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Abstract

In human LDL, the bioactivity of olive oil phenols is determined by the in vivo disposition of the biological metabolites of

these compounds. Here, we examined how the ingestion of 2 similar olive oils affected the content of themetabolic forms

of olive oil phenols in LDL in men. The oils differed in phenol concentrations as follows: high (629 mg/L) for virgin olive oil

(VOO) and null (0 mg/L) for refined olive oil (ROO). The study population consisted of a subsample from the EUROLIVE

study and a randomized controlled, crossover design was used. Intervention periods lasted 3 wk and were preceded by a

2-wk washout period. The levels of LDL hydroxytyrosol monosulfate and homovanillic acid sulfate, but not of tyrosol

sulfate, increased after VOO ingestion (P , 0.05), whereas the concentrations of circulating oxidation markers, including

oxidized LDL (oxLDL), conjugated dienes, and hydroxy fatty acids, decreased (P , 0.05). The levels of LDL phenols and

oxidation markers were not affected by ROO consumption. The relative increase in the 3 LDL phenols was greater when

men consumed VOO than when they consumed ROO (P , 0.05), as was the relative decrease in plasma oxLDL (P =

0.001) and hydroxy fatty acids (P, 0.001). Plasma oxLDL concentrations were negatively correlated with the LDL phenol

levels (r =20.296; P = 0.013). Phenols in LDL were not associated with other oxidation markers. In summary, the phenol

concentration of olive oil modulates the phenolic metabolite content in LDL after sustained, daily consumption. The

inverse relationship of these metabolites with the degree of LDL oxidation supports the in vivo antioxidant role of olive oil

phenolics compounds. J. Nutr. 140: 501–508, 2010.

Introduction

The traditional dietary habits of the Mediterranean area have
been consistently associated with a lower incidence of cardio-
vascular disease (1–4). Dietary phenols have been reported to
have a protective effect on cardiovascular risk factors (2,5–10).

Olive oil is the predominant source of fat in the Mediterranean
diet. The health properties of this oil have often been attributed
to its high monounsaturated fatty acid content (1). Recent
evidence has shown that minor components of olive oil,
particularly phenols, also contribute to the beneficial effects of
this fat source (11–16).

There are no phenols in refined olive oil (ROO),13 which is
not commonly consumed as such; olive oil is generally ingested
as a commercial oil composed of virgin olive oil (VOO) and
ROO in different proportions. In contrast, the phenols present in
VOO may range from 150 to 1000 mg/L. Hydroxytyrosol and
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tyrosol in simple forms or as conjugates are the most abundant
phenolic alcohols in this oil (17,18).

A potentially important factor in the absorption and metabo-
lism of olive oil phenols is that they can be absorbed directly as
simplephenolsor as their conjugated forms, suchasoleuropeinand
ligstroside, which undergo rapid hydrolysis. As a result, substan-
tiallymore freehydroxytyrosol and tyrosol enter the small intestine
(19). Once absorbed, olive oil phenols undergo extensive first-pass
intestinal/hepatic metabolism in the body. This leads to the
formation of sulfate and glucoronide conjugates to such an extent
that concentrations of their free forms are almost undetectable in
body fluids. Hydroxytyrosol and homovanillic acid are endoge-
nous dopamine metabolites and homovanillic acid is a product
metabolite of hydroxytyrosol (2,20,21). Hydroxytyrosol and
related compounds have high metabolic activity and a range of
functions that are related tocardiovascular protection, including in
vitro (15,16,22–27) and in vivo (7,12,28–34) activities. These
activities are exerted through: 1) free radical scavenging properties
(hydrogendonation and their capacity to improve radical stability)
(5,35,36); 2) strong metal chelation (5,15); 3) alteration of the
expression of genes related to atherosclerosis development and
progression (37); 4) stimulation of antioxidant transcription and
detoxification of defense systems (12,15,24,28,30,38,39); 5)
modification of gene expression in targets that are mechanistically
relevant for cardiovascular protection (29); 6) improvement of
the lipid profile (8,30,31); 7) decrease in homocysteine-induced
endothelial dysfunction and/or cell adhesion; and8) increase of the
antithrombotic effect and decreases in inflammatorymarkers such
as thromboxane, leukotriene, cyclooxygenase-2, tumor necrosis
factor-a, interleukin-6, and C-reactive protein (38,40,41). In some
studies, there is no evidence for the stimulation of nitric oxide in
endothelial cells due to olive oil phenols (42). However, other
studies suggest that this may occur (43). Furthermore, the phenols
in VOO protect other phenols that were previously bound to LDL
(7,25,44).

Oxidized LDL (oxLDL) are currently thought to be more
damaging to the arterial wall than native LDL cholesterol.
oxLDL are pro-oxidants that cause tissue injury and promote
the development of atherosclerotic lesions. Moreover, they are a
marker for the development of atherosclerosis and cardiovas-
cular heart disease (45,46).

Dietary phenols, including those in olive oil, bind LDL (20).
Data on the bioavailability and disposition of these compounds
in olive oil (47) show that.90% of phenols in human biological
fluids are metabolized (i.e. glucoronides or sulfates). Conse-
quently, the bioactivity of olive oil phenols in LDL can be
determined by the in vivo disposition and kinetics of the
biological metabolites of these substances.

To date, several authors have addressed the impact of olive oil
phenols on the total phenolic content of LDL (7,44). To our
knowledge, our study is the first to use a randomized controlled
trial to obtain data on the effect of specific metabolites in olive
oil phenols on human LDL and their oxidation. Here, we
examined the effect of these phenols on human LDL after
sustained consumption of 2 olive oils with similar compositions
that differed in phenol concentrations. We also evaluated the
impact of the olive oils’ phenol concentrations on the degree of
lipid oxidative damage.

Materials and Methods

Olive oil characteristics and analysis. The oils used were specially

prepared for the study. The total phenol concentration of the oils was

measured by HPLC-diode array detection (DAD) (Hewlett-Packard-

1050 with an automatic injector and DAD 1050 series instrument) and

HPLC-tandem MS (HPLC-MS/MS) (Agilent 1100) equipped with an
autosampler and coupled to an API3000 triple-quadrupole mass

spectrometer (PE Sciex) (48). Picual VOO from Andalucı́a, Spain, with

a high natural phenol concentration (629 mg/L), was selected. ROO

(0.0 mg/L) was harvested from the same cultivar and the soil was tested
to find an oil that had similar amounts of fatty acids and a similar mi-

cronutrient profile. The fatty acid composition of the oils was measured

by conventional GC (Shimadzu GC-2010; Shimadzu) equipped with an

FID and an AOC-20i autoinjector, with a fast capillary column (10 m 3
0.10 mm i.d.) coated with an SGE-BPX70 cross-linked stationary phase

(SGE Europe) (EEC/2568/91) (49). Concentrations of squalene and

b-sitosterol were determined by capillary GC (50) and those of a-
tocopherol by HPLC (Hewlett-Packard HP1050, HP-1040 mol/L DAD,

and a Watters 717 Plus autosampler injector) as previously described

(51). Vitamin E as a-tocopherol, at 99% purity and food grade, was

purchased from Sigma-Aldrich and added to the ROO to adjust values to
those found in the VOO. The homogeneity of the mix was verified by the

HPLC system and the aforementioned method. Thus, the oils did not

differ in fat or micronutrient composition (vitamin E, triterpenes, and

phytosterols), with the exception of the phenol concentration. The oils
met the specifications of the European Commission (49).

Study design and participants. The study population consisted of a

subsample from the EUROLIVE study (8), which was a randomized,

controlled, double-blind, crossover study performed with 3 types of olive
oil that differed in phenol concentration. In this paper, we study 2 of

these 3 oils. Participants were nonsmoking males from 20 to 60 y of age

who were recruited from 6 centers in 5 European countries: Barcelona,

Spain; Copenhagen, Denmark; Kuopio, Finland; Bologna, Italy;
Potsdam, Germany; and Berlin, Germany. The intervention periods

were 3 wk long and were preceded by 2-wk washout periods. Volunteers

were preselected if they were nonsmokers with normal clinical records,

physical examinations, and blood pressure. Subsequently, a complete
blood count and biochemical laboratory analyses were undertaken to

measure serum levels of glucose, cholesterol, and triglycerides using

standard enzymatic automated methods (Roche Diagnostics). Candi-
dates with values within the normal reference ranges were included in the

study. Exclusion criteria were: smoking; intake of antioxidant supple-

ments, aspirin, or any other drug with established antioxidant proper-

ties; hyperlipidemia; obesity (BMI .30 kg/m2); diabetes; hypertension;
any other disease or condition that would impair compliance, such as

celiac disease or other intestinal disorders or diseases; any condition that

limits mobility; life-threatening diseases; neurological disorders; and the

use of special dietetic treatments. Women were excluded to avoid the
possible interference of estrogens, which are considered to be potential

antioxidants (52). The protocol was fully explained to the participants

before they gave their written informed consent. The protocol complied

with the Helsinki Declaration as revised in 1983 and was approved by
the Ethics Committee or each Clinical Trial Center that was involved.

During the intervention periods, participants were requested to ingest

a raw daily dose of 25 mL (22 g) of the respective oil distributed over 3
meals to replace other raw fats. This amount was chosen because it is

similar to the daily consumption by populations in Southern European

Mediterranean countries. Daily doses were prepared in special con-

tainers with the different types of oils and labeled with a code number.
Containers with the corresponding daily doses of 25 mL of raw oil were

delivered daily to the participants. They were instructed to return the

containers at the end of each intervention period so that the amount of

unconsumed oil could be registered. Participants were requested to avoid
a high intake of foods containing antioxidants (vegetables, legumes,

fruit, tea, coffee, chocolate, wine, and beer). The nutritionists personally

informed the men about how to replace all types of habitually consumed
raw fats with the olive oils (e.g. spreading the assigned olive oil instead of

butter on bread, putting the assigned olive oil instead of margarine on

boiled vegetables, and using the assigned olive oil instead of other

vegetable oils or standard salad dressings on salads). Participants, with
individual advice from the nutritionists, recorded their habitual diet for 3

consecutive days at baseline and at the end of the study period. They
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were also advised how to record their food consumption and follow the

dietary recommendations. Food consumption was converted into the

corresponding nutrient intake using validated nutrition software from
each participating country.

The present study includes randomized samples of 36 participants (6

from Barcelona, Spain; 3 from Copenhagen, Denmark; 10 from Kuopio,

Finland; 3 from Bologna, Italy; 7 from Potsdam, Germany; and 7 from
Berlin, Germany) who were analyzed before and after high and null

phenol concentration olive oil treatment.

Serum cholesterol and lipids. Blood samples were taken before and at
the end of each intervention. Blood was withdrawn after 10–14 h of

fasting into tubes containing 1 g/L EDTA and aliquots of serum and

plasma were stored at –808C. Glucose, total cholesterol, HDL choles-

terol, and triglyceride levels were measured in serum using standard
enzymatic automated methods (Roche Diagnostics). LDL cholesterol

was calculated by the Friedewald equation whenever triglycerides were

,3.4 mmol/L. Quality control was performed with the External Quality

Assessment UNITY (Bio-Rad).

LDL isolation. For the isolation of LDL (20), 1 mL of isotonic saline

containing EDTA and NaCl was layered carefully on top of 2 mL of

plasma in a centrifuge tube. The tubes were centrifuged in a Beckman-
Coulter XL-70 using the Fixed-Angle Type 50.4 rotor at 199,8083 g for
18 h at 48C. The infranatant (3 mL) was placed in a centrifuge tube

containing KBr, stained with Coomassie Brilliant Blue R solution, and

vortexed. Two milliliters of isotonic saline containing KBr was layered
carefully on top of the infranatant up to the base of the tube vertex. The

tubes were sealed before being placed in the NVT100 rotor and were

then centrifuged at 697,760 3 g for 5 h at 4C8. The LDL layer was

aspirated and kept frozen at 2808C. LDL cholesterol and triglycerides
were determined by standard enzymatic methods (Roche Diagnostics).

The apolipoprotein B concentration was measured by immunoturbidim-

etry (Roche Diagnostics).

LDL phenolic metabolites. Briefly, to measure phenols (53), 100 mL of

protocatechol (molecular weight = 109) solution (200 mg/L) as internal

standard and 20 mL of phosphoric acid 85% (v:v) were added to acidifed

LDL. An Oasis HLB (60 mg) cartridge from Waters (Mildford) was
activated with methanol and formic acid (5% in water) and acidified

LDL was then percolated into the cartridge. The sample was washed

with water and 5% aqueous methanol. Phenols were eluted with

methanol. The eluent was evaporated completely under nitrogen. The
sample was dissolved in 150 mLwater:acetonitrile (90:10). Samples were

filtered and transposed into an amber vial. Subsequently, 20 mL of these

samples was injected into the same HPLC-MS/MS as that used for

measured phenols in the olive oils. The entire process was performed
under conditions of darkness using brown glass. We used a 3-mm particle

size C18 Luna column, 5 cm 3 2.0 mm i.d. with a C18 4-mm guard

cartridge (Phenomenex). The mobile phase consisted of a binary solvent
system that used water acidified with 0.1% formic acid (solvent A) and

100% acetonitrile (solvent B) kept at a flow rate of 0.6 mL/min. LDL

(20 mL) samples were injected at a constant flow rate of 0.6 mL/min. All

the analyses used the turbo ion-spray source in negative mode. Quan-
tification was performed using multiple reaction monitoring. Hydrox-

ytyrosol and tyrosol derivatives were expressed as hydroxytyrosol and

the homovanillic acid metabolite was expressed as homovanillic acid. All

calculations of concentration and regression for the compounds were
performed using Analyst 1.4 software and all the chemicals and organic

solvents were of analytical grade.

Circulating oxidation markers. oxLDL in plasma were measured by a
sandwich ELISA procedure using the murine monoclonal antibody

mAB-46 as the capture antibody bound to microtitration wells, and a

peroxidase conjugated anti-apolipoprotein B antibody that recognizes

oxLDL bound to the solid phase (oxLDL, Mercodia) (7). Plasma C18
hydroxy fatty acids were measured by GC and MS, and serum LDL

cholesterol-uninduced conjugated dienes were measured by MS and

adjusted for the cholesterol content of LDL (8).

Statistical methods. The normality of variable distribution was

assessed by the normal probability plots, the Kolmogorov-Smirnov

test, and by an analysis of skewness and kurtosis. A general linear model
for repeated measurements with Tukey’s correction for multiple com-

parisons was used to assess the effect of each type of olive oil on the

phenolic content of LDL and the lipid oxidation markers (before and

after olive oil ingestion). The Student’s t test for paired samples analysis
was used to compare the percentage changes between treatments (ROO

and VOO). Spearman’s test was used to study correlations between

oxidation markers and phenols in LDL. Significance was defined as P ,
0.05 for a 2-sided test. Values in the text are means 6 SEM. We used
SPSS 14.0 statistical software.

Results

The HPLC-DAD and HPLC-MS/MS analyses of the olive oils
administered in this study showed that whereas the ROO did not
contain any phenols or phenolic compounds, the VOO had
several (Table 1). Characteristics of the participants at baseline
and at the start of each intervention are shown in Table 2. The
phenolic metabolites that we detected and quantified in LDLwere
hydroxytyrosol, tyrosol, and homovanillic acid. All of these were
present in sulfated forms before and after the men had consumed
each kind of olive oil for 3 wk.We did not detect the free forms of
hydroxytyrosol and tyrosol or their glucuronates bound to LDL.

Absolute changes during VOO and ROO consumption. Two
of the 3 phenols, hydroxytyrosol monosulfate and homovanillic
acid, increased in LDL after VOO ingestion only, as did the total
phenol content (sum of the 3 metabolites measured) (P , 0.05)
(Table 3). Phenols did not change after the men consumed ROO
(Table 4). The cholesterol, triglyceride, and apolipoprotein B
levels in LDL did not change after ROO (Table 4) or VOO
(Table 3) ingestion. After VOO ingestion, plasma oxLDL, serum
conjugated diene, and plasma hydroxy fatty acid concentrations
decreased (P, 0.05) (Table 4). Concentrations of these oxidation
markers did not change when the men consumed ROO (Table 3).
Levels of cholesterol, triglycerides, and apolipoprotein B in LDL
did not change after the men ingested either oil.

TABLE 1 Characteristics of the olive oils

Compound ROO VOO

Phenols mg/L

Hydroxytyrosol — 63.5

Tyrosol — 24.4

Vanillic acid — 0.2

Vanillin — 0.5

p-Coumaric acid — 0.3

Ligstroside derivatives — 208.0

Oleuropein derivatives — 327.2

Luteolin — 3.1

Apigenin — 0.7

Methoxyluteolin — 0.6

Total phenols — 629

Other minor compounds

a-Tocopherol 229 228

Squalene 2754 3671

b-Sitosterol 1438 1612

Fatty acids %

Monounsaturated fatty acids 80.4 81.8

SFA 14.5 14.0

PUFA 5.2 3.9

Olive oil phenols in human LDL and their impact on oxidation 503
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Relative differences in changes between ROO and VOO
consumption. The percentage change (relative difference) in

the concentrations of homovanillic acid, hydroxytyrosol, and

tyrosol in LDL was greater when the men consumed VOO than

when they consumed ROO (P , 0.05). Percentage changes in 2

LDL oxidation markers, plasma oxLDL and hydroxy fatty

acids, were greater when they consumed VOO than when they

consumed ROO (P # 0.001). Relative changes (%) in choles-

terol, triglycerides, and apolipoprotein B did not differ (P .
0.05) between the 2 treatment periods (Table 5).

Correlations. The plasma oxLDL concentration and the sum of

phenols in LDL were negatively correlated (Spearman r =

20.296; P = 0.013) when values of all men before and after

VOO ingestion were considered. The relation was stronger in

Berlin (r = 20.514; P = 0.043) and in Potsdam (r = 20.688; P =

0.007), both of which are in Germany, whereas negative

correlations for the other sites were not significant when they

were studied individually. Plasma phenols in LDL and other

oxidative markers were not associated.

Discussion

We studied the effect of olive oil phenols on phenolic forms
bound to LDL and their impact on LDL oxidation after the
administration of 2 olive oils with similar compositions.

We did not detect glucuronides in this study. This may be
attributable to the fact that the samples were obtained under
fasting conditions instead of in a postprandial state after olive oil
ingestion, as occurred in a previous experiment in which
glucuronides were found 60 min after olive oil ingestion (20).
We hypothesized that hydroxytyrosol and tyrosol glucuronide
bind to LDL, but are removed faster from LDL than sulfated
compounds. This hypothesis is borne out by other studies that
demonstrated that after acute VOO ingestion, the elimination
half-lives of hydroxytyrosol and tyrosol (mainly as glucuro-
nates) in urine are 2.5 and 5–8 h, respectively (47,54).
Consequently, glucuronates can be detected in LDL shortly
after a single olive oil dose (20). In addition, the concentrations
of hydroxytyrosol, tyrosol, and homovanillic acid sulfate were
greater than those recorded in the present study, which could be
attributed to the same cause. To assess the in vivo physiological

TABLE 2 Anthropometrics and serum chemistry of the men at the beginning of the study and at the
start of each intervention period1

Clinical variable Baseline Before ROO ingestion Before VOO ingestion

Age, y 32 6 2 — —

Height, m 1.80 6 0.01 — —

Waist-hip ratio 0.88 6 0.009 — —

Weight, kg 76.8 6 1.8 77.1 6 1.8 77.4 6 1.8

BMI, kg/m2 23.6 6 0.5 23.6 6 0.5 23.7 6 0.5

Systolic pressure, mm Hg 125 6 2 119 6 2 122 6 2

Diastolic pressure, mm Hg 78 6 1 76 6 1 78 6 1

Triglycerides, mmol/L 1.19 6 0.09 1.17 6 0.12 1.22 6 0.09

Cholesterol, mmol/L 4.61 6 0.18 4.51 6 0.17 4.62 6 0.16

HDL cholesterol, mmol/L 1.19 6 0.03 1.22 6 0.05 1.22 6 0.04

LDL cholesterol, mmo/L 2.90 6 0.17 2.78 6 0.16 2.89 6 0.15

Glucose, mmol/L 4.7 6 0.1 4.7 6 0.1 5.0 6 0.2

1 Values are means 6 SEM, n = 36.

TABLE 3 LDL composition and LDL oxidation markers in men before and after they consumed
ROO for 3 wk1

Compound Before After Change2 P 3

LDL composition4

Apo B, g/L 0.4 6 0.0 0.4 6 0.0 0.0 0.343

Cholesterol, mg/mg Apo B 2.0 6 0.1 2.0 6 0.1 0.0 0.727

Triglycerides, mg/mg Apo B 4.1 6 0.3 3.8 6 0.2 20.2 0.177

Homovanillic acid sulfate, ng/mg Apo B 13.9 6 2.0 14.4 6 1.9 0.5 0.873

Hydroxytyrosol sulfate, ng/mg apo B 3.6 6 1.0 4.1 6 1.1 0.6 0.648

Tyrosol sulfate, ng/mg Apo B 4.6 6 0.5 4.8 6 0.9 0.2 0.753

Sum of the 3 phenols, ng/mg Apo B 21.3 6 2.62 23.7 6 2.36 2.4 0.380

Circulating LDL oxidation markers

Plasma oxLDL, U/L 46 6 3 42 6 3 24 0.230

Serum conjugated dienes, mmol/L 13.1 6 0.6 12.0 6 0.6 21.1 0.091

Plasma hydroxy fatty acids, mmol/L 1.3 6 0.1 1.3 6 0.1 0.0 0.676

1 Values are means 6 SEM, n = 36.
2 Difference is the result after ingestion minus before ingestion means.
3 P-value is for change from before to after ROO ingestion using a general linear model for repeated measurements.
4 Molecular weights: cholesterol, 386.7; triglycerides, 885.7; homovanillic acid sulfate, 261; hydroxytyrosol sulfate, 233 and tyrosol sulfate,

217.
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importance of phenols, their availability and kinetic evolution in
LDL should be determined after both acute and long-term
ingestion of VOO.

The significant changes in phenols in LDL after VOO
ingestion, and the markedly greater percentage changes com-
pared with after ROO ingestion, indicate that the phenols of
LDL can be affected by diet. These changes are related to the
kind of olive oil administered, which is differentiated by the
concentration of phenols.

The significant changes in oxidation markers due to VOO
suggest that it protects against oxidation. These results are
consistent with Covas et al. (8), who demonstrated that daily
consumption of an olive oil with a high phenol concentration
decreased oxidative damage to lipids.

The absolute decrease in oxidative damage, as assessed by
oxLDL, conjugated diene, and hydroxy fatty acid concentra-
tions, in parallel with the significant absolute increases in the
levels of phenols in LDL after ingestion of VOO, indicates that
the increase in phenols in LDL may be involved in reducing
oxidation. Recently, Covas et al. (7) demonstrated that, in
parallel to the reduction in LDL oxidation, phenols bound to

human LDL increase in a dose-dependent manner with the
phenol concentration of the olive oil ingested. Other studies
have demonstrated the relationship between the consumption of
olive oil with a high phenol concentration and the reduction of
some oxidative markers in LDL in humans (12,55), animals
(56,57), and in vitro experiments using olive oil phenols
(16,27,58). The significant correlation between oxLDL and the
sum of the phenols, in addition to better-defined correlations
when groups were studied separately, strongly indicates that
these compounds have an antioxidant capacity in the LDL
particle.

oxLDL are pro-oxidants that causes tissue injury and may be
a determining factor for cardiovascular disease development
(45,46). Phenols that bind to LDL could exert their antioxidant
action in vivo in the arterial intima. Some investigations have
demonstrated that the phenols in olive oil modulate oxidative/
antioxidant status in vivo (7,8) and that plasma antioxidant
capacity improves after olive oil consumption (7,8,11–
13,34,59). In addition, the phenols in VOO protect other
phenols that may come from varying sources and were previ-
ously bound to LDL (7,25,44). In vitro studies have demon-

TABLE 4 LDL composition and LDL oxidation markers in men before and after they consumed
VOO for 3 wk1

Compound Before After Change2 P3

LDL composition4

Apo B, g/L 0.4 6 0.0 0.4 6 0.0 0.0 0.779

Cholesterol, mg/mg Apo B 2.0 6 0.1 2.0 6 0.1 20.0 0.627

Triglycerides, mg/mg Apo B 4.1 6 0.3 3.8 6 0.3 20.3 0.224

Homovanillic acid sulfate, ng/mg Apo B 13.3 6 2.0 17.0 6 2.4 3.7 0.046

Hydroxytyrosol sulfate, ng/mg apo B 2.4 6 0.4 3.6 6 0.7 1. 0.004

Tyrosol sulfate, ng/mg Apo B 3.6 6 0.1 4.3 6 0.7 0.7 0.290

Sum of the 3 phenols, ng/mg Apo B 19.5 6 2.2 24.7 6 2.7 5.3 0.017

Circulating LDL oxidation markers

Plasma oxLDL, U/L 50 6 4 39 6 3 211 ,0.001

Serum conjugated dienes, mmol/L 13.4 6 0.8 11.9 6 0.5× 21.5 0.039

Plasma hydroxy fatty acids, mmol/L 1.6 6 0.2 1.1 6 0.1 20.5 ,0.001

1 Values are means 6 SEM, n = 36.
2 Difference is the result from after ingestion minus before ingestion means.
3 P-value is for change from before to after VOO ingestion using a general linear model for repeated measurements.
4 Molecular weights: cholesterol, 386.7; triglycerides, 885.7; homovanillic acid sulfate, 261; hydroxytyrosol sulfate, 233 and tyrosol sulfate,

217.

TABLE 5 Relative differences in LDL composition and LDL oxidation markers in men between the
ROO and VOO consumption period1

Compound Change due to ROO Change due to VOO P2

LDL composition %

Apo B 2.4 6 1.4 0.0 6 0.0 0.185

Cholesterol 0.5 6 1.2 21.0 6 6.7 0.775

Triglycerides 25.6 6 12.53 27.3 6 8.2 0.770

Homovanillic acid sulfate 3.3 6 4.3 27.9 6 9.3 0.049

Hydroxytyrosol sulfate 16.8 6 12.4 50.8 6 12.1 0.041

Tyrosol sulfate 5.3 6 7.9 20.0 6 6.9 0.039

Sum of the 3 phenols 11.1 6 19.1 27.0 6 8.8 0.075

LDL oxidation markers in plasma and serum

Plasma oxLDL 29 6 6.4 222 6 1.9 0.001

Serum conjugated dienes 28.1 6 7.1 211.1 6 7.2 0.799

Plasma hydroxy fatty acids 2.3 6 3.2 229.6 6 4.1 ,0.001

1 Percentage change is the change, expressed as a percentage, from before to after the respective olive oil treatment, n = 36.
2 P-value is for olive oil ingestion differences between treatments using Student’s t-test for paired samples analysis.
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strated the antioxidant capacity of hydroxytyrosol with human
LDL. Although a number of studies question the antioxidant
capacity of tyrosol, the work of Di Benedetto et al. (60) suggests
that, despite its weak antioxidant activity, tyrosol is effective in
preserving cellular antioxidant defense. Further experiments are
required on the antioxidant capacity of homovanillic acid in
LDL for greater clarification. Nevertheless, some studies have
demonstrated other activities of this phenol in relation to
cardiovascular risk prevention, specifically the reduction of
inflammatory factors and an antithrombotic effect (61,62).

Olive oil phenols undergo extensive first-pass intestinal/
hepatic metabolism in the body and their biological activity is
more likely to be linked to the biological metabolites of phenols
than to the primary species present in the olive oil. A number of
studies demonstrate that glucuronide and/or sulfate conjugates
of olive oil phenols are biologically active in vitro. It appears that
hydroxytyrosol has stronger antioxidant activity than tyrosol
and that glucuronide conjugated compounds have a stronger
activity than sulfates (63). However, further research is required
in regard to these specific metabolites. Tyrosol and hydroxytyr-
osol are absorbed by humans in a dose-dependent manner with
the phenol concentration of the olive oil administered. This
occurs even with moderate doses (25 mL/d), which are similar to
the traditional daily dietary intakes in Mediterranean countries.
Around 98% of tyrosol and hydroxytyrosol in plasma and urine
are presented in conjugated forms (21). In addition, a low
concentration may be enough for them to exert their antioxidant
activities (64).

Phenols that bind LDL are good candidates for the effective
prevention of lipid peroxidation and atherosclerotic processes.
The presence and concentration of phenols could be potential
markers for the development of atherosclerosis and cardiovas-
cular disease.

This study has strengths and limitations. One strength was
the crossover design, which permitted the same participants to
receive all olive oil types. This minimized interference with
possible confounding variables. However, the design did not
allow the modeling of potential first-order and second-order
carryover effects. A limitation was the inability to assess the
potential interactions between olive oil and other dietary
components. This might affect the generalizability of the results,
due to dietary differences among countries. As a result of the
unevenly balanced number of volunteers from each center, the
generalizability of the results cannot be assumed.

The measurements of dietary intake were subjective, as they
relied on self-reporting. Another limitation was our failure to
adequately monitor whether participants fully substituted their
habitually consumed raw fats with the assigned olive oil. Finally,
we consider that the short duration of the intervention periodswas
a limitation, because it is unknown whether additional, or
different, effects in the oxidative biomarkers would have been
observed over longer periods. A longer study, however, could have
impaired the adherence of the participants to the protocol (8).

Here, we demonstrate that the phenolic composition in LDL
can be affected by the type of olive oil ingested at a constant dose
for 3 wk. The significant increase in LDL phenols after VOO
ingestion, together with a reduction in oxidative markers,
indicates that these compounds act as in vivo antioxidants and
that they have a critical action on LDL.

In conclusion, the phenols in VOO modulate the LDL
content of 3 phenolic metabolites, hydroxytyrosol, tyrosol, and
homovanillic acid sulfate, after long-term ingestion of real-life
doses (25 mL/d). These compounds increased significantly after
the ingestion of VOO, in contrast to ROO. In parallel, the

ingestion of VOO significantly reduced LDL and plasma
oxidative markers. This observation suggests that the metabolic
activities of phenols can be related to the capacity of these
compounds to remain bound to LDL.
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47. Miró-Casas E, Albaladejo MF, Covas MI, Rodriguez JO, Colomer EM,
Raventos RML, De La Torre R. Capillary gas chromatography-mass
spectrometry quantitative determination of hydroxytyrosol and tyrosol
in human urine after olive oil intake. Anal Biochem. 2001;294:63–72.

48. De La Torre-Carbot K, Jauregui O, Gimeno E, Castellote AI, Lamuela-
Raventos RM, Lopez-Sabater MC. Characterization and quantification
of phenolic compounds in olive oils by solid-phase extraction, HPLC-
DAD, and HPLC-MS/MS. J Agric Food Chem. 2005;53:4331–40.

49. Commission Regulation. Commission Regulation (EEC) no. 2568/91 of
July 11 1991 on the characteristics of olive oil and olive-residue oil and
on the relevant methods of analysis. European Union: Office for Official
Journal of the European Union; 1991.

50. Rodriguez-Palmero M. de lP-O, Castellote-Bargallo AI, Lopez Sabater
MC, Rivero-Urgell M, de La Torre-Boronat MC. Determination of
sterol content in different food samples by capillary gas chromatogra-
phy. J Chromatogr A. 1994;672:267–72.

51. Gimeno E, Castellote AI, Lamuela-Raventos RM, de la Torre MC,
Lopez-Sabater MC. Rapid determination of vitamin E in vegetable oils
by reversed-phase high-performance liquid chromatography. J Chro-
matogr A. 2000;881:251–4.

52. Badeau M, Adlercreutz H, Kaihovaara P, Tikkanen MJ. Estrogen A-ring
structure and antioxidative effect on lipoproteins. J Steroid Biochem
Mol Biol. 2005;96:271–8.

53. de la Torre-Carbot K, Jauregui O, Castellote AI, Lamuela-Raventos
RM, Covas MI, Casals I, Lopez-Sabater MC. Rapid high-performance
liquid chromatography-electrospray ionization tandem mass spectrom-
etry method for qualitative and quantitative analysis of virgin olive oil

Olive oil phenols in human LDL and their impact on oxidation 507

 at D
E

F
 - D

anish E
lectronic R

es C
onsortium

 on M
arch 9, 2010 

jn.nutrition.org
D

ow
nloaded from

 

http://jn.nutrition.org


phenolic metabolites in human low-density lipoproteins. J Chromatogr
A. 2006;1116:69–75.
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