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Aim: The aim of the present paper is to investigate 
the possible antiatherogenic actions of a new func-
tional food which is yoghurt 2% fat, enriched with the 
ethanolic extract of Olive Mill Wastes (OMW) rich in 
Biologically Active Lipids (BAL).
Material-Methods: 30 New Zealand rabbits 
were divided into 3 groups, which were fed for 48 days 
an atherogenic diet, namely rabbit food enriched with 
1% cholesterol (Group A), while one group was also 
given yoghurt 2% enriched with 500 mg of BAL/120g 
yoghurt (Group B) and the third group was also ad-
ministered commercial yoghurt 2% (Group C) manu-
factured by MEVGAL SA. The OMW came from a 
mill using a two phage centrifugal system for olive oil 
extraction. After the intervention the animals were eu-

ΣκοπOς: Σκοπός της παρούσας εργασίας είναι η με-
λέτη των πιθανών αντιαθηρογόνων δράσεων ενός νέου 
λειτουργικού τροφίμου το οποίο είναι γιαούρτι 2% σε 
λιπαρά, εμπλουτισμένο με το αιθανολικό εκχύλισμα 
από Υγρά Απόβλητα Ελαιουργίας (ΥΑΕ) πλούσιο σε 
Βιολογικώς Δραστικά Λιποειδή (ΒΔΛ). 
ΥλικO-ΜEθοδοΣ: Στη μελέτη χρησιμοποιήθηκαν 
30 κουνέλια Νέας Ζηλανδίας τα οποία χωρίστηκαν σε 
3 ομάδες και οι οποίες τράφηκαν για 48 ημέρες με αθη-
ρογόνο δίαιτα, δηλαδή τροφή εμπλουτισμένη με 1% σε 
χοληστερόλη (Ομάδα Α), σε μία συγχορηγήθηκε γιαούρ-
τι 2% εμπλουτισμένο με 500 mg ΒΔΛ/120g γιαουρτι-
ού (Ομάδα B) ενώ στη τρίτη συγχορηγήθηκε γιαούρτι 
εμπορίου 2% (Ομάδα C) από τη ΜΕΒΓΑΛ Α.Ε. Τα ΥΑΕ 
προέρχονται από ελαιοτριβείο με διφασικό φυγοκεντρι-
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thanatized and their aortas were analyzed morpho-
metrically after fixation in paraffin. Furthermore the 
blood lipids of the animals were measured before and 
after intervention.
Results: The animals did not indicate any adverse 
effects from the consumption of the two diets con-
taining yoghurt and grew normally. The animals of 
Group B showed a decrease in the maximum and av-
erage thickness of atheromatous plaques by 54% and 
57%, respectively, compared with Group A. Group 
C also showed a reduction of atheromatous plaques 
by 32% and 30% respectively, that did not reach sta-
tistical significance. There was no difference in the 
serum lipid levels of any of the three groups.
Conclusions: The dramatic reduction of the 
atheromatous plaques is not related to changes of 
blood lipid levels among the three groups and can 
probably be attributed to anti-PAF, antiinflamma-
tory and antioxidant activities of the BAL from the 
OMW.

κό σύστημα εξαγωγής του ελαιολάδου. Μετά το τέλος 
της παρέμβασης τα πειραματόζωα ευθανατώθηκαν και 
έγινε μορφομετρική αξιολόγηση των αθηρωματικών 
βλαβών στα αγγεία τους ύστερα από μονιμοποίηση σε 
παραφίνη. Επιπλέον μετρήθηκαν τα λιποειδή αίματος 
πριν και μετά τη παρέμβαση. 
ΑποτελΕσματα: Τα πειραματόζωα δεν εμφά-
νισαν πρόβλημα στην πρόσληψη της τροφής ενισχυ-
μένη με γιαούρτι είτε εμπορίου ή ενισχυμένο με ΥΑΕ 
και αναπτύχθηκαν κανονικά. Τα πειραματόζωα της 
Ομάδας Β εμφάνισαν μείωση κατά 54% του μέγιστου 
και 57% του μέσου πάχους των αθηρωματικών πλακών 
σε σύγκριση με την Ομάδα Α. Η Ομάδα C επίσης εμφά-
νισε μείωση των αθηρωματικών πλακών 32% και 30% 
αντίστοιχα αλλά χωρίς στατιστική σημαντικότητα. Δεν 
παρατηρήθηκε καμία διαφορά στη συγκέντρωση των 
λιποειδών του αίματος σε καμία από τις τρεις ομάδες. 
ΣυμπερΑσματα: Η δραματική μείωση των 
αθηρωματικών πλακών δεν σχετίζεται με τη μεταβο-
λή των επιπέδων των λιπιδίων του αίματος ανάμεσα 
στις 3 Ομάδες και μπορεί να αποδοθεί πιθανότατα 
στις αντι-PAF, αντι-φλεγμονώδεις και αντιοξειδωτι-
κές δράσεις των ΒΔΛ από τα ΥΑΕ.

Λέξεις ευρετηρίου: Αθηροσκλήρωση, PAF, υγρά από
βλητα ελαιουργίας, γιαούρτι.

Key words: Atherosclerosis, PAF, olive mill wastes, yo-
ghurt.

while its effects can be negated by PAF inhibitors/
receptor agonists either endogenous or obtained 
through diet.4

Previous studies of our group have shown that 
lipids from olive oil, wine, fish, honey, milk and yo-
gurt, which are traditional and basic foods of the 
Mediterranean diet, contain potent PAF inhibitors/
agonists that have the ability to inhibit the PAF stimu-
lated aggregation of washed rabbit platelets, while 
other researchers have demonstrated similar anti-PAF 
activities for garlic and onion.5 Further in vitro studies 
of olive oil components against PAF induced platelets 
aggregation showed that the total olive oil lipids (TLO) 
and the fraction of polar lipids (PLO) had the major 
biological activity (PAF inhibition), while the neutral 
lipids fraction (NLO) had minimal or none.6 The same 
olive oil fractions (TLO, PLO, NLO) were then tested 
in vivo to a rabbit atherosclerosis model. The rabbits 
fed only with atherogenic diet (1% cholesterol) acting 
as the control group and the rabbits fed an athero-
genic diet enriched in NLO formed thicker atheroscle-
rotic lesions against the groups fed atherogenic diet 

1. Introduction

Cardiovascular diseases, which are different clinical 
outcomes of atherosclerotic disease is a leading cause 
of death in the “developed countries”.

The Platelet Activating Factor (PAF) is the most po-
tent today known inflammatory molecule showing 
its pathophysiological effects in concentrations of 
about 10–9 M which in some systems can reach even 
the 10–12M.1 PAF is a large family of phospholipids 
with the general nomenclature of 1-O-alkyl-2-acetyl-
sn-glycero-3-phosphocholine.2 PAF is produced by 
many cells types both in normal conditions and/or 
after stimulation, whereas PAF receptors are present 
in many cells.1 

The strong effect of PAF as a cause but also as a me-
diator of inflammation makes it directly involved with 
atherosclerotic disease, one of the major inflamma-
tory diseases.3 The main stage for the theory of PAF 
involvement in atheromatous disease is the increased 
PAF levels in patients’ blood, due to the presence of a 
cardiovascular risk factor like smoking, diabetes, etc., 
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enriched either in TLO or PLO.7 The blood lipids (TC, 
HDL-C, LDL-C and TG) of the animals were elevated in 
all the groups except the group fed with PLO where 
there was a decrease of HDL-C, an observation that is 
consistent with other studies.8

The positive results of olive oil and its lipids frac-
tions in inhibiting the atheromatous plaque formation 
led researchers to look for PAF inhibitors/agonists in 
the various stages of oil production.9 Specifically the 
greatest biological activity was observed in the olive 
pomace and its subsequent polar lipid fraction (PLP). 
The co-administration of the PLP to rabbits fed an 
atherogenic diet greatly inhibited the atheromatous 
plaque formation compared to controls fed only an 
atherogenic diet. 

These results correlate only (a) to the PAF levels 
bound in blood components (bound PAF) of the ani-
mals and (b) the increased concentration of PAF re-
quired to induce platelet aggregation in the platelet 
rich plasma (PRP) of the animals fed with the PLP, indi-
cating that platelets in the control group were already 
activated and/or that the platelets of the animals fed 
the PLP had the PAF inhibitors present in the PLP ago-
nizing PAF actions.10 The PLP were further studied for 
their ability to regress already formed atheromatous 
lesions. The rabbits were fed an atherogenic diet for 
six weeks which was then replaced with standard rab-
bit food for 3 weeks acting as a control group that 
showed a significant increase in the thickness and the 
surface of atheromatous plaques compared to the 
groups fed a standard diet enriched with either PLP or 
Simvastatin that was the positive control group.11

Apart from the olive oil pomace, potent PAF inhibi-
tors/agonists exist also in the Olive Mill Wastes (OMW), 
with similar structure to those isolated from olive oil 
and pomace.9,12 OMW also contain a large number 
of phenolic molecules in very high concentrations, 
much higher than olive oil. The phenolic molecules 
exhibit numerous protective effects against athero-
sclerosis, including their inhibitory activity against 
PAF, strong antioxidant capacity and regulation of 
biochemical pathways.5 The high concentrations of 
biologically active molecules in OMW have led many 
research groups to study methods for their recovery 
and utilization.12,13

The beneficial effects of dairy products in athero-
matous disease are well known for many years and 
several studies have demonstrated reduction of ath-
erosclerotic plaques in experimental models of ath-

erosclerosis. One study showed that yogurt, milk and 
calcium were able to reduce cholesterol levels in the 
serum of rabbits fed an atherogenic diet (0.1 g cho-
lesterol/Kg of body weight), but only the group fed 
with yogurt showed a reduction of atherosclerotic 
plaques in reality complete lack thereof.14 In another 
study, the yogurt did not reduce the extent of athero-
matous lesion but reduced cholesterol levels in the 
blood vessels of experimental animals.15 A recently 
published epidemiological study showed that only 
the increased consumption of yogurt and not of other 
milk products associated with a reduced thickness of 
carotid arteries in elderly women.16

Utilizing these experimental data MEVGAL SA pro-
ceeded to enrich yogurt with the biologically active 
lipids contained in OMW in collaboration with the 
Laboratory of Biochemistry EKPA that tested and 
further studied this new functional food. The experi-
ments have demonstrated that the biological activity 
detected in OMW was also detected in the enriched 
yogurt (unpublished results), while the molecules that 
are responsible for the emerging biological activity 
eluted in the same elution times with those from pre-
vious studies under the same chromatographic con-
ditions.6,9 These experiments have also proven that 
fermentation does not destroy the biological activ-
ity of molecules, while the extracts did not affect the 
production of yogurt and do not adversely affect the 
bacteria fermenting the yogurt. 

The purpose of this study is to investigate in vivo the 
ability of this new fortified yogurt to inhibit the forma-
tion or development of atheromatous plaques in an 
animal model of atherosclerosis using New Zealand 
white rabbits.

2. Material and methods

The animals used were male New Zealand rab-
bits 2–3 kg. Hypercholesterolemia of animals was 
achieved by the administration of standard rabbit 
food (Viozokat SA, Katerini, Greece) with 1% choles-
terol (Sigma, St Louis, MO, USA).

The biologically active lipids (BAL) used in the exper-
iment were extracted from OMW obtained from the 
Nikolaou Family oil press (Megara of Attica, Greece) 
an olive mill that uses a two phases centrifugal system 
for the delivery of oil.

The fortified yogurts were manufactured by 
MEVGAL SA and contained 500 mg of BAL/120 g (one 
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cup of yogurt 2% fat), while the respective controls 
tested in the control group were plain (commercial) 
yoghurt 2% fat. The BAL were mixed with the low fat 
milk before the fermentation to yoghurt. 

For the extraction of the BAL by OMW solvents of 
low toxicity to higher organisms were used and par-
ticularly absolute ethanol and n-hexane.

The xylazine was purchased from Rompun, Bayer, 
Leverkusen, Germany, cetamine from Fort Dodge 
Laboratories Inc., Fort Dodge, Iowa, USA and sodium 
thiopental (sodium pentothal) from Hospital Products 
Division, Abbott Laboratories Abbott Park, Illinois, 
USA. 

Cholesterol was dissolved in diethyl ether (Carlo 
Erba, Rodano, MI, Italy). The morphometric analy-
sis was performed using a microscope Zeiss Axiblab 
(Carl Zeiss, Jena GmbH, Jena, Germany) with attached 
CCD camera (Sony corp., Tokyo Japan) connected to a 
computer.

Blood tests were made in the biochemical ana-
lyzer of the Laboratory of Experimental Surgery and 
Surgical Research “N.S. Christeas”.

For thickness and area (average thickness) of ather-
omatous plaques formed in the vessels was measured 
with the software program Image J v.1.46 (National 
Institutes of Health, USA).

The statistical analysis of the data was performed 
through the statistical software package Ι ΒΜ SPSS 
Statistics 19.0.0 (ΙΒΜ Inc, Chicago, IL, USA).

2.1. Animal handling and treatment

The animals were maintained throughout the du-
ration of the experiment in the animal house of the 
laboratory of Experimental Surgery and Surgical 
Research “N.S. Christeas”, which is approved for this 
kind of experiments by the Veterinary Directorate of 
the Prefecture of Athens and Piraeus, which has also 
approved the realization of this experiment according 
to European Regulation 609/86. All blood tests and 
surgical operations were carried out in the facilities of 
the laboratory.

For the euthanasia animals were initially injected 
with xylazine 5 mg/kg body weight intramuscularly 
followed by cetamine 25 mg/kg body weight to en-
ter anesthesia. After the anesthesia the animals were 
euthanatized by intravenous injection with sodium 
thiopental 20 mg/kg body weight.

2.2. Extraction of BAL from the OMW

The OMW were placed in a glass container and tak-
ing into account their content in water the necessary 
volumes of absolute ethanol and water were added, 
in order to achieve the final ratio of ethanol/water: 
60/40. The whole mixture was left for 30 min with 
constant stirring in the dark and then the sample was 
filter through cloth in order to remove solid residues, 
receiving the polar lipids extract rich in BAL in the fil-
trate. The filtrate was then washed with equal volume 
of n-hexane twice. The extract was then condensed 
using rotary evaporator under reduced pressure. The 
concentrated solution was finally lyophilized and 
stored at –80 °C until used.

2.3. �Normal rabbit food enrichment  
with cholesterol (atherogenic diet)

The cholesterol (30 g) was dissolved into the mini-
mum possible volume of diethyl ether (600 mL), a so-
lution which is then used to soak the necessary mass 
(3000 g) of normal rabbit food in order to achieve the 
1% of cholesterol in food. The food is stirred continu-
ously until the entire quantity the solution is absorbed 
by the food evenly. The food then is put on steel stain-
less sheets under a continuous air flow in hoods for 24 
h for the evaporation of the solvent.

2.4. Yoghurt administration to animals

Yogurt is mixed with the atherogenic diet at a ratio 
of 120 g of fortified yogurt (1 cup) per 1 kg of food 
in order to achieve the final ratio of 50 mg BAL/100g 
food. The same ratio of plain yogurt/atherogenic diet 
was used for controls. The negative control group was 
fed only atherogenic diet. The food and water was 
provided ad libitum to the animals.

2.5. �Histopathological examination  
and evaluation of atherosclerosis 

The thoracic and peritoneal cavities were opened 
through a median longitudinal incision and the aorta 
was dissected from the aortic valve down to the aor-
tic bifurcation. 

Specimens of thoracic aorta were fixed in 10% buff-
ered formalin solution, sectioned and embedded in 
paraffin wax using conventional techniques. For his-
topathological examination, 40–60 5 μm thick tissue 
sections per animal were cut, transferred on glass 
slides and stained with haematoxylin and eosin (H–E). 
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Extent (thickness, average thickness) of early athero-
matous lesions (foam cell layers) in the wall of aorta 
was semiquantified using the afore-mentioned soft-
ware package as previously described.8,10

2.6. Serum collection

Blood was collected from all the animals (10 mL) at 
the beginning (t=0 d) and the end of the dietary inter-
vention (t=48 d) through the main ear artery and was 
placed in a glass tube without coagulant. The blood 
was allowed to clot at room temperature for 45 min fol-
lowed by centrifugation at 1500×g for 10 min at 25 °C. 

2.7. Statistical analysis

The Kruskal-Wallis test for nonparametric indepen-
dent variables was used to assess differences among 
different groups. When statistically significant val-
ues were detected, the Mann-Whitney U-test was 
performed to evaluate differences between groups. 
The Wilcoxon signed rank to assess differences in the 
same group at different time intervals of time (0 and 
48 d). Differences were considered to be statistically 
significant when P was less than 0.05.

3. Results

The rabbits were left for a week to acclimatize in the 
animal house before the initiation of the intervention. 
After the acclimatization period blood was collected 
from all the 30 animals, which were then divided in 
three equal groups of ten with matching serum lipid 
profile. The three groups were randomly chosen to be 
fed for 48 d with one of the following diets: Group A 
was fed with atherogenic diet, group B was fed ath-
erogenic diet enriched with yoghurt containing BAL 
and Group C was under the atherogenic diet enriched 
with plain (commercial) yoghurt as mentioned in the 
methods section), presented schematically in figure 1. 
The animals did not indicate any adverse effects from 
the consumption of the two diets containing yoghurt 
(diarrhea, vomiting), but on the contrary they seem to 
favor them compared to the atherogenic diet as indi-
cated from the daily food consumption data (table 1), 
suggesting a significant increase compared to Group 
A. The daily consumption of 173,5±11,9 g food/animal/
day equals to receiving 77,5±5,3 mg of BAL/animal/
day. All animals grew normally as indicated by the in-
crement in their body weight. Moreover the animals 
in Group B had a significant body weight increase 
when compared to the control Group A. The morpho-

metric analysis of the animal aorta is presented in fig-
ures 2 & 3 showing the maximum width and average 
width of the foam cell layer respectively. The dramatic 
reduction of both maximal (54%) and average thick-
ness (57%) of the atheromatous lesions in Group B 
compared to control Group A can easily be depicted. 
Group C also showed a decrease in the lesion extend 
(32% reduction of the maximum thickness and 30% in 
the average thickness) but did not reach significance. 
No differences were observed in the blood sugars of 
animals either between the different groups before 
and after the intervention or in the same group at the 
time intervals. The consumption of atherogenic diet 
dramatically (and thus significantly) increased the to-
tal cholesterol in the blood of animals as expected in 
order to form the early atheromatous lesions. There 
was no difference in total cholesterol levels between 
the three different groups after the intervention. The 
triacylglycerols were also increased after the dietary 
intervention but no differences were observed be-
tween the groups. There was a significant increase in 
the serum HDL cholesterol of the animals in Groups 
A and B at the end of the intervention compared to 
the initial values, the significance was not reached 
in group C even though there was no difference be-
tween the HDL levels of the three groups at the end of 
the experiment. The LDL cholesterol levels were also 
dramatically elevated in all three groups compared to 
initial values but no difference was observed between 
the groups either before or after the intervention.

4. Discussion

Olive oil and its polar lipids fraction can both in-
hibit the progression of the atherosclerosis, the major 
cause of death in the “western” world.7 During olive oil 
extraction several by-products are produced includ-
ing olive pomace and olive mill waste water. Previous 
studies have reported the existence of several PAF in-
hibitors in the polar lipids fraction of both olive oil and 
its by-products. The in vivo testing of the afore-men-

Figure 1. Schematic presentation of the dietary intervention.

30 Rabbits

Group A
N=10

Group B
N=10

Group C
N=10

Fed for 48 days

Atherogenic diet

Atherogenic diet 
+ yoghurt in BAL

Atherogenic diet +
commercial yoghurt
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of the present study was to assess the ability of the 
yoghurt enriched in the ethanolic extract of the OMW 
in reducing the atheromatous lesions.

From the in vivo dietary intervention one can con-
clude that both the yoghurt enriched in BAL and the 
commercially available yoghurt have increased the 
appetite of animals leading them to consume larger 
quantities of food. No adverse effects like diarrhea or 

tioned fractions in rabbit atherosclerosis models has 
exhibited increased anti-atherogenic activity, mean-
ing reduced atheromatous lesion thickness compared 
to control groups fed only atherogenic diet and/or the 
neutral lipids fraction.7,10,11 Dairy products and more 
specifically yoghurt has also proven anti-atherogenic 
activity both in rabbits but also in human as it is sug-
gested by a recent epidemiological study.14–16 The aim 

Figure 3. The average thickness of the atheromatous plaques 
in the three different animal groups. Group A: Rabbits fed 
only with atherogenic diet, Group B: Rabbits fed atherogenic 
diet with yoghurt enriched in BAL extracted from olive mill 
wastes, Group C: Rabbits fed atherogenic diet with commer-
cial yoghurt, #: statistically significant difference with group 
A (p<0.05).

Figure 2. The maximum width of the atheromatous plaques 
in the three different animal groups. Group A: Rabbits fed 
only with atherogenic diet, Group B: Rabbits fed atherogenic 
diet with yoghurt enriched in BAL extracted from olive mill 
wastes, Group C: Rabbits fed atherogenic diet with commer-
cial yoghurt, #: statistically significant difference with group 
A (p<0.05).

Table 1. Rabbit blood lipid profile before and after the dietary intervention. 

Time 
interval 

(d)

Daily Food 
Consumption 
(g food/day/

animal)

Animal 
Weight (g)

Blood 
sugar 

(mg/dL)

Total 
Cholesterol 

(mg/dL)

Triacylglycerol 
(mg/dL)

HDL-
Cholesterol 

(mg/dL)

LDL-
Cholesterol 

(mg/dL)

Group A 
(Atherogenic 
diet)

t=0 155.6±16.5 2422±276 139±7 67±13 81±23 24±7 23±10

t=48 3416±263a 115±7 2367±497a 136±36a 45±24a 2295±483a

Group B 
(Atherogenic 
diet+yoghurt 
enriched in 
BAL)

t=0 173.5±11.9b 2566±151 149±9 63±4 74±15 26±7 23±6

t=48 3387±223a 118±8 2055±305a 146±52a 50±19a 1976±300a

Group C 
(Atherogenic 
diet+ 
commercial 
yoghurt)

t=0 185.6±2.4b 2542±139 145±12 63±8 74±18 26±4 22±9

t=48 3625± 
221a,b

112±12 1933±570a 148±33a 52±24 1852±545a

a: Significant difference for P<0.05 within the same group compared to 0 d, according to Wilcoxon signed rank test.
b: Significant difference for P<0.05 compared to control group A, according to Kruskal-Wallis test
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vomiting were observed while animal growth mea-
sured as weight gain was normal. Animals of group C 
which were fed with commercially available yoghurt 
2% in fat had significantly more weight than the con-
trol group A fed only an atherogenic diet.

The most important finding of this study is the 
beneficial effect of this new fortified yoghurt in the 
reduction of the atheromatous plaques development. 
Animals of group B fed an atherogenic diet with the 
yogurt enriched in BAL showed a dramatic decrease 
in maximal and average thickness of the plaques that 
reached up to 54% and 57% respectively, compared 
with control Group A. Animals of Group C also showed 
a decrease in the maximal and average thickness of 
the atheromatous plaques that reached up to 32% 
and 30% respectively compared to control group. The 
lack of significance can probably be attributed to the 
small number of animals used in this study.

The blood lipids of the animals did not exhibit any 
clinical significance. All animal groups showed a sig-
nificant increase in the serum concentration of total 
cholesterol, triacylglycerol, HDL-C and LDL-C, after 
the dietary intervention but there was no difference 
between the three different groups either before or 
after the intervention. 

The increase in HDL-C levels of groups A and B after 
the dietary intervention can be attributed to the large 
increase of total serum cholesterol, which propor-
tionately increased also HDL-C, whereas in the case 
of Group C, the lack of significance is probably due 
to the large scattering of the values. Moreover, there 
was no difference in the HDL concentration among 
the three groups after the intervention.

The serum glucose concentration remained stable 
and equal between the groups throughout the ex-
periment.

The results suggest that the enrichment of the yo-
ghurt with the ethanolic extract from OMW can re-
duce atherosclerosis in animals. This effect can ini-
tially be attributed to the BAL of the extract with anti-
PAF and anti-inflammatory effects in general, by the 
fact that the serum lipid profile of the animals was the 
same after the intervention in all three groups sug-
gesting that the atherogenic potential of the animals 
was the same. 

The effect of the BAL in the mechanism of athero-
sclerosis will be further tested by a series of experi-
ments that will assess the effect of the molecules in 

the basic PAF metabolic enzymes of the three animal 
groups but also to their overall antioxidant capacity.

Bibliography
  1. �Antonopoulou S, Nomikos T, Karantonis HC et al. PAF, a potent 

lipid mediator. In: Tselepis AD (ed) Bioactive Phospholipids. Role in 
inflammation and Atherosclerosis. Transworld Research Network: 
Kerala, India, 2008:85–134

  2. �Demopoulos CA, Pinckard RN, Hanahan DJ. Platelet-activating 
factor. Evidence for 1-O-alkyl-2-acetyl-sn-glyceryl-3-phosphor-
ylcholine as the active component (a new class of lipid chemical 
mediators). J Biol Chem 1979, 254:9355–9358

  3. �Demopoulos CA, Karantonis HC, Antonopoulou S. Platelet acti-
vating factor - a molecular link between atherosclerosis theories. 
Eur J Lipid Sci Technol 2003, 105:705–716

  4. �Stamatakis G. Platelet activating factor and atherosclerosis. The 
beneficial effects of its inhibitors. Hellen J Atheroscler 2011, 2:52–
60

  5. �Nomikos T, Fragopoulou E, Antonopoulou S. Food ingredients 
and lipid mediators. Curr Nutr Food Sci 2007, 3:255–276

  6. �Karantonis HC, Antonopoulou S, Demopoulos CA. Anti
thrombotic lipid minor constituents from vegetable oils. 
Comparison between olive oils and others. J Agric Food Chem 
2002, 50:1150–1160

  7. �Karantonis HC, Antonopoulou S, Perrea DN et al. In vivo antiath-
erogenic properties of olive oil and its constituent lipid classes in 
hyperlipidemic rabbits. Nutr Metab Carbiovasc Dis 2006, 16:174–
185

  8. �De la Cruz JP, Villalobos MA, Carmona JA et al. Antithrombotic 
potential of olive oil administration in rabbits with elevated cho-
lesterol. Thromb Res 2000, 100:305–315

  9. �Karantonis HC, Tsantila N, Stamatakis G et al. Bioactive polar 
lipids in olive oil, pomace and waste byproducts. J Food Biochem 
2008, 32:443–459

10. �Tsantila N, Karantonis HC, Perrea DN et al. Antithrombotic and 
antiatherosclerotic properties of olive oil and olive pomace polar 
extracts in rabbits. Mediat Inflamm 2007, 2007:36204

11. �Tsantila N, Karantonis HC, Perrea DN et al. Atherosclerosis 
regression study in rabbits upon olive pomace polar lipid extract 
administration. Nutr Metab Carbiovasc Dis 2010, 20:740–747

12. �Stamatakis G, Tsantila N, Samiotaki M et al. Detection and 
Isolation of Antiatherogenic and Antioxidant Substances Present 
in Olive Mill Wastes by a Novel Filtration System. J Agric Food 
Chem 2009, 57:10554–10564

13. �Niaounakis M, Halvadakis CP. Olive Processing Waste Mana
gement - Literature Review and Patent Survey. 2nd ed. Elsevier, 
Oxford UK, 2006:1–498

14. �Thakur CPJha AN. Influence of milk, yoghurt and calcium on 
cholesterol-induced atherosclerosis in rabbits. Atherosclerosis 
1981, 39:211–215

15. �Kiyosawa H, Sugawara C, Sugawara N et al. Effect of skim milk and 
yogurt on serum lipids and development of sudanophilic lesions 
in cholesterol-fed rabbits. Am J Clin Nutr 1984, 40:479–484

16. �Ivey KL, Lewis JR, Hodgson JM et al. Association between yogurt, 
milk, and cheese consumption and common carotid artery inti-
ma-media thickness and cardiovascular disease risk factors in 
elderly women. Am J Clin Nutr 2011, 94:234–239

Ημερομηνία Υποβολής 30/11/2011 
Ημερομηνία Έγκρισης 24/04/2012


	ΤΟΜΟΣ 3 ΤΕΥΧΟΣ 3.pdf
	EksAtherosclerosis3ο_2012.pdf
	2H- ESOT- Kolofonas- me allages.pdf
	3H-ESOT-Periexomena-3-2012.pdf
	Soma.pdf



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


