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Effects of growth hormone-releasing factor and
somatostatin on growth hormone secretion and cellular
cyclic AMP levels

Cultured ovine and rat anterior pituitary cells show markedly different
responses
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Human pancreatic growth hormone-releasing factor (GRF-44-NH,) stimulated growth hormone (GH) se-

cretion and intracellular cyclic AMP levels in cultured pituitary cells from both sheep and rat. Somatostatin

(SRIF), over a wide range of doses and time, showed no significant effect on the elevated cyclic AMP levels

in sheep cells, but did block the GH release in a dose-dependent manner. In rat cells, however, SRIF inhibit-

ed GRF-stimulated cyclic AMP levels by 759, maximum (still 8-fold greater than the basal levels) and GH

release to almost half the basal value. We conclude that somatostatin inhibits GRF-elevated cyclic AMP
levels in rat pituitary cells but not in sheep cells.
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1. INTRODUCTION

The secretion of growth hormone (GH) by the
anterior pituitary gland is controlled by at least
two hypothalamic factors, a stimulatory GH-
releasing factor (GRF) and an inhibitory factor,
somatostatin (SRIF). A role of cyclic AMP in the
control of GH secretion was first suggested by the
stimulatory effects of inhibitors of cyclic nucleo-
tide-phosphodiesterase [1,2] and cyclic AMP de-
rivatives [3] on GH release in vitro. Further sup-
port for the role of this nucleotide in the regulation
of GH secretion was provided by the inhibitory ef-
fects of SRIF on cyclic AMP levels as well as on
GH secretion [4—6]. However, other data suggest
that the primary site of action of SRIF is at a step
after the elevation of cyclic AMP [7,8]. Recently,

Abbreviations: GRF, growth hormone-releasing factor;
SRIF, somatostatin; GH, growth hormone

peptides with GH-releasing activity have been
identified [9,10] and shown to stimulate cyclic
AMP levels in cultured pituitary cells from rat
[11,12] and sheep [13]. Furthermore, the human
pancreatic GRF (1-40)-NH, characterised in [10}]
has been reported to stimulate adenylate cyclase
activity in a membrane fraction from rat pituitary
cells [14]. On the other hand, studies of the action
of SRIF on GRF-stimulated cyclic AMP levels in
pituitary cells have produced variable results
[11-13].

Our previous observations showed no significant
inhibition of GRF-elevated cyclic AMP levels by
SRIF in sheep pituitary cells [13], whereas in rat
cells, a 75% inhibition has been reported [11,12].
To clarify the basis for this difference, which is of
considerable potential interest for studies of the
mechanism of action of SRIF, we have in-
vestigated the effects of SRIF and GRF (44-NH>)
on both rat and sheep cells in parallel.
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2. MATERIALS AND METHODS

2.1. Materials

Synthetic GRF (44-NH,) and SRIF were ob-
tained from Universal Biologicals, Cambridge,
England. Sera and culture media were obtained
from Gibco Biocult, Paisley, Scotland. Ovine GH
(NIH-GH-S9, 0.56 IU/mg) and rat GH (NIH-GH-
B6, 1.7 IU/mg) were gifts from Dr A.E. Wilhelmi
and the National Institute of Arthritis, Diabetes
and Digestive and Kidney Diseases, NIH,
Bethesda, MD, USA.

2.2. Preparation and culture of pituitary cells

Cells were prepared and incubated according to
[15]. Anterior pituitary glands from (4—8-month-
old) male sheep and (200-250 g) male Sprague-
Dawley rats were dispersed (90 min, 37°C) using
collagenase (Boehringer, 1.5 mg/ml), hyaluroni-
dase (Sigma-type 1S, 0.5 mg/ml), deoxyribonucle-
ase I (Boehringer, grade II, 0.25 mg/ml) and
bovine serum albumin (Sigma fraction V, 30
mg/ml) in medium containing NaCl (137 mM),
KCl (5 mM), Na;HPO, (0.7 mM), glucose (10
mM) and Hepes (25 mM), which was adjusted to
pH 7.4 with NaOH. Cells were collected by centri-
fugation (400 X g for 2 min) and washed 5 times by
resuspension in the Hepes-buffered medium and
centrifugation. Dispersed ovine cells were pipetted
(0.5-1.0 x 10° cells/dish) into 3.5 cm culture
plates (Sterilin), and incubated in Dulbecco’s
modified Eagle medium (3 ml/dish) containing
5% foetal calf serum, 10% horse serum and anti-
biotics for 72 h at 37°C under 95% air/5% CO,
[15]). Dispersed rat cells were plated (0.4 x 10°
cells/well) into Nunclon (6 X 4) multiwell dishes
(Gibco Biocult) and incubated under the same con-
ditions as the ovine cells but with only 1.5 ml/well
culture medium.

2.3. Experimental incubations

After 72 h the incubation medium was discarded
and the cells were washed 3 times with incubation
medium from which serum was omitted. The cells
were preincubated for 60 min with serum-free
medium, and then the medium was replaced and
experimental incubations were initiated by the ad-
dition of test substances. At the end of the incuba-
tion time the media were centrifuged (400 x g,
2 min) and the supernatants stored at —20°C until
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assayed for hormone content. The cellular cyclic
nucleotides were extracted with trichloroacetic acid
(10% w/v, 2h at 4°C) and stored frozen at
—20°C, prior to extraction and assay.

2.4. Assays

The radioimmunoassay procedures for both
ovine GH and rat GH were based on previous
methods [15]. Hormones were iodinated with
Na'®I by the iodogen method in [16]. All samples,
standards, etc. were dissolved in assay buffer con-
taining sodium phosphate (0.05 M), pH 7.6, mer-
thiolate (0.6 mM), bovine serum albumin (0.05%),
and Triton X-100 (0.05%). Cellular cyclic AMP
samples were acetylated and measured according
to [17].

2.5. Treatment of results

All experiments were performed at least twice
with different preparations of pituitary cells and
consistent results were obtained. In each case the
results of a representative experiment have been
presented. Control and experimental values were
compared for statistically significant differences
using Student’s t-test.

3. RESULTS

3.1. Time course of the effect of GRF on GH
secretion and its inhibition by SRIF: sheep
Dituitary cells

The stimulation of GH secretion from sheep
pituitary cells by 1 nM GREF (fig.1) was significant
at the earliest time tested, 2 min (80% stimulation,

p < 0.001). The maximum stimulation of GH

release lasted for 5 min, after which a lower (but

still elevated) secretion rate for GH was main-
tained throughout the time course. By 30 min total

GH secretion was 4—5-fold greater than basal (and

maximum stimulation of secretion rate was con-

siderably greater than this; fig.1). SRIF (0.5 zM)
completely blocked this stimulation during the first

15 min, and after 30 min incubation SRIF had in-

hibited GRF-elevated GH secretion to below the

basal secretion rate.

3.2. Time course of the effect of GRF on cellular
cyclic AMP levels and its inhibition by
somatostatin in sheep pituitary cells

GRF (1 nM) stimulated cellular cyclic AMP
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Fig.1. Time course of the effect of GRF on GH secretion
in the absence or presence of SRIF (top) and cellular
cyclic AMP levels (bottom). Sheep pituitary cells were
cultured for 3 days and then treated with 1 nM GRF
(e), 1 nM GREF plus 0.5 xuM SRIF (O) or no additions
(0). For each time point the values for hormones
released and cyclic AMP content represent the mean
values + SE per 10° cells, obtained from 4 replicate
dishes. The appropriate control and experimental values
were compared for statistically significant differences by
Student’s t-test. Probability values: %, p < 0.001; ns,
not significant.
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levels 5-fold within 2 min (fig.1). A maximal
10-fold elevation was apparent by 5 min (fig.1),
and after 15 min the elevated cyclic AMP levels
declined somewhat. SRIF had no significant effect
on the time course.

3.3. Dose dependence of the effect of SRIF on the
GRF-stimulated GH secretion and cellular
cyclic AMP levels in sheep pituitary cells

The effects of various SRIF concentrations on

GRF (0.1 nM)-stimulated GH secretion and

cellular cyclic AMP levels after 30 min are shown

in fig.2. GH secretion (open circles) was stimulated

2-fold, and SRIF inhibited this effect of GRF in a

dose-dependent manner. Inhibition to below basal

level was produced by 0.1 #uM SRIF. On the other
hand, over the dose range tested, SRIF had no
significant effect on the 4-fold elevated cyclic

AMP levels (closed circles) (fig.2). At higher SRIF

concentrations (0.5 kM) we have occasionally

noticed a (150—200%) stimulation of cellular cyclic

AMP levels above that seen with GRF alone.
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Fig.2. Dose-response relationships for the action of
SRIF on GRF-stimulated GH secretion (O) and cyclic
AMP content (@) in cultured sheep pituitary cells, For
all observations except the controls 0.1 nM GRF was
present, with the concentration of SRIF shown. For each
treatment the values for GH released and cyclic AMP
content represent the mean value + SE per 10° cells,
from 4 replicate dishes.
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3.4. Dose dependence of the effect of SRIF on
GRF-stimulated GH secretion and cellular
cyclic AMP levels in rat pituitary cells

The results with rat pituitary cells are shown in

fig.3. GH secretion was only stimulated 70% by
1 nM GRF after 30 min (open circles), though
cellular cyclic AMP levels were elevated 32-fold
(closed circles). An inhibition of the effects of
GRF on both GH secretion and cyclic AMP levels
was observed with SRIF, the dose-dependence
curves apparently being parallel. A maximally ef-
fective dose of SRIF (1 nM) inhibited GH secre-
tion to almost half the basal secretion value,
whereas cellular cyclic AMP levels still remained
8-fold higher than the basal content.

4. DISCUSSION

Our data clearly show that SRIF does not inhibit
the rapid GRF stimulation of cyclic AMP concen-
trations in sheep pituitary cells, although the pep-
tide produces a rapid and potent inhibition of
GRF-stimulated GH secretion. This indicates that
the major site of action of SRIF in regulating GH
secretion in these cells probably lies beyond cyclic
AMP production. These findings accord with our
earlier work with GRF [13], and with
isobutylmethylxanthine and SRIF [18] using sheep
pituitary cells, and also with the work of authors
in [7] using bovine pituitary cells. They do not
agree with previous studies using rat pituitary cells,
which suggested that SRIF could inhibit the
stimulation of adenylate cyclase caused by GRF
[11,19,20]. Our results, presented here, clarify this
situation. SRIF does indeed lower GRF-stimulated
cyclic AMP levels in rat pituitary cells and an im-
portant species difference exists between rat and
sheep cultured pituitary cells.

In these studies, which have used heterogeneous
cell populations, it must be recognised that the
non-somatotroph cell populations could be mask-
ing changes in cellular cyclic AMP levels in the
sheep somatotrophs. However, this seems unlikely
because although the magnitude of the difference
observed between rat and sheep anterior pituitary
cell preparations was very marked, somatotrophs
constitute a similar and large (30—40%) proportion
of the cells present. Further, since effects of GRF
appear to be highly specific for GH secretion [9],
changes in cyclic AMP levels induced by this factor
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should represent primarily changes occurring in
the somatotroph.

Our results are consistent with the hypothesis
that SRIF exerts its inhibitory effects on at least
two sites in the rat pituitary cells [11,20}; one of
these is at adenylate cyclase whilst the other is as
yet undefined but is independent of cyclic AMP
concentrations. In sheep cells the second site would
appear to predominate. Modulation of cellular
processes controlling Ca’*-dependent stimulus-
secretion coupling may be an alternative site for in-
hibitory regulation by SRIF {11]. Rat somato-
trophs may display functional heterogeneity
[21,22] and inhibition of adenylate cyclase by SRIF
may operate predominantly in one subpopulation
of the cells.

Authors in [19], using rat pituitary cells, showed
that pertussis toxin (which inactivates the N;j in-
hibitory protein of adenylate cyclase by ADP
ribosylation [23]) could block the inhibition by
SRIF of both GRF-induced GH release and
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Fig.3. Dose-response relationships for SRIF acting on
GRF-stimulated GH secretion (C) and cyclic AMP
content {(e) in cultured rat pituitary cells. For all
observations except the controls 1.0 nM GRF was
present, with the concentration of SRIF shown. For each
treatment the values for GH released and cyclic AMP
content represent the mean value + SE per 0.4 x 10°
cells, from 4 replicate dishes. Probability value: v, p <
0.01.
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cellular cyclic AMP accumulation, which suggests
that the inhibition of adenylate cyclase by SRIF is
associated with its effects on GH secretion in the
rat. However, our results and those in [11,20] show
that SRIF-attenuated cyclic AMP concentrations
in GRF-treated rat cells were still approx. 8-fold
greater than the basal values, suggesting that in-
hibition of GRF-stimulated adenylate cyclase by
SRIF may not entirely explain its effects on GH
secretion, even in the rat.

It is noteworthy that the inhibitory potency of
SRIF on GH secretion measured in the rat
pituitary cell cultures (fig.3) was much greater than
that observed in experiments with the sheep
pituitary cells (fig.2). It is possible that in the rat
cells the inhibition by SRIF of adenylate cyclase
may potentiate its effects on other mechanisms in-
volved in the inhibitory control of secretion.

In conclusion, the results presented here suggest
that the lowering of cyclic AMP levels plays little
role in the inhibition by SRIF of GRF-stimulated
secretion of sheep GH. Lowering of cyclic AMP
levels may play such a role in the rat, but its impor-
tance is not yet established.
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