
Introduction

There is general agreement that the Mediterranean diet,
in which olive extracts are important components,

contributes to the reduced incidence of cardiovas-
cular diseases [16]. Olive extracts, including olive
leaf extract (OLE) and olive oil, have been associated
with the effect of anti-atherogenesis. The decreased
serum lipid level could be the most important factor
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j Abstract Background The anti-
atherogenic effect of olive leaf
extract is supposed to be related to
its activities of anti-oxidation and
anti-inflammation. Aim of the
study To prove the effect of anti-
atherosclerosis by olive leaf extract
(OLE) and to elucidate the mecha-
nism behind. Methods Twenty-
four rabbits were assigned to the
control, high lipid diet (HLD) and
OLE group that were fed with
standard diet, HLD and HLD sup-
plemented with OLE, respectively.
Serum levels of atherosclerosis
related markers, triglyceride (TG),
total cholesterol (T-CHO), low
density lipoprotein cholesterol
(LDL-C), high density lipoprotein
cholesterol (HDL-C) and malondi-
aldehyde (MDA) were detected at
the ends of week 2, 4 and 6. Surface
lesions and thickness of intimas
were measured at the end of week6.
The protein and/or mRNA expres-
sions of inflammation factors,
monocyte chemoattractant protein
(MCP)-1, vascular cell adhesion
molecule (VCAM)-1, nuclear fac-
tor-kappa B (NF-jB) and tumor
necrosis factor a (TNF-a) were
investigated by immunohisto-
chemistry and RT-PCR.

Results Atherosclerotic lesions
were found in the HLD and OLE
groups but not in the control group.
In comparison with that in the HLD
group, reduced size and thickness
of intima (0.31 ± 0.26 in the HLD
group versus 0.10 ± 0.03 mm in
the OLE group) were found in the
OLE group. The MDA level, an
indicator of antioxidant status, was
35.27 ± 15.37 in the HLD group
and 20.63 ± 11.52 nmol/ml in the
OLE group. The level of CHO, TG
and LDL-C were 104.46 ± 30.34,
2.48 ± 1.11, 82.83 ± 28.44 mmol/l
in the HLD group versus
83.03 ± 27.23, 1.84 ± 0.44,
59.51 ± 23.72 mmol/l in the OLE
group. Down-regulated expres-
sions of MCP-1, VCAM-1, NF-jB
and TNF-a at both protein and
mRNA level (P < 0.05) were also
found with the administration of
OLE. Conclusion This study
proved the effect of OLE on inhi-
bition of atherosclerosis, which is
related to the suppressed inflam-
matory response.

j Key words altherosclerosis –
olive leaf extract –
inflammatory response –
inflammatory factor
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that responsible for the anti-atherosclerotic effect of
olive extracts [1, 10]. Several lines of evidence sup-
port the finding that olive extracts were strong
antioxidants with the activities of anti-oxidation and
anti-inflammation, including olive extracts suppress
generation of free radical and oxidation of low
density lipoprotein (LDL) [35], scavenge reactive
oxygen species (ROS) [14], reduce oxidative stress
induced by smoking [36], and inhibit aggregation of
platelet [17], adhesion of monocyte to stimulated
endothelium [7] and carrageenin-induced arthritis in
rat [27]. These findings indicate that the inhibition
of oxidation and inflammatory response could be a
mechanism in addition to the decrease of blood
lipid that relate to the anti-atherosclerosis effect of
olive extracts.

The pathogenesis of atherosclerosis involves an
important inflammatory component especially at the
early stage named fatty streak, in which multiple leu-
kocytes and inflammatory factors are involved. Fatty
streak consists of lipid-laden macrophages, namely
foam cells that derived primarily from recruited
monocytes [31]. The recruitment and transendothelial
migration of the circulating leukocytes are governed
by chemotactic factors. The adhesion of recruited
leukocytes, particularly monocytes to the vascular
endothelium at sites of injury is mediated by adhesion
molecules. The engulfment of lipids and transforma-
tion of monocytes into foam cells are mediated by
inflammatory factors such as tumor necrosis factor a
(TNF-a) [30]. The regulation of adhesion molecules
and chemotactic factors are mediated by the redox-
sensitive transcription factor nuclear factor-kappa B
(NF-jB), which is activated by a multitude of stimuli,
including oxidized lipoproteins and cytokines such as
TNF-a. Activated NF-jB in turn regulates a series of
genes implicated in atherogenesis [4]. The interactions
of inflammatory factors contribute to atherogenesis by
mediating inflammatory response. OLE are supposed
to be involved in the regulations of inflammatory and
proinflammatory responses, including proinflamma-
tory gene expression.

The transcription of proinflammatory genes
appears to be activated by oxidation but suppressed
by antioxidants. The antioxidants suppressed cyto-
kine induced NF-jB activation and expression of
vascular cell adhesion molecule-1(VCAM-1) in cul-
tured endothelial cells and peripheral blood mono-
nuclear cells [28, 29, 32]. These findings suggested
that olive extracts, a reagent rich in antioxidants,
exert its anti-atherosclerotic activity via an anti-
inflammatory mechanism that may be related to
anti-oxidation.

In this study, the activities of anti-oxidation and
anti-inflammation on anti-atherogenesis mediated by

an OLE were studied using a hyperlipidemic rabbit
model. This work aimed to provide possible evidence
and mechanisms of the preventive effect of OLE on
atherosclerosis.

Materials and methods

j Animals

Twenty-four healthy male New Zealand rabbits were
from Laboratory Animal Center, Dalian Medical
University. The average age of the rabbits was
approximately 16 weeks (2.0–2.1 kg). At the start of
treatment, rabbits were housed in single cages main-
tained at 24�C and 50–60% relative humidity and a
12–h light/dark cycle throughout experiment. The
rabbits were acclimatized to laboratory conditions for
7 days prior to treatment.

j Group composition and treatment

The animals were randomly assigned to three groups,
namely control, high lipid diet (HLD), and HLD
supplemented with OLE group, each group containing
eight rabbits. Food intake for each rabbit was stan-
dardized to 150 g/day throughout the experiment of
6 weeks.

A special preparation of OLE extremely enriched
in hydroxytyrosol, was provided by Eisai Food &
Chemical Co., Ltd, Japan (Lot No.511012). The OLE
powder was dissolved in tap water before use. The
ingredients of OLE are hydroxytirosol (22%), poly-
phenol (4%), saccharide (67%), lipid (2%), ignition
residue (4%) and moisture (1%).

Rabbits in the control group were given freely tap
water and standard chow diet throughout the exper-
iment, rabbits in the HLD group accepted freely tap
water and high lipid diet containing 84% standard
chow diet, 8% lard, 7% egg yolk powder and 1%
cholesterol. Rabbits in the OLE group accepted the
same feeding as that of the HLD group but tap water
containing OLE to ensure the intake of OLE at
100 mg/kg of body weight.

j Observations and examinations

Observations of general signs

Diarrhea, appetite and coat color were observed
during the experimental period. Body weight was
measured weekly.
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Detection of serum lipids and malondialdehyde
(MDA)

All animals were subjected to blood examination at
ends of the second, fourth and sixth week. Rabbits
were starved for approximately 16 h before collection
of blood samples from ear vena, followed by centri-
fuging at 3,000 rpm for 10 min. Triglyceride (TG),
total cholesterol (CHO), low density lipoprotein
cholesterol (LDL-C) and high density lipoprotein
cholesterol (HDL-C) were then analyzed on an auto-
mated biochemical analyzer (7060 type, HITACHI,
Japan). Serum level of MDA was determined using
commercial kits according to the manufacturer’s
instruction.

Measurement of atherosclerotic lesion area

The animals were killed at the sixth week. Rabbits
were anesthetized with pentobarbital sodium (40 mg/
kg) by intraperitoneal injection and received intra-
venous injection of heparin (400 U/kg) before they
were killed by exsanguinations from the carotid
artery. The aortas were exposed and cleaned of con-
nective and adipose tissues. The abdominal aortas
were removed, cut open longitudinally, stained with
Sudan-IV, washed with saline, and pinned on a black
paper sheet. The aortic luminal surface was photo-
graphed using a camera (DSC-S85, Sony, Japan). The
surface area of lesion and whole abdominal aorta were
measured by analysis of the photos. Target areas were
traced by an investigator blind to the treatment and
measured using Image-pro plus 5.1 (Media Cyber-
natics Inc). The percentage of the lesion area in aortic
area was calculated as the ratio of the lesion area to
the total aorta area.

Histological examination of aortic atherosclerotic
lesion

In the histological examination, small fragments of
the aortic arches were fixed by 10% neutral buffered
formalin. The specimens were embedded in paraffin
and cut serially to make cross-sectional samples. The
sections were stained with hematoxylin-eosin (HE),
Masson trichromic and Van Gieson’s elastin. The
stained sections were examined blindly to evaluate the
presence of the atherosclerotic lesions. Morphological
parameters were measured and quantified with
Image-pro plus 5.1.

Immunohistochemistry

Paraffin-embedded aortic arches were cross-sectioned
into pieces of 4 lm thick, dewaxed and rehydrated.
Endogenous peroxidase activity in the sections was

quenched by incubation in 3% hydrogen erox-
ide:methanol (1:1) for 20 min. Then, the sections were
rinsed and subjected to water-bath heating for antigen
retrieval. Nonspecific antibody binding was blocked
by incubation of the tissue section in normal goat
serum for 30 min at room temperature. Anti-NF-jB
(Biochemican, USA), anti-VCAM-1 and anti- mono-
cyte chemoattractant protein (MCP)-1 (Santa Cruz,
CA, USA) were added and incubated overnight at
4�C. After being washed with PBS, a biotin-labeled
secondary antibody (Zhongshan Golden Bridge
Biotechnology Co., Beijing, China) was added and
incubated for 30 min. The sections were then incu-
bated with peroxidase-conjugated streptavidin for
30 min at room temperature and visualized with
diaminobenzidine in darkness for 10 min. Finally,
sections were counterstained with hematoxylin. In
each experiment, negative controls without the pri-
mary antibody were included to check for nonspecific
staining. In each section, five regions of the lesion
were randomly selected to take photos. Images were
quantitatively analyzed using Image Pro plus 5.1. The
mean optical density was scaled by the integrated
optical density (IOD) divided by area of selected
region to determine an average expression level in
these regions.

Reverse transcription PCR

The expression of MCP-1, VCAM-1 and TNF-a mRNA
was tested using a reverse transcription PCR
(RT-PCR) method. All reagents for RNA extraction
and RT-PCR were from Takara Biotech (Dalian,
China). Primers for MCP-1, VCAM-1, TNF-a and
GAPDH were designed on the basis of the mRNA
sequence in GeneBank. The primers were: 5¢-GTCTCT
GCAACGCTTCTGTGCC-3¢ and 5¢-AGTCGTGTGTTCT
TGGGTTGTGG-3¢ for MCP-1, resulting in a 327 bp
product; 5¢-GAACACTCTTACCTGTGTACAGC-3¢ and
5¢-CCATCCTCATAGCAATTAATGTGAG-3¢ for VCAM-
1, resulting in a 567 bp product; 5¢-GCTCCTC
ACTCACACTGTCAG-3¢ and 5¢-GCAATGATCCCAAAG
TAGAC-3¢ for TNF-a, resulting in a 246 bp product;
5¢-GCGCCTGGTCACCAGGGCTGCTT-3¢ and 5¢-TGCC
GAAGTGGTCGTGGATGACCT-3¢ for GADPH, with a
465 bp product. The annealing temperature was 58�C for
MCP-1, TNF-a and GAPDH, and 56�C for VCAM-1. The
cycle number was 40 for MCP-1, VCAM-1, TNF-a and 32
for GAPDH.

Thoracic aorta of each rabbit were isolated, dis-
sected, and kept in liquid nitrogen until analysis.
Total RNA was extracted and reversely transcribed to
cDNA according to the manufacturer’s instruction.
The quality of isolated RNA was examined by the
ratio of A260/A280 and gel electrophoresis before use.
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cDNA was synthesized by reverse transcription from
2.5 lg of total RNA. The reaction was carried out in a
final volume of 25 ll. An internal control GAPDH was
used to calculate the relative expressions of target
genes and to standardize the cDNA loaded in each
sample. The PCR products were analyzed using an
automated microchip electrophoresis system as pre-
viously described. The microchip system can display
electropherogram, identify peaks and calculate peak
areas and heights. Same volumes of PCR product of a
target gene and GAPDH was mixed and analyzed. The
expression of a target gene was defined as the ratio of
peak height of target gene and GAPDH [13].

j Statistical analysis

All data were expressed as mean ± standard devia-
tion. The difference of means was compared between
groups. Statistical significance of difference was
determined using one-way ANOVA and Student’s
t-test. A value of P < 0.05 was considered statistically
significant. All statistical analysis was performed
using SPSS12.0 statistical software package.

Results

j General signs and changes of body weight

No remarkable changes of general appearance were
observed in animals in OLE, HLD and control groups.

Body weights of rabbits in OLE group did not differ
from that in HLD group and control group (P > 0.05).

j Serum lipids and MDA levels

Serum levels of CHO, HDL-C, LDL-C, TG and MDA
were detected at the ends of 2nd, 4th and 6th week. In
comparison with the control group, higher serum
levels of CHO, HDL-C and LDL-C in HLD group were
detected at the ends of 2nd, 4th and 6th week
(P < 0.01), and elevated TG levels were detected at the
ends of 4th and 6th week (P < 0.01). In comparison
with the HLD group, rabbits in OLE group showed a
reduction of CHO and LDL-C levels at the ends of
2nd, 4th and 6th week and reduction of TG level at the
end of 6th week (P < 0.05); however, oral adminis-
tration of OLE did not change the level of HDL-C in
this study. In comparison with the control group
higher levels of MDA were detected in HLD and OLE
group at the ends of 2nd, 4th and 6th week (P < 0.01),
and MDA levels in OLE group was significantly lower
than that of the HLD group (P < 0.05) (Fig. 1).

j Measurement of atherosclerotic lesion

Atherosclerotic lesions were found in HLD and OLE
groups but not in the control group. Rabbits in the
HLD group developed more serious lesions than that
in the OLE group. The area of atherosclerotic lesion as
a ratio to that of the whole abdominal aorta is cal-
culated to evaluate the size of lesion. In comparison
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Fig. 1 Effect of OLE on serum levels of
TG, LDL-C, CHO and MDA. (a) Effect of
OLE on serum TG level; (b) Effect of OLE
on serum LDL-C level; (c) Effect of OLE
on serum CHO level; (d) Effect of OLE on
serum MDA level. �x� s, n = 8,
**Significantly different from control
group at P < 0.01, # Significantly
different from HLD group at P < 0.05
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with the HLD group, lesion areas in the OLE group
were significantly smaller (P < 0.05)(Fig. 2).

j Histological findings

Animals in the HLD and OLE group developed fatty
streaks but no atherosclerotic lesion was observed in
the control group. In the lesions, the accumulation of
lipids appeared mainly in areas subjacent to endo-
thelium. Rabbits in the HLD group developed a thick
layer of lipid deposition within intima, whereas those
in the OLE group showed much thinner layer of lipid
deposition.

Morphological parameters of aortic arches
including intimal area, medial area, ratio of intimal
area/medial area and intima thickness of rabbits are
shown in Table 1. The values of intimal area, ratio of
intimal area/medial area and intima thickness in the
HLD and OLE group were increased compared with
that of the control group, and values of these
parameters in the OLE group were significantly lower
than those of the HLD group.

j Immunohistochemistry

No or low level expression of MCP-1 and VCAM-1
was present in the control group. MCP-1 and VCAM-
1 localized in endothelial cells and macrophages in the
lesions. Six weeks of feeding with HLD induced severe
and moderate increase of MCP-1 and VCAM-1
expression in HLD and OLE group, respectively
(Fig. 3a).

Activated NF-jB was seldom detected in the con-
trol group. Significantly increased activation of NF-jB
was observed in the HLD group, whereas the extent of
NF-jB activation was comparably lower in the OLE
group. Activated NF-jB localized mainly in endo-
thelial cells and macrophages close to atherosclerotic
lesions. In some areas, activated NF-jB was also
observed in smooth muscle cells in media (Fig. 3a).

Optical density analysis showed that mean IOD in
the HLD group was 0.0665 ± 0.03232 for MCP-1,
0.0134 ± 0.00637 for VCAM-1 and 0.0341 ± 0.01335
for NF-jB, while the corresponding value in the OLE
group was 0.0333 ± 0.01978, 0.0067 ± 0.00512 and
0.0192 ± 0.01116, respectively (Fig. 3b). The expres-
sion of MCP-1, VCAM-1 and activated NF-jB in the
HLD group was significantly higher than that of the
OLE group (P < 0.05).

j Expression of proinflammatory genes

The control group showed low level expressions of
MCP-1, VCAM-1 and TNF-a, whereas these inflam-
mation factors were increased in the HLD group.
Expressions of MCP-1 and TNF-a in the OLE group
were significantly down-regulated with respect to that
in the HLD group. However, there was no significant
difference of VCAM-1 mRNA between OLE group and
HLD group (Fig. 4).

Discussion

In the present study, the anti-atherosclerotic effect of
OLE and its relationship with inflammatory response
were studied using an experimentally rabbit model of
atherosclerosis. High lipid-diet induced hyperlipid-

Table 1 Area and thickness of intima and media in control, HLD and OLE group

Intimal area (mm2) Medial area (mm2) Intimal area /Medial area Thickness of intima (mm)

Control group 0 17.06 ± 5.49 0 0
HLD group 7.12 ± 6.65* 19.14 ± 5.56 0.33 ± 0.26** 0.31 ± 0.26**
OLE group 1.94 ± 0.62# 17.78 ± 4.09 0.11 ± 0.03# 0.10 ± 0.03 #

�x� s, n = 8, *Significantly different from the control group at P < 0.05; ** Significantly different from the control group at P < 0.01; # Significantly different from
the HLD group at P < 0.05
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emia and atherosclerosis in HLD and OLE group. The
administration of OLE was able to decrease serum
level of lipid and suppress the development of
atherosclerosis. This work also revealed the role of
OLE on the regulation of inflammatory factors.
Hyperlipidemia induced increased levels of a series of
inflammatory factors. In comparison with the HLD
group, the expressions of these inflammatory factors
decreased in the OLE group at both mRNA and pro-
tein level. The levels of these inflammatory factors are
in accordance with the severity of atherosclerosis
lesions, indicating suppression of inflammatory
response could be a mechanism relevant to the anti-
atherosclerotic effect of OLE.

The administration of OLE significantly reduced
serum level of CHO, LDL-C and TG, but did not

change HDL-C level, which was inconsistent with the
previous report [20]. High levels of CHO, LDL-C and
TG are risk factors for atherosclerosis whereas HDL-C
has protective effects on atherogenesis, thus the
selective decrease of blood lipids by OLE is favorable
for inhibition of atherosclerosis.

As shown in Figs. 3 and 4, after 6 weeks of feeding
with high lipid-diet, both protein and mRNA
expression of MCP-1 and VCAM-1 was up-regulated
in aortic endothelium, especially at atherosclerotic
lesions. In contrast, supplementation with OLE
resulted in significantly decreased expressions of
MCP-1 at protein and mRNA level, and VCAM-1 at
protein level. There was also a decrease of mRNA of
VCAM-1, but there was not significant difference
between OLE and HLD group. The suppression of
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Fig. 3 Comparison of the expressions of
inflammatory factors. (a) Representative
photomicrographs of
immunohistochemical examination for
MCP-1 and VCAM-1 and NF-jB
activation in aortas of rabbits in control
group, HLD group and OLE group
(·100). Little MCP-1, VCAM-1 and
activated NF-jB were detected in the
control group, while increased levels of
MCP-1, VCAM-1 and activated NF-jB
were observed in HLD and OLE group.
(b) Comparison of mean IOD of MCP-1,
VCAM-1 and NF-jB expressed in HLD
and OLE group. The levels of these
inflammation factors were lower in the
OLE group than those in the HLD group.
Data represented mean ± S.D of eight
animals. *P < 0.05 compared to HLD
group
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MCP-1 and VCAM-1 is probably one mechanism by
which OLE inhibits atherogenesis.

Atherosclerosis is an inflammatory disease. The
thickening of the vascular wall and infiltration of
macrophages and lymphocytes are hallmarks of ath-
erosclerosis lesion [30]. At the early stage of athero-
sclerosis, the directive movement and transmigration
of leukocytes through the endothelial layer is gov-
erned by chemotactic factors. MCP-1, a chemotactic
factor with great potency for monocytes, is a glyco-
protein with an apparent molecular mass of 14 kDa
that synthesized and secreted by endothelial cells and
smooth muscle cells upon various stimuli [21]. Our
study showed the presence of MCP-1 in macrophage-
rich areas (Fig. 3a), demonstrating a significant cor-
relation between macrophage infiltration and MCP-1
expression in early lesions of atherosclerosis. Thus,
decreased level of MCP-1 upon OLE administration
can suppress the development of atherosclerosis by
inhibiting chemotaxis. This result is in accordance
with previous study using Watanabe hereditary
hyperlipidemic rabbits [18].

As an initial event in the pathogenesis of athero-
sclerosis, local adherence of circulating monocytes to
the vascular endothelial cells is one of the earliest
morphological alterations. The expression of adhe-
sion molecules, especially VCAM-1, plays a central
role in the recruitment of circulating monocytes into
intima. VCAM-1, one member of immunoglobulin
gene superfamily, was implicated in atherogenesis by
favoring firm adhesion of monocytes to vascular
endothelium[12]. Some studies demonstrated that

VCAM-1 plays an important role in initiation of
atherosclerosis in animal studies [2, 11]. Our study
showed increased levels of VCAM-1 in arterial endo-
thelial cells mainly at lesion-prone areas and athero-
sclerotic plaques. The results indicated diet-induced
hyperlipidemia up-regulated the expression of
VCAM-1 and thus the accumulation of monocytes
resulted in atherosclerotic lesions. The administration
of OLE resulted in less adherence of circulating
monocytes to the vascular endothelium, thus alleviate
the development of atherosclerosis mediated by
inflammatory response.

As a post-transcriptional regulated transcription
factor, NF-jB plays an important role in increasing
the expression of pro-inflammatory genes [4]. The
suppressed expressions of MCP-1 and VCAM-1
prompted us to examine the influence of OLE on the
activation of NF-jB. NF-jB present in cytoplasm in
an inactivated form bound to its inhibitor, inhibitory
jB (IjB), and is activated by detaching from IjB in
response to diverse stimuli, including oxidative stress
and cytokines. Activated NF-jB translocates to
nucleus, where it binds to target genes and promotes
transcription [8]. In this study, increased level of
activated NF-jB was observed in the HLD group,
especially in the areas of atherosclerotic lesions, and
the administration of OLE resulted in less NF-jB
activation. The results indicated that the activation of
NF-jB was involved in atherogenesis and it was
suppressed by OLE. OLE inhibited atherogenesis by
the down-regulation of pro-inflammatory genes
mediated by NF-jB.

In comparison with the control group, the level of
TNF-a mRNA increased in HLD and OLE group, and
the level in the OLE group was significantly lower
than that in the HLD group. This result suggested that
the administration of OLE inhibited the expression of
TNF-a. Various biological roles have been demon-
strated for TNF-a, including its involvement in
inflammation and immunopathological processes.
TNF-a is a modulator of the inflammatory response
that occurs once the endothelium has been exposed to
injurious agents. Endothelial dysfunction in athero-
sclerosis was elicited by TNF-a in addition to oxida-
tive modified low density lipoprotein (Ox-LDL) [19]
and increased expression of TNF-a has been found in
atherosclerotic lesions [34]. The inhibition of TNF-a
can decrease the binding of LDL to endothelium and
smooth muscle and inhibit the transcription of LDL
receptor gene [24] and the activation of T lympho-
cytes [22]. TNF-a was also shown to be the activator
of NF-jB and have the effect of sustaining NF-jB
activation [33]. As is responsible for the perpetuation
of the inflammatory response, the down-regulation
of TNF-a induced by OLE can inhibit the activation of
NF-jB. In this study, supplementation with OLE
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resulted in a significant reduction of TNF-a, which
was in accordance with decreased levels of activated
NF-jB, MCP-1 and VCAM-1. These findings were
supported by previous reports that olive oil reduced
the expression of VCAM-1 by blocking the activation
of NF-jB [7]. The administration of OLE downregu-
lated the expression of TNF-a, thus inhibited NF-jB
activation which in turn decreased the expressions of
MCP-1 and VCAM-1.

The oxidation status was also detected in the study
by the detection of MDA, a marker indicating serum
lipid peroxidation. Our results showed that the level of
MDA was decreased upon OLE treatment, suggesting
the effect of OLE on inhibiting the formation of
lipid peroxidation. Oxidative stress is considered to be
prerequisite for the endothelial dysfunction and
adhesion molecules production. Injury caused by
oxidation also induces inflammatory response. Previ-
ous studies showed that Ox-LDL plays crucial role in
atherogenesis [38]. Olive phenols with high antioxi-
dant capacity can thus inhibit LDL oxidation and block
inflammatory response. It is reasonable to deduce that
the alleviated atherosclerosis could be ascribed, at least
in part, to the antioxidant capacity of OLE.

The activity of attenuating atherosclerosis with
olive extracts was associated to several mechanisms
including lowering lipids [20], inhibiting LDL oxida-
tion [9], suppressing inflammatory factors [3], and
preventing macrophage activation [26]. High blood

lipid level causes a serial of factors contributed to
inflammatory response, such as dysfunction of
endothelial cell and activation of monocytes [6].
Oxidative stress induces inflammatory response by
increased production of ROS and LDL oxidation [23,
37]. Therefore, the interactions of hyperlipidemia,
oxidation and inflammatory response contributed to
atherogenesis. The anti-atherosclerotic effect of OLE
is related to the suppressed inflammatory response,
which is an important mechanism in addition to the
decrease of serum lipid level.

Current strategies of prevention for atherosclerosis
mainly focus on lowering the level of blood lipids.
Inhibition of inflammatory response and oxidation
were also supposed to be potential targets for athero-
sclerosis prevention. Some controlled clinical trials of
decreasing the level of serum lipids have not shown
conclusive evidence of beneficial effects on clinical
outcomes [5, 15], and pharmacologic studies showed
limited effects on prevention of atherosclerosis by
inhibition of inflammatory response without decreas-
ing serum lipids [25]. The administration of OLE not
only decreased the levels of blood lipid but also inhib-
ited inflammatory response. The combined effect
might account for the beneficial effects of OLE on
preventing and reducing the development of athero-
sclerosis. This study suggests multiple-target treatment
may provide a new strategy for the prevention of ath-
erosclerosis.
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