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Olive oil and the haemostatic system
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Interest in the Mediterranean diet (MD) has grown worldwide due to its link with greater longevity
and lower cardiovascular disease rate, cancer and age cognitive decline. Despite the high complexity
of its nutrients composition, olive oil emerges as its principal food, since it provides the higher per-
cent of energy and a lot of bioactive compounds. In this review we will discuss the benefits of diets
enriched in virgin olive oil, whose effects are probably due not only to its oleic acid content but also
to its other potentially health-promoting components. Traditionally, the benefits of MD were linked to
its effect on lipoprotein metabolism but today we realise that there exists a whole sheaf of other bene-
fits, including the components of haemostasis: platelet function, thrombogenesis and fibrinolysis. A
diet enriched in virgin olive oil can reduce the sensitivity of platelets to aggregation, decreasing von
Willebrand and tromboxane B, plasma levels. Moreover a particular interest has arisen about its
capacity to decrease fasting Factor VII plasma levels and to avoid or modulate its postprandial activa-
tion. Also Tissue Factor expression in mononuclear cells could be reduced with the chronic intake of
virgin olive oil and finally, studies performed in different experimental situation have shown that it
could also increase fibrinolytic activity, reducing plasma concentration of Plasma Activator Inhibitor

type-1.
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1 Introduction

Haemostasis is a fundamental process in the maintenance of
circulation, and is the result of a complex equilibrium
between coagulation and fibrinolysis. At present, we know
that the procoagulant state is capable of producing acute epi-
sodes of vascular thrombosis and is a key factor in the initia-
tion and development of arteriosclerotic platelets [ 1, 2].
Atherosclerosis is a complex pathogenic process. In
recent years we have seen important developments in the
study of the role of thrombotic phenomena in the biology of

Correspondence: Professor José Lopez-Miranda, Unidad de Lipidos
y Arteriosclerosis, Hospital Universitario Reina Sofia, Facultad de Me-
dicina, Universidad de Coérdoba, Avda, Menéndez Pidal, s/n, 14004
Cordoba, Spain

Email: jlopezmir@uco.es

Fax: +34-957-218-250

Abbreviations: ADP, adenosine diphosphate; FVII, Factor VII;
FVIla, activated FVII; FVIlag, antigenic FVII; FVIle, coagulant
activity of FVII; MD, Mediterranean diet; PAI-1, plasminogen activa-
tor inhibitor-1; SAFA, saturated fatty acids; TBX, thromboxanes; TF,
tissue factor; TFPI, tissue factor pathway inhibitor; vWF, von Wille-
brand factor

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

i  InterScience’

atheroma plaque.The current concept of atherothrombosis
comprises the two main processes involved in coronary dis-
ease: atherosclerosis (which studies the role of thrombotic
phenomena during the chronic phase of formation and
growth of atheroma plaque) and thrombosis (which studies
the acute flow dysruption mechanism due to thrombus for-
mation in a vulnerable plaque, and its consequences), and is
becoming generally accepted as the term which most accu-
rately denotes the biological reality of the disease [3].
Endothelial dysfunction plays a prominent role in the
pathogenesis and progression of these phenomena, as it is
the first pathological symptom of anatomical lesions. This
dysfunction implies a breakdown in the defence mechanism
of the endothelial wall which in turn induces a prothrom-
botic state, activates the inflammatory process and alters
the vasomotor regulation of the vascular wall. This is why
the endothelium and the factors which can damage it are
now considered so important, and it is also the reason why
the traditional approach to atherosclerosis, which used to
focus prevention and treatment on attacking risk factors,
has been broadened to a more global approach. The new
approach aims to treat the biological conditions which acti-
vate or advance the vascular lesion: preventing LDL oxida-
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tion, reducing the inflammatory process, increasing plaque
stability and preventing thrombus formation [4]. The tradi-
tional dietary approach, which sought to reduce the pres-
ence of risk factors, has changed direction. Recent studies
show that diet may have an effect on atherogenesis mecha-
nisms, because it could be a potential factor related not only
to cholesterol, but also to thrombosis and the endothelial
inflammation and dysfunction [5, 6]. These studies have
also shown that diet can lower cardiovascular risk to an
even greater extent than drugs.

Interest in the Mediterranean diet (MD) has grown
worldwide in the course of the past decade, even among
nutritionists outside of the Mediterranean area. This is
largely due to the fact that the consumption of the MD has
been linked to greater longevity, improved quality of life
and lower incidences of cardiovascular disease, cancer and
age cognitive decline, in spite of being a dietary model with
a high fat content, unlike the diets recommended for several
decades by many experts in nutrition in other geographical
areas [7]. However, most of the fat content of the MD is
derived from a single component of the diet, namely olive
oil, which means that the diet is low in saturated fats and
high in MUFA, particularly in oleic acid. Moreover, the gas-
tronomic characteristics of this dietary component encour-
age a higher level of consumption of plant products such as
fruit, vegetables, pulses, and cereals, all of which are foods
that contain a high proportion of low glycemic index carbo-
hydrates and that have important potential for promoting
good health [8]. In the course of the past few years, thanks
to modern technology, other types of oil with similar fat
composition have become available to human nutrition.
These include oils obtained from certain types of seed,
some of whose varieties are high in oleic acid, such as high
oleic sunflower, soya and rapeseed oils. This situation has
generated a new concept of MD, according to which dietary
oleic acid is not necessarily derived predominantly from
olive oil but rather, from seeds [9, 10]. However, these oils
must be refined before its use, losing during the process
many non-fat microcomponents, much of them with several
biological effects, including the phenols (tyrosol and
hydroxytyrosol), secoroids (oleuropein and its conjugate
forms) and lignans. Virgin olive oil, on the contrary, posse-
ses all these microcomponents, because it's obtained expos-
ing olives only to physical pressure [11]. This is important,
because in this review we will discuss the benefits of diets
rich in virgin olive oil, the genuine MD, whose effects are
due not only to its oleic acid content but also to its other
potentially health-promoting components.

Traditionally, the benefits of MUFA-rich diets were
linked to its effect on lipoprotein metabolism and, to a lesser
extent, to other risk factors, but today we realise that there
exists a whole sheaf of other benefits, including the compo-
nents of haemostasis [12—18]. The interest that this has
aroused in the course of the past few years is perfectly
understandable when taken into account that, in persons at
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high risk of cardiovascular disease, there may well be
present a chronic activation of the mechanisms of thrombo-
sis, resulting in what might be called a prothrombotic envi-
ronment [16]. Thrombogenesis is a very complex process,
which involves the platelets activation (primary haemosta-
sis), the mechanisms of coagulation (secondary haemosta-
sis) and fibrinolysis, a system that has been implicated in
the reabsorption of recently formed fibrin thrombus.

This paper reviews the current state of our knowledge of
the effects of olive oil on haemostasis, bearing in mind that
some of these effects are derived from their fatty acid pro-
file and others from their minor components. Although the
component of olive oil that has been most thoroughly stud-
ied is oleic acid, the principal representative of the MUFA,
other minor products such as the phenols are just as interest-
ing for the sake of their potential effects on health. The
quantity and variety of these additional components of olive
oil combine with the effects of oleic acid to make up one of
the most functional ingredients of our diets.

The MUFA are a large group of fatty acids, the most
important of which in the human diet is oleic acid (18:1n-
9), which represents 95% of our ingestion of MUFA and is
the most important component of olive oil (70—85% of its
content). Although a number of positive effects on health
have been attributed to MUFA, in this paper we concentrate
on its action on the essential components of coagulation.

2 Platelet aggregation

Some of'the factors that affect the physiology of the platelets,
such as the thromboxanes (TBX) and von Willebrand Factor
(vWF), will be individually reviewed later in this paper. As
far as the influence of MUFA on platelet aggregation is con-
cerned, some studies have used oils other than olive oil; these
include high-oleic sunflower oil and rapeseed oil (which,
although it contains oleic acid, is higher in linoleic and lino-
lenic acids). In a study carried out in 2003, the administra-
tion of a diet rich in MUFA derived from these oils reduced
the aggregation response of platelets to adenosine diphos-
phate (ADP) in healthy subjects, compared to a saturated
fatty acid (SAFA)-rich diet. Furthermore, this phenomenon
appears to have a graded effect, in that the benefits obtained
by replacing 16 g/day of SAFA with MUFA increased when
the amount of fat substituted was increased to 32 g/day [19].
However, the differential effects of MUFA versus PUFA,
were less clear. Misikangas et al. found no differences in pla-
telet aggregation or in protein kinase C (an important plate-
let regulator) induced by a diet high in linoleic acid but low
in vegetables, as against one that was high in oleic acid and
also vegetable-rich, although there is a certain complicating
factor in interpreting this study due to the mixing of the
potential effects of the fatty acids with those of the vegeta-
bles. Furthermore, the authors did not identify the origin of
the oleic acid they employed [20].
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Studies that have utilised olive oil directly as a source of
MUFA also indicate that their consumption is associated
with reduced platelet aggregation. The first study that
offered evidence of this association [21] was published more
than 20 years ago; in a Greek sample, four weeks of a diet
consumed in a fast-food restaurant and based on sandwiches
and salads dressed with extra virgin olive oil produced a
reduction in platelet aggregation induced by ADP and arach-
idonic acid as compared with a traditional diet [22]. How-
ever, Vicario et al. found no effects of a dietary supplement
of oleic acid derived from olive oil on the thrombogenic
response to ADP [23]. In order to compare the effects of
different sources of oleic acid, Karantonis et al. measured
platelet aggregation following the consumption of olive,
soya, maize, sunflower and sesame oils, obtaining a lower
degree of activation after the olive oil [24]. This distinctive
effect suggests that some of the properties encountered are
not due to oleic acid itself but rather to the minor compo-
nents of olive oil, as will be discussed below.

On the basis of the above-mentioned studies, it seems
clear that MUFA are capable of playing an anti-thrombo-
genic role via their abilty to partially inhibit platelet aggre-
gation. The studies that utilised olive oil reproduced the
results found using other sources of oleic acid.

2.1 Factor VIl

Factor VII (FVII) initiates the extrinsic cascade process of
coagulation. Once it has combined with tissue factor (TF),
it is activated and converts Factor F into Xa, which finally
generates thrombine and triggers the formation of the
thrombosis. There exists two ways of quantifying this proc-
ess; one of them is in terms of activated FVII (FVIIa), while
the other is to measure the coagulant activity of FVII
(FVIIc), which is the combination of FVIIa and antigenic
FVII (FVIlag). In the fasting state, FVIIc correlates with
serum cholesterol, triglycerides and the amount of fat in the
diet [25], primarily via variations in FVIlag [26—29]. FVIIc
also rises postprandially, particularly if the amount of fat
ingested is greater than 70—90 g [30], although in such
cases this is a result of the rise in FVIIa [31].

Although a number of authors consider that dietary varia-
tions in FVII are due exclusively to the amount of fat con-
sumed [27, 32—34], it now seems clear that such variations
are a qualitative effect of the individual fatty acids.

The inclusion of SAFA in the diet on a chronic basis, for
example, raises concentrations of FVIIc [28], while the
influence of MUFA is more controversial. Some studies
show a rise in fasting levels of FVIIc following diets rich in
MUFA, which raise levels of FVIIc more than other types
of fat [35], including saturated fats [36]. However, other
studies have found falls in FVIIc levels in comparison with
SAFA and n-6 PUFA [37, 38]. For example, Junker com-
pared the effects on various coagulation factors of a chronic
intervention rich in oleic acid derived from olive oil, which
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demonstrated an improvement in factors XIla and XIlc in
common with PUFA from sunflower oil; while the sun-
flower oil also reduced factor IXc, the olive oil was unique
in lowering both Xc and FVIIc [39]. Another study demon-
strated lower concentrations of FVII after 90 days on a diet
described as Mediterranean, as opposed to another rich in
SAFA [40].

In order to study this topic in more detail, our group per-
formed a study that compared the effects of four weeks of
an olive oil-rich MD with those of a low-fat diet and of one
that was rich in SAFA (western diet) on plasma levels of
FVIla in 16 healthy normolipaemic men. The transition
from the western diet to the MD produced an significant
fall in FVIIa levels (101.5 + 19.2 vs. 34.6 =+ 15.3, p < 0.05),
which confirmed the superiority of MUFA over SAFA in
reducing FVIla levels [39].

However, in addition to influencing fasting levels, the
diet may also modify postprandial levels, although there are
different effects with different types of fat [27, 41] and
according to the type of diet that had been consumed during
the previous weeks. Some studies thus show a larger rise in
postprandial FVIIa after MUFA than following SAFA, after
an isolated overload [42—44], although when a homogeni-
sation diet is utilised previous to the overload, the results
are different [45]. In a study carried out by Larsen et al., the
subjects ate a diet rich in oil, sunflower or rapeseed oil for
three weeks, and FVII levels were then studied both in fast-
ing and following a fat-laden meal rich in rapeseed oil,
reducing the postprandial peak in FVII after the olive oil-
rich meal by 18% versus sunflower oil and by 15% versus
rapeseed oil [46]. These data have been consistently repro-
duced when compared to SAFA, thus demonstrating that a
basic diet rich in MUFA protects against the postprandial
rise in FVIIc [26, 31]. In general, we may say that these data
suggest that the postprandial rise in FVII is less after MUFA
than after SAFA [19], although more evidence is still
required. This protection even appears to be dose-depend-
ent, in that consumption of a diet moderate in MUFA
reduces postprandial increases in FVIIc and FVIla by 18
and 17% respectively, while a MUFA-rich diet reduces
them by 50 and 29% [47].

22TF

TF is a transmembrane glycoprotein that unites with FVII
to transform it into its active form. The activation of expres-
sion of TF in macrophages increases the coagulatory activ-
ity of the lesion, and favours the appearance of acute coro-
nary syndrome. The quantity of fatty acids in the diet pro-
portionately regulate the expression of lipopolysaccharide-
induced TF in monocytes. PUFA inhibits this expression
[48, 49]. Saturated fats raise levels of TF both post-pran-
dially (by up to 56%) and in their basal values [50], while
low-fat diets, like the MUFA-rich MD, lower the activity of
TF in circulating monocytes [51].
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Tissue Factor Pathway Inhibitor (TFPI) is an activated
factor X-dependent inhibitor of TF-induced coagulation.
The principal role of TFPI appears to be to inhibit small
amounts of TF, which are probably essential for the mainte-
nance of normal haemostatic balance. A previous study has
shown that TFPI in the plasma of crab-eating monkeys
increases markedly in response to a high-cholesterol diet
[52]. The effects of diets enriched with fats from various
sources were explored by Larsen et al. in a randomised
crossover study that compared three dietary periods based
on an olive oil-enriched diet, a sunflower oil diet and a rape-
seed oil diet respectively [46]. The study revealed no influ-
ence of dietary intervention on plasma TFPI levels. In con-
trast, we have recently shown that the isocaloric replace-
ment of a palm oil-enriched diet or a low-fat diet by a MD
had the effect of reducing plasma TFPI [53]. Another, more
recent, intervention study [54] compared oleic acid, docosa-
hexaenoic acid/eicosapentaenoic acid and alpha linolenic
acid. The second diet reduced TFPI on slightly compared to
alpha linolenic acid, while there were no differences vis-a-
vis the oleic acid consumption phase [54]. Although the
decrease in plasma TFPI levels is difficult to interpret, it
has previously been suggested that it may reflect an increase
in the protease on the endothelial surface, which would
have a regulatory effect on thrombogenesis. The decrease in
plasma TFPI levels would therefore be interpreted as a
change in the protective effect against thrombogenesis.

2.3 Fibrinogen

Only a few studies have explored the effects of MUFA on
fibrinogen levels in isolation. Freese did not find any differ-
ences between basal levels and those that he obtained after
2.5 and 5 h when he compared three types of oil (rapeseed,
sunflower and butter) in healthy female subjects [32]. Nor
were there any differences in the postprandial figures in
healthy men following different overloads of SAFA, MUFA
and PUFA [55, 56]. It may be that the amount of fat admin-
istered influenced these negative results, since Sanders
observed a postprandial increase in 29 young men after
60—90 g, and Kozima after 100 g, of butter [57].

The influence of the type of fatty acid on fasting fibrino-
gen levels was explored by Mutanen. Eighty men were
administered a diet rich in SAFA derived from dairy prod-
ucts and were subsequently randomly assigned to groups
that received either trans fatty acids (derived from partially
hydrogenated vegetable oil) or stearic acid (replacing 8.8
and 9.3% respectively of the daily caloric intake with
respect to the basal diet). The stearic acid-rich diet signifi-
cantly increased the level of fibrinogen in comparison with
the frans fatty acid-rich diet. Among the saturated fats,
different fatty acids may have different effects [58]. In a
study carried out by Baer et al., 50 men consumed six diets,
each of them rich in a different SAFA and oleic acid. The
period during which they were given stearic acid produced
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higher levels of fibrinogen than any of the other periods,
including that on oleic acid [59]. In a study performed on
Chilean students, allocation to a diet characterised as Medi-
terranean, which included 32 mL of olive oil, rather than to
another rich in saturated fat [40], lowered basal fibrinogen
levels, although the results may have been affected to a cer-
tain extent by the fact that they consumed a larger amount
of fish in their MD model. These studies contrast with
another recently published investigation, in which 7% of
the total daily energy of 45 subjects (27 men and 18 women)
was provided by different diets (stearic, oleic and linoleic
acids) but no differences in basal fibrinogen levels were
found after five weeks on the diets [60]. In fact, there is still
a certain controversy regarding whether the consumption of
oleic acid-rich diets lowers basal fibrinogen levels more
than do diets rich in saturated fats.

2.4 Plasminogen activator inhibitor-1 (PAI-1)

In the stabilisation and progress of thrombus, fibrinolysis
plays an important role as a mechanism that is regulated by
the equilibrium between tissue plasminogen activator and
its strongest natural inhibitor, PAI-1. Few studies have
attempted to determine the influence of dietary factors on
fibrinolysis, and most of these utilised omega-3 fatty acids.

Studies that have been carried out to date using MUFA
support findings of a fall in PAI-1 following their ingestion
[7, 15]. Our own group has demonstrated a decline in lev-
els of PAI-1 of MUFA compared with SAFA [53], and vis-
a-vis other low-fat diets [53, 61]. In a rural Italian popula-
tion a decline in levels of PAI-1 was observed following a
change from a western to a Mediterranean diet. Moreover,
this sample returned to its original PAI-1 levels on resum-
ing the western diet [62]. Another study of 44 hypertension
patients compared the influence of two diets (one of them
rich in olive oil and the other in soya oil) on arterial tension
and haemostatic markers. Both diets produced a fall in sys-
tolic pressure and diminished PAI-1 in comparison with
the SAT-rich control diet, although the effects of the olive
oil-enriched diet were more evident [63]. Mezzano found a
decrease of around 20% in PAI-1 on administering two
diets, one of them containing MUFA and the other SAFA,
without observing any difference between them. However,
both levels rose when the diets were supplemented with
red wine [40]. In spite of these results, these results have
not otherwise been confirmed in subjects with altered glu-
cose tolerance, since no differences were found between a
SAFA diet, one that was low in fat or a high-MUFA diet
[64].

We may therefore conclude that the oleic acid-rich diet
lowers basal levels of PAI-1 compared to SAFA. However,
it has not been demonstrated that these results would be
reproduced with PUFA [37], or postprandially [43]. Finally,
arecent study performed in normal subjects showed that the
administration of olive oil induced a lower postprandial
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response in PAI-1 and TF than the ingestion of high-pal-
mitic sunflower oil and butter [65] (Table 1).

2.5 TBX

The TBX are cyclic derivatives of arachidonic acid, like the
prostaglandins and leucotriens. They are vasoconstrictors,

bronchoconstrictors and platelet aggregation inductors. Sir-
tori noted a fall in the production of platelet TBX, following
an olive oil-rich diet, compared with a basal SAFA-rich diet
and another diet that was rich in maize oil [21].This fall was
subsequently reproduced in an animal model [66]. In sup-
port of this effect, urinary TBX metabolites fall after a
MUFA-rich diet as opposed to n-6 [67]. In short, the avail-

Table 1. Summary of studies testing the effects of olive oil on PAI-1 concentration

Author Population

Intervention

Conclusion

Lopez Segura
etal[61]

21 healthy males

Perez Jimenez 25 healthy males
etal[53]
Avellone — 40-rural subjects
etal[107] — 40 urban subjects
Trifiletti 44 subjects with
etal[63] hypertension
Mezzano 42 healthy males
etal[40]
Niskanen — 28 subjects with
et al [64] impaired glucose
tolerance: 17 men
and 11 women
Turpeinen 38 healthy persons
etal [37] (20 men, 18 women)
Oakley 12 healthy men
etal[43]
Pacheco 14 healthy males
etal[65]

— two olive oil rich diets containing 115
& 280 mg cholesterol/1000 calories

— two low fat diets with the same chole-
sterol amounts

— Palmitic acid rich diet
— Olive oil rich diet
— Low fat diet

— High cholesterol, fat diet rich in SAFA
(Urban diet) for 8 weeks

— MD (rich in olive oil) 8 weeks

— Crossover design with return to
baseline diet

— Olive oil rich diet
— Soyaoil rich diet
— SAT-rich control diet

— MD (high in vegetables and fish.
Average of 32 mL olive oil/day).
— High fat diet (saturated).
Each diet lasting 90 days. During
the 30 to the 60 days of the study,
240 mL red wine were added

— SAT rich control diet for 3 weeks

— 12 received subsequently a mono-
unsaturated rich diet for 8 weeks
(low erucic acid rapeseed oil and high-
oleic acid sunflower oil as monoun-
saturated sources).

— 18received NCEP diet for 8 weeks

— Baseline SAT diet for 4 weeks.
The participants received after one
of the following two diets for another
4 weeks:

— linoleic acid rich diet (PUFA).

— oleic acid rich diet (MUFA).

— Three isolated fat meals containing
high oleate (high- oleic acid sunflower
oil), butter or high oleate plus medium
chain triacylglycerols and a low fat meal
(isoenergetic to the other three)

— 1 week on NCEP step1 adaptation
period

— Postprandial state evaluation after
two isolated fat meals containing
extra-virgin or refined olive oil in a
cross-over design

The two olive oil rich diets decreased
PAI-1 versus the low fat diets

The isocaloric replacement of palmitic acid
rich diet by the other two diets lowered the
PAI-1 (higher decrease after olive oil rich
one)

MD lowered PAI-1 concentration.
Return to higher PAI-1 levels when return-
ing to the Urban diet

Decrease of PAI-1 with the two first diets
versus the SAT diet. The decrease was
larger after the olive oil diet

A reduction of 20% versus the baseline
values was found irrespectively of the diet.
Red wine induced a increase of PAI-1

No differences between the groups

No differences between groups

No differential effects of the isolated meals

Bigger decrease (-92.6 = 11.4VS
—76.1 = 15.2) in the incremental area
under curve after the extra-virgin olive oil
meal compared with the refined oil meal.
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able data suggest that MUFA have the effect of reducing the
concentration and metabolism of TBX. However, the influ-
ence of minor components of olive oil on TBX appears to
be clearer than those of oleic acid, as we shall see below.

2.6 VWF

vWF is a fundamental component of platelet adhesion and
aggregration processes. This prothrombotic product is
reduced in diabetic patients who are fed a MUFA-rich diet
rather than a carbohydrate-rich [68] or a high-PUFA diet
[69]. Our group carried out a study of 25 healthy males,
based on three periods of dietary intervention (low-fat,
MUFA and SAFA), each period having a duration of 28
days. At the end of each period we measured serum markers
of endothelial function, including vWF. Levels of vWF fell
following the MUFA-rich diet, as did those of PAI-1 and
TFPI [53]. However, Mezzano found no differences when
he gave two groups of 21 young healthy males a MUFA-
rich diet followed by a SAFA-rich diet after 30 days of the
first [40, 70]. These results agree with those of another
study carried out by Turpeinen (1999), which compared the
effects of a chronic intervention with oleic acid or linoleic
acid on 38 persons who had previously been given a SAFA-
rich diet [37]. In short, intervention study data indicate that
MUPFA-rich diets are capable of lowering fasting vVWF lev-
els, although in view of the wide differences in the results,
more studies are still needed.

3 Other minor components of olive oil

Olive oil consists of 90—99% fat and an insaponifiable frac-
tion of 0.4—5%. Of the latter set of components, great
importance has been ascribed to phenolic compounds dur-
ing the past ten years due to their wide range of biological
properties. This category includes simple compounds such
as phenolic acids (caffeinic, vanillic, gallic and coumaric
acid), tyrosol and hydroxytyrosol, and other more complex
substances such as secoiridoids (oleuropein and ligstro-
side), and lignans (1-acetoxypinoresinol and pinoresinol).
In the use of the nomenclature of this group of substances,
it is worth remembering that the first group of these (the
simple phenols) contain a single phenolic ring, which
means that it is not legitimate to call them “polyphenols”.
For this reason we use the term “phenols” rather than “poly-
phenols” in referring to the characteristics of this group.

It is important to point out that refined oils do not contain
significant proportions of phenols, which are destroyed dur-
ing the refining process. Moreover, there are wide variations
in the concentration of phenols in different olive oils,
depending on such factors as the variety of olive, the climate
in which it grows and the ripeness of the fruit when it is har-
vested. Oleuropein, for example, is the most important phe-
nol in unripe olives, and it hydrolyses into simple phenols as
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the fruits ripen, being present in much lower concentrations
in the oil [71-73]. Although phenols are the most widely
studied of the minor components of olive oil, there are others
which cannot be classified as belonging to this family, and
which may possess additional properties of interest.

3.1 Phenols

The study of these components has intensified in the course
of the past ten years, and their presence in certain vegetable
products such as tea, grape juice, wine and red grapes has
been related to antioxidant and antiinflammatory properties
[18, 74], and to improvements in fasting endothelial func-
tion [75-77].

Our group has published a study that demonstrated a pro-
tective effect of phenols from virgin olive oil on postpran-
dial endothelial function in hypercholesterolaemic subjects
[78].

With regard to their influence on haemostasis, there is
evidence to suggest that these compounds affect platelet
aggregation, according to data from observation-based
studies, in which the consumption of phenol-enriched foods
was linked to a fall in cardiovascular disease. However,
there exist few clinical studies directly related to the action
of phenols on haemostasis, and most of them have been
done using fruit juice rather than olive oil [79—-82]. The
results of these studies vary, but generally speaking, they
suggest that there is an antithrombotic effect. For example,
a phenol-rich diet (purple grape juice, 5—7.5 mL/kg/day)
administered to ten subjects lowered platelet aggregation in
response to collagen by 77% [83].

In vitro studies have shown that phenols can lower plate-
let aggregation in response to ADP or collagen, as well as
the production of TBX, [84]. Leger demonstrated a fall of
46% in this last after administering 25 mg of hydroxytyro-
sol obtained from olive oil to healthy volunteer subjects for
three days [85], while Visioli found a reduction of 20% in
TXB, in hyperlipaemic subjects following chronic con-
sumption of an olive oil rich in phenols compared with a
similar oil that lacked these substances [86]. Other data in
support of this effect are that virgin olive oil reduces the
production of TBX, more than high-oleic sunflower oil,
which contains a higher percentage of oleic acid than olive
oil itself, for which reason the fall may be attributable to its
minor components [87].

In addition to their action during fasting, tyrosol and
hydroxytyrosol also lower postprandial production of of
TBX,, as was shown by Bogani, compared with refined
olive oil or maize oil [88].

As well as tyrosol and hydroxytyrosol, other phenols
found in olive oil may be responsible for its properties. For
example, quercetin, a flavonoid found in virgin olive oil,
inhibits platelet aggregation both in vitro [89] and ex vivo
[90, 91], although its activity in vivo has yet to be con-
firmed.
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Rechner submitted platelets to a series of procedures in
order to increase their activation, aggregation and expres-
sion of prothrombotic molecules such as P-selectin and
CD63 markers (membrane glycoproteins that appear with
the expression of lysosomes). Incubating them with a mix-
ture of antocyanines and colonic phenol derivatives reduced
both thrombin-dependent aggregation (but not that induced
by collagen) and platelet activation (the latter measured in
terms of P-selectin production and the expression of the
pro-oxidant CD63 marker) [92]. Other authors have demon-
strated the biological activity of various metabolites of
hydroxytyrosol. Togno studied the activity of two such
hydroxytyrosol derivatives known as isochromans by com-
bining them with compounds containing carbonyl groups
also present in the oil. These products are more efficient
than hydroxytyrosol itself as inhibitors of collagen- and
arachidonate-dependent platelet aggregation, but not of
aggregation produced by ADP [93].

3.2 Minor non-phenolic components

Olive oil contains thousands of other components. A recent
study demonstrated a fall in TBX, produced by normal
human umbilical vein endothelial cells following incuba-
tion with postprandial triacylglycerol-rich lipoprotein
derived from an olive oil whose concentration of insaponi-
fiable particles had been doubled, in comparison with a vir-
gin olive oil and sunflower oil [94]. The authors suggested
that, besides the phenolic compounds themselves, other
substances might be responsible for part of these results
since, because of their hydrophilic nature, the phenols were
not incorporated into these postprandial triacylglycerol-
rich lipoprotein. Furthermore, olive oil phenols do not
affect cyclooxygenase activity in rats, a finding that contra-
dicts their potential effect on the TBX. In addition, a recent
study performed in rabbits, showed that in animals fed olive
oil or olive oil polar lipid extract blood platelet-activating
factor-acetylhydrolase acetylhydrolase increased, platelet
aggregation was attenuated, less oxidation occurred in
plasma, lesion thickness was reduced and vessel walls
retained elasticity. Most of these beneficial changes were
not seen in animals fed olive oil neutral lipid extract
although blood platelet-activating factor and plasma oxida-
tion were lower[95]. These same authors found a decrease
in ADP-induced platelet agreggation and platelet-activation
factor when healthy and patients with type 2 Diabetes Mel-
litus followed a diet rich in traditional Greek meals with
high anti-aggregating activity for a period of 28 days[96].
The identity of these other substances has yet to be clari-
fied. B-sitosterol, tocopherols and triterpenoids have all
been suggested, due to their inhibitory action on the produc-
tion of prostaglandin E2 by macrophages, a circumstance
that correlates with the activity of cyclooxygenase. Others,
like glycerinetheric glycolipid contain high platelet-activa-
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tion factor antagonists, which reduces directly platelet
aggregation. Many other compounds, as we have said
before, are being tested, as possible additional healthy
micropounds of virgin olive oil.

4 Relationship between thrombosis and the
endothelium

The initial alteration that precedes the development of arte-
riosclerosis is the activation of the endothelium, through
which the cells that line the vessel walls express, on the sur-
face of their lumen, a combination of molecules that
encourage the adhesion and migration of the circulating
mononuclear cells to the sub endothelial space. This forms
the initiation of the inflammatory process, one of the conse-
quences of which is the loss of endothelial functions.
Among these functions are the well-known vasodilatory
response that is dependent on the production of nitric oxide,
and its capacity to reduce thrombogenesis, which is the sub-
ject of this review. The cellular mechanism, which mediates
the expression of the genes involved in the inflammatory
response, both in the endothelium and in other cells that
contribute to the inflammation of the vascular walls,
depends on the cytoplasmic expression of the transcription
factors. Among them, NF-kB is particularly interesting as
the mediator sensitive to oxidative changes, and as that
which induces the activation of the genes that are involved
in the synthesis of the adhesion molecules. Of special inter-
est in this respect is the demonstration that oleic acid buf-
fers the inflammatory process that leads to endothelial dys-
function [97-99]. Although we now find ourselves in fairly
speculative field, where we do not even know what initiates
the initial phenomenon of wall lesions, the anti-inflamma-
tory effect of olive oil needs to be considered in the context
of the interaction produced during the ingestion of high-
energy diets that are capable of promoting the overproduc-
tion of reactive species of oxygen and inducing changes in
fraction 3 of the complement [100, 101]. Data exist that
suggest that fats with antioxidative or membrane-stabilising
capacity might be capable of protecting endothelial cells
[102]. In this context, olive oil has such an ability, both
through its high content of MUFA [103—105] and via the
antioxidative effect of its microcomponents, particularly of
phenolic compounds, among which it is typical the oleuro-
pein, an aglycone the hydrolysis of which generates tyrosol
and hydroxytyrosol, which in both their free, secoroid and
conjugated forms make up some 80% of the phenolic com-
pounds of virgin olive oil. These products are absorbed by
the intestine in human beings, as has been demonstrated by
experimental studies, possess antioxidative and anti-
inflammatory properties, and are also capable of modifying
haemostasis, inhibiting platelet aggregation and displaying
antithrombotic properties [106].
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Figure 1. Effect of olive oil on coagulation. Coagulation fac-
tors influenced by olive oil components:
@: Inhibition. & : Further information needed.

5 Conclusions

We may conclude that MUFA have positive effects on a
number of factors that are responsible for haemostasis (Fig.
1), such as platelet aggregation and FVII. Although there is
less evidence for the following claims, data do exist that
suggest that MUFA also lower fibrinogen, PAI-1 and vWEF.

Apart from MUFA, other minor components of olive oil
also influence markers of haemostasis. Current evidence
indicates that phenols reduce platelet aggregation, probably
by reducing TBX, while other effects of these and other
minor components are also under study.

Finally, it is important to emphasise that olive oil is the
basic, though not the only, component that produces the
health-promoting effects of the Mediterranean diet. The
combination of high consumption of fruit, vegetable, cere-
als and fish with low consumption of saturated fats, adds up
to a dietary model with cardioprotective properties, to
which we may add other potential benefits, which will need
to be studied in greater depth in the future, such as a reduc-
tion in the risk of suffering certain types of cancer and a bet-
ter quality of life in the course of ageing.
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