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ABSTRACT

Endothelins are peptides that have receptors and actions in a variety of organs. Endothelin causes veins and arteries
to contract and elevates blood pressure. Endothelins are generally balanced by other systems, but when they are
overexpressed, they lead to high blood pressure (hypertension), heart disease, and maybe other disorders. Endothelins
are 21-amino acid vasoconstricting peptides that are largely synthesized in the endothelium and play an important role
in vascular homeostasis. Endothelins have been linked to vascular illnesses in a variety of organ systems, including the
heart, lungs, kidneys, and brain. Endothelins are still the subject of substantial scientific and clinical study to establish
their roles in many organ systems. In this review, we focus on the physiology and pharmacology of endothelin.
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INTRODUCTION

Endothelin-1 is the foremost strong vasoconstrictor
biogenic molecule right now distinguished, and it was
initially confined and demonstrated from the
laboratory-based culture media of endothelial cells
collected from the aorta in 1985 [1, 2]. Some factors
stimulate endothelin production, such as inflammatory
mediators, thrombin, cyclosporine, insulin, cortisol,
hypoxia, epinephrine, angiotensin 1l & vascular shear
stress [2-10]. Some other factors are inhibitory for
endothelin  production including nitric  oxide,
prostanoids, and natriuretic peptides. The complete
structure of endothelin has fully demonstrated in 1988-
1994[2, 3], and has been described as a potent
remarkable vasoconstrictor for vascular smooth
muscle. This highlight has been confirmed by in vivo
sustained elevation of blood pressure in anaesthetized
laboratory administration following administration of
IV of ET [1,2]. Sarafotoxins has been identified in

snake venom and show structural similarity to ET and
similarity in action [1,2]. Variation in response between
rabbit aorta and rat artery has been later demonstrated
suggesting splice variants; which has been shortly later
on investigated that there is different ET isoform and
distinct receptor subtypes. A few years later on a
structural sequence of 21 amino acids assembling ET
has been described [11,12]. Antagonist and agonist for
research purposes have been jointly identified and used
for research purposes [13-15].

Pharmacological researchers attempt to identify
antagonists at receptors to block vasoconstriction and
ensure reduction in peripheral resistance for therapeutic
purposes in cardiac diseases[16]. The introduction of
ambrisentan as an active agent for clinical use has
revolutionized the field and later on a selective
antagonist was introduced [17-20].; sitaxentan, which
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has been withdrawn shortly after postmarketing due to
idiosyncratic adverse reaction resulting in death due to
liver disorder [21].

SYNTHESIS OF ENDOTHELIN

The synthesis of ET is a stepwise process involving
gene encoding synthesis of preproET, followed by
partial removal of some amino acids by peptidase
enzyme resulting in proET production followed by

Prepro-ET-1 mRNA

)

Prepro-ET-2 mRNA

|

cleavage step catalysed by furin and convertase enzyme
yielding an ET (Figure 1)[22]. Once synthesized, ET is
stored in vesicles and continuously released to maintain
vascular tone. Once these vesicles receive
physiological or pathological stimuli; they degranulate
releasing ET to the vicinity inducing vascular action.
These degranulation processes are under the control of
the endothelin converting enzyme (ECE). The action of
this enzyme is upregulated in atherosclerotic injurious
tissues [23-26].
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Figure 1. Endothelin synthesis steps [22].
system and bradykinin inactivation [27-37].
ENDOTHELIN Phosphoramidon is considered a non-selective inhibitor
of ET because it has been supplied by the manufacturer
) _ as an endopeptidase inhibitor and as a stimulator for
Endothelin ~ converting enzyme (ECE) and atrial natriuretic peptide and inactivator for other
inhibitors:

Initially isolated and purified from aortic endothelial
cells, the activity of which was shown to be inhibited
by phosphoramidon (neutral endopeptidase inhibitor).
ECE is responsible for elevated plasma ET levels in
diabetic patients confirming a positive correlation
between high plasma glucose levels and activation of
ECE. Pharmacological targeting ECE is difficult to
interpret due to compensation by alternative vasoactive
pathways which might be reciprocally modulated due
to the presence of ECE inhibitors. Additionally, it has
been speculated that ECE is involved in the angiotensin

peptides (enkephalins and tachykinins). Thiorphan has
been experimentally introduced as an alternative for
phosphoramidon but the latter was shown to be more
effective than the former, hence thiorphan use was
obsolete and solely hold for research use. Unlike
Thiorphan, phosphoramidon doesn't cross the plasma
membrane hence no action was achieved against ET
synthesis which means that only extracellular ET was
affected[26,27,38].

On the other hand, daglutril is been introduced as a
potential ECE inhibitor, introduced as a small molecule
to be used clinically because it lacks some side effects
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associated with ET receptor blockers such as
hepatotoxicity and oedema. Moreover, it has been
considered as a comparable molecule to captopril and
other ACE inhibitors in reducing proteinuria and
providing protection against nephrotoxicity. However,
in comparison to ACE inhibitors whose efficacy is
reduced as renal insufficiency advances, daglutril
retains its activity even upon advanced disease
conditions, this could be a promising clue for targeting
ET as a potential renal disease therapeutic approach
[39,40].

Endothelin receptor (ET-R)

ET-R is a seven-transmembrane G protein-coupled
receptor. ET-R are distributed in distinct tissues and
organs of our body. Most important is their abundant
presence in the vascular system which upon activation
produce vasoconstriction resulting in modulation of
normal vascular physiology. The underlying
mechanism is that activation of ET-R results in
adenylyl cyclase stimulation resulting in increased
cAMP and subsequent vasoconstriction. ET activate
ET-R (G protein-coupled 7 transmembrane spanning
domains receptors); this receptor is only present in
invertebrates. The receptor showed structural
similarities between vertebrates (sheep (95%), rat
(93%), pig (95%), dog (95%), and mouse (92%).
Moreover, the differences are mainly is in the non-
binding sites (N-terminus) indicating cross-similarities
between the aforementioned species concerning
humans [41]. These claims have been confirmed by
terminal mutation of some aminoacids which induce no
changes when compared with core mutation amino
acids shown great mutation. Additionally, ET-receptors
showed splice variances (in the aorta, atrium, and lung),
however, the splice variant showed no significant
physiological or pathological differences. The
extracellular spanning domain is involved in ligand
binding while immersed domain and externally
spanned are of great interest clinically and being
mutated inducing different diseases including skin
diseases (hyperpigmentation) and sensorineural deficit
and aganglionic megacolon [42,43]. Stimulation or
inhibition plays a great role in vasoconstriction or
vasodilation. The distribution of endothelin seems to be
ubiquitous whenever and wherever a blood supply has
arrived. CNS contain abundant ET receptor and play a
great role in haemorrhagic stroke by reflex vasospasms.
ET binding to receptors in the myocardium induces
positive inotropic effects. However, recent reports
confirmed that ET presents in 2 isoforms Eta and Etg

showing a contrasting activity at ET receptors with
more abundant ETa receptors in muscular tissues. ET
play a major role in most if not all vascular system in
our body. In pathology, the production of ET is highly
increased resulting in a wide range of contraction areas
and the diseased conditions were further exacerbated
due to the absence of naturally produced vasodilators
(Nitric oxide and prostacyclin). ET bind strongly and
irreversibly to its receptor resulting in allosteric
modulation of receptors resulting in complete receptor
agonistic activity which can't even be reversed by any
antagonists. Surprisingly, a low level of ET promotes
vasodilatation while a high concentration promotes
vascular resistance which might be due to overall
modulation in receptor density. Despite the highest
density of the receptor in CNS, they seem that the
receptor also presents in peripheral tissues especially in
lungs tissue more specifically localized in arteries and
veins. The ET level increased in patients with
pulmonary arterial hypertension and correlated with
disease condition and its prognosis. The receptors are
also expressed in the heart (atrium, ventricles, and
septum). ET is characterized by having strong positive
inotropic effects on the cardiac muscle. Isolated human
coronary arteries have been investigated to show the
difference between normal and atherosclerotic diseased
arteries following exposure to sarafotoxins; the result
has shown that response was weaker to ET in diseased
arteries compared to normal ones. However, there was
no difference between maximum response and receptor
density between normal and diseased tissues [44-49].

ENDOTHELIN ROLE IN
CONDITIONS

DISEASE

Pulmonary hypertension

ET is involved in the pathology of pulmonary
hypertension and the circulating level of ET has been
demonstrated to be much higher than the counterpart
normal individual. Evidence confirmed that smooth
muscle cells and endothelial cells of lung vessels
produce ET when activated by cytokines. This
condition  mimics  patients  with  pulmonary
hypertension concerning ET gene expression and
protein production. These patients have shown a close
correlation between measured parameters including
(pulmonary vascular resistance, atrial pressure, and
level of oxygen saturation) [50, 51].
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Systemic hypertension

Recently, it has been discovered that endothelin is a
vasoconstrictor and its production is mainly through the
endothelium of blood vessels during normal and
pathological conditions. This discovery has been taken
as proof of the involvement of endothelin in the
pathology of hypertension. This link has been further
confirmed the following reduction in blood pressure
after surgical treatment of hemangioendothelioma
patients; which showed a great elevation of blood
before surgery. Furthermore, studies have confirmed
that endothelin plasma concentrations were normal in a
patient with essential hypertension despite elevated
local vascular endothelin levels. Further studies have
confirmed that endothelin receptor blockage is
essentially more important in reducing blood pressure
than salt intake or angiotensin system. Moreover, ET
role has been confirmed in cardiac remodelling and
associated with changes of myocardial infarction and
biochemical changes of atherosclerotic diseases [52-
55].

Heart failure
The stage of heart failure has been linked to a great
extent to circulating endothelin and is responsible for
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raising vascular resistance, remodelling of the smooth
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Ovarian cancer

ET is characterised by mitogenic effects that are
characterised by stimulation of vascular/ non-vascular
proto-oncogene expression. Several types of tumours
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and breast) is associated with higher plasma ET
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migration and invasion [62-64].

CONCLUSION

Endothelin plays important role in health and diseases
and focusing on the different research aspects of
endothelin could lead to the discovery of a new
approach for the treatment of diseases.
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