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ABSTRACT

BACKGROUND AND OBJECTIVE: Resveratrol is a natural phytoalexin found in certain plants, such as red
grapes. Several studies confirm the beneficial effects of resveratrol on the cardiovascular system. Similar to many
other polyphenols, resveratrol initiates the intracellular pathways which are activated under energy constraints. This
review aimed to investigate the effects of resveratrol on the cardiovascular health, focusing on the associated cellular
and molecular mechanisms.

METHODS: In this study, we searched for English and Persian articles in PubMed and SID databases using
keywords such as resveratrol, nitric oxide (NO), endothelial, cardiovascular diseases, oxidative stress, vascular
inflammation, cardiac protection and polyphenol. Related articles were mostly published during 2002-2013.
FINDINGS: The initial survey of 72 collected articles indicated that resveratrol is able to neutralize oxidative
species and activate Nrf2 while minimizing antioxidant damage. In addition, this compound enhances vascular
function through increasing the production and bioavailability of NO in blood vessels via the stimulation of estrogen
receptors. On the other hand, resveratrol, similar to calorie restriction, activates SIRT1 which is an NAD-dependent
deacetylase. In addition, resveratrol exerts anti-inflammatory effects on blood vessels through NF-xB and inhibits
platelet aggregation using NO. Resveratrol also provides cardiac protection against reperfusion injuries and is able
to slow down the process of aortic and cardiac hypertrophy resulting in hypotension.

CONCLUSION: Resveratrol affects endothelial function, oxidative stress, vascular inflammation, platelet
aggregation, hypertension, atherosclerosis and cardiac hypertrophy through a variety of mechanisms.
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Introduction

Resveratrol, with the formula of trans-3, 5, 4'-
trihydroxystilbene, is a natural phytoalexin polyphenol
that protects plants against fungi. This substance exists
in low concentrations in peels of red grapes, berries,
peanuts, rhubarb roots and other herbs and plants (1).
Prolonged exposure of grapes to UV radiation or storage
in a cold place could result in the higher accumulation
of this substance by 2-10 times (2). Although this
substance has long been used in the Iranian traditional
medicine for various treatments, resveratrol was first
introduced in 1940 as a natural phenolic compound.
However, it was neglected until the discovery of its
inhibitory effects on cancer cells (3). Resveratrol is also
the main polyphenol substance found in red wine (3).
Some scholars believe that the reason behind the low
incidence of myocardial infarction in France, despite the
high intake of saturated fatty acids, is the regular
consumption of red wine (the French paradox) (4).
Discovery of the effects of French paradox draw the
attention of many researchers to the protective
mechanisms of red wine, especially the associated
cardiovascular benefits.

On the other hand, advances in animal studies have
revealed numerous medical benefits for resveratrol,
including the inhibition of cancer, cardiovascular
diseases, and ischemic damage, as well as the
prevention of Alzheimer's disease (1). Furthermore, this
substance has been shown to have many biological and
pharmacological properties, including anti-
atherosclerosis, anti-hypertensive, antioxidant and anti-
inflammatory  features. It can prevent cardiac
reperfusion-induced damage and enhance blood vessel
function as well.

Despite extensive research on cardiovascular
diseases and the adjunctive therapies, these diseases are
still the leading causes of mortality and morbidity across
the world (5). Therefore, this review article aimed to
investigate the effects of resveratrol on cardiovascular
disorders. On the other hand, in order to translate the
findings of animal studies into beneficial measures for
humans, clinical safety should be considered
paramount. This requires further attention to the
pharmacological studies, as well as the metabolisms and
molecular and cellular mechanisms of resveratrol.

This review article aimed to access the most recent
findings regarding the effects of resveratrol on
cardiovascular disorders, with emphasis on the
molecular and cellular mechanisms of this natural
substance.
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Methods

In the current review, we searched for English and
Persian articles in PubMed and SID databases using
keywords such as resveratrol, nitric oxide, endothelial,
cardiovascular diseases, oxidative stress, vascular
inflammation, cardiac protection, and polyphenol.
Related articles, which were mostly published during
2002-2013, were collected and investigated, and in
order to increase the accuracy of the search, Mesh-based
public keywords and their English equivalents were
used. Initially, a list of titles and article abstracts
existing in the databases was prepared, and the abstracts
were examined in terms of thematic relation.
Afterwards, the articles focusing on the molecular and
cellular mechanisms and cardiovascular protective
effects of resveratrol were closely studied. Studies
conducted in other languages than English, those
unrelated to the research question and studies that were
biased towards the subject were excluded from this
review. Only one researcher controlled the inclusion
and exclusion criteria of the collected articles, and
shorthand brief forms were designated in order to elicit
data, including information on the subject, titles, names
of the journals and authors, as well as on the
mechanisms of resveratrol and the associated
cardiovascular outcomes.

Result

In total, the term “resveratrol” was found in the
titles, abstracts and keywords of 3087 articles in
PubMed database. By limiting the articles to the ones
related to cardiovascular diseases and molecular and
cellular mechanisms, 772 and 72 articles were included,
respectively. As for the SID database, there was only
one research in relation to resveratrol, which mainly
focused on the associated effects of the substance on the
Parkinson’s disease. The obtained results of this study
indicated that resveratrol, through a variety of
mechanisms, applies therapeutic effects on several
conditions such as oxidative stress, vascular
inflammation, platelet aggregation, hypertension,
atherosclerosis and cardiac hypertrophy.
Antioxidant Effects: One of the major features of
resveratrol is the antioxidant properties, which seem to
be caused by the increase in its internal sources of
antioxidants rather than being directly involved in the
collection of reactive oxygen species (ROS) (6).
Resveratrol neutralizes ROS and other reactive species
such as hydrogen peroxide, superoxide and hydroxyl
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radical preventing oxidative damage (7). Furthermore,
resveratrol is able to increase the activity of all the three
superoxide dismutase isoforms in endothelial cells, as
well as the activities of catalase and glutathione
peroxidase in the aorta and smooth cardiac-muscle cells
(8). Moreover, it protects myocardial cells against
ischemia-reperfusion injuries and oxidative stress (9,
10). In addition to neutralizing ROS, resveratrol reduces
the production of these species. Nicotinamide adenine
dinucleotide phosphate (NADPH)-oxidase (NOX) is the
most important enzyme which generates ROS in the
cardiovascular system, and resveratrol decreases the
expression and activity of this enzyme (1, 11). In one
study, by blocking one of the kidney blood vessels of
mice and inducing hypertension in them, resveratrol
was observed to enhance the cardiovascular function
through increasing the endogenous antioxidants and the
inhibition of lipid peroxidation. Furthermore, it was
able to repair the oxidative damage caused by
hypertension in all the cells, including the cardiac
muscle cells (12). For another thing, resveratrol is able
to reduce the rate of ROS-induced cell death through
initiating adenosine monophosphate-kinase (AMPK)
activator in H9c2 cardiac cells (13). The activation of
AMPK results in the conservation of the cellular energy,
and therefore, it activates the catabolic pathways
generating adenosine triphosphate (ATP), which is
produced by mitochondrial and oxidative metabolism.
In addition, AMPK activates SIRT1 (histone/ protein
deacetylase sirtuin 1) through increasing the levels of
cellular nicotinamide adenine nucleotides (NAD).
Resveratrol causes the phosphorylation and activation
of AMPK and subsequently, phosphorylates acetyl-
CoA carboxylase, which leads to a reduction in lipid
biosynthesis and an increase in fatty acid oxidation (14).
Nitric oxide:Resveratrol contributes to the expression
of inducible nitric oxide (NO) synthase (iNOS) (15).
Moreover, it increases the activity of NO in the
endothelial cells through the following mechanisms: 1)
stimulation of gene expression and increasing eNOS-
mRNA stability (endothelial NO synthase) (16); 2)
phosphorylation and deacetylation of eNOS binding to
calmodulin using SIRT1 (18).

Moreover, through affecting the intracellular
arginine and production of eNOS intracellular inhibitors
(23), such as asymmetric dimethylarginine (ADMA),
resveratrol increases the bioavailability of NO in blood
vessels (24). Consequently, it improves vascular
function by increasing the production of NO and its
bioavailability in blood vessels (25) exerting
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antihypertensive, anti-platelet and anti-atherosclerotic
effects (preventing the sticking of leukocytes and
oxidation of low-density lipoprotein) while inhibiting
vascular smooth muscle cell proliferation. Therefore, it
could be inferred that the improvement of vascular
function caused by resveratrol could be due to the
increased production of NO and reduction of ROS. In a
clinical trial, the acute administration of resveratrol (30,
90, 270 mg) resulted in the dilation of the brachial artery
in patients with moderate, untreated hypertension (26).
Sirtuins:As mentioned above, the biological activity of
resveratrol occurs through a variety of molecular
mechanisms. Similar to other polyphenols, resveratrol
initiates intracellular pathways which are activated
during calorie restriction. These pathways are known to
improve health and increase longevity in animals (27).
One of the common features between resveratrol and
calorie restriction is that they both activate SIRT1, an
NAD-dependent deacetylase. In addition, resveratrol
increases the expression of SIRT1 (28) and activates
AMPK. By increasing the expression of NAD-
producing enzymes and shifting the fuel source from
carbohydrates to fat, AMPK makes more NAD
available for SIRT1 (29), eventually leading to the
activation of SIRT1.

The activity of SIRT1 depends on histones and is
associated with various transcription factors such as
P53, tumor protein 53, FOXO-family, and regulators of
metabolism, transcriptional activators, peroxisome
proliferators-activated receptor gamma (PPAR-y) and
proliferator-activated receptor gamma coactivator-1a
(PGC-1a). Consequently, resveratrol  improves
mitochondrial activity and contributes to the gene
expression for the oxidation of fatty acids (30). On the
other hand, through expressing genes such as SIRTL,
SIRT2 and SIRT4, as well as Foxol and Foxo3a,
resveratrol prevents the reduction of cardiovascular
functioning which occurs due to aging (e.g., cholesterol
levels and inflammatory responses).

In addition, SIRT1 levels were observed to increase
in a dose-dependent manner in the endothelial cells of
patients treated by resveratrol. Resveratrol is known to
impede aging in individuals exposed to H202 (31, 32).
It also reduces cardiac apoptosis in mice caused by
doxorubicin through P53 deacetylation using SIRT1
(33). However, the analysis of gene expression profile
of heart suggests that many cardiovascular benefits
resulting from the caloric restriction of resveratrol occur
only when this substance reaches lower doses, in which
it is still not able to activate SIRT1. Therefore, the
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assumption of resveratrol acting as a direct activator of
SIRT1 needs to be further investigated (27).

The transcription factor Nrf2: Another mechanism of
resveratrol in cardiac protection is to activate the
nuclear factor 2, also known as NF-E2-related factor 2
(Nrf2). Nrf2 is a transcriptional factor arranging the
coordination of mechanisms which neutralize ROS
through binding to the antioxidant response element
(ARE). In human coronary artery endothelial cells,
resveratrol is known to increase the transcriptional activity of
Nrf2, as well as the expression of genes regulated by
ARE which are involved in the metabolism of free
radicals (34). In addition, resveratrol significantly increases
the expression of Nrf2 resulting in the improvement of
cell survival and cardiac function tests (35).
Anti-inflammatory effects: Inflammation in coronary
syndromes is of potential prognostic value; therefore,
cardiologists have attempted to use a variety of
combination treatments in order to reduce inflammatory
markers after stroke (36, 37), and resveratrol is known
to exert anti-inflammatory effects on blood vessels
through the nuclear factor kappa B (NF-xB) (38).
Furthermore, by decreasing the production of H202
(39), inhibition of TkB-kinase, and phosphorylation (40)
and deacetylation of p65 (41), resveratrol is able to
harness the production of NF-xB.

Platelet aggregation: For several years, anti-platelet
drugs have been used to prevent myocardial infarction,
and resveratrol has been shown to have anti-platelet
aggregation properties. In addition, it is able to hinder
platelet aggregation in patients resistant to aspirin (42).
By producing and emitting NO to platelets, and also by
stimulating guanylate cyclase which results in the
production of cyclic guanosine monophosphate
(cGMP), resveratrol is able to inhibit platelet
aggregation (42). Moreover, resveratrol can directly
increase the production of cGMP (43) and barrier the
synthesis of thromboxane-A by the irreversible, non-
competitive inhibition of cyclooxygenase-1 (44). At
high concentrations, resveratrol causes platelet
apoptosis and at lower concentrations, it can inhibit
platelet activation using collagen (45, 46).

Resistance to ischemia (ischemic preconditioning):
Other mechanisms in which resveratrol is involved
include autophagy and ischemic preconditioning.
Retrofitting or preconditioning is a process in which the
heart encounters ischemia and reperfusion, and
therefore, it becomes resistant to subsequent ischemia.
After the occurrence of acute myocardial infarction,
reperfusion with thrombolytic therapy or primary
percutaneous coronary intervention is paramount for
infarct size reduction. This condition is referred to as
reperfusion injury and could affect the final size of the
infarct tissue by up to 50% (47, 48). Resveratrol is
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known to provide cardiac protection against reperfusion
injuries (49) while stimulating the process of ischemic
preconditioning (4). Resveratrol exerts its effects on
retrofitting through several mechanisms; for instance, it
acts as a cardio-protective agent against apoptosis at
lower doses in different routes, including SIRT1-
FOXO1 pathways, or it can increase the expression of
cell survival proteins, enhance ventricular recovery
after ischemia and therefore, reduce myocardial
infarction in size (50). Furthermore, it can increase NO
and other antioxidant enzymes, inducing autophagy (15,
51), and improve myocardial ischemia by reducing
oxidative stress and increasing vessel revascularization.
Resveratrol can also cause the restoration of the
miRNAs, which are expressed during ischemia and
reperfusion (52). Concomitant use of y-Tocotrienol and
resveratrol is known to provide cardiac protection since
both these combinations could synergistically increase
survival signals through activating the survival pathways
of Akt-Bcl2 (51). Moreover, feeding Longevinex
(resveratrol with quercetin and rice bran phytate) to
mice could reduce the myocardial infarct size and
increase SIRT1 expression, which is associated with the
induction of autophahy. Overall, Longevinex causes the
phosphorylation and nuclear translocation of Foxol,
Foxo3a and Foxo4 which is indicative of the
involvement of Foxo transcription factors in autophahy
(53). Recently, researchers have claimed that resveratrol,
similar to melatonin, could lead to the reduction of
infarct size in mice’s heart due to its saturation in red
wine. However, that will not be effective if the mice
have STAT3 deficiency or in case the tumor necrosis
factor (TNF) receiver is destroyed. Consequently, it is
suggestive of the fact that resveratrol applies its
protective effects through initiating the signaling
pathway of survivor activating factor enhancement
(SAFE), which activates TNF and STAT3 (54).

Cardiovascular Hypertrophy: Several studies have
proposed that resveratrol could slow down the process
of aorta and cardiac hypertrophy (55, 56) by reducing
the blood pressure, exerting anti-hypertrophic effects on
AMPK signaling pathway and inhibiting Akt signaling
pathway (57, 58). The recovery of cardiovascular
remodeling in mice has been attributed to the anti-
inflammatory and anti-fibrotic properties of resveratrol
(59), which might occur without lowering the blood
pressure (60). Furthermore, anti-hypertensive effects of
resveratrol have been observed in animals, which are
probably exerted through the inhibition of endothelin-1
synthesis and NO-induced vascular dilation (61, 62). In
addition, resveratrol decreases the inhibition of
phosphatidyl choline as well as muscle contraction (63).
Estrogen-like effects: Resveratrol shares structural
similarities with estrogen. Estrogen applies its effects on
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the cardiovascular system through the activation of its
receptors, which are able to alter gene transcription in
the nucleus or activate the kinases to initiate signaling
in the cytosol. In the same manner, resveratrol is able to
activate both extra- and intracellular receptors of
estrogen. Resveratrol immediately initiates the mitogen-
activated protein kinase (MAPK) signaling pathway,
initiating the phosphorylation of eNOS and production
of NO (16). Moreover, it can increase NO production
through binding to the estrogen receptors (64). Of
course, resveratrol could increase the expression of
eNOS via activating SIRT1 (65). One of the mechanisms
through  which estrogen is able to enhance
cardiovascular health and reduce myocardial cell death
is by activating eNOS (66). In addition, in the absence
of tetrahydrobiopterin (BH4), which is a cofactor for
eNOS, eNOS produces superoxide instead of NO. The
production of BH4 lowers with age and during
hypoglycemia; therefore, hypoglycemia impedes the
process of ischemic preconditioning. GTP cyclohydrolase-1
is the main limiting enzyme in the synthesis of BH4. In
mice, resveratrol increases the gene expression of GTP
cyclohydrolase, and so, by increasing of BH4, it leads
eNOS to prevailing of NO production (21). The heart
has numerous estrogen o-dependent receptors, which
induce a high metabolic activity and may lead to the
adjustment of the genes associated with contraction,
calcium homeostasis and membrane ATP binding (67).
The electronic and mechanical effects of resveratrol
on the heart: According to several studies, resveratrol
has a direct impact on cardiac cells. In an article,
resveratrol was reported to reduce strength in the right
atrial muscle fiber by 60% and decrease left ventricular
muscle fiber by 20%, while also affecting the duration
of intracellular action potentials. Furthermore, it has
been indicated that in the presence of glyburide (K-ATP
channel blocker), the changes induced by resveratrol
may dramatically reduce (68). In a study by Liew et al.,
it was demonstrated that the acute administration of
resveratrol could decrease the amplitude of calcium and
increase the contraction curve of the cardiac cells, as
well as some other cells, which is indicative of increased
calcium sensitivity. Moreover, the timing of action
potentials is known to decrease in a dose-dependent and
time-dependent fashion. In these processes, the use of
potassium channel blockers was not observed to have
any effects on the functions of resveratrol, while the
estrogen-receptor antagonist was found to diminish the
effects of resveratrol (69). Such functions of resveratrol
could justify its impact on arrhythmias as well. A
summary of the effects of resveratrol on the
cardiovascular system, along with the aforementioned
mechanisms, is presented in table 1.

Table 1. Molecular mechanisms involved in the
cardiovascular effects of resveratrol

Cardiovascular

Effects and mechanisms Sources
outcomes
Increase of internal antioxidants 6,8, 12
ROS
7

Neutralization

o Reduced expression of NOX
Oxidative Stress . 11
(Decreased production of ROS)

Reduction L
Increase of SIRT1 activity 29,31
Activation of Nrf2 34,35
Reduction of ROS-induced cell death
through activation of AMPK 13
Increased expression of eNOS 15
Increased 16
NOS mRNA stability
eNos phosphorylation 17
Estrogen-receptor stimulation 62, 64, 65

Improvement of
endothelial function

Reduction of Caveolin 1 and its impact

on eNos 20
Increase of Tetrahydrobiopterin (BH4) ’1
and eNos lack of pair

Increase of NO Bioavailability 23

Increase of SIRT1activity

Reduction of

vascular
inflammation
Increased amount and activity of NO 43
Inhibition of Inhibition of thromboxane synthesis 44
platelet aggregation ~ Apoptosis in platelets 45

Inhibition of platelet activation by collagen 45

Restoration of miRNAs expressed
during ischemia and reperfusion

Reduction of Hypotension 55

concentric Anti-hypertrophic effects of AMPK 56
cardiovascular signaling pathway

hypertrophy Inhibition of Akt signaling pathway 56
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Side-effects of resveratrol: According to several
studies, resveratrol has no adverse effects. However, a
recent study demonstrated that resveratrol might lead to
an increase in solid tumors and lymphomas (70). This is
suggestive of the fact that resveratrol may also have pro-
antioxidant effects, especially in the presence of copper
which is known to increase in certain tumors. Therefore,
the substance needs to be used with caution in case of
human studies.

Discustion

According to the results of this study, resveratrol is
considered an effective polyphenol in the improvement
of cardiovascular disorders. It influences different
mechanisms including endothelial function, oxidative
stress, vascular inflammation, platelet aggregation,
hypertension, atherosclerosis and cardiac hypertrophy.
The antioxidant properties of resveratrol are among its
most prominent features.

Furthermore, resveratrol reduces the production of
ROS, increases the internal levels of antioxidant and
collects active oxygen species. By increasing the
production and bioavailability of NO, resveratrol can
improve  vascular  functioning  through its
antihypertensive, anti-platelet, and anti-atherosclerosis
agents. On the other hand, this polyphenol initiates
intracellular pathways, which are activated during
calorie restriction. In addition, resveratrol significantly
increases the expression of Nrf2 causing
synchronization mechanisms to neutralize ROS, while
applying anti-inflammatory effects on the vascular
system using NF-kB. Resveratrol causes the inhibition
of NF-kB by reducing the production of H202,
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inhibition of NF-kB kinase, and phosphorylation and
deacetylation of p65. Furthermore, it inhibits the
synthesis of thromboxane and exerts anti-platelet effects
by increasing the production of NO and cGMP, as well
as the irreversible, non-competitive inhibition of
cyclooxygenase-1. At high concentrations, resveratrol
is able to cause platelet apoptosis while at lower
concentrations, it can inhibit platelet activation using
collagen (49). Moreover, resveratrol is known to
stimulate the process of ischemic preconditioning.

Due to the reduction of blood pressure, the anti-
hypertrophic effects of AMPK signaling pathway and
the inhibition of Akt signaling pathway, this compound
is able to slow down the process of cardiac hypertrophy.
In addition, resveratrol exerts anti-hypertensive effects
through such mechanisms as inhibition of endothelin-1
synthesis, NO-induced dilation of blood vessels and the
inhibition of muscle contractions. Moreover, it can
activate the extra- and intracellular receptors of
estrogen. Resveratrol could immediately activate the
MAPK signaling pathway, and initiate the
phosphorylation of eNOS as well as the production of
NO. Furthermore, it can increase the production of NO
through binding to estrogen receptors, and even though
it may affect the duration of action potentials, it
preserves its anti-arrhythmic properties.

Despite the fact that several studies have
investigated the effects of resveratrol on animals,
human studies in this area are scarce and they have
mostly been conducted on cultured cells. Therefore,
further clinical trials in this regard are required in order
to assess the exact effects of this substance on humans,
with regard to the recommended dosage, and the time
and duration of administration.



J Babol Univ Med Sci; 17(4); Apr 2015 57

References

1.Li H, Xia N, Forstermann U. Cardiovascular effects and molecular targets of resveratrol. Nitric Oxide. 2012;26(2):102-
10.

2.Shakibaei M, Harikumar KB, Aggarwal BB. Resveratrol addiction: to die or not to die. Mol Nutr Food Res.
2009;53(1):115-28.

3.Baur JA, Sinclair DA. Therapeutic potential of resveratrol: the in vivo evidence. Nat Rev Drug Discov. 2006
Jun;5(6):493-506.

4.Petrovski G, Gurusamy N, Das DK. Resveratrol in cardiovascular health and disease. Ann N Y Acad Sci. 2011
Jan;1215:2.2-33.

5.Hashemian M, Shabestari M, Jabbari F, Azizi H. The role of glucose-insulin-potassium therapy in the treatment of
acute myocardial infarction: A review article. J Sabzevar Univ Med Sci. 2012;19(3):206-16.[In Persian]

6.Bradamante S, Barenghi L, Villa A. Cardiovascular protective effects of resveratrol. Cardiovasc Drug Rev.
2004;22(3):169-88.

7.Kovacic P, Somanathan R. Multifaceted approach to resveratrol bioactivity: Focus on antioxidant action, cell signaling
and safety. Oxid Med Cell Longev. 2010;3(2):86-100.

8.Cao Z, Li Y. Potent induction of cellular antioxidants and phase 2 enzymes by resveratrol in cardiomyocytes: protection
against oxidative and electrophilic injury. Eur J Pharmacol. 2004;489(1-2):39-48.

9.Goh SS, Woodman OL, Pepe S, Cao AH, Qin C, Ritchie RH. The red wine antioxidant resveratrol prevents
cardiomyocyte injury following ischemia-reperfusion via multiple sites and mechanisms. Antioxid Redox Signal.
2007;9(1):101-13.

10.Movahed A, YU L, Thandapilly SJ, Louis XL, Netticadan T. Resveratrol protects adult cardiomyocytes against
oxidative stress mediated cell injury. Arch Biochem Biophys. 2012; 527(2):74-80.

11.Spanier G, Xu H, Xia N, Tobias S, Deng S, Wojnowski L, et al. Resveratrol reduces endothelial oxidative stress by
modulating the gene expression of superoxide dismutase 1 (SOD1), glutathione peroxidase 1 (GPx1) and NADPH
oxidase subunit (Nox4). J Physiol Pharmacol. 2009;60(Suppl 4):111-6.

12.Toklu HZ, Sehirli O, Ersahin M, Suleymanoglu S, Yiginer O, Emekli-Alturfan E, et al. Resveratrol improves
cardiovascular function and reduces oxidative organ damage in the renal, cardiovascular and cerebral tissues oftwo-
kidney, one-clip hypertensive rats. J Pharm Pharmacol. 2010;62(12):1784-93.

13.Hwang JT, Kwon DY, Park OJ, Kim MS. Resveratrol protects ROS-induced cell death by activating AMPK in H9c2
cardiac muscle cells. Genes Nutr. 2008;2(4):323-6.

14.Zang M, Xu S, Maitland-Toolan KA, Zuccollo A, Hou X, Jiang B, et al. Polyphenols stimulate AMP-activated protein
kinase, lower lipids, and inhibit accelerated atherosclerosis in diabetic LDL receptor-deficient mice. Diabetes.
2006;55(8):2180-91.

15.Imamura G, Bertelli AA, Bertelli A, Otani H, Maulik N, Das DK. Pharmacological preconditioning with resveratrol:
an insight with iNOS knockout mice. Am J Physiol Heart Circ Physiol. 2002;282(6):H1996-2003.

16.Wallerath T, Deckert G, Ternes T, AndersonH, Li H, Witte K, et al. Resveratrol, a polyphenolic phytoalexin present
in red wine, enhances expression and activity of endothelial nitric oxide synthase. Circulation. 2002;106(13):1652-8.
17.Klinge CM, Wickramasinghe NS, lvanova MM, DoughertySM. Resveratrol stimulates nitric oxide production by
increasing estrogen receptor alpha-Src-caveolin-1 interaction and phosphorylation in human umbilical vein endothelial
cells. FASEB J. 2008 Jul;22(7):2185-97.

18.Salimi S, Firoozrai M, Zand H, Nakhaee A, Shafiee SM, Tavilani H, et al. Endothelial nitric oxide synthase gene Glu
298 Asp polymorphism in patients with coronary artery disease. Annals of Saudi medicine. 2010;30(1):30-7.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Salimi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20103956
http://www.ncbi.nlm.nih.gov/pubmed/?term=Firoozrai%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20103956
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zand%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20103956
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakhaee%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20103956
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shafiee%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=20103956
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tavilani%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20103956

58 Effects of Resveratrol on Cardiovascular Diseases; M. Hashemian, et al

19.Frombaum M, Therond P, Djelidi R, Beaudeux JL, Bonnefont-Rousselot D, Borderie D. Piceatannol is more effective
than resveratrol in restoring endothelial cell dimethylarginine dimethylaminohydrolase expression and activity after high-
glucose oxidative stress. Free Radic Res. 2011;45(3):293-302.

20.Penumathsa SV, Koneru S, Samuel SM, Maulik G, Bagchi D, Yet SF, et al. Strategic targets to induce
neovascularization by resveratrol in hypercholesterolemic rat myocardium: role of caveolin-1, endothelial nitric oxide
synthase, hemeoxygenase-1, and vascular endothelial growth factor. Free Radic Biol Med. 2008;45(7):1027-34.

21.Xia N, Daiber A, Habermeier A, Closs El, Thum T, Spanier G, et al. Resveratrol reverses endothelial nitric-oxide
synthase uncoupling in apolipoprotein E knockout mice. J Pharmacol Exp Ther. 2010 Oct;335(1):149-54.

22.Carrizzo Al, Puca A, Damato A, Marino M, Franco E, Pompeo F, et al. Resveratrol improves vascular function in
patients with hypertension and dyslipidemia by modulating no metabolism. Hypertension. 2013;62(2):359-66.
23.Frombaum M, Le Clanche S, Bonnefont-Rousselot D, Borderie D. Antioxidant effects of resveratrol and other stilbene
derivatives on oxidative stress and *NO bioavailability: Potential benefits to cardiovascular diseases. Biochimie.
2012;94(2):269-76.

24.Lu X!, Xu H, Sun B, Zhu Z, Zheng D, Li X. Enhanced neuroprotective effects of resveratrol delivered by nanoparticles
on hydrogen peroxide-induced oxidative stress in ratcortical cell culture. Mol Pharm.2013;10(5);2045-53.

25.Li H, Wallerath T, Forstermann U. Physiological mechanisms regulating the expression of endothelial-type NO
synthase. Nitric Oxide. 2002;7(2):132-47.

26.Wong RH, Howe PR, Buckley JD, Coates AM, Kunz I, BerryNM. Acute resveratrol supplementation improves flow-
mediated dilatation in overweight/obese individuals with mildly elevated blood pressure. Nutr Metab Cardiovasc Dis.
2011;21(11):851-6.

27.Dolinsky VW, Dyck JR. Calorie restriction and resveratrol incardiovascular health and disease. Biochim Biophys
Acta. 2011;1812(11):1477-89.

28.Li YG, Zhu W, Tao JP, Xin P, Liu MY, Li JB, Wei M. Resveratrol protects cardiomyocytes from oxidative stress
through SIRT1 and mitochondrial biogenesis signaling pathways. Biochem Biophys Res Commun. 2013;438(2);270-6.
29.Houtkooper RH, Williams RW, Auwerx J. Metabolic networks of longevity. Cell. 2010;142(1):9-14.
30.Gerhart-Hines Z, Rodgers JT, Bare O, Lerin C, Kim SH, Mostoslavsky R, et al. Metabolic control of muscle
mitochondrial function and fatty acid oxidation through SIRT1/PGC-lalpha. EMBO J. 2007;26(7):1913-23.

31.Kao CL, Chen LK, Chang YL, Yung MC, Hsu CC, Chen YC, et al. Resveratrol protects human endotheliumfrom
H(2)O(2)-induced oxidative stress and senescence via SirT1 activation. J Atheroscler Thromb. 2010;17(9):970-9.
32.Salimi S, Naghavi A, Firoozrai M, Zand H, Tavilani H, Nakhaee A, et al. Association of plasma nitric oxide
concentration and endothelial nitric oxide synthase T-786C gene polymorphism in coronary artery disease.
Pathophysiology. 2012;19(3):157-62.

33.Zhang C, Feng Y, Qu S, Wei X, Zhu H, Luo Q, et al. Resveratrol attenuates doxorubicin-induced cardiomyocyte
apoptosis in mice through SIRT1-mediated deacetylation of p53. Cardiovasc Res. 2011;90(3):538-45.

34.Ungvari Z, Bagi Z, Feher A, Recchia FA, Sonntag WE, Pearson K, et al. Resveratrol confers endothelial protection
via activation of the antioxidant transcription factorNrf2. Am J Physiol Heart Circ Physiol. 2010;299(1):H18-24.
35.Gorbunov N, Petrovski G, Gurusamy N, Ray D, Kim do H, Das DK. Regeneration of infarcted myocardium with
resveratrol-modified cardiac stem cells. J Cell Mol Med. 2012;16(1):174-84.

36. Mirmohammadi F, Derakhshanfar H, Kariman H, Alavi Moghaddam Tehrani M, Hatamabadi HR, Shahrami A, et
al. Association between serum magnesium level and cardiac arrhythmia in patients with acute coronary syndrome. J
Babol Univ Med Sci. 2013;15(3):36-41. [In Persian]

37.Hashemian M, Vakili A, Akaberi A. Effect of glucose—insulin—potassium on plasma concentrationsof C-reactive
protein in acute ST- elevation myocardial infarction; J Babol Univ Med Sci. 2011;13(6):45-51. [In Persian]


http://www.ncbi.nlm.nih.gov/pubmed/?term=Carrizzo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23753407
http://www.ncbi.nlm.nih.gov/pubmed/?term=Puca%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23753407
http://www.ncbi.nlm.nih.gov/pubmed/?term=Damato%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23753407
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marino%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23753407
http://www.ncbi.nlm.nih.gov/pubmed/?term=Franco%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23753407
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pompeo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23753407
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23534345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23534345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23534345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23534345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23534345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23534345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20YG%5BAuthor%5D&cauthor=true&cauthor_uid=23891692
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23891692
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tao%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=23891692
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xin%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23891692
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=23891692
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=23891692
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23891692
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salimi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22682929
http://www.ncbi.nlm.nih.gov/pubmed/?term=Naghavi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22682929
http://www.ncbi.nlm.nih.gov/pubmed/?term=Firoozrai%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22682929
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zand%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22682929
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tavilani%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22682929
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakhaee%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22682929
http://www.jbums.org/search.php?slc_lang=en&sid=1&auth=Mirmohammadi
http://www.jbums.org/search.php?slc_lang=en&sid=1&auth=Derakhshanfar
http://www.jbums.org/search.php?slc_lang=en&sid=1&auth=Kariman
http://www.jbums.org/search.php?slc_lang=en&sid=1&auth=Alavi+Moghaddam+Tehrani
http://www.jbums.org/search.php?slc_lang=en&sid=1&auth=Hatamabadi
http://www.jbums.org/search.php?slc_lang=en&sid=1&auth=Shahrami

J Babol Univ Med Sci; 17(4); Apr 2015 59

38.Palomer X!, Capdevila-Busquets E, Alvarez-Guardia D, Barroso E, Pallas M, Camins A, et al. Resveratrol induces
nuclear factor-kappaB activity in human cardiac cells. Int J Cardiol. 2013;167(6):2507-16.

39.Labinskyy N, Csiszar A, Veress G, Stef G, Pacher P, Oroszi G, et al. Vascular dysfunction in aging: potential effects
of resveratrol, an anti-inflammatory phytoestrogen. Curr Med Chem. 2006;13(9):989-96.

40.Kundu JK, Shin YK, Kim SH, Surh YJ. Resveratrol inhibits phorbol ester-induced expression of COX-2 and
activation of NF-kappaB in mouse skin by blocking IkappaB kinase activity. Carcinogenesis. 2006;27(7):1465-74.
41.Yeung F, Hoberg JE, Ramsey CS, Keller MD, Jones DR, Frye RA, et al. Modulation of NF-kappaB-dependent
transcription and cell survival by the SIRT1 deacetylase. EMBO J. 2004;23(12):2369-80.

42.Stef G, Csiszar A, Lerea K, Ungvari Z, Veress G. Resveratrol inhibits aggregation of platelets from high-risk cardiac
patients with aspirin resistance. J Cardiovasc Pharmacol. 2006;48(2):1-5.

43.Shen MY, Hsiao G, Liu CL, Fong TH, Lin KH, Chou DS, et al. Inhibitory mechanisms of resveratrol in platelet
activation: pivotal roles of p38 MAPK and NO/cyclic GMP. Br J Haematol. 2007;139(3):475-85.

44.Szewczuk LM, Forti L, Stivala LA, Penning TM. Resveratrol is a peroxidase-mediated inactivator of COX-1 but not
COX-2: a mechanistic approach to the design of COX-1 selective agents. J Biol Chem. 2004;279(21):22727-37.

45.Lin KH, Hsiao G, Shih CM, Chou DS, Sheu JR. Mechanisms of resveratrol-induced platelet apoptosis. Cardiovasc
Res. 2009;83(3):575-85.

46.Zhang HX, Duan GL, Wang CN, Zhang YQ, Zhu XY, Liu YJ. Protective effect of resveratrol against endotoxemia-
induced lung injury involves the reduction of oxidative/nitrative stress. Pulm Pharmacol Ther. 2014;27(2):150-5.

47 Hashemian M, Vakili A, Akaberi A. The effect of insulin on infarct tissue size in patients with acute myocardial
infarction. Qom Univ Med Sci J. 2012;6(3):3-8. [In Persian]

48.Wang P?, Du B, Yin W, Wang X, Zhu W. Resveratrol attenuates CoCl2-induced cochlear hair cell damage through
upregulation of sirtuinl and NF-kappaB deacetylation. PLoS One. 2013;8(11):e80854.

49.Hung LM, Su MJ, Chen JK. Resveratrol protects myocardial ischemia-reperfusion injury through both NO-dependent
and NO-independent mechanisms. Free Radic Biol Med. 2004;36(6):774-81.

50.Chen CJ, Yu W, Fu YC, Wang X, Li JL, Wang W. Resveratrol protects cardiomyocytes from hypoxia-induced
apoptosis through the SIRT1-FoxO1 pathway. Biochem Biophys Res Commun. 2009;378(3):389-93.

51.Gurusamy N, Lekli I, Mukherjee S, Ray D, Ahsan MK, Gherghiceanu M ,et al. Cardioprotection by resveratrol: a
novel mechanism via autophagy involving the mTORC?2 pathway. Cardiovasc Res. 2010 Apr 1;86(1):103-12.
52.Mukhopadhyay P, Mukherjee S, Ahsan K, Bagchi A, Pacher P, Das DK. Restoration of altered microRNA
expressionin the ischemic heart with resveratrol. PLoS One. 2010;5(12):e15705.

53.Mukherjee S, Ray D, Lekli I, Bak I, Tosaki A, Das DK. Effects of Longevinex (modified resveratrol) on
cardioprotection and its mechanisms of action. Can J Physiol Pharmacol. 2010;88(11):1017-25.

54.Lamont KT, Somers S, Lacerda L, Opie LH, Lecour S. Is red wine a SAFE sip away from cardioprotection?
Mechanisms involved in resveratrol- and melatonin-induced cardioprotection. J Pineal Res. 2011;50(4):374-80.
55.Dolinsky VW, Chan AY, Robillard Frayne I, Light PE, Des Rosiers C, Dyck JR. Resveratrol prevents the
prohypertrophic effects of oxidative stress on LKB1. Circulation. 2009;119(12):1643-52.

56.Juric D, Wojciechowski P, Das DK, Netticadan T. Prevention of concentric hypertrophy and diastolic impairment in
aortic-banded rats treated with resveratrol. Am J Physiol Heart Circ Physiol. 2007;292(5):H2138-43.

57.Miatello R, Vazquez M, Renna N, Cruzado M, Zumino AP, Risler N. Chronic administration of resveratrol prevents
biochemical cardiovascular changes in fructose-fed rats. Am J Hypertens. 2005;18(6):864-70.

58.Chan AY, Dolinsky VW, Soltys CL, Viollet B, Baksh S, Light PE, et al. Resveratrol inhibits cardiac hypertrophy via
AMP-activated protein kinase andAkt. J Biol Chem. 2008;283(35):24194-201.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Palomer%20X%5BAuthor%5D&cauthor=true&cauthor_uid=22748497
http://www.ncbi.nlm.nih.gov/pubmed/?term=Capdevila-Busquets%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22748497
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alvarez-Guardia%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22748497
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barroso%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22748497
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pall%C3%A0s%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22748497
http://www.ncbi.nlm.nih.gov/pubmed/?term=Camins%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22748497
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20HX%5BAuthor%5D&cauthor=true&cauthor_uid=23921197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Duan%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=23921197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=23921197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20YQ%5BAuthor%5D&cauthor=true&cauthor_uid=23921197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20XY%5BAuthor%5D&cauthor=true&cauthor_uid=23921197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=23921197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24278331
http://www.ncbi.nlm.nih.gov/pubmed/?term=Du%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24278331
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yin%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24278331
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24278331
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24278331

60 Effects of Resveratrol on Cardiovascular Diseases; M. Hashemian, et al

59.Chan V, Fenning A, lyer A, Hoey A, Brown L. Resveratrol improves cardiovascular function in DOCA-salt
hypertensive rats. Curr Pharm Biotechnol. 2011;12(3):429-36.

60.Thandapilly SJ, Louis XL, Yang T, Stringer DM, Yu L, Zhang S, et al. Resveratrol prevents norepinephrine induced
hypertrophy in adult rat cardiomyocytes, by activating NO-AMPK pathway. Eur J Pharmacol. 2011 Oct 1;668(1-2):217-
24.

61.Khan NQ, Lees DM, Douthwaite JA, Carrier MJ, Corder R. Comparison of red wine extract and polyphenol
constituents on endothelin-1 synthesis by cultured endothelial cells. Clin Sci (Lond). 2002;103(Suppl 48):72S-5S.
62.Naderali EK, Doyle PJ, Williams G. Resveratrol induces vasorelaxation of mesenteric and uterine arteries from female
guinea-pigs. Clin Sci (Lond). 2000;98(5):537-43.

63.Min Z, Kang L, Lin L, Jinghua F, Junna S, Baolin L. Resveratrol restores lysophosphatidylcholine-induced loss of
endothelium-dependent relaxation in rat aorta tissue coinciding with inhibition of extracellular-signal-regulated protein
kinase activation. Phytother Res. 2010;24(12):1762-8.

64.Klinge CM, Wickramasinghe NS, lvanova MM, Dougherty SM. Resveratrol stimulates nitric oxide production by
increasing estrogen receptor alpha-Src-caveolin-1 interaction and phosphorylation in human umbilical vein endothelial
cells. FASEB J. 22(7):2185-97

65.Csiszar A, Labinskyy N, Pinto JT, Ballabh P, Zhang H, Losonczy G, et al. Resveratrol induces mitochondrial
biogenesis in endothelial cells. Am J Physiol Heart Circ Physiol. 2009;297(1):H13-20.

66.Murphy E. Estrogen signaling and cardiovascular disease. Circ Res. 2011;109(6):687-96.

67.Ranhotra HS. The estrogen-related receptor alpha: the oldest, yet an energetic orphan with robust biological functions.
J Recept Signal Transduct Res. 2010;30(4):193-205.

68.Buluc M, Ayaz M, Turan B, Demirel-Yilmaz E. Resveratrol-induced depression of the mechanical and electrical
activities of the rat heart is reversed by glyburide: evidence for possible K(ATP) channels activation. Arch Pharm Res.
2007;30(5):603-7.

69.Liew R, Stagg MA, MacLeod KT, Collins P. The red wine polyphenol, resveratrol, exerts acute direct actions on

guinea-pig ventricular myocytes. Eur J Pharmacol. 2005;519(1-2):1-8.
70. Smoliga JM, Baur JA, Hausenblas HA. Resveratrol and health--a comprehensive review of human clinical trials. Mol
Nutr Food Res. 2011;55(8):1129-41.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Klinge%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=18296501
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wickramasinghe%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=18296501
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ivanova%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=18296501
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dougherty%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=18296501

