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SUMMARY: The capacity of the following peptides to stimulate steroido-
genesis in suspensions of capsule (largely glomerulosa) and fasciculata/reticu-
laris cells from rat adrenals was studied: ACTH] ACTH amlde,
a~M5H, y,-MSH, y -MSH precursor, ACTH 2éLlP anc] ovine and human
B-lipotropin, Only a-M3H and ACTH cmlde shmuloted glomerulosa cells
alone, without effect on fasciculata/reticularis cells, Like ACTH the two
samples of B-lipotropin stimulated both capsule and inner zone ceh ?ypes ina
similar manner. Their activity is attributable to slight ACTH contamination,
as shown by HPLC fractionation, The other peptides lacked any activity. It is
likely that the predicted specific glomerulosa stimulant from the pituitary
closely resembles a-MSH.

INTRODUCTION

The control of zona glomerulosa function and aldosterone secretion is

multifactorial, and the effects of ACTH, angiotensin Il and Ill, potassium ions

and other factors have been described (1-8). Much evidence suggests that
further pituitary factors, presumably peptides, also exist which contribute to
the overall control of aldosterone production, particularly during conditions
of sodium depletion (7, 9-18). In recent publications we have shown that one
component of posterior pituitary extracts which specifically stimulates the zona
glomerulosa of the rat adrenal is a~MSH (14, 15), This peptide which has no
effect on inner adrenocortical zones, accounted for perhaps 30% of the total
glomerulosa stimulating activity in the commercially available posterior
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pituitary preparation Pitressin, Two others, designated B and C, await complete
characterisation (14). Meanwhile it is interesting to note that in the rat at
least, glomerulosa cells from animals subjected to restriction of dietary sodium
respond with increased aldosterone secretion to concentrations of a~MSH as

fow as 10-10 moles per I, falling within the normal range of circulating
concentrations of a-MSH in this species, and it therefore seems likely thot
a-MSH has a physiological role (15). The question arises whether the capacity to
stimulate zona glomerulosa cells specifically is limited only to a-MSH, or is
found more widely in the known range of pituitary peptides. In this respect
Matsuoka et al.(16) have recently claimed that 8-lipotropin is another such
specific glomerulosa stimulant, Furthermore, Bravo and co-workers have
isolated an aldosterone stimulating glycoprotein from human urine (17), although

it is not clear whether this substance originates from the pituitary,

This paper describes further experiments which examine peptide structure/

function relationships in regard to the control of the zona glomeruloso.

MATERIALS AND METHODS

Animals,

Rats were taken from the Wistar strain colony maintained at the Medical
College of St. Bartholomew's Hospital, Females weighing about 220 g were
used throughout. Suspensions of adrenal capsule (largely zona glomerulosa)
and fasciculata/reticularis cells were prepared and incubated as previously
described (18). Final incubations were in 5 m| Krebs bicarbonate Ringer
(3.6 mM K '), wi ith glucose (200 mg%) and BSA (Sigma, fraction V, 1%), for
two hours at 37° under 95% 0O4/5% CO9. Serial dilutions of the peptides to
be tested were made in the same medium, and added to incubation flasks in 0.1
ml volumes.

Peptides,

The peptides tested were a-MSH (Sigma), ACTH;_j3-amide, ACTH,_ ;o
and ovine §-lipotropin (gifts of Dr, A, J, Thody), human 8-lipotropin,
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¥ 1-MSH and y -MSH precursor (gifts of Dr, P, Lowry), and corticotrophin-like
intermediate lobe peptide (CLIP) (gift of Professor H. Yajima)., *

Steroid estimati on,

Steroids were extracted from the incubation media and estimated using
the comprehensive glc methods described earlier (19). Fractionation of ovine
B-lipotropin was performed using the HPLC system described elsewhere (20),

RESULTS

Results of stimulation of glomerulosa and fasciculata/reticularis cells by
different concentrations of the various peptides are shown in Fig.1. These
results were necessartly obtained in a fairly large number of experiments over
a period of time, It is well known that while quantitative reproducibility of
results is good within a single experiment based on a uniform ce!l crop, there
may be considerable variation between experiments in, for example, the basal
(unstimulated) or the maximal steroid output (e.g. ref. 21), In our hands, for
example, maximal corticosterone output by 5 x 105 fasciculata/reticularis cells
under ACTH stimulation varies between 500 ng and 1500 ng. Similarly, maximal
corficosterone output under a~-MSH stimulation may vary between 150-250 ng per
105 glomerulosa cells. For this reason, to facilitate comparison between
experiments, the results are plotted not as amounts of steroid produced, but are
nomoalised as percentages of the maximal steroid output. For valid comparison
of glomerulosa and inner zone results, values in Fig. 1 are for corticosterone

alone; other steroids were stimulated in relation to corticosterone as previously

described (14,15,18),

In these experiments ACTH] 24 stimulated corticosterone output by

fasciculata/reticularis cells with an ED-50 of about 5 x 10_” moles I_], which

* ¥ 1-MSH = Tyr-Val-Met-Gly-His-Phe-Arg-Trp-Asp-Arg-Phe-NHo

y -~MSH precursor = pro-opiocor'rin_]o5 to =29 (Nakanishi et al, numbering,
CLIP = ACTH g oo ° ref. 26)
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Fig.1: Effect of pituitary peptides on stimulating steroidogenesis in

suspensions of glomerulosa (upper Fig.) and fasciculata/reticularis
cells (lower Fig.). Each point is the mean of two observations.

was slightly lower than for glomerulosa, B-lipotropin of both ovine and human
origin also stimulated both cell types with ED-50 two to three orders of magnitude
greater than for ACTH]_2 4 There were no essential differences between the
effects of any of these three stimulonts on the two cell types, In contrast a-MSH

and ACTH

) ]3—omide stimulated glomerulosa cells alone, and were without effect
on the fasciculata/reticularis preparations at the concentrations used. The ED-50

- -1
for the effects of these peptides on the glomerulosa was about 10 8 moles |  in

both cases, The other peptides assayed were without any effect on either cell
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Fig.2; Elution profile for ovine B-lipotropin subjected to HPLC fractionation,
with bioossay data for the eluted fractions,

type under the conditions used, When fractions obtained by HPLC chromatography
of the ovine SB-lipotropin were assayed for their capacity to stimulate steroid-
ogenesis, (Fig. 2), biologically active material (as judged by the above assay)
eluted as two peaks before the elution position of B-lipotropin, The major

peak of the biological activity was coincident with the normal position at

which human ACTH]_39 elutes,

DISCUSSION

From experimental studies in the rat, sheep and dog ond from clinical
studies in man, it has become clear in recent years that one or more pituitary
components may exert specific effects on the zona glomerulosa of the adrenal
cortex, and that the secretion of these components may account for enhanced
aldosterone secretion in some circumstances (7,13). Cleor identification of

these factors has however remained elusive. In recent months three groups
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have suggested different candidates for this role, Thus Matsuoka et al (16)
proposed that 8-lipotropin may have a special effect on glomerulosa function,
and Bravo et al (17) have isolated a new glycoprotein from human urine
which also stimulates glomerulosa aldosterone output. We in turn have
examined the biological activity in posterior pituitary extracts, and find that

a substantial part is associated with a=MSH (14),

In attempting to evaluate the likelihood that any of these might have a
physiological role, it is first of all important to draw attention to the fact that
under physiological conditions glomerulosa and inner adrenocortical function
is often completely dissociated (3). This is particularly clear with regard to
the response of the tissue to sodium depletion, in which aldosterone secretion
is enhanced without any effect on cortisol secretion, for example, in the sheep

or in isolated inner zone tissue in the rat (3,22,23), Consequently ACTH is

ruled out as a significant mediator of glomerulosa function in these conditions,
It is therefore clear that the pituitary glomerulosa stimulant we now seek is
likely to be without effect on the fasciculata/reticularis. In this respect it is
most important to emphasise that the two samples of 8-lipotropin we assayed
each stimulated both tissue types equally, and closely resemble ACTH in this
respect. In the case of the ovine sample, biological activity was clearly
separated from B-lipotropin by HPLC and appeared to be associated with one
or more ACTH~like components (Fig.2). From the data in Fig. 1, it is further-
more clear that a contamination of the unfractionated B-lipotropin sample by
only 0.1% ACTH would account for its observed activity. Matsuoka et al.(16)
also observed that inner zone function was very markedly stimulated by 8-lipo-
tropin. In this connection it should be noted too that Bravo et al (17) alse

find that their glycoprotein is a good stimulator of cortisol secretion,
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Of the peptides we tested only a-MSH and ACTH] 13 amide possessed
the required specificity of action on the glomerulosa cells of the rat adrenal,
It is interesting that the peptide structure/function relationships are different
in glomerulosa stimulating and melanocyte expanding activity, since neither

B8-MSH, y ]-MSH nor the y ~-MSH precursors, nor ACTH stimulated the

4-10
glomerulosa cells (cf.e.g. ref.24). They were of course only tested singly,
and this does not conflict with the suggested possibility of a potentiating role

for y ~MSH in ACTH action, presumably also likely to be effective in both

glomerulosa and inner zones (25).

Whether a-MSH is indeed the pituitary glomerulosa stimulant under
physiological conditions is a matter for further study. We nevertheless conclude
that its actions are such that the physiologically important glomerulosa stimu-

lating pituitary peptide will quite probably be found to be similar to a-MSH.
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