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Free radicals generated as byproducts of normal metabolism can damage
biologically relevant molecules. When their generation is increased, damage can
also be increased, resulting in the development of many pathological conditions.
Antioxidant defenses protect the body from the detrimental effects of free radicals.
Dietary fruits and vegetables provide a reasonable amount of compounds that act
as physiological antioxidants. Although existing knowledge does not allow a final
and conclusive assessment of the relevance of antioxidants for health, it does
provide the basis for its rational consideration. This paper addresses the specific
aspects of antioxidant supplementation in health and disease.
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AGING, EXERCISE, AND ANTIOXIDANT SUPPLEMENTS

The 57th World Health Assembly (Geneva, 17–22 May,
2004) of the World Health Organization recognized the
importance of both a healthy diet and regular and
adequate physical activity as major factors in the promo-
tion and maintenance of good health throughout the
entire life course. One currently recognized characteristic
of a healthy diet includes components that counteract
oxidative stress, which, besides being involved in the etio-
pathogeny and progression of chronic diseases, contrib-
utes to the process of aging.1,2,3 Since antioxidant defenses
decrease with aging and the production of reactive
oxygen species (ROS) increases with both aging and exer-
cise, the concurrent effect of aging and exercise could
exacerbate oxidative stress.4,5,6,7,8,9

To determine whether this deleterious process could
be decreased or palliated by dietary antioxidant treat-
ment, the group of Dr R Jiménez studied the potential
effect of both exercise and antioxidant treatment in

healthy aged subjects. The work was a long-term (2 years)
and large-scale (400 aged subjects, 58–86 years old) inter-
vention study based on both moderately intense exercise
and concurrent antioxidant treatment consisting of daily
intake of a functional antioxidant beverage, Funciona™, a
blend of antioxidant-rich fruit extracts enriched with
antioxidant vitamins. The subjects were randomly incor-
porated into one of three groups: 1) control (no antioxi-
dant treatment, no training), 2) training (3 sessions per
week, 50-min sessions), and 3) training plus antioxidant
treatment (330 mL/day of Funciona™).After 10 months of
these interventions, it was found that even though exer-
cise caused oxidative stress, the antioxidant treatment
prevented this effect.5,10 These findings demonstrate that
although moderate training elicits a number of favorable
responses and improves physical health in elderly people,
even if initiated in later years, regular exercise might be
accompanied by antioxidant supplementation to attain
an optimum level of defense against the free radical gen-
eration associated with aging and exercise.2
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OXIDATIVE STRESS AND BRAIN FUNCTION

The brain is particularly vulnerable to ROS for several
reasons: 1) it consumes approximately 20% of the total
body oxygen despite the fact that it comprises less than
2% of total body weight, 2) it contains high levels of
polyunsaturated fatty acids and may contain low propor-
tions of endogenous antioxidants, 3) iron accumulates in
brain-specific regions, and 4) iron-binding proteins (i.e.,
ferritin) may be relatively deficient in the brain. These
characteristics and evidence from both direct and indi-
rect studies have associated neurodegenerative diseases
with oxidative stress conditions and emphasize the use
of antioxidants as prophylactic agents in their
management.11,12,13,14

Dr OI Aruoma discussed the view that neurodegen-
erative disorders are associated with various degrees of
behavioral impairments that significantly decrease the
quality of life. Bioactive compounds (in particular, those
possessing antioxidant activities) in traditional medicine
and food plant extracts may be particularly important in
protecting against a number of neurological diseases in
which oxidative stress is implicated.12,13,15 Elucidation of
the intracellular pathways associated with free radicals in
neuronal cells is essential in order to gain insight into the
pathophysiologic basis for neuronal death and to enable
pharmacologic strategies to ameliorate such neuronal
degeneration.15,16 In addition, the potential neuroprotec-
tive effects of flavonoids against the neuronal deficits
associated with aging or age-related neurodegenerative
diseases is of increasing interest.

Cellular studies examining the potential mechanisms
of neuroprotection by flavonoids in preventing neuronal
cell death caused by oxidative stress have identified three
different mechanisms of flavonoids:15,16 1) they can act as
scavengers for ROS, 2) they maintain the correct glu-
tathione levels, and 3) they inhibit the Ca2+ influx, which
represents the last step in the cell death cascade. Thus,
these qualities coupled with the anti-inflammatory prop-
erties of certain flavonoids could render these com-
pounds suitable for application where oxidative stress,
inflammation, and antioxidant defense depletion take
place, such as in Alzheimer’s and Parkinson’s disease.
However, emerging evidence suggests that the antioxi-
dant activity of phenolic compounds is unlikely to be the
sole mechanism responsible for their protective action.

Flavonoids can exert modulatory actions in cells by
interacting with a wide spectrum of molecular targets
central to the cell-signaling machinery. These include
activation of mitogen-activated protein kinase, protein
kinase C, serine/threonine protein kinase Akt/PKB, and
phase II antioxidant detoxifying enzymes; downregula-
tion of proinflammatory enzymes (COX-2 and iNOS)
through the activation of peroxisome proliferator-

activated receptor gamma; regulation of calcium homeo-
stasis; inhibition of phosphoinositide 3-kinase, tyrosine
kinases, NFkB, c-JUN, and antioxidant response element
pathways, as well as modulation of several cell survival/
cell-cycle genes.15,17,18 Therefore, in addition to their anti-
oxidant capacity, phenolic compounds may exert a
protective effect by selectively inhibiting or stimulating
key proteins in the cell-signaling cascades, a point further
discussed by Dr C Fraga.

ANTIOXIDANT VITAMINS AND CANCER

The protective efficacy of supplementation with a com-
bination of antioxidant vitamins and minerals in reduc-
ing the incidence of cancer and ischemic vascular disease
in the general population has been proposed.19,20 Dr I
Sánchez-García reviewed the nutritional factors involved
in the genesis of cancer, since they may increase the risk
of cancer or act as chemoprotective agents. In fact, two-
thirds of human cancer could be prevented by modifying
lifestyle habits, specifically, nutritional habits. Thus, the
consumption of fruits and vegetables is associated with a
lower incidence of certain types of cancer, with the
molecular mechanism(s) involved in such an association
being largely unknown.

Dr S Hercberg summarized the results of the
SU.VI.MAX study, 19 which used a combination of anti-
oxidants at nutritional doses typically attainable with a
balanced diet rich in fruits and vegetables. A total of
12,741 apparently healthy adult subjects of both sexes
were assigned at random to one of two groups: group 1
received a single daily capsule of a combination of
120 mg vitamin C, 30 mg vitamin E, 6 mg beta-carotene,
100 mg selenium (as selenium-enriched yeast), and 20 mg
zinc (as gluconate); group 2 received a placebo. The
follow-up time was 7.5 years. At baseline, plasma levels of
beta-carotene and vitamin C were higher in women than
in men. A total of 271 subjects developed ischemic vas-
cular disease but no differences were detected between
the two groups and no gender-group interaction was
detected. Moreover, although there was no difference
between the groups in the incidence of cancer, a signifi-
cant protective effect of antioxidants was found in men
but not in women. Concerning mortality, no overall sig-
nificant difference was observed for all-cause mortality
between groups. Again, a gender-group interaction was
observed, showing a significant protective effect of anti-
oxidants on the development of cancer in men. It is pro-
posed that the gender difference observed in the study
could be due to the lower baseline status observed in men
for certain antioxidants, especially beta-carotene.

Thus, the efficiency of supplementation in reducing
cancer incidence may be related to the ability to correct
antioxidant status with an adequate dose of antioxidant
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nutrients in subjects with suboptimal antioxidant status
(such as men in the SU.VI.MAX study). This hypothesis is
supported by the results of a trial conducted in Linxian,
China,21 and performed in a general population of males
with very low baseline micronutrient status. The study
used a combination of nutritional doses of antioxidants,
including beta-carotene. This has been the only trial that
found a statistically significant reduction in total and spe-
cific cancer incidence and overall mortality after supple-
mentation with antioxidants. However, results of other
large primary intervention trials were consistent with the
lack of effect of supplementation of antioxidants on car-
diovascular diseases, whereas the protective effect on
cancer was variable. Two studies did not find a positive
effect (Physicians’ Health Study22 and Women’s Health
Study23), and two others actually found a deleterious
effect (Alpha-Tocopherol Beta-Carotene Cancer Preven-
tion Study,24 and b-Carotene and Retinol Efficacy Trial25),
especially on lung cancers. The main difference between
the SU.VI.MAX study and these others is likely to be
related to the doses and types of antioxidants used, as well
as recruitment methods, selection criteria, and population
characteristics.

From these trials, it may be concluded that antioxi-
dant supplementation may have a beneficial effect on
cancer incidence only in healthy subjects who are not
exposed to cancer risk and who have a particularly low
baseline status. High doses of antioxidant supplements
may be deleterious in high-risk subjects without any
clinical symptoms in whom the initial phase of cancer
development has already started. Moreover, antioxidant
supplementation could be ineffective in well-nourished
subjects with adequate antioxidant status. The results of
the SU.VI.MAX study therefore suggest that an adequate
and well-balanced supplementation of antioxidant nutri-
ents, at doses that might be reached by a healthy diet with
a high consumption of fruits and vegetables, has protec-
tive effects against cancer in male subjects. The ineffec-
tiveness of supplementation in women may be due to
their better baseline antioxidant status.

The results of the SU.VI.MAX study reinforce the
general recommendations of a life-long diversified diet
containing foods that are rich sources of antioxidant
nutrients. On the other hand, the benefit of long-term
supplementation with high-doses of antioxidants, espe-
cially in subjects exposed to risk factors for cancers or
those with infra-clinical cancers, is still lacking convinc-
ing evidence.

POLYPHENOLS AS ANTIOXIDANTS

Dr C Fraga discussed the potential role of plant polyphe-
nols (PPs) as antioxidants for human health, especially as
related to cardiovascular disease. It has been proposed

that plant PPs can contribute to the health benefits asso-
ciated with the consumption of fruits and vegetables.26

Flavan-3-ols (catechin, epicatechin), flavonols (querce-
tin), isoflavones (genistein), stilbenoids (resveratrol), and
curcuminoids (curcumin), are examples of PPs that have
been studied extensively in the last decade with regard to
the prevention of cardiovascular disease, cancer, neuro-
degeneration, and other diseases. In a significant part of
this research, the free radical scavenging capacity has
been considered the major biological activity of PPs.27

However, the very limited tissue bioavailability of PPs
hardly supports the in vivo relevance of such systemic
free radical scavenging action. On this basis, the research
on PPs has been refocused to evaluate alternative molecu-
lar mechanisms that explain the antioxidant effects
observed in vivo. In this regard, the interactions of PPs
with cell membranes28 and proteins, along with the
modulation of cell signals and gene transcription,29 have
been indicated as potential mechanisms underlying the
beneficial health effects of PPs. Importantly, these inter-
actions can occur at physiologically relevant concentra-
tions of PPs.17 In the case of cardiovascular disease,
several epidemiological studies have related a high con-
sumption of PPs with a decreased risk of cardiovascular
disease and hypertension.30,31,32,33,34

Considering that cardiovascular pathologies, includ-
ing hypertension, have been consistently associated with
ROS-mediated adverse effects, the beneficial effects of fla-
vanol consumption could be easily linked to an antioxi-
dant action, but as mentioned, the actual levels of these
compounds found in the body do not underscore such
interpretation. The interactions of polyphenol mem-
branes and of polyphenol proteins (enzymes, transcrip-
tion factors) that were demonstrated in vitro and in cell
cultures can occur within the expected levels of PPs in the
body. Clearly, the occurrence of such mechanisms does
not preclude a direct free radical or metal-chelating
action. Furthermore, the actual occurrence of these
potential interactions in vivo should be considered when
linking an antioxidant action to a PP or to any other
molecule whose metabolic fate and biological actions are
not firmly established.

CONCLUSION

In conclusion, although the role of oxidative stress in
aging, neurodegenerative and vascular diseases, cancer,
diabetes, and other related diseases is largely accepted, the
value of antioxidant strategies is still debatable. This
becomes more important when, apart from foods or rea-
sonable lifestyle changes, antioxidant supplements are
considered. Well-defined long-term trials are still needed
to asses the efficacy of antioxidant strategies or of
antioxidant-rich nutritional intervention. Any persistent
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reduction in oxidative stress should be monitored using
appropriate, reliable, and sensitive biomarkers, and the
real health benefits of lowering the oxidative stress should
be assessed critically. Meanwhile, a well-balanced diet
rich in fruits and vegetables is highly advised.
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