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The vascular endothelium is the largest organ in the body. The 
vessel wall is 5 times the size of the heart in mass and 6 times 
the size of a tennis court in area. The vessel wall is an active, 

integrated organ composed of three separate layers: intima, media and 
adventitia. Histologically, the endothelial cells are very specialized, 
metabolically active, polyhedral cells that form a continuous layer that 
lines the internal surface of blood vessels. In small vessels, endothelial 
cells possess a well-defined basal membrane with fine elastic fibrils (the 
subendothelium) in contact with the smooth muscle cells of the media. 
Since the discovery that the endothelium is the main regulator of vas-
cular tone, capable of releasing numerous vaso-active substances, a large 
number of studies have been carried out in the endeavor to explain its 
pathophysiology. 

The functions of the endothelium
The main functions of the endothelium are the following: regulation of 
vasodilation and vasoconstriction, regulation of vascular permeability, 
regulation of leukocyte-and platelet-vessel wall interaction, and vas-
cular proliferation and remodeling. As far as the autocrine function is 
concerned, the main activity of the endothelium is the release of vaso-
active substances (endothelium derived relaxing factors EDRF and en-
dothelium derived constricting factors EDCF), which regulate vascular 
tone.

Endothelial dysfunction is important in the pathophysiology of 
hypertension. This causes endothelial cells to decrease production of 
some compounds and increase production of others. Production of ni-
tric oxide (NO), a potent vasodilator, is decreased, while production of 
vasoconstrictors, notably endothelin (ET) and angiotensin II (AII) is 
increased.

It was Sir Henry Dale who, in 1914, observed that the intrave-
nous injection of acetylcholine (ACh) increased blood flow, but it was 
not until 1985 that Furchgott realized that ACh-induced relaxation 
was endothelium-dependent; for this reason he named this substance 
EDRF. Two years later, Moncada proved that EDRF was identical to 
nitric oxide (NO). Nitric oxide (NO) mediates vasodilation via acti-
vation of soluble guanylyl cyclase in vascular smooth muscles, where 
the subsequent generation of cyclic GMP (cGMP) results in smooth 
muscle relaxation. Indeed, this is mechanism by which NO donors such 
as nitroglycerin induce vasodilation within the vasculature. However, 
there is growing evidence that NO exerts effects on the cardiovascular 
system that are independent of cGMP. Thus, the functional roles of NO 
in the cardiovascular system surpass those of an exogenous form of the 
drug such as nitroglycerin.
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NO is synthesized in many cell types from the 
conversion of the amino acid L-arginine to L-citrul-
line. At least three distinct NO synthetases (NOSs) 
have been identified and are found to produce vari-
ous amounts of NO under different conditions. For 
example, both the neuronal (nNOS or NOS1) and 
endothelial (eNOS or NOS3) isoforms are usually 
expressed stably or constitutively with little change in 
NOS protein levels over time in those tissues where 
they are expressed. These isoforms are activated by 
a rise in intracellular calcium. In contrast, sustained 
high levels of NO can be produced in endothelial 
and smooth muscle cells by the inflammatory cyto-
kine-inducible form of NO synthetases termed “in-
ducible” NOS (iNOS or NOS2). 

Normal vascular endothelial cells support cardio-
vascular function by promoting vasodilation and by 
inhibiting platelet aggregation, white blood cell ad-
hesion, and smooth muscle cell proliferation. In con-
trast, dysfunctional endothelium is characterized by 
an impaired endothelium-dependent vasodilatation 
response; it favors platelet aggregation, white blood 
cell adhesion, and promotes smooth muscle cell pro-
liferation. Endothelial dysfunction is characterized 
by a decreased production and/or local bioavailabil-
ity of NO. It plays a pivotal role in the development, 
progression, and clinical manifestations of athero-
sclerosis, as well as in the development of ischemia 
and thrombosis in late stages of the disease by pro-
moting coronary vasoconstriction and thrombosis. 

Impaired endothelium-dependent dilation in 
the coronary circulation is associated with coronary 
atherosclerosis and coronary risk factors,1-2 and im-
proves with risk reduction therapy.3 Consequently, 
endothelial function has been defined as an “excel-
lent barometer” of vascular health4 and can be used 
to gauge cardiovascular risk. Previous studies dem-
onstrated a pathogenic link between coronary en-
dothelial dysfunction and cardiovascular events.5,6 
Coronary and peripheral endothelial dysfunction 
may be induced by several risk factors, as in familial 
hypercholesterolaemia, smoking, diabetes mellitus 
and hyperhomocysteinemia.

Endothelial dysfunction and hypertension
High blood pressure is an established independent 
risk factor for cardiovascular disease. Hypertension 
leads to cerebrovascular injury, atherosclerosis, and 
renal failure. Although previous studies have focused 
on sodium retention and excess production of en-
dogenous vasoconstrictors such as angiotensin II 
and endothelin as causes of elevated blood pressure 

in this disease syndrome, there is growing evidence 
that some forms of hypertension result from a re-
duced amount of endothelium-derived NO (i.e., a 
decreased in eNOS expression or activity).

ENOS in endothelial cells can be activated by 
several mechanisms, including parasympathetic 
(muscarinic cholinergic) nerve release of ACh that 
results in local vasodilation. Individuals with clinical 
hypertension demonstrate impaired endothelium-
dependent relaxation of their forearm vessels in re-
sponse to pharmacologically administered ACh.7

Mutant mice lacking a functional eNOS gene 
(i.e., eNOS “knockout” mice) are hypertensive in 
both the systemic and pulmonary circulations.8,9 
Blocking eNOS activity with chemicals-such as 
the nonmetabolized arginine analogue N-nitro-L-
arginine methylester (L-NAME) that mimic the 
enzyme’s natural substrate, L-arginine, also increas-
es systemic blood pressure.10 Feeding L-arginine, 
the precursor of NO, to hypertensive rats increases 
eNOS activity and lowers systemic blood pressure.11 
Moreover, in vivo gene transfer of eNOS (i.e., the 
transfer of genetic information encoding the eNOS 
protein into blood vessels) effectively decreases the 
systemic blood pressure of spontaneously hyperten-
sive rats.12 The evidence indicates that, at least in ani-
mal models, a decline in eNOS-derived NO results 
in systemic hypertension.

In addition to a decline in eNOS activity, the in-
activation of NO once generated by eNOS has also 
been implicated in the development of hypertension. 
For example, recent studies suggest that angiotensin 
II not only causes vasoconstriction but also increases 
production of superoxide anion, a highly reactive 
form of oxygen, from vascular wall cells.13 Superoxide 
anion rapidly reacts with NO and, therefore, might 
indirectly cause high blood pressure by scavenging 
and inactivating locally generated NO within blood 
vessels. Conversely, antioxidants such as vitamin C 
might possibly enhance endothelium-derived NO 
activity by neutralizing oxidants such as superoxide 
anion in individuals with essential hypertension.14 

Endothelin (ET)-1 is a potent vasoconstrictor 
and smooth -muscle mitogen that may in part medi-
ate the pathogenesis of systemic and pulmonary hy-
pertension.15-17 Circulating plasma levels of ET-1 are 
increased in both systemic and pulmonary hyperten-
sion, and the balance of circulating ET-1 production 
and clearance is shifted from normal net clearance 
toward net excess production.16,18,19 This may partly 
be due to the increased ET-1 gene expression and 
synthesis, particularly at the site of the microvascular 
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remodeling, which principally causes elevated sys-
temic and pulmonary vascular resistance.

In this issue of the Annals of Saudi Medicine (see 
page 364), the study from United Arab Emirates by 
Obineche and colleagues provides some important 
insights on the significant value and role of ET-1 in 
development and severity of essential hypertension 
in a genetically homogenous Gulf Arab Bedouin 
population. They compared the circulating levels of 
ET-1 in a homogenous well-characterized group of 
60 indigenous untreated Emirati Gulf Arabs with 
essential hypertensive with ET-1 levels in 60 age- 
and sex-matched normotensive volunteer controls. 
Both groups were considered to be a cross-section 
representative of the Emirati Gulf Arab population 
and comprised 35 men and 25 women. The over four 
times greater plasma ET-1 levels in hypertensive 
males and females than in the normotensive group 
was statistically significant. Raised ET-1 levels were 
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significantly more correlated with systolic blood 
pressure. Despite the small number of subjects in 
the study group, Obineche and colleagues must be 
congratulated for this investigation, which provides 
us with important information to use in future large-
scale prospective multi-centers trials in our region 
using ET-1 and other endothelial surrogate mark-
ers to detect hypertension and other cardiovascular 
diseases in the early stage or even in the pre-clini-
cal phase in high-risk populations. Finally, the aim 
of therapeutic interventions against these disease 
entities should be to improve endothelial function. 
Therapeutic approaches can include use of ET-1 
blockers, aII receptor blockers, angiotensin-convert-
ing enzyme inhibitors as well as other means of im-
proving endothelial function such as the use of lip-
id-lowering drugs, increasing shear stress by physical 
exercise, appropriate body weight reduction, and the 
use of antioxidants and L-arginine.
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