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Summary: Somatostatin pretreatment sensitizes rat anterior pituitary to hGRF 
stimulation in vitro. The pretreatment (i nM for i0 min) facilitated GH 
release response of dispersed rat anterior pituitary cells to hGRF (i nM for 
3 min) 2.04-fold in a perifusion system. The effect lasted even 20 min after 
the pretreatment. SRIF pretreatment decreased cAMP content in the cells 
after hGRF stimulation to 61% of the control value. When hGRF was replaced 
by 1 mM DBcAMP and 15 mM KCI, the pretreatment increased GH secretion 1.69- 
and 1.67-fold respectively. SRIF pretreatment (I nM for i0 min) caused a 
larger increase in (Ca2+)i by hGRF than that of control. The effect of SRIF 
pretreatment facilitates GRF-induced increase in GH secretion probably 
through the stimulation of increase in (Ca2+)i. ~1990Academ1~P~es~, Znc. 

The inhibitory action of SRIF on hormone release (1-3) is exerted by 

multiple mechanisms in which adenylate cyclase activity (4-6) and cAMP- 

independent processes (7-9) are involved. The latter processes result in the 

membrane hyperpolarization and the decrease in intracellular concentration of 

free calcium [(Ca2+)i](6, i0), due to the activation of potassium channels 

via Ni protein (ii). In contrast, an acute withdrawal of SRIF induces a 

rebound increase in GH release by secretagogues (12-13). In addition, SRIF 

pretreatment prevents or rapidly restores the responsiveness of rat pituitary 

desensitized by GRF continuously (15) or repetitively (16) applied. These 

findings indicate a dualistic action of SRIF, which consists of a well-known 

direct inhibitory action, and a facilitatory permissive effect due to pre- 

treatment. In the present paper, to characterize the facilitatory effect of 

SRIF on GH secretion in response to hGRF, we employed dispersed rat anterior 

pituitary cells subjected to a perifusion system. 
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Materials and Methods 

Perifusion system: Anesthetized male Wistar rats (pentobarbital sodium 
50 mg/kg body weight) were transcardially perfused with phosphate-buffered 
saline (PBS) and 15 ml of 0.5% trypsin (Sigma type III). The pituitaries 
quickly removed, were further trypsinized in the 0.5% solution and the 
dispersed cells were prepared as described previously (17, 18). The cells 
were resuspended in medium A (Eagle's MEM containing 2 mML-glutamine and 
0.25% BSA (fraction V, Boehringer Mannheim). The population of the somato- 
trophs (GH cells) of the dispersed cells were more than 50% (17, 19). The 
cells were mixed with Bio-Gel P2 (200-400 mesh, Bio-Rad Lab.) and placed in 
a 2.5 ml disposable syringe. Each column contained 2.5-3.5 x 106 cells with 
a bed volume of 0.5 ml and a head volume of i00 BI. The column were continu- 
ously perifused with medium A (0.3 min/min) for the first 2 hr and with 
medium B (mM: 137.5 NaCI, 5 KCI, 25 CaCI2, 0.8 M~CI 2, i0 glucose, i0 HEPES, 
pH 7.4) for the next 1 hr at a flow rate of 1.0 ml/min. 

Assays for rat GH, cAMP and intracellular free calcium: Rat GH in the 
effluents was assayed by a double antibody method with materials supplied by 
NIDDK. rGH RP-2 was used as the reference standard. The minimal detectable 
value was 7.8 ng/ml. The intra- and interassay coefficients of variation 
were 4% and 9%, respectively. For the determination of cAMP, the perifusion 
columns were removed 2 min before or 3.5 min after the introduction of hGRF 
and added with perchloric acid (1.5 N, 0.25 ml). The extracts were neutral- 
ized with KOH (1.5 N) and the concentration of cAMP in supernatants was 
determined with a Yamasa cAMP assay kit (17, 18). The dispersed cells were 
incubated in medium A at 37°C for 2 hr and spun down, resuspended in medium 

containing 0.1% BSA and loaded with 1 ~M fura 2/AM (Dojindo Laboratories) 
for 15 min at 37°C. The loaded cells were washed and resuspended in medium 
B (2 x 106/1.5 ml) with or without SRIF (i nM or I0 nM). After i0 min incu- 
bation, the cells were centrifuged at 400 x g for 5 min and resuspended in 
medium B and transferred into a 1 cm quartz cuvette. The fluorescence was 
monitored at 37°C under agitation with a Hitachi fluorescence spectrophotome- 
ter 650-60 (9). 

Results 

When the cells were preperifused with SRIF (i nM for i0 min), GH secretion 

in response to hGRF (I nM for 3 min) was markedly facilitated (Fig. i, upper 

panel), whereas a small rebound increase in GH secretion after SRIF with- 

drawal lasted for 13 min (Fig. i, lower panel) as reported previously (20). 

To examine the dependency of the facilitatory effect on the concentration of 

SRIF and the duration of its application, the area under the curve was 

calculated. Among those examined the most effective dose of SRIF in facili- 

tating hGRF-induced GH secretion was 1 riM, which augmented GH secretion 2.04- 

fold to the control response. A comparable and smaller facilitation was also 

observed at 0.i r~i and I0 nM of SRIF (Fig. 2, A). We therefore adopted this 

concentration for pretreatment in the subsequent experiments. The concentra- 

tions of SRIF and hGRF used in the present experiments were comparable to 

those determined in hypophyseal portal blood of male rats (20). The degree 

of facilitation also depended on the duration of SRIF pretreatment (Fig. 2, B). 

SRIF pretreatment for i0 min was the most effective, when compared with those 

for 3 and 20 min (Fig. 2, B). The facilitation was observed 2 min after with- 
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F ig .  1. E f f e c t  o f  SRIF p r e t r e a t m e n t  on hGRF-indueed GH s e c r e t i o n .  ~ 
panel, facilitation of hGRF-indueed GH secretion by the preperifusion with 
SRIF. SRIF (I riM) was introduced at -i0 min (+) and withdrawn at 0 time (+). 
hGRF (i nM) was introduced at 3 min and withdrawn at 6 min (+). Each point 
represents the mean -+ S.E. of triplicate determination as the same as 
f o l l o w i n g  p e r i f u s i o n  e x p e r i m e n t s .  Each p e r i f u s i o n  column c o n t a i n e d  3 x 106 
dispersed pituitary cells. Lower panel, a rebound increase in GH secretion 
caused by SRIF w i t h d r a w a l .  SRIF (1 nM) a p p l i e d  in  each column was 
identical to that used in the upper panel. * P<0.05 and ** P<0.01 vs. the 
control values respectively ( S t u d e n t ' s  t t e s t ) .  

drawal, peaked at 3 min and then gradually decreased, but it was still evident 

20 min after withdrawal (Fig. 2, C), when the rebound increase completely dis- 

appeared (Fig. i, lower panel). These results indicate that the facilitation 

by SRIF pretreatment rapidly takes place after a short term application and 

lasts for a considerable duration, 20 min, after the withdrawal. 

To investigate the mechanism underlying in the facilitation caused by the 

SRIF pretreatment, we examined the effect of SRIF pretreatment on the hGRF- 

induced accumulation of cellular cAMP, since cAMP is thought to mediate GRF 

action in the somatotrophs. Although there was no apparent effect of pre- 

perifusion with 1 nM SRIF on the basal cAMP level 2 min before hGRF applica- 

tion, the pretreatment with SRIF decreased the hGRF-induced accumulation of 

cAMP to 61% of control level 3.5 min after the introduction of 1 nM hGRF. 

Thus it is likely that the pretreatment w'th SRfF augments the sensitivity of 

somatotrophs to cAMP in the process of ~ secretion. This possibility was 

also confirmed, when DBc,~MP was substituted for hGRF. DBcAMP (I mM)-induced 

GH secretion was increased 1.69-fold by the SRIF pretreatment (Table i). A 

number of findings support the view that voltage-sensitive Ca 2+ channels are 

involved in the hGRF-induced GH secretion (9, 17, 21). In addition, these 
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Fi$. 2. Characterization of the facilitation of hGRF-induced GH release by 
the pretreatment with SRIF. The amount of GH released by hGRF was integrated 
as the area under the curve above the basal level of GH secretion at 1 min 
before hGRF application. A, Effect of varying concentrations of SRIF during 
pretreatment for i0 min on hGRF-induced GH release from dispersed pituitary 
cells. Procedures for SRIF application were the same as shown in Fig. i, 
except the concentrations of SRIF. B, Effect of duration of SRIF pretreat- 
merit on hGRF-induced GH release. The application procedures were the same as 
shown in Fig. i, except the duration of pretreatment. C, Effect of elapsed 
time after withdrawal of SRIF pretreatment. But elapsed time between SRIF 
(i nM, i0 min) withdrawal and hGRF (i nM, 3 min) application varied. In the 
figure, in panels A, B and C, the hatched column shows the maximal facilita- 
tion by SRIF (204% of the control) in the procedures shown in Fig. i. Signifi- 
cant differences from the control values observed without hGRF stimulation 
were at the levels of *, P<0.05 and **, P<0.OI respectively. Significantly 
different from maximum facilitation (hatched column): at the levels of a, 
P<0.05 and b, P<0.01, respectively. 

recent reports suggest that via cAMP hGRF activates less selective Na + 

channels which depolarize the somatotrophs and activate voltage-sensitive 

Ca 2+ channels. If this is the case, the level of depolarization of the 

somatotrophs should be closely related to the magnitude of hGRF-induced GH 

Table i. Effect of SRIF pretreatment on dibutyryl cAMP (DBcAMP) 
and high KCl-induced GH secretion 

Stimulation 
ng GH release a 

Control SRIF 

DBcAMP 
I mM 160o6 _+ 17.2 b 270.4 -+ 23.7* 

KCI 
15 mM 69.6 -+ 4.8 c 116.3 -+ 13.4* 

20 mM 1610.7 ± 64.3 1650.6 + 180.0 

50 mM 2406.9 -+ 382.8 2765.8 ± 313.1 

SRIF (i riM) was applied for i0 min and 3 min after the with- 
drawal of SRIF, DBcAMP or KCI was applied for 3 min. 
a, Mean ± S.E. of the integrated amount of GH released (trip- 
licate determinations) above the level at 4 min after SRIF 
withdrawal, DBcAMP for ii min (b) and KCI for 3 min (C) 
respectively. 
* Significantly different from the control values observed 
without pretreatment (P<0.05). 

2 7 9  
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Fi$° 3. Effect of SRIF pretreatment on the intracellular Ca 2+ concentration 
in dispersed rat pituitary cells. A, representative recordings of (Ca2+)± 
monitored with fura 2, when hGRF (I riM) and SRIF (SS, 1 nM) were applied. 
Arrows and arrow heads indicate the time of application. B, The concentra- 
tions of SRIF and hGRF were both increased to i0 nM respectively. 

secretion. To examine the effect of the per±fusion with SRIF on depolariza- 

tion-induced GH secretion, we used excess K + stimulation. GH secretion 

induced by 15 mM K + which causes a small depolarization was 1.67-fold facili- 

tated by the pretreatment with 1 nM SRIF (Table i), whereas 20 or 50 mM K +- 

induced GH secretion was not significantly increased by the pretreatment. 

These relevant findings indicate a possible mechanism in the effect of SRIF 

pretreatment, and that this takes place at a step beyond cA~ generation, 

closely related to a process of GRF-induced Ca 2+ influx or exocytosis of GH 

secretory granules. 

Finally, we tried to observe the effect of SRIF pretreatment on the hGRF- 

induced increase in (Ca2+)± in the somatotrophs with fura 2 (9, 22) in a 

static incubation system. The pretreatment with SRIF (i nM) for i0 min 

clearly facilitated an increase in (Ca2+)± and also a SRIF (I nM)-induced 

decrease in (Ca2+)± (Fig. 3, A). The percent increase over the prestimulatory 

basal level of SRIF-pretreated cells at the peak value, by 3 min after the 

addition of hGRF was significantly higher than that of control (119.0 ± 3.3 

v_s. 141.5 ± 5.0%; P<0.01, n=6), although there was no significant change in 

basal (Ca2+)± by the pretreatment (-SRIF: 217.7 ± 11.3 vs. +SRIF: 263.3 ± 21.0 

nM; P>0.4, n=6). A similar representative case was also observed, when the 

concentrations of SRIF and hGRF were increased to i0 nM respectively and hGRF 

stimulation was introduced shortly after resuspension (Fig. 3, B). The pre- 

treatment clearly facilitated the velocity of the increase in (Ca2+)± by hGRF. 

It was also clear that the pretreatment caused a rapid decrease in (Ca2+)± 

following the addition of SRIF as well. The effect of SRIF pretreatment is in 

striking contrast to a well-known acute action of the peptide in inhibiting 

the increase in adenylate cyclase activity, the membrane depolarization, 

(Ca2+)± and GH secretion in response to GRF stimulation (7, 8, 9, i0). 

There are reports that SRIF pretreatment of GH4C 1 cells for more than i0 

hr (23), AtT-20 cells for 4 hr (24) and female rat pituitary cells for 2 hr 

(25) sensitize VIP, forskolin-stimulated cAMP accumulation and activin A- 

280 



Vol. 172, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

induced FSH secretion respectively. In contrast to those found in long term 

incubations, the present findings were observed even 3 min after SRIF pre- 

treatment for 3 min and 20 min after withdrawal of the pretreatment for i0 

min, indicating a rapid and long-lasting event. The precise mechanism of the 

effect of pretreatment remains to be clarified. 
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