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LDL oxidation and flavonoids . . .

glucoside in preventing LDL oxidation, with respect to respective
aglycones, may be related to the presence of the sugar moiety that
increases their antioxidant activity because of an improvement of
odd electron delocalization. Moreover, the free radical scavenging
activity of cyanidin-3-O-�-D-glucoside (which, together with its
aglycon, represents about 85% of total anthocyanins contained in
ROE) has been clearly demonstrated in several experimental mod-
els (Morazzoni and Malandrino 1988; Sichel and others 1991; Tusda
and others 1994; Vinson and others 1995; van Acker and others
1996; Wang and others 1997). Also, the antioxidant activities of
hydroxycinnamic acids may be correlated to their structures (Figure
10).

In fact, the presence of electron donating groups (3- and 5-
methoxy and, more importantly, 4-hydroxyl) in sinapic acid gives
additional resonance structures of the phenoxyl radical resulting
from interaction with free radicals. This structure may contribute to
the stability of this intermediate or may terminate free radical chain
reactions. The carboxylic acid group with the adjacent unsaturated
carbon-carbon double bond can further contribute to the stability
of the radical via resonance or by providing additional attachment
sites for free radicals. These data are in agreement with those of
Kanski and others (2002) and Schroeter and others (2000), who re-
ported a higher antioxidant activity for ferulic acid with respect to
coumaric and caffeic acids. Recent experimental evidence about
bioavailability of hydroxycinnamic acids (Bourne and Rice-Evans

1998) indicate that they are absorbed intact and have also lifetimes
in the general circulation so that they may function physiologically.
Moreover Tereu and others (1999) have demonstrated the direct
intestinal absorption of the anthocyanins as intact glycoside form
both on rat and humans after oral supplementation

There is growing evidence that oxidative stress may represent
one of the agents involved in the initiation and/or progression of
many human diseases including atherosclerosis, post-ischemic
reperfusion injury, inflammation, aging, and neurodegenerative
pathologies (Parkinson’s and Alzheimer’s diseases). In addition,

Figure 7—Agarose gel electrophoretic mobility of human
LDL (50 �g/mL) nonincubated (nLDL) and incubated for 20
h at 37 °C with 2 mM APPH in the presence and absence
(oxLDL) of polyphenolic antioxidants at indicated concen-
trations.

Figure 8—Agarose gel electrophoretic mobility of human
LDL (50 �g/mL) nonincubated (nLDL) and incubated for 20
h at 37 °C with 2 mM APPH in the presence and absence
(oxLDL) of polyphenolic antioxidants at indicated concen-
trations.

Figure 9—Chemical structures of quercetin, rutin, cyani-
din, and cyanidin 3-O-�-D-glucoside

Figure 10—Chemical structures of caffeic acid, coumaric
acid, sinapic acid, and ferulic acid
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several experimental results link the overproduction of reactive
oxygen species (ROS) to biological damage. ROS, in fact, are able to
chemically alter virtually all the major classes of biomolecules (pro-
teins, nucleic acids, lipids). Like other aerobic organisms, humans
have evolved a variety of mechanisms to protect themselves from
the potentially deleterious effects of ROS; nevertheless, oxidative
stress occurs when the generation of free radicals exceeds the capac-
ity of a cell to defend or repair itself.

If LDL oxidation plays a key role in the pathogenesis of athero-
sclerosis, then its inhibition by antioxidants should be effective in
preventing atherosclerosis and other vascular diseases.

In view of these considerations flavonoids present in vegetables
are certainly a biomarker of a “healthy” diet.

Conclusions

The results of this study, while further confirming our previous
data (Russo and others 2000, 2002) indicating antioxidant

properties of ROE and some flavonoids to protect DNA, to scavenge
free radicals, and to inhibit xanthine oxidase activity, also suggest
specific effects of rutin, quercetin, cyanidin, cyanidin 3-O-�-D-glu-
coside, hydroxycinnamic acids, ascorbic acid, and, in particular, ROE
on the prevention of LDL oxidation, an important step in the forma-
tion of atherosclerotic plaques and subsequent development of car-
diovascular diseases.
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