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Oxidative stress may be defined as an imbalance between reactive oxygen species (ROS) and the antioxidant system to
counteract or detoxify these potentially damaging molecules. This phenomenon is a common feature of many human
disorders such as cardiovascular disease. Many of the risk factors, including smoking, hypertension,
hypercholesterolemia, diabetes, and obesity are associated with an increased risk of developing cardiovascular disease
involving an elevated oxidative stress burden, either due to enhanced ROS production or decreased antioxidant
protection. There is a number of therapeutic options to treat oxidative stress-associated cardiovascular diseases.
Numerous studies have focused on the utility of antioxidant supplementation. However, whether antioxidant
supplementation has any preventive and/or therapeutic value in cardiovascular pathology is still a matter of debate.
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| 1. Introduction

Oxidative stress has an important role in the onset and in the progression of several diseases, and in particular, in
cardiovascular diseases. Oxidative stress is caused by the overproduction of reactive oxygen species (ROS), which
include both the free radicals and their non-radical intermediates, such as superoxide anion (O,""), hydroxyl ion (OH"),
hydrogen peroxide (H,0,), and peroxyl radicals (ROO"), alkoxyl (RO"), singlet oxygen (10,), and ozone (O3). The burst of
ROS is associated with an imbalance between the generated ROS and the antioxidant defense systems. Evidence shows
that oxidative stress plays an important role in the progression of various cardiovascular diseases, such as
atherosclerosis, heart failure (HF), cardiac arrhythmia, and myocardial ischemia-reperfusion (I/R) injury. A lot of work has
been devoted to the studies of antioxidants therapies in the prevention and treatment of these cardiovascular diseases.
While some clinical trials have shown positive results, others are controversial. This is partly due to the incorrect
evaluation of biomarkers of oxidative stress, and in particular, to the lack of the assessment of key ROS-producing
enzymes, such as NADPH oxidase. Furthermore, the choice of the dosage and type of antioxidant used in the treatment
or prevention of cardiovascular diseases is not accurate and specific for each pathology.

2. Biomarkers of Oxidative Stress in patients with cardiovascular risk
factors

Reactive oxygen species (ROS) are key cellular components that play an important role in various physiological
conditions, as well as in the development of several diseases 1. The ROS play a dual role, both beneficial and toxic to the
organism. At moderate or low levels, ROS have beneficial effects and act on various physiological functions like immune
function (i.e., defense against pathogenic microorganisms), in some number of intracellular pathways, and in redox
regulation. Conversely, high concentrations of ROS induce oxidative stress, a pathological condition characterized by an
overload of free radicals that are not neutralized, have a toxic effect, and modify the integrity of cell membranes and other
structures, such as organic macromolecules . Oxidative stress is responsible for numerous chronic and degenerative
diseases, such as cancer, autoimmune disorders, rheumatoid arthritis, aging, neurodegenerative and cardiovascular
diseases. Considering the evidence about the association between oxidative stress with a multitude of human diseases,
the measurement of oxidative stress biomarkers plays a pivotal role in the evaluation of the health status, as well as the
development of oxidative stress-mediated disorders !,

Although many biomarkers can be used to determine oxidative stress, most of these benchmarks are limited in vivo HI3],
The precise measurement of ROS in vascular cells and tissues represents a challenge because of their low levels and
transient lifetimes €. Indeed, when produced within living cells, the short half-life (seconds) of a certain ROS limits the



distance it can diffuse and thereby its radius of action. This means that the direct reaction of a short-lived ROS like O,"" in
situ is likely restricted to a small sub-cellular volume surrounding the site of its generation (“local” ROS), whereas ROS
with a longer half-life like H,O, might be more suited for global signaling .

Malondialdehyde (MDA) and thiobarbituric acid reactive substances (TBARS) are commonly used to evaluate lipid
peroxidation products along with 4-hydroxy-2-nonenal (4-HNE), conjugated dienes (CD), lipid hydroperoxides (LOOH),
and 8-isoprostaglandin F2a (8-iso-PGF2a), produced by arachidonic acid peroxidation, that was introduced to evaluate
lipid peroxidation in biological fluids samples (e.g., urine and plasma) 8. Moreover, several methods have been
developed to evaluate protein oxidative modification, such as determining advanced oxidation protein products (AOPP) &
(291 Besides lipids and proteins, even DNA double strands undergo chemical modification that can determine genetic
damages on the daughter strands 1. Finally, analysis of oxidative stress has been carried out estimating levels and
activities of enzymatic and non-enzymatic antioxidants in biological samples, such as plasma, serum, and tissue samples.
More specifically, superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx) and glutathione S-Transferase
(GSTs), H,0,, breakdown activity (HBA) are taken into account in the determination of enzymatic antioxidant status 2

Recently, there is attention to the validation of new biomarkers of oxidative stress, as they have a potential application in
clinical practice. According to the World Health Organization, a biomarker is “any substance structure or process that can
be measured in the body or its products and influence or predict the incidence of outcome or disease”. Among the
biomarkers of oxidative stress used in the clinical practice, we can find: Advanced Glycation End Products (AGES),
Oxidized Low-Density Lipoprotein (oxLDL), Protein Oxidation Is Advanced Oxidation Protein Products (AOPP), Lipid
Oxidation Products, 8-Hydroxy-2'-Deoxyguanosine (8-OHdG), Hydrogen Peroxide (H,0O,) and NOX2 Activity (SNOX2-dp).

Cardiovascular Disease (CVD) is worldwide known to be a major cause of death and comorbidity. Atherosclerosis is the
key pathophysiological mechanism underlying the development of CVD. In particular, atherosclerosis, a chronic
inflammation that affects arteries, may remain clinically undetected for many years before an acute event such as
Ischemic Heart Disease (IHD) or a stroke and Peripheral Vascular Disease (PVD) 18 CVDs are caused by multiple
factors that can be divided into un-modifiable and modifiable risk factors. Age, gender, family history and ethnicity are all
un-modifiable because the individual can do nothing to avoid these risk factors.

Though the characteristics of un-modifiable risk are greatly suitable for risk stratification, the modifiable factors have the
advantage of being a possible target for pharmaceutical intervention in order to lower cardiovascular risks. Among the
main modifiable traditional cardiovascular risk factors, there are hypertension, diabetes mellitus, obesity,
hypercholesterolemia and smoking (Figure 1). Furthermore, these cardiovascular risk factors are associated with
increased production of oxidative stress (Figure 1). Clinical human studies have supported the association between
oxidative stress and cardiovascular events and different types of molecular biomarkers provide a powerful approach to the
understanding of cardiovascular risk factors with consequent applications in epidemiology and clinical studies and in the
prevention, diagnosis and management of cardiovascular diseases.



3. Antioxidant supplementation in patients with cardiovascular risk
factors

Many clinical studies demonstrated the beneficial effect of antioxidant supplementation in the suppression of oxidative
stress-mediated damage in patients with cardiovascular risk factors.

The term “antioxidants” defines chemical substances that slow down the damage caused by oxygen to organisms.
Antioxidants are one of the mechanisms that the body uses to fight against oxidative stress with the role to balance the
negative effects of oxidant agents and protect cells from oxidative damage [@. We can identify two macro groups of
antioxidants: those that are produced by the body itself (i.e. endogenous antioxidants) and those that derive from dietary
sources (i.e. exogenous antioxidants). Endogenous antioxidants can be divided into two classes: enzymatic and non-
enzymatic antioxidants. Some enzymatic antioxidants are catalase (CAT) that degrades hydrogen peroxide (H,O,) to
water and oxygen, glutathione reductase (GRx), glutathione peroxidase (GPx) that catalyzes the reduction of H,O, by the
reduced form of glutathione (GSH) creating a glutathione bridge with another glutathione molecule (GSSG), and

superoxide dismutase (SOD) that catalyzes the dismutation of superoxide anion radical (O5") into H,O, and oxygen (O,)
g,

The non-enzymatic antioxidants include nutrients that are not produced by the body and thus need to be included through
the diet. Nutrient antioxidants are contained in fruits, vegetables and, fishes and are extremely important because each
one of them has a role in oxidative stress neutralization 12!, According to their role in reducing oxidative stress-mediated
cardiovascular risk, these exogenous molecules can represent a useful tool in clinical practice 18, Specifically, natural
extracts, such as polyphenols, exert an antioxidant activity that includes suppression of ROS formation by either inhibition
of enzymes involved in their production, like NOX2 1 scavenging of ROS I8 or up-regulation or protection of
antioxidant defences 191,

The most widely used antioxidants in clinical practice include vitamins E and C; omega-3 fatty acids including
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and alpha-linolenic acid (ALA) and omega-6 fatty acids;
polyphenols including flavonoids and non-flavonoids; selenium; lipoic acid; coenzyme Q10. The choice of the type of
antioxidant supplementation that best affects cardiovascular disease is still a challenge. The results of several antioxidant
supplementations in different cardiovascular diseases are disparately ranging from possibly beneficial to many futile to
some harmful effects.

3.1 HYPERTENSION

The pathophysiology of hypertension involves a complex interaction of multiple vascular effectors including the activation
of the sympathetic nervous system, of the renin-angiotensin-aldosterone system, and the inflammatory mediators.
Oxidative stress and endothelial dysfunction are consistently observed in hypertensive subjects and have a causal role in
the molecular processes leading to hypertension.

The antioxidant vitamins C and E supplementation resulted in a reduction in blood pressure, oxidative stress biomarkers,
and increased fluidity by PUFA proportion in the membrane 29, Conversely, high-dose vitamin C and vitamin E failed to
prevent methionine-induced homocysteinemia reduction of endothelium-dependent dilation despite the reduction of
peroxidation in hypertensive patients 241,

Quercetin but not epicatechin decreased the plasma concentration of methylglyoxal, which is a reactive di-carbonyl
intermediate and a precursor of advanced glycation end-products 22, On the same line, epicatechin supplementation
improves FMD but not statistically significant compared to placebo 3. In mildly hypertensive patients, coenzyme Q10
supplementation was effective in decreasing some pro-inflammatory factors, such as IL6 and hs-CRP. Adjunctive
coenzyme Q10 therapy was not associated with statistically significant reductions in systolic or diastolic blood pressure or
heart rate [24],

3.2 DIABETES

As oxidative stress plays a key role in the development and the progression of diabetes and its related complications,
several antioxidant supplementations were tested.

The supplementation with antioxidant vitamins in diabetic patients exerts beneficial effects that could improve the clinical
condition and attenuate or prevent diabetic pathogenesis and complications that, secondly to poor glycemic control, could
attribute to the imbalance between the decline in the endogenous antioxidants and increasing production of the ROS.



Indeed, Vitamin C or Vitamin E supplementation improves fasting blood sugar, lipid profile, insulin, homeostasis model
assessment of insulin resistance (HOMA-IR) and then increases the antioxidant profile and reduces oxidative biomarkers
(25112611271 However, other studies do not support the beneficial effect of vitamin supplementation. For example, no
differences were seen in the endothelial function measurement and total plasma antioxidant capacity (TAOC) before and

after combined vitamin C and E therapy 28 or in plasma oxyphytosterol concentrations and other oxidative biomarkers
[29]

The antioxidant effects of resveratrol supplementation in attenuating the increased oxidative stress in diabetes mellitus
patients have been investigated in several studies BE1I32][331[34]

Finally, several studies evaluated the effect of a supplement containing lipoic acid on glyco-metabolic control and oxidative
stress markers. These studies demonstrated that oral supplementation of alpha-lipoic acid reduces fasting plasma
glucose, glycated hemoglobin (HbA;;) and fasting plasma insulin with an improvement of lipid profile. The antioxidant
effect resulted in an increase of SOD, and GSH-Px, and a decrease of MDA [221(36],

3.3 HYPERCHOLESTEROLEMIA

The interaction of the combination of statins with n-3 fatty acids on oxidative stress was evaluated in hypercholesterolemic
women receiving a mixture of EPA and DHA. Results showed that statins and n-3 fatty acids increased oxidative stress as
a result of increased plasma malondialdehyde and SOD activity whereas reduced catalase expression BZ. Accordingly,
administration of N-3 fatty acids to patients treated with statins has no effect on oxidative stress parameter, that is STAT-8-
Isoprostane, and on endothelial function. However, a combination of statins and N-3 fatty acid inhibits platelet
aggregation, alters inflammatory status, and positively affects daytime blood pressure [28l,

Only one study evaluated the effect of resveratrol in hypercholesterolemic patients. In these patients, with a higher
demand for antioxidant activity due to higher cholesterol levels, resveratrol consumption significantly increased Vitamin E
levels without changes in TAC or in total cholesterol levels 4.

3.4 OBESITY

Vitamins (E and C) supplementation improved antioxidant-oxidant balance by increasing antioxidant status and reducing
oxidative stress biomarkers, namely F(2)-isoprostanes and F(2)-isoprostane metabolites, but did not affect the
inflammatory markers measured 9. Vitamin C intravenous infusions in overweight or obese grade | subjects reduced
protein carbonylation, one of the most harmful irreversible oxidative protein modifications, and a major hallmark of
oxidative stress-related disorders 41, Conjugated linoleic acid supplementation plus Vitamin E improved insulin
resistance, lipid disturbances, oxidative stress as total antioxidant capacity increased and MDA significantly decreased in
obese patients with NAFLD [42],

Resveratrol supplemented to obese subjects significantly decreased expression of pathways related to energy
metabolism, oxidative stress, inflammation 3! and maintains healthy circulatory function as indicated by a 23% increase
in FMD compared to placebo 44!,

3.4 SMOKE

The short-term Vitamin E-rich supplementation in combination with smoking cessation improved vascular endothelial
function as indicated by increased brachial artery flow-mediated dilation (FMD) by 1.3 %. Moreover, the pro-inflammatory
levels of mediators such as TNF-a and myeloperoxidase decreased after y-T-rich supplements and these were inversely
related to FMD. However, the supplementation doesn’t affect plasma oxidized LDL and urinary F2-isoprostanes 421146]

Long-term supplementation with vitamin E (36 months) lowered urine 8-iso-prostaglandin F2-alpha (8-iso-PGF2a) by 21%
),

Omega-3 fatty acid supplementation for 3 months decreases total oxidant status and oxidative stress index 8. Oral
supplementation of resveratrol for 30 days significantly reduced C-reactive protein (CRP) and triglyceride concentrations
and increased Total Antioxidant Status (TAS) values 42,

| 4. Concluding remarks

To date, the role of oxidative stress in the onset and progression of atherosclerosis and its impact on the development of
cardiovascular events has been widely described. Several studies demonstrated an increase of biomarkers of oxidative
stress in the setting of cardiovascular disease and outcome. Even if the suppression of oxidative stress using antioxidants
is beneficial as reported by many clinical studies, the effectiveness of antioxidant therapies is controversial for several



reasons. First of all, in different stages of diseases, oxidative stress may have different roles according to the oxidative
stress levels. Thus, it is crucial to verify oxidative stress biomarkers levels to give the antioxidant treatments at the
appropriate time. For example, researchers or clinicians should focus on the antioxidant power of a patient rather than
looking for a particular antioxidant. Among the methods that evaluate this power, HBA is a promising hew method that is
able to evaluate the ability of each individual to neutralize H,O,, a cell-permeable ROS generated by cellular metabolism
involved in intracellular signaling, that exerts a strong impact on cardiovascular pathophysiology. Indeed, in patients with
atrial fibrillation, a reduced ability to scavenge H,O,, as indicated by reduced serum HBA, predicted cardiovascular events
(22 Moreover, oxidative stress should be assessed with methods that evaluate more the activity of the enzymes involved
in the production of ROS than molecules produced by oxidative stress. Among these methods, the evaluation of NOX2
activity seems to correlate well with the severity of cardiovascular diseases and also with cardiovascular events. Second,
not all antioxidants are effective in modifying the outcome of cardiovascular risk factors and the dosing strategies in
clinical trials are different, even in the same pathology. Finally, not all biomarkers of oxidative stress are useful for
monitoring the clinical outcome of cardiovascular risk factors. Taken together, this information highlighted that antioxidant
therapy must be considered to all intents and purposes a pharmacological therapy and therefore that is extremely
important to monitor the dosage and time of administration as suggested in Figure 2.
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