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The contractility of blood vessels is regulated by 
various neural and hormonal signals together with 
the local regulatory mechanisms intrinsic to the blood 
vessel wall. Since the discovery of prostacyclin by 
Moncada and Vane [l], much attention has been 
paid to the importance of the vasoactive substances 
produced within the vessel wall. The discovery by 
Furchgott and Zawadzki of the obligatory role of 
vascular endothelium in the vasodilatation induced 
by acetylcholine, and the demonstration that an 
extremely short-lived diffusible substance, named 
“endothelium-derived relaxing factor” (EDRF), was 
involved in this response [2], have stimulated intense 
interest in the direct role of the endothelium in 
modulating vascular responsiveness. Since then, the 
characterization of numerous chemical and physical 
stimuli which induce endothelium-dependent relax- 
ation [3], followed by the identification of one EDRF 
as nitric oxide or a closely related nitroso compound 
[4], has made the investigation of the endothelial 
function one of the most exciting fields in current 
cardiovascular research. 

Substantial data are now available which dem- 
onstrate that, in addition to mediating vasodi- 
latation, endothelium can also facilitate contractile 
responses of the vascular smooth muscle [5]. Various 
chemical and mechanical factors, including nor- 
adrenaline, thrombin, neuropeptide Y, calcium 
ionophore A23187, arachidonic acid, hypoxia, 
stretch, and increased transmural pressure, have 
been found to cause vasoconstriction dependent on, 
and/or enhanced by, the intact endothelium. These 
observations have led to the idea that endothelial 
cells under various stimuli can also secrete vaso- 
constrictor substance(s), in addition to potent vaso- 
dilators such as EDRF and prostacyclin. Although 
substances from several different chemical categories 
including eicosanoids, peptides and free radicals [6] 
have been proposed as these constrictor factors, 
none was rigorously evaluated previously. 

Endothelin (ET) is a potent vasoconstrictor pep- 
tide that was recently characterized from the super- 
natant fraction of cultured vascular endothelial cells 
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[7] and is the only endothelium-derived vaso- 
constrictor substance convincingly identified to date. 
In this article we will review the identification and 
the current status of knowledge of this novel peptide, 
and briefly discuss the possible physiological role of 
ET. 

Identification of endothelin 

Several investigators have described previously a 
protease-sensitive vasoconstrictor activity within the 
supernatant fraction of cultured bovine aortic endo- 
thelial cells [8-lo]. This substance induced a slow- 
onset and extremely long-lasting vasoconstriction, 
apparently by a direct action on the vascular smooth 
muscle cells. Stimulated by our experience that the 
confluent monolayer culture of certain vascular 
endothelial cells can be maintained for weeks even 
in protein-free medium (which facilitates the puri- 
fication of the secreted substances of minute 
content), we set up a large-scale culture of porcine 
aortic endothelial cells and successfully purified the 
vasoconstrictor from about 10 liters of the serum- 
free conditioned medium [7]. The purification was 
done by three steps of anion-exchange and reverse- 
phase HPLC, the constrictor activity contained in 
the fractions from each step being monitored by 
bioassay with porcine coronary artery strips. The 
active substance, porcine ET, was an acidic 21-resi- 
due (M, 2492) peptide with free amino- and carboxy- 
termini containing two sets of intrachain disulfide 
bridges (Fig. 1). Synthetic ET was prepared by a 
solid-phase and solution chemistry with selective 
crosslinking of the four Cys residues [ll]. The pri- 
mary structure, as well as the disulfide topology, was 
confirmed by comparing the biological activities and 
the chromatographic properties of the natural and 
synthetic ETs. 

The mRNA encoding for preproendothelin was 
subsequently cloned by screening the cDNA libraries 
constructed for endothelial cells from porcine aorta 
and human umbilical vein [7, 121. The presence in 
these endothelial cells of mRNA encoding the pre- 
pro-form of ET precursor indicates that this peptide 
is produced by de novo synthesis and is processed in 
a manner similar to that of many peptide hormones 
and neuropeptides. The porcine and human pre- 
cursors show a strong similarity in both nucleotide 
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Fig. 1. Alignment of amino acid sequences of mammalian “ET family” peptides and an isoform of 
sarafotoxin S6 from venom of Atractaspis engaddensis. One-letter amino acid notation is used. Half- 

cystine residues are marked by asterisks; conserved amino acid residues are shown in boxes. 

(79% identities) and amino acid (69% identities; 
80% identities plus conservative substitutions) 
sequences. The sequences of the mature ET, in 
particular, are conserved perfectly. Although the 
structure of human ET has not yet been determined 
at the peptide level, the cDNA sequence shows that 
human mature ET is very likely identical to procine 
ET. The mature ET sequences were, as anticipated, 
directly preceded by paired basic residues Lys-Arg 
or Arg-Arg, which are known to be recognized by the 
processing endopeptidases. Interestingly, however, 
the carboxy-termini of both porcine and human 
mature ET lack the dibasic pairs. This indicates that 
the mature ET found in the EC-conditioned medium 
is generated through a very unusual proteolytic pro- 
cessing between the TrpZ1 and Va12* residues of the 
putative 38- (human) or 39- (porcine) residue “big 
endothelin,” presumably involving an endopeptidase 
with a chymotrypsin-like specificity. The conversion 
of big ET to 21-residue ET is essential for the com- 
plete vasoconstrictor activity; in terms of molar 
potency, big ET is about 140 times less potent than 
ET as assayed on porcine coronary artery strips 
[13]. The localization and regulation of this putative 
“endothelin-converting enzyme” may have impor- 
tant implications for the control of the biosynthesis 
of ET, as well as on possible pharmacological inter- 
vention in the production of ET. 

Analogous peptides 

Sarafotoxin, a cognate peptide of endothelin in 
snake venom toxin. We [14] and others [15] have 
found a remarkable homology between ET and a 
class of 21-residue peptide toxins (sarafotoxins) 
recently purified and sequenced from the venom of 
the Israeli burrowing asp, Atractaspis engaddensis 
[16]. The strong sequence similarities, including the 
perfectly conserved four Cys residues and the C- 
terminal Trp residue (Fig. l), convincingly suggest 
that ET and sarafotoxin have a common evolutionary 
origin. Sarafotoxins, like ET, have a potent coronary 
constrictor activity, to which the strong cardiac tox- 
icity and lethality of the toxin are largely attributed 
[17]. In fact, intravenous injection of supra-pressor 
doses (4-6nmol/kg) of ET is also highly lethal to 
rats, chiefly due to the severe coronary insufficiency 
induced by ET; the LD5” values for ET and sarafotox- 
ins seem to be comparable. In this aspect, the 
extremely long-lasting vasoconstrictor activity of ET, 
which is quite difficult to wash out, may also exemp- 
lify the toxin-like property of this mammalian pep- 
tide. The existence of ET-related genes in a reptile 
may indicate the old evolutionary origin and the 

physiological importance of the ET/ET-receptor 
system. The evolutionary mechanism may have pro- 
vided A. engaddensis with a weapon that targets this 
ligand-receptor system already in existence. 

Mammalian “endothelin family”predicted by three 
separate endothelin-related genes. Three distinct ET- 
related genes were recently cloned by screening a 
human genomic DNA library under a low hybrid- 
ization stringency [18]. Genomic Southern blot 
analysis demonstrated three corresponding genes not 
only in human but also in rat and porcine genomes. 
The amino acid sequences of the 21-residue peptides 
predicted by the three human genes were similar to 
but distinct from each other at several amino acid 
residues (Fig. 1). These peptides are called endo- 
thelin-1 (ET-l or the original porcine/human ET), 
endothelin-2 (ET-2, with two amino acid sub- 
stitutions from ET-l) and endothelin-3 (ET-3, with 
six amino acid substitutions). In this article, however, 
the term “ET” hereafter means ET-l unless other- 
wise stated. A rat gene encoding a peptide identical 
to human ET-3 has also been cloned [19]. Synthetic 
human ET-2 and ET-3, like ET-l, caused a strong 
vasoconstriction in vitro and a transient depressor 
response followed by a sustained pressor response in 
vivo. The in vitro constrictor activity and the in vivo 
pressor activity was: ET-2 > ET-l > ET-3. Inter- 
estingly, however, the initial transient depressor 
response in vivo was most profound in ET-3 [18]. 
These findings suggest the existence in many mam- 
malian species of three distinct peptides from the 
“endothelin family”, which might play differential 
physiological roles possibly by interacting pre- 
ferentially with different subtypes of ET receptors. 
However, tissue localization of ET-2 and ET-3 is 
currently unknown; the vascular endothelium 
appears to express ET-1 only. 

Structure-activity relationships. The amino acid 
sequences of the ETs and a sarafotoxin are compared 
in Fig. 1. Although these peptides are very similar 
to each other overall, the amino acid residues at 
positions 4-7 are quite variable. In contrast, (i) the 
four Cys residues, (ii) the C-terminal hydrophobic 
moiety, and (iii) the cluster of charged residues Asps- 
Lys9-Glu’” are almost perfectly conserved, sug- 
gesting the importance of these regions for biological 
activity. Experiments with synthetic derivatives of 
ET demonstrated that these moieties are, in fact. 
essential for the expression of complete biological 
activity [20]: the removal of the C-terminal Trp resi- 
due or the substitution of the Trp residue with D-Trp 
reduced the vasoconstrictor activity by more than 
lOO-fold; the destruction of the loop structure either 
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by the hydrolysis at Lys9 with lysyl endopeptidase or 
by the reduction and alkylation of the Cys residues 
also attenuated the activity by two orders of mag- 
nitude. The topology of the disulfide bonds is also 
important for the activity; the two non-natural disul- 
fide isomers of ET ([Cy~~-Cys”/Cys~-Cys~~]ET and 
[Cy~~-Cys~/Cys~~-Cys~~]ET) were at least 100 times 
less active as compared with the native ET, which 
has the disulfide bonds Cys’-Cy~‘~ and Cy~‘~-Cys” 
[Ill. 
Pharmacological activities 

Although ET was identified originally as a potent 
constrictor of vascular smooth muscle, as mentioned 
above, this peptide has been demonstrated to possess 
a spectrum of activities much wider than initially 
inferred. 

Contraction of vascular smooth muscle. ET (lo-“- 
1Oms M) induces a dose-dependent contraction of 
isolated arterial and venous strips from various mam- 
malian species including rat, guinea pig, rabbit, pig, 
dog, cat and human, almost irrespectively of the 
anatomical location of the blood vessels. In general, 
veins appear to be more sensitive to ET than arteries 
[21]. The vasoconstrictor activity is resistant to the 
antagonists of cu-adrenergic, Hi-histaminergic, ser- 
otonergic and muscarinic receptors, and the inhibi- 
tors of cyclooxygenase and lipoxygenase, suggesting 
that ET acts directly on the smooth muscle cells. On 
porcine coronary artery strips, the dose-response 
relation of the constrictor effect of ET showed that 
the maximum tensions developed are comparable to 
those of KCl-induced contraction, and the ECso value 
was 4-5 x 10-lOM, which is at least one order of 
magnitude lower than any other known vaso- 
constrictors effective on this artery. The EfqO values 
are also within the range of 2 x 10-10-5 x 10m9 M on 
many other arteries/veins, indicating that ET is one 
of the most potent vasoconstrictors known to date. 

Interestingly, ET constricts renal arteries from 12- 
week-old spontaneously hypertensive rats (SHR) at 
concentrations significantly lower than it constricts 
the arteries from age-matched Wistar Kyoto rats 
(WKY) [22]. The ECSO values were 6.6 X 10-lOM 
and 1.7 x 10e9 M in SHR and WKY respectively. 
The increased sensitivity to ET of the renal arteries 
from SHR could contribute to the maintenance of 
the hypertensive state in SHR. 

The constrictor activity of ET on porcine coronary 
artery is slow in onset, long-lasting, and extremely 
difficult to wash out (usually lasting for hours despite 
repeated washing of the strips with the solution), 
although it is rapidly and completely reversed by the 
addition of agents such as isoproterenol, forskolin 
or glyceryl trinitrate, which raise the cellular cyclic 
nucleotide levels. The activity is dependent on extra- 
cellular Ca2+; and the constrictive response is 
abolished in a Ca*+-free ethyleneglycolbis(amino- 
ethylether)tetra-acetate (EGTA)-containing sol- 
ution. The ET-induced contraction is inhibited very 
effectively by the preadministration of low doses 
( 1O-9-1O-s M) of the dihydropyridine Ca*+-channel 
blocker nicardipine. These observations suggest that 
the Ca2+-influx through the voltage-dependent Ca2+ 
channels of the smooth muscle cells is important for 
the vasoconstrictor activity of ET. 

In isolated perfused rat heart [19] and mesentery 
[21], the infusion of ET causes a sustained rise of 
perfusion pressure, suggesting that ET is also active 
on the resistance arterioles. 

Presser/depressor effects in vivo. Intravenous 
bolus injection of ET (0.1 to 3 nmol/kg) causes a 
transient, dose-related depressor response (lasting 
0.5 to 2min) followed by a sustained, dose-depen- 
dent rise in arterial pressure both in anesthetized rats 
pretreated with autonomic blockades [7,23], and in 
intact, conscious rats [19]. The mechanism of the 
initial transient depressor response remains to be 
established, although ET has been found to induce 
the release of prostacyclin and/or EDRF from per- 
fused tissues [21]. Moreover, in ganglion-blocked 
rats, the initial fall in arterial pressure was associated 
with increases in carotid and hindquarter vascular 
conductances but marked decreases in conductance 
in the renal and mesenteric vascular beds [23]. These 
effects were followed by a gradual but marked 
increase in arterial pressure accompanied by intense 
vasoconstriction in all four vascular beds. These 
observations indicate that the effects of ET on vas- 
cular beds in vivo vary in a complex manner depend- 
ing on both time and the anatomical region of the 
vascular bed. The prominent feature of the pressor 
phase of the in vivo response to ET is its time course; 
more than 2-3 hr are typically required for return of 
arterial pressure to base-line levels after a 2 nmol/kg 
intravenous blous of ET to rats. Thus, the extremely 
long-lasting time course, both in vivo and in vitro, 
may be one of the most salient characteristics of the 
vascular effects of ET. 

Contraction of non-vascular smooth muscles. ET 
also constricts various isolated non-vascular smooth 
muscle preparations, including intestinal and tra- 
cheal smooth muscles, in a dose-dependent manner 
[21]. ET (1O-11-1O-s M) induces a slow-developing 
and long-lasting contraction of guinea pig tracheal 
and human bronchial strips [24]. The EC50 value in 
these studies was in the range of 5 X lo-” M, being 
more than 2 orders of magnitude lower than that of 
a well-known bronchoconstrictor, leukotriene Dq. 
The maximum response to ET was comparable to 
histamine and nearly twice that of leukotriene Dq. 
The bronchoconstrictor activity was also inhibited by 
low doses (10m8 M) of nicardipine. 

Positive inotropic and chronotropic effects on myo- 
cardium. ET exerts a positive inotropic effect on 
isolated, electrically driven guinea pig left atria in a 
dose-dependent manner [25]. Although the maxi- 
mum response (as increase in contractile tension) 
was only 30-40% of that to isoproterenol, the EC50 
value was as low as about 10e9 M. The effect was not 
influenced by blockers of /3-adrenergic, cu-adre- 
nergic, histaminergic or serotonergic receptors, or 
by indomethacin, suggesting that ET acted directly 
on the myocardium. However, the response was 
inhibited by nicardipine and was accompanied by an 
increase in duration of the action potentials (approxi- 
mately 10%). In the atria1 preparations in which 
the fast Na+ channels were inactivated by high-K+ 
depolarization, ET induced slow response action 
potentials. These observations suggest that the effect 
of ET is closely associated with an increase in the 
Ca2+ influx through the voltage-dependent Ca*+ 
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channels of the myocardial cells. 
ET also induces a dose-dependent positive chrono- 

tropic effect on spontaneously beating guinea pig 
right atria [26]. The ECSO value was also in the range 
of 10m9 M. Interestingly, the chronotropic response 
to ET exhibited a marked tachyphylaxis. 

Stimulation of atria1 natriuretic peptide (ANP) 
secretion. Another cardiac action of ET is the stimu- 
latory effect of ANP secretion on cultured neonatal 
rat atria1 cardiocytes [27]. ET stimulated the 
secretion of immunoreactive ANP in a dose-depen- 
dent manner (10-‘“-10-7 M) with an EC5,, value of 
about 2 X 10mlo M. The effect of ET was attenuated 
by nicardipine. Further, the secretagogue action of 
ET was synergistically potentiated by tetradecanoyl 
phorbol acetate (TPA) but not by the dihydro- 
pyridine Ca 2+-channel agonist Bay K 8644. These 
findings are compatible with the idea that this effect 
of ET also involves the increase in the Ca*+ influx 
via the Ca*+ channels. 

Renal effects. In isolated rat glomerular prep- 
arations, ET has been demonstrated to inhibit both 
basal and isoproterenol-stimulated renin release 
[28]. In contrast, ET did not inhibit the renin release 
stimulated by nifedipine. In these systems, the renin 
release from juxtaglomerular (JG) cells is stimulated 
by an increase in the cellular cyclic AMP levels 
(e.g. /3-adrenergic agonists) and inhibited by an 
increase in the intracellular free Ca*+ concentrations. 
The observations above are consistent with the idea 
that ET may increase intracellular Ca2+ through a 
dihydropyridine-sensitive pathway and/or lower the 
cellular cyclic AMP levels in the JG cells. 

ET injected into the renal artery of anesthetized 
dogs in vivo caused a marked, long-lasting decrease 
in the renal blood flow, accompanied by a significant 
decrease in glomerular filtration rate, urine volume, 
and urinary sodium and potassium excretion [29]. 
These findings suggest that ET may be involved in 
the regulation of renal function and also indicate 
that the actual in uivo effect of ET on renal renin 
secretion is stimulated due to the constriction of renal 
vasculature induced by ET. However, the above- 
mentioned inhibition of renin release by ET at the 
cellular level could be functioning in the extrarenal 
renin-angiotensin pathways. 

Proliferation of vascular smooth muscle cells. ET 
stimulates [3H]hymidine incorporation into cultured 
rat aortic smooth muscle cells and Swiss 3T3 fibro- 
blast* deprived of serum [30,31]. ET also induces 
the expression of the cell-cycle-sensitive proto-onco- 
genes such as c-fos and c-myc in these cells. The 
demonstration that ET possesses not only a con- 
strictor effect but also a trophic effect on vascular 
smooth muscle cells has important implications for 
the physiologic and pathologic role of ET in the 
pathogenesis of atherosclerosis as well as in vascular 
hypertrophy under hypertensive conditions and 
under increased blood flow (see below). 

Possible cellular mechanisms of action. The phar- 
macological characteristics for the activities of ET 
listed above are consistent with the idea that the 
action of ET involves Ca*+ influx through the dihy- 
dropyridine-sensitive Ca2+ channels of the target 
cells. Whatever the mechanisms of the activation of 
the CaZ+ channels by ET, ET action seems to be 

dependent on the presence of extracellular Ca2+ at 
least in some system. For example, the constrictor 
action of ET in porcine coronary artery seems to be 
mediated by the activation of the Ca2+ channels 
[32,33]. 

However, it was also reported that ET can mobi- 
lize Ca2+ from intracellular storage sites [34]. Sarafo- 
toxins, an ET-related peptide from snake venom (see 
above), induced hydrolysis of phosphoinositides in 
rat heart and brain and that the toxins thereby mobi- 
lized intracellular Ca2+ [15]. If sarafotoxins and ET 
(as expected) share a common cellular receptor for 
their actions, it is likely that ET also activates 
phosphoinositide turnover, at least in certain target 
cells. Actually, it was reported recently that ET 
stimulates phosphohpase C in cultured vascular 
smooth muscle cells [35,36] and fibroblasts [31]. 
Further study is required to elucidate whether the 
cellular action of ET is associated with both of the 
above-mentioned mechanisms, or involves yet 
another intracellular signaling pathway. 

Receptor of endothelin 

In cultured rat aortic smooth muscle cells, a single 
class of saturable, high-affinity binding sites for 
[1251]Tyr’“-ET has been described (371. The apparent 
dissociation constant (24 X lo-“‘M) was com- 
parable to the ECSO values for the ET-induced con- 
traction of arterial strips. The binding was not 
affected by known vasoconstrictors (angiotensin II, 
arginine-vasopressin, neuropeptide Y, noradren- 
aline, serotonine, histamine), peptide neurotoxins 
(apamin, w-conotoxin), or Caz+-channel blockers 
(nicardipine, diltiazem, verapamil), suggesting that 
ET binds to its novel receptor. The dissociation of 
the radiolabeled ET from the cells was extremely 
slow; 85% of the initial cell-bound radioactivity 
remained even after 2 hr. Although to what extent 
this was due to the internalization of the peptide is 
unknown, the slow dissociation from the putative 
receptor may partly explain the characteristically 
long-lasting vasoconstrictor activity of ET. 

Autoradiographic studies of rat tissues with 
[i”SI]Tyr’3-ET demonstrated the specific binding sites 
of ET, as expected, in the media of the blood vessels 
of various sizes. Moreover, the results showed that 
the binding sites were widely distributed not only in 
the blood vessels but also in the parencyma of other 
organs including the heart, kidneys, lungs, intestine, 
adrenal glands and brain [38]. A radioligand binding 
assay of the microsomal fractions from the ven- 
tricular myocardium and brain stem confirmed the 
existence in these tissues of the specific, single-class, 
high-affinity (Kd = 4-5 x lo-“M) binding sites for 
ET. The binding was not displaced by angiotensin 
II, ANP, parathormone, w-conotoxin, apamin, ver- 
apamil or nicardipine. The affinity of ET binding 
in the myocardium was comparable to the above- 
mentioned EC5,, values of the cardiac effects of ET. 

Regulation of production 

Northern blot analysis of porcine tissues with 
cloned preproET cDNA as a probe showed that the 
mRNA was basally expressed not only in the cultured 
endothelial cells but also in the aortic endothelium 
in vivo. The cerebral cortex, atrium, lung or kidney 
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did not contain a detectable amount of preproET 
mRNA, suggesting that little ET is produced by 
parenchymal cells of these tissues. The fact that 
exogenously applied ET has a potent in uiuo pressor 
activity suggests that ET is active also at the level of 
resistant arterioles. Whether ET is produced in the 
microvascular endothelium within the tissues or is 
synthesized chiefly in larger vessels and transported 
to the resistant vessels as a circulating hormone is 
unknown. Wherever the locations of ET production 
are, the basal tonus of vascular beds in uiuo could 
be influenced by the constitutive production of ET 
by the endothelial cells in uiuo. 

PreproET mRNA is not only constitutively 
expressed but also markedly up-regulated in cultured 
endothelial cells by various chemical and mechanical 
stimuli including thrombin [7], Ca*’ ionophores [7], 
phorbol esters [39], ~ansfo~ing growth factor-@ 
(TGF-p) [39,40], and fluid-mechanical shear stress 
[40]. Vascular endothelial cells have very few 
secretory granules, in which the peptide can be stored 
and rapidly released in response to stimuli. There- 
fore, the regulation of the release of ET is very 
unlikely functioning in the endothelial cells. The 
production of ET may be regulated chiefly at the 
level of the expression and/or translation of the 
mRNA. 

Concluding remarks-what are the physiological 
roles of endothelin? 

The demonstration of the activities of ET other 
than the constriction of vascular smooth muscles, 
together with the existence of the receptor for ET 
in various non-vascular tissues including the brain, 
strongly suggests that ET mediates the regulatory 
function of a wide variety of tissues, both within 
and outside of the cardiovascular system. ET could 
possibly control the systemic arterial pressure and 
local blood dist~bution, the formation and com- 
position of urine, the release of circulating hormones 
(e.g. renin, ANP, adrenaline) from kidneys, atria 
and adrenal glands, the tonus of airway smooth 
muscles, the movements of the intestinal tract, and 
various central nervous system functions including 
the autonomic regulation and higher functionalities. 

Then, are vascular endothelial cells the only source 
of ET, a peptide that possibly exists within all these 
tissues? Sarafotoxins, a group of peptide toxins 
evolutionarily related to ET, are found in the exo- 
crine venomous gland of snakes, an organ apparently 
unrelated to the vascular endothelium. This may 
indicate that a member(s) of the ET family is 
expressed in mammalian organs other than vascular 
endothelium. In the brain, especially, intravenously 
applied radioligand distributed in vivo only to the 
limited regions which lack well-developed blood- 
brain barriers (e.g. the median eminence of the 
hypothalamus) despite the fact that the specific bind- 
ing sites for ET were widely distributed over the 
slices of the brain [38]. This may indicate that ET-l, 
ET-Z and/or ET-3 is produced within the brain, 
possibly by neurons, and acts as a neuropeptide. The 
fact that sarafotoxins also specifically bind to rat 
brain membranes and activate the phosphoinositide 
hydrolysis may support this view. 

Wherever the sources of ET are, the production of 

ET within the mammalian body must be meticulously 
regulated, since ET is a highly lethal endogenous 
toxin as mentioned above. Here we propose two 
distinct modes of the regulation of ET production in 
uiuo, in relation to its possible roles in cardiovascular 
control. First, as suggested above, ET could be a 
signaling molecule that maintains the basal homeo- 
stasis of systemic and/or local circulation under 
healthy conditions, like many vasoactive hormones 
such as catecholamines, angiotensin II, vasopressin 
and ANP. The question as to whether ET acts as a 
local autacoid or as a circulating hormone may be 
answered by using a highly sensitive and specific 
assay system for the measurement of blood and tissue 
levels of ET under various conditions. The time 
course of the activities of ET suggests that ET could 
be involved in a long-term regulation (in hours to 
days) of the cardiovascular system. The down-regu- 
lation of the renin-angiotensin pathway by ET at the 
cellular level, as well as the induction by ET of 
the secretion of a potent vasorelaxant ANP, may 
represent interesting examples of negative feedback 
interactions between ET and other hormonal 
systems. 

Alternatively, ET may be produced locally in 
significant amounts only in an emergency and/or in 
defensive events such as primary hemostasis, wound 
repair, and inflammation, to mediate more or less 
irreversible processes. Blood coagulation/fibri- 
nolysis factors, cytokines from various sources, 
kinines, and certain growth factors may be included 
in this category of biologically active substances. The 
fact that ET is induced by thrombin and TGF-p, 
which are known to be produced at the site of various 
tissue injuries, may support this idea. In contrast, 
the possibility that ET acts as a neuromodulator in 
the central nervous system, and the interaction of 
ET and other circulating hormones, implies that 
ET contributes to the basal regulation as discussed 
above. 

It is tempting to suppose that the breakdown of 
the regulatory mechanisms of ET production could 
lead to various pathological conditions such as 
coronary and cerebral vasospasm, bronchospasm, 
atherosclerosis, and hypertension. The basal 
expression of the preproET mRNA in the cultured 
porcine aortic endothelial cells seems to be much 
higher than that in the aortic endothelial cells in 
vivo. It has been generally accepted that cultured 
endothelial cells approximate to a state of injured 
endothelium in vivo [41]. Furthermore, it seems 
reasonable to assume that the factors that stimulate 
the expression of ET (e.g. thrombin, TGF-@, 
increased shear stress) would accumulate at the site 
of endothelial injury. We speculate that ET is pro- 
duced more actively around the site of endothelial 
damage and, having both contractile and pro- 
liferative effects on vascular smooth muscle cells, 
contributes to the pathogenesis of atherosclerosis as 
well as the vasospasm which is preferentially seen in 
sclerotic lesions. 

A complete definition of the physiological roles of 
ET would require a specific antagonist for the ET 
receptor, the development of which may require 
much time and effort. However, the availability of 
the synthetic peptides, specific antibodies and cloned 
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DNA probes will help us to answer several of the 
above points in the near future. 
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