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The cyanidin-3-O-b-glucopyranoside (C-3-G) antioxidant
capacity towards reactive oxygen species (ROS)-mediated
damages was assessed in tissue and cells submitted to
increased oxidative stress. In the isolated ischemic and
reperfused rat heart, 10 or 30mM C-3-G protected from
both lipid peroxidation (66.7 and 94% inhibition of
malondialdehyde (MDA) generation in 10 and 30mM
C-3-G-reperfused hearts, respectively, in comparison with
control reperfused hearts) and energy metabolism impair-
ment (higher ATP concentration in 10 and 30mM C-3-G-
reperfused hearts than in control reperfused hearts). These
effects were associated to C-3-G permeation within
myocardial cells, as indicated by results obtained in the
isolated rat heart perfused for 30 min in the recirculating
Langendorff mode under normoxia with 10 and 30mM
C-3-G. Protective effects were exerted, in a dose-dependent
manner, by C-3-G also in 2 mM hydrogen peroxide-treated
human erythrocytes. With respect to MDA formation, an
apparent IC50 of 5.12mM was calculated for C-3-G (the
polyphenol resveratrol used for comparison showed an
apparent IC50 of 38.43mM). The general indications are that
C-3-G (largely diffused in dietary plants and fruits, such as
pigmented oranges very common in the Mediterranean
diet) represents a powerful natural antioxidant with
beneficial effects in case of increased oxidative stress, and
at pharmacological concentrations it is able to decrease
tissue damages occurring in myocardial ischemia and
reperfusion.

Keywords: Anthocyanin; Cyanidin-3-O-b-glucopyranoside; Nutri-
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Myocardial ischemia and reperfusion
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INTRODUCTION

The damaging activity of reactive oxygen species
(ROS) towards several biologically important mole-
cules has been clearly evidenced in the last decades.
Phenomena such as induction of lipid peroxidation
reaction chain,[1] modification of protein structure
with change of their activity,[2,3] alteration of nucleic
acids[4] have been assessed in various experimental
models. Moreover, the demonstration of ROS
involvement in different human pathologies, includ-
ing myocardial ischemia and reperfusion,[5,6]

diabetes,[7] viral infections,[8] cerebral trauma,[9,10]

has contributed to increase either the interest in
finding possible pharmacological remedies, that
should be adopted in the clinical practice for
avoiding (or at least reducing) the insurgence of the
aforementioned ROS-mediated cell and tissue
damages, or the attention in determining different
nutrients with ROS scavenging activity, that should
be assumed with diet for preventing eventual ROS
impact by increasing organism antioxidant defenses.

In this light, an always increasing number of
studies have evidenced the powerful antioxidant
capacity of naturally occurring compounds which
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are commonly introduced in human diet, thus
underlining the potential benefits of their intake in
the prevention of ROS damaging activity. Among the
various compounds flavonoids, a large group of
polyphenols, including the water-soluble glycosy-
lated forms named anthocyanins, have particularly
been studied because of their wide distribution in
beverages, fruits and dietary plants. Therefore, it has
been demonstrated that polyphenols of red wine
increase the antioxidant capacity of serum,[11] thus
helping to explain the well known “French paradox”
with regard to cardiovascular diseases.[12] Similarly,
anthocyanins reduce lipid peroxidation and DNA
damage in vitamin E-depleted rats,[13] inhibit
the EGF receptor,[14] possess anti-inflammatory
properties.[15] Several studies have pointed out
the structure – activity relationship of the
various anthocyanins,[16,17] evidencing a peculiar
antioxidant efficacy for cyanidin-3-O-b-gluco-
pyranoside (C-3-G). Very recently, we have shown
that the high in vitro efficacy of C-3-G to prevent
copper-induced human LDL peroxidation is
mediated by its effective ROS scavenging capacity
rather than to a possible metal chelating activity, the
C-3-G ROS scavenging capacity residing in its very
negative redox potential ðE1=2 ¼ 2405 mVÞ.[18] C-3-G
is relatively abundant in the plant kingdom; in fact,
strawberry, blackberry, rhubarb, cherry, red cabbage,
red onion, cranberry, etc. have a considerable C-3-G
content.[19,20] From the nutritional point of view, the
importance of characterizing the C-3-G profile of
activity is also related to pigmented oranges growing
in Sicily (Tarocco, Sanguinello and Moro cultivars)
which are certainly peculiar both because of their
high C-3-G level[21] and because they represent a
typical food largely consumed in the so called
Mediterranean diet.

In the present manuscript, we report data on the
effect of C-3-G to prevent ROS-mediated tissue
and cell damages, as assessed in the isolated
Langendorff-perfused rat heart undergoing to
ischemia and reperfusion and in isolated human
erythrocytes subjected to increased oxidative stress.
Possible nutritional relevance and eventual C-3-G
pharmacological perspectives are also discussed.

MATERIALS AND METHODS

Chemicals

C-3-G was purchased from Polyphenols AS Labora-
tories (Hanabryggene Technology Center, Sandnes,
Norway). Natural resveratrol, ascorbic acid and
1,1’,3,3’-tetraethoxypropane, which was used to
obtain malondialdehyde (MDA) standard as des-
cribed elsewhere,[22] were obtained from Sigma

(St. Louis, Mo, USA). Ultrapure standards for high
performance liquid chromatographic (HPLC) ana-
lyses were supplied by Boheringer (Mannheim,
Germany) and tetrabutylammonium hydroxide,
used as the ion-pairing reagent for the HPLC analysis
of the various compounds, was purchased as a 55%
aqueous solution from Nova Chimica (Cinisello
Balsamo, Milan, Italy). All other reagents were of
the highest purity available from commercial sources.

Experiments with Isolated Rat Heart

Male Wistar rats of 300–350 g body weight were
used in this study. They were fed with a standard
laboratory diet and water ad libitum in a controlled
environment. Animals were anesthetized with an
intraperitoneal injection of 50 mg/kg ketamine; after
an intravenous administration of 1500 U of heparin
into the caudal vena cava, hearts were quickly
excised and mounted through the aorta on a stainless
steel cannula for a retrograde non-recirculating
Langendorff perfusion. Hearts were perfused at a
constant hydrostatic pressure of 7.85 kPa (80 cm
H2O) with a Krebs–Ringer bicarbonate solution, pH
7.4, including 2.5 mM CaCl2, 10 mM glucose, 0.6 mM
KH2PO4 and 1.2 U/l of insulin, saturated with
O2 þ CO2 (95/5; v/v). After 20 min of preperfusion,
hearts were subjected to 30 min of global normother-
mic ischemia (obtained by completely abolishing
perfusate inflow into the aorta) followed by 30 min of
normoxic reperfusion. C-3-G-treated hearts were
reperfused with the above described buffer sup-
plemented with 10 or 30mM C-3-G. At the end of
preperfusion or reperfusion, hearts were freeze-
clamped by aluminum tongue, pre-cooled in liquid
N2 and immersed in liquid N2. Atria and non-cardiac
tissue were trimmed off, the wet weight was then
determined and a piece of myocardial tissue (about
150 mg) was incubated at 1508C for 12 h for the dry
weight (d.w.) determination. The remaining heart
tissue was deproteinized and processed for HPLC
determination of MDA (as index of ROS-mediated
lipid peroxidation), ascorbate, nicotinic coenzymes
and high-energy phosphates, as previously
described.[23,24]

To determine the myocardial cell capability to take
up C-3-G, hearts were preperfused for 20 min with
the Krebs–Ringer buffer under the non-recirculating
Langendorff mode. Afterward, perfusion was con-
tinued in the recirculating Langendorff mode for
30 min with 250 ml of the same buffer supplemented
with 10 or 30mM C-3-G. Alternatively, recirculation
was effected for 10, 20 or 30 min with 250 ml of 30mM
C-3-G-supplemented Krebs–Ringer medium. After
each recirculating time period in presence of C-3-G,
hearts were again perfused for 10 min with the
Krebs–Ringer buffer under the non-recirculating
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Langendorff mode, to ensure the washout of all the
extracellular C-3-G. Finally, hearts were freeze-
clamped and processed as described above for the
HPLC determination of C-3-G concentration within
myocardial cells. All the aforementioned perfusions
were carried out under normoxic conditions.

Experiments with Isolated Human Erythrocytes

Peripheral venous blood samples were obtained by
venipuncture from healthy volunteers and collected
into heparinized syringes. Blood was centrifuged at
1850g for 10 min at 48C, plasma and buffy coat were
discarded, and packed erythrocytes were washed
three times with large volumes of phosphate-
buffered saline, pH 7.4, supplemented with 10 mM
glucose. After the last washing, red blood cells were
resuspended at a 5% hematocrit with the same buffer
and incubated at 378C for 10 min under constant
shaking with 1 mM NaN3, to inhibit catalase activity.
Subsequently, erythrocyte suspension was divided
into different aliquots to which C-3-G or resveratrol
(a different polyphenolic compounds used for
comparison) at the following concentrations were
added: 0, 1, 2, 5, 10, 20, 50 and 100mM. Oxidative
stress was induced by the addition of 2 mM H2O2;
this concentration was chosen because it was
demonstrated to provoke red blood cell membrane
peroxidative damage and energy metabolism altera-
tion without giving rise to significant erythrocyte
lysis.[24] Red blood cells incubated with buffer only
served as controls. At the end of incubation,
erythrocyte suspensions were immersed for 60 s in
an ice bath and then centrifuged at 1850g for 10 min
at 48C. Deproteinization of packed erythrocytes was
carried out by adding ice-cold 1.2 M HClO4 (1/1;
w/v) and subsequent sample processing for HPLC
determination of MDA and high-energy phosphates
was carried out according to Tavazzi et al.[24]

HPLC Separation of Metabolites and C-3-G
Determination

Determination of different metabolites in both
myocardial tissue (100ml injected) and erythrocyte
extracts (200ml injected) was performed by an ion-
pairing HPLC method[23] using a Kromasil
250 £ 4.6 mm, 5 mm particle size column (Eka
Chemicals AB, Bohus, Sweden), provided of its
own guard column, according to a slight modifi-
cation of the original method.[23,24] Two buffers with
the following composition were used: 10 mM
tetrabutylammonium hydroxide, 10 mM KH2PO4,
0.25% methanol, pH 7.00 (buffer A); 2.8 mM
tetrabutylammonium hydroxide, 100 mM KH2PO4,
30% methanol, pH 5.50 (buffer B). A step gradient
was obtained as follows: 10 min 100% buffer A; 3 min
at up to 90% buffer A; 10 min at up to 70% buffer A;

12 min at up to 55% buffer A; 15 min at up to 45%
buffer A; 10 min at up to 25% buffer A; 5 min at up to
0% buffer A. The flow rate of chromatographic runs
was 1.2 ml/min and the column temperature was
constantly kept at 238C. The HPLC apparatus
consisted of Constametric 2500 pump connected
with a SpectraSystem UV6000LP diode array
detector (ThermoQuest Italia, Rodano, Milan, Italy)
set up between 200 and 300 nm wavelength.
Acquisition and analysis of data were performed
by a PC provided with the software package
(ChromQuest) supplied by HPLC manufacturer.
Metabolite concentrations were calculated at
267 nm wavelength (the maximum of MDA absorp-
tion) by comparing peak areas of sample runs with
those of chromatographic runs of freshly prepared
ultrapure standards with known concentrations.

C-3-G determination in the proper myocardial
tissue extracts (200ml injected) was obtained accord-
ing to Ref. [25], with the diode array detector set up
between 200 and 600 nm. Assignment of the C-3-G
peak in tissue extracts was performed by comparing
retention time and absorption spectrum with those
of freshly prepared C-3-G standard with known
concentration. Calculation of C-3-G content was
carried out at 520 nm (the highest C-3-G maximum of
absorption in the visible region).

Statistical Analysis

Differences between control and C-3-G-treated
hearts were assessed by the two-tailed Student’s
t-test for unpaired samples, whilst those between
control and C-3-G-treated erythrocytes were evalu-
ated by the two-tailed Student’s t-test for paired
samples. A p value of less than 0.05% was considered
significant.

RESULTS

In Table I, the effect of C-3-G, at two dose levels, on
the ROS-induced peroxidative and metabolic
damages of isolated ischemic and reperfused rat
hearts is summarized. In control hearts, concomitant
increase of MDA (0.069mmol/g d.w. in reperfused
hearts, not detectable in preperfused hearts;
p , 0:001) and decrease of ascorbate (1.11mmol/g
d.w. in reperfused hearts, 3.03mmol/g d.w. in
preperfused hearts; p , 0:001) gave evidence of
increased oxidative stress. With respect to these
parameters, C-3-G exerted a relevant dose-depen-
dent effect reducing MDA generation (268
and 2 94% in 10 and 30mM C-3-G-reperfused hearts,
respectively, in comparison with control reperfused
hearts; p , 0:001) and avoiding ascorbate oxidation
(þ87 and þ160% in 10 and 30mM C-3-G-reperfused
hearts, respectively, in comparison with control
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reperfused hearts; p , 0:001). Concentrations of
compounds fundamental for the maintenance of
the correct energy state, such as nicotinic coenzymes
and high-energy phosphates, were not restored by
reperfusion with buffer only. Lower levels of ATP,
ADP, NAD and NADP, and higher content of AMP
were observed in control reperfused hearts with
respect to those recorded at the end of preperfusion
(Table I). Again, C-3-G showed a dose-dependent
effect, positively influencing all parameters of energy
metabolism.

Figures 1 and 2 shows results of experiments
effected to establish the extent of the eventual C-3-G
uptake by myocardial cells. As shown in Fig. 1,
perfusion of isolated rat heart under normoxic
conditions in the recirculating Langendorff mode,
with a buffer containing 10 or 30mM C-3-G for
30 min, provoked an intracellular accumulation of
0.021 and 0.056mmol/g d.w., respectively. The time-
course of C-3-G accumulation, obtained by perfusing
the hearts with 30mM C-3-G for 10, 20 or 30 min
under normoxic conditions in the recirculating
Langendorff mode, suggests the existence of a
saturation phenomenon, as indicated by the hyper-
bolic curve reported in Fig. 2.

The protective effect of increasing C-3-G concen-
trations on oxidative stress-mediated red blood cell
damage, induced by 2 mM H2O2 on isolated fresh
human erythrocytes, is shown in Fig. 3. A progress-
ive decrease of MDA formation, i.e. of lipid
peroxidation caused by ROS, was observed as C-3-
G was augmented in red blood cell suspending
medium, from a value of 18.45mmol/l RBC in
erythrocyte incubated with 2 mM H2O2 only, to a
value of 1.02mmol/l RBC in erythrocyte incubated
with 2 mM H2O2 and the maximal C-3-G concen-
tration tested, i.e. 100mM C-3-G produced a 95%
reduction of oxidative stress-mediated MDA gen-
eration. Resveratrol, at any concentration used, was
not as effective as C-3-G in protecting red blood cells
from hydrogen peroxide-induced lipid peroxidation;
at its maximal concentration resveratrol provoked a
decrease by 69% of MDA formation. From data
reported in Fig. 3, an apparent IC50 of 5.12 and
38.43mM was calculated for C-3-G and resveratrol,
respectively. As a consequence of C-3-G protection
towards 2 mM H2O2-induced oxidative stress, an
amelioration of erythrocyte energy state was also
recorded. As shown in Table II, 60 min treatment of
erythrocytes with 2 mM H2O2 produced a 34.7% ATP
decrease, in comparison with the value recorded
in control red blood cells; the highest C-3-G
concentration used (100 mM) prevented ATP
depletion (þ44% with respect to erythrocyte incu-
bated with 2 mM H2O2 only; p , 0:001) and
diminished the formation of its catabolites. Also
resveratrol had a beneficial effect on energy
metabolism of 2 mM hydrogen peroxide-stressedT
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erythrocyte, even though it was not as efficient as C-
3-G (see Table II).

DISCUSSION

Data reported in the present study evidenced the
powerful antioxidant capacity of C-3-G to prevent
biochemical modifications characteristic of ROS
activity in two different cellular and tissue models
of increased oxidative stress. In both cases, C-3-G

almost completely abolished the onset of lipid
peroxidation-based biological membrane damage
(decrease of MDA generation), concomitantly pre-
serving cell antioxidant defenses and protecting
high-energy metabolism. These findings are particu-
larly remarkable because in both models ROS were
produced intracellularly: through mitochondrial
malfunctioning[26] and xanthine dehydrogenase
into xanthine oxidase conversion,[27] in the isolated
rat heart; through the reaction of Fe2þ of hemoglobin
with hydrogen peroxide, in human erythrocytes

FIGURE 1 Concentration of cyanidin-3-O-b-glucopyranoside (C-3-G) in myocardial cells from rat hearts perfused for 30 min in the
recirculating Langendorff mode under normoxia with a Krebs–Ringer buffer containing 10 or 30mM C-3-G. At the end of this perfusion
time, to ensure washout of all extracellular C-3-G, hearts were perfused with a C-3-G-free Krebs–Ringer buffer for 10 min in the non-
recirculating Langendorff mode and then processed for the HPLC determination of intracellular C-3-G. Each point is the mean of five
different heart preparations. Standard deviations are represented by vertical bars.

FIGURE 2 Time-course of cyanidin-3-O-b-glucopyranoside (C-3-G) accumulation in myocardial cells from rat hearts perfused for 30 min
in the recirculating Langendorff mode under normoxia with a Krebs–Ringer buffer containing 30mM C-3-G. At the end of 10, 20 or 30 min
perfusion, to ensure washout of all extracellular C-3-G, hearts were perfused with a C-3-G-free Krebs–Ringer buffer for 10 min in the non-
recirculating Langendorff mode and then processed for the HPLC determination of intracellular C-3-G. Each point is the mean of five
different heart preparations. Standard deviations are represented by vertical bars.
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treated with 2 mM H2O2. This implies that in order to
exert its antioxidant effects C-3-G should have been
able to permeate the plasma membrane, in such an
amount to reduce ROS-damaging action. At present,
no data have been published showing unequivocally
that C-3-G can be found intracellularly in its intact
form; at this regard, the only indications on the
possibility of this occurrence may be inferred by the
detection of C-3-G in plasma (of both rats and human
beings) after its oral administration.[28,29] In the
isolated rat heart, perfused under normoxic con-
ditions in the recirculating Langendorff mode, we
were able to demonstrate that this phenomenon
takes place and that the amount of C-3-G detected in
the myocardial tissue depended on both the
extracellular C-3-G concentration used and the
duration of heart perfusion with C-3-G (Figs. 1 and
2). Consequently, the myocardium having received
C-3-G during perfusion was more protected than
control hearts from ischemia and reperfusion

injuries, not only as far as ROS-mediated lipid
peroxidation is concerned, but also as far as the cell
energy state is pertained. Therefore, it is reasonable
to affirm that C-3-G is a powerful antioxidant, the
possible pharmacological developments of which in
a very relevant clinical field such as that of
cardiomyopathies, should be seriously taken into
consideration.

From results reported in the present experiments,
it is important to observe that C-3-G was effective in
counteracting ROS damages mediated by different
radical species. In fact, in the isolated rat heart, tissue
injuries are supposed to be mainly due to seconda-
rily generated OH† and deriving from O†2

2 through
the Fenton reaction.[30,31]. Differently, in hydrogen
peroxide-treated erythrocytes, oxidative stress has
been addressed to the formation of the relatively
stable ferryl-hemoglobin radical[32] and, to a lesser
extent, to Fenton reaction-produced OH†.[33] The
direct scavenging action of C-3-G towards

TABLE II Effect of cyanidin-3-O-b-glucopyranoside (C-3-G) and resveratrol 100mM on modifications of energy metabolism induced by
2 mM hydrogen peroxide in isolated human erythrocytes

ATP (mmol/l RBC) AMP (mmol/l RBC) IMP (mmol/l RBC)

Control erythrocytes 1844.51 (280.12) 21.11 (3.45) 9.71 (1.18)
2 mM H2O2-treated erythrocytes 1204.31* (182.49) 42.71* (6.28) 197.84* (25.67)
2 mM H2O2 þ 100mM C-3-G-treated erythrocytes 1729.55** (212.01) 23.80** (4.31) 24.36*,** (4.46)
2 mM H2O2 þ 100mM resveratrol-treated erythrocytes 1501.66*,** (177.78) 31.65*,** (5.27) 89.55*,** (10.36)

Red blood cells incubated with buffer only served as controls. Sample processing for HPLC determination of MDA and high-energy phosphates was carried
out as above described in “Materials and Methods” section. Each value is the mean (S.D.) of five different blood samples.
*significantly different from control erythrocytes ( p , 0.05).
**significantly different from 2 mM-H2O2-treated erythrocytes ( p , 0.05).

FIGURE 3 Lipid peroxidation of human erythrocytes incubated for 60 min at 378C under constant shaking with 2 mM hydrogen peroxide
and different cyanidin-3-O-b-glucopyranoside (C-3-G) (full circles) or resveratrol (full squares) concentrations. Lipid peroxidation was
evaluated by a direct HPLC determination of malondialdehyde (MDA). Each point is the mean of six different blood samples. Standard
deviations are represented by vertical bars. All values of 2 mM hydrogen peroxide þ C-3-G-treated erythrocytes were significantly
different from corresponding values of 2 mM hydrogen peroxide þ resveratrol-treated erythrocytes ðp , 0:05Þ:

A.M. AMORINI et al.458

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
6/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



superoxide anions (generated by the xanthine–
xanthine oxidase system) and hydroxyl radicals
(obtained in a Fenton system) has recently been
shown in vitro, in experiments carried out in our
laboratories.[18] Hence, this is the first report
demonstrating that C-3-G is capable to reduce ROS-
mediated damage to red blood cells, mainly
generated by the ferryl-hemoglobin radical, thereby
indicating that C-3-G might represent an efficient
protection for erythrocytes in case of increased
oxidative stress.[3,24,34] The importance of such
protective activity is not only due to the diminution
of membrane damages caused by ROS-mediated
lipid peroxidation, but it is also due to the beneficial
effects exerted by C-3-G on red blood cell energy
metabolism. It is presumable to hypothesize that
higher ATP and lower IMP concentrations found in
2 mM H2O2 þ 100mM C-3-G-treated erythrocytes
than in 2 mM H2O2-stressed erythrocytes might
have been caused by the lack of AMP-deaminase
activation, which has been shown to be responsible
for energy metabolism derangement of oxidatively-
stressed red blood cells.[3,24]

C-3-G, as well as several other flavonoids, is
largely found in the plant kingdom, in fruits and
vegetables of nutritional interest; pigmented
oranges, mainly growing in Sicily and being an
integral part of the so called Mediterranean diet in
Italy, contain at up to 1 mmol/l juice of C-3-
G[21,25,35,36] and thus represent one of the main
dietary sources of this powerful antioxidant that
could easily be found in the Mediterranean area. The
assumption of this class of compounds has been
shown to increase antioxidant defenses and it has
even been supposed that, in populations consuming
large quantities of these substances, their regular
dietary supplementation might contribute to reduce
risks of cardiac attacks. This is the case of the so
called “French paradox” for which the daily intake of
polyphenol-rich red wines, in spite of an abundant
consumption of animal fats, has been suggested to
play a role in the significant reduction of cardiovas-
cular disease occurrence in France.[12] It should,
however, be recalled that, at present, insufficient
information have been produce to unequivocally
demonstrate that the regular dietary intake of
flavonoid-reach food significantly participates to
reduce disease insurgence in human beings. Con-
cerning anthocyanins, additional problems might be
related to their not well known bioavailability and
eventual organ distribution and accumulation, even
though Milbury et al.[37] showed that orally-assumed
elderberry anthocyanins, mainly containing C-3-G
and cyanidin-3-sambubioside, are found in low
amounts in their intact glycolsylated forms in plasma
of elder women (maximal concentrations reported
for C-3-G was about 50 nmol/l plasma). However, it
is now well established that the assumption of

flavonoid-reach food lead to an increase of the
plasma antioxidant capacity,[38] that might represent
an effective tool for preventing insurgence of ROS-
mediated diseases.

Data reported in the present study indicate that C-
3-G antioxidant activity may be exploited at
concentrations higher than those obtainable with
diet, in acute conditions of severe increase of
oxidative stress. This suggests that further studies
are necessary not only to better characterize the
effects of constant prolonged C-3-G dietary intake,
but also to evaluate in depth its possible pharmaco-
logical utilization. In this light, it is worth recalling
that the antioxidant power of C-3-G, either in the
present study or in previous observations,[18] was
higher than that of resveratrol, producing better
protection of membrane phospholipids and energy
metabolism of hydrogen peroxide-stressed erythro-
cytes as well as of copper-oxidized human LDL.[18].

In conclusion, we have shown that C-3-G is a
potent antioxidant in two models of cell and tissue
injuries mediated by increased oxidative stress, and
we have demonstrated that C-3-G effects are exerted
intracellularly thanks to its ability to permeate the
myocardial cell plasma membrane. Further studies
in different animal models to better characterize the
C-3-G pharmacological profile will be performed in
the future.
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[14] Meiers, S., Kemény, M., Weyand, U., Gastpar, R., von Angerer,
E. and Marko, D. (2001) “The anthocyanidins cyanidin and
delphinidin are potent inhibitors of the epidermal-growth
factor receptor”, J. Agric. Food Chem. 49, 958–962.

[15] Wang, H., Nair, M.G., Strasburg, G.M., Chang, Y.C., Booren,
A.M., Gray, J.I. and DeWitt, D.L. (1999) “Antioxidant and
antiinflammatory activities of anthocyanins and their
aglycon, cyanidin, from tart cherries”, J. Nat. Prod. 62,
294–296.
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