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ABSTRACT

Endothelin-1 (ET-1) is a 21 amino acid peptide endowed with a a powertul
vasoconstrictor activity. The molecular structure and biological activities of
endothelin were explared in several studies starting soon after its discovery in 1988,
but only rtecently has the availability of specitic ET-1 antagonists allowed s
physialogical activities to be explored. It is now becoming evident that circulating
ET-1 plays a key role in the continuous adaptation of vessel wall tone. of both
Tesistence and capacitance vessels. On the other hand, in addition to the ability to
control blood flow. ET-1 synthesis is in turn controlled by blood flow itself, thus
making the connection between ET-1 and peripheral circulation particularly close
This review will focus on recent knowledge about the physiclogical role of
circulating endothelin-1.  Copynght © 1996 Elsevier Science L

INTRODUCTION

[n 1989 bovine endothelial cells were found to produce a 2|-amincacid peptide endiwed with a
powerful vasoconstrictor activity (1) The peptide was called endothelin, its pnmary structure was
defined and the sene cloned (2). Availability of the synthetic: peptide resulted in the development
of reliable and accurate radioimmunological assay methods so that the number of studies on
endothelin quickly grew (3.4), and the lists of the cell tvpes able 10 produce endothelin. of the
biological effects of the peptide. and of the pathophysiolouical conditions where endothelin
congentration was increased, rapidly expanded Pharmacolomeal studies. based on the intraarterial
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The infusion of exogenous big endothelin- 1 into the brachial artery caused either a dose dependemt
forearm vasoconstriction and an ingrease in the concentration of endothelin-1 and of the inactive
CTF All these effects were blunted when exogenous big endothelin-1 was infused in the presence
of an ECE inhibitor (phesphorarmidon) (8)

The first evidence that endogenous ET-1 contributes 1o the maintenance of the physiological
arterial tone in vive was given by Mc Mahon ef al. (24) who showed that the injection of an ECE
inhibitor {phosphoramidon) in rats caused a significant blood pressure reduction. Successively, the
same finding was obtained also in humans by showing that the infusion of phosphoramidon (30
nmol/min) into the brachial artery caused a proyressive forearm vasodilation, reaching a maximum
increase of 40% after 40 min infusion (8) The role of endogenous ET-1 in the maintenance of
basal resistance vessel tone in man was well demonstrated by the infusion of a specific ETA
receptor antagonist, BQI123 (25.26). BQ123 (100 nmol/min, 3 mg/h) caused a progressive
vasodilation with a maximum increase in forearm blood fiow of about 65% when infused alone
and abolished the vasocenstriction when co-infused with ET-1 (8). The same authors also showed
that endogenous ET-1 is mainly degraded in loco by neutral endopeptidase because the infusion
into the human brachial artery of a selective inhibitor of neutral endopeptidase, thiorphan
(30nmolimin). caused a forearm vaseconsinction with a maximum decrease in blood {low of about
20% (8).

ET-1 antagonists also helped to define the level of activity of ET-1 in the vascular tree. ET-]
exerts its prevalent activity at the level of small resistance and pre-capillary vessels because the
injection into human skin of either a selective ET-A receptor blocker (PD 147953 10#* - mol) or
an ET-A and ET-B receptor antagonist (PD 145065 10 mol), produced a marked vasodilation
with a significant local increase in blood flow (27). Thus, clear evidence exists that ET-1 causes a
tonic vasocostriction of small resistance vessels in physiological conditions.

In several pathophysiological conditions such as congestive heart failure (28,293031) and
myocardial infarction (32,33) ET-1 concentration in plasma shows a persistent three-four fold
increase. Therefore, it is important to know whether these long-lasting increases of plasma ET-1
concentration have some pathophysiological consequences or rather a down reguiation of the
circulatory response occurs. Studies performed by infusing exogenous ET-1 in humans cannot
answer this question because ET-1 was infused either for short periods of time (34) or at high
doses, thus obtaining plasma concentrations significantly higher than those observed in
pathophysiological disorders (18,19.20,21) Recently, the long term effects of a stable increase of
plasma ET-1 concentration were assessed by Wilkins ef a/. {35} by injecting 2.5 ng/kg/min of ET-
1 in dogs for 8 davs which resulled in plasma concentrations 2-3 times baseline In these
conditions ET-1 infusion caused peripheral vascular resistance and blood pressure (o increase
within about 2 hours, tollowed by a decrease of cardiac outpul affer about ¢ hours and these
haemodynamic effects remained significant without adaptation of the cardiovascular response.
over the following 8 days of infusion (35). Thus, a 2-3 times increase in plasma ET-I
concentration causes haemodynamic eftfects which are not extinguished until the ET-I
concentration increase persisty

More recently, the effects of the ET-1 inhibition in a clinical condition characterized by a 3-4 fold
increase of ET-1 plasma concentration were studied by Kiowsky ¢f af (36). The administration of
an ET-1 receptor antagonist (bosentan, 100 mg per os) in patients with chronic heart failure
resulted in a significant reduction of blood pressure and systemic vascular resistance This effect
was paralleled by a 2-fold increase in plasma ET-1 concentration probably due 10 displacement of
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blood flow and inversely related to the radius of the vessel. causes changes of shape and
orientation of endothelial cells. both aimed to mitigate the celi effect of the force uself (47)

Some responses of the endothelial cells to mechanical forces are extremely rapid whereas other

adaptative responses require minutes o hours to achieve a steady state. The tormer mclude the

burst In cvelooxyvienase activity {52). inogitol triphosphate guneration (53) and increase in

cytosolic caléium concentration (34), whereas the laner invalve gene expression. cytoskeleton
redistribution and cell shape and morphology changes (33)

Both stretch and shear stress control the ET-1 synthesis by endothelial cells: In cultured bovine
endothelial cells, changes in the intracellular tension increased the synthesis of ET-1 (56,57).
Vessel wall stretch has been reported to increase the ET-| synthesis also in vivo because infusion
of isotomic fluids at increasing rates (44) caused an augment of plasma ET-1 with a pattern which
is closely dependent on the increases of venous distension: the larger venous distension, the larger
increase in ET-1 conceniration. Stretching is able to induce ET-1 synthesis also in other tissues in
addition to endothelium, In in vivo experiments an increased expression of ET-1 mRNA was
ohserved in the left ventricle during the development of myocardial hypertrophy induced by aortic
banding in rats (58) A specific ET-1 antagonist (BQi23) blocked the increase in the left
ventricular weight (58). thus suggesting a role for ET-1 in the developmem of myocardial
hypertrophy (59.60,61),

The effects of shear stress on ET-1 synthesis are different depending on the ditferent levels of
shear. In bovine cultured endothelial cells, the increase of shear stress from 0 up 1o 5-10 dynes/icm?
caused an increased production of ET-1 (62) The first cell response to shear stress was an
increase in the intracellular Ca?' conceniration followed by a depolymerization of actin with a
transition from F-actin to G-aclin (63) The increase in G-actin is probably the final cause of the
increase in the ET-1 mRNA expression (54) At higher shear values (15-20 dynesiem’y ET-]
synthesis was inhibited (65.66) probably due to the increased nitric oxide formation induced by
the high shear stress Nitric oxide in turn inhibits ET-1 synthesis (67) That the inhibition of ET-I
synthesis induced by high shear values was nitric oxide-dependent was indicated by the dose-
dependent reversion operated by L-MNNA (an inhibitor of nitric oxide synthase), and by Lhe
potentiation operated by iso-buthyl-methyl-xanthine (which potentiates the cGMP mediated mitric
oxide activity). Moreover, the inhibition of ET-1 synthesis at high shear values can be reverted by
methylene blue which directly inhibits NO (67)

CONCLUSIONS

The physiological activity of ET-1 in the regulation of peripheral blood flow has been recognized
in the last few years, thanks to the development of specific ET-1 antagonists. Human experiments
showed not only that ET-1 is ¢rucial in the maintenance of peripheral vascular tone, but also that it
participates in the continuous adaptation of the tone of capacitance vessel 10 volemic changes
Therefore, ET-1 appears not oply as a powertul vasoconstrictor responsible for or worsening a
clinical condition, but rather as a complex system provided with a relevant physiological role,
dynamically controlled by both humoral and mechanical factors and closely cooperating with mitric
oxide in the continuous adaptation of vascular bed
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administration of endothelin-1 (ET-1), frequently achieving plasma concentrations several fold
higher than those usually found in plasma, contributed to the development of the knowledge of the
effects of ET-1. but could nnt clarify the ET-1 physiological functions. Only recent availability of
specitic ET antagonists (3) offered a relevant 100l 1o investigate the physiological role of ET-1 in
cardiovaseular physiclogy It is also becoming evident that not only ET-1 maintain blood flow by
tonically contributing to peripheral vascular resistance, but that in turn the synthesis of ET-1 1s
controlled by blood flow itself. through the action of different mechanical forces

The aim of the present report is to review the récent knowledge of the physiological activity of
ET-1 in the regulation of peripheral blood flow

ENDOTIHELIN-1

Endothelin-1 (E1-1) is onc of a lamilv of three isopeptides and {s the predominant 1sopeptide
generated by the vascular endothelium (2.4) The other two members. endothelin-2 and
endothelin-3. are more difficult to detect and are probably less important in human
cardiovasculature ET-1 is generated from a 38-amino acid precursor, big endothelin-1, through
the cleavage of the C-terminal fragment (CTT) operated by a unique “endothelin converting
enzyme” (ECE}, a membrane bound phosphoramidon sensitive, thiorphan-insensitive neutral
metalloprotease {6.7). On the other hand. ET-1 degradation seems to be mainly due to thiorphan-
sensilive neutral endopeptidase (8).

ET-1 exerts its action through binding 10 at least two receptors. ET-A and ET-B, both of which
have been isolated by in vitro cxpression of cloned human ¢cDNA (9,10). The major receptor
subtvpe causing vasoconstriction is the ET-A receptor expressed on vascular smooth muscle cells
{11). ET-B receptor is mainly expressed on endothelial cells where it mediates the release of nitric
oxide (NOY (12}, but is also expressed on smooth musele cells of capacitance and resistance
vessels where it contributes to ET-A mediated vasoconstriction (13.14) The vasoconstrictor
activity af ET receptors located on smooth muscle cells appears also from the more powerful
vasoconstriction induced by application of ET-1 on the extraluminal side of a vessel (already
evident at 101" M) rather than on the luminal side on endothelial cells (15.16), Moreover, most of
ET-1 produced in the endothelium i$ released abluminally to interact with vascular smooth muscle,
while only about one third reaches wirculating blood where it can be measured by
radioimmuneassay techniques (17)

Haemodynamic response (o systemic administration of exogenous ET-1 and particularly the
increase in blood pressure (18) and foréarin and systemic resistance (18,19} suguests a main level
of activity at resistance vessels (18,19.20,21). This suggestion 15 also supported by the observation
that ET-1 injection in isolated rat heart caused a prevalent constriction of arterioles with a
diameter which is 20 pm lower, rather than in the larger ones (22,23)

ROLE OF ET-1 IN MAINTAINING ARTERIAL TONE

An important progression in the knowledge of the possible physiological role of ET-1 was the
recent demonstration of the existence in human forearm resistance vessels of an ECE activity (8).
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