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Abstract
AIM: Adrenomedullin (ADM) is a potent vasodilator peptide.
ADM and nitric oxide (NO) are produced in vascular endothelial
cells. Increased ADM level has been linked to hyperdynamic
circulation and arterial vasodilatation in cirrhotic portal
hypertension (CPH). The role of ADM in non-cirrhotic portal
hypertension (NCPH) is unknown. plasma ADM levels were
studied in patients with NCPH, compensated and
decompensated cirrhosis in order to determine its
contribution to portal hypertension (PH) in these groups.

METHODS: There were 4 groups of subjects. Group 1
consisted of 27 patients (F/M: 12/15) with NCPH due to
portal and/or splenic vein thrombosis (mean age: 41±12
years), group 2 consisted of 14 patients (F/M: 6/8) with
compensated (Child-Pugh A) cirrhosis (mean age: 46±4),
group 3 consisted of 16 patients (F/M: 6/10) with
decompensated (Child-Pugh C) cirrhosis (mean age: 47±12).
Fourteen healthy subjects (F/M: 6/8) (mean age: 44±8) were
used as controls in Group 4. ADM level was measured by
ELISA. NO was determined as nitrite/nitrate level by
chemoluminescence.

RESULTS: ADM level in Group 1 (236±61.4 pg/mL) was
significantly higher than that in group 2 (108.4±28.3 pg/mL)
and group 4 (84.1±31.5 pg/mL) (both P<0.0001) but was
lower than that in Group3 (324±93.7 pg/mL) (P=0.002). NO
level in group 1 (27±1.4 µmol/L) was significantly higher than
that in group 2 (19.8±2.8 µmol/L) and group 4 (16.9±1.6
µmol/L) but was lower than that in Group 3 (39±3.6 µmol/L)
(for all three P<0.0001). A strong correlation was observed
between ADM and NO levels (r=0.827, P<0.0001).

CONCLUSION: Adrenomedullin and NO levels were high
in both non-cirrhotic and cirrhotic portal hypertension and
were closely correlated, Adrenomedullin and NO levels
increased proportionally with the severity of cirrhosis, and
were significantly higher than those in patients with NCPH.
Portal hypertension plays an important role in the increase
of ADM and NO. Parenchymal damage in cirrhosis may
contribute to the increase in these parameters.
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INTRODUCTION
Portal hypertension (PH) is a clinical condition characterized
by specific hemodynamic abnormalities such as low arterial
pressure, high cardiac output, over activity of vasoconstrictor
systems and marked decrease in total systemic vascular
resistance. Arterial vasodilatation and activation of several
vasoactive and neurohumoral systems may play a key role in
pathogenesis of sodium and water retention and ascites
formation in cirrhosis[1,2]. These changes have been attributed
to increased production of vasodilator substances[2,3].
Adrenomedullin (ADM) and nitric oxide (NO) are considered
as essential mediators of hyperdynamic state. NO, a potent
vasodilator substance synthesized from L-arginin by NO
synthase, is increased in cirrhotic patients and experimental
models of cirrhosis[3,4]. Specific NO inhibitors have been shown
to counteract  vasodilatation and hyperdynamic circulation in
these groups[4,5]. In addition, circulating levels of potent
vasodilating peptides (substance P, CGRP), pulsatile blood
flow, and shear stress could contribute to the up regulation of
endothelial NO-synthase (e-NOS)[3,6].
     ADM is a potent endogenous vasorelaxing factor that
was originally isolated from the extracts of human
pheochromocytoma[7]. ADM is expressed in adrenal gland,
lungs, kidneys, smooth muscle vascular endothelial cells, and
splanchnic organs[3,8]. ADM level is increased after stimulation
with bacterial endotoxin and cytokines[9]. The renal effects of
ADM and part of its cardiovascular effects seem to be mediated
by NO[10,11]. Previous studies reported that increased ADM level
in cirrhotic patients occurred via increased production or
decreased clearance of this substance, the elevation was more
prominent in decompensated cirrhotic patients with marked
PH[2,4,12,13]. Although ADM level is known to be increased in
cirrhotic PH (CPH), there are no data concerning its level in
non-cirrhotic PH (NCPH).
      To our knowledge this is the first study determining plasma
ADM concentrations in NCPH patients. We also aimed to
compare the results within the group of compensated and
decompensated cirrhotic patients (Child-Pugh A & C) and
healthy subjects in order to estimate the contribution of cirrhosis
and PH either separately or concomitantly to the elevation of
ADM and NO level.
      We compared ADM levels in the patients with compensated
or decompensated cirrhosis and also in healthy subjects in order
to determine whether portal hypertension or cirrhosis led to
elevation in ADM and NO levels.

MATERIALS AND METHODS
Patients
Our study included patients with NCPH, cirrhosis and healthy
subjects as control. Cirrhosis was due to hepatitis C infection
in all-cirrhotic cases, while in all cases of NCPH the origin
was extrahepatic portal venous thrombosis. group 1 included
27 patients (F/M: 12/15 with NCPH due to portal and/or splenic
vein thrombosis (mean age: 41±12 years), Group 2 consisted
of 14(F/M: 6/8) compensated (Child-Pugh A) cirrhotic
patients (mean age: 46±4), group 3 included 16 (F/M: 6/10)
decompensated cirrhotic  (Child-Pugh C) patients (mean age:
47±12), and group 4 consisted of 14 (F/M: 6/8) healthy subjects
(mean age: 44±8) taken as controls.
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     The diagnosis of PH and cirrhosis was established on the
basis of clinical, biochemical and ultrasonographic findings
and/or liver biopsy. Patients with active or recent gastrointestinal
bleeding, bacterial infection, severe hepatic encephalopathy,
cardiopulmonary disease and portal vein thrombosis within
the previous ten days were excluded.

Study protocol
All patients and controls received restricted sodium diet
(70 mmol/day) for at least 5 days before the study. Diuretics,
beta-blockers and other cardioactive drugs were withheld during
the 10-day period before the study. At 8.00 a.m. on the day of
study, blood samples were drawn after the patients were fasted
overnight and then waited for 45 min in supine position. This
study was performed in accordance with the Declaration of
Helsinki. A written informed consent was obtained from each
patient and control subject participating in the study.

Biochemical analysis
Nitric oxide heparinized whole blood was obtained by
venipuncture, centrifuged (3 000 rpm, 10 minutes, 0-40 C).
Plasma concentration of NO was studied by chemoluminescence
method using commercially available colorimetric assay
(Roche, Cat No 1746081)[14].

Adrenomedullin
Blood samples for ADM were collected into the vacutainer tubes,
which contained EDTA. Blood was transferred from the
vacutainer tubes to centrifuge tubes containing aprotinin
(0.6 TIU/ml of blood) and gently rocked for several times to inhibit
the activity of proteinases. Blood was centrifuged at 1 600 G for
15 min at 4 . Plasma ADM concentration was measured by
enzyme immunoassay (Phoenix Pharmaceuticals Inc. Harbor
Boulevard, Belmont, California 94002) after extraction through
the Sep-pak C-18 column supplied by the manufacturer[15,16].
     Plasma in both parameters was immediately frozen and
stored at -80  until assayed.

Statistical analysis
All results were expressed as mean ± standard deviation.
Comparisons between the groups were performed by Kruskal-
Wallis variance analysis and a P- value <0.05 was accepted as
statistically significant.

RESULTS
ADM level in Group 1 (236±61.4 pg/mL) was significantly
higher than that in Group 2 (108.4±28.3 pg/mL) and Group 4
(84.1±31.5 pg/mL) (both P<0.0001) but was lower than that
in Group 3 (324±93.7 pg/mL)(P=0.002) (Figure 1).

Figure 1  Adrenomedullin levels in various groups. NCPH:
Non-cirrhotic portal hypertension, Cirr: Cirrhosis, CPH: Cir-
rhotic portal hypertension, Normal: Healthy subjects. NCPH
vs Child-Pugh A Cirr: P<0.0001, NCPH vs Healthy Subjets:
P<0.0001, NCPH vs Child-Pugh C CPH: P=0.002.

    Nitrite/nitrate level in Group 1 (27±1.4 µmol/L) was
significantly higher than that in Group 2 (19.8±2.8 µmol/L)
and Group 4 (16.9±1.6 µmol/L) but was lower than that in
Group 3 (39±3.6 µmol/L) (P<0.0001 for all three) (Figure 2).
A significant correlation was observed between ADM and NO
levels (r=0.827, P<0.0001) (Figure 3).

Figure 2  Nitric oxide levels in various groups. NCPH: Non-
cirrhotic portal hypertension, Cirr: Cirrhosis, CPH: Cirrhotic
portal hypertension, Normal: Healthy subjects. NCPH vs Child-
Pugh A Cirr: P<0.0001, NCPH vs Healthy Subjets: P<0.0001,
NCPH vs Child-Pugh CCPH: P<0.0001.

Figure 3  Correlation between nitric oxide and adrenomedullin
A significant correlation was observed between two vasoac-
tive agents (r=0.827, P<0.0001).

DISCUSSION
Our study demonstrated increased plasma ADM and NO
concentrations in both CPH and NCPH patients, the level of
ADM was the highest in the CPH group. Increased ADM
level was strongly associated with PH and plasma volume
expansion[10,11]. In our series, ADM level was not different
between compensated cirrhotic patients and controls but higher
in both groups of patients with CPH and NCPH, evidencing
the role of PH in the increase of ADM.
     Cirrhotic patients showed hemodynamic abnormalities
such as arterial hypotension, increased cardiac output and
reduced systemic vascular resistance. These changes have been
attributed to peripheral vasodilatation. The reduction in the
effective blood volume, and the subsequent activation of renin-
angiotensin-aldosterone system (RAAS) and sympathetic
nervous system initiated renal sodium and water retention and
ultimately led to ascites formation[11]. Furthermore, excessive
production of endogenous vasodilatators played an important
role in peripheral vasodilatation. ADM and NO are well known
mediators in the pathophysiology of PH. ADM is a potent
vasodilatator and natriuretic peptide[4]. ADM concentration was
positively correlated with plasma renin activity and aldosterone,
which are indicators of RAAS activity[1]. ADM had an indirect
effect on hyperdynamic circulation. It might play a role in the
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mechanism of initiation of peripheral vasodilatation
counterbalanced by the activation of RAAS and sympathetic
nervous system and followed by renin and aldosterone increase.
Previous studies reported that concentrations of ADM similar
to those found in patients with ascites had vasodilatatory effect
in the rat mesenteric circulation[2,12]. In addition, administration
of ADM to anesthetized rat caused arterial hypotension,
increased cardiac output and reduced systemic vascular
resistance similar to the circulatory changes observed in
cirrhosis[13]. All these changes may account for increased ADM
level in patients with ascites and may also be seen in non-
cirrhotic PH.
      Cytokines were incriminated as to contribute to increased
ADM levels via increased levels of TNF-α, interleukin-6 and
bacterial endotoxin in advanced liver cirrhosis[18,19]. These
factors are the result of parenchymal damage, which is known
to stimulate the production of ADM by vascular smooth muscle
and endothelial cells. However, a previous study reported that
TNF-α and interleukin-6 levels showed very weak correlations
with ADM levels[4]. In our study ADM level in CPH patients
was significantly higher than that in NCPH patients. We
conclude that cytokines are not completely responsible for the
significant increase of ADM level in liver cirrhosis but they
may contribute to this change.
     Increased hepatic outflow resistance is the initial cause of
CPH. It stimulates endothelial shear stress. Previous studies
reported that ADM mRNA expression in endothelial cells was
markedly increased by shear stress[20].  Thus ADM could be
increased by the shear stress secondary to hyperdynamic
circulation. ADM may also be produced in excess as an
outcome of the volume expansion. Increased ADM level was
found in cirrhotic chronic renal failure patients[2]. An increased
ADM production to balance plasma volume overload might
be an additional mechanism accounting for elevated ADM
plasma concentration in patients with chronic renal disease.
      NO is an important mediator of the hemodynamic alterations
of liver cirrhosis. In our study ADM levels correlated with
serum nitrite and nitrate levels. It was probably due to the fact
that elevated NO levels in patients with advanced liver cirrhosis
might further stimulate the production of NO and aggravate
the vasodilatation in a vicious cycle[9,10].
     In our study, ADM and NO levels in NCPH and advanced
cirrhosis were higher than those in healthy controls and
compensated cirrhotics. Likewise ADM and NO levels in CPH
were higher than those in NCPH. Increased ADM level was
closely correlated with NO level.
     In conclusion, the results of our study suggest that portal
hypertension per se is an independent factor for the elevation
of ADM and NO in both cirrhotic and non-cirrhotic portal
hypertension. Parenchymal destruction at various stages in
cirrhosis may further contribute to the effects of these potent
vasodilators and lead to a vicious cycle.
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