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Olive Oils
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1. Introduction

Reactive oxygen species (ROS) are continuously generated in the body during nor-
mal metabolic functioning or as part of the body defence against microorganisms
(Battino et al., 1999). Excessive production of ROS can cause oxidative damage to
biological macromolecules such as DNA, lipids, carbohydrates and proteins
(Halliwell and Gutteridge, 1999). Damage to these molecules has in turn been
associated with increased risk of chronic diseases such as cancer, cardiovascular
disease, eye disease and a number of immune and neuro-degenerative disorders
(Halliwell and Gutteridge, 1999). The human body has evolved complex strategies
to utilize oxygen and to minimize the deleterious effects of ROS; among such
strategies, antioxidants are believed to be crucial in health maintenance through
the modulation of oxidative processes in the body. The antioxidants within cells,
cell membranes and extracellular fluids can be upregulated and mobilized to neu-
tralize excessive ROS formation avoiding oxidative damage (Quiles et al., 1994,
1999). Moreover, diet contains a large array of compounds that may function as
antioxidants, including vitamins E and C, carotenoids, flavonoids and other
phenolic compounds (Halliwell and Gutteridge, 1999). 

In recent years, epidemiological studies have demonstrated an inverse asso-
ciation between the intake of antioxidants from fruits and vegetables and the
morbidity and mortality from coronary heart diseases (Cook and Samman,
1996; Stephens et al., 1996) and cancer (Cohen et al., 2000; La Vecchia et al.,
2001; Terry et al., 2001). Nevertheless, many clinical studies have not shown
direct beneficial effects of individual antioxidant molecules, such as vitamin E
and β-carotene, on various chronic diseases (Hennekens et al., 1996; Omenn et
al., 1996; Heinonen et al., 1998), suggesting that the functionality of dietary
antioxidants might be strongly linked to cooperative mechanisms among differ-
ent antioxidant molecules present in the matrix. Based on these observations, a
number of assays have been introduced in the past decade for determining the
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total antioxidant capacity (TAC) of food extracts and beverages (Cao et al., 1993;
Ghiselli et al., 1995; Benzie and Strain, 1996; Pellegrini et al., 2003a). This para-
meter considers the cumulative action and the synergistic interaction of all the
antioxidants present in food giving the cumulative capacity of food to scavenge
free radicals. These assays diverge in that they relate to the generation of differ-
ent radicals, often acting through different mechanisms and/or target molecules,
and the measures are made on a range of different end-points (Re et al., 1999). 

In general, two types of approach have been used: (i) inhibition assays, for
which the extent of the scavenging of a pre-formed free radical by hydrogen- or
electron-donation is the marker of antioxidant activity; (ii) assays involving the
presence of antioxidant systems during the generation of the radical, for which
the activity is measured on the rate of oxidation of a target molecule. When
applying these methods, it is crucial to know exactly what the different assays
are measuring and what kind of information can be obtained by adopting one
technique instead of another.

2. Antioxidant Composition of Olive Oil

Olive oil, obtained from whole fruits (drupes) of Olea europea L., in addition to its high
proportion of monounsaturated fatty acids, i.e. oleic acid, and the modest presence
of polyunsaturated fatty acids, contains natural antioxidants such as tocopherols,
carotenoids, sterols, ubiquinols and phenolic compounds (Boskou, 1996). Among
the phenolic compounds found in olive oils, gallic, caffeic, vanillic, p-coumaric,
syringic, ferulic, homovanillic, p-hydroxybenzoic and protocatecuic acids, tyrosol
and hydroxytyrosol, oleuropein and its aglycones and ligstroside and its aglycones
are the most representative (Montedoro et al., 1992; Mannino et al., 1993; Boskou,
1996). The absolute concentration and the relative proportions of these minor com-
pounds in olive oils are the result of different manufacturing processes; extra virgin
olive oil (EVOO), obtained by the first physical cold pressure of the olive paste, is
much richer in phenolic compounds than refined oils, which are obtained by refin-
ing process from oils that exceed the limits of acidity and are virtually devoid of phe-
nolics (Visioli and Galli, 1995). Commercial olive oil (OO), probably the most
commonly consumed olive oil in the non-Mediterranean countries, is a vaguely
defined mixture of refined olive oil and EVOO in which the amount of EVOO may
vary from 33 to 95% (Andrikopoulos et al., 1989). The level of phenolic compounds
is an important parameter in the evaluation of olive oil quality, since phenolics are
strictly related to both oil resistance to oxidation, because of their antioxidant prop-
erties, and to the typical bitter taste of the olives (Boskou, 1999). Moreover, they
contribute, with other antioxidant compounds, to the TAC of olive oil. 

3. Total Antioxidant Capacity of Oils

A number of assays have been published for the evaluation of TAC of oil using col-
orimetric, spectrophotometric, spectrofluorimetric, electrochemical or chemilumi-
nescent techniques (Tubaro et al., 1996; Mannino et al., 1999; Ninfali et al., 2001;
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Pellegrini et al., 2001; Papadoupolos et al., 2003). As already mentioned, each
assay for measuring the total antioxidant capacity of food has its own characteris-
tics and differences exist in the free radical-generating system, molecular target,
endpoint, kinetic, biological matrix, residence in lipo- and hydrophilic compart-
ment, and physiological relevance. In evaluating the TAC of oils, two analytical
approaches are usually employed: (i) polar compounds, mainly constituted by phe-
nolics, are extracted before the analysis; (ii) the TAC is directly determined in the oil
diluted in an appropriate solvent. This latter approach is not frequently applied,
owing to the hydrophobic moiety, which does not allow the use of oil in most TAC
assays, where an aqueous mixture is generally used as reaction medium.

Conversely, the approach in which the TAC is measured in extracted polar
compounds is widely employed. In this case, extraction is usually carried out by
using aqueous methanol, which permits the extraction of a large portion of
water-soluble simple phenolics of lower molecular weight and other phenolic
compounds of higher molecular weight. According to this approach, the oxygen
radical absorbance capacity (ORAC) of vegetable oils was investigated using a TAC
spectrofluorimetric method which measures the protection of the phenolic sub-
stances of the oil on the β-phycoerythrin fluorescence decay in comparison with
the standard Trolox, a water-soluble analogue of vitamin E (Ninfali et al., 2001).
The TAC values ranged from 1.78 to 5.08 �mol Trolox equivalent/g and 4.15 to
6.20 �mol Trolox equivalent/g for minor brand EVOOs, produced by local Italian
small-scale producers, and name brand EVOOs, produced and distributed nation-
ally by major producers, respectively (Ninfali et al., 2001). Moreover, the same
authors (Ninfali et al., 2001) found that the TAC value of refined olive and peanut
oils was lower (1 and 1.5 �mol Trolox equivalent/g, respectively) than that of less
efficient analysed EVOO. In addition, a significant correlation between the TAC
values of olive oils and the total amount of phenolics, evaluated by the Folin-
Ciocalteu method, was found (Ninfali et al., 2001).

Similar results were reported analysing acetone extracts of five different
Spanish olive oils (i.e., olive oils, EVOO and lampante) by four different radical scav-
enging tests; EVOO possessed the highest content of the antioxidant compounds
and the highest antioxidant capacity, whereas the lampante oil was the lowest in
all the assays (Gorinstein et al., 2003). Moreover, all the assays for measuring the
TAC of oils were correlated to the content of total phenolics, even if the method
based on β-carotene linoleate model system was the best correlated. The TAC
assays of different EVOO extracts appeared also to be related to the degradation
level of oils (Lavelli, 2002). In fact, EVOOs with a low degradation degree, mea-
sured by oxidation and hydrolysis indices indicated by the EU Regulation on the
characteristics of olive oil and olive-residue oil and on the relevant methods of
analysis (Regulation 2568/91, 1991), were three to five times more efficient as
scavengers of the synthetic 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) and two
times more efficient as inhibitors of the xanthine oxidase-catalysed reaction than
oils with intermediate and advanced degradation levels. On the contrary, in the
same study, another applied TAC assay, able to generate ROS relevant to cell dam-
age in vivo, was inhibited by EVOOs having low or intermediate degradation levels,
but not by the most degraded oils. Whatever the measuring system, the correlation
between phenolic compounds and TAC values was once again confirmed. 
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Papadopoulos et al. (2003) proposed a sensitive and simple procedure for
measuring the TAC of olive oil and seed oil aqueous extracts using the chemi-
luminiscence of lucigenin. The authors found that olive oil aqueous extracts
showed two to ten times higher TAC (range from 37.1 to 67.5%) than seed oils
(range from 7.3 to 20.2%). Moreover, due to the high correlation between the
fluorimetric and spectrophotometric measurements of oil extracts, used to eval-
uate the total phenolics, they suggested that the proposed method could be used
for the quantification of total phenolics in aqueous oil extracts. Similar results
were presented by Mosca et al. (2000), who analysed the methanolic extracts of
six EVOOs obtained from various locations in Italy by using two TAC assays.
Applying both the assays (i.e. DPPH assay and thiobarbituric acid-reacting sub-
stances production in oxidized LDL), the authors demonstrated that the TAC of
olive oil extracts was proportional to their phenolic concentration, as determined
by both the Folin-Ciocalteu assay and a new proposed enzymatic method based
on the oxidation of phenolic compounds by tyrosinase. Moreover, they showed
that the proposed method offers some advantages over the classic methods
employed to assess olive oil phenolics such as simplicity, reproducibility, speci-
ficity and sensitivity of analysis. 

However, it is noteworthy that phenolic compounds are not the only sub-
stances that contribute to the antioxidant capacity of oil. It was proved that the
antioxidant capacity of the unsaponifiable fraction of different EVOOs could also
be related to the content of �-tocopherol and squalene (Finotti et al., 1998).
Furthermore, Espin et al. (2000), analysing 57 edible oils, including 24 olive oils
from different origins, demonstrated that the lipidic fraction, that is the remaining
fraction obtained after methanolic extraction of oil, possessed antioxidant capac-
ity measured by the DPPH assay. According to the authors, such antioxidant
capacity of different oils is mainly due to their different concentration and type of
tocopherols. In fact, a higher antioxidant capacity was observed for soybean oil
rich in �-tocopherol, which is the most efficient antioxidant compound among the
tocopherols, and the lowest for olive oil, which contains a low concentration of
tocopherols, with the major compound being �-tocopherol, the least efficient as
antioxidant. Moreover, the authors reported that the TAC of each oil, dissolved in
ethyl acetate without any fractionation, was higher than the arithmetic sum of
the experimental recordings corresponding to the methanolic and lipidic frac-
tions. They state that this could be due to the synergistic effect of the different
antioxidants present in both fractions. Taking this into account, it is unlikely that
the antioxidant capacity of oil is accounted for by polar compounds only, because
it ignores the contribution of lipophilic compounds as well as the synergistic
effects among the antioxidants present in olive oils. However, to date there is still
little information about the direct evaluation of oil TAC. 

The antioxidant capacity of olive oils has been measured by a kinetic analysis
of crocin bleaching inhibition (Tubaro et al., 1996). By this procedure, the ability of
oils, diluted in dimethyl formamide, to quench peroxyl radicals is measured in
terms of �-tocopherol equivalents, by analysing the kinetic competition of a paral-
lel reaction where peroxyl radicals bleach the carotenoid crocin. The method is
accurate, although, because the results are expressed as kinetic competition equa-
tions, comparisons with other methods and the interpretation of data are difficult. 
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Another method for measuring directly the oil TAC, based on the electro-
chemical properties of antioxidants present in olive oil, has been developed by
Mannino et al. (1999). In this procedure, the oil sample is diluted in the mobile
phase and directly injected in a flow injection apparatus with an electrochemi-
cal detector operating at a potential of 0.5 V (vs Ag/AgCl). This method gives
particularly interesting results for its rapidity of analysis (90 samples/h) and a
good agreement has been found between the results obtained by such electro-
chemical method and those obtained by the 2,2�-azinobis-(3-thylbenz-thiazo-
line-6-sulphonic) radical cation (ABTS●+) decolorization assay (Pellegrini et
al., 1999). The latter is based on the ability of antioxidants to quench the long-
lived ABTS●+ in relation to that of Trolox. This simple and effective method is
able to discriminate among different olive oils on the basis of their antioxidant
composition. In fact, as reported in Table 3.1, the differences in antioxidant
composition between olive oils and EVOO influence the TAC values. Thus, the
TAC ranged from 0.72 mmol of Trolox equivalent/kg of oil to 1.06 in olive oil,
and from 1.53 mmol of Trolox equivalent/kg of oil to 2.69 in EVOO. However,
in a recent publication by the same group, it has been demonstrated that EVOO
was not the most efficient oil to quench the ABTS●+; in fact, probably due to
the high content of tocopherols, soybean oil had higher TAC value (Pellegrini
et al., 2003b). 

The above TAC values for EVOOs have been recently confirmed by a prelimi-
nary screening carried out on EVOOs from selected native olive cultivars of the
Marche Region (centre-east of Italy): these EVOOs showed TAC up to 2.2 mmol
of Trolox equivalent/kg of oil with a good correspondence between TAC value
and the cultivar employed (unpublished data). A low TAC value was obtained for
EVOO when the chain-breaking antioxidant capacity was evaluated using egg
lecithin as oxidizable substrate subjected to the peroxyl radical attack by a
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Table 3.1. Content of �-tocopherol and phenolic compounds and total antioxidant
capacity (TAC) of commercial oils. Adapted from Pellegrini et al. (2001).

Oil �-tocopherol Total phenolics TAC
(mg/kg) (GAEa, mg/kg) (mmol Trolox/kg)

Olive oils
OOBE 194 24 1.06
OOSA 146 30 0.94
OOCA 121 14 0.72

Extra virgin olive oils
EVOOPR 254 265 2.69
EVOOCD 312 171 2.19
EVOOSA 251 231 2.16
EVOOBE 314 133 1.94
EVOOCA 288 117 1.76
EVOORG 369 73 1.53

Refined olive oil
ROO 138 4 0.61

a Values are expressed as mg of gallic acid equivalents per kg of oils.



lipophilic azo compound (Cabrini et al., 2001). In this assay, the TAC value of
edible oils was determined by measuring the length of time during which oxygen
uptake was inhibited by the presence of oil antioxidants. When using this
approach the TAC increased in the order EVOO < peanut < soybean < corn <
sunflower. This pattern was approximately in accordance with the unsaturation
index of fatty acid residues of oil triglycerides. 

4. The Utilization of TAC for Measuring the Stability of Oil

The analytical approach for determining the TAC of oils and oil extracts has
recently been applied to the study of the effect of heating and frying (Espin et
al., 2000; Pellegrini et al., 2001; Quiles et al., 2002a,b), as well as the influ-
ence of different storage conditions (Brighenti et al., 1999; Keceli and Gordon,
2001).

The decrease in quality of cooking oils and fats during frying and heating
has been correlated with chemical and physical changes of the oil and fat con-
stituents (Andrikopoulos et al., 2002). All chemical changes of fats and oils at
elevated temperatures originate from hydrolysis, oxidation, isomerization, poly-
merization or cyclization reactions. All these reactions may be promoted by oxy-
gen, moisture, traces of metal and free radicals (Fedeli, 1988). These processes
may reduce the amount of antioxidants in the oil, decrease its stability and pro-
duce new compounds which are responsible for loss of nutritional value and
quality of the oil. There is agreement among authors that the heating of oils
produces a decrease of their TAC (Espin et al., 2000; Pellegrini et al., 2001;
Quiles et al., 2002a), although the behaviour of different edible oils is different.
Among edible oils, EVOO possesses the highest resistance compared with olive
and sunflower oils to heating, measured as TAC, and this is mainly due to its
content of phenolics and tocopherols (Quiles et al., 2002a,b). However, to date,
it has not been completely elucidated which antioxidant is the main contributor
to oil stability during heating. Espin et al. (2000) showed that the lipophilic frac-
tion of olive oil possessed higher resistance to heating at 180°C than the polar
one; as stated by the authors, this behaviour could be explained by the relatively
high resistance of tocopherols to temperature. Conversely, when refined olive
oils, containing a fixed amount of �-tocopherol and increasing amounts of
phenolics extracted from EVOO, underwent heating at different temperatures
and for different lengths of time, a sparing effect of phenolics on �-tocopherol
content was evident (Pellegrini et al., 2001). In fact, the residual �-tocopherol
content in oil was significantly related to phenol content (F = 24.86; p <
0.0001) and heating time (F = 4.32; p = 0.015), but not with heating tempera-
ture (F = 1.32; p = 0.29) (Fig. 3.1). Similarly, the residual TAC was significantly
related with phenol content (F = 533.16; p < 0.0001) and heating time (F =
5.16; p = 0.007), but not with heating temperature (F = 1.82; p = 0.174) (Fig.
3.2). The sparing effect of phenolics on the content of �-tocopherol during the
frying process was also confirmed by Quiles et al. (2002b).

The authors concluded that the frying process (i.e., four cycles of 15 min
at 180°C with 2-h rest periods between each frying cycle) of EVOO and sun-
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flower oils affected the antioxidant content of both oils, but in a different way.
Thus, although both oils lost tocopherol after frying, the loss from sunflower
oil started at 15 min and from EVOO after 45 min of frying. This difference,
together with the fact that sunflower oil lost, in absolute terms, a greater
amount of �-tocopherol, suggests that phenolic compounds contribute to the
stability of EVOO. In addition, the same authors demonstrated, during a simi-
lar frying process of an EVOO, a smaller decrease in �-tocopherol with respect
to phenolic compounds (Battino et al., 2002).

Among phenolic compounds present in EVOO, dihydrophenolics, such as
hydroxytyrosol and its sercoiridoid derivates, are the most efficient as antioxi-
dants; in fact, their concentration decreased rapidly with the number of frying
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Fig. 3.1. Changes in α-tocopherol content of experimental oils according to the level of the
factors. Adapted from Pellegrini et al. (2001). Statistical analysis: effect of phenol content (F =
24.86; p < 0.0001), heating temperature (F = 1.32; p = 0.29) and heating time (F = 4.32; p =
0.015) on α-tocopherol content. Continuous line represents the average α-tocopherol content.

Fig. 3.2. Changes in total antioxidant capacity (TAC) of experimental oils according to the
level of the factors. Adapted from Pellegrini et al. (2001). Statistical analysis: effect of phenol
content (F = 533.16; p < 0.0001), heating temperature (F = 1.82; p = 0.174) and heating time
(F = 5.16; p = 0.007) on the total antioxidant capacity (TAC). Continuous line represents the
average TAC.



operations (Gomez-Alonso et al., 2003). By the end of the first process (10 min at
180°C), the above mentioned components had decreased relative to their origi-
nal concentration by 40–50%, and after six frying operations less than 10% of
the original content of these components remained. The observed trend is con-
sistent with the high antioxidant activity of hydroxytyrosol. On the contrary,
another important family of compounds within the phenolic fraction is tyrosol
and its sercoiridoid derivates, which showed a completely different response to
the 12 frying processes studied. Actually, the reduction was much smaller than
that observed for the dihydrophenol family and presented an almost linear rela-
tionship with the number of frying operations. 

The influence of different storage conditions on the TAC of EVOO has also
been studied (Brighenti et al., 1999; Lavelli, 2002). Lavelli (2002) demon-
strated that EVOOs, stored in clear glass bottles at 30°C for 30 days were less
efficient as scavengers of the DPPH radical and as inhibitors of the xanthine
oxidase-catalysed reaction, which generates superoxide radical and hydrogen
peroxide, than newly produced EVOOs. The influence of storage conditions on
olive oil TAC was reported also in samples of EVOO stored for 5 weeks in
transparent-glass volumetric flasks at room temperature under different con-
ditions (N2 or O2 atmosphere, dark or daylight) (Brighenti et al., 1999). The
auto-oxidation process was followed by evaluating the total antioxidant
capacity, total phenol and vitamin E content at regular intervals. In all
samples, the loss of vitamin E content was higher than that of total phenol
content, especially in the presence of daylight and O2, demonstrating in this
case no apparent effect of total phenolics in sparing vitamin E from degrada-
tion during storage in unfavourable conditions (Table 3.2). Conversely, Keceli
and Gordon (2001) showed that methanolic extracts from olive oil were sig-
nificantly more effective than �-tocopherol in stabilizing stripped olive oil dur-
ing 6 days of storage at 60°C. Furthermore, when ferric chloride was added
to stripped olive oil, the phenolics continued to act as antioxidants despite
their ability to reduce metal ions, which in the case of Fe3+ could lead to the
more active pro-oxidant Fe2+.
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Table 3.2. Effect of storage at room temperature in different conditions (N2 or O2
atmosphere, dark or daylight) on extra virgin olive oil. Adapted from Brighenti et al. (1999).

TACa Vitamin E Phenolics
(mmol Trolox/kg) (mg/kg) (GAE,b mg/kg)

Time
O2 N2 O2 N2 O2 N2

(week) Light Dark Light Dark Light Dark Light Dark Light Dark Light Dark

0 1.62 1.62 1.62 1.62 197 197 197 197 215 215 215 215
1 1.45 1.61 1.56 1.61 75 194 77 196 186 213 202 210
2 1.24 1.58 1.48 1.61 24 187 62 191 163 202 185 196
4 1.29 1.67 1.53 1.61 – 180 38 193 144 199 196 216
5 1.26 1.64 1.38 1.61 – 190 27 197 158 210 182 209

a Total antioxidant capacity; b values are expressed as mg of gallic acid equivalents per kg of oils.





















All these thermally oxidized and hydrolytic compounds are present in differ-
ent quantities in overused fat as well as in moderately thermally oxidized oils and
non-used oils. As part of the fat source of our diet, they are subject to different
physiological processes such as digestion, absorption, metabolism and excretion.

3.3. Termination

In the termination phase, the peroxidation chain reaction ends when peroxyl
radicals combine with a radical scavenger such as vitamin E (Porter et al.,
1995).

4. Frying Changes Assessment – Present Legislation

Consumption of relatively high amounts of altered oil can be harmful to health
(López-Varela et al., 1995; Márquez-Ruiz and Dobarganes, 1996). The debate on
deep-fat frying is primarily focused on the point at which any oil used for frying
should be discarded. Polar material and polymer content determinations consti-
tute the basis of the pertinent legislation in some European countries (Firestone,
1996; Sánchez-Muniz and Bastida, 2003). Polar material is determined by silica
column chromatography using a mix of hexane/diethyl ether for fresh and used
oils (Waltking and Wessels, 1981; Ministerio de Relaciones con las Cortes y de
Secretaría del Gobierno, 1989; Arroyo et al., 1992) (Fig. 4.6a). Triacylglycerol
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Fig. 4.5. Cyclization of (A) linoleic acid, (B) oleic acid, and (C) linolenic acid. Rows indicate
the possible losses of two hydrogens and formation of new bonds.





and increased aggregation. LA and AA failed to induce these changes (Jiang et
al., 1995). Moreover, GLA has also been found to upregulate the expression of
maspin mRNA and protein, which is associated with a reduction in the motility
of cancer cells. LA had an inhibitory effect and LNA and AA had no significant
effect (Jiang et al., 1997b).

The unspecific effects of the dietary lipids related to the energetic contribu-
tion that they represent on experimental breast cancer have been associated by
our group with their influence on the regulation of the hepatic expression of
genes involved in lipid metabolism. The hepatic expression of CPT I, mitochondr-
ial HMG-CoA synthase and PPAR� in the DMBA-induced breast cancer model, as
well as the influence of this cancer on the regulation of the expression of these
genes by dietary n-6 lipids, were analysed. The expression results, together with
observed changes in the lipid profile and in the body weight and mass, suggested
that the cancerous state modified the normal regulation of the expression of these
genes by dietary lipids and that changes in the expression of PPAR� mRNA could
contribute to such alterations. The fat mobilization and the non-induced hepatic
fatty acid oxidative capacity in mammary tumour-bearing animals fed a high
corn oil diet suggested a preferential redirection of long-chain fatty acids into
energetic and specific pathways of the extra-hepatic cancer cells. This effect was
more remarkable with increasing tumour aggressiveness (Moral et al., 2004). 

Using cDNA microarray technology in experimental breast cancer, and after
verifying the results obtained through other more conventional expression analysis
techniques, and increasing the number of studied tumours, we have, finally, identi-
fied four novel differentially expressed genes by the effect of a high n-6 fat diet: sub-
maxillary gland �-2u globulin, VDUP1 (vitamin D3-upregulated protein 1), the
paternally imprinted gene H19 and the unknown function gene that codifies an
expressed sequence tag (EST) Rn.32385. The downregulation of these genes in the
high-fat diet tumours associated with their clinical and anatomopathological
malignancy (Escrich et al., 2004) (Fig. 15.9). We have also determined that the
expression of these genes is not modified by a virgin olive oil diet. These results,
together with the fact that VDUP1, H19 and this globulin have been associated
with cell proliferation and differentiation, open a new line of research about how
the differential expression of these genes contributes to the modulating effects of
high corn oil and virgin olive oil diets on experimental mammary carcinogenesis.

As far as we know we have demonstrated for the first time the influence of
dietary lipids in the cell differentiation alterations in in vivo experimental breast
cancer. We have contributed to this field demonstrating, primarily, that the dif-
ferent modulating effects of the dietary lipids correspond to different histopatho-
logical features of the tumours, which consist in a higher degree of
morphological malignancy of tumours from corn oil-fed animals compared with
those fed control and olive oil diets (Costa et al., 2004) (see in section 4.1 and Fig.
15.5). Moreover, some of the genes differentially expressed in response to dietary
lipids appear to be involved in cell differentiation and we have been able to con-
firm this relationship. This is the case for submaxillary gland �-2u globulin,
VDUP1 and H19 genes (Escrich et al., 2004) and for the PCPH gene, a proto-
oncogene that acts synergistically with ras, presents homology with GDP/GTP
exchange factors and participates in the response to cell stress. We characterized
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Fig 15.9. Screening of genes differentially expressed in rat DMBA-induced mammary
adenocarcinomas by the effect of high n-6 PUFA diet using cDNA microarrays technology.
A. The analysis was performed in triplicate using Rat GENEFILTERS I, GF300 Microarrays filters
containing 5184 rat cDNA corresponding to genes potentially related to cell proliferation and/or
differentiation (Research Genetics). Sixteen genes with reproducible results as differentially
expressed in the high corn oil diet tumour compared with the control (6 upregulated and 9 
downregulated) were selected for verifying expression changes by Northern blot and/or RT-PCR.
The size of the detected sequences is indicated. Graphic bars represent densitometric values
normalized with control p0 mRNA. C: control diet group, HCO: high corn oil diet group, HCO/C:
mRNA normalized level in group HCO relative to mRNA normalized level in group C. Positive
values indicate that the transcript is more abundant in group HCO and negative values, the
opposite. B. Further investigation in a higher number of mammary tumours from animals fed high
corn oil or control diet, showed that this high n-6 fat diet significantly decreased the expression
levels of submaxillary gland α-2u globulin, VDUP1, H19 and the unknown function gene that
codifies the EST Rn.32385. The x-fold change in the median of tumour mRNA levels from high
corn oil group (HCO) relative to median from control group for each selected gene is indicated.
*: significant mRNA levels changes (p < 0.05) (Escrich et al., 2004).
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the PCPH gene in breast cancer and related it to cell differentiation and, more-
over, we showed that its expression decreases in response to a high n-6 lipid diet
(Solanas et al., 2002a). Despite the relationship found between dietary lipids and
differentiation, it is interesting to note that in our studies these dietary factors
did not modify the expression of �- and β-casein, indicating that in the experi-
mental mammary tumours, unlike the normal mammary gland, the expression
of these genes would not be a good indicator of the cell differentiation stage. 

In the human breast cancer cell line T47D, it has been shown that the treat-
ment with 100 ng/ml of LA increases the proportion of cells in the S phase of
cell cycle, and that this effect is exerted by modulation of the gene expression.
Thus, using a microarray analysis, changes in oestrogen receptor �, the G13� G
protein and p38 MAP kinase gene expression, as well as genes involved in RNA
transcription and cell cycle regulation, have been detected (Reyes et al., 2004).

As for prostate cancer, a microarray analysis of diet-induced alterations in
gene expression has been developed in the ACI rat model for spontaneous, age-
onset prostate cancer. A number of genes were found to be upregulated or down-
regulated in the prostate of animals fed a high beef-fat diet in comparison with a
control diet. Data analysis indicated that the high-fat diet affected the expression
of genes involved in inflammation, glucose and fatty acid metabolism, androgen
metabolism, potential tumour suppression and protein kinase activity, as well as
intracellular and extracellular matrix molecules, growth factors and androgen
responsive genes (Reyes et al., 2002). 

Finally, in the above-mentioned study from Davidson et al. (2004), developed
in the AOM-induced colon cancer model, DNA microarray analysis has linked the
protective effect of dietary n-3 PUFA at both the initiation and promotion stages of
colon carcinogenesis with specific alterations of the gene expression profile in com-
parison with n-6 PUFA and n-9 MUFA. Interestingly, in this study, n-9 MUFA did
not have chemopreventive activity against colon carcinogenesis, probably attribut-
able to the presence in the diet of a highly fermentable fibre source, and generated
a similar pattern of expression to n-6 PUFA, but different from n-3 PUFA.

5.6. Immunosuppressor effect

Dietary lipids are able to modulate the immune response and modify inflammatory
cytokine production (Calder et al., 2002; Stark and Madar, 2002). The immuno-
suppressive effect of dietary PUFA has been observed in several studies
(Utermohlen and Tucker, 1986; Calder, 1999). Thus, in a human breast cancer cell
line it has been described that the LA has an inhibitory effect on the lymphocyto-
toxicity (Samlaska, 1978). Regarding the n-3 fatty acids, a suppressive effect of the
immune system has also been observed (Calder, 1999; Hwang, 2000). The
eicosanoids modulate the inflammatory and immune response, besides playing a
critical role in platelet aggregation, and cell growth and differentiation. The n-6
PUFA generate eicosanoids with pro-inflammatory effects, whereas the n-3 PUFA
generates eicosanoids with anti-inflammatory effects (Stulnig, 2003; Larsson et al.,
2004). Diets with a high proportion of n-6:n-3 PUFA would likely increase the
generation of inflammatory eicosanoids, whereas diets with a low proportion of



n-6:n-3 would have an inhibitory effect on the production of these eicosanoids
(Jump, 2004). Moreover, it has been demonstrated that the hyperlipidaemias have
adverse consequences on the macrophage activity and reduce the lymphocytes’
peripheral concentration (Vitale and Broitman, 1981; Wagner et al., 1982). The
prostaglandins could therefore be involved in the immunosuppressive effect of
dietary PUFA (Hillyard and Abraham, 1979). Thus, although the mechanism is
still unknown, PGE2 inhibits the immune response: inhibits macrophages and T
and B cells, and stimulates immunosuppressor cells (Devries and Vannoorden,
1992; Hwang, 2000; Stulnig, 2003). Furthermore, PPAR activation by fatty acids
suppresses the expression of cytokines and other molecules involved in the inflam-
matory response (Hwang, 2000). Recently, it has been shown that the PPAR� ago-
nists regulate negatively the transcription of the inflammation response genes and
that PUFA inhibit the LXR� and LXRβ activation in macrophages. An inhibition of
in vitro lymphocyte proliferation due to AA, EPA and DHA has been observed. A
decrease in the TNF�, IL1, IL2 and IL6 secretion and an inhibition of the NK cell
and cytotoxic T lymphocyte activity have also been reported (Stulnig, 2003). 

Research investigating the effects of olive oil on the immune system is sparse,
but available data indicate that it may be a potent mediator of the immune
response and modify inflammatory cytokine production. The attenuation of these
processes that it elicits could explain the beneficial effects on cancer risk (Stark
and Madar, 2002). Oleic acid has been demonstrated to have anti-inflammatory
effects (Calder et al., 2002). Also, some extra virgin olive oil phenolics have been
shown to inhibit the production of inflammatory eicosanoids and cytokines by
animal and human cells in vitro (Visioli et al., 1998; Moreno, 2003; Miles et al.,
2005). In contrast, consumption by healthy human subjects of a diet rich in oleic
acid did not appear to bring about general suppression of immune cell functions
(Yaqoob et al., 1998). Moreover, in rats it has been shown that feeding mothers a
15% olive oil diet had a cancer-inhibiting role in offspring, predominantly via
changes at the cellular level such as increasing the total number of lymph cells
and the number of CD8(+) lymphocytes (Kossoy et al., 2001).

6. Final Considerations on Olive Oil in the Cancer Prevention

As has been reviewed in this chapter, a whole body of experimental evidence exists
supporting the beneficial effects of olive oil, the main component of the
Mediterranean diet, in relation to cancer. Habitual high intakes of olive oil (espe-
cially extra virgin) will provide a continuous supply of monounsaturated fatty
acids, mainly oleic acid, and elevated levels of antioxidants. These two classes of
components, by means of different specific mechanisms, are responsible for olive
oil’s observed preventive effects against this disease. From the experimental data, it
can be stated that olive oil acts principally on the promotion of carcinogenesis,
slowing the tumour growth rather than regressing already-established tumours.
When extrapolating this situation to humans, it must not be forgotten that human
feeding involves interaction between its multiple components and other factors, for
instance, environmental. In this sense, the beneficial effect of olive oil intake should
be contextualized within the wide concept of the Mediterranean diet and lifestyle. 
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When the possibility of the prevention of cancer through feeding, and in
particular through the high habitual intake of virgin olive oil, is considered, it
should be taken into account that tumour induction is a process that could take
a long time, 20, 30 and even 40 years. Between the beginning of exposure to ini-
tiating and/or promoting factors and the appearance of the tumour, a very long
period can pass. Moreover, certain dietary factors during puberty can be rele-
vant. This fact is of great importance because it emphasizes that the possible
benefits of healthy changes in feeding patterns cannot be expected immediately,
but after many years. On the other hand, in the case of potentially harmful
dietary factors, such as the high intake of particular dietary lipids, this fact
means that their effects could be exerted over a very long period in the life of a
person, and therefore, would represent an added risk. Such a risk is, moreover,
imperceptible, but foreseeable from the available experimental data, such as are
described in this chapter. Furthermore, taking into account what is possible with
the current methods of cancer screening (mammography for breast cancer,
colonoscopy for colorectal cancer and the prostatic specific antigen, PSA, deter-
mination and other methods for prostate cancer), this dietary factor would be
acting before the stated screening techniques would permit detection of a
tumour existence. 

From the point of view of public health, prevention strategies against cancer
should consider potentially beneficial dietary factors, such as extra virgin olive oil,
for both secondary prevention and possibly also primary prevention of cancer.
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