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Summary 

The present review is intended to focus on naturally occurring 

cytoprotective agents such as resveratrol (trans-3,4’,5-

trihydroxystilbene) and other related compounds, probably with 

similar molecular mechanisms of action and high capacity to find 

applications in medical fields. Several physiological aspects have 

been ascribed to resveratrol and similar compounds. Resveratrol, 

among others, has been recently described as a silent 

information regulator T1 (SIRT1) activator that increases AMP-

activated protein kinase (AMPK) phosphorylation and reduces the 

oxidative damage biomarkers during aging in laboratory settings. 

The reports on resveratrol and other SIRT1 activators from 

various sources are encouraging. The pharmacological strategies 

for modulation of sirtuins by small molecules through allosteric 

mechanisms should gain a greater momentum including human 

research. Resveratrol and resveratrol-like molecules seem to 

fulfill the requirement of a new horizon in drug research since 

these molecules cover a growing research means as antioxidants 

with allosteric mechanism in epigenetic drug targets. However, 

one should keep in mind the challenges of extrapolation of basic 

research into clinical results. Overall, the issue of sirtuins in 

biology and disease provides an insight on therapeutic potentials 

of sirtuin-based therapeutics and demonstrates the high 

complexity of drug-targeting these modalities for human 

applications.  
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Introduction 

Oxidative injury is well known to be associated 
both with the process of organism aging and with several 
chronic diseases that include among others, diabetes, 
atherosclerosis, age-related macular degeneration, 
cataract and Alzeheimer’disease. Moreover, oxidative 
stress that can be induced by toxins and environmental 
factors, leads to the accumulation of reactive 
oxygen/nitrogen species (ROS/RNS), further causing 
misbalance in pro-oxidant/antioxidant steady state. 
Protein crosslinking, lipid peroxidation, mitochondrial 
dysfunction and induction of cell death pathways are 
among the proposed mechanisms of cellular damage due 
to this misbalance (Jaeschke 2011, Jaeschke et al. 2012, 
Yeum et al. 2010). Foods, such as vegetables and fruits, 
rich in antioxidants are correlated with reduced risk of 
several chronic diseases. However, a recent meta-analysis 
of randomized trials, that included subjects treated with 
high doses of some antioxidants (e.g. beta-carotene, α-
tocopherol), demonstrated various health problems 
(Christen et al. 2008, Dauchet et al. 2006, Dherani et al. 
2008). As expected, it is likely that physiological doses of 
antioxidants combination, that might be included in 
adequate fruit and vegetable diet, are required to establish 
an effective antioxidant network in vivo.  

Most of the basic science literature contains 
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enormous numbers of molecules that promise to 
ameliorate almost any disease ranging from curing cancer 
to slowing the aging process itself. On the other hand 
most of these compounds were not sufficiently evaluated 
in humans. The present article is not intended to overview 
antioxidants of various sources but rather to focus on few 
naturally occurring cytoprotective agents such as 

resveratrol and curcumin. These polyphenolic compounds 
found in plant have a high potential to find applications in 
medical fields. Resveratrol (trans-3,5,4’-trihydroxy-
stilbene, Fig. 1) has been detected in fruits and some 
flowering plants, however, its major dietary sources 
include grapes, wine, peanuts, and peanut products. 

 

 
 
 
Fig. 1. Sirtuin activators of natural (resveratrol, curcumin and quercetin) and synthetic (SIRT1720) origin. 
 
 

 Curcumin (Fig. 1) belongs also to a class of 
natural phenols called curcuminoids that are isolated from 
the Indian plant Curcuma longa. This phytochemical is 
highly consumed worldwide as a food coloring agent, 
food additive and it is a main component of the popular 
yellow spice turmeric. For many years, this substance has 
been largely used as a healing agent in much of the Indian 
and Chinese traditional medicine. Recently, however, 
curcumin has attracted attention of researchers due to its 
speculated anti-cancerous, anti-oxidant and anti-
inflammatory properties (Aggarwal et al. 2007, Darvesh 
et al. 2012). Currently this drug is undergoing clinical 
trials for various cancers and neurodegenerative diseases, 

particularly Alzheimer’s disease (Hatcher et al. 2008). Its 
application in the treatment of Alzheimer’s diseases is 
based on its ability to inhibit myeloid plaque formation; 
as well it has been shown to improve cognitive abilities 
of the elderly in small scale populations (Ng et al. 2006, 
Sikora et al. 2010).  
 Quercetin (Fig. 1) is another polyphenol isolated 
from natural sources including fruits (apples, 
cranberries), vegetables (onion, broccoli), tea leaves 
(Camellia sinensis), and grains (buckwheat). By itself, 
quercetin is the aglycone portion of several other 
flavonoid glycosides, including rutin and quercetrin, 
where it is bound to sugars such as rhamnose and 
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rutinose. These polyphenols are also responsible for 
several health benefits of consuming fresh fruits and 
vegetables and are attractive focus of the current 
investigations. Several studies have shown quercetin to 
possess anti-inflammatory, anti-oxidant and anti-
cancerous properties involving several different 
mechanisms (Chirumbolo 2010). Cardiovascular studies 
have demonstrated that quercetin is a potent antioxidant 
that prevents depletion of a potent vasodilator, nitric 
oxide (NO), by scavenging free O2

-, and thus lowering 
hypertension. Furthermore, in small-scale 
epidemiological studies done on hypertensive patients, 
quercetin improved blood pressure and decreased 
oxidized LDL concentrations (Edwards et al. 2007, Egert 
et al. 2009, Galleano et al. 2010). As well, a small 
number of studies on hepatocytes have demonstrated 
quercetin’s antioxidant potential where it increased 
antioxidant capacity of the hepatocytes, decreased pro-
oxidant and inflammatory mediators and modulated 
expression of several antioxidant genes (Bharrhan et al. 
2012, Ghosh et al. 2011, Jo et al. 2008, Weng et al. 2011, 
Zhao et al. 2011). Thus, given these encouraging findings 
of quercetin as a potent antioxidant, it is equally 
important to test this substance in its potential to 
ameliorate other diseases. 
 As for the focus of this review article, resveratrol 
represents an example to highlight the enormous 
difficulties in understanding general pharmacological 
profiles, determining side effects, and, ultimately, 
establishing mechanisms of action for a natural 
compound that belongs to the present topic (Smoliga et 
al. 2012). Resveratrol has multiple biological and 
pharmacological properties including antioxidant and 
anti-inflammatory effects. These properties were 
observed from classical studies reporting the beneficial 
effects of red wine which contains resveratrol in 
preventing cardiovascular disease, a phenomenon known 
as “French Paradox”. This paradox refers to the fact that, 
in that geographical region, they have relatively low 
incidence of heart disease, despite the consumption of 
cheese and food high in fat. Although, this beneficial 
effect is mainly due to alcohol, resveratrol may add 
additional benefit. More recently, scientists have been 
exploring whether resveratrol could extend lifespan as 
well. The intention is that resveratrol or a chemically 
related compound might mimic the effects of a restricted 
diet, which has been shown to extend the life of mice 
(Baur 2010). A low level of caloric intake appears to be 
linked with activation of the class of proteins known as 

sirtuins that regulate metabolism, and are activated by 
natural substances such as resveratrol, which is very 
effective, experimentally, in this respect. Recent studies 
in this research area gave a cautious impression in that 
results involving in vitro or in vivo studies often do not 
translate into drugs that work in humans. The 
experiments conducted so far have been based on a wide 
range of resveratrol dosage that would be impractical for 
human application. We have the relatively recent 
example of GlaxoSmithKline’s concluded phase IIa study 
of SRT501 (a resveratrol pharmaceutical formulation in 
relatively high dose of resveratrol – 5 grams of SRT501 
in advanced multiple myeloma). It was explained by the 
manufacturers that SRT501 offers minimal efficacy while 
having a potential to indirectly exacerbate a renal 
complication common in the patient population with 
multiple myeloma. Therefore researchers are hoping to 
find a way to concentrate the effect into a safe dose 
within an effective therapeutic range (Smoliga et al. 
2012). 
 Additionally, the protective role of resveratrol 
and other polyphenols against a number of hepatic 
injuries (e.g. cholestasis) due to oxidative damage of 
primary rat hepatocytes was reported by several authors 
including our own in vivo and in vitro results (Ara et al. 
2005, Cerný et al. 2009, Cerný et al. 2011, Farghali et al. 
1994a,b, Farghali et al. 2009, Hebbar et al. 2005, Lekić et 
al. 2011, Kutinova-Canova et al. 2012, Wu et al. 2005, 
Yang et al. 2005). In addition, intraperitoneal 
administration of resveratrol in rats with ligated bile ducts 
maintained antioxidant defenses and reduced liver 
oxidative damage and ductular proliferation. Also, other 
naturally occurring substances of plant origin have been 
claimed to possess hepatoprotective actions and these 
include curcumin, tetrahydrocurcumin, catechin, 
quercetin and beta-carotene (Auger et al. 2005, Manda 
and Bhatia 2003, Pari and Murugan 2004, Raza et al. 
2003). 
 Several other physiological aspects have been 
ascribed to resveratrol and polyphenolic compounds. 
Among these effects is the ability of resveratrol to 
attenuate obesity-associated peripheral and central 
inflammation and to improve memory deficit in mice fed 
high-fat diet (Jeon et al. 2012). Obesity-induced diabetes 
was shown to be associated with chronic inflammation 
and is considered a risk factor for neurodegeneration. It 
was hypothesized that an AMP-activated protein kinase 
(AMPK) activator, resveratrol, which is known to exert a 
potent anti-inflammatory effects, would attenuate 
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peripheral and central inflammation and improve memory 
deficit in mice fed a high-fat diet (HFD). Resveratrol 
treatment reduced hepatic steatosis, macrophage 
infiltration, and insulin resistance in HFD-fed mice. In 
the hippocampus of HFD-fed mice, the protein levels of 
pro-inflammatory tumor necrosis factor-alpha (TNF-α) 
and ionized calcium binding adaptor molecule 1 (Iba1) 
expression were reduced by resveratrol treatment. 
Choline acetyltransferase was increased, and the 
phosphorylation of tau protein was decreased in the 
hippocampus of HFD-fed mice upon resveratrol 
treatment. The authors found that resveratrol significantly 
improved memory deficit in HFD-fed mice (Jeon et al. 
2012). These findings indicate that resveratrol reverses 
obesity-related peripheral and central inflammation and 
metabolic derangements and improves memory deficit in 
HFD-fed diabetic mice.  
 Resveratrol has been found to interact with 
multiple molecular targets, many of them associated with 
inflammation and immunity, thus its potential use in 
therapy of immune-mediated diseases was also reported 
(Švajger and Jeras 2012). Indeed, it has been shown to act 
directly on central players of both innate and adaptive 
immunity, such as macrophages, lymphocytes, and 
dendritic cells. Generally, resveratrol has been identified 
as a phytoalexin, antioxidant, cyclooxygenase (COX) 
inhibitor, peroxisome proliferator-activated receptor-
alpha (PPAR-α) activator, endothelial nitric oxide 
synthase (eNOS) inducer, silent mating type information 
regulation 2 homolog 1 (SIRT1) activator belonging to a 
superfamily known as sirtuins whose name stems after 
their homology to the Saccharomyces cerevisiae gene 
silent information regulation-2 (Sir2).  
 Recent reviews on resveratrol and other SIRT1 
activators from various sources are encouraging (Nakata 
et al. 2012, Villalba et al. 2012). This is related to 
developing strategies to protect against diet-induced 
metabolic imbalance, which is necessary in order to fight 
against current obesity. It was suggested that the 
hypothalamus is a target for developing novel drugs that 
suppress SIRT1 degradation, as a strategy for treating 
metabolic syndrome. Deciphering the basic mechanism of 
sirtuin activators is essential to develop certain strategies 
to alter sirtuin activity. This is true regardless of the 
apparent controversy of whether in vitro activation of 
SIRT1 is direct or not, depending on the experimental 
design, and whether sirtuins may play a major role in 
longevity. The numerous studies on their positive effects 
against age-related diseases, obesity and other metabolic 

disorders are still valid, promising to positively influence 
the development of treatments to improve human health 
(Villalba et al. 2012). 
 In fact, resveratrol and similar compounds are 
attractive molecules that represent potential epigenetic 
targets in drug discovery with allosteric mechanism as 
will be discussed in the next sections. 
 
Resveratrol and epigenetic drug target 
 
 Before discussing resveratrol as an epigenetic 
drug target, it is reasonable to shortly shed light on this 
topic, in so far as drug effect is concerned, in order to 
understand how some drugs may act. Epigenetics, at the 
molecular level, involves the dynamic regulation of 
covalent modifications to the histone proteins and DNA 
that influence gene expression and silencing, apoptosis, 
maintenance of stem cell pluripotency, X-chromosome 
inactivation and genomic imprinting without affecting 
DNA sequence (Sippl and Jung 2009). Therefore, 
epigenetics is considered as the conduit from genotype to 
phenotype. The epigenetic techniques emphasize the 
histone code and examine the utility of small molecule 
modulators of enzymes that modify histones and DNA. 
The dynamic remodeling of chromatin is essential to 
most DNA-based nuclear processes and it comes as no 
surprise that epigenetic changes are implicated not only 
in normal development but also in various diseases. The 
large set of structural knowledge already obtained on 
epigenetic targets pave the way for drug design studies to 
act on major biological processes such as development, 
aging, diseases and cancer. 
 Among the basic knowledge gained on catalytic 
domains of the main histone modifying enzymes are 
histone deacetylases. Histone deacetylases (HDACs) 
catalyze the removal of acetyl groups from epsilon-N-
acetylated lysine in a nucleosomal context, ensuring the 
reversibility of histone acetylation. Histone deacetylation 
is often associated with transcriptional repression and 
gene silencing, since it promotes chromatin of higher 
order structures and the recruitment of silencers. Among 
this superfamily is a HDACs class III which includes 
NAD+-dependent deacetylases known as sirtuins (silent 
information regulator 2-related proteins). In the next 
section, we will discuss how resveratrol alters sirtuins in 
a specific mechanism that involves the concept of 
allosteric modulation. 
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Resveratrol as an allosteric modulator of the 
regulatory target SIRT1 
 
 Allosteric modulation of a receptor or a 
regulatory protein results from the binding of allosteric 
modulators to a "regulatory site" which is different from 
that of the endogenous ligand (an "active site") and 
enhances or inhibits the effects of the endogenous ligand. 
Under normal circumstances, allosteric modulators act by 
causing a conformational change in a receptor molecule, 
which results in a change in the binding affinity of the 
endogenous ligand. In this way, an allosteric ligand 
modulates the receptor's activation by its primary 
(orthosteric) ligand, and could act like a dimmer switch in 
an electrical circuit, adjusting the intensity of the 
response. A classical example is the GABAA receptor 
which has two active sites, one at which the 
neurotransmitter gamma-aminobutyric acid (GABA) 
binds, as well as the benzodiazepine and general 
anesthetic agent regulatory binding sites. These 
regulatory sites can each produce positive allosteric 
modulation, potentiating the activity of GABA.  
 As a concept, allosterism was developed more 
than 50 years ago by Monod and coworkers to provide a 
framework for interpreting experimental studies on the 
regulation of protein function (Monod et al. 1965, 
Peracchi and Mozzarelli 2011). Basically, binding of a 
ligand at an allosteric site affects the function at a distant 
site exploiting protein flexibility and reshaping protein 
energy landscape. Both monomeric and oligomeric 
proteins can be allosteric. In the past decades, the 
behavior of allosteric systems has been analyzed in many 
investigations while general theoretical models and 
variations thereof have been steadily proposed to interpret 
the experimental data.  
 Allostery has been established as a fundamental 
mechanism of regulation in all organisms, governing a 
variety of processes that range from metabolic control to 
receptor function and from ligand transport to cell 
motility. A number of studies have shed light on how 
evolutionary pressures have favored and molded the 
development of allosteric features in specific 
macromolecular systems. The widespread occurrence of 
allostery has been recently exploited for the development 
and design of allosteric drugs that bind to allosteric sites 
leading to gain of function or loss of function. For 
example, small molecule activators of SIRT1 have been 
developed as therapeutics for the treatment of type 2 
diabetes (Milne et al. 2007). Similarly to resveratrol, 

these compounds bind to the SIRT1 enzyme-peptide 
substrate complex at an allosteric site amino-terminal to 
the catalytic domain and increase the affinity for 
acetylated substrates. In the next section we will describe 
how resveratrol acts as an allosteric modulator of the 
regulatory protein SIRT1. 
 
Molecular mechanism aspects of resveratrol 
actions 
 
 Several thousands of articles exist that deal with 
the biology and pharmacology of resveratrol, including 
many recent reports dealing with the molecular 
mechanisms of resveratrol´s cytoprotection (Suchankova 
et al. 2009, Wong et al. 2009). The vast interest in 
resveratrol which inspired enormous number of studies 
has led to the identification of multiple molecular targets 
of resveratrol (Athar et al. 2009, Pervaiz and Holme 
2009, Smoliga et al. 2011, Smoliga and Rundell 2011). 
 Several potential beneficial effects of resveratrol 
could be attributed to its general effects as antioxidant 
(Aftab et al. 2010), anti-inflammatory (Bereswill et al. 
2010), alteration of drug metabolizing enzymes (Chow et 
al. 2010), inhibition of cyclooxygenases (Wendeburg et 
al. 2009), and importantly specific effects on proteins 
and/or signaling cascades as SIRT1 and AMPK 
(Fullerton et al. 2010, Xiong et al. 2011) that are 
summarized in an inclusive table by Smoliga et al. 
(2012). Hereby, we shed light on the most studied 
molecular mechanisms of resveratrol action, specifically 
with SIRT1, which controls a number of other regulatory 
factors associated with metabolism and inflammation as 
depicted in Fig. 2.  
 Resveratrol, as a SIRT1 activator, increased 
AMPK phosphorylation and reduce oxidative damage 
biomarkers during aging in F 2 hybrid mice (Wong et al. 
2009). In addition, recent reports indicate intricate 
relationships between resveratrol, nuclear factors, 
autacoids and cytoprotection in various cells, tissues or 
organs. For instance in one study, resveratrol suppressed 
lipopolysaccharide (LPS)-induced nuclear translocation 
and activation of nuclear factor kappa B (NF-κB) in C6 
microglia demonstrating an inhibiting effect of 
resveratrol on pro-inflammatory responses in microglia 
(Kim et al. 2007). Similar finding about the protective 
effect of resveratrol as an inhibitor of NF-κB-mediated 
vascular cell adhesion molecule (VCAM-1) induction 
was reported (Carluccio et al. 2007). Recently, NF-κB 
was suggested as a target for drug therapy in liver 

http://en.wikipedia.org/wiki/Dissociation_constant#Protein-ligand_binding
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diseases where resveratrol was among several agents that 
inhibits the aforesaid transcription factor. The fact that 
NF-κB has been associated with the induction of pro-
inflammatory gene-expression makes research on agents 
which inhibit NF-κB an interesting current topic. Even 
other findings on experimental animals demonstrate that 
treatment with resveratrol can reduce structural airway 
remodeling changes and hyperreactivity which has 

important implications for the development of new 
therapeutic approaches to asthma (Royce et al. 2011). 
However, NF-κB has been considered as an anti-
inflammatory factor in certain situations and thorough 
understanding of the function of the diverse NF-κB 
factors is needed to examine its relation with resveratrol 
or similar drugs with cytoprotective effects. 

 

 
 
Fig. 2. Proposed molecular mechanisms by which SIRT1 and AMPK activate each other and control other regulatory factors associated 
with metabolism and inflammation as they are described in the text (→ activation, ┴ inhibiton). ACC, acetyl-CoA carboxylase; AMPK, 
AMP-activated protein kinase; eNOS (NOS-1), endothelial nitric oxide synthase; FOXOs, forkhead box-containing proteins; HO-1, 
inducible heme oxygenase; LKB1, liver kinase B1; NAD+, nicotinamide adenine dinucleotide; NOS-2, inducible nitric oxide synthase; 
PPAR-γ, peroxisome proliferator-activated receptor-γ; PCG-1α, PPAR-γ coactivator-1α; NF-κB, nuclear factor kappa-B; SIRT1, silent 
information regulator T1; VCAM-1, vascular cell adhesion molecule-1. 
 
 

 In our studies, we have investigated effects of 
resveratrol pretreatment on the enhancing action of D-
Galactosamine (D-GalN) on LPS-induced liver failure in 
rats (Farghali et al. 2009) and in immobilized perfused 
hepatocytes as a short term bioreactor model with a 
chemical prooxidant (Cerný et al. 2009, Farghali et al. 
1994b). Liver function was assessed together with plasma 
nitrite as a measure of NO, estimation of nonenzymatic 
and enzymatic antioxidants was performed in plasma and 
liver homogenate and morphological examinations were 
performed using light and electron microscopy. 
Observations related to pharmacological increases of 
inducible nitric oxide synthase (NOS-2) / NO and 
inducible heme oxygenase (HO-1) / carbon monoxide 

(CO) in fulminant hepatic failure and modulation by 
resveratrol were followed up by real-time reverse 
transcription PCR (RT-PCR) in liver tissue. In the last 
study we found that reduction in NO production, down-
regulation of NOS-2 expression, modification of 
oxidative stress parameters and modulation of HO-1 are 
among the mechanisms responsible for the cytoprotective 
effect of resveratrol in the LPS/D-GalN liver toxicity and 
tert-butylhydroperoxide-induced hepatocyte toxicity 
models. This led to the overall improvement in 
hepatotoxic markers and morphology after the hepatic 
insult by resveratrol pretreatment.  
 From these results and due to the cardinal 
importance of sirtuins in the mode of action of resveratrol 
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through AMPK activity, the next section will focus on 
this intricate inter-relationship. 
 
What could be the pharmacologic benefits 
from SIRT1 activators? 
 
 Sirtuins constitute a family of highly conserved 
nicotinamide adenine dinucleotide (NAD+)-dependent 
enzymes that deacetylate histones and residues of 
acetylated lysine. A common feature of the activity of 
sirtuins is their dependence on intracellular ratio of NAD+ 
and its reduced form NADH. Sirtuins are reported to act 
as sensors that detect cellular energy availability leading 
to metabolic benefits (Chaudhary and Pfluger 2009), as 
calorie restriction extends lifespan in organisms ranging 
from yeast to mammals (Lin et al. 2004). It is shown that 
the mammalian Sir2 orthologue, SIRT1 (sirtuin 1), 
activates a critical component of calorie restriction in 
mammals; that is, fat mobilization in white adipocytes 
(Picard et al. 2004).  
 Recent studies suggest a key role for the 
mammalian SIRT1 in adequate cellular response to 
metabolic stress such as nutrient deprivation or overload 
and that SIRT1 and its activators play role in protection 
from the detrimental effects of metabolic stressors 
(Chaudhary and Pfluger 2009, Feige et al. 2008). A key 
role in the regulation of adipogenesis is played by the 
nuclear receptor PPAR-γ (peroxisome proliferator-
activated receptor-gamma) (Spiegelman 1998). Indeed, 
upon food withdrawal SIRT1 protein binds to and 
represses genes controlled by the fat regulator PPAR-γ, 
including genes mediating fat storage. SIRT1 represses 
PPAR-γ by docking with its cofactors NCoR (nuclear 
receptor co-repressor) and SMRT (silencing mediator of 
retinoid and thyroid hormone receptors). Mobilization of 
fatty acids from white adipocytes upon fasting is 
compromised in SIRT1 (+/-) mice. Repression of PPAR-γ 
by SIRT1 is also evident in 3T3-L1 adipocytes, where 
over-expression of SIRT1 attenuates adipogenesis, and 
RNA interference of SIRT1 enhances it. In differentiated 
fat cells, up-regulation of SIRT1 triggers lipolysis and 
loss of fat (Picard et al. 2004). As reduction in fat is 
sufficient to extend murine lifespan, the above-mentioned 
results provide a possible molecular pathway connecting 
calorie restriction to life extension in mammals. 
 In a study using liver-specific SIRT1-knockout 
mice, Chen et al. (2008) challenge the assumption that 
calorie restriction always activates SIRT1 in all tissue 
types by demonstrating that SIRT1 activity is reduced in 

the liver during calorie restriction, yet activated when 
mice are fed a high calorie diet. The study determines that 
liver-specific SIRT1-knockout mice have at least some 
protection, compared with wild-type mice, from 
accumulating fat while on a high-calorie diet. In contrast, 
while under calorie restriction, the liver-specific knockout 
mice have the same phenotype as wild-type mice. These 
observations suggest that hepatic SIRT1 may be 
inactivated during calorie restriction in normal mice and 
activated while on a high-calorie diet, opposite to what 
occurs in the muscle and the white adipose tissue that can 
be explained by different redox status and NAD/NADH 
ratio in the liver from other tissues under study 
conditions. It might raise the interesting possibility that 
SIRT1 inhibitors specifically targeted to the liver may be 
of benefit in treating obesity. Indeed, SIRT1 acts as 
cellular energy sensor that links metabolic stressors with 
an adequate cellular response. In the liver, SIRT1 
activates PGC-1α (PPAR-γ coactivator-1α) during fasting 
to induce gluconeogenesis (Rodgers et al. 2005, Yang et 
al. 2007, Yeung et al. 2004). 
 Recent evidence demonstrates that there are 
similarities between AMPK (adenosine 5´-
monophosphate-activated protein kinase) and SIRT1. 
They have similar effects on diverse processes such as 
cellular fuel metabolism, inflammation, and 
mitochondrial function. These similarities are due to the 
fact that AMPK and SIRT1 have regulatory influence on 
each other and share many common target molecules 
(Ruderman et al. 2010). These findings and the 
concurrent demonstration by many laboratories of 
common activators, actions, and target molecules of 
SIRT1 and AMPK led to an examination of a possible 
linkage between SIRT1 and the primary upstream AMPK 
kinase, LKB1 (liver kinase B1). For example, the 
evidence for a SIRT1/LKB1/AMPK signaling 
mechanism was reported by Hou et al. (2008) who 
demonstrated that the ability of polyphenols (resveratrol, 
SI 17834) to activate AMPK in cultured HepG2 cells and 
mouse liver in vivo required the presence of both SIRT1 
and LKB1. Likewise, in studies carried out 
predominantly in HepG2 cells, Suchankova et al. (2009) 
noted that incubation with 25 vs. 5 mM glucose (6 h) or 
the SIRT1 inhibitor nicotinamide (10 mM, 2 h) down-
regulated the activity of both AMPK and SIRT1 
(indicated by increased PGC-1α acetylation), whereas 
incubation with pyruvate and the SIRT1 activator 
quercetin increased both of their activities. Similar effects 
of pyruvate and glucose on SIRT1 had been described 
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previously in primary hepatocytes, suggesting that they 
are not unique to HepG2 cells (Rodgers et al. 2005). 
 Another important target for SIRT1 is NF-κB, 
a regulator of many processes, including cell cycle, 
apoptosis, and inflammation. SIRT1 down-regulates NF-
κB-mediated pro-inflammatory effects by deacetylating 
the RelA/p65 subunit of NF-κB (Yang et al. 2007, Yeung 
et al. 2004). It is well-documented that chronic 
overfeeding, by increasing circulating fatty acids, might 
lead to inflammation, insulin resistance and injury in the 
liver (Mollica et al. 2011). SIRT1-overexpressing 
transgenic mice have decreased hepatic NF-κB activity, 
which protects from high-fat diet/lipid-induced hepatic 
inflammation, glucose intolerance, and nonalcoholic fatty 
liver disease (NAFLD) (Pfluger et al. 2008). Another 
study by Lee et al. (2009) finds that SIRT1-mediated 
attenuation of NF-κB signaling prevents cytokine-
induced pancreatic β-cell damage. 
 The SIRT1 network is elegantly reviewed very 
recently by Kazantsev and Outeiro (2012), who discussed 
studies on human SIRT1, which illuminate functional 
relationships of gene–protein interactions, controlling 
major metabolic pathways and the possibility of rational 
design of SIRT1 effectors. Overall, the issue of “sirtuins 
in biology and disease” provides an insight on therapeutic 
potentials of sirtuin-based therapeutics and demonstrates 
the high complexity of drug-targeting these modalities for 
human applications. 
 
Do we have small molecules as sirtuin 
modulators? 
 
 Milne et al. (2007) identified novel small-
molecule SIRT1 activators with 1000-fold higher 
pharmacologic potency compared with the structurally 
unrelated polyphenolic SIRT1 activator, resveratrol. 
Obese rodent models treated with these SIRT1 activators 
show improved whole-body glucose homeostasis and 
insulin sensitivity in liver, skeletal muscle, and adipose 
tissue, as well as an increased mitochondrial capacity in 
skeletal muscle. A very potent SIRT1 agonist, SRT1720 
(Fig. 1), further increases endurance and enhances 
oxidative metabolism in muscle, liver, and brown adipose 
tissue, which might contribute to the observed protection 
from diet-induced obesity (Feige et al. 2008). Such 
increased metabolic performance might be induced by 
concerted deacetylation of the SIRT1 substrates PGC-1α, 
p53, FOXO-1 (forkhead box-containing protein-1) and 
FOX (forkhead box) proteins (a family of transcription 

factors that play important roles in regulating the 
expression of genes involved in cell growth, proliferation, 
differentiation, and longevity). SIRT1-mediated, indirect 
activation of AMPK and phosphorylation of acetyl-CoA 
carboxylase (ACC) might also contribute to the observed 
protection from NAFLD in SRT1720-treated mice fed a 
high-fat diet. Interesting reports on small-molecule 
SIRT1 activators also suggest promising new therapeutic 
approaches to treat metabolic diseases such as type 2 
diabetes or NAFLD (Milne et al. 2007). Resveratrol, that 
is the most widely studied activator of SIRT1, as a small 
polyphenol improves insulin sensitivity and vascular 
function, boosts endurance, inhibits tumor formation, and 
ameliorates the early mortality associated with obesity in 
mice. Most of these effects are consistent with the 
modulation of SIRT1 targets, such as PGC-1α and NF-
κB. Moreover, it also activates AMPK, inhibit 
cyclooxygenases, and influence a variety of other 
enzymes (Baur 2010). The novel activator, SRT1720, as 
well as various methods to manipulate NAD+ 
metabolism, are emerging as alternative methods to 
increase SIRT1 activity, and in many cases recapitulate 
effects of resveratrol.  
 The role of sirtuins in modulating redox stressor 
and the links between sirtuins and their oxidative/redox 
environment and reviewing the control mechanisms that 
are regulated by the activity of sirtuin deacetylase 
proteins was reported recently (Webster et al. 2012). It is 
expected that pharmacological strategies for modulation 
of sirtuins by small molecules through allosteric 
mechanisms will gain a greater momentum including 
human research as was suggested in earlier reports (Dai et 
al. 2010, Sauve 2009). 
 
Conclusion 
 
 Although allosteric drug sites and epigenetic 
targets in drug discovery have been studied for several 
years, more studies are needed in this area. Antioxidants, 
which are casually used together with the synthesis of 
new resveratrol-like molecules, are good drug models to 
follow up the various molecular events responsible for 
potential beneficial cytoprotective effects. Indeed, 
resveratrol and resveratrol-like molecules seem to open 
new horizons in drug research since these molecules 
cover a growing research area on antioxidant compounds 
with allosteric mechanism in epigenetic drug targets. 
However, one should keep in mind the challenges of 
extrapolation of basic research into clinical results which 
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is well understandable.  
 In fact, all data give a strong justification for 
further experimental and clinical studies. Moreover, in 
spite of the copious research articles on resveratrol, this 
small structure entity gives further impetus to clinical 
pharmaceutical chemists to do the necessary 
computational biological chemistry and bioinformatics to 
synthesize more potent molecules, which could reproduce 
the required pharmacological and clinical effects. We 
need to investigate all about effects of resveratrol and 

similar compounds in various models in vitro and in vivo 
and then reassemble the results and perform, whenever 
possible, human studies that are very much lacking. 
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