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Enhanced vasodilatation to endothelin antagonism in
patients with compensated cirrhosis and the role of nitric
oxide
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Background and aims: Patients with advanced cirrhosis have systemic vasodilatation and increased
nitric oxide (NO) production despite activated vasopressor systems, including the endothelin system.
The aims of this study were to assess the contribution of endogenous endothelin 1 (ET-1) and NO to the
maintenance of basal forearm vascular tone in patients with preascitic cirrhosis (n=7) and in age and
sex matched healthy controls (n=7).
Methods: Using venous occlusion plethysmography, forearm blood flow (FBF) responses to
subsystemic locally active intra-arterial infusion of BQ-123 (a selective endothelin type A receptor (ETA)
receptor antagonist; 10 nmol/min) were measured before and during application of an “NO clamp”:
a balanced co- infusion of L-NG-monomethyl-arginine (a selective NO synthase inhibitor) and sodium
nitroprusside (an exogenous NO donor) to block endogenous NO production and restore NO medi-
ated basal FBF, respectively.
Results: L-NMMA infusion produced a reduction in FBF (p<0.001) which was similar in both groups.
Before applying the “NO clamp”, BQ-123 caused an increase in FBF in both groups (p<0.001) that
was greater in patients with cirrhosis (p<0.01). During the “NO clamp”, BQ-123 induced vasodilata-
tion was abolished in controls and attenuated in patients (p<0.001) but remained significantly greater
in patients with cirrhosis (p<0.01).
Conclusions: These findings indicate a greater ETA mediated contribution of endogenous ET-1 to the
maintenance of basal forearm vascular tone in patients with preascitic cirrhosis. In addition, enhanced
vasodilatation to ETA receptor antagonism in cirrhosis cannot be entirely attributed to NO release but
is likely to be related to reversal of direct ET-1 mediated tone.

Patients with cirrhosis exhibit a hyperdynamic circulation
characterised by a high cardiac output, hypervolaemia, a
low systemic vascular resistance, and an increased portal

pressure1–3 that worsens with disease severity.4 This hyperdy-
namic circulation is due to systemic arteriolar dilatation
which occurs despite the presence of activated vasopressor
systems, including the renin-angiotensin and endothelin sys-
tems, and is believed to be responsible for the development of
the complications of cirrhosis such as ascites, oesophageal
varices, and hepatorenal syndrome.5 Therefore, a better
understanding of the mechanism(s) underlying the systemic
vasodilatation associated with cirrhosis is essential for the
development of therapeutic, and possibly preventive, interven-
tions.

Endothelin-1 (ET-1) is one of the most potent vasoconstric-
tors known, belonging to a 21- amino acid peptide family with
a range of biological effects.6 7 Molecular studies have, so far,
identified two endothelin receptor subtypes in mammalian
species: endothelin A (ETA)

7 and endothelin B (ETB).8 In
vascular smooth muscle cells, both receptors are expressed7 8

and mediate vasoconstriction.9–11 ET-1 induced vasoconstric-
tion is predominantly mediated by the ETA receptor but ETB

receptors may contribute under some circumstances.12 The ETB

receptors are also found on endothelial cells where they cause
vasodilatation through the release of endothelium derived
vasodilators, including nitric oxide (NO).13 ET-1 mediated vas-
cular tone is therefore a balance between the constrictor and
dilator effects mediated by these two receptors.

We and others have demonstrated that selective ETA recep-
tor antagonism, using BQ-123, causes forearm vasodilatation
in healthy humans,14–16 and that this response is principally
mediated through NO generation.15 We have also shown that

BQ-123 infusion produces an enhanced forearm vasodilata-
tion in patients with preascitic cirrhosis14 although the exact
mechanism is unknown. Accumulating evidence for an
increase in endothelium derived NO synthesis in patients with
cirrhosis17 suggests that endogenous NO release may, at least
in part, contribute to the enhanced vasodilatation to ETA

receptor antagonism.
Therefore, the aims of the present study, in patients with

preascitic cirrhosis and healthy matched controls, were to
assess the contribution of endogenous ET-1 and NO to the
maintenance of basal peripheral vascular tone, and to
determine the relationship between ETA receptor antagonism
and endogenous NO release.

SUBJECTS AND METHODS
Subjects
Seven patients with biopsy proven cirrhosis and seven age and
sex matched healthy volunteers were recruited. Patients were
defined as preascitic if they had never had ascites according to
clinical and ultrasonographic examinations. All patients were
ambulant, had normal serum creatinine (<100 µmol/l), and
endoscopically proven oesophageal varices. To avoid the
depressive effect of ethanol on vascular responses,18 patients
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with alcoholic liver disease were abstinent from alcohol for at
least one month, as confirmed by history and random blood
ethanol testing. In addition, all subjects in both groups were
allowed normal sodium intake (∼150 mmol/day) to avoid the
possibility of altering the activity of endogenous vasopressor
systems.19 None of the subjects received vasoactive or
non-steroidal anti- inflammatory drugs in the week before
each study, and all subjects abstained from food, tobacco, and
caffeine containing drinks for at least four hours prior to each
study. Three subjects in each group were smokers of less than
10 cigarettes/day. All female subjects were post-menopausal,
both for safety reasons and to avoid the variability in vascular
responses that may be associated with cyclic hormonal
changes.20 Exclusion criteria included the presence of malig-
nancy, encephalopathy, portosystemic shunting (surgical or
TIPSS), or any significant cardiovascular disease such as
diabetes mellitus, hypercholesterolaemia, or hypertension.
Studies were undertaken with the approval of the local
research ethics committee, the written informed consent of
each subject, and in accordance with the Declaration of
Helsinki (1989) of the World Medical Association.

Intra-arterial administration and drugs
The brachial artery of the non-dominant arm was cannulated
using a 27 standard wire gauge steel needle (Cooper’s Needle
Works, Birmingham, UK) under local anaesthesia using 1%
lignocaine (Xylocaine; Astra Pharmaceuticals Ltd, Kings Lan-
gley, UK). Needle patency was maintained by saline infusion
via an IVAC P1000 syringe pump (IVAC Ltd, Basingstoke, UK)
at a constant rate of 1 ml/min. All drugs were dissolved in
physiological saline (0.9%; Baxter Healthcare Ltd, Thetford,
UK). Pharmaceutical grade BQ-123 (a selective ETA receptor
antagonist; Clinalfa AG, Läufelfingen, Switzerland) was
infused at the locally active and subsystemic dose of 10 nmol/
min.21 With this dose, forearm blood flow (FBF) has been
shown to plateau within 60 minutes of infusion.15 For the “NO
clamp” (see below), L-NG-monomethyl-arginine (L-NMMA, a
selective nitric oxide synthase (NOS) inhibitor; Clinalfa AG) at
a dose of 4 µmol/min, and sodium nitroprusside (SNP, an
exogenous NO donor; David Bull Laboratories, Victoria,
Australia) at titrated doses (80–600 ng/min) were used. This
dose of L-NMMA has previously been shown to produce a
maximal vasoconstrictor response in the forearm
circulation.22 23 Due to the light sensitivity of SNP, it was
prepared and infused in syringes covered by opaque foil.

Measurement of systemic haemodynamics
Baseline cardiac function, including heart rate, stroke volume,
and cardiac output, was measured using a non-invasive
thoracic electrical bioimpedance method (BoMed NC-COM3;
BoMed Medical Manufacturer Ltd, Irvine, California, USA), as
described previously.24 25 Cardiac index (CI), stroke index (SI),
and total peripheral vascular resistive index (TPVRI) were cal-
culated according to the formulae:

CI (l/min/m2)=cardiac output (l/min)/body surface area (m2);

SI (ml/m2)=stroke volume (ml)/body surface area (m2); and

TPVRI (mm Hg/l/min/m2)=mean arterial pressure (MAP mm
Hg)/CI (l/min/m2).

Blood pressure and heart rate were measured in the control
arm using a non-invasive oscillometric sphygmomanometer
(Takeda UA 751; Takeda Medical Inc, Tokyo, Japan) at intervals
throughout the study.26 MAP was calculated according to the
formula: MAP (mm Hg)=diastolic arterial pressure+1/3 pulse
pressure.

Measurement of forearm blood flow (FBF)
All studies were performed in a quiet temperature controlled
room maintained at 22–24°C. FBF was measured as described
previously.14 27 28 Briefly, FBF measurements were made in both
the infused and non-infused arms by venous occlusion
plethysmography using mercury in Silastic strain gauges
applied to the widest part of the forearm. Hands were placed
above the level of the heart throughout the study period, and
were excluded by rapid inflation of wrist cuffs to a pressure of
220 mm Hg using E20 Rapid Cuff Inflators (DE Hokanson Inc,
Washington DC, USA). Upper arm cuffs were inflated to 40
mm Hg for 10 seconds in every 15 seconds to achieve venous
occlusion and obtain blood flow measurements.

Study design
Two protocols (fig 1) were applied on two separate occasions
one week apart and in random order. Before participating in
each of the protocols, saline was infused for 30 minutes to
allow time for equilibration, with FBF measurements being
made in the last three minutes of every 10 minutes, and the
final measure taken as the baseline FBF. In protocol 1, BQ-123
was infused at a dose of 10 nmol/min for 60 minutes during
which FBF was measured for three minutes in every 10 min-
utes. In protocol 2, to assess the contribution of endogenous
NO production to the forearm vascular responses of ETA

Figure 1 Schematic diagram of the study protocols. F=Bilateral forearm blood flow measurements each for three minutes. BQ-123 was given
at 10 nmol/min. L-NG-monomethyl-arginine (L-NMMA) was given at 4 µmol/min. Sodium nitroprusside (SNP) was given at titrated doses
ranging from 80 to 600 ng/min to achieve a stable blood flow close to the baseline value. *Time for blood sampling; †time for measuring
vascular bioimpedance.
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receptor blockade, endogenous NO synthesis was inhibited by
the “NO clamp” as described previously.15 29 Briefly, L-NMMA
was continuously infused at a rate of 4 µmol/min for 20 min-
utes to achieve maximal inhibition of local vascular endog-
enous NOS activity. Thereafter, SNP was co-infused at titrated
doses until FBF had been restored to within 10% of baseline
flow and was sustained for at least two consecutive FBF
measurements. Once a stable baseline FBF was obtained, the
“NO clamp” was continued with these doses of L-NMMA and
SNP, and then BQ-123 (10 nmol/min) was co-infused for 60
minutes.

Blood assays
After 30 minutes of supine rest, and before any drugs were
administered, venous blood was withdrawn from the non-
infused arm. Blood (10 ml) was admixed with 1 ml of 1%
disodium EDTA and 1000 KIU aprotinin (Bayer AG,
Leverkusen, Germany) for measuring plasma ET-1 and big
ET-1. The sample was placed on ice and immediately
centrifuged at 1500 g for 20 minutes. Plasma was frozen and
stored at −80°C until assayed. Following extraction using Bond
Elut columns (Varian, Harbor City, California, USA), plasma
concentrations of ET-1 (Peninsula Laboratories Europe Ltd, St
Helens, UK), and big ET-1 (Peninsula Laboratories Europe Ltd)
were determined by radioimmunoassay as described
previously.30

Statistical analysis
FBF was expressed as ml/100 ml of tissue/min.31 Recordings
from the first 60 seconds following wrist cuff inflation were
not included in the analysis because of the variability in blood
flow this produces.32 Usually, the final five flow recordings in
each three minute measurement period were calculated and
averaged for each arm. In order to reduce the variability of
blood flow data, the ratio of flows in the two arms was calcu-
lated for each time point, thus using the non-infused arm as a
contemporaneous control.33 The percentage change in FBF
was calculated according to the formula:

% change in FBF=100×[(It/NIt) − (Ib/NIb)]/(Ib/NIb)

where It and NIt are FBFs in the infused and non-infused
arms, respectively, at a given time point (t) and Ib and NIb are
the FBFs at baseline (b); time 0.

The percentage attenuation in area under the curve (AUC)
was calculated according to the formula:

% attenuation=(AUC[NOC+] − AUC[NOC−])/(AUC[NOC−])×100

where [NOC+] and [NOC−] are the presence or absence of the
“NO clamp”, respectively.

Data were expressed as mean (SEM) and examined by two
way analysis of variance (ANOVA) for repeated measures or
two tailed paired and unpaired Student’s t tests, as appropri-
ate. A probability value of p<0.05 was taken to represent a
statistically significant difference.

RESULTS
A summary of the subject characteristics at baseline is shown
in table 1. Patients with cirrhosis were well matched to control
subjects for age, sex, and body surface area although weight,
and consequently body mass index (BMI), were significantly
lower in the cirrhotic group (p<0.05). In addition, patients
with cirrhosis and controls had a similar heart rate (HR) and
MAP (table 2). In contrast, and despite a lower BMI, patients
had higher SI (p<0.05) and CI (p<0.01), and lower TPVRI
(p<0.01) (table 2). Throughout each study there were no sig-
nificant changes in MAP, HR, or FBF in the non-infused arm.

Bilateral FBF
There was no significant difference in baseline FBF between
the infused and non-infused arm in each of the study groups.
In addition, FBF after application of the “NO clamp” was, by
design unchanged from baseline and was similar in both
groups (table 2).

Responses to L-NMMA infusion
L-NMMA infusion significantly reduced FBF in patients with
preascitic cirrhosis and in healthy controls (p<0.001, one way
ANOVA v baseline), the response reaching a plateau after 10
minutes of infusion. The response was similar in both groups,
with blood flow in the infused arm reduced by 34 (5)% and 35
(4)% in cirrhotic patients, and by 30 (2)% and 29 (4)% in
healthy controls, at 10 and 20 minutes, respectively. The dose
of SNP required to restore baseline FBF was similar in patients

Table 1 Characteristics of the subjects

Variable
Patients with
cirrhosis (n=7)

Healthy controls
(n=7)

Age (y) 53 (5) 52 (5)
Sex (M:F) 3:4 3:4
Weight (kg) 61 (4)* 75 (4)
Height (cm) 167 (4) 167 (4)
BSA (m2) 1.7 (0.1) 1.8 (0.1)
BMI (kg/m2) 22 (1)* 27 (1)
Liver disease aetiology

Primary biliary cirrhosis 3 —

Hepatitis C virus 1 —

Alcoholic liver disease 2 —

Autoimmune CAH 1 —

Child-pugh score 6 (1) —

Child grade
A 4 —

B 3 —

Serum albumin (g/l) 38 (2) 42 (2)
Serum bilirubin (mmol/l) 28 (10)* 12 (2)
Prothombin time (s) 11 (1) 11 (0.4)
Oesophageal varices 7 —

Results are expressed as mean (SEM).
BMI, body mass index; BSA, body surface area; CAH, chronic active
hepatitis.
*p<0.05 versus controls.

Table 2 Basal systemic haemodynamics and
hormonal assays

Variable

Patients with
cirrhosis
(n =7)

Healthy
controls
(n=7)

HR (beats/min) 67 (2) 61 (2)
MAP (mm Hg) 85 (5) 90 (2)
CI (l/min/m2) 5.2 (0.4)** 3.6 (0.2)
SI (ml/m2) 77 (6)* 58 (4)
SV (ml) 128 (11) 105 (8)
TPVRI (mm Hg/l/min/m2) 17 (2)** 25 (2)
FBF (ml/100 ml tissue/min) at

baseline 1
Infused arm 2.9 (0.4) 3.1 (0.2)
Non-infused arm 2.7 (0.4) 3.0 (0.3)

FBF (ml/100 ml tissue/min) at
baseline 2
Infused arm 3.7 (0.5) 3.7 (0.4)
Non-infused arm 3.1 (0.5) 3.3 (0.3)

ET-1 (pg/ml) 3.3 (0.2) 4.0 (0.6)
Big ET-1 (pg/ml) 78 (26) 67 (21)

Results are expressed as mean (SEM).
ET-1, endothelin-1; CI, cardiac index; FBF, forearm blood flow; HR,
heart rate; MAP, mean arterial pressure; SI, stroke index; SV, stroke
volume; TPVRI, total peripheral vascular resistive index.
Baseline 1, FBF before the “NO clamp” (end of phase 1).
Baseline 2, FBF after adjusting the “NO clamp” and before infusion
of BQ-123 (end of phase 3).
*p<0.05; **p<0.01.
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with cirrhosis and controls (806 (140) and 811 (109) ng/min,
respectively; p>0.05).

Responses to BQ-123 infusion without the “NO clamp”
ETA receptor antagonism, with BQ-123 infusion, increased
FBF in both patients with cirrhosis and controls (p<0.001,
one way ANOVA for each group). Vasodilatation was
significantly greater in patients with cirrhosis (p<0.001, two
way ANOVA with repeated measures) than controls. The
maximum increase in FBF was 52 (6)% in patients, and 37
(6)% in controls (fig 2).

Responses to BQ-123 infusion during the “NO clamp”
Application of the “NO clamp” significantly attenuated
BQ-123 induced vasodilatation in both groups (p<0.001, two
way ANOVA versus responses to BQ-123 without the “NO
clamp” for both groups). Indeed, in the control group, BQ-123
induced vasodilatation was abolished. However, BQ-123 infu-
sion still caused significant vasodilatation in patients with cir-
rhosis, and this response was greater than in controls
(p<0.01, two way ANOVA): the maximum increase in FBF
was 22 (6)% and 9 (5)%, respectively (fig 2). The percentage
attenuation in the area under the curve for BQ-123 induced
vasodilatation due to application of the “NO clamp” was 66
(9)% and 82 (24)% for patients and controls, respectively
(p>0.05, unpaired t test).

Blood assays
As shown in table 2, basal plasma concentrations of ET-1 and
its biological precursor big ET-1 were similar in both groups.

DISCUSSION
These studies confirm our previous findings14 that patients
with preascitic cirrhosis have an enhanced forearm vasodila-
tation to BQ-123 infusion, and the findings of others that
these patients exhibit a normal forearm vasoconstriction to
L-NMMA. In addition, they extend these observations14 15 by
showing that NO substantially contributes to the vasodilata-
tion response to BQ-123 in patients with cirrhosis as well as in
healthy controls. Furthermore, these experiments show that
there is a persistent vasodilatation in response to BQ-123 dur-
ing application of the “NO clamp” only in patients with
cirrhosis. These results indicate a greater ET-1 mediated tone
in patients with preascitic cirrhosis, and suggest that the

enhanced vasodilatation to BQ-123 in these patients cannot be
entirely attributed to increases in NO release but is likely to be
directly related to an increase in ET-1 mediated tone. Alterna-
tively, vasodilatation to BQ-123 in cirrhosis may be mediated
by vasodilators other than NO.

Due to its paracrine mode of action, the majority of ET-1 is
released abluminally to act on the adjacent vascular smooth
muscle and endothelial cells34 and, as a consequence, plasma
ET-1 concentrations may not truly reflect the underlying
activity of the endothelin system.35 In the present study, we
have confirmed our previous findings of normal plasma
concentrations of ET-1 and its biological precursor big ET-1,14

in association with functional abnormalities in the tonic
activity of the endothelin system in patients with preascitic
cirrhosis. The greater ETA mediated basal vascular tone in
these patients reflects an increased local abluminal release of
ET-1 and/or an enhanced ETA receptor coupling; through
increased receptor numbers, affinity, or alterations of down-
stream events. Indeed, we have previously shown impaired
FBF responses to exogenous ET-1 in a similar group of
patients,14 which may also reflect a greater basal endogenous
ET-1 activity, although receptor downregulation may also have
a role.

The relationship between forearm vasodilatation to BQ-123
administration and endogenous NO production has previously
been assessed in healthy control subjects using the “NO
clamp” technique.15 The present study confirms that, after
inhibition of endogenous nitric oxide production, there is a
marked attenuation in the vasodilatation to ETA receptor
antagonism in healthy volunteers, and extends these findings
to patients with preascitic cirrhosis. Interestingly, the residual
forearm vasodilatation to BQ-123 during the application of
the “NO clamp” remained significantly greater in patients
with cirrhosis.

ET-1 contributes to basal peripheral vascular tone through
its actions on both ETA and ETB receptors.15 During ETA recep-
tor antagonism, endogenous ET-1 is able to act unopposed on
the ETB receptor and may cause enhanced ETB mediated
effects. The overall response to ETB receptor stimulation
depends on the relative balance between the competing
vasodilator and vasoconstrictor actions of the endothelial and
vascular smooth muscle cell receptors, respectively. We have
previously shown that infusion of BQ-788, an ETB receptor
antagonist, causes forearm arteriolar vasoconstriction in
healthy subjects11 14 15 and in patients with preascitic
cirrhosis,14 and increases systemic vascular resistance in
healthy subjects.36 These findings indicate that the overall bal-
ance of ETB mediated vascular tone favours
vasodilatation.11 14 15 36 Therefore, the first potential mechanism
underlying the enhanced vasodilatation in response to ETA

receptor antagonism could be greater ETB mediated release of
vasodilators, other than NO, such as prostacyclin, endothe-
lium derived hyperpolarising factor, or cannabinoid
agonists.37–39 The second explanation is that ETA receptor
antagonism inhibits endothelial NOS or NO generation. How-
ever, given that the ETA receptor is not expressed on the
endothelium, any effect on endothelial NOS or NO generation
must be indirect and mediated by as yet unknown pathways.

The substantial vasoconstriction produced by infusion of
L-NMMA, a specific inhibitor of NOS, in the studied groups
confirms the role of endogenous NO release in the mainte-
nance of basal peripheral vascular tone in both healthy
humans20 21 40 and patients with early21 40 and advanced
cirrhosis.26 The similarity of the L-NMMA mediated vasocon-
strictor response in both groups is in keeping with the results
of previous studies in similar groups of patients,21 40 and argues
against a greater basal NOS activity in the peripheral arterioles
of patients with well compensated cirrhosis. Moreover, the
proportionate reduction in BQ-123 induced vasodilatation by
the application of the “NO clamp” was similar in both groups.
This suggests that inhibition of the endothelin system does

Figure 2 Percentage change in forearm blood flow (FBF) after
BQ-123 infusion (10 nmol/min for 60 minutes) in patients with
cirrhosis and controls, with and without application of the “NO
clamp”. p<0.001 for each response except with “NO clamp” in
controls (one way ANOVA). ***p<0.001 without “NO clamp”
versus with “NO clamp” in patients with cirrhosis and controls (two
way ANOVA with repeated measures); **p<0.01 patients versus
controls with or without “NO clamp” (two way ANOVA with
repeated measures).
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not enhance basal NO release in patients with preascitic
cirrhosis. However, the similarity in the responses to L-NMMA
in both groups does not preclude NO playing a role in the
hyporesponsiveness to vasopressors in cirrhosis. Indeed, in
many conditions, the basal release of NO is unchanged but the
stimulated release of NO is impaired. For example, in patients
with hypercholesterolaemia, the paradigm of endothelial dys-
function, the response to L-NMMA infusion is normal but the
response to the endothelial cell stimulant acetylcholine is
markedly impaired.41 42

Total blood volume is expanded in patients with compen-
sated cirrhosis.43 In the present study, supine patients had
portal hypertension and an elevated cardiac index. This is
consistent with the previous findings of an increased CI in
patients with compensated cirrhosis that occurs before a
reduction in systemic vascular resistance,44 and appears to be
primarily related to a greater than normal increase in supine
induced cardiac preload. Moreover, the presence of a hyper-
dynamic circulation (increased CI and decreased systemic
vascular resistance) has previously been shown in patients
with preascitic cirrhosis,45–47 particularly in the supine
position.45 46 However, some studies do not show hyper-
dynamic changes in patients with preascitic cirrhosis, but we
suspect this is a reflection of the difference in posture, portal
pressure, and portosystemic shunting.

Although differences in cardiac output and circulating
blood volume may influence responses to drugs in systemic
studies, this should not be relevant here. Agents were infused
at doses with a local, not systemic, effect and were given into
a similar FBF in patients and controls. Hence drug exposure
should be similar in both groups.

One might suggest that the mild cholestasis observed in
three patients with primary biliary cirrhosis could influence
the results of this study. Indeed, marked cholestasis can alter
the vascular responses to exogenous vasopressor agents. How-
ever, we believe that this was not the case in the present study
because the mean plasma bilirubin concentration of the
patients included was 28 µmol/l (table 1), and only two of the
patients, with early Child grade B cirrhosis, had bilirubin con-
centrations >34 µmol/l. In addition, we included similar
patients with primary biliary cirrhosis in our previous studies,
and showed normal vascular responses to noradrenaline infu-
sion alongside impaired responses to angiotensin II.28 The
normal response to noradrenaline indicates that vascular
reactivity is unaffected by mild cholestasis at this early stage of
cirrhosis and argues against a significant contribution of
cholestasis to the vascular reactivity described in the present
study.

In summary, this study confirms that patients with
preascitic cirrhosis have enhanced forearm vasodilator re-
sponses to selective ETA receptor antagonism and normal
vasoconstrictor responses to L-NMMA. In addition, we have
demonstrated that the application of the “NO clamp”
substantially attenuates the BQ-123 induced vasodilatation in
both healthy volunteers and patients with cirrhosis, although
the vasodilatation remained greater in patients. These findings
suggest that, in patients with cirrhosis, NO is not the sole
mediator of the enhanced vasodilatation response to ETA

receptor antagonism, and that ETA receptor mediated periph-
eral vascular tone is enhanced independent of the
L-arginine:NO pathway.
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