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Summary—Atrial natriuretic peptide, a hormone secreted by the heart, is involved in salt and fluid
homeostasis and also exerts an inhibitory effect on aldosterone production in vitro. In order to elucidate if
this effect is also present in man, 6 normal volunteers, 5 low renin hypertensive patients (LRH) and 7
patients with primary aldosteronism (PA) have received 100 ug of a-h-Anp as bolusi.v. (The decrease in
blood pressure was mild and transient in all groups, whereas a marked diuretic effect was observed in all
hypertensives even in PA where high levels of endogenous ANP have been found. In normals we
observed a significant decrease of plasma aldosterone values while in PA and LRH this effect was not
evident. This phenomenon associated with a greater natriuretic effect in LRH and PA as compared with
normals, demonstrates the lack of the correlation between ANP-induced diuresis and aldosterone

inhibiting properties.

INTRODUCTION

Atrial natriuretic peptide (ANP), is synthesised,
stored and released into the circulation, by atrial
myocytes of several species, including man; since it
has the properties of an hormone, the heart can be
considered as an endocrine organ[1-2]. The phy-
siological role of this hormone has not yet been
completely clarified, but it is known that ANP parti-
cipates in the regulation of sodium-volume balance
and has mainly renal and cardiovascular effects.
ANP secretion is stimulated by atrial stretch as it
occurs in volume expansion, high sodium intake,
water immersion or atrial tachycardia among
others [2~7]. The action of ANP, when released in
circulation, is exerted through its specific receptors
located mainly in the kidney (renal glomeruli and
vasa recta), on the arterial walls, adrenal glomeru-
losa cells, posterior pituitary and in several locations
within the central and peripheral nervous system.

In fact, there are already many animal studies and
increasing evidence in man that ANP has a direct
effect on the kidney, leading to an increased GRF
(with minimal changes of RBF); that it exerts a
systemic depressor effect; an inhibition of al-
dosterone secretion by the zona glomerulosa, and
probably also has a direct inhibition of renin
secretion: it also suppresses ADH and Angiotensin
H-induced thirst [ 13-20]. In normal man, acute ad-
ministration of a-h-ANP causes a rapid diuresis and
natriuresis, and a small and transient decrease of
blood pressure with minimal change of heart
rate [21]. Although it is well established that ANP is
a potent inhibitior of basal and stimulated al-
dosterone secretion in vitro [ 15-17], data concern-
ing its effect on the renin-angiotensin-aldosterone
system in man are conflicting [21-25]. Further, a
greater diuretic and natriuretic effect and a more
evident inhibition of aldosterone has been observed
in patients with essential hypertension[22-23]. In
primary aldosteronism, a state of chronic volume

expansion, endogenous ANP levels are reported to
be elevated [26-27]. Furthermore, in this syndrome,
the aldosterone hypersecretion is not under normal
physiological regulation. We thought, therefore, that
this was an interesting model in which the effect of
exogenous ANP administration could be studied.
Results have been obtained in 7 patients with pri-
mary aldosteronism and the responses were com-
pared with those obtained in a group of low renin
essential hypertension and in a control group of
normal volunteers.

PATIENTS AND METHODS

Six normal men (aged between 24-42 years mean
31+ 7 years), were studied. They were selected
among the students and medical staff of the
Department.

Five patients with essential hypertension (aged
between 40-64 years, mean 50 + 8 years), were also
studied. Their blood pressure was constantly higher
than 160/100 mmHg and there was no evidence of
other diseases. They were selected among patients
referred to our Center for investigating secondary
causes of hypertension, and were found to have some
features of mineralocorticoid excess (suppressed
upright PRA, transient hypokalemia); however
plasma and urinary aldosterone levels were within
normal limits. These patients were thus classified as
low renin essential hypertensives.

The seven patients with primary aldosteronism
had an age range between 17-66 years, (mean
48 + 16 years). All had hypokalemia and hyperten-
sion. The diagnosis of primary aldosteronism was
made on the basis of suppressed PRA after upright
posture and furosemide and high levels of urinary
aldosterone excretion. Five of them were considered
to have an aldosterone producing adenoma, by the
results of functional tests (plasma aldosterone res-
ponse to upright posture and to captopril} and by
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association of computed tomography and adrenal
scintigraphy; when necessary adrenal venography
and adrenal aldosterone measurement were per-
formed to confirm the diagnosis. In two patients, no
adenoma was demonstrated and they were classified
as idiopathic hyperaldosteronism.

In the 5 days before and during 3 days of the study
all the subjects were given a controlled diet contain-
ing 120 mmol Na* and 60 mmol K*/day. All subjects
received no antihypertensive or any other drugs for
at least 15 days prior to the study. Each subject
served as his own control. On the test day, the
patients were allowed to stand between 0700 and
0730h to void the bladder; thereafter they were
placed in a comfortable sitting position. They were
fasting from the evening before, and were allowed to
drink only one glass of water at 0730 h. Sub-
sequently, a plastic cannule was inserted in a ante-
cubital vein and a slow infusion of 5% of glucose in
water was administered for a 30 min equilibration
period.

At 0800 a.m., on the first and third day of the study
subjects were randomly allocated for an i.v. ad-
ministration of a bolus of 100 ug of a-h-ANP 1-28
(Bissendorf GmBh, Wedemark, F.R.G.) diluted in
10 ml of saline or for an i.v. bolus of 10 mi of saline.
Blood pressure and heart rate were continuously
monitored by an automatic device (Dinamap) during
the half hour before, and for the 2h after, the
injection of ANP or placebo. Blood samples for
determination of serum sodium, potassium,
creatinine, plasma renin activity (PRA), aldosterone
and cortisol were obtained prior to and then at 0, 5,
10, 15, 30, 45, 60, 90 and 120 min after ANP or
placebo injection. Urinary collections were obtained
in three daily fractions (0800-1200, 1200-2000,
2000-0800); Sodium, potassium, creatinine and
aldosterone were measured in each urinary fraction.
Plasma and urinary aldosterone were measured by
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radioimmunoassay with a kit (Aldo K Sorin Italy).
Plasma cortisol was measured by radioimmunoassay
(Diagnostic Products U.S.A.). PRA was determined
by the method of Stockigt et al.[28]. Serum and
urinary electrolytes were measured by a flame pho-
tometry. Two-way analysis of variance (Anova) and
Student’ t-test were used for statistical evaluation.
The results were expressed as Mean + SE.

RESULTS
Blood pressure and heart rate

Control BP values before the ANP infusion were
137 £7/87 £ 3 mmHg in normal volunteers; 167 +
8/100+ 6 mmHg in the LRH and 185+7/105+
6 mmHg in the patients with primary aldosteronism.
The mean decrease of BP was similar in the three
groups studied, being respectively 15+3.5/7+
3.1 mmHg in normals, 14 +2.3/9+3.4 in LRH and
15+£5.5/6 £2.1 mmHg in primary aldosteronism
(Fig. 1). Thus the percent maximal change at
the time of maximal decrement was greater in nor-
motensives (10.9% of systolic and 8.1% of diastolic
BP) than in hypertensives (8.9 and 8.1% of systolic
and 8.5 and 5.7% of diastolic BP respectively), but it
was earlier in hypertensives than in normotensives.
However, these changes did not achieve statistical
significance either in comparison with the pre- ANP
values or with the values obtained during placebo.
The heart rate (HR) was only slightly but not
significantly increased in normals whereas no
changes of HR were noticed in hypertensives sub-
jects (Fig. 1),

Serum electrolytes

Serum sodium and potassium were respectively
1402 and 4.1 £0.1 mEq/l in normals, 140 + 1 and
4.1+0.2 in LRH and 143+£3 and 3.3+0.2 in pri-
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Fig. 1. a-h-ANP 100 pg i.v. as a bolus, caused a mild decrease of blood pressure (BP) in normals, LRH
and PA patients. The decrease was earlier in hypertensives patients of both groups. There was no effect -
on heart rate (HR).
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mary aldosteronism. All these values remained un-
changed after ANP administration.

Urinary fractions

The first 4 h urinary fractions (0800-1200) collec-
ted on the control day were respectively 228 +25,
255+ 30 and 330 + 22 mlin the three groups. On the
day of ANP administration, only a minor increment
to 251 + 56 ml was seen in normals, whereas it was
much greater in LRH (493 £ 79 ml) and in primary
aldosteronism [505 + 66] (Fig. 2).

Urinary sodium

The 4 h urinary sodium excretion on the control
day was similar in the three groups, after ANP
administration there was almost no increment of
urinary sodium in the normal subjects, whereas the
natriuresis was doubled in the LRH and enhanced by
41.2% in the primary aldosteronism group (Fig. 2).

Urinary potassium

Again, urinary potassium was similar in the 4 h
specimens of three groups on the control day, but in
this case no major changes were induced by ANP
(Fig. 2).

Hormonal data

Plasma renin activity (PRA). The baseline levels
of PRA were 4.2+0.8ng/mi/3h in the normals
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Fig. 2. Effects of ANP on diuresis and urinary electrolytes.

The changes of urinary volume and sodium were significant

in LRH and PA. Minimal changes was observed in normal

subjects. Urinary potassium remained unchanged in all
groups.
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Fig. 3. a-h-ANP 100 ug as a bolus, was able to slightly

decrease PRA in normals subjects. No variations were

observed on the already suppressed PRA in both hyperten-
sive groups.

before the ANP infusion: after ANP administration
there was a decrease of mean values to 3.0
0.4 ng/ml/3h at 3045 min. The changes were not
statistically significant. However on the control day
there were almost no changes of PRA, ranging from
3.9+0.7 to 3.5+ 0.5 ng/ml/3h.

In the two groups with low renin hypertension,
ANP did not induce any detectable changes of the
already suppressed values (Fig. 3).

Plasma aldosterone

In normal volunteers, baseline plasma aldosterone
(in sitting position) was 15.0 + 3.1 ng/dl. The mini-
mal mean value reached after ANP infusion was
8.9 + 1.4 ng/dl at 45 min. This change was significant
both in comparison of the pre-ANP levels and of the
levels measured on the control day. No major
changes were seen on the control day.

In the LRH baseline aldosterone values were
lower than normal (6.4 + 1.2 ng/dl), and no changes
were induced by ANP administration.

In the primary aldosteronism group, mean base-
line plasma aldosterone levels was 23 +4.4 ng/di,
after ANP, mean aldosterone values remained al-
most unchanged (21 = 3.0 ng/dl) at 30 min (Fig. 4).
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Fig. 4. Plasma aldosterone was significantly decreased at

45 min by a-h-ANP (100 pg as a bolus i.v.) in normals.

This effect was not seen either in LRH patients and in PA
patients.

Plasma cortisol

In all three groups, plasma cortisol tended to
decrease during the two hours of the study, both on
the control day and on the day of the test. The
changes were not significant. It is likely that this
trend was due to the spontaneous circadian variation
of cortisol (Fig. 5).

DISCUSSION

From our data it appears that ANP when injected
as a bolus had a mild and transient effect on blood
pressure, which was similar in the normotensive and
in the hypertensive patients. However, when
expressed as percent changes this decrement was
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Fig. 5. Plasma cortisol was not modified by the ANP
100 pg i.v. injection, in all three groups.
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greater in the normotensive controls. Similarly. heart
rate was slightly increased only in this latter group
indicating a mild activation of arterial baroreceptors.
Although plasma catecholamines were not measured
in the present study, it has previously been shown
that an increase of norephinephrine may be induced
by ANP infusion of humans [23]; this is probably a
consequence of the hypotensive effect of ANP. In all
likelihood the hypotensive effect of ANP is probably
due to its vasorelaxing properties through specific
receptors on the vascular walls [9], since a decrease
in blood pressure was obtained in normal volunteers
in whom almost no diuretic effect was seen; however,
it is likely that acute volume and sodium depletion
could play an additional role on the blood pressure
reduction induced by ANP.

The prominent effects of ANP are those exerted
on the kidney, although it seems that its diuretic and
natriuretic effect is very much dependent on the
status of the fluid and sodium balance. It has been
shown that a greater natriuresis is induced by ANP in
a sodium replete man in comparison with the sub-
jects studied after salt restriction [29]. In fact, in our
normal subjects, almost minimal renal effect of the
ANP bolus was seen; it must be keptin mind that they
were not hydrated before the study. Furthermore, it
is likely that the 4-h urine collection could have
masked small changes induced by the bolus injection
of ANP. It was of great interest that, with the same
protocol, a clearcut increase of urinary output as well
as of natriuresis was obtained in both low renin
hypertensives and in primary aldosteronism patients.
It is quite possible that the enhanced natriuretic
effect of ANP in these clinical conditions could be
due to a status of volume expansion and increased
exchangeable sodium. However, this has not been
uniformly demonstrated in LRH patients nor even in
patients with idiopathic aldosteronism. Since an in-
creased diuresis and natriuresis has also been
obtained by other investigators in patients with
essential hypertension, independently of their
plasma renin values[22-23], it is likely that this
phenomenon is mostly due to the increased renal
perfusion pressure which is characteristic of all
hypertensives. Furthermore, our data demonstrate
that in cases of chronic volume expansion, such as in
primary aldosteronism in whom endogenous levels
of ANP have been found to be elevated, a further
increase of this level as induced by exogenous ad-
ministration, is able to exert a greater effect at the
renal level. Thus, it seems that no down-regulation of
the renal receptors of ANP is induced by a chronic-
ally high level of this hormone. Similar data have
been recently obtained in normal subjects after high
salt intake {29].

The effects of ANP on the renin-angiotensin
system were not very apparent; only in the normal
volunteers a trend towards a decrease, although not
statistically significant, was seen. A significant
decrease of renin values after ANP infusion was
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reported either in normals and heart failure
patients [25]. No changes on PRA were seen by
Richards et al.[21] after bolus ANP injection, and an
increase of PRA was seen by others[23, 29] after
ANP prolonged infusion. More recently, a
significant decrease of both PRA and Angiotensin
IT was described in subjects on low salt diet [30].
Thus, it appears that only when base-
line PRA is stimulated, is it possible to
confirm the direct ANP inhibitory activity which
has previously been described by Mack in the
dog [31]. In the same experimental conditions (up-
right posture or low salt diet) even the fall in the
plasma aldosterone level, was more evident, sugges-
ting a possible relation between the decrease of PRA
and that of aldosterone. It has to be stressed that no
changes of aldosterone were found in our two groups
with PRA values already suppressed before ANP
infusion. However, it is well demonstrated that a
peculiar characteristic of ANP is that of being a
direct inhibition of aldosterone secretion by
glomerulosa cells [15-17]. It is likely that this is the
primary mechanism which is responsible for the fall
of aldosterone even in situations when PRA remains
unchanged or even increases.

The lack of changes of aldosterone in patients with
low renin essential hypertension could in fact be
simply due to the low baseline aldosterone levels.
However, also in primary aldosteronism no effect of
ANP on plasma aldosterone levels was seen. An
alternative explanation for both cases could be based
on the acute way of ANP administration possibly
being inadequate for maintaining plasma levels high
enough to be effective on the adrenals.

It must be recalled that Glaz and others have
shown that a continuous infusion of ANP in a case of
Conn’s syndrome was able to decrease aldosterone
or 18-OH corticosterone levels[32]. We are at
present investigating this possibility, in a greater
group of patients but our preliminary results seem to
confirm our previous negative data. It is of interest
that in vitro studies of Higuchi et al. showed no effect
of ANP on aldosterone level and cGMP release from
aldosteronoma cells in culture [33]. These celis
lacked also ANP receptors. Taken together, our
data secem to indicate that the inhibitory effect of
ANP on the RAAS is not of fundamental importance
for the display of its natriuretic effect, but rather a
compensatory phenomenon which should blunt the
RAAS reactions to the primary renal effect.
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