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henolic Content of Virgin
live Oil Improves Ischemic Reactive
yperemia in Hypercholesterolemic Patients

uan Ruano, MD, PHD, Jose Lopez-Miranda, MD, PHD, Francisco Fuentes, MD, PHD,
uan A. Moreno, BS, Cecilia Bellido, PHD, Pablo Perez-Martinez, MD, PHD, Aquiles Lozano, MD,
urificación Gómez, BS, Yolanda Jiménez, BS, Francisco Pérez Jiménez, MD, PHD
ordoba, Spain

OBJECTIVES The goal of this study was to evaluate the effects of the phenolic content of virgin olive oil on
endothelial reactivity.

BACKGROUND Endothelial-dependent vasodilatation is impaired during the postprandial state, and oxidative
stress could play a key role in its development.

METHODS Twenty-one hypercholesterolemic volunteers received two breakfasts, using a randomized
sequential crossover design. Both arms received the same olive oil, but one had its phenolic
acid content reduced from 400 to 80 ppm. Ischemic reactive hyperemia (IRH) was measured
with a laser-Doppler procedure at baseline and 2 h and 4 h after oil intake. Postprandial
plasma concentrations of lipid fractions, lipoperoxides (LPO), 8-epi prostaglandin-F2�, and
nitrates/nitrites (NO(x)) were obtained at baseline and after 2 h of the fat meal.

RESULTS The intake of the polyphenol-rich breakfast was associated with an improvement in
endothelial function, as well as a greater increase in concentrations of NO(x) (p � 0.001) and
a lower increase in LPO (p � 0.005) and 8-epi prostaglandin-F2� (p � 0.001) than the ones
induced by the low polyphenol fat meal. A positive correlation was found to exist between
NO(x) and enhanced endothelial function at the second hour (r � 0.669; p � 0.01).
Furthermore, a negative correlation was found between IRH and LPO (r � �0.203; p �
0.05) and 8-epi prostaglandin-F2� levels (r � �0.440; p � 0.05).

CONCLUSIONS A meal containing high-phenolic virgin olive oil improves ischemic reactive hyperemia during
the postprandial state. This phenomenon might be mediated via reduction in oxidative stress
and the increase of nitric oxide metabolites. (J Am Coll Cardiol 2005;46:1864–8) © 2005

ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.06.078
by the American College of Cardiology Foundation
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therosclerosis and cardiovascular disease are the major
ause of death in developed countries (1). Endothelial
ysfunction, characterized by reduced bioavailability of ni-
ric oxide, is considered the first pathological symptom of
therosclerosis (2). Recent evidence suggests that oxidative
tress plays a role in the process of endothelial dysfunction (3).

Several observational and epidemiological studies have
ssociated the Mediterranean diet with a lower incidence of
oronary artery disease (4). It has been postulated that the
igh content of certain antioxidant compounds on the diet
ay slow the atherogenic process by inhibiting oxidative

amage and restoring endothelial function (5,6). Virgin
live oil is a major constituent of the Mediterranean diet (7).
live oil, in addition to oleic acid, contains a range of
icronutrients, such as phenolic compounds, which have

een shown to possess antioxidant (8), anti-inflammatory
9), and antithrombotic (10) activities in cell cultures and in
itro studies. Our group has previously demonstrated that
ong-term consumption of a Mediterranean-type diet im-
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iputación Provincial (Cordoba), Denomination of Origin Boards of Baena and
riego de Córdoba, and Cultural Foundation “Reina Sofia-Cajasur.”
p
Manuscript received February 27, 2005; revised manuscript received June 20, 2005,

ccepted June 27, 2005.
roves endothelial dysfunction in patients with hypercho-
esterolemia (11). Two other studies, based on the con-
umption (sharp intake) of olive oil rich in phenolic
ompounds, have proven in vitro its ability to reduce the
ow-density lipoprotein susceptibility to oxidative modifica-
ions and to increase the antioxidant capacity of plasma
12,13). A recent study has shown its capacity to improve
xidative status in the postprandial state after a short period
f consumption of olive oil rich in phenolic compounds
14). Nevertheless, at present there are no data showing a
irect benefit of these compounds on endothelial function in
ivo. Because of the short life of these micronutrients in
lasma, to observe its potential benefit the studies should be
arried out during the postprandial state, immediately after
ts intake.

The purpose of this study was to determine whether a
eal containing virgin olive oil, rich in phenolic com-

ounds, could improve endothelial function in hypercholes-
erolemic patients.

ETHODS

ubjects. Twenty-one hypercholesterolemic subjects (5
en and 16 women) from the Lipids and Atherosclerosis
nit at Hospital Universitario Reina Sofía (Cordoba, Spain)
articipated in the study. The average age was 59 years (5

atients; range, 53 to 68 years), with body mass index of
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5.4 kg/m2 (range, 23.5 to 27.1 kg/m2); total cholesterol
TC) plasma levels were between 200 and 350 mg/dl, and
riglyceride (TG) plasma levels below 200 mg/dl. The
omen were postmenopausal, and none were using hor-
one replacement therapy. In none of the subjects was there

vidence of chronic diseases (hepatic, renal, thyroid, car-
iac), smoking, alcohol consumption, or family history of
arly onset cardiovascular disease. The study was approved
y the Human Investigation Review Committee at the
eina Sofia University Hospital. All the participants gave

heir informed consent before joining the study.
xperimental design. The participants were instructed not

o take vitamins, soy supplements, or any drug treatments in
he six weeks preceding the study. Only three patients were
aking atorvastatin, 10 mg, which was discontinued six
eeks before the randomization. To eliminate the potential

ffect that might exist in their usual dietary habits, all
ubjects were instructed to follow a low-fat, carbohydrate-
ich diet during the duration of the study. Compliance with
he stabilization diet was assessed after two and four weeks
sing a three-day record and a food frequency dietary
uestionnaire. Participants were instructed to avoid con-
uming polyphenol-rich foods such as fruit or juices,
ine, grape juice, chocolate, coffee, tea, olive oil, or soya

n the 24 h before the study meal, and to refrain from
ntense physical exercise during that period. After a 12 h
asting, the participants reported to the hospital and, as per
he randomized sequential crossover design, received two fat
eals consisting of 60 g of white bread, 40 ml of virgin olive

il (Carapelli Firenze S.p.A., Florence, Italy) with high (400
pm) or low (80 ppm) content in phenolic compounds, and
0,000 IU of vitamin A per m2 of body surface. Olive oil B
as obtained as a result of extraction by physical procedures
f most of the phenolic compounds in olive oil 400 ppm, so
hat both oils kept a similar composition of the remaining
acro- and micronutrients. Throughout the 4-h duration of

he study, the subjects performed no physical activity, nor
id they consume anything but water. Venous blood was
btained at 0, 30, 60, 120, and 240 min after consumption
f the fat meal.
tudy of the endothelial function. Laser-Doppler linear
eriflux 5000 (Perimed S.A., Stockholm, Sweden) was used to

Abbreviations and Acronyms
AUC � area under the curve
HDL-C � high-density lipoprotein cholesterol
IRH � ischemic reactive hyperemia
LDL-C � low-density lipoprotein cholesterol
LPO � lipoperoxides
NO(x) � nitrates/nitrites
TC � total cholesterol
TG � triglycerides
TRL � triglyceride-rich lipoproteins
8-epi-F2� � 8-epi prostaglandin-F2�
easure ischemic reactive hyperemia (IRH). With the patient f
ying in the supine position in a room with stable temperature
20°C to 22°C), the blood pressure cuff (HG Erkameter 300,
rka, Bad Tolz, Germany) was placed 5 cm above the elbow,
hile the laser probe was attached to the palmar surface of the

econd finger of the same dominant hand. After a 5-min
esting period, basal capillary flow was measured for 1 min (t0).
hereafter, 4-min distal ischemia was induced by inflating

he cuff to suprasystolic pressure (200 to 220 mm Hg).
ubsequently, the cuff was deflated and, after 30 s, the flow
as recorded for 1 min (td). The data obtained were

ecorded and stored using the software PeriSoft for Win-
ows. The values of the area under the curve (AUC) of the

0 and td times were analyzed. These data were used to
alculate the increase in postischemic flow by means of this
ormula: IRH � (AUCtd � AUCt0) � 100 AUCt0. This
alculation was carried out using the basal determinations
20 and 240 min after the consumption of both breakfasts.
nalytic methods. Determination of tocopherols was car-

ied out by separating the different tocopherol isomeres by
igh performance liquid chromatography (Beckman, Palo
lto, California), and posterior analysis was done by means
f a Jasco FP-920 spectrofluorimeter (Jasco, Tokyo, Japan).
spectrophotometer (UNICAM 5625, Cambridge, United

ingdom) was used to determine total carotenoid and
hlorophyll contents.

Venous blood was extracted after a 12-h fast, and after
0, 60, 120, and 240 min after consumption of the break-
ast. The samples were collected in tubes containing 1 g · l�1

DTA or 3.8% citrate, and were stored in containers with
ce and kept in the dark. A similar procedure was used for
he different determinations of the samples in all the other
eriods, avoiding exposure to air, light, and room temper-
ture. Plasma was obtained by low speed centrifugation at
,500 � g for 15 min at 4°C within one hour of extraction.
ipid parameters were assessed with the modular autoana-

yzer DDPPII Hitachi (Roche, Basel, Switzerland), using
pecific reagents (Boehringer-Mannheim, Mannheim, Ger-
any). Total cholesterol and TG levels were determined by

olorimetric enzymatic methods (15,16). High-density li-
oprotein cholesterol (HDL-C) levels were measured using
olorimetric assay after precipitating the lipoproteins con-
aining apolipoprotein B with polyethylene-glycol (17).
ow-density lipoprotein cholesterol (LDL-C) levels were
stimated using the Friedewald formula based on the CT,
G, and HDL-C values (18). Apolipoprotein Al and

polipoprotein B levels were measured by immunoturbidim-
try (19). The chylomicron and large very low-density
ipoprotein fraction of large triglyceride-rich lipoproteins
TRL) (Sf � 400) was isolated from 4 ml plasma overlay-
red with 0.15M NaCl, 1 mM EDTA (pH 7.4; density,
.006 kg·l�1) by a single ultracentrifugal spin (28,000 � g,
0 min, 4°C) in a 50-type rotor (Beckman Instruments,
ullerton, California). Chylomicrons contained in the top

ayer were removed by aspiration after cutting the tubes.
he infranatant was centrifuged at a density of 1.019 kg·l�1
or 24 h at 115,000 � g in the same rotor. The nonchylo-
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icron fraction of TRL (also referred to as small TRL, Sf
0 to 400) was removed from the top of the tube. All
perations were done in subdued light. Large and small
RL fractions were kept at �70°C until TC and TG levels
f the same were ready to be analyzed. Using the frozen
amples of plasma or serum, we determined the levels of
ipoperoxides (LPO) by colorimetric method (LPO-CC
ssay, Kamiya Biomedical Company, Seattle, Washing-

on); 8-epi prostaglandin-F2� (8-epi-F2�) by immunoenzy-
atic assay (Bioxytech 8-isoprostane Assay, Oxis Research,
ortland, Oregon); and nitrates/nitrites (NO(x)) by colori-
etric method (Nitrate/Nitrite Colorimetric Assay Kit,
ayman Chemical, Ann Arbor, Michigan). All the deter-
inations were carried out in duplicate.

tatistical analysis. Several variables were calculated to
efine the postprandial response of lipid parameters in
lasma and triglyceride-rich particles. The AUC is defined
s the area between the plasma concentration versus time
urve and a line traced parallel to the horizontal axis through
he 0 h concentration. This value was calculated using the
rapezoidal method with MedCalc statistics package (Med-
alc Software, Mariakerke, Belgium). The data were ana-
yzed using Student t test for paired data analysis and
nalysis of variance for repeated measures. In this analysis
e studied the statistical effects of the type of fat meal

ngested, independent of time (represented by P1), the effect
f time (represented by P2), and the interaction of both
actors, indicative of the degree of the postprandial response
n each group of subjects with each breakfast (represented by
3). A value of p � 0.05 was considered statistically
ignificant. Pearson’s linear correlation coefficient was cal-
ulated, and a multiple linear regression analysis was carried
ut. Statistical analysis was performed using SPSS 9.0 for

indows (SPSS Inc., Chicago, Illinois). All data presented
n the text and tables are expressed as mean � SD.

ESULTS

asal and postprandial lipid parameters. No significant
ifferences were found for any of the basal lipid parameters
f the participants before each meal (data not shown). No
tatistically significant differences were found in the post-
randial AUC of plasma TG, nor TG in small TRL and

Table 1. AUC of the Different Parameters Aft
(400 ppm) as Compared to a Low Phenol Oliv

Lipoprotein Fractions 80 p

TG (mg·dl�1·h�1) 8,515 �
Large TRL-C (mg·dl�1·h�1) 1,398 �
Large TRL-TG (mg·dl�1·h�1) 6,387 �
Small TRL-C (mg·dl�1·h�1) 1,680 �
Small TRL-TG (mg·dl�1·h�1) 2,325 �

Student t test for paired samples. Values expressed as mean
AUC � area under the postprandial curve; C � choleste
arge TRL, after the intake of the fat meal based on olive oil
o
o

ith a high content of phenolic compounds versus that
ontaining a lower content of the same substances (Table 1).
RH. After the intake of the fat meal based on olive oil
ith a high content of phenolic compounds, we observed a
reater increase in IRH at 120 and 240 min as regards the
asal values, compared to the olive oil with a low content
f the same substances (Fig. 1). After the intake of the
live oils with low and high content in polyphenols, there
ere no differences in the basal and the peak IRH (AU)
alues when data were compared at 0 min (basal: 21 � 9 vs.
9 � 11, p � 0.85; and peak: 51 � 32 vs. 37 � 41, p �
.23), 120 min (basal: 24 � 12 vs. 34 � 17, p � 0.235; and
eak: 56.4 � 35 vs. 121.7 � 73, p � 0.327), and 240 min
62 � 47 vs. 140.5 � 82, p � 0.224).

eproducibility of the method. In a preliminary study
erformed in nine healthy subjects with measurements three
eeks apart, we found an interstudy variability of 8.85%. A

otal of 10 measurements within the same day in one single
ealthy volunteer renders an intrastudy variability of 8.7%.
O(x), LPO, and 8-epi-F2� concentrations. Similarly,

20 min after the intake of the meal with the high-phenol
live oil, we observed a greater increase in NO(x), a lower
ncrease in LPO, and a significant higher decrease in
-epi-F2� as regards the basal values of each participant,
ompared to the olive oil with a low content of phenolic
ubstances (Table 2).

igure 1. Postprandial values of ischemic reactive hyperemia after the inges-
ion of a phenol-rich olive oil meal (400 ppm) as compared to a low phenol

e Ingestion of a Phenol-Rich Olive Oil Meal
l Meal (80 ppm)

AUC

p Value

Olive Oils

400 ppm

0 8,646 � 6,484 0.707
1,444 � 903 0.823

6 6,692 � 4,613 0.616
1,687 � 493 0.951

3 2,204 � 2,091 0.667

.
G � triglycerides; TRL � triglyceride-rich lipoproteins.
er th
e Oi

pm

5,76
948
3,18
503
1,77
live oil meal (80 ppm). Analysis of variance for repeated samples. P1 � effect
f the type of meal; P2 � effect of time; P3 � interaction meal·time.
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ultiple linear regression analysis. We evaluated the
ossible relation between the different lipoprotein fractions
nd changes in the basal situation (by percentage) of the
lasma level of LPO, 8-epi-F2�, NO(x), and IRH measured
y laser-Doppler (Table 3); IRH correlated positively with
he variations in HDL-C and NO(x), and negatively with
G, TC, LDL-C, LPO, and 8-epi-F2�. The variations in
lasma TG levels correlated positively with LPO and
-epi-F2�, and negatively with NO(x). A negative correla-
ion was observed between LPO and NO(x). Multiple linear
egression analysis indicated that HDL-C and TG plasma
evels and the variations in NO(x) may account for 23.9%,
4.7%, and 20.2% of the variability of IRH during the
ostprandial period. Similarly, the changes in LPO and
-epi-F2� levels were significant predictors of NO(x) in-
rease in plasma during the postprandial period, and justify
p to 20.8% and 19.1%, respectively, of these variations.

ISCUSSION

ur study shows that the consumption of a meal based on
irgin olive oil with a high phenolic compound content
mproves endothelium-dependent microvascular vasodilata-
ion during the first 4 h of the postprandial period in
atients with hypercholesterolemia. This improvement is
ssociated with a decrease in oxidative stress and an increase
f the final products of nitric oxide.

Table 2. Postprandial Changes of Nitrates/Nit
Plasma Levels After the Ingestion of a Phenol
a Low Phenol Olive Oil Meal (80 ppm)

Variables Oils

NO(x) (�mol·l�1) 80 ppm
400 ppm

LPO (�g·ml�1) 80 ppm
400 ppm

8-epi-F2� (ng·ml�1) 80 ppm
400 ppm

Analysis of variance for repeated samples.
LPO � lipoperoxides; NO(x) � nitrates/nitrites; 8-epi-F

able 3. Multiple Regression Analysis for Variations in
schemic Reactive Hyperemia, Oxidative Stress Markers, and
O(x) Plasma Concentrations

Dependent
Variables

Independent
Variables

Beta
Coefficients R2 p Value

IRH NO(x) 0.380 0.588 0.013
TG �0.384
HDL-C 0.489

LPO 8-epi-F2� 0.438 0.191 0.028
TG 0.679

8-epi-F2� LPO 0.394 0.155 0.038
TG 0.579

NO(x) LPO �0.457 0.399 0.025
8-epi-F2� �0.438

DL-C � high-density lipoprotein cholesterol; IRH � ischemic reactive hyperemia;
o
PO � lipoperoxides; NO(x) � nitrates/nitrites; TG � triglycerides; 8-epi-F2� �
-epi prostaglandin-F2�.
Dietary fat is one of the main environmental factors
ssociated with the development of endothelial dysfunction.
ogel et al. (20) reported a reduction of up to 31% in mean

rterial diameter during postischemic vasodilatation re-
ponse, when studying the effect of meals based on virgin
live oil, canola oil, and salmon. Similar findings had been
bserved with regard to the intake of saturated fat, suggest-
ng that such an effect was dependent on the presence of fat,
rrespective of the type of fat or whether it had undergone
igh temperatures during cooking (21). The administration
f vitamins and other antioxidant compounds like salad,
ine vinegar, and vitamins C and E in tablet form produced

n improvement of up to 71% in postischemic arterial
asodilatation. These observations suggested the possibility
hat this effect might be due to the increase in oxidative
tress concomitant with the postprandial increase of
riglyceride-rich particles. These findings are significant
ecause human beings consume complete foods, and the
resence of antioxidants may well counteract the effect
roduced by the fat content of the food itself. Williams et al.
22) observed that endothelial dysfunction does not occur
fter the intake of olive oil, a foodstuff rich in phenolic
ompounds of high antioxidant value. Weinbrenner et al.
14) have recently shown that the polyphenols in olive oil
mprove the oxidative state and that this finding is directly
ssociated with the bioavailability of these compounds in
he postprandial period. In this respect, our findings dem-
nstrate that the same dietary constituent—virgin olive
il—may have different effects depending on its micronu-
rient content.

It should be noted that in our research we used IRH,
etermined by laser-Doppler technique, previously consid-
red an indicator of endothelial dysfunction (23). In this
tudy we observed that endothelial-dependent vasodilatory
esponse was positively related with HDL-C plasma levels
nd with NO(x) variations, and negatively with total triglyc-
ride plasma levels, TC, LDL-C, and LPO and 8-epi-F2�

ariations in plasma. The source of LPO and 8-epi-F2�

eneration is likely to be derived from the oxidation of free
atty acids resulting during the hydrolysis of postprandial
RL. Any intervention reducing the TG peak or the source

Lipoperoxides, and 8-epi Prostaglandin
Olive Oil Meal (400 ppm) as Compared to

Time

min 120 min p Value

4 � 4.9 26.4 � 4.1 �0.001
3 � 4.5 32.9 � 4.6
4 � 0.5 3.2 � 2.4 �0.005
7 � 0.7 2.3 � 2.1
6 � 0.7 4.5 � 0.6 �0.001
6 � 0.7 3.2 � 0.6

-epi prostaglandin-F2�.
rites,
-Rich

0

25.
26.
0.
0.
3.
4.
f reactive species would induce a drop in the production of
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hese markers for lipid oxidation. Our study did not find any
ffect on the postprandial TG levels. Because the only
ifference between the two oils was the concentration in
henolic compounds, we would suggest that the improve-
ent in the endothelial response may be due to the

xidative protection related to the effect of these substances
uring the postprandial period.
Reduced nitric oxide availability is another mechanism

elated to the alteration of the vasomotor response that
ccompanies endothelial dysfunction. This fact may be a
esult of diminished production of nitric oxide (due to lower
xpression of nitric oxide synthase, the reduction of its
recursor L-arginine, and its main cofactor tetrahydrobiop-
erine or to the action of the natural inhibitor of nitric oxide
ynthase, asymmetric dimethyl-L-arginine). Alternatively,
t could result from higher consumption of nitric oxide after
he interaction with radical species, especially hypochloric
cid and superoxide anion (24). In hypercholesterolemic
atients, it has been shown that oxidative stress and the
resence of higher asymmetric dimethyl-l-arginine levels
25) are the main mechanisms that could account for the
iminished availability of nitric oxide. The fact that a
egative correlation has been observed between the varia-
ions of LPO and NO(x) could provide the link for the
xidative hypothesis and the alteration in nitric oxide
ioavailability.
In conclusion, the consumption of a diet containing olive

il rich in phenolic compounds seems to prevent the
ndothelial dysfunction associated with acute fat intake. A
eduction in oxidative stress and an increase of nitric oxide
etabolites could explain these reported findings.
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