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Abstract

Natural health products (NHP) which include minerals, vitamins and herbal remedies are not generally considered
by medical practitioners as conventional medicines and as such are not frequently prescribed by health centre’s as
either main-line or supplemental treatments. In the field of cardiovascular medicine, studies have shown that
typically, less than half of patients suffering from coronary syndromes chose to take any form of NHP supplement
and these products are rarely recommended by their medical practitioner. Vascular/endothelial cell damage is a key
instigator of coronary arterial plaque development which often culminates in thrombosis and myocardial infarction
(MI). Current treatment for patients known to be at risk of primary or secondary (Ml) includes lipid lowering statins,
anti-clotting agents (e.g. tissue plasminogen activator; tPA) and drugs for stabilization of blood pressure such as
beta-blockers. However, evidence has been building which suggests that components of at least several NHP (e.g.
aged garlic extract (AGExt), resveratrol and green tea extracts (GTE)) may have significant vascular protective effects
through reduction of oxidative stress, lowering of blood pressure, reduction in platelet aggregation, vasodilation
and inhibition of abnormal angiogenesis. Therefore, in this review we will discuss in detail the potential of these
substances (chosen on the basis of their potency and complimentarity) as anti-atherosclerotic agents and the
justification for their consideration as main-line additional supplements or prescriptions.
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Introduction

According to a World Health Organization Fact Sheet
(EURO/03/06) cardiovascular disease (CVD) is the num-
ber one killer in Europe and world-wide, with heart dis-
ease and stroke being the major cause of death in all 53
Member States. It has in fact been described as a true
pandemic, with no respect for borders. Figures show that
34,421 (23% of all non-communicable diseases) of Eur-
opeans died from CVD in 2005. The report also high-
lighted the fact that there is approximately a 10-fold
difference in premature CVD mortality between Western
Europe and countries in Central and Eastern Europe (i.e.
there is a higher occurrence of CVD amongst the poor
and vulnerable). The problem for the European Union is
that there is a direct correlation between the premature
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death rate and the viability of countries’ economies. Al-
though improvements in understanding have helped to
reduce the number of Western European dying from
CVD and related diseases further advances will require a
clearer understanding of the pathobiological mechanisms
responsible for the development of atherosclerosis and
myocardial infarction. Approximately 75% of acute cor-
onary events are associated with disruption of athero-
sclerotic plaques, development of which takes place over
several decades of life, (early vessel damage beginning
during child-hood) and whose susceptibility to instability
and thrombosis is largely dependent on a number of
known risk-factors (dyslipidemia, arterial hypertension,
hyperglycaemia and diabetes) [1].

Key features of coronary atherosclerotic plaque
development

In the early stages of vessel damage prior to plaque for-
mation, chronic minimal injury caused by sheer stress
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particularly at arterial bi-furcations, narrowing or direc-
tional changes leads to intraluminal endothelial damage
and dysfunction. Concomitantly, pro-inflammatory intra-
cellular signalling pathways are recruited which lead to
transcriptional up regulation of expression of growth fac-
tors (e.g. vascular endothelial cell growth factor, platelet-
derived growth factor and fibroblast growth factor-2)
cytokines (e.g. tumour necrosis factor-alpha and MCP-
1), adhesion molecules (e.g. intracellular adhesion mol-
ecule-1 and vascular endothelial cell adhesion molecule)
and chemoattractant proteins [2]. Endothelial cell dam-
age, activation and up-regulation of adhesion molecules
encourage the attraction of platelets, T-cells, and macro-
phages which engulf excess cholesterol transform into
foam cells and help to produce fatty streaks-some of the
earliest pathological sign of plaque development [3].
Endothelial dysfunction is known to impair the produc-
tion and bioavailability of nitric oxide (protective against
atherosclerosis) and therefore protection of these cells
against damage and/or increasing the circulating nitric
oxide levels using pharmacological agents could have
clinical benefit for high risk candidates [4,5].

As more platelets and immune cells aggregate at a
damaged region, the increased cytokine production leads
to local cellular proliferation, and transmission of activat-
ing signals to the adventitial vasa vasorum which become
activated and migrate through the layers of the artery to
help feed the now growing plaque [6,7].

Actively growing plaques often remain stable with thick
fibrous caps and contain a high proportion of smooth
muscle cells. In these cases, arterial remodelling eventually
results in a gradual narrowing of the lumen resulting in,
patient symptoms such as angina. The mechanisms re-
sponsible for determination of the development of vulner-
able unstable plaques rather than stable ones is still
unknown although there is evidence for the involvement
of a number of key factors, namely, oxidative stress and
formation of oxidized low density lipoproteins, diabetes,
high or fluctuating blood sugar levels and formation of
advanced glycation end-products (AGEs), the process of
inflammation and tumour-like angiogenesis.

The importance of plaque vascularisation

Plaque angiogenesis is now accepted to have a fundamen-
tal role in the pathophysiological development of athero-
sclerosis, providing nutrients to the developing and
expanding intima and also potentially creating an unstable
haemorrhagic environment prone to rupture. The expres-
sion of intimal neovessels is directly related to the stage of
plaque development, the presence of symptomatic disease
and the risk of plaque rupture. In atherosclerosis, intimal
neovascularization arises most frequently from the dense
network of vessels in the adventitia, adjacent to a plaque,
rather than from the main artery lumen. The irregular
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nature of blood vessel formation has been likened to
tumour angiogenesis, and hence the factors responsible
for their growth may be different from those seen during
normal wound healing. Our previous studies and those of
others have suggested that haemorrhagic, leaky blood ves-
sels from unstable carotid plaques proliferate abnormally.
These relatively large caliber but immature neovessels are
poorly invested with smooth muscle cells and possess
structural weaknesses which may contribute to instability
of the plaque by facilitation of inflammatory cell infiltra-
tion and haemorrhagic complications Therefore; inhibition
of angiogenesis might be an important target for preven-
tion of development of active, unstable plaque lesions [7].

Oxidative stress

The process of oxidative stress starts early in developing
lesions, when inflammatory cells and/or dysfunctional
mitochondra caught in the arterial wall begin to secrete re-
active oxygen species (ROS) [8]. ROS are able to stimulate
cellular apoptosis directly, and also to oxidize low-density
lipoproteins (LDLs) [9]. Oxidised LDLs (oxLDLs) promote
smooth muscle cell and macrophage gelatinase production
as well as stimulating pro-inflammatory signalling pathways
through tissue factor (TF), interferon regulatory factor-1
(IRF-1) and Toll-like receptor-2 (TLR2), thereby contribut-
ing significantly to plaque instability and thrombosis [10].
Similarly, particularly in diabetic patients, a combination of
chronic hyperglycaemia and enhanced oxidative stress
results in production and deposition of advanced glycation
end-products (AGEs) in the coronary arteries, which acti-
vate intracellular processes through their receptor receptor
for AGEs) (RAGE) inducing further oxidative stress, pro-
moting inflammation via NFkappaB, and increasing ECM
accumulation [11]. Reduction of plaque inflammation and
oxidative stress could help to prevent plaque erosion and
ultimately thrombosis.

Current preventative and treatment strategies for

CAD

Throughout Europe and the EU, patients recognized by
general practitioners and within hospitals to be at risk of
developing coronary artery disease (CAD) (genetic profiles,
risk factor analysis, presence of symptomatic disease etc.)
or with a known history of CAD, may be offered a variety
of prescriptions designed to reduce the risk of first or sub-
sequent ML Aspirin and other anti-platelet medicines such
as clopidogrel help to prevent blood clots, whilst new anti-
platelet agents including prasugrel and ticagrelor have
shown reduced iscaemic efficacy and greater safety for
patients with acute coronary syndromes (ACS) [12]. Statins
(inhibitors of HMG-CoA) are commonly prescribed to
patients presenting with high total cholesterol levels or
high HDL/LDL ratios when one or more related risk fac-
tors are also present. Rosuvastatin, one of the more
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recently distributed statins appears to have several other
beneficial, preventative actions (greater than other statins)
besides its lipid-lowering ability for patients with CAD.
Rosuvastatin has been shown to preserve coenzyme Q10,
ubiquinol and concomitantly increase HDL-C levels [13]
significantly induce plaque regression by reducing plaque
volume [14], and reduced vascular endothelial cell growth
factor (VEGF) levels following myocardial revascularization
potentially reducing plaque neovascularisation [15]. Beta
(adrenoceptor antagonists)-blockers and calcium-channel
blockers, reduce chronic resting heart-rate (an independent
predictor of CAD mortality) and reduce blood pressure/
hypertension, possibly the most important single factor
associated with CAD [16], whilst angiotensin-converting
enzyme (ACE) inhibitors and angiotensin II receptor
blockers also reduce blood pressure and may also have a
protective effect against development of atherosclerosis by
ameliorating endothelial dysfunction [17].

Limitations of current treatments

Limitations of the current treatments are clear, side-effects
and long-term complications apart, the known effects of
these medications show only marginal interactions with
some of the major processes known to be responsible for
creation of unstable plaques i.e. oxidative stress combined
with inflammation and angiogenesis (with the possible ex-
ception of some types of statin which is the subject of on-
going research). As well as this, a significant amount of
evidence exists that patients with none-acute cardiac dis-
ease are markedly more unlikely to receive guideline-
recommended therapy [18]. Hence, the majority of at-risk
individuals currently only start medication after the onset
of symptoms at which time plaque development and arter-
ial remodelling is evident or has already occurred.

Current use of NHP in clinical practice

Diet has long been known to be a modifiable risk factor
for CHD with Mediterranean diets and consumption of
fish, fruit and whole grain all having beneficial effects
[19]. People with diets containing high levels of sub-
stances, with anti-oxidant properties, such as vitamins E
and C, and beta-carotene, tend to live longer and more
healthily. A search through PubMed using the terms
“natural health products” and “CAD” reveals only 21
hits, one of the most recent by Shukla et al. [20], describ-
ing profound cardiovascular protective effects of nutri-
tional supplements such as flavonoids, olive oil,
lycopene, resveratrol and soy in epidemiological and clin-
ical studies. A far more interesting picture is seen when
examining individual substances by literature analysis
(see below). Most importantly, a recent study by Alherb-
ish et al. [21] who conducted a survey on patients admit-
ted with acute vascular disease, discovered that a wide
variety of NHPs are used by patients including vitamins
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and minerals (73%), herbal products (20%) and amino
acids/essential fatty acids etc. (35%), however, the health
professionals themselves rarely included NHPs as part of
their medication profile.

Evidence for the protective properties of AGExt,
Resveratrol and GTE in CVD

Very few studies have analyzed in detail or retrospect-
ively compiled data by systematic analysis, on the effects
of dietary supplements on arterial disease. One such
study examined 38 published studies (clinical trials)
examining the effects of NHPs on arterial stiffness mea-
sured by pulse-wave velocity [22]. The results showed
that in a majority of trials, omega-3 supplementation,
isoflavones, and flavonoids produced significant reduc-
tions in arterial stiffness. There was insufficient data no
make conclusions in respect of other substances includ-
ing herbal medicines, and garlic. Here we will focus on
analysis of the data concerning three key substances to
provide evidence of their potential cardio-vascular pro-
tective effects.

Evidence for the protective properties of AGExt

In vitro studies have demonstrated that AGExt and in par-
ticular its most active components, the water-soluble cystei-
nyl moieties S-allylcysteine and S-allylmercaptocysteine are
exceptionally powerful anti-oxidant phytochemicals, protect-
ive against oxidative stress (by scavenging reactive oxygen
species and increasing superoxide dismutase levels) and in-
hibition of subsequent cellular damage [23,24]. AGExt was
shown to suppress CD36 scavenger receptor expression on
macrophages, decrease binding of nuclear proteins to a
PPARy pathway, and inhibit Dil-labelled OXLDL uptake
[25]. Similarly, black AGExt demonstrated anti-inflammatory
properties when administered to human umbilical vein
endothelial cells (HUVEC) by preventing tumour necrosis
factor-alpha (TNFa)-induced expression of adhesion mole-
cules (VCAM-1 and ICAM-1) and inhibiting NF-xB tran-
scription factor expression as well as reducing monocyte
adhesion and ROS generation [26,27]. Hence in vitro studies
demonstrate a potential use for AGExt (which has no spe-
cific side-effects and can be taken in high potentially
pharmacologically effective doses) in reducing oxidative
stress, inflammation, and providing endothelial protection
against sheer stress damage. Can these effects prove translat-
able in vitro? Very few studies have investigated interactions
between AGExt and pharmacologically active substances
used to treat patients with CVD, although there are not
thought to be any particular negative synergistic effects [28].
In 2009, Budoff et al. [29] conducted a randomized clinical
trial to assess if AGExt could retard the progression of sub-
clinical atherosclerosis. 65 patients were treated for one year
with AGExt (250 mg) together with vitamin supplements
daily. After one year, patients receiving the AGExt showed
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reduced coronary artery calcium and increased vascular
reactivity (measured by temperature rebound). Total choles-
terol, homocysteine, MDL-LDL auto-antibodies and apoB-
immune complexes were decreased whilst HDL, apoB and
Lp (a) were all significantly increased. In conclusion, this is
the first study to demonstrate improvement in oxidative
markers, vascular function and a significant reduction in the
progression of atherosclerosis in association with dietary
AGEXxt supplementation in humans.

AGEXxt also reduced blood pressure (960 mg/day; sys-
tolic BP reduced by 10.2 mmHg; p=0.03) [30], and
inhibited production of AGEs and glycation-induced
cross-linking in vitro [31] Figure 1. AGEs, produced by
chronic exposure of proteins to high sugar levels are par-
ticularly prevalent in patients with diabetes. When they
bind to the receptor for AGEs (RAGE), they activate cel-
lular signalling pathways associated with inflammation,
generation of oxidative stress and ROS and are asso-
ciated with premature development of atherosclerotic
diabetic lesions, rich in leukocyte infiltrates [32,33].
Components of AGExt (N-acetylcysteine) and AGExt it-
self have been shown to reduce expression of RAGE,
endothelial cell adhesion molecules, NF-kB, MDA, ROS
generation and matrix metalloproteinases culminating in
plaque stabilization in apoE-deficient mice [34].

Resveratrol has strong anti-oxidative and anti-inflammatory
properties

Trans-resveratrol, a polyphenol, and the major grapevine
phytoalexin (3,5,4"-trihydroxystilbene; Figure 2) has
attracted a lot of attention in the last couple of years due
to its extremely potent anti-oxidative and anti-inflamma-
tory capacity and its potential use in the treatment of
vascular disease and prevention or attenuation of athero-
sclerosis [35]. This group of anti-oxidants is thought to
be responsible for the ‘French paradox’ where a low mor-
tality rate for CAD exists in the population despite their
diet of high fat and smoking [36]. In vitro and in vivo
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studies have identified a multitude of potentially protect-
ive effects of this compound. For example, Balestrieri
et al, [37], demonstrated that resveratrol or indeed red
wine alone could significantly prevent TNF-a-induced
reduction in endothelial cell progenitor (EPC) cell num-
ber at physiological concentrations which could posi-
tively impact on re-endothelization of damaged vessels.
Resveratrol was also shown to block Ca** influx in
thrombin-stimulated platelets and to block ADP, colla-
gen and thrombin induced platelet aggregation through
a pathway which may involve inhibition of thromboxane
A2 [38]. Similarly, resveratrol was shown to inhibit
human platelet aggregation stimulated by collagen and
concomitantly induce platelet apoptosis through activa-
tion of caspases-9, 3, and 8 as well as gelsolin and actin
cleavage [39]. Prevention of aggregation coupled with
apoptosis may represent an important mechanism for re-
duction in thrombotic events.

Resveratrol also inhibited both endothelial cell migra-
tion and MCP-1-induced monocyte cell chemotaxis,
which could potentially reduce neointimal vascularisa-
tion and monocyte recruitment into a growing plaque
[40]. Regarding inflammation, roscovitine is a potent in-
hibitor of NF-«B activation, other inflammatory gene ex-
pression (e.g. IL-6, IL-8), endothelial cell adhesion
molecule expression including ICAM-1 and monocyte
adhesiveness to endothelial cells (and recruitment into
the artery wall) in an Akt-dependent manner [35,41].
Resveratrol also inhibits cyclooxygenase and hydroperox-
idase functions thereby reducing inflammation even
more potently [42]. Using an apoE knockout mouse
model, Norata et al. [43] showed that animals fed with a
supplement containing cathechin, caffeic acid and resver-
atrol, had significantly smaller plaques after 8 weeks
(36—40%) in the aortic sinus and ascending aorta mainly
due to a reduction in inflammatory infiltration and ex-
pression of MCO-1, MIP-1a, MIP-1p, CCR1, CCR2 and
ET1 in the vascular wall. Similarly, Kim et al. [44]
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Figure 2 Schematic showing the structure of resveratrol and some of its most potent effects on intracellular signalling associated with
prevention of EC activation and unstable plaque development. Its potent anti-oxidant, anti-inflammatory and EC protective effects are
included here and are thought to be the main reason for its cardio-protective effects and ability to inhibit plaque de-stabilization.
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showed that oral administration of resveratrol sup-
pressed intimal hyperplasia in a wire-injured femoral ar-
tery mouse model. Their further examination of cultured
smooth muscle cells revealed inhibition of PDGEF-
induced ROS and cell proliferation as well as increased
expression of Nrf2 and anti-oxidant response element re-
porter activity associated with HO-1 induction. This data
was in agreement with work performed by Brito et al,
[45], who showed that resveratrol could inhibit oxLDL-
induced smooth muscle cell proliferation via inhibition
of the PI3K/Akt/mTOR/p70S6K pathway.

Endothelial cell function is known to be improved in the
presence of resveratrol through potentiation of endothelial
NO synthase (eNOS) via activation of PPARa and SIRT1 in
vascular endothelial cells and diabetic rats in vivo [38,46].
In monocytes from diabetic patients resveratrol, counter-
acted the pro-atherosclerotic effects of high glucose levels
by reducing super-oxide production through activation of
mitochondrial signalling pathways involving SIRT1-FOXO.
E-selectin was also down-regulated [47]. Studies with type-
1 diabetic rats have shown that treatment with resveratrol
(10 mg/kg) prevented impairment in eNOS and nNOS-
dependent vasodilation in cerebral blood vessels. eNOS
and nNOS were also increased whilst super-oxide dismu-
tase was reduced suggesting a restorative function for vas-
cular tissue and oxidative stress [48]. Nitric oxide regulates
vascular tone, causes endothelium-dependent vasodilation,
and decreases platelet aggregation. In addition it acts as an
anti-oxidant, anti-proliferative and anti-inflammatory mol-
ecule giving it a key role in the inhibition/prevention of
atherosclerosis [49]. A multitude of studies have also shown

a significant reduction in oxidative stress in a variety of car-
diovascular-implicated cells including blood mononuclear
cells (decreased malondialdehyde concentration), human
platelets (reduction in peroxynitrite-induced oxidation),
super-oxide scavenging in damaged rat myocardial tissue
and inhibition of LDL oxidation ([50] for a review).

Other studies show the enormous potential clinical
applications of this compound from demonstrations of its
complete lack of toxicity in humans even at high doses, to
its lipid lowering capability in mammalian models and
general ‘reduction in modifiable risk factors’ [51,52] and
protection of cardiomyocytes against apoptosis [53].

Flavanols and other compounds in green and black tea
extracts

Green and black tea and green and black tea extracts are a
potent source of flavanols (catechins), phenolic acids and
flavonoids, with the catechin (-)-epigallocatechin-3-gallate
(EGCG; Figure 3) perhaps being the most abundant [54].
Studies have shown that these substances delivered as an
extract from de-caffeinated tea (455 mg/day) could reduce
hemodialysis-induced ROS generation and pro-inflamma-
tory cytokine expression in patients [55]. Cross-sectional,
randomized controlled and prospective population studies
have shown that tea intake and/or increased dietary tea fla-
vonoids reduced the risk of cardiovascular disease, with
consistent data demonstrating enhancement of NO pro-
duction and concomitant improvement of endothelial
function as well as reduction in total cholesterol levels and
LDL cholesterol [56]. In one particular population-based
prospective cohort study, (the Ohsaki study), 40,530
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persons from Northern Japan were enrolled, and data
demonstrated an inverse relationship between CVD mor-
tality and tea consumption [57]. Ras et al. [58] showed by
meta-analysis of nine studies that tea consumption was dir-
ectly associated with increased (40%) flow-mediated dila-
tion of the brachial artery (a measurement of endothelial
function), and Tinahones et al., [59] using the same meth-
odology also showed concomitant reduction in oxLDL
levels in patients taking green tea extract supplements
demonstrating potential protection against CVD.

These polyphenols were also shown to significantly re-
duce serum glucose and lipid peroxidation levels in alloxan
diabetic rats [60]. In vivo studies have shown that these
green tea extracts appear to have insulin-like activities, with
EGCG inhibiting intestinal glucose uptake via the sodium-
dependent glucose transporter SGLT1 [61]. In vitro, tea
extracts were shown to inhibit endothelial cell plasminogen
activator inhibitor-1 (PAI-1; inhibits fibrinolysis and
increases the risk of thrombolysis) through a pathway in-
volving PI-3 K/Akt, again, suggesting they may contribute
to cardiovascular protection [62]. Other studies have
demonstrated that green tea extracts reduced plasma trigly-
cerides, insulin resistance and oxidative stress in insulin-
resistant Wistar rats which suggests a potential protective
role against diabetes-associated premature development of
CVD in patients [63].

Should NHP be prescribed as main-line drugs and/
or supplements for patients at risk of Mi?

A substantial amount of data including that provided
above strongly suggests that either alone or possibly in
combination (in the form of a super pill), substances
derived from natural health products such as EGCG,
resveratrol and s-allylcysteine, may have important car-
diovascular health benefits. Although much of the data
is based on work carried out in vitro (mostly to deter-
mine mechanisms of action) and using animal models, a
significant amount of recently reported data from clin-
ical trials now suggests these products prescribed alone
or in combination may prove to be important alternative
or additional main-line prescription drugs. Many of
these bioactive phytochemicals have synergistic effects
making multi-extract combinations more efficient for
targeting more than one target and also meaning that
lower oral doses can be used. For example, Baile et al.
[64] demonstrated that a mixture including resveratrol
and quercetin was able to reduce adipogenesis in ovar-
iectomized rats, and a number of studies have showed
increased anti-tumour activity of polyphenolic mixtures.
However, so far, there are very few studies examining
the potential benefits of these mixtures in protection
against or amelioration of CAD and secondary
complications.
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Hollman et al, [65] recently concluded that whilst
in vitro studies, in vivo models of disease and retrospective
studies strongly suggest that polyphenol-rich products
could have beneficial effects, and that circulating markers
of CVD such as oxLDL, total anti-oxidant capacity, F2-iso-
prostanes and ox-LDL) are often reduced, prospective
studies are lacking, and causal relationships have not yet
been reliably found. The authors go on to suggest that a
direct effect of these bioactive compounds is highly un-
likely as metabolism during ingestion would result in lower
serum circulating levels than those of other existing anti-
oxidants. Furthermore, much more detailed work needs to
be applied to understanding fully the mechanisms of action
of these substances and how each interacts with the most
important factors (inflammation, oxidative stress, angio-
genesis, diabetes and hypertension) associated with early-
medium levels of arterial damage, plaque development and
ultimately symptomatic CAD. Smoliga et al., [66] describes
using resveratrol as an example the lack of understanding
of pharmokinetics of this compound in human metabol-
ism, long-term toxicity studies and drug-drug interactions,
all of which must be established prior to consideration or
justification of its use in routine clinical practice. The situ-
ation would become even more complex in the design of a
super pill composed of several ingredients targeting more
than one anti-atherosclerotic pathway. In vitro studies
demonstrated that higher doses of EGCG were toxic to rat
hepatocytes (100-500 pg/ml) and caused pancreatic [3-cell
damage in streptozotocin-induced diabetic rats (5 mg/kg/
day) [67,68], confirming the importance of further studies.

Nevertheless, the striking potential benefits of the
three substances we have reviewed as well as others ori-
ginating from for example soy, olive oil and cocoa should
be continued to be investigated, with justification, as the
world of vascular biology and in particular the devastat-
ing disease of atherosclerosis is desperately in need of
identification and approval of novel therapeutics. There-
fore, at the present time this group of natural product-
derived substances may represent the best new pharma-
cological preventative/protective treatment strategy. So
far, the numbers of in vivo studies examining the active
ingredients of these substances are still limited, the
major active molecules remain to be identified and syn-
ergistic effects studied in detail before we are ready to
contemplate realistic clinical trials in association with
detailed comparisons with existing pharmacological
agents used for treatment of the major CAD/cerebrovas-
cular risk factors.

Competing interests
The authors declare that they have no competing interests

Acknowledgements

We would like to thank the Fundacion BBVA and PIV for their generous
support of Professor Mark Slevin through their award of Chair in Clinical
Biomedicine at the ICCC, St Pau Hospital, Barcelona.This work was also

Page 7 of 9

supported by the Spanish Ministry of Science (SAF2006-10091 to L.B),
Instituto de Salud Carloslll (CIBEROBN-CB06/03 to L.B.), and RyC (RyC2007-
01466 to M.B-P.). We also acknowledge support from the Nutricia
Foundation.

Author details

!Centro de Investigacion Cardiovascular CSICICCC Hospital de la Santa Creu i
Sant Pau, Pavellé del Convent Sant Antoni Maria Claret, 167 08025, Barcelona,
Spain. ?School of Healthcare Science, John Dalton Building, Manchester
Metropolitan University, Chester Street, Manchester, M1 5GD, UK. *Faculty of
Health, Edge Hill University, Ormskirk, L39 4QP, UK.

Author’s contributions
MS and GM drafted the manuscript; LB, NA and QW edited and provided
additional sections. All authors read and approved the final manuscript.

Received: 25 January 2012 Accepted: 15 February 2012
Published: 30 April 2012

References

1. Santos MG, Pegoraro M, Sandrini F, et al: Risk factors for the development
of atherosclerosis in childhood and adolescence. Arq Bras Cardiol 2008,
90:276-283.

2. Marroquin OC, Kip KE, Mulukutla SR, et al: Inflammation, endothelial cell
activation and coronary microvascular dysfunction in women with chest
pain and no obstructive coronary artery disease. Am Heart J 2005,
150:109-115.

3. Stary HC Chandler AB, Glagov S, et al: A definition of initial fatty streak
and intermediate lesions of atherosclerosis. A report from the committee
on vascular lesions of the council on arteriosclerosis. Circulation 1994,
89:2462-2478.

4. Sitia S, Tomasoni L, Atzeni F, et al: From endothelial dysfunction to
atherosclerosis. Autoimmun Rev 2010, 9:830-834.

5. Tousoulis D, Koutsogiannis M, Papageorgiou N, et al: Endothelial dysfunction:
potential clinical applications. Minerva Med 2010, 101:271-284.

6. Slevin M, Turu MM, Rovira N, et al: Identification of a ‘snapshot’ of co-
expressed angiogenic markers in laser-dissected vessels from unstable
carotid plaques with targeted arrays. J Vasc Res 2010, 47:323-335.

7. Slevin M, Krupinski J, Badimon L: Controlling the angiogenic switch in
developing atherosclerotic plaques: possible targets for therapeutic
intervention. J Angiogenesis Res 2009, 21(1):4.

8. Hulsmans M, Holvoet P: The vicious circle between oxidative stress and
inflammation in atherosclerosis. J Cell Mol Med 2010, 14:70-78.

9. Arora S, Vaishya R, Dabla PK, et al: NAD(P)H oxidases in coronary artery
disease. Adv Clin Chem 2010, 50:65-86.

10.  Holvoet P: Relations between metabolic syndrome, oxidative stress and
inflammation and cardiovascular disease. Verh K Acad Geneeskd Belg 2008,
70:193-219.

11, Jandeleit-Dahm K, Cooper ME: The role of AGEs in cardiovasculr disease.
Curr Pharm Des 2008, 14:979-986.

12. Hochtl T, Tentzeris |, Schror K, et al: Antiplatelet function variability in
clopidogrel-treated patients: need for new antiplatelet agents. Fundam
Clin Pharmacol 2011, [Epub ahead of print].

13. Toyama K, Sugiyama S, Oka H, et al: Rosuvastatin combined with regular
exercise preserves coenzyme Q10 levels associated with a significant
increase in high-density lipoprotein cholesterol in patients with coronary
artery disease. Atherosclerosis 2011, 217:158-164.

14.  Takayama T, Hiro T, Yamagishi M, et al: Effect of rosuvastatin on coronary
atheroma in stable coronary artery disease: multicenter coronary
atherosclerosis study measuring effects of rosuvastatin using
intravascular ultrasound in Japanese subjects (COSMOS). Circ J 2009,
73:2110-2117.

15. Semenova AE, Sergienko IV, Masenko VP, et al: The influence of
rosuvastatin and percutaneous coronary intervention on angiogenic
growth factors in coronary artery disease patients. Acta Cardiol 2009,
64:405-409.

16. Parakh N, Bhargava B: Rate control with ivabradine: angina pectoris and
beyond. Am J Cardiovasc Drugs 2011, 11:1-12.

17. Ferrari R, Guardigli G, Ceconi C: Secondary prevention of CAD with ACE
inhibitors: a struggle between life and death of the endothelium.
Cardiovasc Drugs Ther 2010, 24:331-339.



Slevin et al. Vascular Cell 2012, 4:9
http://www.vascularcell.com/content/4/1/9

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

De Ferrari GM, Leonardi S, Baduena L: Patients with acute coronary
syndrome and nonobstructive coronary artery disease in the real world
are markedly undertreated. J Cardiovasc Med 2011, 12:700-708.
Bhupathiraju SN, Tucker KL: Coronary heart disease prevention: nutrients,
foods, and dietry patterns. Clin Chim Acta 2011, 412:1493-1514.

Shukla SK, Gupta S, Ojha SK: Cardiovascular friendly natural products: a
promising approach in the management of CVD. Nat Prod Res 2010,
24:873-898.

Alherbish A, Charrois TL, Ackman ML, et al: The prevalence of natural
health product use in patients with acute cardiovascular disease. PLoS
One 2011, 6:19623.

Pase MP, Grima NA, Sarris J: The effects of dietry and nutrient
interventions on arterial stiffness: a systematic review. Am J Clin Nutr
2011, 93:446-454.

Morihara N, Hayama M, Fuijii H: Aged garlic extract scavanges superoxide
radicals. Plant Foods Hum Nutr 2011, 66:17-21.

Borek C: Garlic reduces dementia and heart-disease risk. J Nutr 2006,
136:810-812.

Morihara N, Ide N, Weiss N: Aged garlic extract inhibits homocysteine-
induced scavenger receptor CD36 expression and oxidized low-density
lipoprotein cholesterol uptake in human macrophages in vitro. J
Ethnopharmacol 2011, 134:711-716.

Kim HK, Choi YW, Lee EN, et al: 5-hydroxymethylfurfural from black garlic
extract prevents TNFa-induced monocyte cell adhesion to HUVECs by
suppression of vascular cell adhesion molecule-1 expression, reactive
oxygen species generation and NF-kB activation. Phytother Res 2011,
[Epub ahead of print].

Lee EN, Choi YW, Kim HK, et al- Chloroform extract of aged black garlic
attenuates TNF-a-induced ROS generation, VCAM expression, NF-kB
activation and adhesiveness for monocytes in human umbilical vein
endothelial cells. Phytother Res 2011, 25:92-100.

Berginc K, Zakelj S, Kristi A: In vitro interactions between aged garlic
extract and drugs used for the treatment of cardiovascular and diabetic
patients. Eur J Nutr 2010, 49:373-384.

Budoff MJ, Ahmadi N, Gul KM, et al: Aged garlic extract supplemented
with B vitamins, folic acid and L-arginine retards the progression of
subclinical atherosclerosis: a randomised clinical trial. Prev Med 2009,
49:101-107.

Ried K, Frank OR, Stocks NP: Aged garlic extract lowers blood pressure in
patients with treated but uncontrolled hypertension: a randomised
controlled trial. Maturitas 2010, 67:144-150.

Ahmad MS, Ahmed N: Antiglycation properties of aged garlic extract: possible
role in prevention of diabetic complications. J Nutr 2006, 136:796-799.
Barlovic DP, Soro-Paavonen A, Jandeleit-Dahm KA: RAGE biology,
atherosclerosis and diabetes. Clin Sci 2011, 121:43-55.

Park S, Yoon SJ, Tae HJ, et al: RAGE and cardiovascular disease. Front Biosci
2011, 16:486-497.

Lu'Y, Qin W, Shen T, et al: The antioxidant N-Acetylcysteine promotes
atherosclerotic plaque stabilization through suppression of RAGE, MMPs
and NF-kB in ApoE-deficient mice. J Atheroscler Thromb 2011, [Epub ahead
of print].

Csiszar A: Anti-inflammatory effects of resveratrol: possible role in
prevention of age-related cardiovascular disease. Ann N Y Acad Sci 2011,
1215:117-122.

Lippi G, Franchini M, Favaloro, et al: Moderate red wine consumption and
cardiovascular disease risk: beyond the “French paradox”. Semin Thromb
Hemost 2010, 36:59-70.

Balestrieri ML, Schiano C, Felice, et al: Effect of low doses of red wine and
pure resveratrol on circulating endothelial progenitor cells. J Biochem
2008, 143:179-186.

Yang J, Wang N, Zhu Y, et al: Roles of SIRT! In high glucose-induced
endothelial impairment: association with diabetic atherosclerosis. Arch
Med Res 2011, [Epub ahead of print].

Lin KH, Hsiao G, Shih CM, et al: Mechanisms of resveratrol-induced platelet
apoptosis. Cardiovasc Res 2009, 83:575-585.

Cicha |, Regler M, Urschel K; et al: Resveratrol inhibits monocyte cell
chemotaxix to MCP-1 and prevents spontaneous endothelial cell
migration through Rho kinase-dependent mechanism. J Atheroscler
Thromb 2011, [Epub ahead of print].

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 8 of 9

Tsai YF, Liu FC, Lau YT, et al: Role of Akt-dependent pathway in
resveratrol-mediated cardioprotection after trauma-hemorrhage. J Surg
Res 2011, [Epub ahead of print].

Kang OH, Jang HJ, Chae HS, et al: Anti-inflammatory mechanisms of
resveratrol in activated HMC-1 cells: pivotal roles in NF-kappaB and
MAPK. Pharmacol Res 2009, 59:330-337.

Norata GD, Marchesi P, Passamonti S, et al: Anti-inflammatory and anti-
atherogenic effects of cathechin, caffeic acid and trans-resveratrol in
apolipoprotein E deficient mice. Atherosclerosis 2007, 191:265-271.

Kim JW, Lim SC, Lee MY, et al- Inhibition of neointimal formation by
trans-resveratrol: role of phosphatidyl inositol 3-kinase-dependent Nrf2
activation in heme oxygenase-1 induction. Mol Nutr Food Res 2010,
54:1497-1505.

Brito PM, Devillard R, Negre-Salvayre A, et al: Resveratrol inhibits mTOR
mitogenic signalling evoked by oxidized LDL in smooth muscle cells.
Atherosclerosis 2009, 205:126-134.

Takahashi S, Nakashima Y: Repeated and long-term treatment with
physiologic concentrations of resveratrol promotes NO production in
vascular endothelial cells. Br J Nutr 2011, [Epub ahead of print].

Yun JM, Chien A, Jialal |, et al: Resveratrol up-regulates SIRT-1 and inhibits
cellular oxidative stress in the diabetic milieu: mechanistic insights. J Nutr
Biochem 2011, [Epub ahead of print].

Arrick DM, Sun H, Patel KP, et al: Chronic resveratrol treatment restores
vascular responsiveness of cerebral arterioles in type 1 diabetic rats. Am
J Physiol Heart Circ Physiol 2011, 301:696-703.

Gkaliagakousi E, Ferro A: Nitric oxide signalling in the regulation of
cardiovascular and platelet function. Front Biosci 2011, 16:1873-1897.
Kovacic P, Somanathan R: Multifaceted approach to resveratrol bioactivity:
focus on anti-oxidant action, cell signalling and safety. Oxid Med Cell
Longev 2010, 3:86-100.

Juhasz B, Das DK, Kertesz A, et al: Reduction of blood cholesterol and
ischaemic injury in the hypercholesteromic rabbits with modified
resveratrol, longevinex [corrected]. Mol Cell Biochem 2011, 348:199-203.
Robich MP, Osipov RM, Chu LM, et al: Resveratrol modifies risk factors for
coronary artery disease in swine with metabolic syndrome and
myocardial ischaemia. Eur J Pharmacol 2011, 664:45-53.

Chen CJ, Yu W, Fu YC, et al: Resveratrol protects cardiomyocytes from
hypoxia-induced apoptosis through the SIRT1-FoxO1 pathway. Biochem
Biophys Res Commun 2009, 378:389-393.

Chacko SM, Thambi PT, Kuttan R, et al: Beneficial effects of green tea: a
literature review. Indian J Gastroenterol 2010, 30:118-127.

Hsu SP, Wu MS, Yang CC, et al: Chronic green tea extract supplementation
reduces hemodialysis-enhanced production of hydrogen peroxide and
hyperchlorous acid, atherosclerotic factors, and pro-inflammatory
cytokines. Am J Clin Nutr 2007, 86:1539-1547.

Hodgson JM, Croft KD: Tea flavonoids and cardiovascular health. Mo/
Aspects Med 2010, 31:495-502.

Kuriyama S: The relation between green tea consumption and
cardiovascular disease as evidenced by epidemiological studies. J Nutr
2008, 138:1548-1553.

Ras RT, Zock PL, Draijer R: Tea consumption enhances endothelial-
dependent vasodilation: a meta-analysis. PLoS One 2011, 6:16974.
Tinahones FJ, Rubio MA, Garrido-Sanchez L, et al- Green tea reduces
oxidability and improves vascular function. J Am Col Nutr 2008, 27:209-
213.

Sabu MC, Smitha K, Kuttan R: Anti-diabetic activity of green tea
polyphenols and their role in reducing oxidative stress in experimental
diabetes. J Ethnopharmacol 2002, 83:109-116.

Kobayashi Y, Suzuki M, Satsua H: Green tea polyphenols inhibit the
sodium-dependent glucose transporter of intestinal epithelial cells by a
competitive mechanism. J Agric Food Chem 2000, 48:5618-5623.

Liu J, Ying C, Meng Y, et al: Green tea polyphenols inhibit plasminogen
activator inhibitor-1 expression and secretion in endothelial cells. Blood
Coagul Fibrinolysis 2009, 20:552-557.

Hininger-Favier |, Benaraba R, Coves S, et al: Green tea extract decreases
oxidative stress and improves insulin sensitivity in an animal model of
insulin resistance, the fructose fed rat. J Am Coll Nutr 2009, 28:355-361.
Baile CA, Yang YJ, Rayalam S, et al: Effect of resveratrol on fat mobilization.
Ann NY Acad Sci 2011, 1215:40-47.



Slevin et al. Vascular Cell 2012, 4:9
http://www.vascularcell.com/content/4/1/9

65.

66.

67.

68.

Hollman PC, Cassidy A, Comte B, et al: The biological relevance of direct
antioxidant effects of polyphenols for cardiovascular health in humans is
not established. J Nutr 2011, 141:989-1009.

Smoliga JM, Vanf O, Baur JA: Challenges of translating basic research into
therapeutics: resveratrol as an example. J Gerentol A Biol Sci Med Sci 2011,
[Epub ahead of print].

Schmidt M, Schmitz HJ, Baumgart A, et al: Toxicity of green tea extracts
and their constituents in rat hepatocytes in primary culture. Food Chem
Toxicol 2005, 43:307-314.

Yun SY, Kim SP, Song DK: Effects of (—)-epigallocatechin-3-gallate on
pancreatic beta-cell damage in streptozotocin-induced diabetic rats. Fur J
Pharmacol 2006, 541:115-121.

doi:10.1186/2045-824X-4-9

Cite this article as: Slevin et al: Unique vascular protective properties of
natural products: supplements or future main-line drugs with significant
anti-atherosclerotic potential?. Vascular Cell 2012 4:9.

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:

* Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central




	Abstract
	Introduction
	Key features of coronary atherosclerotic plaque development
	The importance of plaque vascularisation
	Oxidative stress

	Current preventative and treatment strategies for CAD
	Limitations of current treatments

	Current use of NHP in clinical practice
	Evidence for the protective properties of AGExt, Resveratrol and GTE in CVD
	Evidence for the protective properties of AGExt
	Resveratrol has strong anti-oxidative and anti-inflammatory properties

	link_Fig1
	Flavanols and other compounds in green and black tea extracts

	link_Fig2
	Should NHP be prescribed as main-line drugs and/or supplements for patients at risk of MI?
	link_Fig3
	show [art]
	Acknowledgements
	Author details
	Author&rsquo;s contributions
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48
	link_CR49
	link_CR50
	link_CR51
	link_CR52
	link_CR53
	link_CR54
	link_CR55
	link_CR56
	link_CR57
	link_CR58
	link_CR59
	link_CR60
	link_CR61
	link_CR62
	link_CR63
	link_CR64
	link_CR65
	link_CR66
	link_CR67
	link_CR68


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


