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Glomerular filtration rate, urine volume, sodium excretion and mean arterial pressure
were measured in 10 rats with CUC induced cirrhosis presenting sodium retention and ascites,
and in 10 control rats before and during the iv administration of the 28 aminoacid rat a-Atrial
Natriuretic Peptide (a-ANP) (a bolus of 1 pg followed by a constant infusion of 33 ng/min).
a-ANP induced a similar increase in glomerular filtration rate and filtered sodium load in both
groups of rats. In contrast, the increase in urine volume and sodium excretion produced by
a-ANP was significantly lower in cirrhotic rats (from 13.8± 1.9 to 37.9±9.1 pl/min., and from
0.5±0.1 to 3.3±1.0 pEq/min) than in control animals (from 14.6±1.3 to 102.5±17.7 pl/min.,
p<0.005; and from 1.0±0.3 to 14.1 ±3.2 pEq/min., p<0.001). The results indicate that in rats
with experimental cirrhosis and ascites there are blunted diuretic and natriuretic responses to
a-ANP, probably as a consequence of the exaggerated tubular sodium reabsorption present
in these animals.
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Atrial natriuretic factor (ANP), is a
peptide or a group of peptides synthesized
by the atrial myocytes of mammals with
powerful effects on systemic hemody
namics and renal sodium and water me
tabolism. During the last few years, the
development of specific and sensitive 

* To whom all correspondence should be ad
dressed.

techniques to measure the plasma level of
ANP and the availability or synthetic atri
al natriuretic peptides have allowed the in
vestigation of the role of ANP in the ho
meostasis of extracellular fluid volume and
arterial pressure and in the pathogenesis of
arterial hypertension and sodium reten
tion in humans and experimental animals.
At present, several studies on the plasma
concentration of ANP in cirrhosis have 
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been published and they showed conflict
ing results. Whereas some studies found
increased plasma levels of ANP in these
patients (1, 12, 13, 22), others showed
normal or even reduced plasma concen
trations of this compound (5, 7, 14).
However, at present, there are very few
data on the effect of ANP in systemic
hemodynamics and renal function in cir
rhosis (17).

In the current study, the effect of a-
ANP on arterial pressure, glomerular fil
tration rate (GFR), urine volume and so
dium excretion was investigated in rats
with carbon tetrachloride induced cirrho
sis and ascites and in control animals. The
aim of the study was to investigate if the
renal response to ANP is impaired in rats
with cirrhosis and ascites.

Materials and Methods

The study was made in 10 adult male
Sprague-Dawley rats with cirrhosis and
ascites, and in 10 control rats. Both
groups were fed ad libitum with a normal
sodium chow and distilled water as drink
ing fluid. Cirrhosis was induced with car
bon tetrachloride and phenobarbital fol
lowing a previously described method
(15). Cirrhotic rats were studied after they
had developed marked ascites. Two weeks
before the infusion of a-ANP, these ani
mals and control rats were placed in met
abolic cages. After allowing one week for
adaptation, measurements of the 24 h so
dium intake and urine sodium and aldos
terone-! 8-glucuronide excretion were
made. These measurements were per
formed on three consecutive days ana the
mean value was considered. Fecal sodium
excretion was not measured. Sodium bal
ance was estimated by subtracting the dai
ly sodium excretion from the daily sodium
intake. Infusion of a-ANP was performed
in all rats the week after completion of the
balance studies. Animals were allowed
free access to food and water prior to 

anesthesia (ketamine-HCl 100 mg/kg
body weight i.m.). Catheters were insert
ed in the right femoral artery, left femoral
vein and right jugular vein. The bladder
was exposed through a suprapubic inci
sion and catheterized. Once surgical pro
cedure was completed, a priming dose of
l4C-inulin (3 pCi) was given through the
femoral vein catheter followed by a con
stant infusion (1 ml/h) throughout the
study of a Ringer solution of this sub
stance (3 pCi/ml). Mean arterial pressure
was continuously recorded throughout
the femoral artery catheter using a high
sensitivity transducer and a multichannel
recorder (MX4P and MT4, Lectromed Lt,
Jersey Channels Islands). After allowing 1
h for equilibration, the urine was collected
in three 10-min periods before and during
the i.v. administration (jugular catheter)
of the 28 aminoacid rat a-ANP (Bachem
Inc, Torrance, California). The bladder
was voided just before completing each
clearance period. In the middle of each pe
riod a blood sample was taken to measure
serum electrolytes and 14C-radioactivity.
a-ANP was given as a bolus (1 pg) fol
lowed by a constant infusion (6.6 pl/min)
of a Ringer solution of the peptide (5 pg/
ml). Ten normal rats received vehicle
alone to test the stability of the measure
ments throughout the course of the clear
ance periods. Since body weight in cir
rhotic rats (328± 19 g) and control animals
(339± 12 g) was similar, the dose o a-ANP
per kg of body administered in both
groups was comparable.

In cirrhotic rats the volume of ascites
was measured using 125I-human serum al
bumin 1 h following a-ANP infusion.
One pCi of labeled albumin (0.2 ml) was
injected into the peritoneal cavity and, 15
min later, an ascitic sample was obtained.
To ensure accurate dilution of labeled al
bumin into ascitic fluid, all animals were
submitted to an external abdominal mas
sage. The abdominal cavity was then en
tered and portal pressure measured di
rectly in the portal vein using a 21-gauge 
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butterfly needle (Material Clinico, Bar
celona, Spain) connected to a strain-gauge
transducer. A small liver specimen was
taken from the middle lobe in each animal,
fixed in 10 % buffered formalin and
stained using hematoxylin, eosin, and
Masson’s trichome.

Analysis and Calculations.— Urine was
collected in preweighed tubes, and the
volume was determined gravimetrically.
Electrolytes were measured by flame pho
tometry (IL 943, Instrumentation Labora
tory, Lexington MA). GFR was estimat
ed by the clearance of l4C-inulin and the
14C-radioactivity of plasma and urine was
measured in a liquid scintillation spec
trometer (SL 4000 Intertechnique, Paris)
using Supersolve X (Kochlight) as scintil
lating fluid. The urinary concentration of
aldosterone-18-glucoronide was measured
in urine samples (0.5 ml) adjusted to a pH
1.0 with 1 ml of 0.2 N HC1 and kept dur
ing 20 h at 30 °C. The resulting (24) al
dosterone concentration was then meas
ured with a highly specific radioimmu
noassay (CIS Sorin Biomedica, Saluggia,
Italy). The coefficient of variation was
10 % for intraassay and 14 % for inter
assay determinations.

Statistics.— The paired and unpaired
Student’s t test and the nonparametric test
of Mann-Whitney were used for the sta
tistical analysis of the results. Values of
p<0.05 or less were considered signifi
cant. Results are presented as mean ±
SEM.

Results

Cirrhotic rats showed a significantly
lower urinary sodium excretion and a sig
nificantly more positive sodium balance
than control rats, indicating that they
were actively retaining sodium at the time
of the study. Urinary excretion of aldo
sterone-18-glucuronide was significantly
increased in cirrhotic rats as compared to
control animals. Ascites volume in cir
rhotic rats ranged from 5.9 to 32 ml. Por
tal pressure was increased in all these an
imals (table I).

Rats receiving vehicle alone did not
show significant changes in all the param
eters studied throughout the clearance
periods (table II).

Table III shows the effect of aANP on
mean arterial pressure and renal function
in cirrhotic and control rats. Before in
fusion of a-ANP, there were no signifi
cant differences between both groups of
animals with respect to urine volume
(13.8± 1.9 vs 14.6± 1.3 pl/min) potassium
excretion (2.2±0.4 vs 2.4±0.2 pEq/min)
and inulin clearance (2.6±0.4 vs 2.4±0.3
ml/min.). Sodium excretion and arterial
pressure, however, were significantly re
duced in cirrhotic rats as compared to
control animals (sodium excretion:
0.5±0.1 vs 1.04-0.3 pEq/min p<0.001;
mean arterial pressure: 92±3 vs 119±3
mmHg, p<0.001).

The i.v. administration of a-ANP was
associated with a significant reduction of
mean arterial pressure and a significant in
crease of inulin clearance, urine volume

Table I. Sodium metabolism, aldosterone excretion and portal pressure in the two groups of rats.

Cirrhotic Control p value

Sodium excretion (mEq/day) 0.62 ± 0.10 1.81 ± 0.15 <0.001
Sodium balance (mEq/day) 0.76 ± 0.13 0.21 ± 0.16 <0.001
Urinary excretion of aldosterone-18- 148.0 ± 17.9 21.4 ± 2.3 <0.001
glucoronide (ng/day)

Ascites volume (ml) 12.8 ± 2.7 — —
Portal pressure (mmHg) 11.0 ± 1.6 6.0 ± 0.2 <0.001
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Table II. Urine volume, sodium and potassium excretion, inulin clearance and mean arterial pressure in rats
receiving vehicle alone.

Values are mean ± SEM. C1, C2 and C3 represent the three 10-min periods before iv injection of vehicle.
04, C5 and C6 represent the three 10-min periods after iv injection of vehicle

C1 02 C3 C4 C5 06

Urine volume (pl/min)
12.4 ±1.4 12.1 ±1.4 12.3 ± 1.7 13.1 ± 1.3 12.4 ± 0.8 12.3 ± 1.3

Sodium excretion (pEq/min)
0.9 ± 0.09 0.9 ± 0.09 0.9 ± 0.09 1.0 ± 0.1 0.9 ±0.1 1.0 ± 0.2

Potassium excretion (pEq/min)
2.4 ± 0.3 2.1 ± 0.1 2.3 ± 0.3 2.3 ± 0.3 2.1 ± 0.2 2.0 ± 0.3

Inulin Clearance (ml/min)
2.3 ± 0.2 2.1 ± 0.1 2.3 ± 0.1 2.3 ± 0.1 2.1 ± 0.1 2.2 ± 0.1

Mean arterial pressure (mmHg)
116±2 118±2 120 ± 1 119 ± 1 120 ± 2 119 ± 2

Table III. Effect of a-ANP on urine volume, sodium and potassium excretion, inulin clearance and mean
arterial pressure in control and cirrhotic rats.

Values are mean ± SEM. 01, 02 and 03 represent the three 10-min periods before iv injection of a-ANP.
04, 05 and 06 represent the three 10-min periods after iv injection.

C1 C2 03 C4 C5 06

Urine volume (pl/min)
Control 14.8 ±1.9
Cirrhotic 11.2 ±2.5

15.1 ± 1.7
13.2 ± 2.1

15.3 ± 2.3
13.9 ± 2.2

102.5 ± 17.7*
37.9 ± 9.1 *a

57.1 ± 17.5 *
28.9 ± 7.9#c

54.1 ± 7.3 *
15.7 ±4.1 b

Sodium excretion (pEq/min)
Control 1.2 ±0.4 0.9 ± 0.1
Cirrhotic 0.4 ± 0.1b 0.4 ± 0.1b

1.0 ±0.2
0.5 ± 0.1b

14.1 ±3.2*
3.4 ± 1.0#a

10.3 ± 2.8*
3.4 ± 1.2#b

7.0 ± 2.1*
1.8 ± 0.8c

Potassium excretion (pEq/min)
Control 2.5 ±1.1 2.5 ± 0.4
Cirrhotic 1.9 ±0.5 2.2 ± 0.5

2.4 ± 0.4
2.3 ± 0.5

6.6 ± 1.2*
5.2 ± 1.5&

5.0 ± 1.0*
4.5 ± 1.2&

3.8 ± 1.1
4.3 ± 0.9

Inulin Clearance (ml/min)
Control 2.3 ±1.1
Cirrhotic 2.3 ± 0.4

2.5 ± 0.4
2.6 ± 0.4

2.3 ± 0.0
3.0 ± 0.5

4.6 ± 0.9*
4.6 ± 0.6*

2.9 ± 0.7
3.3 ± 0.5

2.8 ± 0.6
3.2 ± 0.5

Mean arterial pressure (mmHg)
Control 117 ±3 120 ±4
Cirrhotic 93 ± 3a 92 ± 4a

122 ±4
92 ±4a

108 ±5&
76 ± 4#a

102 ± 5#
69 ± 5#b

96 ±5#
78 ± 6#b

& p < 0.05, # p < 0.01 and * p < 0.001 with respect to values before the injection of a-ANP. a p < 0.001,
b p < 0.01 and c p < 0.05 with respect to control rats.
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Fig. 1. Percent increase of urine volume and so
dium excretion induced by a-ANP in cirrhotic (A)

and control rats (B).

and sodium and potassium excretion in
the two groups of animals (table III). Cir
rhotic and control rats showed a transi
tory increase in inulin clearance within the
first clearance period after starting the in
fusion of a-ANP. The effect of a-ANP on
renal function was more marked within
the first 10-min period after its adminis
tration in the two groups of rats. How
ever, the maximal effect of a-ANP on ar
terial pressure occurred within the second
period in cirrhotic rats and within the
third period in control rats (table III).

Cirrhotic rats remarkably showed a sig
nificantly lower diuretic and natriuretic
responses to a-ANP than did control an
imals. Within the first 10-minute period
after a-ANP administration, diuresis and
natriuresis increased in control rats by
699 ±176 % and 1408 ±351 %, respec
tively. The corresponding values in cir
rhotic rats were 183 ±40 % (p<0.025) and
413± 134 % (p<0.05), respectively (fig
ure 1). Urine volume and sodium excre
tion in cirrhotic rats were also significant
ly reduced during the second and third 10-
minute period after a-ANP administra
tion, although differences were consider
ably smaller (table III). In contrast, a-
ANP produced similar effect on inulin

Fig. 2. Filtered sodium load and fractional excre
tion of sodium in control (open bars) and cirrhotic
(shadowed bars) rats in response to infusion of a-

ANP.
Cl, C2 and C3 represent the three 10 min periods
before the administration of a-ANP. C4, C5 and
C6 represent the three 10 min periods after the
i.v. injection of a-ANP. * p < 0.05, :>1’’ p <
0.025, *** p < 0.001 with respect to control rats.

clearance and mean arterial pressure in the
two groups of animals. However, since
cirrhotic rats showed lower baseline ar
terial pressure than control rats, the inten
sity of the arterial hypotension induced by
a-ANP was more pronounced in the for
mer group of animals.

Figure 2 shows the effect of a-ANP on
filtered load and fractional excretion of
sodium in cirrhotic and control rats, a-
ANP induced a similar increase in filtered
sodium load in both groups, whereas it
produced a significantly lower increase in
fractional sodium excretion in cirrhotic
rats.

Discussion

During the last few years, numerous
studies have shown that carbon tetrachlo
ride induced cirrhosis in rats mimicking
human cirrhosis. In addition to a wide
spread hepatic fibrosis with nodule for
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mation, these animals develop abnormal
ities of systemic and splanchnic hemody
namics (27), renal function (19, 21) and
endogenous vasoactive systems (16) simi
lar to those found in patients with cirrho
sis and ascites. On the other hand, al
though carbon tetrachloride is a well rec
ognized renal toxic agent, there is evi
dence that tubular damage does not de
velop in this animal model, since renal
histology is normal (16, 20, 21) and the
urinary excretion of N-acetyl-0-d-glucos-
aminidase, a sensitive marker of tubular
necrosis, docs not increase during the cir
rhosis induction program (J. Sola, unpub
lished observations). Therefore, investi
gations in this animal model may be rel
evant to understanding what occurs in hu
man cirrhosis.

The results of the present study clearly
demonstrate that diuretic and natriuretic
responses to high dosage of ANP was
markedly reduced in cirrhotic rats with
ascites as compared to control animals.
This impaired natriuretic response was re
lated to a higher tubular reabsorption of
sodium in cirrhotic rats, since the filtered
sodium load increased to a similar degree
in both groups of animals. Cirrhotic rats
with ascites present marked hyperaldo
steronism (16), which increased sodium
reabsorption in distal nephron. In addi
tion, as it occurs in human cirrhosis (23),
these animals may also present an in
creased activity of the sympathetic ner
vous system which stimulates sodium
reabsorption in the proximal tubule, loop
of Henle and distal and collecting tubules
(10). Therefore, the natriuretic effect of
ANP in cirrhotic rats with ascites could be
reduced because it was counteracted by
the tubular action of aldosterone and the
sympathetic nervous activity. The lower
mean arterial pressure after ANP admin
istration present in cirrhotic rats with as
cites, either by activating endogenous va
soactive systems that affect tubular so
dium reabsorption or by changing intra
renal hemodynamics, could be an alter

native mechanism for the blunted natri
uretic response to ANP in these animals.

The results of the current study are in
keeping with those of a recent investiga
tion by Koepke et al (17) in conscious rats
with bile obstruction and ascites. The i.v.
administration of several dosages of ANP
to these animals resulted in a blunted na
triuretic effect as compared to control
rats. However these authors did not find
significant differences in mean arterial
pressure between bile ligated and normal
rats, thus probably reflecting a different
systemic hemodynamic from those pres
ent in cirrhosis with ascites (3, 6, 19, 23,
27).

The circulating plasma levels of ANP in
man and experimental animals are very
low. In healthy man the plasma concen
tration of ANP reported by most studies
ranges from 5 to 130 pg/ml (2, 8, 18, 25,
28). In rats it ranges from 50 to 200 pg/ml
(4, 9, 11, 26). In animals included in the
present study the plasma concentration of
ANP was not measured. However, during
the infusion of the peptide it probably
would have reached very high values since
ANP was administered at a very large
dosage (a bolus of 1 pg followed by a con
stant infusion of 33 ng/min). Despite of
this, the natriuretic response was very
poor. Several studies in cirrhotic patients
with ascites have found increased plasma
concentration of ANP, however the pep
tide levels only were two to three times
greater than those in healthy volunteers
(1, 12, 13). Therefore it is not surprising
that endogenous ANP is unable to reverse
the exaggerated tubular sodium reabsorp
tion present in these patients.

To sum up, the results of the current
study show that the diuretic and natri
uretic responses to a pharmacological dose
of a-ANP were markedly reduced in cir
rhotic rats with ascites. Since the effect of
a-ANP on GFR in these animals was
comparable to that in control rats, the
blunted diuretic and natriuretic responses
in cirrhotic rats were probably related to 
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the exaggerated tubular sodium and water
reabsorption present in these animals.
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Resumen

Se determinan filtrado glomerular, volumen uri-
nario, excrecion urinaria de sodio y presion arterial,
antes y durante la adminstracion i.v. de Factor Na
triuretico Atrial de rata de 28 aminoacidos (a-ANP)
(un bolus de 1 pg seguido de una infusion constante
de 33 ng/min), en ratas control y ratas con cirrosis
inducida mediante C1«C que presentan retencion de
sodio y ascitis. El a-ANP produce un incremento
similar en el filtrado glomerular y en la cantidad de
sodio filtrada en ambos grupos de animales. Sin em
bargo, el cfccto diuretico y natriuretico del a-ANP
es significativamente inferior en las ratas cirroticas
con ascitis (de 13,8±1,9 a 37,8±9,1 pl/min, y 0,5±
0,1 a 3,3±l,0 pEq/min) que en las control (de 14,6±
1,3 a 102,5±17,7 pl/min, p<0,005; y de l,0±0,3 a
14,1±3,2 pEq/min, p<0,001). Los resultados indican
que en las ratas cirroticas con ascitis existe una escasa
respuesta diuretica y natriuretica al a-ANP, proba-
blemente como consecuencia de la hiperabsorcion
tubular de sodio que presentan estos animales.

Palabras clave: Cirrosis experimental, Ascites, Fac
tor natriuretico atrial, Excrecion de sodio.
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