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The role of endothelin-1 and its receptor blockers on the liver function
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Abstract. Endothelin-1 (ET-1) was first described by Yanagisawa et al. (1988) as a 21-amino acid 
peptide present in the extract from the aorta endothelial cells. It is known that ET-1 is one of the 
most potent vasoconstrictor compounds and also causes proliferation of many of the vascular 
cells involved in vascular remodeling. This peptide exerts its action through interactions with 
its membrane receptors – ETA and ETB. These receptors are expressed in the vascular smooth 
muscle cells, endothelial cells, intestines and the brain. Secretion of ET-1 results in long-last-
ing vasoconstriction, increased blood pressure and, in turn, overproduction of free radicals. 
As dysregulation of the endothelin system is an important factor in the pathogenesis of several 
diseases including atherosclerosis, hypertension and endotoxic shock, the ETA and ETB recep-
tors are attractive therapeutic targets for treatment of these disorders. Recently, several clinical 
trials have provided evidence that ET-1 receptor antagonism influences liver function and has 
therapeutic potential in the treatment of liver impairment. Therefore, this review summarizes 
recent clinical trials on the role of ET-1 receptor blockers with respect to the modulation of 
liver function.
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Introduction

Endothelin-1, first described by Yanagisawa et al. (1989), is
a 21-amino acid residue peptide whose structure is similar 
to sapharotoxins synthesized by some snakes and scorpions 
(Goraca 2002). So far three endothelin isoforms have been 
characterized: endothelin-1 (ET-1), endothelin-2 (ET-2), 
and endothelin-3 (ET-3) involved in diverse physiologi-
cal and pathophysiological events. The genes that encode
them are localized respectively on the 6th, 1st and 20th 
chromosomes. Endothelins are produced primarily in the 
endothelium. In the endothelium, ET-1 is predominantly 
released abluminally toward the vascular smooth muscle, 
suggesting a paracrine role. ET-1 is also produced by other 
cells including leukocytes, macrophages, smooth muscle 

cells, cardiomyocytes, mesangial cells, fibroblasts, blood
platelets, hepatocytes and its synthesis is regulated in an 
autocrine. ET-2 is released by myocardial cells, placental 
cells, the uterus, kidneys and intestines, while ET-3 was 
found in the digestive system, central nervous system, lungs 
and kidneys (King 2008). 

Endothelin synthesis starts with inactive 212 amino acid, 
pre-pro endothelin (pre-pro ET-1). Pre-pro ET-1 is processed 
intracellularly by furin-like proteases to pro-endothelin (big 
ET-1) which consists of 38 – 40 amino acids and has little 
or no biological effect. Next, big ET-1 is cleaved at Trp-21-
Val/Ile-22 by specific endothelin-converting enzymes (ECE),
to yield a 21-amino acid peptide, which is biologically ac-
tive (Kojima et al. 2001; Rockey 2003). This would explain
why proendothelins excreted in the plasma accounted only 
for 1% of the terminal level of ET-1. Endothelin-convert-
ing enzymes often become a target for therapy in certain
diseases connected with elevated endothelin level (Goldie 
1999; Lorenzo et al. 2001). So far, three distinct ECE subtypes 
have been described: ECE-1, ECE-2 and ECE-3. Although 
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ECE-1 seems to be the specific enzyme for big ET-1 and
ECE-2 for big ET-2, both of these enzymes indicate a greater 
affinity for big ET-1. This would explain why experimental
animals with decreased ECE-1 and ECE-2 levels still have 
high ET-1 levels. This finding might also suggest that other
enzymes are engaged in the terminal level of ET-1 (Lorenzo 
et al. 2001).

ET-1 has been previously described as a compound that 
takes part in many biological processes such as cell prolifera-
tion or connective tissue cell differentiation. Moreover, ET-1
appears to play an important role in stellate cell activation, 
stimulating their activation and fibrogenic phenotype (Ta-
kashimizu et al. 2011). An imbalance in endothelin levels 
can be also observed in the case of certain cardiovascular 
system diseases such as hypertension or systemic sclerosis, 
which lead to liver dysfunction (Rockey et al. 1996, 1998; 
Goldie 1999; Lorenzo et al. 2001; Ergul 2002).

Liver distribution and physiological role of ET-1 receptors 

Endothelin-1 effects are mediated by the activation of en-
dothelin ETA or ETB receptors. In the liver, ETA receptors are 
found on vascular smooth muscle cells and hepatic stellate cells 
(Rockey et al. 1996), while ETB receptors are localized on sinu-
soidal endothelial cells, hepatic stellate cells and Kupffer cells
(Kojima et al. 2001; Motte et al. 2006; Feng et al. 2009). ETB 
receptors are divided into two subtypes: ETB1 and ETB2. 

ETA and ETB receptors belong to a G protein-coupled 
group whose stimulation leads to the activation of inositol-3 
phosphate (IP3) and diacylglycerol (DAG) (phospholipase 
C-mediated hydrolysis of polyphosphoinositol 4,5-bisphos-
phate (PIP2). IP3 increases the cytoplasmic calcium level 
while DAG ameliorates the mitogen-activated protein kinase 
(MAPK) concentration (Li et al. 2010). Thus, stimulation of
ETA and ETB2 receptors causes vasoconstriction, inflamma-
tion and fibrosis, while activation of ETB1 receptors leads to 
NO, prostacyclin I2 and endothelial hyperpolarizing factor 
release, which is presumably important in the maintenance 
of sinusoidal relaxation (Lavelle et al. 2009) (Fig. 1).

Recently, Chen et al. (2011) showed that up-regulation of 
ETA receptors on hepatic stellate cells after the small-for-size
liver transplantation reduces the sinusoidal perfusion rate 
and leads to graft injury. They proposed transient portal
venous hypertension as a possible mechanism underlying 
liver dysfunction.

ET-1 and ET-1 receptor antagonists influence on liver
blood flow

The liver is an organ capable of compensating portal
blood flow to keep the portal pressure at a normal level

of 5–10 mmHg (Cichoz-Lach et al. 2008). Stable pressure 
is a result of vascular bed response to vasodilatators like 
nitric oxide and vasoconstrictors, mainly ET-1 and cy-
clooxygenase-derived prostaglandins. ET-1 binding sites 
have been identified in the endothelial cells of hepatic
sinusoids, portal vein and hepatic central veins (Gondo et 
al. 1993). ET-1 has been reported to activate phospholipase 
C and membrane ion channels, thus provoking the stel-
late cell constriction in the sinusoid (Iizuka et al. 2011). 
This effect is mainly mediated by ETA receptors. Recently, 
Iizuka et al. (2011) indicated that ET-1-stimulated hepatic 
stellate cells cause hepatic sinusoidal constriction through 
both Ca(2+)-dependent (myosin light-chain kinase 
– MYLK or MLCK pathway) and Ca(2+)-sensitization 
mechanisms (CPI-17 and myosin phosphatase targeting 
protein 1 – MYPT1 pathways) in the cirrhotic liver. It 
has been also shown that during cirrhosis, both ET-1 and 
ETA receptors levels are up-regulated (Bauer et al. 1994; 
Morawietz et al. 2000; Shi-Wen et al. 2001). Moreover, 
Chan et al. (2004) indicated that blockage of ETA receptors 
alone or simultaneous blockage of ETA and ETB receptors 
suppressed ET-1-induced portal vein vasoconstriction, 
whereas stimulation of ETB receptors with ET-1 causes 
intrahepatic vasoconstriction (Bauer et al. 2000). The
vasoconstriction effect is more intense in cirrhotic rats,
suggesting that ETB receptors may mediate vasoconstric-
tion in the portal vascular bed in cirrhotic animals (Khimji 
et al. 2001). Portopulmonary hypertension (PPH) refers 
to the development of pulmonary arterial hypertension 
(PAH) in patients with portal hypertension, a complication 
occurring in patients with cirrhosis. Plasma levels of ET-1 
are elevated (up to 10-fold) in patients with PAH (Cartin-
Ceba et al. 2011). Tsiakalos et al. (2011) have proven that 
patients with PPH had a significantly higher plasma level
of ET-1 than cirrhotic patients without PPH. Takashimizu 
et al. (2011) have described that ET-1 action via the ETA 
receptor may be involved in the mechanism of portal 
hypertension in liver cirrhosis.

Endothelin-1 receptor antagonists influence on liver
biochemistry

Since the discovery of ET-1, numerous different endothelin
receptor antagonists, both specific and non-specific, have
been developed. Recently, the Food and Drug Adminis-
tration (FDA) agency has approved some of them for the 
treatment of PAH – ambisentran, sitaxentan (Hrometz 
et al. 2008); idiopathic pulmonary fibrosis and digestive
system ulceration – bosentan (Kähler et al. 2011); hepatic 
ischemia/reperfusion injury – tezosentan (Farmer et al. 
2008); systemic hypertension – darusentan (Hynenen and 
Khalil 2006; Meri et al. 2006).



385Endothelin-1 in the liver function

Bosentan and sitaxentan are sulphonamide analogues 
with the ETA to ETB receptors affinity ratio 40 : 1 for
bosentan and 6000 : 1 for sitaxentan; ambrisentan is a non-
sulphonamide, propanoic acid derivatives specified as a ETA 
receptor blocker; while tezosentan is a non-selective ETA 
and ETB receptors antagonist designed as a therapy for pa-
tients with acute heart failure, however it is mostly removed 
by the liver with the bile (Dupuis and Hoeper 2005, 2007; 
Dingemanse et al. 2006;).

Recently performed clinical trials on patients prescribed 
endothelin receptor antagonists investigated their effects on
liver biochemical parameters and presented contradictory 
results. The study of Hoeper et al. (2007) performed on
patients with Child A cirrhosis and severe PPH prescribed 
bosentan (started at a dose of 62.5 mg for 4 weeks followed 
by 125 mg as a target maintenance dose) for one year 
indicated no changes in hepatic biochemical parameters. 
Moreover, in their trial patients with POPH treated with 
bosentan had a better outcome than patients treated with 
inhaled iloprost (given six times daily at a dose of 5 mg 
through the mouthpiece using standard nebulisers). The
survival rates at 1, 2 and 3 years were 94%, 89% and 89%, 
respectively, in the bosentan group, and 77%, 62% and 46%, 

respectively, in the iloprost group (Hoeper et al. 2007). 
Bosentan was also well tolerated by the majority of patients 
(in one patient, hepatic aminotransferases increased to 
more than 3-times the upper level as compared to normal, 
but it normalised when the bosentan dose was reduced 
from 125 mg to 62.5 mg). However, the use of bosentan 
in patients with PPH has been questioned, since bosentan 
has a well-known hepatotoxic potential and aminotrans-
ferase elevations have been reported in 7–12% of patients 
exposed to this drug. Humbert et al. (2007) have indicated 
that bosentan treatment was not recommended in patients 
with moderately or severely impaired liver function. No 
new safety was discovered and the rate of occurrence and 
severity of elevated aminotransferases observed in Tracleer 
post-marketing surveillance (PMS) program with 3416 
patient-years of treatment matched that originally seen in 
the clinical trial setting with 59 patient-years of treatment 
(Humbert et al. 2007).The selective endothelin receptor
antagonists, sitaxentan and ambrisentan, are in general as-
sociated with less risk of adverse liver reactions. Lavelle et 
al. (2009) presented two patients with severe hepatotoxicity, 
one of them fatal, occurring 4 months after the beginning
of sitaxentan therapy. 

Figure 1. Pleiotropic effect of ET-1 on hepatic stellate cells through different receptors. COX-2, cyclooxygenase type 2; DAG, diacylglycerol;
ET-1, endothelin-1; ETA, endothelin receptor type A; ETB, endothelin receptor type B; IP3, inositol-3 phosphate; MLC-kinase, myosin 
light chain kinase; NF-κB, nuclear factor kappa B; PCLβ–1, phosphatidylinositol-4,5-bisphosphate phosphodiesterase beta; Ras-ERK, 
subunits of mitogen activated protein kinases (MAPK) pathway; PG, prostaglandin. Based on: Hui and Friedman (2003).
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In “Tracleer” studies, the mean age of patients was 
about 49 years. About 80% of patients were female, and 
about 80% were Caucasian. Patients had been diagnosed 
with pulmonary hypertension for a mean of 2.4 years. The
benefit/risk balance of bosentan/Tracleer has not been
established at early stage of the disease e.g. patients with 
grade I and grade II functional status. Data do not support 
the use of bosentan in patients with grade IV functional 
status. Clinical experience has not identified differences in
responses between elderly and younger patients (safety and 
efficacy have not been established in children under the age
of 12 years). There is limited experience in patients with
a body weight below 40 kg (only 2 patients were included 
in the clinical trials). In summary, it is not known whether 
bosentan’s pharmacokinetics is influenced by gender, body
weight, race or age. Barst et al. (2004) in a randomized, dou-
ble-blind, placebo-controlled trial incorporating patients 
with pulmonary arterial hypertension who took sitaxentan 
(in two doses of 100 mg and 300 mg orally once daily for 
12 weeks) noted an increased aminotransferase level. The
incidence of liver function abnormalities was much lower 
for the 100-mg dose compared with the 300-mg dose, sug-
gesting a distinct dose response for safety and tolerability. 
However, lately Safdar (2011) in a retrospective study of 
patient from STRIDE studies switching from sitaxentan 
(100 mg oral daily) to ambrisentan (5 mg oral daily) for 
another year of treatment showed no increase in ami-
notransferase blood level. This data suggest that switching
from a selective ETA to another selective ETA may be safe. 
Similarly, Catrin-Ceba et al. (2011) in prospective study of 
18 patients with portopulmonary hypertension treated with 
ambrisentan (5 mg orally daily for 4 weeks, with a dosage 
increase to 10 mg orally daily thereafter in the absence of
side effects) showed no difference in aminotransferases and
bilirubin concentration. 

The safety and effectiveness of ambrisentan has not been
studied in children

The cause underlying an increase in aminotransferase blood
level after the ET-1 receptor antagonist administration is
unknown. Nevertheless, bosentan has been speculated to 
influence hepatocanalicular bile salt export pump causing
intracellular accumulation of cytotoxic bile salts resulting 
in liver cell damage (Fattinger et al. 2001). Furthermore, 
sitaxentan inhibits the hepatic enzyme cytochrome P450 
CYP2P9, which may lead to increased episodes of bleeding 
in patients taking anticoagulant therapy (Barst et al. 2004).

Therefore, following the results of STRIDE-2 and
STRIDE-2X randomized clinical trials comparing bosentan 
and sitxentan therapy in PAH patients, the sitaxentan therapy 
occurred to have a lower incidence of hepatotoxicity than 
bosentan (Barst et al. 2004, 2006; Benza et al. 2008). Recently, 

Kähler et al. (2011) described a protective effect of sitaxentan
therapy in patients with PPH and Child A cirrhosis. In their 
study, 3 month therapy with sitaxentan (100 mg/day orally) 
had no effect on liver enzymes (Kawada et al. 1993).

Although not frequently used with cirrhotic patients 
tezosentan and its influence on liver impairment was widely
studied by Dingemanase et al. (Dingemanse et al. 2004, 2006 
and 2009); their results indicated that increased bilirubin 
levels observed in patients with mild liver impairment or 
cirrhosis influence tezosentan pharmacokinetics and prolong
tozosentan exposure. Despite no adverse effects observed
in Dingemanase et al. studies, tezosentan dose reduction in 
patients with liver impairement and serum blilrubin level 
above 3.5–12 mg/dl has been recommended (Dingemanse 
et al. 2004 and 2009).

Apart from endothelin receptor antagonists already ap-
proved for the medical usage, there is a group of endothe-
lin receptor blockers that undergo clinical experimental 
studies. Recently, Bruderer et al. (2011) published an ex-
ploratory study results presenting the effect of clozosentan,
a selective ETA receptor antagonist, on mild, moderate and 
severe liver cirrhosis; in their study clozosentan treatment 
(1 mg/h for a period of 6 hours) increased the severity of 
liver impairment in patients with moderate and severe 
liver damage.

Therefore, additional clinical trials need to be performed
to evaluate possible clinical usefulness of clozosentan.

Conclusion

The understanding of ET-1 and its blockers on the liver
function has not been fully understood yet. For the moment 
we are left with compelling experimental evidence that
endothelin may be involved in many vascular abnormali-
ties in patients with liver disorders e.g. portopulmonary 
hypertension and liver cirrhosis. Therefore, whether inhi-
bition of ETA and/or ETB receptors responses proves to be 
therapeutically useful may depend on the balance between 
systemic and local effects of ET-1 receptor blockers in dif-
ferent patients.
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