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Summary— Besides the classical modulators of aldosterone secretion, new factors influencing positively
or negatively aldosterone secretion have been described. These new factors and the effect of related
drugs constitutes the aim of this review. The effect of dopaming agonists and Hax-receptor antagonists on
aldosterone secretion in normal volunteers as well as in different clinical situations characterized by an
increased production of aldosterone opens a new field of investigation for the therapy of aldosterone

secretion alterations,

INTRODUCTION

It is classically accepted that in man, aldosterone
secretion is mainly controlled by the effects that
angiotensin II ACTH and potassium exert on the
adrenal gland[1]. However, in recent years new
factors, contained in Table 1, have been implicated
in the modulation of aldosterone secretion. The
exact role of each one of these new regulators has not
yet been defined but some of them have already been
implicated in the pathogenesis of situations such as
the hyperaldosteronism secondary fo idiopathic
hyperplasia. Furthermore, the use of drugs related to
these new compounds opens up a wide field of
investigation in the medical treatment of alterations
of aldosterone secretion.

STIMULATING FACTORS

Besides angiotensin II, potassium and ACTH,
some pituitary factors such as the aldosterone-
stimulating factor {ASF} and propiomelanocortine
(POMC} derivatives such as beta-lipotropine
{B-LPH), beta-melanocyte-stimulating hormone
{B-MSH) and gamma-melanocyte-stimulating hor-
mone (y-MSH) have been implicated in aldosterone
biosynthesis. On the other hand, serotonine and
histamine could also participate in the process of
aldosterone secretion.

ASF is a 26,000 mol. wt glycoprotein found ini-
tially in human urine and later in plasma and anterior
pituitary [2, 3]. ASF raises aldosterone secretion and
blood pressure and the existence of a role in idio-
pathic hyperaldosteronism [3] has been postulated
for this compound. Matsuoka et al. {4] have demon-
strated that B-LPH and B-MSH stimulate al-
dosterone production in rat adrenal cells in the
absence of changes in corticosterone. The recent
description by Griffing et al. [5] of elevated levels of
y-MSH in patients with idiopathic aldosteronism
compared with patients diagnosed of essential
hypertension or primary aldosteronism secondary to
adrenal adenoma also support the pathogenic role of

pituitary factors in the control of aldosterone
secretion,

Serotonin is synthesized from the aromatic amino
acid L-tryptophan by a two-step process: first,
hydroxylation, and second, decarboxylation [6].
Several renal, cardiovascular and endocrinological
effects of serotonin, its precursor tryptophan and of
serotonin antagonistic drugs have been described
{see Table 2). In the 1950s several studies{7, 8]
showed that the systemic administration of serotonin
induced a diminution of urine volume and of sodium
excretion both in animals and in hypertensive
patients, probably as a consequence of a decreased
renal blood flow. Later it has been demonstrated that
serotonin and tryptophan are able to stimulate renin,
aldosterone and cortisol[9-11]. In this way some
investigators have suggested that the effects of sero-
tonin could be mediated through an enhanced renin-
angiotensin-aldosterone system [10]. In fact, the use
of serotonin antagonists ameliorates the deranged
renal blood flow and glomerular filtration rate in
patients with a carcinoid syndrome[12]. Also, the
diminution of the aldosterone response o meto-
clopramide induced by pizotifenum in normal

Table 1. Factors regulating aldosterone secretion

Stimulators
Angiotensin [T
Potassiom
Pituitary factors
ASF
POMC derivatives
ACTH
B-L.PH
B-MSH
v-MSH
Serotonin
Histamine?

Inhibitors

ANF

Dopamine

Low potassium levels
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Table 2. Effects of serotonin, tryptophan and serotonin
antagonists

Serotonin administration

L Urinary volume [8]
1Sodium excretion [8]
1Renin secretion [10]

1 Aldosterone secretion[11]

Tryptophan administration
TRenin, aldosterone and cortisol release [9]

Serotonin antagonists

Pizotifenum: | aldosterone response to
metoclopramide [13]

Ciproheptadine: | aldosterone in idiopathic
aldosteronism [14]

women [ 13] and the diminution of aldosterone levels
obtained with ciproheptadine administration in
idiopathic but not in primary aldosteronism [14]
support the participation of serotonin in aldosterone
regulation.

The response to ciproheptadine and the finding of
elevated levels of y-MSH in idiopathic hyperaldo-
steronism suggest that in this particular situation the
pars intermedia of the pituitary gland, where the

Normal Na intake
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POMC derivatives are synthesized, could be under a
positive serotoninergic and negative dopaminergic
control and then contribute to the disregulation of
aldosterone secretion [5].

Histamine, formed from decarboxylation of L-
histidin, acts on the tissues through H1 and H2
specific receptors. In several tissues histamine raises
prostaglandin secretion and some histamine effects
can be modified by inhibition of prostaglandin
synthesis [15, 16]. As prostaglandins stimulate renin
secretion [17] it could be argued here that histamine
could influence aldosterone secretion through vari-
ations of renin formation. In 1981, Edwards et
al.[18] demonstrated that ranitidine, a histamine
H2-receptor antagonist used in the management of
peptic ulcer, significantly increased basal al-
dosterone production, and blocked the aldosterone
response to angiotensin II but not to ACTH in
isolated glomerulosa cells from the adrenal cortex of
rats. In sodium-depleted volunteers we have de-
scribed the existence of a blunted response of plasma
aldosterone levels to deambulation after ranitidine
administration [ 19].

We have recently performed a randomised
double-blind study comparing the effect of ranitidine
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Fig. 1. Plasma renin activity and plasma aldosterone levels before and after ranitidine and cimetidine in
normal volunteers. B—Basal, 2H—2 h deambulation. The subjects were studied while on a normal and
low-sodium intake.
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Table 3. Plasma prolactin (PRL) and urinary excretion of tetrahidroaldos-
terone (THA) and cortisol (Fy)

Cimetidine Ranitidine
THA (ug/24h) Pre After Pre After
Normal sodium 93.13 81.38 89.52 61.25
Restricted sodium 220.51 83.78* 223,17 97.88*
Fy(ug/24 h)
Normal sodium 102.36 94.44 105.61 105.25
Restricted sodium 102.59 96.71 102.71 95.55

*P <0.05 vs pre-treatment.

and cimetidine on aldosterone secretion in nor-
motensive volunteers while on a normal and a low-
sodium intake [20]. As can be seen in Fig. 1 the
plasma levels of aldosterone did not show any change
after the two H2-antagonists while on a normal
sodium intake. Nevertheless, when sodium intake
was low we confirmed our previous results with
ranetidine and we found that cimetidine also induced
a decrease of plasma aldosterone levels in response
to ambulation. Furthermore, the measurement in the
same volunteers of the 24-h urinary output of tetra-
hydroaldosterone, a reliable index of aldosterone
secretion, (Table 3) showed that after sodium re-
striction both ranetidine and cimetidine inhibit
the urinary output of tetrahydroaldosterone. The
changes of aldosterone were not paralleled by similar
changes of plasma renin activity (see Fig. 1) or in the
urinary output of free cortisol (see Table 3). Plasma
potassium did not exhibit any change throughout the
study. All these findings point to the existence of a
direct effect of ranetidine and cimetidine on al-
dosterone secretion in sodium depletion that is not
mediated by angiotensin II, ACTH or potassium.
The effect of H2-antagonist diminishing hepatic
blood flow[21] could explain our findings of urine
aldosterone but not those of plasma aldosterone,
which should be the opposite.

INHIBITING FACTORS

A family of polypeptides, the atrial natriuretic
peptides, with potent natriuretic and vasodilating
activity has been recently isolated from the mam-
malian atrium [22]. These substances are able to
inhibit aldosterone secretion both in vivo[23] and in
vitro[24].

Besides ANF, potassium depletion is a well-
established inhibitor of aldosterone production in
experimental animals [24] and in man [25]. Calcium
channel blockers at least in vitro decrease al-
dosterone production{26] but this effect has not
been shown in vivo[27].

Along with ANF, low potassium levels and cal-
cium channel blockers, dopamine, a neurotrans-
mitter precursor of noradrenaline, is another al-
dosterone secretion inhibitor.

The possibility that dopamine could be implicated
in aldosterone secretion was suggested by Edwards et
al [28] in 1975, who found that bromocriptine, a
dopamine agonist, diminished the aldosterone res-
ponse to furosemide in normal volunteers. The dis-
covery by Norbiato et al.[29] that metoclopramide, a
dopaminergic antagonist, raises plasma aldosterone
levels reinforced the role of dopamine in aldosterone
secretion.

Figure 2 contains our results obtained from study-
ing the response of plasma aldosterone to metoclo-
pramide administration in normotensive volunteers.
As can be seen, the subjects were studied in two
different situations of sodium balance—normal and
low. In both situations, metoclopramide induced a
significant increase of plasma aldosterone level that
was higher in sodium depletion. A further increase of
plasma aldosterone was observed after the 2h of
deambulation that followed the metoclopramide test
and here again the response was, as expected, higher
in sodium depletion. These results suggest, in ac-
cordance with Carey etal. [30], that dopamine might
be an inhibitory mediator of the aldosterone res-
ponse to angiotensin IL

The second half of the normal menstrual cycle is
characterized by the presence of a relative
hyperaldosteronism [31], and different responses of
prolactin to the administration of TRH have been
described in this particular situation[32]. The in-
crease in aldosterone production and the responses
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Fig. 2. Response of plasma aldosterone to metoclopramide
(MTC) and deambulation in normal volunteers.
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of prolactin could be interrelated through an alter-
ation of the dopaminergic system.

Our studies in ovulating cycles have shown a
different response of plasma aldosterone to the
combined stimulus of deambulation and furosemide.
with a higher response in the luteal phase (see Fig. 3).
The administration of Lisuride, a dopaminergic
agonist with D1 and D2 effects, induces a decrease in
the aldosterone response to the same stimulus. These
results point to the existence of a different
dopaminergic tone in the second half of the normal
menstrual cycle.

In clinical situations where a dissociation between
aldosterone and plasma renin activity exists, such as
low renin essential hypertension (LREH) the exis-
tence of dopaminergic system implications has been
suggested [33]. Our results measuring hormones
under dopaminergic control, such as thyroid-stimu-
lating hormone and prolactin in response to TRH, in
patients with LREH, have shown a significant
difference between LREH, normoreninemic essen-
tial hypertension patients and volunteers [33]. These
data point to a decreased dopaminergic tone that
might be the link between a maintained aldosterone
secretion and PRL hyper-response in LREH.

Another clinical situation we have studied has
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Fig. 3. Response of plasma and aldosterone to Furosemide

and deambulation during the second half of the menstrual

cycle. Effect of Lisuride administration (O, Follicular

phase, A, luteal phase; @, follicular plus Lisuride; A, luteal
plus Lisuride.)
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Table 4. Medical management of hyperaldosteronism®

Current therapies

Aldo antagonist
Spironolactone
Triamterene
Amiloride

Calcium channel blockers

Pituitary factor inhibitors
antiserotoninergic agents

Steroid biosynthesis inhibitors

Potential therapies
Dopamine agonists
ANF

ASF inhibitors

Opioid antagonists
Histamine antagonists?

*Hsueh W. A.: Hypertension 8 {1986) 76-82.

been the relative hyperaldosteronism found in
patients with chronic renal failure (CRF), described
more than two decades ago by Cope and
Pearson [34]. In CRF the existence of a derangement
of the dopaminergic control of other hormonal sys-
tems such as prolactin has been sought[35] and the
hyperaldosteronism could be, at least partly,
ascribed to a diminished dopaminergic tone. Our
data[36], showing elevated basal values of al-
dosterone accompanied by lower levels of plasma
renin activity and higher levels of prolactin in
patients with terminal CRF on hemodialysis, are in
agreement with previous descriptions. In these
patients, the administration of a dopamine
agonist{Lisuride} induced a decrease of plasma al-
dosterone levels[36]. These data favour the exis-
tence of a diminished dopaminergic tone in chronic
renal failure.

From a practical point of view the medical
management of hyperaldosteronism has clearly
changed in recent years, as can be seen in Table 4. A
few years ago only spironolactone seemed to be
useful; nowadays, other diuretics such as triamterene
and amiloride, calcium channel blockers, antisero-
toninergic agents and new inhibitors of aldosterone
biosynthesis are being used as current therapies. New
potential therapies such as dopamine agonists, atrial
natriuretic factor, aldosterone-stimulating factor
inhibitors, opioid antagonists and perhaps histamine
antagonists open a wide field for the investigation
and treatment of different situations of hyperaldo-
steronism.
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