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I

t is well known that neurohormonal
changes play an important role in the
evolution of an acute myocardial infarction (AMI).1,2 They are mainly generated in response to myocardial damage in order to maintain the patient’s haemodynamic stability. Endothelin-1 (ET-1) is one of
the major endogenous substances involved
in the pathogenesis and evolution of a myocardial infarction. There is also evidence
suggesting that ET-1 is an important prognostic marker in patients with AMI.1,2
ET-1 is a 21-amino acid peptide and represents the major isoform of the endothelin peptide family,1,2 which also includes
ET-2, ET-3 and ET-4. The endothelin peptides are produced by endothelial and
smooth muscle cells, neural, renal, pulmonary and inflammatory cells. ET-1 is the
most potent vasoconstrictor known. The inactive precursor is converted into its active
form by ET converting enzyme. ET-1 acts
through two receptors, ET-A and ET-B.
ET-A receptors lead to increased intracellular calcium concentrations and induce
vasoconstriction and cell proliferation. ETB receptors mediate the release of nitric oxide and prostacyclin and therefore cause vasodilatation. They are also involved in the
clearance of ET-1 and inhibit the action of
ET converting enzyme.1-3
ET-1 has also been found to play an important role in the pathogenesis of hypertension, congestive heart failure and regulation of renal function.3 In the current re-

view, we will focus on the role of ET-1 in the
pathogenesis and evolution of AMI.
The pathogenetic role of ET-1
The effects of ET-1 on the heart are multiple.1,2,4 Normal ET-1 plasma levels produce
a positive inotropic effect through an increase in intracellular calcium, whereas elevated plasma levels of ET-1 result in a decline in cardiac output. This is because ET1 has a predominantly vasoconstrictive effect, at both peripheral and coronary level,
thus resulting in increased afterload and reduced myocardial perfusion. ET antagonists have an adverse effect on myocardial
contractility in healthy individuals with normal ET-1 plasma levels but improve contractility in patients with advanced ventricular dysfunction.1,4
The regulation of ET-1 synthesis is a
complex process that occurs mainly at the
mRNA level.5 The factors that modulate its
expression act by increasing or decreasing
levels of ET-1 mRNA.6 Expression of the
ET-1 gene in endothelial cells is regulated
by numerous factors, including but probably not limited to thrombin, transforming
growth factor-‚, shear stress, tumour necrosis factor-·, interleukin-1, insulin, angiotensin II, nitric oxide and hypoxia.7
There is evidence suggesting that ET1 contributes to the process of atherosclerosis.2 ET-1 levels are positively correlated
with the extent of atherosclerosis. Other
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studies have shown that in patients with coronary artery disease tissue ET-1 levels are related to the extent
of angina.2,3 ET-1 promotes direct vasoconstriction,
induces smooth muscle cell proliferation, stimulates
adhesion of neutrophils to the endothelium and platelet aggregation.8,9 It also antagonises the action of nitric oxide. The latter is a vasodilator known to have
antiproliferative and antithrombotic properties. Therefore, an imbalance between the two contributes to
atherogenesis.2,3 Various risk factors for atherosclerosis, such as diabetes mellitus, smoking and hypercholesterolaemia, enhance endothelial ET-1 secretion.10,11 Oxidised low density lipoprotein cholesterol
induces the production of ET-1 by human macrophages and enhances the release of ET-1 by endothelial cells.12
The findings of recent studies suggest that ET-1
plays an important role in causing myocardial infarction, post-infarct scar formation, left ventricular remodelling and the no-reflow phenomenon.1-3 In patients with uncomplicated AMI, ET-1 plasma levels
rise within hours, peak at 6 hours and return to normal
within 24 hours. In patients with AMI complicated by
pulmonary oedema or cardiogenic shock ET-1 levels
remain elevated for a longer period.13 The increased
plasma ET-1 levels during an AMI are the result of
both stimulated cardiac and extracardiac production of
ET-1. In a recent study, Tsutamoto et al investigated
whether ET-1 is extracted through the heart or produced by it in the acute phase of an anterior myocardial
infarction.14 They found that ET-1 levels were higher in
the aortic root than in the coronary sinus. This suggests
that ET-1 is predominantly extracted across the heart. It
is well known that ET-1 has very potent vasoconstrictor
properties. It causes stenosis of atherosclerotic coronary arteries, thus contributing to the pathophysiology
of acute myocardial infarction.1 It has been shown that
the intracoronary delivery of ET-A receptor antagonists induces marked dilatation (21%) of atherosclerotic, stenotic coronary vessels compared to a less significant dilatation (7%) of smooth coronary vessels.15 These findings are supported by the results of another
study, in which Zeiher et al investigated whether the
presence of ET-1 in active coronary atherosclerotic
plaques contributes to the increased vasoreactivity of
the active lesions in unstable angina.16 It was found
that the active coronary atherosclerotic plaques contain significant amounts of ET-1, suggesting that ET-1
plays an important role in the segmental coronary hyperreactivity observed in unstable angina. It is very
likely that ET-1 not only enhances vascular tone itself,
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but also amplifies the contractions induced by other
vasoconstrictors, leading to arterial spasm.
In the post-myocardial infarction period, ET-1 contributes to the healing of the infarction. This is likely
due to its inflammatory, proliferative and fibrotic properties. It promotes cardiac fibroblast proliferation, adhesion molecule expression and extracellular matrix deposition. ET-1 levels are much higher in the infarcted
area than in healthy myocardium, suggesting that ET-1
contributes to the stabilisation of scarring.1 A significant correlation has been demonstrated between transcardiac extraction of ET-1 in the acute phase of myocardial infarction and left ventricular ejection fraction
and left ventricular end-diastolic volume index after
one month.14 This indicates that ET-1 contributes to
the evolution of myocardial infarction and the post-infarction ventricular remodelling.
Prognostic significance of ET-1
Many factors have been found to be important prognostic markers in patients with AMI. Yip et al evaluated the predictive value of circulating ET-1 with respect to the 30-day outcome in ST-segment elevation
acute myocardial infarction (STEMI) treated with
primary percutaneous intervention.17 It was shown
that the 30-day composite major adverse clinical outcomes (advanced Killip score ≥3, severe congestive
heart failure) and 30-day mortality were strongly associated with a high ET-1 level, unsuccessful reperfusion, low left ventricular ejection fraction (<50%),
multi-vessel disease and female sex. The high ET-1
level and unsuccessful reperfusion were the only independent predictors of 30-day major adverse clinical
outcome and mortality. Another important finding of
this study was that patients with multi-vessel disease
had substantially higher ET-1 levels than those with
single vessel disease. Advanced Killip score was also
an independent predictor of elevated circulating levels of ET-1. An explanation for this finding could be
that advanced Killip score is associated with slow coronary blood flow, which results in global ischaemia.
This in turn induces increased ET-1 secretion in order
to maintain the haemodynamic status. However, the
ET-1-induced coronary and peripheral vasoconstriction increases myocardial oxygen demand by increasing afterload and further reduces coronary blood flow
and oxygen supply. Therefore, ET-1 induced vasoconstriction could extend the ischaemic zone and lead to
infarct expansion. In another study, ET-1 post-infarction plasma levels were found to be a strong predictor
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of 1-year survival, independent of other factors known
to be associated with poor prognosis.18
ET-1 and reperfusion therapy
It is well known that coronary reperfusion therapy has
improved the prognosis of patients with STEMI. However, the restoration of epicardial blood flow by thrombolysis or primary angioplasty does not always imply
reperfusion, even if the stenosis is successfully eliminated.19 It has been observed that in almost 40% of patients undergoing primary percutaneous intervention,
myocardial perfusion in infarct-related artery territory
remains inadequate despite restoration of coronary
artery patency. This is the result of structural damage to
the microvasculature, sufficient to prevent restoration
of normal blood flow to the myocardial cells, and is
known as the no-reflow phenomenon.19 A study was
carried out to investigate the clinical factors related to
the development of no-reflow phenomenon in patients
who underwent successful coronary reperfusion with
primary coronary angioplasty within 24 hours after the
onset of an anterior wall STEMI.20 It was demonstrated
that the absence of preconditioning angina, the extent
of myocardial damage (number of Q waves), the size of
the risk area (wall motion score) and TIMI flow grade 0
on initial coronary angiography were the factors related
to the no-reflow phenomenon. The number of Q-waves
was the strongest predictive factor.
In an experimental study, Galiuto et al examined
whether ET-A antagonist administration at the time
of coronary reperfusion preserves post-ischaemic microvascular flow.21 Twenty dogs were subjected to 90
minutes of left anterior descending artery occlusion
followed by 180 minutes of reperfusion. They were randomised into two groups: 10 controls and 10 treated
with LU 135252 (ET-A antagonist). The drug was administered 5 minutes before reperfusion. The results
showed that in the animals treated with an ET-A antagonist, microvascular flow was mostly preserved.
The use of the drug was associated with a threefold
reduction in the extent of no-reflow and a twofold reduction in infarct size.
A recent study by Nicoli et al investigated the relationship between ET-1 plasma levels and no-reflow in a
group of patients treated with primary percutaneous intervention for STEMI.22 Seventy patients with a first
AMI were included in the study. The no-reflow phenomenon was observed in 61% of the patients. ET-1
plasma levels were found to predict angiographic no-reflow after successful primary percutaneous interven-

tion. The different mechanisms through which ET-1
could mediate no-flow are the following: ET-1 causes
microvascular vasoconstriction, stimulates adhesion of
neutrophils to the endothelium and therefore favours
intravascular plugging and increases microvascular permeability, causing oedema which leads to compression
of the microvasculature.8,22-24 Therefore, ET-1 antagonists might have a role to play in the management of
no-reflow. It was also observed that an anterior location
of a myocardial infarction was another independent
predictor of no-reflow, while CK-MB levels tended to
be higher in patients with no-reflow.
A very recent study by Adlbrecht et al examined
whether the constituents of thrombi in STEMI patients
contribute to microcirculatory dysfunction.25 The investigators analysed fresh coronary thrombi from 35
STEMI patients treated with percutaneous coronary intervention. ET levels were significantly higher within
the thrombi than in the peripheral plasma. It was also
observed that the amount of ET and white blood cells
aspirated from target vessels was correlated with the
magnitude of ST-segment resolution. The latter was attributed to regional improvement of microcirculatory
function.
There is also evidence to suggest that ET-1 plays an
important role in the pathophysiology of reperfusion
injury.26 This refers to the deleterious effects of reperfusion leading to further progression of already existing
ischaemic damage.27 Acute myocardial infarction followed by reperfusion results in accelerated necrosis of
irreversibly injured myocytes, as well as induction of
lethal injury to reversibly injured cells. Polymorphonuclear leukocytes are major participants in the reperfusion-initiated inflammation.28 ET-1 is not only a potent
vasoconstrictor but also a stimulator of polymorphonuclear leukocyte aggregation and adhesion. ET-1 contributes to myocardial ischaemia and reperfusion injury
by activation of the ET-A receptor. Selective blockade
of the ET-A receptor may protect the heart from reperfusion injury. The cardioprotective effect seems to be
related to inhibition of polymorphonuclear leukocyteinduced myocardial injury and preserved production
of nitric oxide. In another study by Bohm et al, it was
found that the dual ET(A)/ET(B) receptor antagonist
bosentan attenuates ischaemia/reperfusion-induced endothelial dysfunction in humans in vivo.29
Conclusion
ET-1, which is known to have very potent vasoconstrictive properties, plays an important role in the patho(Hellenic Journal of Cardiology) HJC ñ 163
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genesis and evolution of AMI.1-3 It is also involved in
post-infarction ventricular remodelling and is an independent prognostic marker in AMI patients.14,17,18 It
has been shown that ET-1 is a significant predictor of
the no-reflow phenomenon and is also involved in the
pathophysiology of reperfusion injury.22,25,27-29 Therefore, the use of ET-1 antagonists may have a role to
play in the management of no-reflow and reperfusion
injury.
References
1. Khan IA: Role of endothelin-1 in acute myocardial infarction. Chest 2005; 127: 1474-1476.
2. Berger R, Pacher R: The role of the endothelin system in myocardial infarction: new therapeutic targets. Eur Heart J 2003;
24: 294-296.
3. Spieker L, Noll G, Ruschitzka FT, Luescher TF: Endothelin
receptor antagonists in congestive heart failure: a new therapeutic principle for the future? J Am Coll Cardiol 2001; 37:
1493-1505.
4. MacCarthy PA, Grocott-Mason R, Prendergast BD, et al:
Contrasting inotropic effects of endogenous endothelin in the
normal and failing human heart: studies with an intracoronary ET(A) receptor antagonist. Circulation 2000; 101: 142147.
~ares C, Redondo-Horcajo M, et al: En5. Reimunde F, Castan
dothelin-1 expression is strongly repressed by AU-rich elements in the 3’-untranslated region of the gene. Biochem J
2005; 387(Pt 3): 763-772.
6. Miyauchi T, Masaki T: Pathophysiology of endothelin in the
cardiovascular system. Annu Rev Physiol 1999; 61: 391-415.
7. Yamashita K, Discher DJ, Hu J, Bishopric NH, Webster KJ:
Molecular regulation of the endothelin-1 gene by hypoxia. Biol Chem 2001; 16: 12645-12653.
8. Lopez Farre A, Riesco A, Espinosa G, et al: Effect of endothelin-1 on neutrophil adhesion to endothelial cells and perfused heart. Circulation 1993; 88: 1166-1171.
9. Knofler R, Urano T, Malyszko J, Takada Y, Takada A: In vitro effect of endothelin-1 on collagen and ADP-induced aggregation in human whole blood and platelet rich plasma.
Thromb Res 1995; 77: 69-78.
10. Yamauchi T, Ohnaka K, Takayanagi R, et al: Enhanced secretion of endothelin-1 by elevated glucose levels from cultured bovine endothelial cells. FEBS Lett 1990; 267: 16-18.
11. Yildiz L, Akcay F, Kaynar H, et al: Increased plasma endothelin-1 in heavy and light smokers (letter). Clin Chem 1996; 42:
483-484.
12. Boulanger CM, Tanner FC, Bea ML, et al: Oxidized low-density lipoproteins induce mRNA expression and release of endothelin from human and porcine endothelium. Circ Res 1992;
70: 1191-1197.
13. Stewart DJ, Kubac G, Costello KB, et al: Increased plasma
endothelin-1 in the early hours of acute myocardial infarction. J Am Coll Cardiol 1991; 18: 38-43.

164 ñ HJC (Hellenic Journal of Cardiology)

14. Tsutamoto T, Wada A, Hayashi M, et al: Relationship between
transcardiac gradient of endothelin-1 and left ventricular remodelling in patients with first anterior myocardial infarction. Eur Heart J 2003; 24: 346-355.
15. Kinlay S, Behrendt D, Wainstein M, et al: Role of endothelin-1 in the active constriction of human atherosclerotic coronary arteries. Circulation 2001; 104: 1114-1118.
16. Zeiher AM, Goebel H, Schachinger V, Ihling C: Tissue endothelin-1 immunoreactivity in the active coronary atherosclerotic plaque. A clue to the mechanism of increased vasoreactivity of the culprit lesion in unstable angina. Circulation 1995; 91: 941-947.
17. Yip HK, Wu CJ, Chang HW, et al: Prognostic value of circulating levels of endothelin-1 in patients after acute myocardial
infarction undergoing primary coronary angioplasty. Chest.
2005; 127: 1491-1497.
18. Omland T, Lie RT, Aakvaag A, et al: Plasma endothelin determination as a prognostic indicator of 1-year mortality after
acute myocardial infarction. Circulation 1994; 89: 1573-1579.
19. Rezkalla SH, Kloner RA: No-reflow phenomenon. Circulation 2002; 105: 656- 662
20. Iwakura K, Ito H, Kawano S, et al: Predictive factors for development of the no-reflow phenomenon in patients with reperfused anterior wall acute myocardial infarction. J Am Coll
Cardiol 2001; 38: 472-477.
21. Galiuto L, DeMaria AN, del Balzo U, et al: Ischaemia-reperfusion injury at the microvascular level: treatment by endothelin A-selective antagonist and evaluation by myocardial
contrast echocardiography. Circulation 2000; 102: 3111-3116.
22. Niccoli G, Lanza GA, Shaw S, et al: Endothelin-1 and acute
myocardial infarction: a no-reflow mediator after successful
percutaneous myocardial revascularization. Eur Heart J 2006;
27: 1793-1798.
23. Brain SD, Tippins JR, Williams TJ: Endothelin induces potent microvascular vasoconstriction. Br J Pharmacol 1988; 95:
1005-1007.
24. Filep JG, Foldes-Filep E, Rousseau A, Fournier A, Sirois P,
Yano M: Endothelin-1 enhances vascular permeability in the
rat heart through the ETA receptor. Eur J Pharmacol 1992;
219: 343-344.
25. Adlbrecht C, Bonderman D, Plass C, et al: Active endothelin
is an important vasoconstrictor in acute coronary thrombi.
Thromb Haemost 2007; 97: 642-649.
26. Szabo G, Fazekas L, Bahrle S, et al: Endothelin-A and -B antagonists protect myocardial and endothelial function after ischemia/reperfusion in a rat heart transplantation model. Cardiovasc Res 1998; 39: 683-690.
27. Verma S, Fedak PM, Weisel RD, et al: Fundamentals of reperfusion injury for the clinical cardiologist. Circulation 2002;
105: 2332-2342.
28. Gonon AT, Wang QD, Penrow J: The endothelin A receptor
antagonist LU 135252 protects the myocardium from neutrophil injury during ischaemia/reperfusion. Cardiovasc Res
1998; 39: 674-682.
29. Bohm F, Settergren M, Gonon AT, Penrow J: The endothelin-1
receptor antagonist bosentan protects against ischaemia/reperfusion-induced endothelial dysfunction in humans. Clin Sci
(Lond) 2005; 108: 357-363.

