic formulations presently on 
the market. In such a way, high concentrations of Resveratrol can be used in anti-aging crèmes, 
avoiding darkening of the product during storage, and retaining the benefits to the skin.  
Ajinomoto Omnichem is exploring other possibilities of this cutting-edge technology for 
nutraceutical applications. Various toxicity studies have proven that RTP is a safe ingredient for 
food supplements.  
Actually, a human clinical study is ongoing to assess the effect of RTP on biochemical markers 
(blood, urinary, plasma etc) related to oxidative stress. In addition, the effect on regulation of gene 
expression related to oxygen metabolism will be monitored using micro array testing. 
Results of the study will be presented at the conference. 
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Resveratrol is classified as a phytoestrogen or a phytoalexin. It is synthesized in plants in the leaf 
epidermis and the skin (pericarp) where it is considered as antibiotic compounds produced in 
response to infection. Resveratrol has been found in several plant species and plant-derived food 
products such as grapes, grape juice, red wine and peanuts. Cranberries, blueberries, and tomato 
skin also contain this phytoalexin, but at levels less than ten percent of those reported in grapes. 
Resveratrol is the most potent sirtuin activator known that removes acetyl groups from substrates 
including histones, a number of transcription factors and cytosolic acetyl CoA synthetase. However, 
resveratrol as a pure compound is unstable turning a yellow color at room temperature over a short 
period of time (less than 3 to 6 months). Also, when mammals or humans ingest resveratrol it 
requires high doses because it is rapidly metabolized and excreted. For example, it is rapidly 
metabolized by extensive first-pass glucuronidation and sulfated both in the liver and intestinal 
epithelium. This results in relatively short half-life of resveratrol after oral consumption. Thus, large 
quantities of resveratrol must be consumed (in multiple gram amounts) in order to obtain health 
benefits. Additionally, isolating resveratrol presents many challenges to manufactures interested in 
producing this compound as a marketing product and the available OTC resveratrol products may 
be of questionable quality. We have synthesized esters of resveratrol that are stable with increased 
bioavailability, biological activity at significantly reduced cost. This presentation includes methods 
for preparing resveratrol esters. The compounds are made from a multi-step process including a N-
heterocyclic carbene-type ligand coupling in the presence of a base with benzyol halide and styrene 
coupling partners. These compounds show increased stability for use in the food, cosmetic and 
pharmaceutical industries. (US Patent, Rejuvenation Labs, grant # R0602289). 
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We have developed an efficient decarbonylative Heck coupling based synthesis using benzoyl 
chlorides and acetoxy styrene to selectively produce stilbenes which includes resveratrol and 
various ester analogs. Many of these compounds possess improved stability and bio-activity 
compared to resveratrol. The catalyst for the coupling is formed from palladium (II) acetate and a 
bulky N-heterocyclic carbene ligand employed in toluene with added base, N-ethylmorpholine. 
Inexpensive 3,5-protected resocylic acid is converted to the acid chloride precursor allowing for 
efficient decarbonylative Heck coupling to access protected stilbene intermediates. Deprotection 
then allows for formation of various analogs with substituents placed at the 3, 5, and 4’-positions. 
Substrate and catalyst variations will be presented along with reaction conditions used to provide 
numerous products including the promising analog 4’-acetoxyresveratrol (4RV). 
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The spectroscopic properties of resveratrol in polar solvents at 23°C were studied by steady-state 
absorption, emission spectra and time-resolved emission spectra (TRES), as well. Seven polar 
solvents were used: water, ethyl acetate, propanol, propylene glycol, acetone, ethanol, formamid. In 
formamid and propylene glycol solutions well structured spectra were measured with three local 
maxima at 370, 388, 411 nm and 370, 392, 402 nm, respectively. For other solvents regular 
structureless spectra were obtained with maximum at 390-400 nm. Two different time components 
of fluorescence were found by time-resolved technique based on streak-camera system. Short-time 
component of 60 to 180 ps is always accompanied by the longer one of 200 ps to even 5,9 ns decay 
time. There is no shift of spectra maximum wavelength is observed, what is typical for polar 
stilbene derivatives. Results are discussed in terms of photoisomerization, intramolecular charge 
transfer and solvatation processes affecting radiation and radiationless deactivation pathways. 
Possible consequences of photo physical properties for resveratrol activity is also discussed. 
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This work demonstrates how table grape irradiation with light resonantly absorbed by their 
polyphenols, as for example, trans-resveratrol can not only produce phenolics elicitation but also 
selectively increase their post-harvest resistance to microbial infection. Table grapes were irradiated 
with laser pulses at two different wavelengths: one selected at 302.1 nm, i.e. resonant with the trans-
resveratrol absorption band, and another selected at 300 nm, that is a non-resonant wavelength 
where trans-resveratrol absorption is negligible. Attenuated Total Reflectance Fourier Transformed 
Infrared Spectroscopic analyses of the irradiated grapes´ skin showed selective enhancement of 
trans-resveratrol and polyphenols content when the resonant wavelength was employed. 
Furthermore, microbiological analysis performed with non treated (control), non-resonant and 
resonantly irradiated grapes demonstrated how the last samples developed a significantly lower 
number of colony forming units after cultivation in adequate media. The potentiality of this non-
invasive method to enhance the health status of fruits will be finally remarked. 
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One of the possible approaches in drug discovery is chemical modifications of known molecules 
with established pharmacological actions. Therefore, analogues of resveratrol, a 
chemopreventive/therapeutic agent, have been designed and their bioactivities were extensively 
examined with respect to chemoprevention and cancer therapy. Among multitargeting action of 
resveratrol, its inhibitory effect on cytochromes P450 is considered, however some of resveratrol 
analogues appeared to be much more effective as inhibitors.  
In our studies, a series of trans-stilbene derivatives containing 4’-thiomethyl substituent were 
prepared by the Wittig-Horner reaction of the diethyl methylthiobenzylphosphonate with the 
methoxylated benzaldehydes in DMF using sodium hydride as a base. The inhibitory activities of 
synthesized compounds on human recombinant cytochrome P450(s): CYP1A1, CYP1A2, and 
CYP1B1 were evaluated to find a potent inhibitor of enzymes activating procarcinogens, mainly 
CYP1B1, a tumor-specific enzyme that catalyzes the formation of potentially genotoxic estradiol 
metabolites. Additionally, for CYP1A2 automated docking was used to provide information about 
enzyme-ligand interactions and possible site of metabolism. 
In the CYP1B1 inhibition assay, 2-methoxy-4’-thiomethyl-trans-stilbene, 2-chloro-4’-thiomethyl-
trans-stilbene and 3-methoxy-4’-thiomethyl-trans-stilbene were found to be the most potent 
inhibitors. Interestingly, 3,4,5-trimethoxy-4’-thiomethyl-trans-stilbene, an analogue of DMU-212 
(3,4,5,4’-tetramethoxy-trans-stilbene) that is a novel promising candidate for cancer therapy, was an 
effective inhibitor of all isozymes of CYP1, however its action was not selective. Whereas, 2,3,4-
trimethoxy-4’-thiomethyl-trans-stilbene, appeared to be the most selective inhibitor of the 
isoenzymes CYP1A1 and CYP1B1 displaying extremely low affinity to CYP1A2. To explain this 
finding, molecular modeling of binding orientations of stilbene derivatives in CYP1A2 active center 
was performed with the use of Accelrys Discovery Studio program. Computational analysis 
revealed the binding poses of stilbenes as CYP1A2 ligands and determined the putative site of 
metabolism. The inhibitory activity of thiomethylstilbenes seems to be promising. The further 
studies however, are needed to prove their usefulness as stilbene-derived drug candidates in anti-
tumor therapy. 
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Resveratrol has been reported to possess a variety of biological activities including the ability to 
inhibit the proliferation of several cancer cell lines. However, resveratrol does not always kill tumor 
cells and its bioavailability is limited. Recently numerous classes of compounds with stilbene 
backbone have been investigated for their biological activity concerning cancer prevention and 
treatment. Our previous study showed that modification of stilbene derivatives with thiomethyl 
group increased the selectivity and inhibitory potency of these compounds toward cytochrome P450 
isoenzymes. In this study we evaluated the effect on cells’ viability, the ability to induce apoptosis, 
and modulate microtubule polymerization of a series of newly synthesized 4’-thiomethyl-trans-
stilbene derivatives differing in a number and position of additional methoxy groups in MCF7 
breast cancer cells. The effects of these modified stilbenes were investigated and compared using 
MTT assay, measurement of the mitochondrial transmembrane potential by flow cytometry, and 
tubulin polymerization spectrophotometric assay. 
Compared to resveratrol all its thiomethyl analogs exerted similar growth inhibition of MCF7 cells 
with the compounds S7 (3,4,5-trimethoxy-4’-thiomethyl-trans-stilbene) and S8 (2,4,5-trimethoxy-
4’-thiomethyl-trans-stilbene) being significantly more active than a mother compound (IC50 values 
3µM for S7 and 9µM for S8 compared to 30µM of resveratrol). The anti-proliferating effect of 
these compounds was correlated with their ability to induce apoptosis by dissipation of the 
mitochondrial transmembrane potential and inhibition of tubulin polymerization in in vitro assay. 
These results indicate that compared to resveratrol, its novel thiomethyl analogs have higher anti-
tumorigenic activity, which is likely related to modulation of multiple cellular targets. 
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Thank you for participating!  
 
We hope you have enjoyed the conference as well as your stay in the historic 
Elsinore in Denmark. 
 
 
We would like to ask for your feedback on the conference. Therefore, please fill in 
the short evaluation form that we have handed out together with this conference 
booklet. We would appreciate it very much if you would take the time to do so and 
hereby assist us in perfecting the foundations for the the 2nd International 
conference of Resveratrol and Health!  
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