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Abstract

This study was designed to investigate the synthesis and
action of adrenomedullin in the rat adrenal gland. The
results obtained from in situ hybridization and immunocyto-
chemical studies suggest that adrenomedullin is synthesized
not only in the medulla, but also within the zona glomeru-
losa of the rat adrenal cortex. Findings from in situ hybrid-
ization and binding studies also suggested that specific
adrenomedullin receptors are expressed in the zona
glomerulosa, and that low levels are present in the inner
zones of the cortex. The K, of the zona glomerulosa
adrenomedullin receptor (5-5 nmol/l) suggests that it may
respond to locally produced adrenomedullin rather than
circulating concentrations of the peptide, which are in a
lower range. It was found that adrenomedullin acted on zona
glomerulosa cells in vitro to stimulate aldosterone release and

cAMP formation, but in this tissue did not stimulate inositol
phosphate turnover. The effect of adrenomedullin on
aldosterone secretion was significantly attenuated by a
protein kinase A inhibitor, suggesting that cAMP mediates
the effects of adrenomedullin on aldosterone secretion.
Adrenomedullin did not significantly affect the response of
zona glomerulosa cells to stimulation by either ACTH or
angiotensin II. Adrenomedullin did not affect the release
of catecholamines, either adrenaline or noradrenaline, by
intact adrenal capsular tissue. These data suggest that both
adrenomedullin and its specific receptor are expressed in the
rat adrenal zona glomerulosa, leading to the hypothesis that
adrenomedullin may have an autocrine/paracrine role in the
regulation of the rat adrenal zona glomerulosa.
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Introduction

Adrenomedullin is a novel hypotensive peptide isolated
from a human phaeochromocytoma (Kitamura ef al. 1993).
It has been shown to be produced by a variety of tissues
in addition to the adrenal medulla, and to circulate in
picomolar concentrations (Sakata ef al. 1994). The cDNA
encoding the rat adrenomedullin receptor has recently
been cloned (Kapas et al. 1995). The distribution of the
receptor is similar to that of the peptide: it is present in the
adrenal gland, in addition to the lung and other tissues. It
has not been established, however, which regions of the
adrenal gland express the gene encoding the receptor.
Adrenomedullin is also known to exert some of its effects
by binding to the receptor for calcitonin gene-related
peptide (CGRP) in some tissues, and this effect is
inhibited by CGRP8-37 (Nuki et al. 1993).

Whereas both peptide and receptor have been ident-
ified in the adrenal gland, it has not been established
whether they are both found in the same region of the
gland, and whether adrenomedullin may therefore exert
a paracrine/autocrine effect in this gland. It has been
suggested that adrenomedullin is produced in the adrenal

medulla and may be transported through the gland to
act on the zona glomerulosa (Mazzocchi et al. 1996b).
Although it is clear that certain neuropeptides may be
transported in nerve fibres from the adrenal medulla to the
cortex (Hinson 1990), there is no evidence to date that
adrenomedullin is found in the nerves supplying the
adrenal gland.

Recent studies have investigated the actions of
adrenomedullin on the rat adrenal zona glomerulosa, but
have suggested that the actions of adrenomedullin may be
dependent on the tissue preparation used, as there have
been reports of inhibition of aldosterone secretion in
dispersed cells (Mazzocchi et al. 1996b, Yamaguchi ef al.
1995), but stimulation of aldosterone secretion both in
intact capsules and in the intact perfused rat adrenal
preparation (Mazzocchi et al. 19964, Kapas & Hinson
1996). Adrenomedullin was originally identified by its
ability to increase the concentrations of cAMP in platelets.
To date, studies on its intracellular actions in the adrenal
cortex have implicated both cAMP and the calcium
messenger system (Yamaguchi ef al. 1995, Kapas & Hinson
1996). It has not been determined whether adreno-
medullin may be produced in the adrenal cortex, although
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previous immunocytochemical studies located it only to
the medulla (Washimine ef al. 1995) and the zonal
distribution of adrenomedullin receptors has not been
investigated. The present study was designed to answer
these questions, and to determine the actions of adreno-
medullin on steroid secretion and second messenger
production in the rat adrenal cortex.

Materials and Methods

All chemicals used were obtained from Sigma Chemical
Co. (Poole, Dorset, UK), except adrenomedullin (1-50),
['*°I]-adrenomedullin, amylin, CGRP and CGRP8-37
(from Phoenix Pharmaceuticals, Mountain View, CA,
USA) and ACTH (Synacthen; Ciba-Geigy, Horsham,
Sussex, UK). For in situ hybridization and immunohisto-
chemistry, Sprague—Dawley rats were used, supplied by
Science Application International Corp. (Frederick, MD,
USA). For other experiments, Wistar rats from the colony
maintained at QMW were used.

In situ hybridization and immunocytochemistry

Four Sprague—Dawley rats were killed by carbon dioxide
overdose and immediately perfused with 300 ml of 4%
paraformaldehyde through a heart cannula, with a flow
rate of 25 ml/min (protocol NCI95-125M1). After dis-
section, the adrenals were cut in half and fixed for 2 h,
then paraffin-embedded, following standard procedures.
Detection of the adrenomedullin and adrenomedullin
receptor mRINAs was performed using in situ hybridiz-
ation as described previously (Martinez ef al. 1996). The
full-length cDNA was ligated into the expression vector
pcDNAT (Kapas ef al. 1995) and used to generate ribo-
probes. The plasmid was linearised with EcoRV and
BamHI and used as a template to synthesize digoxigenin-
labelled sense and antisense RNA transcripts. Hybridiz-
ation was performed in a humidified chamber at 46 °C
for 20 h in a 20 pl volume containing 2-5 ng of probe/pl.
After stringency washes, visualization of hybridized
probes was performed using a digoxigenin detection kit
(Boehringer Mannheim, Indiannapolis, IN, USA). Nega-
tive controls included the use of the sense probe and
digestion with RNase before hybridization. Previous
studies using northern blot analysis have shown that the
probes used hybridize with only one band of RNA in the
rat adrenal, with a molecular weight corresponding to that
of adrenomedullin receptor mRINA (Kapas ef al. 1995).
In selected slides, immunocytochemistry for adreno-
medullin was performed for the ligand. A previously
characterized rabbit antihuman adrenomedullin antibody
(Martinez et al. 1995) was used, together with the
Vectastain ABC kit (Vector Laboratories, Burlingame,
CA, USA), for ligand localization. Negative controls
included preincubation of the antibody with 10 ng/ml
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synthetic peptide used to generate the antiserum (absorp-
tion control), and substitution of the primary antibody by
normal rabbit serum. In both cases, immunostaining was
totally abolished.

Actions of adrenomedullin on steroid secretion

Wistar rats were rapidly killed by mechanical stunning
followed by cervical dislocation. Adrenal glands were
excised and glomerulosa tissue separated from inner zones
and medulla by gentle compression between glass plates.
Cell suspensions were prepared by collagenase digestion
and mechanical dispersal as described previously (Kapas
et al. 1992). Zona glomerulosa cells and inner zone (zona
fasciculata/reticularis) cells were separately incubated in
Krebs bicarbonate Ringer containing 2 mg/ml glucose
and 2 mg/ml BSA (fraction V). Cells were incubated in
Eppendorf tubes at a density of 10 000/ml in an incubation
volume of 1 ml, under an atmosphere of 95%0,/5%CO,
at 37 °C for 60 min. Peptide additives were dissolved in
incubation medium and added as required. At the end
of the incubation, cells were pelleted by centrifugation and
aliquots of the incubation medium were assayed for
aldosterone (zona glomerulosa cells) and corticosterone
(inner zone cells) by radioimmunoassay as previously
described (Kapas ef al. 1992). All experiments were carried
out in duplicate and repeated at least three times.

The role of cAMP-dependent mechanisms in the action
of adrenomedullin on zona glomerulosa cells was investi-
gated using HA1004 (Semat Technical, St Albans, Herts,
UK), a selective inhibitor of protein kinase A (PKA) at the
concentration used (1 umol/l; Hidaka ef al. 1984). Dis-
persed zona glomerulosa cells were incubated as described
above, with 100 nmol/1 adrenomedullin, in the presence
and absence of HA1004 (1 pmol/1).

Second messengers

Cells were prepared from Wistar rats as descibed above,
and incubated as described above. Aliquots of incubation
medium were assayed for cAMP using the competitive
binding method previously described (Kapas et al. 1992).
Inositol phosphate turnover was assessed by measuring
production of inositol triphosphate by [*H]-inositol-loaded
cells as described previously (Kapas et al. 1992).

Binding studies

These studies were carried out by two different methods.
The first method wused collagenase-dispersed zona
glomerulosa cells (Kapas et al. 1995), and gives values for
the number of receptors per cell. This method is not
satisfactory for the medulla, however, as the friable med-
ullary cells may be destroyed by the dispersal methods.
Briefly, dispersed cells were preincubated for 60 min
in Hepes buffer containing 1 mmol/l EDTA and then
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incubated in Hepes buffer with ['*I]-adrenomedullin

(2000 Ci/mmol; final concentration 0-1 nmol/l) and
increasing concentrations of cold peptide, for 60 min at
22 °C. The final incubation volume was 150 pl, contain-
ing 4-6 X 10° cells. The reaction was terminated by the
addition of 800 pl of ice-cold incubation buffer to each
tube. The cells were then pelleted by centrifugation,
washed twice with incubation buffer, and the radioactivity
of the pellet measured. All incubations were carried out in
triplicate and repeated at least three times.

The second method used homogenates of adrenal tissue,
without enzymic and mechanical disruption of the tissue,
in order that the receptor content of the medulla could be
more satisfactorily investigated. Capsules and inner zone/
medullary tissues were preincubated separately, then
homogenized in Hepes buffer with EDTA as above. The
remainder of the procedure was then carried out as
described above. Protein content of the homogenates was
measured by the method of Bradford (1976).

Measurement of catecholamine release

Intact adrenal capsules were incubated individually in
Krebs bicarbonate Ringer in the presence and absence of
adrenomedullin at 37 °C for 1 h. Aliquots of incubation
medium were assayed for adrenaline and noradrenaline,
using a method based on the trihydroxyindole fluorescence
method of Brocklehurst & Pollard (1990). The technique
involves the oxidation of catecholamines by K,Fe(CN),
and the subsequent generation of the trihydroxyindole
fluorophore product by NaOH and ascorbic acid. The
oxidation reactions are performed under both acidic and
neutral pH conditions to allow measurement of adrenaline
and noradrenaline. Briefly, assays were performed as
follows. To one set of 50 pl samples, 500 pl of 0-5 mol/1
sodium phosphate buffer (pH 7-0) was added; to an
another (identical) set of samples, 500 pl of 10% (v/v)
acetic acid was added. All samples received 50 pl
K,Fe(CN), and were incubated on ice for 20 min. The
reactions were terminated with 1 ml 9 mol/l NaOH
containing 0-4% ascorbic acid (w/v), followed by vigorous
vortexing. After the addition of 2 ml water, the trihydroxy-
indole fluorescence product was measured in a spectro-
fluorimeter (Luminescent fluorimeter LS-50B, Perkin
Elmer, Warrington, UK) with an excitation wavelength of
412 nm and an emission wavelength of 523 nm.

Analysis of data

Binding data were analysed using LIGAND (Munson &
Rodbard 1980). Steroid and second messenger data were
corrected for numbers of cells used and analysed by
one-way ANOVA. Student’s t-test was used only as
indicated in the figure legends.

Results

Immunocytochemistry and in situ hybridization studies
revealed the presence of both adrenomedullin peptide and
mRNA in the medulla and in the zona glomerulosa,
suggesting that adrenomedullin is produced by zona
glomerulosa cells (Fig. 1A-C). In these cells, the im-
munostaining was located in the cytoplasm among the
lipidic droplets, which were not stained (Fig. 1C inset).
Only very low levels of immunostaining were found in
certain cells of the zona fasciculata (Fig. 1C). In situ
hybridization with a probe for the adrenomedullin recep-
tor revealed the presence of receptor in the medulla and
zona glomerulosa, with smaller amounts in the inner zones
of the cortex (Fig. 1D-F). The co-localization of the
peptide and the receptor in the same cells suggests the
possibility of an autocrine loop for adrenomedullin in
the adrenal gland.

Adrenomedullin was found to cause a dose-dependent
increase in aldosterone secretion by dispersed zona
glomerulosa cells, with a minimum effective concentration
of 1 nmol/l (P<0-01; Fig. 2); a maximum response was
seen with 100 nmol/l. There was also an increase in
c¢AMP production in response to adrenomedullin (Fig. 2).
Incubation of zona glomerulosa cells in the presence of
HA1004, the PKA inhibitor, resulted in significant attenu-
ation of the aldosterone response to both adrenomedullin
and ACTH, but did not significantly alter basal secretion
(Fig. 3).

Adrenomedullin (100 nmol/l) significantly inhibited
both basal (P<0-05) and angiotensin II-stimulated
(P<0-001) rates of production of inositol trisphosphate
(Fig. 4). When zona glomerulosa cells were incubated
with adrenomedullin in the presence of other known
stimulants of aldosterone secretion, it was found that
adrenomedullin had no significant effect on the aldoster-
one response to either ACTH or angiotensin II (Fig. 5).
The CGRP receptor antagonist, CGRP8-37, did not
have a significant effect on either basal aldosterone
secretion, or the aldosterone response to 100 nmol/l
adrenomedullin (data not shown). Adrenomedullin did not
significantly alter the rate of corticosterone secretion by the
zona fasciculata/reticularis cells over the concentration
range used (data not shown), and was not found to
have any effect on the release of either adrenaline or
noradrenaline from adrenal capsular tissue (data not
shown).

Binding studies using [ ~’I]-adrenomedullin and dis-
persed cells revealed a single population of binding sites in
the zona glomerulosa (Hill coefficient 0-831, P<0-05),
with a Ky of 55 nmol/l1 (Fig. 6). The concentration of
binding sites was found to be 400 fmol/10° cells. Binding
studies using ['*’I]-adrenomedullin and adrenal homo-
genate cells also revealed a single population of binding
sites in the zona glomerulosa (Hill coeflicient 0-89,
P<0-05), with a K; of 445 nmol/l. The concentration of
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Figure 1 Paraffin sections of rat adrenals, showing the distribution of adrenomedullin and adrenomedullin receptor mRNAs and
adrenomedullin protein. (A) In situ hybridization with the adrenomedullin antisense probe, demonstrating staining in both the medulla and
the peripheral cortex (arrow). (B) Serial section hybridized with the sense probe as a negative control. Magnification, x 60. (C) Detail of
the zona glomerulosa after immunocytochemical staining with antiadrenomedullin antibody. Magnification, x 300. Inset: Higher
magpnification of some zona glomerulosa cells in which the cytoplasmic distribution of the immunoreactivity can be distinguished.
Magpnification x 750. (D) In situ hybridization for adrenomedullin receptor. The distribution of the adrenomedullin receptor mRNA is very
similar to that shown by the adrenomedullin mRNA: both the medulla and the zona glomerulosa (arrow) stain with the antisense probe.
(E) Negative control using the adrenomedullin receptor sense probe. Magnification x 60. (F) Detail of the zona glomerulosa after
hybridization with the adrenomedullin receptor probe. Magnification, X 300.

binding sites was 378 fmol/mg protein. In the inner
zone/medullary homogenates there were 570 fmol bind-
ing sites/mg protein with a Ky of 3:64 nmol/1 (Hill
coefficient 0-98, P<0-05).

Journal of Endocrinology (1998) 156, 477-484

Binding of ['**I]-adrenomedullin was not significantly
displaced by the adrenal stimulants angiotensin II or
corticotrophin in homogenates of either zona glomerulosa
or inner zone/medullary tissue. CGRP did, however,
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Figure 2 Effects of increasing concentrations of adrenomedullin on
release of aldosterone ([J) and cAMP (O) from dispersed rat
zona glomerulosa cells. Values are means + sEM.. of four separate
experiments each carried out in duplicate. **P<0-01, ***P<0-001
compared with basal values.
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Figure 3 Effects of HA1004, a PKA inhibitor (1 umol/l), on basal
and adrenomedullin (1 pmol/l)- and ACTH (1 nmol/l)-stimulated
aldosterone secretion. Open bars, without HA1004; cross-hatched
bars, with HA1004. Values are means+s.EMm.. of four separate
experiments each carried out in duplicate. ***P<0-001 compared
with value obtained in absence of HA1004.

displace a proportion of the bound adrenomedullin in both
tissues, suggesting the presence of CGRP receptors and

amylin-displaced binding in the inner zone/medullary
tissue (Table 1).

Discussion

The results presented suggest that adrenomedullin, in
addition to its synthesis in the medulla, is synthesized
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Figure 4 Effects of adrenomedullin (100 nmol/l) on basal and
angiotensin Il (1 umol/l)-stimulated inositol trisphosphate
production by adrenal zona glomerulosa cells. Open bars, without
adrenomedullin; cross-hatched bars, with adrenomedullin. Values
are means+sEM. of six experiments each carried out in duplicate.
*P<0-05 compared with basal, ***P<0-001 compared with
angiotensin Il-stimulated inositol trisphosphate production.
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Figure 5 Effects of adrenomedullin (100 nmol/l) on basal
aldosterone secretion and on the response to ACTH (1 nmol/l)
and angiotensin 1l (1 umol/l). Open bars, without adrenomedullin;
cross-hatched bars, with adrenomedullin. Values are means+s.EMm.
of four separate experiments each carried out in duplicate.
***pP<0-001 compared with control.

in the zona glomerulosa of the rat adrenal cortex. This
observation confirms previous reports of the adrenal
medulla as a source of this peptide, but also raises the
possibility of local synthesis of adrenomedullin in the zona
glomerulosa. It has been reported that adrenomedullin is
synthesized by some endothelial cells (Sugo et al. 1994),
which are abundant throughout the adrenal cortex, but it
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Figure 6 Hill plot of ['?°I]-adrenomedullin binding to zona
glomerulosa cells. Hill coefficient 0-831, P<0-05,
Bmax=400 fmol/10° cells, K, 5-5 nmol/I.

Table 1 Displacement of ['??I]-adrenomedullin specific binding in
rat adrenal homogenates by adrenomedullin and other peptides,
all used at 50 pmol/I. Values are means + SEM.

Inner zones/medulla
(% displacement)

Zona glomerulosa
(% displacement)

Adrenomedullin 100 £+ 10*** 100 £ 11***
CGRP 20 £ 4* 15+ 3*
Amylin 5+06 13 £ 4*
Angiotensin Il 10+2 3+05
ACTH 8+1 1+08

Significant displacement of ['?°l]-adrenomedullin specific binding was
obtained with adrenomedullin (***P<0-001), CGRP and, in the inner
zones/medulla, with amylin (*P<0-05), but not with angiotensin Il or
corticotrophin.

would seem unlikely that these cells are the source of
the adrenocortical adrenomedullin, as the synthesis of
this peptide appears to be restricted mainly to the zona
glomerulosa region. In addition, endothelial cells of the
adrenal did not show staining for adrenomedullin by either
immunocytochemistry or in situ hybridization. Our data
suggest that the zona glomerulosa cells themselves are the
sites of adrenomedullin synthesis (Fig. 1), together with
the medulla. While this is the first report of adrenomedul-
lin synthesis in the adrenal zona glomerulosa, it is well
established that other peptide hormones, such as the
vasoactive peptide, endothelin, are synthesized by the rat
adrenal zona glomerulosa (Imai ef al. 1992).

There is some controversy in the literature as to
whether adrenomedullin stimulates (Mazzocchi et al.
19964, Kapas & Hinson 1996) or inhibits (Mazzocchi ef al.
1996b, Yamaguchi et al. 1995) secretion of aldosterone by
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rat adrenals. Similar diametrical effects have been observed
with respect to insulin secretion, some studies demonstrat-
ing inhibition (Martinez et al. 1996) and others reporting
stimulation (Mulder et al. 1996), and to growth, in
which adrenomedullin could act as a growth factor (Miller
et al. 1996, Withers et al. 1996) or an inhibitor (Kano ef al.
1996).

In the adrenal cortex, the actions of adrenomedullin
reported previously appeared to indicate that the effects of
this peptide may depend on the tissue preparation used, as
adrenomedullin was shown to stimulate aldosterone secre-
tion by intact tissue preparations such as capsules or the
perfused adrenal preparation, but inhibit aldosterone
secretion when dispersed cells were studied. In a recent
in vivo study this view was challenged, however, by the
demonstration of inhibition of the aldosterone response to
sodium depletion in rats (Yamaguchi et al. 1996). There
is also evidence for a stimulatory effect of adrenomedullin
in frog adrenal slices (Esneu et al. 1996). In the present
studies, however, we observed a significant increase in
aldosterone secretion by dispersed cells in response to
adrenomedullin, in direct opposition to the findings of
Yamaguchi et al. (1995) and Mazzocchi ef al. (1996b).

In an attempt to resolve this difference, we investigated
the generation of second messengers in response to
adrenomedullin, and found a significant, dose-dependent
increase in cAMP, but an inhibition of inositol phosphate
turnover. Furthermore, the aldosterone response to
adrenomedullin was significantly attenuated by a PKA
inhibitor, suggesting that cAMP mediates the effects of
adrenomedullin on aldosterone secretion in this prep-
aration. Previous studies have revealed that adrenomedul-
lin inhibits the response to angiotensin II (Yamaguchi ef al.
1995, Mazzocchi et al. 1996b). We found that adreno-
medullin inhibited the increase in inositol phosphate
turnover stimulated by angiotensin II, but the aldosterone
response to angiotensin II in the presence of adrenomedul-
lin did not differ significantly from that to angiotensin II
alone (although it was lower than the response to
adrenomedullin alone). The actions of adrenomedullin on
inositol trisphosphate production and the response to
angiotensin II closely resemble the actions of ACTH, a
known adrenocortical stimulant, well recognized to act
through cAMP (Kapas ef al. 1994). The results of the
present study, however, do not exclude the possibility that
adrenomedullin  may alter intracellular Ca®>" concen-
trations by a mechanism independent of inositol trisphos-
phate, as has been suggested by others (Yamaguchi et al.
1995, Andreis et al. 1997).

In experiments on human adrenal slices, Andreis ef al.
(1997) demonstrated an effect of adrenomedullin on cate-
cholamine release and suggested that this may explain the
discrepancies between the different tissue preparations. In
the present study, we found that adrenomedullin did not
alter catecholamine release by rat adrenal capsular tissue.
This is in agreement with previous reports suggesting that
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adrenomedullin has no effect on medullary catecholamine
release (Houchi et al. 1996, Watanabe et al. 1996), which
is consistent with its action as a vasodilator. It may,
however, indicate that peptide degradation has occurred
during the course of these studies, as a truncated form of
adrenomedullin has been shown to stimulate catecho-
lamine release (Champion et al. 1996).

The results obtained from the in situ hybridization and
the binding studies suggest that specific receptors for
adrenomedullin are present in the zona glomerulosa, in the
same cells that contain the adrenomedullin peptide. The
K values of these receptors, found to be in the nanomolar
range, suggest that the zona glomerulosa may respond
to locally produced adrenomedullin, rather than the
circulating peptide, as the plasma concentration of
adrenomedullin has been reported to be around 5 pmol/1
(Sakata et al. 1994). Previous studies using the CGRP
antagonist, CGRP 8-37, have suggested that the effects
of adrenomedullin on the rat adrenal are mediated by the
CGRP receptor (Mazzocchi et al. 1996b). The results of
the present study do not support this hypothesis: only 20%
of the specific adrenomedullin binding to the zona
glomerulosa could be displaced by CGRP, and in our
hands the CGRP antagonist had no significant effect
on adrenomedullin-stimulated aldosterone secretion. To-
gether with the in sifu hybridization demonstrating
adrenomedullin receptor mRNA in the zona glomerulosa,
these data suggest that the effects of adrenomedullin on
aldosterone secretion are mediated by the specific
adrenomedullin receptor. This may go some way to
explaining the discrepancy between the results of the
present study and those obtained by Mazzocchi et al.
(1996b). It is possible that, in some rats, the adrenal
expresses the CGRP receptor, and adrenomedullin acting
through this receptor has an inhibitory effect, but that
in other types of rat, which express the adreno-
medullin receptor, a stimulatory effect on the adrenal
cortex may be seen.

The data presented in this study strongly suggest that
adrenomedullin is a paracrine or autocrine factor in the
zona glomerulosa. This has been observed previously in
tumour cells (Mulder et al. 1996) and in developing
embryos (Montuenga et al. 1997). There is evidence both
for the production of adrenomedullin by the zona
glomerulosa and for the presence of specific receptors; in
addition, a clear biological effect of adrenomedullin on
zona glomerulosa function has been demonstrated. In
several respects, the actions of adrenomedullin on the rat
zona glomerulosa resemble the actions of ACTH: both
peptides stimulate aldosterone and cAMP release, with the
well-recognized order-of-magnitude difference in the
dose—response curves (Kapas ef al. 1992); the actions of
both peptides are attenuated by a PKA inhibitor; and
neither peptide has an additive effect with angiotensin II
(Kapas ef al. 1994). However, the physiological role of
adrenomedullin in the rat zona glomerulosa requires

elucidation. ACTH is a potent stimulus to zona glomeru-
losa function in the short term but, when administered
over a longer time period, it significantly attenuates
aldosterone secretion (Abayasekara ef al. 1989). The
regulation of local adrenomedullin biosynthesis and the
long-term actions of this peptide in the zona glomerulosa
clearly require further study.
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