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RESUMEN
Aceite de oliva y estrés oxidativo.
La composición del aceite de oliva virgen extra se caracteriza
por su contenido en ácidos grasos, fundamentalmente monoinsaturados (ácido oleico) beneficiosos para reducir el riesgo de enfermedad coronaria, y en componentes menores, particularmente
polifenoles (p.e. hidroxitirosol y oleuropeína) responsables de su sabor y estabilidad. Diversos estudios demuestran el poder antioxidante de los compuestos fenólicos del aceite de oliva (virgen extra).
Aunque la mayoría de ellos se han realizado in vitro, algunos in vivo
parecen confirmar que los polifenoles se absorben dependiendo de
la dosis y que retienen las actividades biológicas después de su ingestión. Estos resultados pueden explicar en parte la menor incidencia de enfermedad coronaria en los países del área
Mediterránea, donde el aceite de oliva (extra virgen) es la principal
fuente de grasas.
PALABRAS-CLAVE: Aceite de oliva; Antioxidantes; Hidroxitirosol; Dieta Mediterránea; Polifenoles; Oleuropeína.

SUMMARY
Olive oil and oxidative stress.
In addition to the fatty acid profile of olive oil, which is high in
the monounsaturated oleic acid and appears to be beneficial in
reducing several risk factors for coronary heart disease and
certain cancers, extra virgin olive oil contains a considerable
amount of phenolic compounds, e.g. hydroxytyrosol and
oleuropein, that are responsible for its peculiar taste and for its
high stability. A body of evidence demonstrates that olive oil
phenolics are powerful antioxidants. Although most of these
studies have been carried out in vitro, some in vivo experiments
confirm that olive oil phenolics are dose-dependently absorbed
and that they retain their biological activities after ingestion. These
data could in part explain the lower incidence of coronary heart
disease in the Mediterranean area, where (extra virgin) olive oil is
the principal source of fat.

KEY-WORDS: Olive oil; Antioxidants; Hydroxytyrosol;
Mediterranean diet; Phenolics; Oleuropein

1. INTRODUCTION
Atherosclerosis begins as an injury to the
endothelium of the blood vessel walls (Ross, 1999;
Assanelli et al., 2004; Schulz et al., 2004). Many
studies reported that hyperlipidemia might injure the
cell wall as well as interfere with normal responses
by tissues to injury, leading to an infiltration of blood
platelets, the proliferation of smooth muscle cells,
and accumulation of collagen and lipids at the site of
damage. Atherosclerotic plaques evolve in the
narrowing of the coronary arteries that supply blood
to the heart.
There is evidence that classic risk factors for
coronary heart disease (CHD), such as high serum
cholesterol and blood pressure, are not much
different between the populations of the
Mediterranean area - where the incidence of CHD
and certain cancers, e.g. breast and colon cancers,
is lowest than those of other North European and
Western countries. Further, there are several
observations that do not completely link CHD
incidence and fat intake and absorption (Mancini and
Rubba, 2000). These data suggest that other, yet
unexplored risk factors may be favorably affected by
a healthful diet. Conversely, in order to lower the risk
of onset and progression of CHD, nutritional
recommendations have been primarily focused upon
dietary regimes aimed at reducing the amount of
circulating lipids as well as the formation of blood
clots.
These observations, together with several studies
indicating a key role played by oxidation of
low-density lipoproteins (LDL) in the onset of
atherosclerosis (Witztum and Steinberg, 2001), led
to the formulation of an antioxidant/atherosclerosis
hypothesis. Polyphenolic metabolites of plants,
common in the Mediterranean area, are found in
fruits, vegetables and olive oil (see this issue of
Grasas y Aceites), and act as strong antioxidants in
various systems. Their multiple biological actions
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have been reviewed by many authors (Kris-Etherton
et al., 2002). Moreover, many epidemiological
studies have shown an inverse association between
the consumption of fruit, vegetables, and their
products and the incidence of cardiovascular
diseases and cancer (Hu and Willett, 2002;
Kromhout et al., 2002).
Clinical and epidemiological studies have shown
that the dietary factor most closely correlated with
high levels of blood cholesterol and CHD risk are
saturated fatty acids (SFA). The healthful properties
of olive oil have been, until recently, exclusively
attributed to its high monounsaturated fatty acid
(MUFA) content, mostly in the form of oleic acid
(18:1n-9), which ranges from 56 to 84% of total fatty
acids. However, several observations argue against
this hypothesis. For example, the effects of MUFA on
circulating lipids and lipoproteins are still equivocal. It is
generally accepted that high intakes of MUFA indirectly
reduce the level of serum total cholesterol when
replace SFA (Hegsted et al., 1993; Gardner and
Kraemer, 1995a,b). In addition, it is also demonstrated
a direct, although modest, cholesterol-lowering effect
after replacement of isocaloric amounts of
carbohydrates by MUFA (Mensink and Katan, 1992;
Mensink et al., 2003). MUFA increase the levels of
the protective high-density lipoprotein (HDL) more
than polyunsaturated fatty acids (PUFA) when these
two classes of fatty acids replace carbohydrates in
the diet (Mensink and Katan, 1992); however, there
are reports of a neutral effect of MUFA on plasma
lipids or even a total- and LDL-cholesterol lowering
activity. Most important, oleic acid is one of the
predominant fatty acids in largely-consumed animal
foods, such as poultry and pork; thus, the percentage
of oleic acid in the Mediterranean diet is only slightly
higher than that of other kinds of Western diets, e.g.
the North American one (Dougherty et al., 1987). It is
therefore unlikely that oleic acid is exclusively
accountable for the healthful properties of olive oil.
Finally, it is also noteworthy that several seed oils
obtained through genetic selection, such as
sunflower, soybean, and rapeseed oils are nowadays
rich in MUFA, albeit devoid of phenolics (Owen et al.,
2000), and are commercially available. Healthy
effects of dietary MUFA, including lower endothelial
activation (Massaro et al., 2002; Massaro and De
Caterina, 2002) and susceptibility of LDL to oxidation
(Berry et al., 1992; Bonanome et al., 1992), are
indeed to be considered; but it is also remarkable to
establish the amount and quality of phenolic
compounds in extra virgin olive oils.
This issue focuses on the evidence that indicates
how the phenolics of extra virgin olive oil may play a
role in the protection from CHD and cancer observed
in the Mediterranean area (see also issues 3 and 4).
These effects go beyond those of oleic acid and we
propose that consumption of good-quality (extra
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virgin) olive oil might have an important impact on
our health.
2. OLIVE OIL PHENOLICS AND OXIDATIVE
STRESS
Among the several minor compounds of virgin
olive oil, there are vitamins such as α- and
γ-tocopherols, β-carotene, phytosterols, squalene,
pigments, terpenic acids, flavonoids such as luteolin and
quercetin, and phenolics usually referred to as
polyphenols (Boskou, 2000; Blekas et al., 2002).
As dietary antioxidants are likely capable of
decreasing the incidence of CHD and certain cancers
in the Mediterranean area (Trichopoulou et al., 1999),
research is investigating the potentially protective
activities of olive oil minor constituents, some of which
(namely hydroxytyrosol and oleuropein) have been
recently become commercially available.
As opposed to other vegetable oils, (extra virgin)
olive oil possesses substantial amount of phenolic
compounds. One of the current major limitations to
natural antioxidant research is the current lack of
appropriate methodologies to quantify the amount of
phytochemicals, including phenolic molecules, in
foods. This also applies to (extra virgin) olive oil:
several methods to quantify and identify its phenolic
components have been developed but they rarely
agree. Currently, the most popular methods for
evaluating the polyphenolic content of (extra virgin)
olive oil are the Folin-Ciocalteau colorimetric assay
(Visioli et al., 1995b) and the HPLC (Montedoro et
al., 1992). Although the colorimetric method is simple
to perform and does not require expensive
equipment, it has low specificity of the reagent
toward phenolic compounds and it does not provide
qualitative information of the composition of the
phenolic fraction. Given the importance of catecholic
compounds within the phenolic fraction, this
information is actually of extreme importance.
Conversely, HPLC is very sensitive and specific, it can
identify relevant molecules, but it is time-consuming
and does not provide information on phenolic
molecules for which reference standards are
unavailable. Another assay, sensitive, specific, and
easy to perform has been proposed by Mosca et al.
(2000). This assay is based on a substrate-recycling
procedure that employs tyrosinase together with
NADH as a reducing agent. Again, this method only
provides quantitative information. Finally, a rapid and
sensitive method to evaluate the phenolics of olive oil
by Atmospheric Pressure Chemical Ionization-Mass
Spectrometry (APCI-MS) has been described by
Caruso et al. (2000). This method allows for quick
analyses of crude methanolic extracts of olive oil,
does not need extensive analytical workup, and
makes it possible to quantify oleuropein aglycone.
However, the apparatus is very expensive and
requires trained personnel to operate.
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In turn, the lack of reliable methodology to
evaluate the quali/quantitative profile of olive oil
phenolic fraction is one of the major obstacles that
prevent dose-response, pharmacology-style trials in
animals and humans.
3. OLIVE OIL PHENOLICS AS BIOACTIVE
COMPOUNDS
3.1. In vitro studies
3.1.1. Antioxidant activities
In 1994, our laboratory initiated a series of
experiments aimed at investigating the antioxidant
activities of (extra virgin) olive oil phenolics on
parameters that are considered relevant to human
health. The first paper reported inhibition of LDL
oxidation by oleuropein glycoside, which was, to our
knowledge, the only phenol typical of olive oil that
was commercially available (Extrasynthese, France).
Oleuropein was found to potently and
dose-dependently inhibit LDL oxidation induced by
copper sulphate (Visioli and Galli, 1994). This
investigation was subsequently expanded to include
hydroxytyrosol (which wasn’t commercially available but
was isolated from olive oil and kindly provided by
Professor G.F. Montedoro, University of Perugia) and
other catechols (Visioli et al., 1995a). Metal-independent
oxidation was also tested and revealed that
hydroxytyrosol, in addition being a metal chelator, is also
a scavenger of free radicals (Visioli et al., 1995a).
Subsequent experiments showed that both
oleuropein and hydroxytyrosol effectively scavenge
superoxide anion generated by either human
polymorphonuclear cells or by the xantine/xantine
oxidase system (Visioli et al., 1998a); it is noteworthy
that, in these experimental setups, both vitamin E
and butylated hydroxytoluene were found to be
inactive. A scavenging effect of oleuropein and
hydroxytyrosol was also demonstrated with respect
to hypochlorous acid (Visioli et al., 1998a), a potent
and dangerous oxidant species produced in vivo by
activated neutrophils at the site of inflammation
(Aruoma and Halliwell, 1987). In addition to damaging
nearby molecules such as α1-antiprotease,
hypochlorite is a major component of chlorine-based
bleaches that can often be exposed to food during
manufacturing. In terms of protection from
atherosclerosis, the HOCl-scavenging property of
hydroxytyrosol may bear important consequences:
evidence is rapidly accumulating that the formation of
chloramines via the myeloperoxidase-catalyzed
formation of HOCl and subsequent chlorination of
apo B-100 is responsible for LDL modification and
peroxidation (Carr et al., 2000).
It is of interest that similar antioxidant activities
were discovered in the major by-product of olive oil

production (e.g. olive mill waste-water), which is very
rich in phenolic molecules [actually, due to their
partition coefficient, olive phenols are more
abundant in waste-water than in olive oil (Rodis et
al., 2002)] and might be employed in preservative
chemistry (Visioli et al., 1995b; Visioli et al., 1999;
Leger et al., 2000; Visioli and Galli, 2003). Indeed,
the lack of appropriate disposal techniques for
waste-waters (Demicheli and Bontoux, 1996) and
the increasing need for antioxidants of natural origin
make olive mill waste-waters an appealing resource
of bioactive molecules, which can be selectively
recovered (Italian patent no BO2001A00419) from
this abundant source.
Following our initial observations, other
laboratories joined in this line of research to further
investigate the antioxidant properties of olive
phenols. For example, hydroxytyrosol proved to be
effective in a model of oxidative stress induced in
intestinal epithelial cells (Manna et al., 1997).
Conversely, tyrosol, which lacks the ortho-diphenolic
structure, was found to be ineffective in this
experimental model, as it was in the models of LDL
oxidation described above (unpublished data).
Manna et al. (1999) also described a protective effect
of hydroxytyrosol toward hydrogen peroxide-induced
damage to human erythrocyte. Vascular production
of superoxide anion is associated with increased risk
for endothelial dysfunction and cardiovascular
disease (Schulz et al., 2004). As indicated above,
oleuropein and hydroxytyrosol were found to be very
effective scavengers of superoxide (Table 1).
Damage to DNA is associated with increased risk
for cancer. The activities of hydroxytyrosol toward
chemically-induced DNA and aminoacid modification
have been investigated (Deiana et al., 1999) and it
was found that low concentrations of hydroxytyrosol,
e.g. 50 µM, are able to scavenge peroxynitrite and
therefore to prevent ONOO• -dependent DNA
damage and tyrosine nitration. Scavenging of
peroxynitrite was further confirmed (de la Puerta et
al., 2001).
A matter of concern in oxidant/antioxidant
chemistry is the prooxidant potential of several
molecules, including antioxidants with strong
reducing capabilities. The prooxidant activities of
hydroxytyrosol were investigated in a model of
copper-induced DNA damage and were found to be
were 40-fold weaker than those of ascorbate.
Further, these actions occurred only at very high,
non-physiological concentrations (>500 µM) (Deiana
et al., 1999).
The mechanism of action of olive oil phenolics are
related to their o-diphenolic structure, which increase
radical stability by forming an intra-molecular
hydrogen bond between the free hydrogens of their
hydroxyl group and their phenoxyl radicals (Visioli et
al., 1998a). Although studies on structure-activity of
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Table 1
Inibition of superoxide anion formation rates by olive oil phenolics

Superoxide-producing system
Xantine-xantine oxidase

PMN + PMA

Hydroxytyrosol (IC50)

9.1 µM

3.2 µM

Oleuropein (IC50)

14.3 µM

29.3 µM

The mean inhibiting concentration (IC50) was calculated by employing MacALLFIT as software. PMN, human polymorphonuclear neutrophils; PMA, phorbol-12-myristate-13 acetate. From Visioli et al. (1998a).

3.1.2. Beyond antioxidants. Enzyme-modulating
activities
One of the most interesting aspects of olive oil
phenolics’ biochemistry is the discovery of their
enzyme-modulating properties, which, in some
cases, are unrelated to their antioxidant potential. In
fact, most olive oil phenolics are amphiphilic and they
partition between the lipid (olive oil) and water
(waste-water) phases. Therefore, they might be able
to interact with enzymes relevant to human
pathology, namely atherosclerosis.
For example, hydroxytyrosol was proven to inhibit
chemically-induced in vitro platelet aggregation, the
accumulation of the pro-aggregant agent
thromboxane (TxA2) in human serum, the production
of the pro-inflammatory molecules leukotrienes by
activated human leukocytes, and the arachidonate
lipoxygenase (Petroni et al., 1995; Kohyama et al.,
1997; de la Puerta et al., 1999; de la Puerta et al.,
2000; Martinez-Dominguez et al., 2001). The mean
inhibiting concentrations (IC50) were found to be in
the 10-5 M range, indicating unpredicted biological
activities of olive oil phenolics that go beyond their
antioxidant properties.
Concerning the immuno-modulating properties of
olive oil phenolics, in vitro studies on murine
macrophages revealed that oleuropein increases the
functional response of these immune-competent
cells when they are stimulated with bacterial
polysaccharide, as evaluated by a significant
increase (+58.7 ± 4.6%, mean ± SD) in the production

of nitric oxide (Visioli et al., 1998b). It is noteworthy that
this increase is due to a direct tonic effect of oleuropein,
which increases both the activity and the expression of
the inducible form of the enzyme nitric oxide synthase
(iNOS). As relevant to atherosclerosis, it should be
noted that during acute sepsis and inflammation that
take place in the arterial wall, macrophages react to
the endotoxin challenge by increasing the production
of nitric oxide, which inhibits platelet aggregation and
adherence and maintains a proper end-organ
perfusion rate through increased vaso-relaxation. In
agreement with this finding, inhibition of nitric oxide
synthesis during sepsis increases cellular damage
and animal mortality (Lowenstein et al., 1996).
Finally, macrophagic nitric oxide exerts antioxidant
activities that play a protective role in preventing
oxidative LDL modification that occur at the site of
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olive oil phenolics are yet to be carried out, similar
investigations performed on phenolic molecules
indicated that the degree of antioxidant activity is
correlated with the number of hydroxyl substitutions
(Rice-Evans et al., 1996). In particular, the o-diOH
(catecholic) substitution confers a high antioxidant
capacity, whereas single hydroxyl substitutions, as in
the case of tyrosol, lack antioxidant activity.
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Figure 1
Hydroxytyrosol (HT) and oleuropein glycoside (OE) do not inhibit
MMP-2 activity in bovine aortic endothelial cells (BAEC). BAEC
were incubated for 24 hours at 37 oC with DMEM supplemented
with 0.2% BSA in the absence (control) or in the presence of HT
or OE 10 µM. Gelatinolytic activity was detected by SDS-PAGE
zymography on 7.5% polyacrylamide gels containing 10% SDS
and gelatin (1 mg/mL) under non-reductive conditions. After electrophoresis, SDS was removed from the gel by two washes with
2.5% Triton X-100. At the end of the incubation, gels were stained with a solution of NaCl (150 mmol/L), CaCl2 (10 mmol/L),
and ZnCl2 (1 mol/L). Areas of lysis appeared after renaturing and
staining of gels with Coomassie brilliant-blue
7R-250. Gelatinolytic bands were quantified by densitometry
(software: NIH Image 1.52). Statistical significance was investigated by Student’s t test with two--tailed distribution (software:
SPSS 11.0 version). *p<0.01 compared to controls. Unpublished
data.
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inflammation during enhanced reactive oxygen
species production (Jessup et al., 1999).
More recently, we studied the activities of olive
phenols on other enzymes relevant to cardiovascular
disease, e.g. metalloproteases (MMP). These are
enzymes can degrade the atherosclerotic plaque,
leading to plaque instability and enhancing possibility
to release thrombi. As shown in Figure 1, olive
phenols are unable to down-regulate MMP’s activity
in bovine aortic endothelial cells, which was actually
mildly enhanced by hydroxytyrosol supplementation.
Further experiments will clarify whether this lack of
effect applies to other MMP and if it is unique to
oleuropein and hydroxytyrosol.
3.2. In vivo studies
Notwithstanding the hype that is currently
surrounding natural antioxidants and their healthful
effects, very limited number of controlled trials
proves their efficacy in vivo. Experimental evidence
that flavonoids and phenolic compounds are
absorbed from the diet is accumulating (Bravo, 1998)
and this includes olive oil phenolics. Studies with
laboratory animals have demonstrated a higher
resistance to oxidation of LDL obtained from animals
fed virgin olive oil, as compared to LDL separated
from animals that were only administered an
equivalent amount of oleic acid as either triolein
(Scaccini et al., 1992) or ‘‘plain’’ olive oil (Wiseman et
al., 1996). Visioli et al. (2000b) demonstrated the
dose-dependent absorption of olive oil phenolics in
humans and that their urinary excretion as
glucuronide conjugates; another interesting finding of
that study was that increasing amounts of phenolics
administered with olive oil stimulated the rate of
conjugation with glucuronide. These findings were
confirmed by other laboratories (Miro-Casas et al.,
2001; Vissers et al., 2002; Miro-Casas et al., 2003a;
Miro-Casas et al., 2003b), and recent data shed light
on the human metabolism of hydroxytyrosol (Caruso
et al., 2001). From studies carried out in human
intestinal Caco-2 cells, it appears that hydroxytyrosol
is absorbed from the gut by passive diffusion (Manna
et al., 2000) and that it is extensively metabolized
before being excreted with the urine. Whether
circulating metabolites still exert biological actions is
still under investigation, although data from other
laboratories that study tea components, namely
quercetin, suggest even higher antioxidant potential
of the metabolites as compared with the parent
molecule (Moon et al., 2001).
Interestingly, the bioavailability of hydroxytyrosol
is higher when this molecule is administered as
natural component of olive oil than when it is given
after addition to olive oil or to yogurt, as
approximation of a functional food (Visioli et al.,
2003a). These data actually add to the notion that

oligonutrients bioavailability is lower than such
compounds isolated from their original matrix and
administered as supplements (Visioli et al., 2003b).
In vivo evidence of the antioxidant activity of (extra
virgin) olive oil phenolics, namely hydroxytyrosol, is also
accumulating. In addition to the effects on LDL oxidation
reported above, we have been recently able to
demonstrate that hydroxytyrosol, administered to
animals as the only bioactive component of an olive mill
waste-water extract, is dose-dependently absorbed and
is able to increase their plasma antioxidant capacity
(Visioli et al., 2001). Further, low doses of hydroxytyrosol,
e.g. 414 µg/animal, are able to inhibit passive smokinginduced oxidative stress in animals, as demonstrated
by a reduced urinary excretion of the F2-isoprostane
8-iso-PGF2α (iPF2α-III) (Visioli et al., 2000c). Finally, a
dose-dependent inhibition of the rate of 8-iso-PGF2α
excretion was observed in human volunteers who
ingested olive oils added with increasing amounts of
phenolics (Visioli et al., 2000a). Interestingly, the
urinary levels of 8-iso-PGF2α inversely correlated with
those
of
homovanillyl
alcohol,
e.g.
a
catechol-o-methyl -transferase (COMT)-derived
metabolite of hydroxytyrosol (Manna et al., 1999;
Lamensdorf et al., 2000), suggesting that this phenol
Table 2
Concentrations of olive oil test agents causing
initial cytotoxicity towards human cells in culture.
These concentrations are far above those
reachable in vivo, even though they might me
attained locally (e.g. in the mouth)

Concentration (mM )
Cell lines
Test agent

GN61

S-G

H SG1

oleuropein aglycone

0.66

0.66

0.33

oleuropein glycoside

1.0

1.0

1.5

caffeic acid

1.5

3.0

2.0

o-coumaric acid

6.0

3.0

3.0

cinnamic acid

6.75

4.0

5.0

>10.0

3.0

5.0

9.0

6.0

5.0

protocatechuic acid

10.0

5.0

7.5

vanillic acid

10.0

10.0

10.0

tyrosol
syringic acid
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Table 3
Antioxidant and additional biological actions of olive oil phenolics

Action

Reference(s)

Antioxidant activities, in vitro
Inhibition of LDL oxidation

(Scaccini et al., 1992; Grignaffini et al., 1994; Visioli
and Galli, 1994; Salami et al., 1995; Visioli et al.,
1995a; Visioli et al., 1995b; Wiseman et al., 1996;
Aruoma et al., 1998; Leenen et al., 2002; Wiseman
et al., 2002; Benkhalti et al., 2003)

Inhibition of apolipoprotein modification

(Visioli et al., 1995a)

Scavenging of free radicals and other oxidants

(Le Toutour and Guedon, 1992; Aeschbach et al.,
1994;

Manna

et

al.,

1997;

Saija

et

al.,

1998;

Speroni et al., 1998; Visioli et al., 1998a; Manna et
al., 1999; Fogliano et al., 1999; Leger et al., 2000;
Benavente-Garcia et al., 2000; de la Puerta et al.,
2001; Casalino et al., 2002; Briante et al., 2002;
Quiles et al., 2002)
Inhibition of peroxynitrite-induced DNA damage and

(Aruoma et al., 1998; Deiana et al., 1999)

protein nitration

Modulation of enzymes, in vitro
Inhibition of platelet aggregation

(Petroni et al., 1995)

Reduced cyclo- and lipoxygenase activation

(Petroni et al., 1995; Kohyama et al., 1997; Petroni
et al., 1997; Visioli et al., 1999; de la Puerta R. et
al., 1999; Brzosko et al., 2002)

Increased nitric oxide production by LPS-challenged

(Visioli et al., 1998b)

macrophages
Inhibition of neutrophil respiratory burst

(Visioli et al., 1998a)

Cellular activities
Inhibition of bacterial growth and activity

(Tranter

et

al.,

1993;

Capasso

et

al.,

1995;

Bisignano et al., 1999)
Decreased endothelial activation

(Carluccio et al., 2003)

Cytostasis

(Saenz et al., 1998)

Ex vivo and in vivo activities
Increased

plasma

antioxidant

capacity

and

resistance of LDL to oxidation

(Ramirez-Tortosa et al., 1999; Visioli et al., 2001;
Masella et al., 2001; Ochoa et al., 2002; Fito et al.,
2002; Wiseman et al., 2002)

Antiinflammatory activity

(de la Puerta et al., 2000; Martinez-Dominguez et
al., 2001)

Decreased isoprostane excretion in humans and in

(Visioli et al., 2000a; Visioli et al., 2000c)

sidestream smoke-exposed animals
Decreased TxB2 production by human serum

(Visioli and Galli, 2003)

Vasomodulation

(Panizzi et al., 1960; Benkhalti et al., 2003)
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enters into cellular compartments where it exerts its
antioxidant activity. As other laboratories failed to
detect any biological effect of extra virgin olive oil
administration (Vissers et al., 2001a,b), no clear
conclusion can be drawn and further experiments
are needed before any health claim can be made.
As far as toxicity of (extra virgin) olive oil phenolics
is concerned, very few data are available that did not
show toxic effects of hydroxytyrosol in animals
(D’Angelo et al., 2001) and cell cultures (Table 2)
(Babich and Visioli, 2003).
Currently, there is a serious lack of methodology
to allow for controlled human trails. In addition to the
uncertainty that surrounds the determination of
phytochemicals in foods, their detection in human
fluids/tissues is even more problematic. Moreover,
there is no reliable method to detect the effect of
antioxidant supplementation on human oxidative
status; until a reliable biomarker is validated
(Halliwell, 2000; Halliwell et al., 2004), it is impossible
to carry out controlled studies on the antioxidant
activities of oligonutrients, including those of olive oil
(Visioli, 2004).
4. CONCLUSIONS
It is now clear that the incidence of
degenerative pathologies, including those in which
the excessive free radical formation has been
suggested, is very low in the Mediterranean area,
where the diet is rich in antioxidant compounds
(Keys, 1995; Willett et al., 1995; Trichopoulou et al.,
2003). Among such antioxidants, the contribution
of olive oil phenolics is under active investigation
(Table 3). Even though researchers are far from
being able to make claims, based on the current
data it is advisable to suggest the use of extra virgin
olive oil as the predominant source of fat of a
healthful, Mediterranean diet. The intake of bioactive
molecules (hydroxytyrosol, oleuropein) through olive
oil might contribute to lower the risk of developing
CHD and certain cancers.
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