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Trans-resveratrol, one of the antioxidants found in red 
wine, has been the subject of controversial reports 
regarding its protective role against cardiovascular 
diseases. In this study we synthesized trans-resvera- 
trol and injected it to rats (20 and 40 mg/kg body 
weight, once a day for 21 days, i.p.) to determine its 
effect on the serum lipid profile. Synthetic trans- 
resveratrol was an effective antioxidant in vitro against 
hydroxyl radical (I5o = 33 pM). Resveratrol treatment, 
however, did not have any effect on either the lipid 
profile or on Cu+*-dependent formation of thiobarbi- 
turic-acid-reactive substances (TBARS) from protein- 
associated lipids. Since the amount of resveratrol used 
in these experiments was orders of magnitude higher 
than the amounts found in wine, these results suggest 
that if resveratrol has any effect against coronary heart 
diseases, it is not related to its antioxidant role on 
lipids or to changes in lipoprotein profile. 

Keywords: Lipid profile, lipid peroxidation, lipoproteins, 
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INTRODUCTION 

Reactive oxygen species (ROS) have often been 
implicated in cardiovascular diseases. For 

example, the damage caused by reperfusion of 
ischemic tissues is oxygen-dependent and at 
least part of it is due to an uncontrolled genera- 
tion of ROS.[l,’] These species have also been 
impli-cated in atherosclerosis, as they cause oxi- 
dation of lipoproteins which in turn accumulate 
in macrophages, leading to foam cell formation, 
ultimately causing vascular stenosi~.[~”] The pre- 
ventive effect of vitamin E, a powerful anti- 
oxidant, on coronary heart disease[-] provides 
support for a role of ROS in the pathogenesis of 
coronary diseases. 

Several groups have found an inverse correla- 
tion between red wine intake and preven- 
tion of cardiovascular diseases.19] Since red wine 
is particularly rich in antioxidants including 
flavonoids and other phenolic compounds, it has 
been proposed that its protective effect is due in 
part to these compounds.[l@121 These results are 
still under careful scrutiny.[13] For example, De 
Rijke et al. compared the susceptibility to Cuf2- 
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dependent oxidation of low-density lipoproteins 
from normal volunteers and concluded that it was 
not affected by wine intake.[14] One of the reasons 
for this finding is that, although wine antioxidants 
are powerful antioxidants in vitro,['l] their halflife 
in serum appears to be rather short.["] 

Resveratrol is one of several antioxidants 
found in ~ i n e [ ' ~ " ~ " ~ ]  but its proposed effects are 
the center of a controversy. Some reports suggest 
that resveratrol is beneficial as it may be respon- 
sible for part of the proposed antioxidant effect of 
red wine in viv0.['~,'~1 Others indicate that since it 
is present in very low amounts (6 pM), it could 
not contribute substantially to the total anti- 
oxidant capacity of red wine and its effect in vivo 
should be negligible.[l0] Other groups have sug- 
gested that wine[''] and even resveratrol alone[17] 
may be beneficial by increasing plasma HDL, 
which in turn could protect against cardiovascu- 
lar heart disease. Yet, a recent report has indi- 
cated that resveratrol increases atherosclerosis in 
cholesterol-supplemented rabbits.[''] 

In view of the controversy regarding the role of 
resveratrol in vivo, we decided to treat normal 
rats with synthetic resveratrol and tested its 
effect on the lipid profile and the susceptibility of 
protein lipids to oxidation. Our results show that 
although resveratrol is a powerful antioxidant 
in uitro, it did not change the lipid profile in 
plasma and did not affect the susceptibility of 
lipids associated with serum proteins to copper- 
mediated oxidation. 

MATERIALS AND METHODS 

Treatment of Rats with Resveratrol 

Trans-resveratrol (the isomer found in wine) 
was synthesized as described elsewhere.t201 
Its molecular weight was determined by mass 
spectrometry (molecular weight 228 daltons, 
Mass Spectrometry Center, University of South 
Alabama). The purity of synthetic resveratrol 
was determined by high performance liquid 

chromatography and by comparison of physical 
properties with literature values.[20] 

Twenty rats (CD, female, 300 g) were divided 
in three groups and injected daily (i.p.), for 
21 days with either 0.5 ml of propylene glycol 
(4 animals, control) or either 20 or 40 mg/kg body 
weight resveratrol(8 animals in each group) using 
the same volume of propylene glycol. 

At the end of these treatments the ani- 
mals were anesthetized with pentobarbital 
(50 mg/kg body weight) and sacrificed imme- 
diately after taking two blood samples/animal 
through heart puncture. One of these two sam- 
ples contained EDTA as anticoagulant and, after 
centrifugation, the plasma was shipped to 
Atherotech (Birmingham, AL) for characteriza- 
tion of the lipid profile of every group. The 
whole procedure was carried out at 4°C and the 
lipoprotein analysis was carried out within 24 h 
of collection. The other sample did not have 
anticoagulant and was used to separate serum 
for thiobarbituric acid reactive substances 
(TBARS) determination. 

Measurement of Serum Lipid Peroxidation 

Rat serum proteins were first separated from other 
low molecular weight components (i.e. ascorbic 
acid) by gel filtration through Biogel lODG desalt- 
ing columns (Biorad, Hercules, CA). The resulting 
protein fraction was incubated with either 2 or 
10 pM CuS04 at 37°C for 12 hours. The formation 
of peroxidized lipids was monitored as TBARS as 
described elsewhere.[211 

Hydroxyl Radical Production 

Hydroxyl radical was produced by photolysis 
of H202 (100 pM) using a hand operated W 
lamp (R-52, Ultraviolet Products, San Gabriel, 
CA) positioned at 3 cm from the sample. The 
detection system was reduced cytochrome c 
(20 pM 50 mM potassium phosphate buffer, 
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pH 7.4) in a quartz cuvette as previously 
described.['*] The effect of hydroxyl radical on 
cytochrome c was monitored as the decrease in 
absorbance at 550 nm ( E  = 19 mM-'.cm-'). 
Controls were run in the absence of UV light to 
discount any possible H202-dependent cyto- 
chrome c oxidation. 

Another control to test the antioxidant effect 
of resveratrol was performed by determining 
its inhibitory effect on epinephrine autoxida- 
tion. For these studies epinephrine was incu- 
bated 50 mM in potassium phosphate at pH 10 
and resveratrol was added at increasing con- 
centrations determining the lag time for the 
reaction. The autoxidation of epinephrine was 
monitored spectrophotometrically at 480 nm. 
The results of these experiments only con- 
firmed the antioxidant effect of resveratrol 
(already shown in Fig. 1 as well as in previous 
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publications) and are only described in the text 
as "not shown". 

RESULTS AND DISCUSSION 

Ultraviolet irradiation of hydrogen peroxide 
produces the hydroxyl radical.'''] The effect of 
this powerful oxidant on reduced cytochrome c 
was inhibited by synthetic resveratrol in a dose- 
dependent manner (Fig. 1, Is0 = 33 pM). These 
results are in agreement with previous reports 
describing a powerful antioxidant effect of 
resveratrol in vitro.[10,16,171 As expected, similar 
results were obtained when testing the effect of 
resveratrol on other oxidative processes such as 
epinephrine autoxidation at pH 10 (not shown). 
In summary, these results indicate that the syn- 
thetic resveratrol used in this study was indeed 
an effective antioxidant. 

0 50 100 150 200 250 

resveratrol (u M) 
FIGURE 1 
and Methods. The points are average of two independent experiments. 

Inhibitory effect of resveratrol on the rates of cytochrome c oxidation by H20,. For experimental conditions, see Materials 
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Several studies proposed that moderate alcohol 
consumption increases HDL cholester01!~,~1 It has 
been hypothesized that in addition of being an  
antioxidant resveratrol in the wine may increase 
plasma HDL activity.["] The concentration of 
resveratrol in wine is about 6 pM,[lo1 approxi- 
mately 1.4 mg/l. In order to determine the effect of 
pure resveratrol on the lipid profile of normal con- 
trol rats, control animals were treated with much 
higher doses (20 or 40 mg/kg body weight). 

The serum lipid profile was not significantly 
different among all groups (Table I). This treat- 
ment did not alter the proportion of cholesterol 
bound to either HDL, IDL or LDL concentration. 
Although the total concentration of triacylglyc- 
erides appears to decrease with resveratrol con- 
centration, when this trend was analyzed by 
ANOVA it turned not significant ( p  = 0.17). 
Similarly, the increasing trend in HDL-cholesterol 
with resveratrol concentration and the resulting 
decreasing trend in the LD/HDL ratio showed no 
sigruficance ( p  = 0.62 and 0.3, respectively). 

Resveratrol could also protect against cardio- 
vascular diseases if it became associated with 
plasma proteins involved in lipid transport 
(ix., albumin and lipoproteins), thus preventing 
lipid peroxidation. To test this possibility, an 
aliquot of serum from the same rats was first 
passed through a desalting column to separate 
low molecular weight antioxidants ( ie . ,  uric acid 
or vitamin C) from proteins. The resulting mix- 
ture of proteins was incubated with submaximal 
copper concentrations (2 or 10 FM) to induce 
variable levels of lipid peroxidation (Fig. 2). 
Resveratrol, like vitamin ErZ4] delays the initia- 

tion of lipid oxidation upon exposure of proteins 
to copper. A delayed initiation should lead to a 
smaller extent of TBARS, unless the concentra- 
tion of oxidant is enough to oxidize all the lipids 
before the samples are analyzed for TBARS. In 
these experiments, TBARS formation in controls 
and samples from resveratrol-treated rats 
increased with copper concentration (Fig. 2) .  
Thus, the amounts of TBARS produced were not 
maximal, at least for the lowest copper con- 
centration. However, TBARS accumulation in 
serum samples from resveratrol-treated rats was 
not significantly different when compared to 
controls (Fig. 2). Thus, it may be concluded that 
there was no delay in the rate of oxidation in 
samples from resveratrol-treated animals, or in 
other words, that resveratrol was not associated 
with the protein fraction. 

The susceptibility of protein-associated lipids 
to copper-dependent lipid peroxidation was not 
affected by resveratrol treatment, suggesting that 
although resveratrol may protect lipoproteins 
when added in vifro,[16] it does not become 
associated with proteins in vivo (Fig. 2). This is a 
major difference with vitamin E which prevents 
lipoprotein oxidation and therefore prevents 
foam cells from being formed. Thus, although 
resveratrol has twice the antioxidant capacity of 
Troloxll'] (a vitamin E analog) the potential pro- 
tective effects in vivo cannot be compared. 

In summary, the results reported herein sug- 
gest that resveratrol at doses 3 orders of magni- 
tude higher than those ingested with red wine 
does not have any sigruficant effect on lipopro- 
tein profile in vivo nor does it prevent the oxida- 

TABLE I Lipid profile and lipoprotein (a) content in control rats (injected with propylene glycol as a vehicle) and rats after 21 days 
of treatment with either 20 mg/kg or 40 mg/kg b.w. resveratrol. The values represent averages f S.D. The groups were compared by 
ANOVA and the results show no significant differences among treatments. 

Treatment triacylglycerides Cholesterol LDL/HDL 
(mg/dl) ( m g / 4  

Total HDL LDL IDL 

0.39 k 0.03 Control 38.5 * 9.3 67 f 9.5 42.5 k 6.1 16.2 f 1.3 3.5 f 0.9 
0.35 f 0.1 20 mgtkg 34.4 k 6 73.5 f 20.5 50.6 f 18.5 16.4 f 4.5 3.4 f 0.9 

40 mgkg 30.4 * 4.4 72.4 i 15.6 51 i 10.8 15.9 f 4.3 3.2 f 0.9 0.31 i 0.06 
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Control 20 mg/kg 40 mg/kg 

2 p M C u  10 pM Cu 
FIGURE 2 " B A R S  formation during the oxidation of lipids associated with serum proteins from animals treated with either 20 or 
40 mglkg b.w. resveratrol for 21 days. Lipid peroxidation was started by incubating serum samples (12-16 mg proteiniml) with either 
2 or 10 pM CuS04. 

tion of plasma lipids in vim. Thus, if resveratrol 
has any protective effect of against coronary 
heart disease, it should be attributed to other 
properties. For example, resveratrol could act 
like uric acid, as a sacrificial scavenger in circula- 

or could exert its action through an 
inhibitory effect on platelet aggregati~n."~] 
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