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Abstract
It has been postulated that deficiency of a
putative natriuretic factor, or resistance to
such a factor, may contribute to sodium reten-
tion in fulminant hepatic failure. Levels of
plasma human atrial natriuretic factor
(h-ANF), plasma renin activity, and aldo-
sterone concentration were measured in 33
patients with fulminant hepatic failure due to
paracetamol overdose, and 12 healthy control
subjects. Levels ofh-ANF were raised only in
patients with evidence of severe renal impair-
ment (serum creatinine >300 tmol/l and urine
output <100 ml/24 hours). h-ANF values were
median 4*15, range 2-9 pmol/l and 10.1, 1-25
pmolIl for the control and severe renal impair-
ment groups respectively (p<0.001). In the
latter plasma renin activity was raised com-
pared to that in control subjects (median 19*8,
range 1.04-41.7 and 2*86, 1-87-5-9 pmolIh
respectively, p<002). Plasma aldosterone
concentration was also raised in patients (2176,
199-6894 pmol/l compared to 368, 133-578
pmol/l in control subjects, p<001). Haemo-
dialysis induced changes in circulating h-ANF
which correlated with volume and right atrial
pressure changes (p<0001 and p<O0O5 res-
pectively). In six patients with no or mild renal
failure infusion of 900 ml 5% human albumin
solution caused a significant increase in
plasma h-ANF (p<0.05) without natriuresis or
diuresis, a finding compatible with the
hypothesis that there may be resistance to h-
ANF in this group. The present findings
indicate that there is no deficiency ofh-ANF in
fulminant hepatic failure and that known
mechanisms of h-ANF release are not
impaired.

Volume homoeostasis is frequently impaired in
patients with fulminant hepatic failure, with
sodium retention and an altered haemodynamic
state of high cardiac output and a low systemic
vascular resistance.' 2 Bernadi et al reported high
plasma renin and aldosterone concentrations in
fulminant hepatic failure and no correlation
between plasma aldosterone concentration and
renal sodium excretion.3 It has been postulated
that a deficiency of a putative circulating
natriuretic factor, or resistance to such a factor,
may contribute to the sodium retention.4 Human

atrial natriuretic factor (h-ANF) has been
identified as a natriuretic and diuretic substance
which suppresses the activity of the renin-
aldosterone system.' It is secreted by the cardiac
atria in response to rises in atrial pressure,
through atrial wall stretch, and thus seems to
have a role in blood volume regulation.6"
Changes of plasma h-ANF concentration within
the physiologicalrange arenowknown to produce
characteristic renal and humoral effects of this
substance in humans.'2
The aim of the present study was to measure

concentrations of h-ANF in fulminant hepatic
failure and to examine its possible relation to the
renin-aldosterone system. This relation was
further examined by investigating the response
of the above factors to fluid volume and right
atrial pressure changes, induced by haemo-
dialysis and by the infusion of 5% human
albumin solution.

Patients and methods
Thirty eight patients, 18 men and 20 women (age
range 17-66 years) with fulminant hepatic failure
(development of encephalopathy within eight
weeks of the onset of hepatic symptoms, in the
absence of underlying liver disease) from
paracetamol overdose were studied. Patients
were excluded if (a) there was a past history of
heart disease or arrhythmias; (b) they were
receiving inotropic support; (c) the mean arterial
pressure was less than 60 mmHg; (d) there was a
greater than 15% change in pulse rate, mean
arterial pressure, or right atrial pressure on three
occasions one hour apart in the three hours
before study; (e) there was rapidly changing
coma grade'3 in the three hours before study or
there were any clinical signs of cerebral oedema
during the preceding 24 hours; (f) there was
evidence of haemorrhage.
The patients were allocated to one of the

following three groups; group 1 (12 patients)
comprised patients with no or only mild renal
impairment, defined as plasma creatinine
<300 inol/l and urine output >600 ml/24
hours or 300 ml/12 h. Group 2 consisted of 21
patients with severe renal failure, defined as
plasma creatinine >300 itmol/l and urine output
<100 ml/day. Group 3 comprised five patients
who were recovering from fulminant hepatic
failure after a paracetamol overdose, with per-
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TABLE I Serum biochemical measurements and prothrombin time (seconds prolonged) at entry
into the study for normal control subjects and three groups ofpatients withfulminant hepatic
failure. Groupl: no or mild renalfailure; group 2: severe renalfailure; group 3: recovering
fulminant hepatic failure with persisting severe renalfailure. Values expressed as median
(range)

Group I Group 2 Group 3 Control subjects
(n= 12) (n=21) (n=5) (n=12)

Creatinine 104 566 719 93
(Rmol/l) (53-259) (337-1091) (607-1100) (57-103)

Sodium 132 130 127 140
(mmol/l) (129-137) (129-133) (112-133) (138-143)

Bilirubin 93 149* 58 8
(,umol/l) (51-138) (80-265) (37-162) (3-15)

Albumin 35 36 36 43
(gil) (3241) (31-40) (31-41) (39-46)

Prothrombin time 42 96* 33
(seconds prolonged) (25-92) (29-186) (148)

Encephalopathy
(No of patients):
Grade I-II 6 6 0 0
Grade III-IV 6 15 0 0

Note: Group 2 values compared to group 3:* p<0 05.

sisting severe renal failure requiring dialysis
(predialysis plasma creatinine >500 iimol/l and
urine volume <100 ml/24 hours), and no
evidence ofencephalopathy. From the last group
blood samples were taken at least 18 hours after
any previous dialysis. Group 3 was included as a
'renal failure' control group. As control subjects
a group of 12 normal volunteers (age range 33-62
years) on a 22 mmol sodium daily restricted diet
for five days before entry had venous blood
samples taken without stasis, for h-ANF at 0900
hours while semirecumbent (trunk 450 to the
horizontal) for 30 minutes, after an overnight
fast. Their arterial blood pressure was measured
by a mercury column sphygmomanometer.
To allow for stabilisation, patientswere studied

not less than 12 hours after admission. All
patients were studied in the semirecumbent
position. The level of the right atrium was taken
as corresponding to the surface marking of the
fifth intercostal space in the mid-axillary line. All
patients were receiving 5% dextrose intra-
venously (1 5-2 0 1 daily) and saline infusion was
not administered for at least 24 hours preceding
the study. Potassium supplements were given
intravenously to maintain plasma concentrations
of 4 0-5 0 mmol/l. None of the patients had
received mannitol in the 24 hours before entry.
Arterial pressure and right atrial pressure were
measured via an indwelling intra-arterial cannula
and a central venous line respectively (Simonsen
and Weel Ltd, series 9000; Ames transducer AE
840). Mean arterial blood pressure and right
atrial pressure was derived electronically.

Baseline biochemistry, prothrombin time,
and grade of encephalopathy at the time of entry
are given in Table I.

BASAL ASSESSMENT OF h-ANF AND HORMONAL
STATE
At 0900 hours measurements of pulse rate,
arterial blood pressure, and right atrial pressure
were taken. Peripheral venous blood was taken
without stasis for estimation of h-ANF, renin,
aldosterone, creatinine, sodium, potassium,
bilirubin, and prothrombin time. Samples for h-
ANF and renin-aldosterone were taken into
chilled tubes containing ethylenediamine tetra-

acetate (EDTA) and were centrifuged at 4°C for
10 minutes within 10 minutes of collection.
Plasma was separated and stored at - 70°C until
assayed.

In cases where urine could be obtained, a
timed collection was taken between 0800 and
0900 hours via an indwelling urinary catheter for
urine sodium estimation. In the case of six anuric
patients in group 2 urine was collected when
available, over 2-24 hours.

EFFECT OF FLUID VOLUME CHANGES
The effect of haemodialysis was studied in 14
patients from group 2. After one hour of baseline
observation measurements and peripheral
venous blood samples were taken just before and
90 minutes after completion of haemodialysis.
Dialysis was carried out using a Biospal 2400S
cartridge in a Monitral 5 dialysis unit. Patients
developing hypotension during haemodialysis
(systolic blood pressure <90 mmHg) received
measured volumes of 5% human albumin
solution. For all patients 150 ml 0 9% sodium
chloride solution containing heparin, was used to
'prime' the extracorporeal dialysis circuit and
was accounted for in the final fluid balance
estimation. Two patients developed cerebral
oedema during dialysis, which was abandoned,
and their data were excluded from the final
analysis.
The effect of plasma volume expansion was

studied in six patients from group 1 who were
being monitored by a pulmonary artery flotation
catheter. Patients with a low right atrial pressure
(s-2 mmHg) and pulmonary capillary wedge
pressure (-5 mmHg) for more than 30 minutes
received an infusion of900 ml ofhuman albumin
solution over a period of 40 minutes, to a
maximum right atrial pressure of 5-6 mmHg or
pulmonary capillary wedge pressure of 10-12
mmHg. Venous blood samples were taken just
before and 40 minutes after the end of the
infusion. Urine was collected for the hour pre-
ceding the infusion and for an hour after the
albumin infusion was completed for measure-
ment ofurine volume and sodium concentration.

ASSAYS
All samples for h-ANF were assayed in a single
assay run by a sensitive radioimmunoassay after
plasma extraction, as previously described.'214
Assay sensitivity was 1 pmol/l and intra-assay
variation 8%. Plasma renin activity was measured
by the generation of angiotensin I, by a
modification of the method of Menard and
Catt,'5 and aldosterone concentration with a
Sorin radioimmunoassay kit (CIS, High
Wycombe, Bucks) after solvent extraction of
plasma.'6 Serum creatinine was estimated by
autoanalyser and plasma and urine sodium by
flame photometry.

Results are expressed as median and range.
Statistical analysis was carried out by the
Wilcoxon two sample rank sum test and the
Wilcoxon signed rank test for paired values, as
appropriate. Tests of correlation were by the
Spearman rank test. Level of significance was
taken as p<0 05.
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Figure 1: Basal plasma
concentrations ofhuman
atrial natriuretic factor (h-
ANF) in patients with
fulminant hepatic failure
with no or mild renalfailure
(group 1) and with severe
renalfailure (group 2), in
patients recoveringfrom
fulminant hepatic failure
with persisting severe renal
failure (group 3), and in
control subjects (control).
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Results
There was no difference between h-ANF con-
centration in control subjects and patients with
no or mild renal failure (group 1) (2'0-9'0,
median 4'15 and 1-28-6, median 6'1 pmol/l
respectively). Concentrations were higher in
patients with severe renal failure (group 2) when
compared to control subjects or patients with no
or mild renal failure (median 10 1, 1-25 pmol/l,
p<0001, Fig 1). Values for right atrial pressure
were similar in groups 1 and 2 (Table II). In group
3, predialysis h-ANF levels were even higher
(1 1-53'2, median 31-5 pmol/l) when compared to
those in control subjects (p<0003).
There was a positive correlation between h-

ANF and right atrial pressure levels (R=0'67,
p<0 02) within group 1, but not within group 2
predialysis. In group 1, h-ANF levels correlated
weaklywith plasma creatinine (R=0'6, p<OOS).
There was a positive correlation for pooled
values of plasma h-ANF and creatinine for
groups 1, 2, and 3 (R=050, p<0 002). There
was no correlation between h-ANF and mean
arterial pressure in any group.

Plasma renin activity tended to be higher in all
patient groups compared to controls, although
statistical significance was not reached for group
1 (005<p<O 1) (Table II). There was an inverse
correlation between plasma renin activity and
mean arterial pressure in patients in group 1 (R=
-0-78, p<001, Fig 2), but not in group 2.
Aldosterone concentrations were raised in all

patient groups compared to controls (Table II).
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Figure 2: Plasma renin activity (PRA), aldosterone
concentration, and mean arterial blood pressure in patients
withfulminant hepatic failure with no or mild renal failure
(group 1).

There was an inverse correlation between aldo-
sterone and mean arterial pressure levels in
group 1 (R=-0'73, p<0 02, Fig 2), but not in
group 2. There was a strong correlation between
plasma renin activity and aldosterone concen-
tration for combined values from all patient
groups (R=0'978, p<0 0001).
Serum sodium was lower in all three groups of

patients compared to control subjects (Table I).
Urine samples were available from only six

patients in group 2 at 0900 hours, collected over
periods ranging from 2-24 hours (total urine
volume 5-80 ml). Median urine sodium excretion
in these was 0'17 mmol/h (range 0 06-0'90
mmollh). Urine was available from all 12
patients in group 1. Baseline urine sodium
excretion was median 0-22 mmol/h (range 0'06-
6'46 mmol/h). The distribution was skewed: in
10 of the 12 patients urine sodium was less than
0'4 mmol/h, in one 0-9 mmol/h, and in the
remaining patient 6'46 mmol/h. There was no
correlation between urine sodium excretion and
h-ANF, plasma renin activity, or aldosterone.

RESPONSE TO VOLUME CHANGES

Effect of haemodialysis. Duration of haemo-
dialysis was between 3'5 and 4'25 hours. Fluid

TABLE ii Basal levels ofright atrial pressure, mean arterial pressure, plama renin activity, and concentrations ofplasma atrial
natriuretic factor aldosterone, andplasma creatinine. Values expressed as median (range) and are compared to normal control
subjects

Plasma atrial Plasma renin
Right atrial Mean arterial natriuretic factor activity Aldosterone Creatinine
pressure (mmHg) pressure (mmHg) (pmolll) (pmollmllh (pmol/l) (Ftmolfl)

Group 1 5-25 83 6-1 6-8 637* 104
(n= 12) (-0-5-16) (60-93) (1-28-6) (1-39-22-4) (202-1917) (53-259)
Group2 6-12 90 10-1 19-8* 2176** 566
(n=21) (2-18) (61-112-5) (1-25) (1-04-417) (199-6894) (337-1091)
Group 3 - 86-5 31 6-94* 580* 719
(n=5) (80-93-5) (11-2-53-2) (1-12-14-7) (196-1680) (607-1100)
Control subjects 77-8 4-15 2-86 368 93
(n= 12) (70-105) (2-9) (1-87-5-9) (133-578) (57-103)

*p<0-02;**p<0-01.
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TABLE III Patients with no or mild renalfailure before and after volume expansion with 900 ml of5% human albumin solution (n=6).
Hourly urinary volume and sodium excretion: Uvol and UNa respectively. Values expressed as median (range)

Right atrial Mean arterial Plasma atrial Plasma renin
pressure pressure natriuretic factor activity Aldosterone UNa Uvol
(mmHg) (mmHg) (pmol/l) (pmollmllh) (pmol/l) (mmol/h) (mllh)

Before 2 62-5 3-75 13-45 693 0-175 58
(-0 5-3) (57-93 3) (1-9-4) (416-19-8) (143-1830) (0-06-646) (30-102)

After 5-25* 69-75 10.1* 8-85* 668 0-42 80
(3-7) (58 5-93 3) (6 2-23-3) (1-39-17-7) (202-1760) (0-16-552) (35-80)

*p<005.

volume changes at completion ranged from
-1'35 to + 10 litres, and change in right atrial
pressure was -9 5 to +6-0 mmHg. Median
plasma h-ANF levels before and after dialysis
were 9-67 pmol/l (range 1-28 6) and 11L75
pmol/l (range 1-28 4) respectively. There was a
positive correlation between change in right
atrial pressure with change in h-ANF (Fig 3A)
and between volume change and change in h-
ANF (Fig 3B). Although plasma renin activity
and aldosterone concentrations were decreased
after dialysis (median 23 8 to 18X3 pmol/ml/h and
3621 to 2295 pmol/l respectively, p<003), these
changes did not correlate with fluid volume or
change in right atrial pressure.

Response to albumin infusion. Preinfusion
plasma renin activity and aldosterone concen-
tration were appreciably above the normal range
(Tables II and III). Packed cell volume dropped
significantly afteralbumin infusion (median 40%,
range 28-44%, to 37%, range 27-40%, p<0O05).
There was a significant rise in right atrial
pressure (p<005) and plasma h-ANF concen-
tration (p<005), with a corresponding decrease
in plasma renin activity (p<005, Table III).
Aldosterone concentration dropped in five
patients and rose in one (not significant) and
there was no change in urine volume or sodium
excretion (Table III). Urine microscopy of pre-
infusion samples showed no casts in any ofthe six
samples. Urine/plasma osmolality ratio was less
than 1 09 in two cases and greater than 1 1 in
four.

Discussion
Studies of the renin-aldosterone system and of

electrolyte and water balance are usually carried
out after several days on a controlled sodium and
potassium intake. Because of the rapid changes
in the clinical condition of patients with ful-
minant hepatic failure it is not possible to do this.
Saline infusion is avoided in these patients
because of their tendency to retain sodium. For
this reason patients are compared to healthy
control subjects on severe sodium restriction.
Although the criteria for inclusion were such that
only relatively stable patients were entered,
these limitations must be considered when inter-
preting the present results. Since patients did not
receive saline for 24 hours before the study, it
would be difficult to identify those with inap-
propriate sodium retention on the basis of urine
sodium excretion alone. Therefore the 'dynamic'
test of volume expansion was used in six patients
who were not oliguric (group 1). Although
specific tests to assess renal tubular function
(urine acidification and excretion of amino acids
and tubular proteins) were not performed in
these six cases, the absence of casts in the urine
suggests that acute tubular necrosis was not
present at the time of study. The separation of
patients into those with no mild renal failure and
severe renal failure according to plasma creati-
nine and urine volume was empirical and was
based on findings from a previous study by
Wilkinson et all in order to study patients at two
ends of a continuous spectrum of renal impair-
ment. In another study of paracetamol induced
fulminant hepatic failure with renal failure
Wilkinson et all7 reported that functional renal
failure was present in about a third of cases,
prerenal uraemia in 10-15%, and direct renal
toxicity due to paracetamol causing acute tubular
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induced netfluid volume
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change in human atrial
natriuretic factor
concentration (A h-ANF)
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necrosis in more than 50% of cases. It is likely
that most patients in group 2 belonged to the last
category. Estimates of 24 hour urine sodium
excretion from our data in group 2 may
be unreliable, since collections were available
from only six of 21 patients and were collected
over different lengths of time. In addition, in this
group of patients, during a 24 hour period of
observation, urine is often passed intermittently
and urine volume may vary unpredictably from
zero to a few ml per hour. However, it seems
likely that anuric patients in group 2 would be
retaining sodium.
As saline was not administered for 24 hours

before study, it is possible that the observed
hyponatraemia in patients might be due to
failure to generate free water, either due to
inappropriately high levels of antidiuretic
hormone or pronounced proximal reabsorption
of sodium.
The results show that there is no deficiency of

h-ANF in fulminant hepatic failure. In the
presence ofno or mild renal failure, basal h-ANF
levels were similar to those in control subjects,
but in patients who had developed severe renal
failure they were raised. In patients recovering
from fulminant hepatic failure with persisting
severe renal failure h-ANF levels were even
higher. These findings, along with the correlation
of h-ANF to plasma creatinine concentration,
suggest that the raised levels of h-ANF in ful-
minant hepatic failure are related to the presence
of renal failure. The finding of similar right atrial
pressure values in groups 1 and 2 would be
compatible with the hypothesis that in the
presence of renal failure factors other than
increased atrial distension may be contributing
to the raised levels of h-ANF, although it is
possible that atrial volume may increase without
a rise in atrial pressure. The importance of the
kidney in the clearance of circulating h-ANF has
been shown in previous studies of adults under-
going cardiac catheterisation, where there was
significant extraction of circulating h-ANF by
this organ,'8 and by receptor-distribution'9 and
h-ANF clearance'9-2' studies in animals. In
the canine model, extraction of ANF by the
kidney has been shown to be largely dependent
on glomerular filtration rate." Pronounced renal
vasoconstriction with reduced glomerular fil-
tration rate is common in fulminant hepatic
failure,2' and thus may contribute to reduced
extraction of h-ANF.

Basal aldosterone concentrations and plasma
renin activity was raised in all patient groups,2223
although statistical significance was not reached
in the case of those with mild renal impairment.
In all groups aldosterone concentrations
correlated well with plasma renin activity,
suggesting that renin remains the major deter-
minant of aldosterone concentrations in ful-
minant hepatic failure.24 In the absence of severe
renal failure, plasma renin activity and aldo-
sterone concentrations were inversely propor-
tional to mean arterial pressure, supporting
previous observations which suggested that
stimulation of the reninaldosterone system may
be a homoeostatic response to hypotension.3
The correlation of changes in h-ANF with

volume and right atrial pressure changes induced
by haemodialysis, for positive and negative net
fluid balance, indicates that the known
mechanisms involved in the plasma release of
h-ANF are not impaired in fulminant hepatic
failure. This was confirmed by the rise in circulat-
ing levels of h-ANF in response to albumin
infusion in six patients with no or mild renal
failure. The absence of natriuresis or diuresis in
the latter is compatible with the hypothesis that
resistance to h-ANF may contribute to sodium
retention. It is possible that overactivity of renin-
aldosterone, which did not drop to normal after
volume expansion, may antagonise the action of
h-ANF.

1 Wilkinson SP, Arroyo VA, Moodie H, Blendis LM, Williams
R. Abnormalities of sodium excretion and other disorders of
renal function in fulminant hepatic failure. Gut 1976; 17:
501-5.

2 Guarner F, Hughes RD, Gimson AES, Williams R. Renal
function in fulminant hepatic failire: haemodynamics and
renal prostaglandins. Gut 1987; 28: 1643-7.

3 Bernadi M, Wilkinson SP, Wernze H, et al. The renin
aldosterone system in fulminant hepatic failure. Scand j
Gastroenterol 1983; 18: 369-75.

4 Wilkinson SP, Moodie H, Alam A, Williams R. Renal
retention of sodium in cirrhosis and fulminant hepatic
failure. PostgradMedJr 1975; 51: 527-31.

5 Goetz KL. Physiology and pathophysiology of atrial peptides.
AmJf Physiol 1988; 254: El-E15.

6 Raine AEG, Erne P, Burgisser E, et al. Atrial natriuretic
peptide and atrial pressure in patients with congestive heart
failure. NEnglJtMed 1986; 315: 533-7.

7 Koller PT, Grekin RJ, Nicklas JM. Paradoxical response of
plasma atrial natriuretic hormone to pericardiocentesis in
cardiac tamponade. AmJ7 Cardiol 1987; 59: 491-2.

8 Sagnella GA, Markandu ND, Shore AC, MacGregor GA.
Effects of changes in dietary sodium intake and saline
infusion on immunoreactive atrial naturiuretic peptide in
human plasma. Lancet 1985; ii: 1208-11.

9 Solomon LR, Atherton JC, Bobinski H, Green R. Effect of
posture on plasma immunoreactive atrial natriuretic peptide
concentrations in man. Clin Sci 1986 71: 299-305.

10 Anderson JV, Millar ND, O'Hare JP, Mackenzie JC, Corrall
RJM, Bloom SR. Atrial natriuretic peptide; physiological
release associated with natriuresis during water immersion
in man. Clin Sci 1986; 71: 319-22.

11 Saito Y, Nakao K, Sugawara A, et al. Atrial natriuretic
polypeptide during exercise in healthy man. Acta Endocrinol
1987; 116: 59-65.

12 Anderson JV, Donckier J, Payne N, et al. Atrial natriuretic
peptide: evidence of action as a natriuretic hormone at
physiological plasma concentrations in man. Clin Sci 1987;
72: 305-12.

13 Trey C, Davidson V. The management of fulminant hepatic
failure. In: Popper H, Schaffner F, eds. Progress in liver
diseases. Vol 3. New York: Grune and Stratton, 1970; 282-
98.

14 Anderson JV, Christofides ND, Vinas P, Varndell IM, Polak
JM, Bloom SR. Radioimmunoassay of alpha rat atrial nat-
riuretic peptide. Neuropeptides 1986; 7: 159-73.

15 Menard J, Catt KJ, Measurement of renin activity, concen-
tration and substrate in rat plasma by radioimmunoassay of
angiotensin I. Endocrinology 1972; 90: 422-30.

16 Jones JC, Cauter GD, MacGregor GA. Interference by plasma
metabolites in a direct radioimmunoassay for plasma aldos-
terone. Ann Clin Biochem 1981; 18: 54-9.

17 Wilkinson SP, Blendis LM, Williams R. Frequency and type
of renal and electrolyte disorders in fulminant hepatic
failure. BrMedJr 1974; i: 186-9.

18 Richards AM, Cleland JGF, Tonolo G, et al. Plasma (C
natriuretic peptide in cardiac impairment. Br MedJ 1986;
293: 409-12.

19 Maack T, Suzuki M, Almeida FA, et al. Physiological role of
silent receptors of atrial natriuretic factor. Science 1987; 238:
675-8.

20 Condra CL, Leidy EA, Bunting P, et al. Clearance and early
hydrolysis of atrial natriuretic factor in vivo. Structural
analysis of cleavage sites and design of an analogue that
inhibits hormone cleavage. 7 Clin Invest 1988; 81: 1348-54.

21 Woods RL. Contribution of the kidney to metabolic clearance
of atrial natriuretic peptide. Am J Physiol 1988; 55: E934-5.

22 Strong CG, Tapia HR, Hunt J. Metabolism of renin activity in
three canine models: isolated liver, acute hepatic necrosis
and chronic toxic hepatitis. Clin SciMol Med 1973; 45: 229-
33.

23 Coppage WS, Island DP, Cooner AE, Liddle G. The metab-
olism of aldosterone in normal subjects and in patients with
hepatic cirrhosis.JT Clin Invest 1962; 41: 1672-80.

24 Laragh JH, Angers M, Kelly WG, Lieberman S. Hypotensive
agents and pressor substances: the effect of epinephrine
angiotensin II and others on the secretory rate of aldosterone.
JAMA 1960; 174: 234-40.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.32.1.85 on 1 January 1991. D

ow
nloaded from

 

http://gut.bmj.com/

