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Abstract

Angiotensin is a protein hormone; it is a part of the renin-angiotensin system (RAS), that causes blood vessels to become
narrower, helps to maintain blood pressure and fluid balance in the body. It is the primary effector hormone that
secreted in response to physiological stimuli. Despite, there is now general agreement that RAS is known to be much
more complicated, acting locally within organs or tissue, through both intracrine and autocrine/paracrine mechanisms
and systemically, to exert its effects on target organs, including the heart. High secretion of angiotensin II is a common
problem resulting in excess fluid retained by the body and, ultimately, raised blood pressure frequency occurs in heart
failure where angiotensin is also thought to take part in growing the heart size. Angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers are used in the clinic to avoid these adverse effects. Besides, High levels of Ang II often
causes hypertension, renal failure, and cardiac fibrosis. In this review, will be illustrated how Chronic Activation of the
renin-angiotensin System Induces heart failure and injures endothelial cells by activation of cellular suicide pathways
leading to apoptosis. Its Effects mediated by angiotensin II receptor (AT2) are suggested to include inhibition of cell
growth, fetal tissue progression, extracellular matrix modulation, neuronal regeneration, cellular differentiation,

apoptosis, and may be vasodilation and left ventricular hypertrophy.
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Abbrevations: ACE: Angiotensin-Converting Enzyme; Phosphate; AGT: Angiotensinogen; (P)RR: (Pro)Renin

RAS: Renin-Angiotensin System; Ang I: Angiotensin I[; Receptor.

ALDO: Ang II Level or Aldosterone; RAAS: Renin-

Angiotensin- Aldosterone System; ADH: Antidiuretic Introduction

Hormone; ACE-I:  Angiotensin-Converting Enzyme

Inhibitor; ARB: Angiotensin Receptor Blocker; MRA: In 1898, after renin, angiotensinogen and angiotensin-
Mineralocorticoid Receptor Antagonists; BB: 3-Blocker; converting enzyme (ACE) discovering were identified as
HF: Heart Failure; ROS: Reactive Oxygen Species; LV: Left additional vital components of the classical circulating
Ventricular; NADPH: Nicotinamide Adenine Dinucleotide renin-angiotensin system (RAS) [1]. The precursor of
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angiotensin is angiotensinogen; it is an a-glycoprotein
produced mostly by the liver [2] and released into the
systemic circulation then converted to angiotensin [ (Ang

D [3].

(Ang I) under effectiveness by renin (Figure 1) Ang I
split into Ang II by endothelial-bound ACE in the lungs.
Renin explicitly released from the juxtaglomerular cells of
the kidneys in response to low pressures. It is converted
to angiotensin [ by angiotensinogen produced by the liver,
which is then converted to angiotensin II by angiotensin-
converting enzyme (ACE) in the lungs [4,5]. The
hemodynamic effects of angiotensin II include stimulation
of aldosterone production and systemic vasoconstriction
and, consequently, fluid retention and increased systemic
blood pressures, but it also has several direct cardiac
effects. Angiotensin II induces hypertrophy and apoptosis
of the cardiomyocytes, and it is the most important
regulator of the development of myocardial fibrosis [6].
These effects are central components of cardiac
remodelling, which is a maladaptive response causing
ventricular dilatation and cardiac dysfunction [7].

On the other hand, the hemodynamic effects of
angiotensin II include stimulation of zona glomerulosa
cells of the adrenal cortex through its ability in altering
renal sodium and water absorption to stimulate the zona
glomerulosa cells of the adrenal cortex to synthesise and
secrete aldosterone, which influences blood pressure
regulation by increasing reabsorption of water and
sodium in the kidneys, but it also promotes cardiac
fibrosis and endothelial dysfunction [8,9].

Angiotensin II acts through two types of receptors
termed AT1 and AT2. to conduct signals. The activation of
the AT2 receptor usually indicates a pathophysiological
condition of AT1-mediated action with potentially
harmful consequences [10]. This activation may be
adaptive in response to acute reductions in cardiac
contractile function but has deleterious effects after
chronic activity.

Angiotensin Il promotes peripheral vasoconstriction
that increases myocardial oxygen demand. Furthermore,
angiotensin Il fosters the proliferation of cardiac
fibroblasts and the deposition of extracellular matrix
resulting in cardiac fibrosis. Also, numerous studies have
shown that Ang Il signalling in the failing heart associated
with increased ROS generation and oxidative stress which
causes cardiac hypertrophy, doubled OHe production in
the hearts in an AT1R-dependent manner [11].
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Methods

Using PubMed, we performed a systematic literature
search to identify studies investigating the effects of
angiotensin on the heart and how it can cause heart
failure conducted between 1998 and 2016. Additionally,
all relevant reference lists were screened manually.
Studies investigating adults who suffer from heart disease
which faces a chronic elevation of Ang II level or
aldosterone (ALDO) and the development of heart
dysfunction and failure were included in this review.

The Life Cycle of Angiotensin II

Synthesis of angiotensin II-is the last station in renin-
angiotensin System (RAS) cascade which begins with
altering in sodium/water levels in the blood. First,
angiotensin II is an oligopeptide of eight amino acids that
causes narrowing in the blood vessels. It maintains blood
pressure and fluid balance in the body. It is formed from
its original precursor, angiotensinogen, by a series of two
enzymatic cleavages [3,14]. When renal blood flow is
lower than usual, the plasma sodium concentration is
reduced, in the kidneys prorenin (an intracellular protein)
will convert into renin, Renin is an enzyme created via
pericytes in the vicinity of the afferent arterioles and
juxtaglomerular apparatus cells. It is reserved in
intracellular vesicles and rapidly secreted in response to
three stimuli: a decrease in blood pressure, a reduction in
the sodium concentration delivered to the distal tubules,
and activation of the sympathetic nervous system
(through Bladrenergic receptors) [3]. Renin itself has no
peripheral receptors as well as no direct hemodynamic
effects. Directly after secretion into the circulation, then
catalyzes cleavage of angiotensinogen which is released
from liver by cutting a short 10 amino acid long and
peptide off the plasma protein angiotensinogen to
angiotensin I. The short peptide angiotensin I is then
converted by the removal of 2 amino acids to form the
octapeptide angiotensin II, by the angiotensin-converting
enzyme (ACE) found in the lung capillaries which is the
primary location for (ACE) [13] (Figure 1).

Angiotensin Il and aldosterone

Angiotensin II also urges the adrenal cortex to secrete
the hormone aldosterone. Hence, it also called renin-
angiotensin- aldosterone system (RAAS). Aldosterone
triggers and causes increase in the sodium and water
reabsorption through the renal tubules, whereas at the
same time, to maintain electrolyte balance, causing the
excretion of potassium then increases the volume of
extracellular fluid in the body, which lead to increases
blood pressure [15] (Figure 1).
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Figure 1: Renin- angiotensin- aldosterone system (RAAS).

Physiological and pathological effects of
angiotensin
Blood vessels (vascular), causing constriction

(narrowing) of the blood vessels then increase blood
pressure.

Nerves (neurological), causing the sensation of thirst,
desire increasing for salt, and encouraging the
pituitary gland to secrete the anti-diuretic hormone
and sympathetic nerves to release noradrenaline.

Adrenal glands, urging aldosterone production,
resulting in the body retaining sodium and losing
potassium from the kidneys.

The kidneys, increasing sodium retention and altering
the way the kidneys filter blood which causes rising
in the water reabsorption in the kidney which causes
an increase in the blood volume and blood pressure.

On the other hand, in the cardiovascular system, the
renin-angiotensin system is a primary component of
the physiological and pathological responses. Its
primary effector hormone, angiotensin II (ANG II),
not only mediates immediate physiological effects of
vasoconstriction and blood pressure regulation, but is
also implicated in inflammation, endothelial
dysfunction, atherosclerosis, hypertension, and
congestive heart failure.

ANG II, via AT1 receptors, carries out its functions,
the central signalling mechanisms by which
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angiotensin affected on cardiovascular physiology
and pathology [3,10,14-16].

Angiotensin acts through specific receptors
AT1,AT2

Ang 1II receptors located throughout the heart, blood
vessels, kidney, adrenal cortex, lung and brain. Most of the
known pathophysiologic effects of Ang Il are mediated by
AT1R, including vasoconstriction and increased blood
pressure, promotion of tissue inflammation and fibrosis,
increased oxidative stress, and aldosterone production
[10].

Angiotensin II and oxidative stress involved in
the heart failure

The RAS is a central feature in the pathophysiology of
heart failure acting locally, through both intracrine and
autocrine/paracrine mechanisms, as well as systemically
to exert its effects on target organs, including the heart.
Adaptations in this system occur in response to an
inability to meet the demands of vital organ systems. The
RAS activated by renal hypoperfusion and sympathetic
activation [6,7]. The principal product of this cascade is
angiotensin II, which has multiple system-wide effects
that are initially compensatory but subsequently
exacerbate and causes heart failure syndrome that
attributed to the following: first, Ang II has blood
pressure-dependent and blood pressure-independent
effects in the heart that cause a crucial role in cardiac
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remodelling and dysfunction. Cardiac remodelling which
results from chronic hypertension or following an acute
myocardial infarction which is essential risk factors for
heart failure development of and, eventually, death. The
renin-angiotensin system (RAS) has previously been

established to play a crucial role in the progression of
cardiac remodelling, and for protecting the heart from
that remodelling then subsequent heart failure the
hyperactive RAS should be inhibited [17] (Figure 2).
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Figure 2: Graphical overview of the renin-angiotensin-aldosterone system and its manifestations
in heart remodeling. ADH, antidiuretic hormone; ACE-I, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonists; BB, 3-blocker.

The remodelling process, which could result associated
with hypertension, would consist of changes in the
architecture of the heart, including perivascular and
myocardial fibrosis, and medial thickening of
intramyocardial coronary arteries, in addition to the
myocyte hypertrophy [18]. (Ang II) Mediates its biological
functions without binding to two major classes of G
protein-coupled receptors termed AT1 and AT2. It
attaches to either (AT1R) through which it exerts most of
its known functions, or to (AT2R) whose task was until
recently mostly unknown but is thought mainly to oppose
AT1R signalling [10].

Angiotensin II (ANG II), through its interactions with
the ANG II type 1 (AT1) receptor, has been demonstrated
to increase fibroblast gene expression (including
collagen), fibroblast density and proliferation, and
myocyte hypertrophy, all of which are hallmarks of
myocardial fibrosis and remodelling. Besides, the effects
which are mediated by the AT2 receptor are suggested to
include inhibition of cell growth, fetal tissue development,
modulation of the extracellular matrix, neuronal
regeneration, cellular differentiation, and maybe
vasodilation, left ventricular hypertrophy and apoptosis.
This receptor mediates programmed cell death
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(apoptosis) by activation of cellular suicide pathways.
Plenty of studies refer to those endogenous or exogenous
elevations in plasma angiotensin Il are associated with
acute cardiac myocyte necrosis and following by
microscopic scarring. As we mentioned above, that Ang Il
acts as a compensatory factor to recover the deficiency in
the heart function [19].

If we look back at the tries and successes of animal
evolution, beginning from the peristaltic tube of primitive
worms and developed to the four-chamber heart of birds
and mammals. It reveals that nature has experimented
many different devices for propelling the blood, has
constructed various circulatory systems for feeding the
organs, and has used several carriers for conveying
oxygen.

The primitive cardiac tube does not have chambers or
valves and had peristaltic movements moving fluid into
pericellular spaces, without right vessels or unidirectional
flow [20]. Analysing the performances of the heart
pumping under this development process may give a clue
to the heart adaptation to the constraints urged by the
propulsion of blood to appropriate with the organism
requirements. Hence, when the heart faces a chronic
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elevation in plasma Ang II level or aldosterone (ALDO),
relative to sodium intake to some extent get the
circulatory system back to be similar for the pump that
we inherited from our animal ancestors by the
independent on the blood vessels constriction to
adequate the body needs consequently with a
perivascular and interstitial fibrosis of the coronary and
systemic circulations then heart failure [21].
Pharmacologic agents which interfere with these effector
hormones (e.g., ACE inhibition and ALDO receptor
antagonism) protect the myocardium against this
pathologic structural remodelling created by the reactive
and replacement (reparative) fibrosis [19].

Moreover, Ang II given exogenously to rodents has
been shown to result in cellular changes within the
myocardium, hypertrophy and eventual fibrosis, like that
seen in humans. Some studies demonstrated some of the
prospects behind cellular changes in the myocardium that
might cause by oxidative stress which is induced by Ang II
further, can cause mitochondrial damage and dysfunction
[11]. The most important is the split of angiotensinogen
AGT by renin was latterly shown to require a
conformational change was brought by a formation of a
disulphide bridge between two cysteines as a result of
oxidation, which refers to the presence of a positive
feedback mechanism by which Ang II-induced ROS also,
increase Ang Il formation [22,23] (Figure 3).

G\b 8 .
— E—

Figure 3: Redox modulation of AGT cleavage and
formation of a disulfide bridge. Ang I- angiotensin I; AGT-
angiotensinogen; (P)RR-(pro)renin receptor.

This ongoing ROS production usually counteracted, and
an equilibrium oxidative state maintained by SODs and
the reduction of H;0, to H;0 by catalase and peroxidases,
as well as the actions of nonenzymatic antioxidants and
radical scavengers. Many cellular proteins change in
conformation and activity due to reduction and oxidation
of their thiol groups, and ROS have been shown to play a
vital role in many important physiological processes,
including host defence and inflammation, cellular
signalling, gene expression and regulation of cell growth
and death, and oxygen sensing [24].
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Heart failure (HF) characterized by activation of the
sympathetic nervous and renin-angiotensin-aldosterone
systems. This neuroendocrine activation associated with
oxidative stress in the myocardium and vasculature.
Oxidative stress is an imbalance between the generation
and detoxification of reactive oxygen species (ROS)
[25,26]. In patients with HF, oxidative stress occurs in the
myocardium [27,28]. and plasma and correlates with left
ventricular (LV) dysfunction [29]. Reactive oxygen
species negatively affect the disposition of myocardial
calcium (Ca2*), cause arrhythmia, and contribute to
cardiac remodelling by inducing hypertrophic signalling,
apoptosis, and necrosis [30,31]. Enzymatic sources for
ROS, such as the nicotinamide adenine dinucleotide
phosphate (NADPH) oxidases (NOXs), uncoupled nitric
oxide (NO) synthase, and mitochondria are all considered
relevant sources of ROS in HF, causing vascular and
myocardial dysfunction. Importantly, mitochondria
amplify ROS derived from NOXs and may thereby function
as “redox hubs” in cardiac physiology and disease.

As mentioned above, many of the downstream effects
of Ang Il signalling mediated through ROS generation. Ang
[I-induced ROS modulate gene expression through
transcription factor activation, upregulate growth factors
and cytokines, and activate kinases. Oxidative stress has
been revealed to be significant in mediating Ang II-
induced cardiac hypertrophy, apoptosis, and fibrosis. As
well as plays a crucial role in inflammation, and
cardiomyocyte contractile dysfunction [32,33].

Taken together, this is strong evidence which supports
that Ang II role in the development of myocardial fibrosis
consequently heart failure.

Conclusion

The RAS is a central feature in the pathophysiology of
heart failure acting locally, Adaptations in this system
occur in response to an inability to meet the demands of
vital organ systems. The RAS which is activated by renal
hypoperfusion and sympathetic activation. The principal
product of this cascade is angiotensin II, which has
multiple system-wide effects that are initially
compensatory but subsequently exacerbate and causes
heart failure syndrome. When the heart faces a chronic
elevation in plasma Ang II level or aldosterone (ALDO)
relative to sodium intake, both, to some extent get the
circulatory system back to be like the pump that we
inherited from our animal ancestors through the rely on
the constriction of the blood vessels to meet the body
needs. Consequently, perivascular and interstitial fibrosis
of the coronary and systemic circulations then heart
failure. On the other hand, some of the prospects behind
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cellular changes in the myocardium that might cause by
oxidative stress which is induced by Ang II further, can
cause mitochondrial damage and dysfunction and
negatively affect the disposition of myocardial calcium
(Ca%*), which cause arrhythmia, and contribute to cardiac
remodelling. Pharmacologic agents which interfere with
these effector hormones (e.g, ACE inhibition and ALDO
receptor antagonism) protect the myocardium against
this pathologic structural remodelling created by the
reactive and replacement (reparative) fibrosis.
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