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Cardiovascular Diseases

Abstract

Cardiovascular system is primarily considered as the human body’s transport system. The
cardiovascular system keeps life pumping through the body. Understanding the functions
of the cardiovascular system, along with its various pathways of veins, arteries and capil-
laries, is essential in the provision of safe and effective care. Cardiovascular disease (CVD)
remains to be the leading cause of premature deaths across the globe. Cardiovascular disease
is an umbrella term for a number of linked pathologies. Cardiovascular diseases (CVD) are
complex entities with heterogeneous pathophysiologic mechanisms and increased oxidative
stress has been viewed as one of the potential common etiologies in various CVD. Oxida-
tive stress in cardiovascular system may produce various cardiovascular diseases such as
atherosclerosis, ischemic heart disease, and hypertension. In conclusion, oxidative stress is a
condition that accompanies diseases of the cardiovascular system, and it may be responsible
for the development of the disease or its complications, which must be taken into account in

any treatment system.

Keywords: Cardiovascular system; Oxidative stress; Heart; Vessels; CVD

Introduction

Cardiovascular system is primarily considered as the human body’s transport system. Oxygen,
carbon dioxide, nutrients and other vital substances to the various tissues of human body are
carried by the blood which circulates in a closed circulation [1]. The cardiovascular system
has been comprised of a combination of several basic compartments, which are structurally
connected to and functionally interact with each other [2]. The circulation of the heart and
lungs (central circulation) and the rest of the body (peripheral circulation) form a single
closed system with two components: an arterial system and a venous system. The arterial
system carries blood from the heart and the venous system returns blood to the heart [3]. The
cardiovascular system keeps life pumping through the body. Understanding the functions of
the cardiovascular system, along with its various pathways of veins, arteries and capillaries,
is essential in the provision of safe and effective care [4]. Cardiovascular disease remains to
be the leading cause of premature deaths across the globe [5]. Heart illness (heart disease),
peripheral artery disease, congenital and rheumatic heart diseases, cerebral vascular disease,
and venous thromboembolism are all included under the term of CVD [6]. Although CVD
may directly arise from different etiologies such as emboli in a patient with atrial fibrillation
resulting in ischemic stroke, rheumatic fever causing valvular heart disease, among others,
addressing risks factors associated to the development of atherosclerosis is most important
because it is a common denominator in the pathophysiology of CVD [7]. Oxidative stress
is defined as an imbalance in the balance between antioxidants and pro-oxidants in favor of
antioxidants [8]. Antioxidants play a major role in protecting against molecular oxidative
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damage [9]. Indeed cardiovascular system exposes too many complications that can be related to an
oxidative stress that is also associated with the appearance of several pathologies [10]. In the current
review study, the aim was to evaluate the role of oxidative stress in cardiovascular system disorders.

Heart

The heart is a muscular organ about the size of a fist. With every heartbeat, the heart pumps blood that
carries oxygen and nutrients to all parts of the body [11]. The atria are upper receiving chambers for
returning venous blood. The ventricles comprise most of the heart’s volume, lie below the atria, and
pump blood from the heart into the lungs and arteries [12]. The heart is a hollow located in the chest
between the lungs behind the sternum and above the diaphragm. It is surrounded by the pericardium
[13]. The heart is usually positioned within the mediastinum with one-third of its mass to the right of
the midline, and with its own long axis directed from the right shoulder towards the left hypochondrium
[14] (Figure 1).
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Figure 1: Situation of the Heart [15]

Anatomical description

The heart is primarily a muscular pump and possesses many muscle fibres. Atria and ventricles have
a different microstructural organization; also, heart valves and ventricle walls possess a different
microstructure [16]. Heart is a fibroserous sac comprising three concentric layers [17] with diverse
structure and function (Figure 2). The inner layer endocardium and the outer layer epicardium are both
very thin, each being about 100 um thick; the middle layer, called myocardium, constitutes the bulk of
the cardiac tissue and endows it with the ability to pump blood [16].

Blood vessels

There are three types of blood vessels: arteries, capillaries and veins. These are the pipes which distribute
the blood throughout the body. The lumen is the channel within blood vessels which allows blood to
flows [19].

Arteries are the big, thick-walled vessels that transport blood away from the heart. A thick layer of
smooth muscle lines the inside of arteries, and this muscle can contract or relax, contributed to change the
size of the arterial lumen. There are three subtype the largest artery is the aorta then the coronary arteries
and the smallest one is the arterioles [20, 21].
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Figure 2: Anatomy of the Heart [18]

Cardiovascular disease

Globally, cardiovascular disease continues to be the primary cause of early mortality [24]. Cardiovascular
disease is a term for a number of linked pathologies, commonly defined as coronary heart disease (CHD),
cerebrovascular disease, and congenital heart diseases; venous thromboembolism [25 ]; Heart failure
(HF); Hypertension (HTN); Cerebral vascular accident (CVA) which is stroke: hemorrhagic, ischemic
or transit ischemic attack; Rheumatic heart disease; Peripheral vascular accident (PAD) which is lower
extremity artery disease (LEAD), aortic aneurysm and Interventricular communication. As a harrowing
statistic, every 39 seconds someone dies due to cardiovascular disease, claiming more lives than cancer
in the United States [26].

Cardiovascular disease and oxidative stress

There are several potential sources of ROS in the heart, including mitochondria, nitric oxide synthases
(NOSs), NADPH oxidase, and monoamine oxidases (Table 1).

Table 1: Potential sources of ROS in the heart [27-30].

(i) Complexes I and I1I are the best characterized enzyme complexes mediating ROS
generation in the mitochondria and are responsible for the majority of mitochondrial
ROS in cardiovascular physiology anddisease.

(ii) Mitochondrial oxidant modifications attenuate cardiac aging, protect from cardiac
Mitochondrial ROS disease, and prevent left ventricular remodeling and failure in animal models.

(iii) The increased mitochondrial calpain-1 is associated with mitochondrial ROS gen-
eration in diabetic cardiomyopathy

(iv) Mitochondrial ROS affect a broad range of cellular functions in the context of heart
failure.

(i) Nox activity increases in the failing heart and in angiotensin-II-induced cardiac
hypertrophy.

(ii) Suppression of Nox2 and Nox4 below physiological levels is able to exacerbate
myocardial I/R injury, whereas a minimum level of ROS production by either Nox2
or Nox4 is essential for the activation of hypoxia-inducible factor-1a (HIF-1a) and
NADPH oxidases (Nox) | inhibition of PPARa during I/R.

(iii) ROS generated by the Nox family of NADPH oxidases may act as second mes-
sengers regulating cell growth and differentiation.

(iv) ROS specifically derived from the Nox2 NADPH oxidase give a relevant con-
tribution to the development of cardiac remodeling associated with chemotherapy-

induced cardiotoxicity
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(1) nNOS-derived NO may inhibit XOR activity, limiting myocardial oxidative stress
and increasing NO availability within the myocardium.

(ii) O 2- from Nox may activate XOR and degrade BH 4 leading to NOS uncoupling,
NOSs as observed in diabetes and hypertension

(iii) Pressure overload triggers eNOS uncoupling, which in turn contributes to dila-
tory remodeling and cardiac dysfunction.

(iv) iNOS up-regulation and overexpression induce cardiac apoptosis, fibrosis, hyper-

trophy, and dilatation inanimal models.

(i) MAO-dependent oxidative stress also contributes to mast cell degranulation and
cardiac fibrosis, ultimatelyresulting in diastolic dysfunction in type 1 diabetes.

. . (i) MAO activity is associated with an increased risk for POAF.
Monoamineoxidases

(MAO) (iii) Genetic deletion of MAO-B protects against oxidative stress, apoptosis, and

ventricular dysfunction.
(iv) Genetic deletion of MAO-A is protective in I/R injury, pressure overload, and

heart failure.

Cardiovascular diseases (CVD) are complex entities with heterogenous pathophysiologic mechanisms
and increased oxidative stress has been viewed as one of the potential common etiologies. Increased
oxidative stress has been viewed as one of the potential common etiologies in various CVD [31]. Oxidative
stress in cardiovascular system may produce various cardiovascular diseases such as atherosclerosis,
ischemic heart disease, hypertension, congestive heart failure, cardiac hypertrophy and cardiomyopathies
by producing cell injury to cardiovascular tissue [32].

In pathological situations, ROS are able to cause oxidative modification of major cellular macromolecules
(such as lipids, proteins, or DNA). This oxidation induces modifications in subcellular organelles such as
sarcolemma, mitochondria, sarcoplasmic reticulum, and nucleus. As an example, ROS could modulate
contractility by oxidation of sarco/endoplasmic reticulum Ca2+-ATPase (SERCA 2A) and contractile
proteins such as tropomyosin and actin, leading to contractile dysfunction [33] (Figure 3).
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Figure 3: Pathological roles of oxidative stress and ROS in cardiovascular tissues [33]

In animal models, oxidative stress plays a crucial role in hypertension. Statin treatment of spontaneously
hypertensive rats resulted in a decrease in O2 generation and AT1-receptor activation as well as a
corresponding drop in blood pressure. [34]. In mice, the chimeric gp91ds-Tat peptide that prevents
NAD(P)H oxidase activation also reduced the generation of ROS and elevated blood pressure caused by
Ang II. In rat models, hypertension has also been linked to oxidative stress brought on by increased 12-
LO. This implies that hypertension is caused by a variety of oxidative processes [35]. In the other hand,
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TNF-a and Ang II caused hypertrophy in rat heart myocytes in a ROS-dependent way; antioxidant usage,
such as catalase, vitamin E, and butylated hydroxyanisole, avoided this.74 Catalase overexpression greatly
suppressed Ang II-induced hypertrophy, and antisense p22phox transfection prevented Ang II-induced
H202 production [36]. This indicates that the hypertrophy was caused by oxidative stress mediated by
NAD(P)H oxidase.75 NAD(P)H oxidase-dependent ROS generation markedly and gradually increased
during compensated hypertrophy in a guinea pig model, peaking at the level of decompensated heart [37]

Conclusion

Cardiovascular diseases are multifaceted conditions with diverse etiologies. Cardiovascular illnesses
are frequently accompanied by oxidative stress, which should be considered in any treatment plan
since it may contribute to the onset of the disease or its complications. A deeper comprehension of
ROS-dependent signal transduction events, their locations, and the integration of ROS-dependent
transcriptional and signaling pathways in vascular pathophysiology are necessary for the development of

effective pharmaceutical therapeutics for CVD.
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