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Resveratrol, a unique phytoalexin present in red wine, delivers either
survival signal or death signal to the ischemic myocardium
depending on dose

Jocelyn Dudley, Samarjit Das, Subhendu Mukherjee, Dipak )

Cardiovascular Research Center, University of Connecticut School of Medicine, Farmington,
Received 19 September 2007; received in revised form 20 March 2008; accep

Abstract

and control animals, and the hearts were subjected to 30-min global ische
dose of resveratrol for 14 days provided cardioprotection as evidenced

demonstrated an increase of protein and RNA transcripts of redo
redox factor Ref-1 as well as redox-sensitive transcrip&aa factor

regulating pro-apoptotic proteins.
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doses of resveratrol — 2.5, 5.0, 25 or
ing hearts were prepared from both experimental
of reperfusion. The rats fed either 2.5 or 5 mg/kg
ischemic ventricular recovery and reduction of

and survival factors such as phosphorylated-Akt (p-Akt), and Bel-2 in
e reverse was true for the animals fed higher doses (25 and 50 mg/kg) of
, resveratrol exerts survival signal by up-regulating anti-apoptotic and

[Wdox; Thioredoxin; Glutaredoxin

1. Introduction

n for their cardioprotective
ine, grape skms peanuts and

3,5,4'-trihydrox¥Rtilbene) is a naturally occurring phytoa-
lexin that does provide cardioprotection through the genera-
tion of a survival signal [22-27]. It provides cardioprotection
in red wine by multiple routes such as through antioxidant
action [23,26-28], inhibiting low-density lipoprotein [29],
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activating NO production [25-27,30], hindering platelet
aggregation [32] and promoting anti-inflammatory effects
[24,33]. Resveratrol protects the heart at relatively low
concentration, at about 2.5 to 10 mg/kg doses [34].

In contrast, resveratrol destroys cancer cells at relatively
higher doses [34—37]. For example, it causes death to cancer
cells by apoptosis at 100—1000 mg/kg doses. [34—39].
Whether such high does of resveratrol are also destructive to
normal cells is not known. Several existing studies indicate
that high doses of resveratrol could produce adverse effects
to the biological system. For example, high doses of trans-
resveratrol given for 60 days to hypercholesterolemic rabbits
increased atherosclerotic lesions while lower doses of
resveratrol were protective [40]. We hypothesized that, at
lower doses, resveratrol functions as an antioxidant, while at
higher doses it may function as a pro-oxidant. The present
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Table 1

The amount of resveratrol found in natural foods

Source Resveratrol concentration Reference
100% Natural peanut butter ~0.65 ng/g [2,3]
Bilberries ~16 ng/g [4]
Blueberries ~32 ng/g [4]
Boiled peanuts ~5.1 png/g [5,6]
Cranberry raw juice ~0.2 mg/L [7]

Dry grape skin ~24.06 ng/g [8]
Grapes 0.16-3.54 ng/g [6,9-11]
Peanut butter 0.3-1.4 pg/g [3,5,6]
Peanuts 0.02-1.92 ng/g [12,13]
Pistachios 0.09-1.67 ng/g [13]
Ports and sherries <0.1 mg/L [14]

Ref grape juice ~0.50 mg/L [14,15]
Red wines 0.1-14.3 mg/L [6,15-21]
Roasted peanuts ~0.055 ng/g [5]

White grape juice ~0.05 mg/L [15]
White wines <0.1-2.1 mg/L [16-21]

study was designed to compare the effects of resveratrol on
cardioprotection at low doses with high doses (based on the
results of previous studies) simultaneously comparing the
redox cycling of resveratrol by examining its effects on
several redox-sensitive transcription factors and proteins.

2. Materials and methods
2.1. Animals

amin A, biotin, thiamine
ent, vitamin E supplement,
; yoflavin, magnesium oxide, folic
‘ fate calcium lodate, cobalt carbonate, etc.,
with free acces ater until the start of the experiment. The
rats were assigne®to five groups with seven rats per group
and gavaged for 14 days under the following conditions: the
control group (gavaged with 0.25 ml of 21% ethanol in
H,0), the low-dose group [gavaged with 2.5 and 5.0 mg/kg
doses of resveratrol (Sigma-Aldrich, St. Louis, MO, USA) in
0.25 ml of 21% ethanol in H,O] and the high-dose group
(gavaged with 25 and 50.0 mg/kg doses of resveratrol in 0.25
ml of 21% ethanol in H,O). The different oral treatment of
resveratrol after 14 days had no effect on body weight, food
or water consumption.

2.2. Isolated working rat heart preparation

Twenty-four hours after the last dose of resveratrol
administered by gavaging, the rats were anesthetized with
sodium pentobarbital (80 mg/kg body weight ip injection)
(Abbott Laboratories, North Chicago, IL, USA) and antic-
oagulated with heparin sodium (500 IU/kg body weight ip
injection) (Elkin-Sinn, Inc., Cherry Hill, NJ, USA). After
an adequate period of anesthesia, thoracotomy was con-
ducted, and the hearts were perfused W1th KHB buffer

1.7 mM calcium chlorlde 25 04
0.36 mM potassium blphosphate

scarbonate,
sulfate
e at 37°C
(10 kPa)

rdiac function measurements for
ry flow, aortic flow, left ventricular end-
left ventricular developed pressure and its
re done at 0 (baseline), 10, 30, 60, 90 and
the reperfusion. After the stabilization period
antegrade mode, the ischemia reperfusion effects
of closing the antegrade perfusion line and
subjecting the heart to 30 min of ischemia. The heart was
then switched to the retrograde mode for 5 min to avoid the
development of high incidence ventricular fibrillation and
switched to the working heart antegrade mode where the
cardiac function parameters were measured as described
previously [30]. All hearts were subjected to 30 min of global
ischemia followed by 2 h of reperfusion. Any heart that
showed any cardiac disturbance (ventricle arrhythmia and
fibrillation) during the entire experiment was excluded from
this study.

2.3. Measurements of cardiac function

Cardiac function was measured at baseline and during
reperfusion. The aortic flow was measured with a flowmeter
(Gilmont Instrument, Inc., Barrington, IL, USA), and the
coronary flow was measured by timed collection of the
coronary effluent dripping from the heart [30]. A Gould
p23XL transducer (Gould Instruments System, Inc., Valley
View, OH, USA) was used to measure the heart rate, left
ventricular developed pressure (LVDP) (the variation
between the maximum systolic and diastolic pressure), the
left ventricular end-diastolic pressure and the first derivative
of developed pressure (dP/d7). A Gould 6600 series signal
conditioner (Gould Instruments System) was used to amplify
the signal, and a CORDAT II real-time data acquisition and
analysis system (Triton Technologies, San Diego, CA, USA)
was used to monitor the signal. The pressure transducer was
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attached to the aortic cannula side arm. All data collection
was in working mode with the buffer being perfused through
the pulmonary vein to the left atrium and from there to the
left ventricle and then to the aortic valve into the aorta
leading to the system.

2.4. Measurements of the infarct size

At the end of each experiment, the heart was sliced into
1 mm thickness of cross-sectional pieces and placed into a
2% solution of triphenyl tetrazolium (TTC) in phosphate
buffer for 10 min at 37°C, then fixed with 2% paraformal-
dehyde. Each slice was scanned by a computer-assisted
scanner (HP Scanjet 5370C). The NIH Image 5.1 software
(a public domain software package) was used to quantify
the infarct size in pixels. The living myocardium tissue was
stained a dark deep red, and the infarcted tissue was left
unstained pale tan color.

2.5. Cardiomyocyte apoptosis

Immunohistochemical detection of apoptotic cells was
carried out using TUNEL [30]. The sections were
incubated again with mouse monoclonal antibody recog-
nizing cardiac myosin heavy chain to specifically recognize
apoptotic cardiomyocytes. The fluorescence staining was
viewed with a confocal laser microscope. The number_of
apoptotic cells was counted and expressed as a perce
total myocyte population.

2.6. Western blot analysis

One hundred milligrams of the heart’
homogenized in a buffer consisting of

in loading buffer
SDS-polyacry-

1) (Bio-Rad Labora-
he gel was transferred
io-Rad Laboratories) for

C ol, pH 8.3]. The membrane was
h in Tris-buffered saline (TBS-T) [S0 mM
Tris, pH 7.5, mM NaCl and 0.1% (v/v) Tween-20] and
5% (w/v) nont® dry milk overnight at 4°C with the
primary antibody. All antibodies were acquired from Cell
Signaling Technology and were used according to manu-
facturer’s suggested dilutions. The membrane was washed
three times with TBS-T, followed by a 1-h incubation of
horseradish peroxide-conjugated secondary antibody in 5%
(w/v) nonfat dry milk and TBS-T. The Western blots were
developed using ECL Detection Reagents A and B (Santa
Cruz Biotechnology, California, USA) and exposed on
Kodak XOMAT film.

2.7. Total RNA isolation and reverse transcription—
polymerase chain reaction

Total RNA was extracted from left ventricular tissues with
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instructions and dissolved in 50 ul of
DEPC-treated water. Reverse transcription—polymerase
chain reaction (RT-PCR) was performed with RETROscript
(Ambion, Austin, TX, USA), according to the manufac-
turer’s instructions. The following primers were used in
our study.

Thioredoxin-1:
Forward — 5'-GCCAAAZ WRGA-3’
Reverse — 5'-CTGEPAGT T-3'

Thioredxin-2:

Forward — 5

Reverse

Glutaredoxg

CCTAC-3’

5’-AGACAGCCGCATCTTCTTGT-3’
5’-CTTGCCGTGGGTAGAGTCAT-3’

he PCR products were visualized on a UV-transillumi-
d digitized after electrophoresis on 2% agarose gel
containing ethidium bromide.

2.8. Statistical analysis

The values for myocardial functional parameters, total
and infarct volumes and infarct sizes, and cardiomyocyte
apoptosis are all expressed as the mean+S.E.M. Analysis of
variance test followed by Bonferroni’s correction was first
carried out to test for any differences between the mean
values of all groups. If differences between groups were
established, the values of the treated groups were compared
with those of the control group by a modified z-test. The
results were considered significant if P<05.

3. Results

3.1. The effects of high and low doses of resveratrol on
ventricular recovery

The baseline values of left ventricular function did not
vary appreciably between the groups. During the post-
ischemic reperfusion, all the parameters were depressed
appreciably as expected except for the coronary flow, which
did not change significantly. At 2.5 and 5 mg/kg doses, aortic
flow, LVDP and LVmaxdp/dt were higher during the
reperfusion period. As shown in Fig. 1, at 30 and 120 min
after reperfusion, all the functional parameters, except
coronary flow, were higher for resveratrol doses of 2.5 and
5 mg/kg compared to control. In contrast, these functional
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parameters were reduced significantly compared to control
for resveratrol doses of 25 and 50 mg/kg.

3.2. The effects of high and low doses of resveratrol on
myocardial infarct size

As shown in Fig. 2, infarct size expressed as the percent
area of risk was lower compared to control at resveratrol
doses of 2.5 and 5 mg/kg. Resveratrol at a dose of 25 mg/kg
did not have any significant effect on the infarct size, while at
50 mg/kg it increased the amount of infarct size significantly.

3.3. The effects of high and low doses of resveratrol on
cardiomyocyte apoptosis

Similar to the results of myocardial infarct size,
resveratrol at 2.5 and 5 mg/kg doses reduced the number

of apoptotic cardiomyocytes significantly compared to
control (Fig. 3). In contrast, there was a significant increase
in cardiomyocyte apoptosis with 50 mg/kg dose of
resveratrol, while the number of apoptotic cells remained
unaltered with 25 mg/kg dose of resveratrol.

3.4. The effects of high and low dose of resveratrol on the
RNA transcripts of redox proteins

Since our previous studies demonstrated enhancement of
cardioprotective redox proteins like and Grx with
resveratrol, and since Trx/Grx
cardioprotection, we determine
high doses of resveratrol on the
Grx. As shown in Fig. 4. 48F-PCR
transcripts of Trx-1, Tg#¥, Grx-
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the hearts
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Fig. 1. Effects of high and low doses of resveratrol on the aortic flow, coronary flow, LVDP and maximum first derivative of LVDP (LVdp/dt). Results are

expressed as means+S.E.M. of six animals per group. *P<05 vs. control.
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Fig. 2. Effects of high and low doses of resveratrol on the myocardial infarct
size determined by TTC staining. Representative infarcts are shown at the
bottom. Results are expressed as means+S.E.M. of six animals per group.
*P<05 vs. control.

subjected to ischemia/reperfusion. At low doses of 2.5 and
5 mg/kg of resveratrol, there was an increase in Trx/Grx
transcripts, while at higher doses of 25 and 50 mg/kg,
resveratrol reduced the transcript of these redox protein

3.5. The effects of high and low doses of resveratrol on
expression of redox-sensitive transcription factor NFxB

Since proteasomal degradation of phospj
the hallmark of NFkB activation, we exg
different doses of resveratrol for therel®

25 mg/kg
50 mg/kg

CARIOMYO

Resveratrol

—_—

Fig. 3. Effects of high and low doses of resveratrol on the cardiomyocyte
apoptosis determined by TUNEL staining. Representative apoptotic cells are
shown at the bottom. Results are expressed as means+S.E.M. of six animals
per group. *P<05 vs. control.

TRX-1
TRX-2
GRX-1
GRX2
GAPDH

ined the effects of low and high doses of
trol on Ref-1, since we recently observed an
ion of Ref-1 with NF«kB and Trx-1 [41]. Induction
of Ref-1 was significantly reduced in the hearts subjected to
I/R compared to control (Fig. 6). Significant increase of Ref-
1 proteins was observed in the hearts treated with both 2.5
and 5 mg/kg doses of resveratrol. The expression of Ref-1
proteins was significantly lowered in the hearts treated with
resveratrol at higher doses.
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Fig. 5. Effects of low and high doses of resveratrol on the Western blot
analysis of the expression of IkB and phospho-IkB. Results shown are
representative of three experiments per group. *P<05 vs. control; /P<05
vs. I/R.
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Fig. 6. Effects of low and high doses of resveratrol on the Western blot

analysis of the expression of Ref-1. Results shown are representative of three
experiments per group. *P<05 vs. control; TP<05 vs. I/R.
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3.7. The effects of high and low doses of resveratrol on the
generation of survival signal

We examined the expression of several member
survival proteins in the hearts treated with both high and I
doses of resveratrol. Fig. 7 shows the results. Consistent wi
our previous observation, the phosphorylatiog
reduced significantly after ischemia and ig
expression of Bcl-2 protein followed a sj
doses (2.5 and 5 mg/kg) of resy,

protein, while at higher doses
phosphorylation and Bcl-2 pr:

rvival signal. Cardiopro-

myocytes by resveratrol. Cardioprotection
was further supf@ted by the generation of survival signal as
evidenced by inci®ased phosphorylation of Akt and activa-
tion of Bcl-2. In contrast, there was increased activation of
Ref-1 and the transcription factor IkB. At a higher dose of
25 mg/kg per day, resveratrol failed to achieve any
cardioprotective effects, and at 50 mg/kg per day, resveratrol
deteriorated the recovery of cardiac function and increased
myocardial infarct size and apoptotic cardiomyocytes. At
both doses of 25 and 50 mg/kg per day, resveratrol induced a
death signal as indicated by the reduced phosphorylation of
Akt and 1B, and depression of Ref-1 and Bcl-2.

apoptotic cH

The findings that, at a low dose of 2.5 mg/kg per day,
resveratrol renders the heart resistant to ischemic reperfusion
injury by generating a survival signal support previous
reports [34] and further demonstrate that even at 5 mg/kg per
day, the cardioprotection persists. In this study [34], 2.5 mg/
kg per day of resveratrol provided significant cardioprotec-
tion as evidenced by superior post- ischemic ventricular
recovery, reduced myocardial infarct size and decreased
number of apoptotic cardiomyocytes. SnPP abolished the
cardioprotective effect of resveratrol, suggesting a direct role

survival signal by inducing the a
3 and Akt, and inhibition of p38
completely reversed by
Resveratrol also increa

rdioprotective properties
d NO prompted researchers to

-mediated increase in NOS activity in
artery endothelial cells, suggesting that
afford cardioprotection by affecting the
OS [42]. This result was further supported by
ing that resveratrol protected isolated working rat
rough the up-regulation of iNOS [25,30]. Resver-
atrol failed to provide cardioprotection in iNOS knockout
mice devoid of any copy of iNOS gene, further supporting
the role of NO [26]. In a more recent study, resveratrol
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Fig. 7. Effects of low and high doses of resveratrol on the Western blot
analysis of the expression of Akt and phospho-Akt and Bcl2 proteins.
Results shown are representative of three experiments per group. *P<05 vs.
control; TP<.05 vs. I/R.
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reduced myocardial ischemia/reperfusion injury through
both an iNOS-dependent and an iNOS-independent manner
[23]. Similar to NO, resveratrol significantly reduced the
amount of proadhesive molecules including sICAM-1,
sVCAM-1 and E-selectin in the ischemic reperfused
myocardium [33]. All these results demonstrating resvera-
trol-mediated cardioprotection were achieved at low resver-
atrol dose.

In the present study, we sought to compare the effects of
low and high doses of resveratrol on redox cycling of several
redox proteins, redox-sensitive transcription factors and
death/survival proteins. Since previous studies indicated
modification of several redox-regulated proteins by resver-
atrol, we examined the effects of resveratrol on thioredoxins
(Trx) and glutaredoxins (Grx). Both Trx and Grx can exist in
the nucleus and cytosol (Trx1 and Grx1) as well as in the
mitochondria (Trx-2 and Grx-2). Because Trx proteins exist
in extremely low quantities which allows easy detection by
Western blot analysis, we performed RT-PCR to detect the
RNA transcripts of Trx and Grx proteins. Several recent
studies from our laboratory have implicated the cardiopro-
tective role of thioredoxins [41,43,44]. The cellular changes
associated with ischemic heart diseases are redox regulated.
Ischemia and reperfusion render the heart in the oxidized
environment maintained by the stabilizing disulfides present
in the extracellular surface, while the intracellular envi
ment is maintained in the reduced state with the help o
sulfhydryl groups. The principal disulfide reductase resp
sible for maintaining the inside of the cell in the reduced sta

demonstrated @t transgenic mice overexpressing Grxl
reduced the nut¥ber of apoptotic cardiomyocytes in the
ischemic reperfused heart [44]. The results of the present
study indicated down-regulation of the transcripts of Grx1
and Grx2 as well as of Trx]l and Trx2 in the ischemic
reperfused hearts and with high doses of resveratrol. Lower
doses of resveratrol increased the transcripts of Trx1 and
Trx2 as well as of Grx1 and Grx2 compared to control.
Since our recent studies showed potentiation of a survival
signal through the redox activation of Ref-1 following
myocardial ischemia reperfusion injury [41] and since Ref-1

is known to be modulated by Trx, we examined the effects of
low and high doses of resveratrol on Ref-1 expression. Ref-
1, a redox effector factor-1/apurinic/apyrimidinic endonu-
clease, is a bifunctional protein that is ubiquitously present in
the mammalian system including the heart. While it is a
major protein of the DNA base excision repair pathway [48],
it also serves as a transcriptional coactivator by stimulating
the DNA binding activity of the transcription factors [49]. A

recent study showed that ischemia/reperfusion could
potentlate a rapld translocatlon of TRxaL into the nucleus,

resveratrol produced i
Ref-1 and Trx expr

is a critical regulator of PI-3-kinase—mediated
constitutive activation of Akt is sufficient to
y a variety of apoptotic stimuli [50]. Once
n phosphorylate and inactivate proapoptotic
as Bad and pro-caspase 9, and activate anti-
ic redox-sensitive transcription factor NFkB, a
consistent with our results that indicated increase in
Bcl-2 and activation of NFkB as evidenced by increased
phosphorylation of IkB by low doses of resveratrol.

To the best of our knowledge, there has been no report
showing the cardiovascular effects at higher resveratrol
doses nor was there any report available on the comparison
of low and high doses of resveratrol on cardioprotection.
However, indirect results exist to show detrimental cellular
effects of resveratrol at relatively higher doses. For example,
a study by Brakenhielm et al. [51] showed that resveratrol
not only hindered tumor growth but also inhibited wound
healing, endothelial cell growth by fibroblast growth factor-2
(FGF-2) and vascular endothelial growth factor, and
angiogenesis in healthy tissue cells in a dose-dependent
manner. Resveratrol inhibited FGF-2-induced phosphoryla-
tion of MAPKp44 and MAPKp42 in bovine capillary
endothelial cells at a relatively high dose. A study conducted
by Dubash et al. [52] showed that resveratrol prevented the
incorporation of [3H]thymidine into DNA and [*H]uridine
into RNA with increasing resveratrol concentration. This
study indicates that at high dose, resveratrol inhibits
synthesis of RNA, DNA and protein, and blocks cell
proliferation, leading to cell death. Another related study
conducted by Matsuoka et al. [53] found that resveratrol
grossly affected Chinese hamster lung with increased
concentration. At higher doses, resveratrol caused structural
chromosome aberrations, chromatin breaks, chromatin
exchanges, weak aneuploidy, higher S-phase arrest, lower
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cell proliferation and apoptosis. A 28-day high-dose (300,
1000 and 3000 mg/kg) rat study conducted by Crowell et al
[54] showed that the rats experienced signs of nephrotoxi-
city, dehydration, decreased activity, rough coat, diarrhea,
soft stool and red material around the nose. The male rats had
leukocytosis, and it is believed that both sexes may have had
anemia. The rats also showed increased amounts of BUN,
creatinine, alkaline phosphatase, alanine aminotransferase,
total bilirubin, white cell counts and albumin, with reduced
levels of hemoglobin, hematocrit and red cell counts. A
study by Vieira et al. [55] in 2007 showed a dose-dependent
manner of glutamate uptake on primary cortical astrocytes of
the cerebral cortex from neonate Wistar rats. As the
resveratrol concentration increased from 25 to 250 mM,
there was a decrease in glutamate uptake and glutamate
content, and an increase in glutamine synthetase activity. A
study by Wilson et al. [40] on the effects of trans-resveratrol
on hypercholesterolemic rabbits for 60 days at 0.6 to 1.0 g/kg
found an increase in atherosclerotic lesions in the higher
resveratrol dose. Resveratrol promotes death signal and
apoptosis at higher concentrations (100-1000 mg/kg) in
cancer cells [34-39,56].

The precise reason for generation of death signal at higher
resveratrol doses is not clear. However, it is speculated that
differential redox cycling of resveratrol between low and high
dose might be responsible for survival vs. death si
generated by resveratrol. Resveratrol has two phenol gro
A study by Boyer et al. [57] showed that phenol reduces F
to Fe**. At higher concentration, resveratrol ma

uhara and Miyata [63]

found tha DNA. In the presence of
Cu®" andition¥ and neutral pH, resveratrol
promoted S@avage. Resveratrol also reduces
Cu*" to Cu he presence of the reactive oxygen species.

hip between the consumption of red wine
and incidence of ®ardiovascular disease has been popularly
known as the “French paradox” [64]. The cardioprotective
abilities of red wine have been attributed to resveratrol
[23,64]. Resveratrol, a polyphenol phytoalexin (trans-3,5,4’-
trihydroxystilbene) abundantly found in grape skins and in
wines, possesses diverse biochemical and physiological
actions, which include estrogenic, antiplatelet and anti-
inflammatory properties [32,33]. frans-Resveratrol was
originally identified as the active ingredient of an Oriental
herb (Kojo-kon) used for the treatment of a wide variety of

diseases including dermatitis, gonorrhea, fever, hyperlipide-
mia, atherosclerosis and inflammation. There are many foods
as well as vitamins and minerals whose daily allowance
requirement is safe and promotes good health when taken at
a low dose. When the same substances are taken in large
quantities, they become toxic and produce adverse effects to
the cells at the subcellular levels. The recommended dosage
for resveratrol in humans is 5—10 mg/day [65]. The most
notable natural source of resveratrol is grapes, especially
muscadine grapes which are used to mgke red wine, which

211.5 nmol/g after
nmol/g after red v
study, levels

n an experimental
h, as % of that

ey were about 0.6% in the
liver [67]. Thus, it appears that the

esveratrol were 0.1, 0.12, 1.1 and 5.7 uM
ratrol at doses of 2.5, 5, 25 and 50 mg/kg,
ese results are comparable with the data
e literature on the blood concentrations of
ol achieved after moderate [one 5-oz (150 ml)
consumption of red wine (containing 14.3 mg/L
of resveratrol that equates to 2.145 mg resveratrol/5 0z)
[49,60—66]. In order to obtain a 2.5 mg/kg dose of resvera-
trol, one must consume at least 0.17 L of red wine, while to
achieve higher concentrations of resveratrol, e.g., 5, 25 and
50 mg/kg, one needs to consume at least 0.35, 1.75 and 3.5 L
of red wine, respectively. It is tempting to speculate that the
cardioprotective ability at low doses of resveratrol is related
to the current popular proposition about the health benefits of
“moderate” wine drinking.
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