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Abbreviations

AMI: Acute Myocardial Infarction

OFR: Oxygen Free Radicals

Ox LDL AB: Antibodies against Oxidized Low Density Lipoprotein

Apo: Apolipoprotein

CAD: Coronary Artery Disease

ROS: Reactive Oxygen Species 

ELISA: Enzyme-Linked Immunosorbent Assay

HDL: High-Density Lipoprotein

LDL: Low-Density Lipoprotein

Lp (a): Lipoprotein (a)

MDA: Malonic Dialdehyde

NO: Nitric Oxide

ATP: Adenosine Tri Phosphate

NOS: Nitric Oxide Synthetase 

AGE: Advanced Glycation Products 



 2Impact of Anti-Oxidized Low Density Lipoprotein Antibodies in Heart Failure and Coronary Artery Disease. Role of Antioxidants  2

Declaration
I, Dr. Gideon Charach , hereby solemnly declared that the article entitled”  Impact of Anti Oxidized Low Density Lipoprotein 
Antibodies in Heart Failure and Coronary Artery Disease  Role of Anti Oxidants”  is my original work except where otherwise 
acknowledged in the text and has not been submitted or published earlier and shall not, in future, be submitted by me. 



 3Impact of Anti-Oxidized Low Density Lipoprotein Antibodies in Heart Failure and Coronary Artery Disease. Role of Antioxidants  3

Acknowledgement
Heartfelt thanks to my friend - Professor Jacob George - Kaplan Medical Center, Rehovot, Israel who introduced me to 
the theme - oxidized LDl antibodies - and made writing of this book possible, he had been supportive in the research and 
writing of several articles.



 4Impact of Anti-Oxidized Low Density Lipoprotein Antibodies in Heart Failure and Coronary Artery Disease. Role of Antioxidants

Chapter 1

Chapter 1
Abstract



 5Impact of Anti-Oxidized Low Density Lipoprotein Antibodies in Heart Failure and Coronary Artery Disease. Role of Antioxidants

Chapter 1

Abstract 
Oxidative stress may play a significant role in the pathogenesis of heart failure (HF). Antibodies to oxidized low-density 
lipoprotein (Ox LDL Abs) reflect an immune response to LDL over a prolonged period and may represent long-term oxidative 
stress in HF. The Ox LDL plasma level is a useful predictor of mortality in HF and coronary artery disease (CAD) patients, 
and measurement of the Ox LDL Abs level may allow better management of those patients. Antibodies to Ox LDL also 
significantly correlate with the New York Heart Association (NYHA) score. Smoking, hypercholesterolemia, hypertension 
and obesity are known risk factors for atherosclerotic coronary artery disease (CAD) leading to heart failure, but these 
factors account for only 50% of all cases and our understanding of the pathogenesis underlying HF remains incomplete. 
Nutrients with antioxidant properties can reduce the susceptibility of LDL to oxidation. Treatment by antioxidants may be an 
adjunct to lipid-lowering, angiotensin converting enzyme inhibition and metformin (in diabetes) therapy due to the greatest 
impact on CAD and HF. There are many reports that suggest a protective effect of antioxidant supplementation on the 
incidence of HD. This review summarizes the data on Ox LDL Abs as a predictor of morbidity and mortality in HF patients.

Keywords: Heart Failure; Oxidized Low-Density Lipoproteins; Antibodies; Antioxidants
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Introduction
The clinical syndrome of chronic heart failure (HF) as 
characterized by abnormalities of left ventricular function and 
neurohormonal regulation, which are accompanied by effort 
intolerance, fluid retention and decreased longevity, were 
described for the first time by Milton Packer [1]. Dysfunction 
of vascular endothelium in patients with HF is a main 
component in the characteristic systemic vasoconstriction 
and reduced peripheral perfusion. Regulation of vascular 
endothelial tonus is mediated mainly by nitric oxide (NO) [2]. 
Oxidative stress is a term that determinates the imbalance 
between different factors that promote production of 
reactive oxygen species (ROS) and the ability to scavenge 
and neutralize the toxic byproducts of these reactive free 
radicals [3-5]. Normally ROS react with NO in the setting 
of decreased antioxidant defenses that would clear these 
radicals, culminating in attenuated endothelium-dependent 
vasodilatation in patients with heart failure [2,3-5].

 Several studies suggested that oxidative stress could be 
involved in the pathogenesis of HF. Reactive free radicals 
have a pathogenetic role in the progressive deterioration 
of the decompensating myocardium [5,6] as well. Infusion 
of oxidized free radicals produces a marked decrease in 
myocardial contractility [2,3,6-10]. Immunoglobulins to 
oxidized low-density lipoprotein (Ox LDL) were discovered 
by chance by Beaumont in a patient with multiple myeloma 
and hyperlipidemia [9]. Antibodies (Ab) against Ox LDL 
were found in several diseases other than atherosclerosis, 
among them HF, diabetes mellitus, renovascular syndrome, 
uremia, rheumatic fever, ankylosing spondylitis and lupus 
erythematosus [2,3,11,12]. Moreover, antibody levels of Ox 
LDL antibodies were reported to correlate significantly with 
the clinical status of HF patients, as defined by their New 
York Heart Association (NYHA) score [8]. Measurements of 
Ox LDL Abs also reflect the status of lipoprotein oxidation 
over a prolonged period [3,10].

Assessment of oxidative stress in humans is complex 
since there is no standardized, reproducible methodology 
[7,8,10]. The purpose of this book is to acquaint the reader 
with the new investigations on Ox LDL Abs and their use 
and determination in clinical practice. Current review 
also cites recent studies on antioxidants and shows their 
implications in the treatment in HF and CAD emphasizing 
that antioxidants may contribute to better treatment and 
longevity [11-17].

Pathophysiology of LDL oxidation
Oxygen radicals

Oxygen free radicals have a crucial role in the origin of life 
and biological evolution, bestowing beneficial effects on the 
organisms [18]. The ROS are involved in many biochemical 
activities of cells, such as signal transduction, gene 
transcription and regulation of soluble guanylate cyclase 
activity. People are constantly exposed to free radicals 
created by electromagnetic radiation from the human-made 
environment, such as pollutants and cigarette smoke. 

Natural resources, such as radon, cosmic radiation, as well 
as cellular metabolisms (respiratory burst, enzyme reactions) 
also add oxygen free radicals to the environment. The most 
common reported cellular free radicals are hydroxyl (OH•), 
superoxide (O2–•) and nitric monoxide (NO). Even some 
other molecules, such as hydrogen peroxide (H2O2) and 
peroxynitrite (ONOO–), are not free radicals, and they are 
often reported to generate free radicals through various 
chemical reactions [10]. The most known is NO which is an 
important signaling molecule that efficiently regulates the 
relaxation and proliferation of smooth, vascular muscle cells, 
leukocytes adhesion, platelets aggregation, angiogenesis, 
thrombosis, vascular tone and hemodynamics [11-17]. Cells 
exposed to environment fortified with oxygen continuously 
generate oxygen free radicals (OFR). Defense systems of 
antioxidants co-evolved along with aerobic metabolism to 
counteract oxidative damage from OFR [21]. The human 
body produces oxygen free radicals and other ROS as by 
products through numerous physiological and biochemical 
reactions. Oxygen-related free radicals (superoxide 
and hydroxyl radicals) and reactive species (hydrogen 
peroxide, nitric oxide, peroxynitrite and hypochlorous acid) 
are produced in the body, primarily as a result of aerobic 
metabolism [22,23].

Creation of ROS is a particularly destructive mechanism 
of oxidative stress. Such species include oxygen free 
radicals and peroxides. Some of these species (such as 
superoxide) can be converted by oxidoreduction reactions 
with transition metals or other redox cycling compounds 
(including quinones) into more aggressive radical species 
that can cause severe cellular damage [24-26]. Majority 
of long-term effects are caused by damage to DNA [24-
29]. This lesion of DNA induced by ionizing radiation is 
similar to oxidative stress, and these lesions have been 
implicated in the aging process and in cancer. Biological 
effects of single-base damage by radiation or oxidation, 
such as 8-oxoguanine and thymine glycol, have been 
extensively studied. The main interest has recently shifted 
to some of the more complex lesions. DNA damages are 
formed at substantial frequency by ionizing radiation and 
metal-catalyzed H2O2 reactions. In anoxic conditions, the 
predominant double-base lesion is a species in which C8 
of guanine is linked to the 5-methyl group of an adjacent 
3’-thymine [24-26]. The majority of these ROS species are 
produced at a low level by normal aerobic metabolism, and 
normal defense mechanisms of the cells destroy most of 
them. Normally, any lesion to cells is constantly repaired. 
However, under the extensive levels of oxidative stress 
that cause necrosis, the damage causes ATP depletion, 
preventing controlled apoptotic death and causing the cell 
to simply fall apart [24-26]. 

LDL Oxidation

Oxidation of LDL is a complex process that takes place 
in both the extra- and intracellular space [3,10,12-15]. 
It plays an important role in endothelial dysfunction as 
follows. Modification of LDL particles due to oxidation, 
glycation and binding of advanced glycation end-products 
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or malondialdehyde (MDA, a final product of lipid 
peroxidation) is considered as being crucial in the process 
of atherogenesis [4,7]. Oxidatively modified LDL particles 
are distinguished by another receptor type, which was 
discovered on the surface of macrophages and termed “the 
scavenger receptor [3,10,13,14]. Massive intake of LDL 
converts macrophages to foam cells, and their accumulation 
under the vascular endothelium is involved in the initiation 
of atherosclerosis [7,13,14]. 

Ox LDL Antibodies

Modified LDL particles show chemotactic, cytotoxic and 
immunogenic properties at the end of this oxidative 
process. The Ox LDL particles express a large number of 
epitopes and cause the production of a polyclonal mixture 
of Abs (isoantibodies IgA and IgG) caused by HDL and 
LDL polymorphism against these products, especially the 
lipid phase of LDL, against apoB100 modified by MDA and 
4-hydroxynonenal [3,12-14]. 

Immune defense

The immune system uses the lethal effects of oxidants by 
making the production of oxidizing species a central part of its 
mechanism of killing pathogens, with activated phagocytes 
producing both ROS and reactive nitrogen species. These 
include superoxide (O2-), NO and their particularly reactive 
product, peroxynitrite (ONOO-) [27]. However, Abs can also 
stimulate other immune effects, such as immune opsonin-
associated antigen binding to phagocytes, complement 
activation, and presentation of antigens to T lymphocytes, 
to trigger an adaptive immune response. Antibodies to Ox 
LDL playing an important role in these immune functions 
can induce an immune injury [17,18,21-29].

Antibodies to Ox LDL belong to different classes and 
subclasses, including IgA, IgG1, IgG2, IgG3, and IgM, 
as well as specific idiotypes [5,6,24-33]. The multiple 
classes and subclasses of anti-Ox LDL Abs may result in 
heterogeneous effects: namely, Ox LDL (not antibodies) 
contains phospholipids; IgG2 is the dominant subclass to 
respond to epitopes containing phospholipids; and the IgG3 
subclass fixes, complements better, and binds Fc receptors 
more avidly and thus has more pathogenic properties than 
the IgG2 subclass [24-33]. However, these differences in 
Ox LDL Abs characteristics and their correlation with clinical 
manifestations have not yet been analyzed [26,28,30-36]. 

Molecules of Ox LDL may act as an auto antigen. It is 
frequently present in the sera of patients with autoimmune 
conditions, acute coronary syndrome, or stable coronary 
artery disease (CAD) [15-18]. Ox LDL molecules have 
been associated with both subclinical atherosclerosis 
and inflammatory processes [19,20]. A large amount of 
Ox LDL accumulates in atherosclerotic plaques, [29-31] 
and the serum concentrations of circulating Ox LDL may 
correlate with the severity of coronary diseases [23] and 
unstable angina [24]. Ox LDL is an immunogenic molecule 
that stimulates production of anti-Ox LDL Abs. Therefore, 
it is not surprising that an association was found between 

the presence of anti-Ox LDL Abs, atherosclerosis and 
cardiovascular disease (CVD) [26,29-36].

Immune regulation of anti Ox LDL Abs 

The Ox LDL Abs in healthy people seem to be native 
Abs [6-8,24-26,29-36] that neutralize and catabolize Ox 
LDL [6-8,26,29-38]. Native Abs and anti-idiotypic Abs 
with intravenous immunoglobulin (IVIG) could affect 
atherosclerosis and CAD progression. The administration 
of IVIG to apoE-deficient mice modulated both the 
development of fatty streaks and the progression to fibro 
fatty atherosclerotic plaques and resulted in reduced 
atherosclerosis [24-38]. The treatment by intravenous 
immunoglobulin was associated with T-cell energy and 
reduction of IgM anti-Ox LDL Abs titers. Human IVIG from 
different manufacturers contains both protective anti-Ox 
LDL Abs and anti-idiotypic Abs to anti-Ox LDL Ab [6-8,26, 
29-36].

Ox LDL Abs bind Ox LDL and create immune complexes. 
Circulating immune complexes are not pathogenic. They 
cause damage only if they are deposited in tissues. The 
pathogenesis of atherosclerosis and CAD involves different 
mechanisms, including the response of the vessel wall to 
injury, toxic effects of immune complexes, and the effects 
of Ox LDL [32-38]. These mechanisms supplement each 
other: Ox LDL induce an immune reaction, with one of the 
consequences being the production of immune complexes 
[24-28,30-35].

Immunoglobulins to Ox LDL (Abs against Ox LDL) can 
be found directly in intimal lesions or as a component 
of circulating immune complexes [2,12-14]. Increased 
generation of ROS reportedly promoted patients exercise 
intolerance and decreased tissue perfusion due to increased 
peripheral resistance in patients with HF and CAD [2]. 
Moreover, Ox LDL Abs levels correlated with the quality of 
HF treatment control, as reflected by the number of hospital 
admissions recorded in the year prior to enrolment [4,8]. 
The changes and correlations of Ox LDL Abs, anti-beta-2-
glycoprotein I IgG and antiphospholipid antibodies explain 
the immunological mechanism between thrombotic and 
atherosclerotic processes in the human body [3,13,14], 
therefore indicating that the increased concentration of Ox 
LDL Abs correlates with the severity of HF and CAD.

Lectin-like Ox LDL scavenger receptor-1 (LOX-1)

The biological effects of Ox LDL are mediated via its 
receptors. A number of scavenger receptors for Ox 
LDL, such as SR-A1/II, CD36, SR-B1, and CD68, have 
been identified on smooth muscle cells monocytes and 
macrophages [34-37]. However, these receptors are not 
present on vascular endothelial cells in any significant 
amount. It has been suggested that vascular endothelial 
cells in culture and in vivo internalize and degrade Ox 
LDL through a receptor-mediated pathway that does not 
involve the macrophage scavenger receptors [3-6,32-39]. 
LOX-1 as a very important molecule that is responsible 
for Ox LDL uptake by vascular endothelial cells. Ox LDL 
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uptake via LOX-1 causes endothelial activation [38-45]. 
Uptake of Ox-LDL in endothelial cells (internalization) and 
subsequent extrusion may be a mechanism by which Ox-
LDL is transported to the sub endothelium [35-37,40-43].

Ox LDL plays a crucial role in a many of cardiovascular 
diseases, including atherosclerosis, hypertension and 
ischemia of the myocard. Encoded by the OLR1 gene, 
LOX-1 is the major receptor for Ox LDL at the surface of 
the cells. LOX-1 activation by Ox LDL, ROS, angiotensin 
II and inflammatory signals causes many pathological 
processes: cell proliferation, apoptosis and autophagy, 
which are hallmarks of the atherosclerotic lesions. LOX-1 
is also involved in mitochondrial DNA damage-mediated 
inflammatory response [38-43]. All these experimental 
observations support the possible contribution of LOX-1 
to the pathogenesis of CVD, particularly atherosclerosis, 
indicating that targeting LOX-1 may be an effective strategy 
for the treatment of CVD. These data summarize current 
knowledge of LOX-1 function and possible therapeutic 
options targeting LOX-1 in CAD [35-45]. 

It has been observed that Ox LDL increases intracellular 
free radical production and activates transcription factor 
NF-κB in bovine endothelial cells [38-40]. It should be noted 
that Ox LDL might stimulate different signal pathways, which 
interact with each other. These mechanisms may reflect 
the complicated cross-processes between intracellular 
signaling pathways induced by Ox-LDL and other pro-
atherogenic signals [40-55].

Atherosclerosis is an established etiology of myocardial 
ischemia, peripheral vascular disease, cerebrovascular 
disease and several other CVD. It was proven that Ox 
LDL is more potent in the development of atherosclerosis 
than native LDL [34-43]. This finding strongly suggest 
that Ox LDL starts and sustains atherogenesis by LOX-1 
activation. We previously mentioned that LOX-1 deletion 
may prevent atherogenesis in LDLR knockout mice fed a 
high cholesterol diet [34-43]. In human LOX-1 gene has 
been also confirmed as being associated with several 
other CVD [37-39]. Reperfusion injury results in temporary 
cessation of coronary blood circulation, needed treatment 
by thrombolysis, percutaneous coronary interventions, and 
coronary bypass grafting. In mice with myocardial ischemia-
reperfusion injury, Kataoka et al. [42] found that, compared 
with normal IgG or saline administration, LOX-1 inhibition 
by its Ab treatment resulted in a nearly 50% reduction in 
myocardial infarct size. Animal studies using an ischemia-
reperfusion model in which rats received pretreatment 
with LOX-1 Ab, Li et al. [40] reported that LOX-1 inhibition 
prevented adhesion molecule expression and leukocyte 
activation and accumulation [41-45]. For determination of 
the role of LOX-1 in ischemia-reperfusion injury to the heart, 
Hu et al. [44] subjected wild-type and LOX-1 knockout mice 
to one hour of left coronary artery occlusion followed by 
another one hour min of reperfusion. This investigation 
showed that LOX-1 knockout resulted in a significant 
reduction of myocardial damage and in the recruitment of 
inflammatory cells [39,45-51].

Atherosclerosis

The etiology of atherosclerosis is complex and 
multifactorial, but there is extensive evidence indicating that 
oxidized lipoproteins and Ab against Ox LDL may play a 
critical role. At present, the site and mechanism by which 
lipoproteins are oxidized are not resolved, and it is not 
clear if oxidized lipoproteins form locally in the artery wall 
and/or are sequestered in atherosclerotic lesions following 
the uptake of circulating oxidized lipoproteins [32-39,46-
56]. The diet-derived oxidized fatty acids in chylomicron 
remnants and oxidized cholesterol in remnants and LDL 
accelerate atherosclerosis by increasing oxidized lipid 
levels in circulating LDL and chylomicron remnants. This 
hypothesis is supported by the experiments in feeding 
animals. In rabbits fed oxidized fatty acids or oxidized 
cholesterol, the fatty streak lesions in the aorta were 
increased by one hundred percent!! Furthermore, dietary 
oxidized cholesterol significantly increased aortic plucks in 
apo-E and LDL receptor-deficient mice. A typical Western 
diet is rich in oxidized fats and therefore could contribute to 
the increased arterial atherosclerosis in the population of 
developed countries [26,33,37-38,53-58]. 

Role of Ox LDL in atherosclerosis

The importance of Ox LDL in atherosclerosis was first 
established through the use of the antioxidant probucol in 
atherosclerosis-prone hyperlipidemic (WHHL) rabbits [26,38-
403,40-49]. Those investigations showed the significance 
of the oxidative state (stress) in atherogenesis. The pro-
oxidant state is present in all stages of atherosclerosis 
from the beginning to the thrombotic event. Oxidative 
stress and formation of Ox LDL are potent mitogens for 
smooth muscle cells [43,48-56]. Ox LDL is absorbed by 
the macrophages, which become foam cells. To elucidate 
the role of Ox LDL for plaque instability in CAD, Ehara et 
al. [49,50] measured plasma Ox LDL levels in patients 
with acute myocardial infarction, unstable angina pectoris, 
and stable angina pectoris. Levels of Ox LDL in patients 
plasma who suffered from acute myocardial infarction 
were much higher than in patients with unstable or stable 
angina pectoris. Importantly, serum levels of total, HDL, 
and LDL cholesterol did not vary among those groups. The 
post mortem data in patients who died of acute myocardial 
infarction revealed that the epicenter of coronary lesion 
contained abundant macrophage-derived foam cells with 
distinct positivity for Ox LDL and its receptors! Those results 
strongly suggested an important role for Ox LDL in the 
development of plaque instability which was found in human 
coronary atherosclerotic lesions. Increased concentration 
of Ox LDL in blood were also shown to be higher in patients 
with diabetes mellitus [50]. As it was mentioned earlier [55] 
soluble LOX-1 levels are significantly higher in the serum 
of patients with myocardial ischemia than in those of the 
control group. Recent studies established that soluble LOX-
1 may well become the marker for early diagnosis of acute 
coronary syndrome [38-42,48-53].
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Ox LDL Ab –Destructive and Protective

Pathophysiologic role of Ox LDL Ab

Several studies found associations between anti-Ox LDL 
Abs and CVD-related conditions [8,47-53]. Immunoglobulins 
in atherosclerotic plucks [53] - specifically recognize Ox 
LDL. Elevated anti-Ox LDL Abs concentrations may be a 
predictor for the development of atherosclerosis, CAD and 
CVD [48-54]. Those Abs are the most effective indicators 
in the prediction of the extent of coronary atherosclerosis 
[48-52]. The presence of high concentrations of Ox LDL Ab 
is also associated with a higher risk for coronary restenosis 
after percutaneous transluminal coronary angioplasty [49-
55]. Higher levels of the Abs in patients with peripheral 
occlusive arterial disease portend more extensive 
atherosclerotic lesions [47-55]. Elevated levels of Ox LDL 
Abs are related to other diseases as hypertension, systemic 
vasculitis, peripheral vascular disease, cerebrovascular and 
other non coronary atherosclerosis [25,28,29,47-51,55-66].

However, there is also a defensive role of Ox LDL Abs in 
humans. Human anti-Ox LDL Abs play an important role in 
the regulation of Ox LDL levels. These Abs have been found 
in children, healthy adults [48,58], and patients with coronary 
heart disease [47-52]. Circulating Abs that recognize Ox LDL 
are present in children without cardiac diseases. The levels 
of the Ab in children are significantly higher than in adults, 
[48-52,58,59] suggesting that they may not necessarily 
be related to atherosclerosis and CVD. It is probable that 
the high levels of Ab in children modulate the antigen and 
thus protect against the development of atherosclerosis 
and cardiovascular diseases. One investigation of anti-Ox 
LDL Abs in patients with early CVD revealed that those Abs 
were decreased in patients with borderline hypertension 
[49]. The results of a survey on complications of diabetic 
CAD supported that finding [33,47-52]. 

Ox LDL in endothelial atheroma

Atherosclerosis is recognized as a chronic inflammatory 
disease of the arterial wall that leads to atheromatous 
plaque formation. There is a consensus based on recent 
studies that oxidation of LDL in the endothelial wall is an 
early event in atherosclerosis [24,53]. Indeed, the circulating 
LDL particles are transported from the vascular space 
into the arterial endothelium by transcytosis mechanism 
[41,47-53]. LDL is retained in the extracellular matrix of 
the subendothelial space through the binding of basic 
amino acids in a polipoprotein B100 to negatively charged 
sulphate groups of proteoglycans in the extracellular 
matrix, where it is prone to be oxidized by oxidative stress, 
producing Ox LDL [21,33,48-53]. It is known that Ox LDL 
participates actively in atheromatous plaque formation, and 
that it is retained there. Multiple studies provided evidence 
to suggest that Ox LDL contributes to atherosclerotic plaque 
formation in several ways. In fact, at least four mechanisms 
complementary to each other have been proposed: a) 
endothelial dysfunction, b) foam cell formation, c) migration 
and proliferation of smooth muscle cells and d) induction of 
platelet adhesion and aggregation [21,33,48-53].

Endothelial Dysfunction

Endothelial dysfunction is a pathological condition in which 
the endothelium displays an impairment of anti-inflammatory, 
anti-coagulant and vascular regulatory properties. It is the 
crucial event in the development of atherosclerosis. Ox 
LDL formed and retained in the sub-endothelial space 
activates endothelial cells through the induction of the 
cell surface adhesion molecules which, in turn, induce the 
rolling and adhesion of blood monocytes and T cells. It was 
reported that Ox LDL induces the expression of intercellular 
adhesion molecule-1 (ICAM-1) and vascular-cell adhesion 
molecule-1 (VCAM-1), increasing the adhesive properties 
of endothelium in a similar manner as that of the effect of 
pro-inflammatory cytokines, as interleukin 1 beta, known as 
“leukocytic pyrogen”, “leukocytic endogenous mediator”, 
“mononuclear cell factor”, “lymphocyte activating factor” 
and stimulates impairment of endothelial barrier function 
in post capillary venules. It increase pro-coagulation by 
activation of platelet factors, which stimulates development 
of thrombus [26,28,30,32,-34,38,42,44,48- 56].

The recruited blood leukocytes migrate into the tunica 
intima guided by chemokines. In fact, Ox LDL stimulates 
endothelial cells and smooth muscle cells to secrete 
monocyte chemotactic protein-1 (MCP-1), and monocyte 
colony-stimulating factor (m CSF) to induce the accumulation 
of monocytes in the endothelium [28,30,32-34,38,47-56]. 
Moreover, Ox LDL itself can play the role of chemotactic 
factor for monocytes and T lymphocytes, since it possesses 
lyso-phosphatidylcholine, and for macrophages as well 
[28,30,32-34,36,48-52,53-59].

NO is recognized as an important cardiovascular protective 
molecule because it exerts vasodilator properties and inhibits 
the adhesion of leucocytes and platelets to endothelium. It is 
generated in the vasculature by endothelial NO synthethase 
(e NOS): the impairment of NO (nitric oxide) production and 
the secretion by endothelial cells is considered one of the 
most important characteristic of endothelial dysfunction 
[28,30,32-34,38,50-56].

NO production from endothelial cells is inhibited by Ox 
LDL, given that Ox LDL may induce cholesterol depletion 
in the plasma membrane invaginations (“caveolae”), which 
causes the translocation of the protein caveolin and eNOS 
from the membrane domains, inhibiting eNOS activity in 
endothelial cells [26, 28,30,32-34,38,49-53,67-69]. Another 
mechanism has also been proposed to explain the inhibitory 
effect of Ox LDL over NO production in endothelial cells. It 
has been reported that Ox LDL leads to increased oxidative 
stress in endothelial cells, producing large amounts of 
superoxide, which chemically inactivates NO by forming 
peroxynitrite [26,28,30,32,33,47].

The impact of scavenger receptor expression for monocytes 
and lymphocytes adhesion on the arterial endothelium. 
Early stages of atherosclerosis are characterized by 
a critical phenomenon-the focal accumulation of lipid-
laden foam cells derived from macrophages. Localized 
attachment of circulating monocytes to arterial endothelial 
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cells appeared to precede the formation of foam cells in 
various cholesterol-fed animal models of atherosclerosis. It 
was suggested that monocyte recruitment into early lesions 
depends on the endothelial adhesiveness for monocytes 
and lymphocytes. Experiments have found molecules, 
such as ICAM-1, VCAM-1, and P-selectin “in vivo and in 
vitro”, that can support the adhesion of monocytes and 
lymphocytes 70. Moreover, oxidized LDL, lysophosphatidyl-
choline, and oxidized fatty acids induce the expression not 
only of those adhesion molecules but also of scavenger 
receptors, such as CD-36, SR-A, and LOX-1 [41-49]. 
Receptors for oxidized LDL were recently isolated and 
characterized, specifically, LOX-1 and SR-PSOX [41-46]. 
Expression of LOX-1 is found on endothelial cells, smooth 
muscle cells, and macrophages, whereas SR-PSOX is 
expressed on macrophages. The oxidized LDL and its 
receptors, LOX-1 and SR-PSOX, play a significant role in 
atherosclerosis development [41- 45] (see section- Lectin-
like Ox LDL scavenger receptor-1 LOX-1 receptor).

Oxidative stress and diseases not associated with 
atherosclerosis

Oxidative stress is believed to be important in 
neurodegenerative diseases, including Lou Gehrig’s 
disease (motor neuron disease or amyotrophic lateral 
sclerosis), Parkinson’s disease, Alzheimer’s disease, 
Huntington’s disease, and multiple sclerosis [18-27]. 
Indirect evidence via monitoring biomarkers, such as ROS 
and reactive nitrogen species production, and decreased 
antioxidant defense suggests that oxidative damage may 
be involved in the pathogenesis of these diseases, while 
cumulative oxidative stress with disrupted mitochondrial 
respiration and mitochondrial damage are found related to 
Alzheimer’s disease, Parkinson’s disease, and others [18-
27,30,34,47,51,53].

Oxidative stress has also been associated with chronic 
fatigue syndrome. Oxidative stress also contributes to 
tissue injury following irradiation and hyperoxia, as well 
as to diabetes. It is likely to be involved in age-related 
development of cancer [18-27]. The ROS produced in 
oxidative stress can cause direct damage to the DNA and 
are therefore mutagenic, and they may also suppress 
apoptosis and promote proliferation, invasiveness and 
metastasis [22-25]. It was shown that Helicobacter pylori 
infection increases the production of reactive oxygen and 
nitrogen species in the human stomach, and is also thought 
to be important in the development of gastric cancer [20-
25,30,32,36,37,40-47]. 

Cardiovascular disease: Animal studies

Ox LDL is an agent in the development of atherosclerosis 
and CVD [30-33,47-54]. LDL can be oxidative modified 
in vivo to become an immunogen associated with the 
progression of atherosclerosis and CVD [32,33]. In a study 
using a mouse model of experimental antiphospholipid 
syndrome, mice immunized with Ox LDL exhibited a 
significantly more severe form of the disease compared 
with native LDL-immunized mice, as expressed by lower 

platelet counts, longer activated partial thromboplastin 
time, and higher fetal resorption rates [34]. The interaction 
of IgG anti-β2GP-I Ab from the spontaneous mouse APS 
model (i.e., NZW x BXSB F1 mouse) with the β2GP-I–
OxLDL complexes significantly enhanced Ox LDL uptake 
by macrophages [35,36]. The results [34] indicated that 
Ox LDL aggravates the clinical manifestations of APS and 
suggested that autoantibodies cross-reactive with Ox LDL 
may provide a pathogenic mechanism for accelerated 
atherosclerosis in antiphospholipid syndrome [34]. 

The accumulation of Ox LDL in the vessel wall stimulates 
the overlying endothelial cells to produce a number of pro-
inflammatory molecules, including adhesion molecules, 
such as the ICAM-1, the VCAM-1, and endothelial 
selectin (E-selectin), as well as growth factors, such 
as the macrophage colony-stimulating factor. These 
active molecules seem to contribute to the recruitment 
of leukocytes to the affected area [20]. A vast number of 
T cells, primarily CD4+ CD45RO+ memory cells (a large 
proportion of which express HLA-DR and very late activation 
antigen-1), have been found within the atherosclerotic 
lesions [32,34-37,47-51]. The presence of those cells in 
the atherosclerotic plaques is due to a direct response 
to the Ox LDL accumulation in the arterial wall. The high 
concentrations of Ox LDL in the vessel wall are recognized 
and phagocytosed by macrophages, thereby contributing to 
a cascade of events characterized as immune inflammatory 
reactions of atherosclerosis [34,28,30,32,46-51].

Oxidation of LDL (oxidative stress) in the vascular 
endothelium is precursor to plaque formation in CAD. 
Oxidative stress also plays a role in the ischemic cascade 
due to oxygen reperfusion injury following hypoxia. 
This cascade includes both strokes and heart attacks 
[2-5,7,8,28,30-34,40]. Experimental studies in animal 
models of cardiac dysfunction, such as those produced 
by myocardial infarction after left anterior descending 
artery ligation, doxorubicin administration and pressure 
overload, all exhibited increased production of free radicals 
[16,17,35,36,55,56]. Animal studies have addressed the 
potential importance of the generation of intracellular ROS in 
the cells that normally comprise the vessel wall. Superoxide 
anion O2− was increased in the aortas of rabbits which were 
fed high cholesterol diets for a period of several weeks, 
leading to impaired endothelial-dependent relaxation that 
was reversible by treatment with polyethylene-glycolated 
superoxide dismutase or probucol [2,54,55]. Antioxidant 
therapy was shown to attenuate myocardial injury induced 
by doxorubicin [15,16,19-21]. Increased expression of the 
antioxidant superoxide dismutase gene has been reported 
in rats without heart failure (HF) after endurance training 
that resulted in greater NO activity [2,6,15,56-58].

Depressed vascular endothelial function was observed in 
rats with experimental HF despite an increase in endothelial 
NO synthetase (eNOS) gene expression, and was attributed 
to increased vascular O2− production [17,26,56-58]. Dhalla 
et al. [17] suggested that the mechanism by which oxidative 
stress is increased by hyperlipidemia could involve the 
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renin-angiotensin system. Both endothelial dysfunction and 
lesion area were improved by treatment with an angiotensin 
II receptor antagonist in a rabbit model [55]. Moreover, 
NAD(P)H oxidase subunit expression and O2− production 
doubled in rats made hypertensive by angiotensin II infusion 
[1-13,28,30,32,33]. Because LDL up-regulates angiotensin 
II receptor type 1 (AT1) expression, the effects of angiotensin 
II can be exacerbated by hypercholesterolemia. Finally, 
angiotensin II causes hypertrophy of the smooth vascular 
muscle in a ROS-dependent fashion, a process which can 
play a part in arterial thickening [17,58].

Cardiovascular disease: Human studies, 
Atherosclerosis

Despite a recent decline, atherosclerosis remains the 
most common cause of death in the Western world. 
Atherosclerosis is also the main cause of HF.Cholesterol 
itself is neither toxic nor antigenic towards the LDL 
particles that transport cholesterol: they become harmful 
to the organism if they are altered. This modification due 
to oxidation, glycation and binding of advanced glycation 
products (AGEs), is considered most important in the 
process of atherogenesis. The interaction of modified LDLs 
with scavenger receptors on the surface of the endothelium 
represents the first phase of the atherosclerotic process. 
Lipid peroxidation can be observed in vitro as a change 
in the lag phase of LDL oxidation stimulated by Cu2+ ions 
[2,3,7,11-14]. In vivo lipid peroxidation was especially 
apparent in tissue macrophages, endothelial cells and 
smooth muscle cells, and hemoglobin, hypochlorous acid, 
ceruloplasmin, lipoxygenase and peroxidase appeared to 
be effective oxidants [3,11,12].

Anti-Ox LDL ABS – predictor of morbidity and mortality 
in CAD

Oxidized LDL is present in atheromatous plaques and 
correlates with the extent of atherosclerosis [4-6,12-
17,20,22-24]. Assessment of Ox LDL Abs may more reliably 
reflect the level of oxidative stress than plasma Ox LDL. 
These Abs have already been shown to correlate with the 
extent of atherosclerosis and predict future myocardial 
infarction [12,14-17,19-24]. Elevated levels of Abs against 
Ox LDL were found to be predictive of myocardial infarction 
in several investigations [7,9, 22,23,58-60]. The correlation 
was independent of LDL cholesterol levels, although Ox LDL 
Abs had an additive predictive effect. The mean Ab level, as 
expressed in optical density units, was significantly higher 
in cases of myocardial infarction than in controls (0.412 
vs 0.356, P = 0.002). After adjustment for age, smoking, 
blood pressure, and HDL cholesterol level, there was a 2.5-
fold increased risk (95% confidence interval, 1.3-4.9) of a 
cardiac endpoint in the highest tertile of Ab level compared 
to the lowest tertile (P = 0.005 for trend) [19]. Thus, elevated 
Ab levels added to the predictive effects of classic coronary 
risk factors [5,15-17].

Myocardial Insulin resistance

Recent human studies strongly support the existence 

of a link between insulin resistance and non-ischemic 
HF [60,61]. The occurrence of a specific insulin-resistant 
cardiomyopathy, independent of vascular abnormalities, 
has now been recognized. Cardiac insulin resistance 
is characterized by reduced availability of sarcolemmal 
Glut4 transporters and consequent lower glucose uptake. 
A shift away from glycolysis towards fatty acid oxidation 
for adenosine triphosphate supply is apparent, and it is 
associated with myocardial oxidative stress.

The pathophysiology of CVD in diabetes involves 
traditional and novel cardiac risk factors, including 
hypertension, dyslipidemia, smoking, genetic factors, 
hyperglycemia, insulin resistance/hyperinsulinemia, 
metabolic abnormalities, oxidative/glycoxidative stress, 
inflammation, endothelial dysfunction, a pro coagulant 
state and myocardial fibrosis. It has been suggested that 
specific vascular, myopathic and neuropathic alterations 
are responsible for the cardiovascular events and mortality 
in diabetes [61]. These alterations manifest themselves 
clinically as coronary artery disease (CAD) and HF. In order 
to contain the emerging epidemic of CVD, diabetic patients 
should have excellent glycemic control, a low normal blood 
pressure and low levels of LDL cholesterol, and be taking 
an angiotensin-converting enzyme inhibitor and aspirin, 
which may prevent CVD [59-63]. Metformin stimulates 
production of e NOS, increases plasma NO levels, and 
improves myocardial insulin resistance [61,63-66].

Heart failure

Tsutsui et al. [59] measured the plasma level of Ox LDL 
by sandwich enzyme-linked immunosorbent assay with a 
specific monoclonal antibody against Ox LDL, and showed 
that plasma levels of Ox LDL had a good correlation with 
HF severity and mortality. In that study, the plasma Ox LDL 
level was significantly higher in patients with severe HF 
than in patients with mild HF and healthy subjects. Others 
found a significant negative correlation between the plasma 
level of Ox LDL and left ventricular ejection fraction (LVEF), 
and a significant positive correlation between the Ox LDL 
plasma level and circulating norepinephrine levels [16,60]. 
In another study, most patients (mean age 71.5 years) had 
systolic HF, with a mean NYHA functional class of 2.7 and a 
mean LVEF of 39.7%. The mean immunoglobulin G (IgG). 
Ox LDL Abs levels in patients with hospital admissions were 
3.4 times higher than those in subjects not hospitalized over 
the previous year [8]. Assessments of Ox LDL IgG levels 
were able to discriminate between patients with clinically 
controlled HF and patients requiring hospital admission 
[7,8,10,66,67]. Levels of Ox LDL Abs also correlated with 
the presence of chronic atrial fibrillation, a finding that could 
be related to more severe HF or to the possible involvement 
of oxidative stress in the pathogenesis of atrial fibrillation 
[3,12-16]. 

There is considerable evidence that oxidative stress 
is increased in both ischemic and non-ischemic 
cardiomyopathies.[1-10] Ox LDL is present in atheromatous 
plaque and correlates with the extent of atherosclerosis and 
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HF [11-13]. Together with the inverse relation between Ox 
LDL plasma level and LVEF, this supported the assumption 
that plasma levels of Ox LDL have value in predicting 
mortality in HF patients [7,8,12-14]. Steinerova et al. [10] 
suggested that assessment of Ox LDL Abs may reliably 
reflect the level of oxidative stress. Those Abs have already 
been shown to correlate with the extent of atherosclerosis 
and predict future myocardial infarction [15-21]. Oxidative 
stress has been reported to increase in subjects aged 65 
and over, possibly arising from an uncontrolled production 
of free radicals by ageing mitochondria and decreased 
antioxidant defences [7,9,10,12-24].

 The aim of this study was to assess the potential applicability 
of Ox LDL Abs levels in predicting morbidity, mortality and 
the composite outcome of the two in a cohort of patients 
with chronic HF [67]. aged 65 and over. LVEF did not 
contribute to the understanding of the outcome. Ox LDL Abs 
levels, NYHA class and a history of current smoking were 
the best predictors of time to hospitalization (HR = 3.16, p 
<0.001, HR = 3.148, p <0.001 and HR = 3.584, p <0.001, 
respectively. The Cox regression analysis of hospitalization 
revealed significant differences in morbidity rates: 66% 
event free rate regarding hospitalization for patients with 
Ox LDL Ab levels < 200 units, versus 25% for those with Ox 
LDL AB levels above 200 units, p <0.001) [67]. The multiple 
adjusted Hazard ratios (HRs) of the clinical and laboratory 
parameters and the major risk factors were examined as 
predictors of composite outcome. The hazard ratio of Ox 
LDL Abs for the composite outcome was significant, albeit 
lower than for morbidity. Notably, the Ox LDL Abs level was 
the best predictor of composite outcome (morbidity and 
mortality), i.e., better than N-terminal pro-brain natriuretic 
peptide (NT-pro-BNP), LVEF and NYHA class [8,67].

It was shown for the first time, that the Ox LDL Abs 
plasma level was a significant and independent predictor 
of morbidity and of a composite outcome of morbidity and 
mortality in a population of individuals with HF, 65 years 
old or over. Among elderly patients, the Ox LDL Abs HR for 
hospitalization (3.160) was much higher than it was for the 
general HF population (1.016), as was the Ox LDL Abs HR 
for composite outcome [8,67]. Those findings expanded the 
reports from several recent works that showed Ox LDL Abs 
to have increased with increased severity of HF in patients 
with systolic and diastolic dysfunction due to ischemic and 
valvular disease [8,10,59,67]. It was also reported that 
Ox LDL Abs correlated to past hospital admissions of HF 
patients [7,8,67]. These data take previous reports one 
step further by underscoring the predictive value of an Ox 
LDL Abs level above 200 units/mL with regard to prediction 
of morbidity alone and of morbidity in combination with 
mortality [67]. The results of the recent study demonstrated 
that Ox LDL Abs levels were superior to NT-pro BNP levels 
as predictors for time to hospitalization. Ox LDL Abs levels 
were also better predictors of the combined endpoint. In 
comparison to earlier reports [21,24]. Unfortunately Ox LDL 
Abs did not correlate with mortality alone in this cohort of 
patients [67].

The apparent discrepancy in the predictive power of Ox 
LDL Abs and NT-pro-BNP may be related to the different 
mechanisms underlying their elevated levels. As such, 
NT-pro-BNP reflects the activation of the neurohormonal 
axis, whereas Ox LDL Abs reflects immune response 
to oxidative stress. The much longer lifespan of the Ab 
compared to hormones can explain why Ox LDL Abs have 
better prediction for long-time follow-up, while NT-pro-BNP 
are more suitable for estimating the short-term outcome 
during acute events. These two mechanisms governing HF 
progression may possibly be activated differently among 
various patients and, therefore, may each predict different 
endpoints [67].

Lastly, it is significant that the predictive power of Ox LDL 
Abs levels for the outcome of HF is not dependent on any 
other parameter, such as total cholesterol, LDL, HDL, 
triglycerides, ejection fraction , NYHA class main risk factors 
for CAD thus, defining Ox LDL-Abs level as the single most 
prominent prognostic factor that can be useful in clinical 
practice. Overall, although the results of [67] demonstrated 
that Ox LDL Abs is an important prognostic marker in 
patients with established HF, aged 65 and over, we called 
for further data to determine its role in HF diagnosis, its role 
during the peri-hospitalization period, as well as the role of 
serial monitoring.

Anti-Ox LDL Abs and B-type natriuretic peptide (BNP)

There is growing necessity in follow up markers for patients 
with HF [10,59,60,64-67,69]. One of them, brain natriuretic 
peptides, became an established surrogate follow-up 
marker which highly correlated with the severity of the 
disease [7,8,67]. Several studies compared Ox LDL to 
other established biomarkers. Elevation of the acute phase 
reactant, C-reactive protein (CRP) was demonstrated as 
being a major risk factor for CVD [57,60,61,63,67] CRP 
was reported to bind to Ox LDL but not to native LDL, 
[60,61,63,67] and to be part of the innate immune response 
to oxidized phosphorylcholine-bearing phospholipids within 
this modified lipoprotein. Interestingly, the HR for CRP 
did not reach a level of significance [67], suggesting that 
while CRP reflects oxidative stress and may be related 
to myocardial damage, it is not a good predictor for long-
time outcome of HF, in line with previous reports [59,60]. 
Surprisingly, LVEF (<40% versus ≥40%) did not emerge 
as a prognostic marker for HF, and the NYHA class was 
significant only for the prediction of morbidity, but not for the 
prediction of the composite outcome [67]. 

Several studies concluded that the discriminative power 
of anti-Ox LDL Abs was even better than that obtained for 
serum NT-pro-BNP) in patients admitted for worsening HF 
[8,60,61,63,67]. These results support the observation of 
elevated oxidative stress in patients with HF. It is highly 
significant that there was no association between Nt Pro-
B-type and anti-Ox LDL Abs levels, which suggests that 
determination of the latter may have an incremental value 
over that provided by the former [8]. Plasma levels of Ox LDL 
Abs were shown to have increased with the severity of HF 
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in patients with different etiologies, e.g., systolic, diastolic, 
ischemic and valvular diseases, in many investigations [2-
4,8,14-17,56,57,60].

BNP is an established surrogate follow up marker for 
patients with chronic heart failure (CHF) [7,8,60-64,67]. The 
results of a study by our team [8] demonstrated that NT-
pro-BNP plasma levels, Ox LDL Abs, LVEF and NYHA class 
were of prognostic value in terms of outcome in HF patients 
as assessed by multivariate analysis. However, NT-pro 
BNP was a better predictor of all-cause mortality, and ox 
LDL Abs plasma levels were a significant independent 
predictor of long-term morbidity and mortality in HF. Abs to 
Ox LDL significantly correlated with the mean NYHA score 
[8]. The apparent differential predictive power of Ox LDL 
Abs and NT-pro-BNP may be attributable to the different 
mechanisms leading to their elevated levels. Thus, NT-
pro-BNP represents the neurohormonal axis, whereas Ox 
LDL Abs mirrors oxidative stress. These two mechanisms 
governing HF progression can predict different endpoints 
in the management of patients with HF [8,67]. Ox LDL-Abs 
levels were superior to NT-pro BNP levels as predictors for 
time to hospitalization, and they were also better predictors 
of the combined endpoint. 

The apparent disparity in the predictive power of Ox 
LDL-Abs and NT-pro-BNP may be related to the different 
mechanisms underlying their elevated levels. As such, 
NT-pro-BNP reflects the activation of the neurohormonal 
axis, whereas Ox LDL Abs reflects immune response 
to oxidative stress. The much longer lifespan of the Ab 
compared to hormones can explain why Ox LDL Abs have 
better prediction for long-time follow-up, while NT-pro-
BNP are more suitable for estimating short-term outcome 
during acute events. These two mechanisms governing HF 
progression may possibly be activated differently among 
various patients and, therefore, each may predict different 
endpoints. The results of our earlier work that pertain to 
HF patients with decreased renal function may or may 
not represent the general ≥65-year-old population [67]. 
Moreover, the creatinine level did not emerge as a significant 
prognostic factor. The explanation for the latter finding could 
be that being monitored in a specialized HF clinic with very 
strict attention to renal function by nephrologists might have 
reduced oxidized stress and contributed to the lowering of 
the Ox LDL Abs levels. Those results are similar to others 
studies [60-64,67]. 

Clinical impact of Ox LDL Abs on rehabilitation and 
prognosis

Oxidized LDL Ab might prove to be a useful marker for 
predicting the clinical course and outcome of many patients 
with HF of different etiologies. There is an urgent need 
to develop simplified assays that are applicable to high-
throughput analysis. The patient’s oxidant status could then 
be assessed and the true efficacy of antioxidant therapies 
would then be established, thus enabling effective therapy to 
be provided selectively. Refinement of clinical trial designs 
to incorporate such indices would ensure recruitment of 
appropriate patients, identify the most efficient antioxidant 

dosing regimens and perform controlled analysis. Better 
monitoring and prognostic predictors are required in order 
to achieve further improvement in the management of 
patients with HF [8,57,64]. 

Vascular endothelial function and, particularly, NO-mediated 
vasodilation are clearly enhanced by physical training 
among HF patients [12,62,64-65,68-70]. The molecular 
basis for this improvement is unclear. One attractive 
hypothesis is that training induces NO production by 
increased expression of the gene encoding eNOS [2,3,5,62-
63,65-69]. The NOS promoter contains a cis-acting shear-
stress response element [69], and so its expression could 
be regulated directly by periodic increases in blood flow that 
occur during physical training. Alternatively, vasodilatation 
could be enhanced indirectly after training by mechanism 
that decreases oxygen free radicals that otherwise can 
inactivate NO-. 

Rehabilitation programs involving immersed exercises are 
more and more frequently recommended for even severe 
cardiac patients. Laurent et al. [70] studied one group of 
24 male stable CHF patients and 24 male CAD patients 
with preserved left ventricular function who participated 
in a rehabilitation program performing cycle endurance 
exercises on land. They also performed gymnastic 
exercises either on land (the first half of the participants) or 
in water (the second half). Resting plasma concentration of 
NO metabolites (nitrates and nitrites) and catecholamines 
were evaluated, and a symptom-limited exercise test on 
a cycle ergometer was performed before and after the 
rehabilitation program [70]. The plasma concentration of 
nitrates in the groups that performed water-based exercises 
was significantly increased (P = 0.035 for HF and P = 0.042 
for CAD), whereas it did not significantly change in the 
groups that performed gymnastic exercises on land. Plasma 
catecholamine concentration levels did not change, but the 
cardiorespiratory capacity of all patients was significantly 
increased after rehabilitation. The water-based exercises 
seemed to effectively increase the basal level of plasma 
nitrates. Such changes may be related to an enhancement 
of endothelial function and may be of importance for the 
patient’s overall health status [67-70].

Antioxidants

There are defense mechanisms against free radicals. The 
body produces vast quantities of molecules and extracts 
free-radical fighters from food [71-78]. These defenders 
are often lumped together as “antioxidants”, and they 
provide electrons to free radicals without turning into 
electron-scavenging substances themselves. There are 
many different substances that can act as antioxidants 
[71-94]. The most familiar ones are vitamin C, vitamin E, 
beta-carotene and other related carotenoids, as well as 
the minerals selenium and manganese. Others include 
glutathione, coenzyme Q10, lipoic acid, flavonoids, phenols, 
polyphenols, phytoestrogens, and many more.

Tea and coffee are widely consumed beverages worldwide 
and they are rich sources of various polyphenols. 
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Polyphenols are also well known to impart antioxidant 
properties that are beneficial against several oxidative 
stress-related diseases, such as cancer and CVD, as well 
as aging [72-76,90-96]. Antioxidants may play a role in the 
management or prevention of some medical conditions, 
such as some cancers, macular degeneration, Alzheimer’s 
disease, some arthritis-related conditions, ischemic heart 
disease and HF [18-27,70-73].

Cancer and Antioxidants

When it comes to cancer prevention, the picture remains 
inconclusive for some antioxidant supplements. Few trials 
have gone on long enough to adequately test their place in 
cancer management. In the long-term Physicians’ Health 
Study, cancer rates were similar among men taking beta-
carotene and those taking a placebo [95]. Other trials also 
have largely shown no effect, including HOPE [95]. The 
SU.VI.MAX trial [95] demonstrated a reduction in cancer risk 
and all-cause mortality among men taking an antioxidant 
cocktail, but no apparent effect in women, possibly because 
men tended to have low blood levels of beta-carotene and 
other vitamins at the beginning of the study. A randomized 
trial of selenium in people with skin cancer demonstrated 
significant reductions in cancer and cancer mortality at 
various sites, including colon, lung, and prostate [71,94]. 
The effects were strongest among those with low selenium 
levels at baseline.

Age-related eye disease and antioxidants

This is the one bright spot for antioxidant vitamins. A six-year 
trial, the Age-Related Eye Disease Study (AREDS), found 
that a combination of vitamin C, vitamin E, beta-carotene, 
and zinc offered some protection against the development 
of advanced age-related macular degeneration, but not 
cataract, in people who were at high risk of the disease 
[72,85,88,94]. Lutein, a naturally occurring carotenoid found 
in green, leafy vegetables, such as spinach and kale, may 
also protect vision. However, relatively short trials of lutein 
supplementation for age-related macular degeneration 
have yielded conflicting findings [72]. A new trial of the 
AREDS supplement regimen plus lutein, zeaxanthin, and 
fish oil is underway. This trial could yield more definitive 
information about antioxidants and macular degeneration 
[72]. As mentioned earlier, free radicals have a role in 
the progressive deterioration of the decompensating 
myocardium [7,8]. Antioxidants terminate these chain 
reactions by removing free radical intermediates and 
inhibiting other oxidation reactions. They do this by being 
oxidized themselves, therefore antioxidants, e.g., thiols, 
ascorbic acid, or polyphenols, often act as reducing agents 
[69,70,73,74,84,85, 88]. Overall, these low molecular mass 
antioxidant molecules add significantly to the defense 
provided by the enzymes superoxide dismutase, catalase 
and glutathione peroxidase. However, antioxidant vitamin 
therapy has not been convincingly demonstrated as being 
beneficial in randomized trials [18,35,74,88]. The data are, 
however, entirely consistent with the alternative hypothesis, 
that reduced oxidative stress may account for the increase 
in vascular NO-mediated vasodilation. An insight into 

the mechanism of this process may be relevant when 
considering therapies for exercise-intolerant HF patients 
[65,66,68,70,73,75,79]. Investigations of the role of dietary 
antioxidants suggested that vitamins A and E along with 
coenzyme Q10, flavonoids, and resveratrol show promise 
in extending human life [74-89,91]. Many studies examined 
the impact of antioxidants and their implications in the aging 
process, with the conclusion that these antioxidants may 
contribute to longevity [11,74-84-88,91-93].

The possibility of translating the patient’s oxidant status 
into use of effective antioxidant drugs is not, however, 
supported by current evidence. Notwithstanding promising 
observational data, prospective, double blind, placebo-
controlled trials have not supported a causal relationship 
between antioxidant therapy, mainly vitamin supplements, 
and lowering of CAD risk [46,51,70-89]. Antioxidants 
include some vitamins (e.g., vitamins C and E), some 
minerals (e.g., selenium), and flavonoids, which are found 
in plants [70-89]. The best sources of antioxidants are fruits 
and vegetables and flavonoids can be found in fruits, red 
wine, and teas. 

When performed well, randomized, placebo-controlled trials 
provide the strongest evidence, but they offer little support 
to the standpoint that taking vitamin C, vitamin E, beta-
carotene, or other single antioxidants provides substantial 
protection against heart disease, cancer, or other chronic 
conditions. The results of the largest of such trials have 
been mostly negative [70-82,85-89,94-96].

Antioxidants and heart disease 

Vitamin E, beta-carotene, and other so-called antioxidants 
are not the ultimate solution to heart disease and stroke that 
researchers were hoping for, although the final chapter has 
not been written on vitamin E [18,86-96]. In the Women’s 
Health Study, 39,876 initially healthy women took 600 IU of 
natural source vitamin E or a placebo every other day for 10 
years. At the study’s end, the rates of major cardiovascular 
events and cancer were no lower among those taking 
vitamin E than they were among those taking the placebo. 
However, the trial did observe a significant 24% reduction 
in total cardiovascular mortality. Although this was not a 
primary endpoint for the trial, it nevertheless represents an 
extremely important outcome [86].

Earlier large vitamin E trials that had been conducted among 
individuals with previously diagnosed coronary disease or 
at high risk for it generally showed no benefit. In the Heart 
Outcomes Prevention Evaluation (HOPE) trial, the rates 
of major cardiovascular events were essentially the same 
in the vitamin E (21.5%) and placebo (20.6%) groups, 
although participants taking vitamin E had higher risks of 
HF and hospitalization for HF [96]. In the GISSI trial [98], 
the results were mixed but mostly showed no preventive 
effects after more than three years of treatment with vitamin 
E among 11,000 heart attack survivors [98]. However, 
some studies suggest potential benefits among certain 
subgroups. A recent trial of vitamin E in Israel, for example, 
showed a marked reduction in CHD among people with 
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type 2 diabetes who have a common genetic predisposition 
for greater oxidative stress [87]. We reviewed recently 
published basic research on the protective cardiovascular 
effects of antioxidants, especially resveratrol, because of 
their potential to lead to the development of a new treatment 
in patients with HF [76]. 

Vitamin A- has been called the “anti-infective” vitamin 
because of its role in supporting the immune system. 
Carotenoids, which are pre-formed vitamin A found in 
plants, were shown to be determinants of longevity 
[61,74,76,79,85,92-98]. Vitamin A supplementation led 
to an improvement in the lifespan of mice only when its 
use was initiated at the beginning of life [51,79]. Ascorbic 
acid has a multiplicity of antioxidant properties, but it can 
exert pro-oxidant effects in vitro, usually by interaction with 
transition metal ions. It is as yet uncertain that these pro-
oxidant effects have any biological relevance. Vitamin E. 
One of the most widely researched antioxidants, vitamin 
E, was similarly found to extend the lifespan in mice when 
initiated during the early years of life. Vitamin E may protect 
older healthy men against atherogenesis (formation of 
thick plaque of cholesterol and other lipids in arterial walls), 
improve relearning ability, and reduce cancer formation [74]. 
However, vitamin E supplementation might be associated 
with an increase in total mortality, HF, and hemorrhagic 
stroke [74]. Vitamin E has been shown to increase 
oxidative resistance in vitro and prevent atherosclerotic 
plaque formation in mouse models [40,74]. Consumption 
of foods rich in vitamin E has been associated with a lower 
risk of CHD in middle-aged to older men and women [74]. 
However clinical studies have not demonstrated any benefit 
of vitamin E in the primary and secondary prevention 
of CVD [35]. The American Heart Association does not 
support the use of vitamin E supplements to prevent CVD, 
but it does recommend the consumption of foods abundant 
in antioxidant vitamins and other nutrients [35,47, 74,88]. 
Selenium is an essential trace element, and low levels of 
selenium in humans has been linked to increased risk of 
cancer and heart disease [71,88,94-99].

Coenzyme Q10 is the only known antioxidant that is 
synthesized in the body [91]. It extends life by reducing 
oxidative damage, thereby lowering cardiovascular risk 
and inflammation. Q10 is the primary homologue found 
in longer-living mammalian species, including humans. 
There were non-significant trends towards increased left 
ventricular ejection fraction and reduced mortality in nine 
randomized trials of Q10 in HF published up to 2003 
[89]. Q10 decreases pro-inflammatory cytokines and 
blood viscosity, which is helpful in patients with HF and 
CAD. It also improves ischemia and reperfusion injury 
of coronary revascularization [89]. It was recently found 
to be an independent predictor of mortality in congestive 
HF. Coenzyme Q10 has also been found to be helpful 
in vertigo and Meniere-like syndrome by improving the 
immune system [89]. There is ongoing research aimed 
at establishing its role in the treatment of cardiovascular 
diseases [89]. 	

Flavonoids, the most common group of polyphenolic 
compounds in the human diet, are found mostly in plants. 
Flavonol-rich chocolate acutely improves vascular and 
platelet function in patients with HF [84]. Green tea 
supplementation has been found to protect against oxidative 
stress, and it increased antioxidant ability in the rat brain 
[76]. Another flavonoid, anthocyanin, has also been shown 
to be protective against vascular disease [76,84]. 

Resveratrol- is a polyphenolic compound found in grapes, 
red wine, purple grape juice, peanuts, and some berries. 
Evidence from the “French Paradox” and from controlled 
studies point to its effectiveness in extending life [76]. It has 
also been associated with improved bone density, motor 
coordination, and cardiovascular function, as well as with 
delaying cataracts. Other studies have shown that it offers 
protection against Alzheimer’s disease, prolongs the human 
lifespan and retards aging [76]. The cardiovascular protective 
capacities of resveratrol are associated with multiple 
molecular targets, and this may lead to the development of 
novel therapeutic strategies for atherosclerosis, ischemia/
reperfusion, metabolic syndrome, and HF [76]. 

Statins: The pleiotropic effects of statins appear to result 
from improvements in endothelial function, a reduction 
in inflammatory mediators, a decline in the development 
of atheroma through the stabilization of atheromatous 
plaques, and the inhibition of cardiac hypertrophy through 
an antioxidant mechanism [77,90]. Long-term statin use 
may reduce morbidity and mortality rates in a wide range 
of patients [77]. However, lower LDL cholesterol levels 
appear to predict a less favorable outcome in patients with 
HF, particularly those taking statins, thus raising questions 
about the need for an aggressive LDL cholesterol-lowering 
strategy in patients with HF, regardless of its etiology 
[74,90-98]. HF is associated with endothelial dysfunction 
and increased platelet activation. 

Clopidogrel treatment in patients with CAD not only inhibits 
platelet activation but also improves endothelial function 
and NO bioavailability. Hu et al. [91] investigated whether 
treatment with clopidogrel modified endothelial function 
in HF following myocardial infarction and concluded that 
endothelial dysfunction and vascular oxidative stress have 
a negative prognostic impact on cardiovascular events. 

Nitrates are very effective anti-ischemic drugs used for the 
treatment of patients with stable angina, acute myocardial 
infarction and chronic congestive HF. There are new data on 
the protective properties of the organic nitrate pentaerythrityl 
tetranitrate, which, in contrast to all other organic nitrates, 
is able to up-regulate enzymes with a strong anti-oxidative 
capacity thereby preventing tolerance and the development 
of endothelial dysfunction [79]. 

Carvedilol is a beta-blocker with antioxidant properties. In 
several large clinical trials on patients with mild to severe 
HF, treatment with carvedilol improved mortality, especially 
in severe cases with the worst prognosis [2,80]. The beta-
blocker nebivolol has been used in Europe for almost 10 
years [81]. Like carvedilol, it belongs to the third generation 
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of beta-blockers which possess direct vasodilator properties 
in addition to their adrenergic blocking characteristics [81]. 
Nebivolol has the highest beta (1)-receptor affinity among 
the beta-blockers and, interestingly, it substantially improves 
endothelial dysfunction via its strong stimulatory effects on 
the activity of e-NOS and via its antioxidative properties. 
Because impaired endothelial activity is considered to have 
a major causal role in the pathophysiology of congestive HF, 
the endothelium-agonistic properties of nebivolol suggest 
that this drug might provide additional benefit beyond 
beta-receptor blockade. Clinically, this compound has 
been proven to have antihypertensive and anti-ischemic 
effects as well as beneficial effects on hemodynamics and 
prognosis in patients with chronic congestive HF [80,81]. 
Further studies are required to compare the benefit of 
nebivolol in terms of its prognostic impact in patients with 
HF [81]. 

Spironolactone is an aldosterone receptor antagonist 
that has been shown to decrease mortality in patients 
with severe HF when added to conventional therapy [82]. 
Treatment with spironolactone resulted in a significant 
increase in the forearm blood flow response to acetylcholine 
(P < 0.001) [82]. This demonstration of improvement in 
endothelial function (caused by oxidative stress) provides a 
novel mechanism for the beneficial effect of spironolactone 
in HF patients [82]. 

Angiotensin-converting enzyme inhibitors (ACEI) and 
angiotensin receptor blockers are widely used drugs in 
patients with HF to prevent hypertrophy of the myocardium 
and smooth vascular muscle caused by angiotensin II 
in a ROS-dependent fashion, which can contribute to 
arterial thickening [78,83]. Treatment with ACEI (especially 
quinaprilate) for patients with HF, CAD and other conditions 
associated with endothelial dysfunction induced by oxidative 
stress has been shown to improve endothelium-dependent 
vasodilation and contribute to increased exercise capacity 
[78,83].

Metformin: Some studies have shown that metformin 
activates AMP-activated protein kinase and has a potent 
cardio protective effect against ischemia/reperfusion injury 
as result of oxidative stress. Both left ventricular fractional 
shortening and left ventricular end-diastolic pressure were 
significantly improved in dogs treated with oral metformin. 
As a result of these effects, metformin decreased apoptosis 
and improved cardiac function in failing canine hearts. As 
such, metformin may be a potential new therapy for HF 
[92,93].

Free radicals contribute to chronic diseases, from cancer 
to heart disease and from Alzheimer’s disease to loss of 
vision. This does not automatically mean that substances 
with antioxidant properties will fix the problem, especially not 
when they are taken out of their natural context. The studies 
on free radicals are inconclusive so far, but generally do 
not provide strong evidence that antioxidant supplements 
have a substantial impact on disease. The main problem 
is that most of the trials have had fundamental limitations 
due to their relatively short duration and for having been 
conducted on subjects with existing disease. The benefit 
of beta-carotene on cognitive function was published in the 
Physicians’ Health Follow-up Study only after 18 years of 
follow-up, and no other trial has continued for so long. At the 
same time, abundant evidence suggests that eating whole 
fruits, vegetables, and whole grains-all rich in networks of 
antioxidants and their helper molecules-provides protection 
against many of the aging-related diseases.
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Conclusion
The Ox LDL Abs level is a useful predictor of morbidity and mortality in HF patients. Assessment of oxidative stress in 
humans is a complex undertaking, and there is no reproducible, standardized methodology for evaluating it. Additional 
prospective data with further determination of Ox LDL Abs levels may prove Ox LDL Abs as a useful marker for predicting 
exacerbations in patients with HF. Therapies that improve endothelial function caused by oxidative stress have been 
shown to improve exercise tolerance and outcomes in patients with HF. Dietary antioxidants, such as vitamin A, along with 
coenzyme Q10, flavonoids, and resveratrol, and medicines, such as spironolactone, pentaerythrityl tetranitrate, nebivolol, 
quinaprilate, clopidrogel and methformin, show promise in extending the life expectancy of patients with HF. Further 
research is needed to elucidate therapies that will increase NO production, interrupt the pathologic cascade that results in 
the generation of free radicals, and augment antioxidant defenses in patients with HF. 
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