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INTRODUCTION

Ischaemic heart disease remains a major
health-related problem worldwide. Despite
the widespread use of reperfusion strategies,
acute myocardial ischaemia and infarction are
associated with considerable morbidity and
mortality. In addition to ventricular arrhyth-
mias, acute cardiac failure and cardiogenic
shock constitute the most common clinical
sequelae. Therefore, the pathophysiology of
ischaemia-induced left ventricular dysfunc-
tion has been at the centre of cardiovascular
research for decades.

ET-1 DURING MYOCARDIAL ISCHAEMIA

Endothelin-1 (ET-1), a 21 amino acid peptide
identified by Yanagisawa et al. in 1988,1 is
produced by vascular endothelial and smooth
muscle cells, as well as by cardiomyocytes.
Transcription of the prepro-ET-1 gene leads
to the production of prepro-ET-1, a 203
amino acid peptide, which is cleaved to the
inactive 38 amino acid precursor big-ET-1.1

ET-1 is generated from big-ET-1 by endo-
thelin-converting enzyme (ECE), a protease
widely expressed in various tissues, including
the myocardium. The production of ET-1
increases markedly within minutes after the
onset of ischaemia, peaks at 6 h and returns
to normal values within 24h, but remains
elevated in patients with complicated infarc-
tion.2 The source of increased ET-1 levels is
likely multiple, involving intra- and extra-
cardiac production sites, as well as reduced
pulmonary clearance.
The effects of ET-1 are mediated by two

(ETA and ETB) G-protein-coupled recep-
tors,3 which are widely distributed in mam-

malian organs, including the heart, the
adrenal gland and peripheral neurons. Most
of the effects of ET-1 are exerted through
activation of ETA receptors, which account
for more than 90% of endothelin receptors in
the ventricular myocardium and the vascula-
ture.3 In contrast, ETB receptors are not only
involved in the clearance of ET-1 and inhibi-
tion of ECE, but also in the release of
vasodilatory mediators, such as nitric oxide.
However, the precise effects of the ETB
receptor are yet to be defined, as they may
differ in various pathological conditions.

PATHOPHYSIOLOGICAL ROLE OF ET-1

A growing body of evidence indicates an
important role of ET-1 during acute myo-
cardial ischaemia/infarction, which is mainly
threefold: (1) ET-1 causes coronary vasocon-
striction,4 thereby ET-1 reduces myocardial
perfusion and increases infarct size. (2) ET-1
exerts direct and indirect electrophysiological
effects and participates in arrhythmogenesis.
In this respect, experimental studies have
shown that endothelin receptor blockade
decreases ischaemic ventricular arrhyth-
mias.5,6 (3) The effects of ET-1 on left
ventricular function during myocardial
ischaemia (with or without reperfusion) are
complex, frequently disparate and perhaps
the least comprehended. ET-1 increases intra-
cellular calcium concentration (secondary to
the stimulation of sarcoplasmic reticulum
calcium release and to enhanced L-type cal-
cium current) and can thereby provide short-
term inotropic support to the ischaemic
myocardium. Conversely, ET-1 decreases
cardiac output by increasing left ventricular
afterload, secondary to peripheral vasocon-
striction induced by the ETA receptor. Finally,
an important aspect of the pathophysiology
of acute myocardial ischaemia is the inter-
relation between ET-1 and the autonomic

nervous system, as sympathetic stimulation
may increase myocardial oxygen demand,
deteriorate ischaemia and promote cell
death. It has been known for years that
ET-1 regulates sympathetic stimulation, but
the precise mechanisms and the relative
importance of ETA and ETB receptors during
myocardial ischaemia are still debated.
Against this background, Tawa et al. in this

issue of Hypertension Research advance cur-
rent understanding on the effects of ET-1 on
post-ischaemic left ventricular function.7 In
Langendorff-perfused rat hearts, subjected to
global ischaemia (40-min) followed by (30-
min) reperfusion, big-ET-1 was administered
in the perfusate, beginning 15min before
ischaemia until 5min after the onset of
reperfusion. Three concentrations (0.1, 0.3
and 1nM) were tested, and indices of left
ventricular function after ischemia/reperfu-
sion were measured. Big-ET-1 increased left
ventricular developed pressure and the max-
imum value of the first derivative of left
ventricular pressure and decreased end-dia-
stolic pressure.
These findings were probably unexpected

and contradict, in part, those reported8 pre-
viously by the same group under identical
experimental conditions; in this study,8 endo-
genously generated and exogenously adminis-
tered ET-1 evoked noradrenaline overflow
and produced left ventricular dysfunction.
The elegant study by Tawa et al. raises several
questions that were thoroughly addressed in
their experiments. The main ensuing issues
are briefly discussed below:

(1) Were the observed effects due to conver-
sion of big-ET-1 to ET-1? In search of an
explanation for the findings of the pre-
sent study, one could speculate that big-
ET-1 is not really an inactive molecule
and may actually exert independent
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effects. Despite the fact that only the
concentration of 0.3 nM was examined,
the experiments in the study by Tawa
et al. proved that this is not the case, as
the effects of big-ET-1 were markedly
attenuated, when administered in the
presence of an ECE inhibitor. Moreover,
ET-1 content in the coronary effluent
(measured 5min after reperfusion)
increased, corresponding to big-ET-1
concentrations. These findings indicate
that exogenously applied big-ET-1 con-
verted to ET-1 (at a ratio of approxi-
mately 25%) and the observed effects
were due to this conversion.

(2) Were the observed effects dose dependent?
The cardioprotective effects of big-ET-1
were clear-cut only in the middle
(0.3 nM) concentration, whereas they
were less pronounced with the low
(0.1 nM) and high (1 nM) concentra-
tions. These results indicate a bell-
shaped dose–response curve.

(3) What is the likely explanation for the
beneficial effects of big-ET-1 on left ven-
tricular function? Based on the study by
Tawa et al., the explanation for the
effects of big-ET-1 after ischaemia/
reperfusion may be twofold: first, it
may be attributed to an increase in
coronary blood flow (after reperfusion),
as was observed after big-ET-1 admin-
istration (only at the concentration
of 0.3nM); second and foremost,
the improved left ventricular function
appeared to be mainly secondary to
decreased sympathetic stimulation, evi-
denced by a decrease in noradrenaline
overflow in the coronary effluent. This
conclusion was based on the similar
dose–response pattern for the three
tested concentrations of big-ET-1 for
both effects, namely (1) for the decrease
in noradrenaline overflow and (2) for
the improvement in left ventricular func-
tion. Again, it should be noted that
the decrease in noradrenaline overflow
reached statistical significance only after
perfusion of 0.3 nM big-ET-1 and not
with the other two tested concentrations.
Co-administration of big-ET-1 (0.3nM)
with an ECE inhibitor prevented its
effects. Correlation analysis revealed
significant (albeit moderate) linear
correlation between the decrease in nor-
adrenaline overflow and the improve-
ment in left ventricular function.

(4) What was the relative contribution of
ETA and ETB receptors? ETB receptor
blockade reversed both effects of big-
ET-1, strongly suggesting that they were

mediated by ETB receptor stimulation.
This observation reinforces previous
conclusions by the same group8 on the
protective role of the ETB receptor
during acute myocardial ischaemia.
Moreover, it is in line with recent find-
ings in our laboratory;9 using the in vivo
rat model of coronary ligation, we com-
pared two animal cohorts, namely wild-
type rats and homozygous ETB-recep-
tor-deficient rats (developed and char-
acterized by Professor M Yanagisawa
and colleagues) during a 24-h observa-
tion period. During the first hour after
ligation, indices of sympathetic activa-
tion (such as heart rate and the ratio of
low- to high-frequency spectra after fast
Fourier analysis of heart rate variabil-
ity), as well as serum adrenaline and
noradrenaline were higher in ETB-
deficient rats. As a result, ventricular
arrhythmogenesis and total (arrhythmic
and non-arrhythmic) mortality rates
were markedly increased in ETB-defi-
cient rats. However, these effects dimin-
ished during subsequent phases (2–
24h) of evolving myocardial infarction.
The data reported by Tawa et al., in
context with previous work,8,9 shed
further light to a long-standing caveat
on the role of the ETB receptor. Never-
theless, it should be emphasized
that this information applies only to
acute myocardial ischaemia and should
not be extrapolated to other chronic
disease states.

(5) How can the diverse actions of endo-
genous ET-1 and exogenous big-ET-1

be explained? The findings of this
study are intriguing, but difficult to
explain. The explanation provided by
the authors, based on previous work,10

is currently the only plausible one. A
graphic illustration is shown in Figure 1.
According to this explanation, endogen-
ous and exogenous big-ET-1 may be
cleaved by two ECE-1 isoforms: endo-
genous big-ET-1 may be cleaved by
ECE-1a, which is located intracellularly,
whereas exogenous big-ET-1 is cleaved
by ECE-1b, which is located on the cell
surface, probably in proximity to the
ETB receptor. Therefore, in contrast to
endogenous ET-1, ET-1 produced by
exogenous big-ET-1 preferentially func-
tions on the ETB receptor. Obviously,
this interesting hypothesis merits
further investigation.

FUTURE DIRECTIONS

The study by Tawa et al. provides valuable
information on the effects of exogenous big-
ET-1 administration on left ventricular func-
tion and sympathetic activation, as well as
on the role of ETA and ETB receptors.
The Langendorff-perfused isolated rat heart
model provides high degree of accuracy in the
evaluation of left ventricular function, but it
is associated with all the limitations of an
ex vivo model. As such, Langendorff prepara-
tions are not only devoid of sympathetic
innervation, but also they do not examine
adrenal catecholamine secretion. The latter is
important, as the regulatory effects of ET-1
on sympathetic stimulation are exerted not

Figure 1 Proposed explanation for the diverse effects of endogenous and exogenous big-ET-1. Note the

two isoforms of endothelin-converting enzyme (ECE) and the proximity of ECE1b to the endothelin-

B-receptor (ETB). As a result, ET-1 from exogenous big-ET-1 activates preferentially the ETB over the

ETA receptor.
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only in the myocardium, but also in the
adrenal gland.11 Therefore, the results of
Tawa et al. should be confirmed in in vivo
experiments that will facilitate more compre-
hensive evaluation and will permit the
extension of the observation period after
ischaemia/infarction.
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