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Inhibitory Action of Somatostatin on cAMP Dependent Pepsinogen
Secretion from Rat Gastric Chief Cells: Involvement of Pertussis
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We examined the inhibitory effect of somatostatin on pepsinogen secretion using isolated rat gastric chief cells.
Secretin and forskolin significantly increased not only pepsinogen secretion from chief cells but also cellular cAMP
accumulation in a dose-dependent fashion. Somatostatin significantly inhibited secretin- and forskolin-induced
pepsinogen secretion and secretin-induced cellular cAMP accumulation. However, forskolin-induced cellular cAMP
accumulation was not inhibited by somatostatin. The inhibitory effect of somatostatin on secretin- induced pepsinogen
secretion was abolished by pretreatment with pertussis toxin, but inhibition of forskolin-, carbachol- and
cholecystokinin octapeptide-induced pepsinogen secretion was not. These results suggest that somatostatin inhibits
pepsinogen secretion in two ways, one is closely related to the pertussis toxin-sensitive G-protein and the other is

not determined.
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By recent advancements in radioimmunoassay and
immunohistochemical techniques, it has been clarified that
somatostatin is widely distributed in the nervous and
digestive tissues. Actions of somatostatin are known to
include the suppression of the secretion of a number of
hormones, and inhibition of pancreatic and gastric
secretion.!*? Therefore, somatostatin was proposed to be
an important physiological regulator of a variety of
secretory phenomena.

The second mediators of gastric acid secretion were
made clear using isolated parietal cells; that is, histamine
stimulates acid secretion via cellular cAMP production,®
and carbachol and gastrin do it via an intracellular Ca**
concentration ([Ca®*]i) increase.¥ Many investigators,
including us, have confirmed that somatostatin inhibits
histamine-, carbachol- and gastrin-induced acid secre-
tion.>*® On the inhibitory mechanisms, somatostatin
attenuates the stimulatory effects of such secretagogues as
changes in cellular cAMP levels, similarly to histamine. It
has been reported that the effects of somatostatin are
abolished when cells are preincubated with pertussis toxin,
which uncouples an inhibitory guanine nucleotide binding
(Gi) protein.>~ " So, the attenuation of acid secretion by
somatostatin engages with the activation of Gi proteins.

During the past decade, signal-transduction mechanisms
of pepsinogen secretion have been studied using isolated
gastric chief cells from the guinea pig® and canine.” Two
pathways of the signal-transduction mechanisms have
now been established in the chief cells. Carbachol and
cholecystokinin (CCK) induce a [Ca?*]i increase,'® and
secretin and vasoactive intestinal peptide induce cellular
cAMP production.!? Concerning the mechanism of ac-
tion of somatostatin on pepsinogen secretion, there is a
report that it inhibits pepsinogen secretion via a cAMP-
independent pathway in frog esophageal mucosa peptic
cells.!?) However, somatostatin receptors and its signal-
transduction mechanism in chief cells from the mammalian
stomach have not yet been characterized. Although rats
have been used for various models of gastric ulceration

and the evaluation of anti-ulcer drugs, investigations of
pepsinogen secretion from rat chief cells are few. In our
prior report, we described the effects of somatostatin on
secretagogue-induced pepsinogen secretion and [Ca%*7]i
increase in enriched rat chief cells.!® In this report, we
examined the effects of somatostatin on secretagogues-
induced pepsinogen secretion in the presence or absence
of pertussis toxin and cellular cAMP production using rat
gastric chief cells.

MATERIALS AND METHODS

Chemicals Carbamylcholine chloride (carbachol), bo-
vine serum albumin (BSA) (fraction V), forskolin,
3-isobutyl-1-methylxanthine (IBMX) and pertussis toxin
were purchased from Sigma Chem. Co. (St. Louis, U.S.A.).
Cholecystokinin octapeptide (CCK-8), somatostatin and
secretin were from Peptide Institute Inc. (Osaka).
Histamine dihydrochloride, tetragastrin, Dispase I®, and
Percoll® were from Wako Pure Chemical Industries
(Osaka), MECT Co. (Tokyo), Godo Shusei Co. (Tokyo)
and Pharmacia LKB Biotechnology (Uppsala, Sweden),
respectively. All other reagents were of the best commercial
quality available.

Isolation of Gastric Chief Cells Dispersed chief cells
from the rat stomach were prepared by a Percoll gradient
centrifugation after isolation from a reversed stomach with
Dispase I as described previously.!?

Culture of Gastric Chief Cells Obtained gastric chief
cells were cultured with a mixture of Dulbecco’s modified
Eagle’s minimum essential medium and Ham’s F-12 (1: 1)
containing 10% fetal calf serum on collagen coated plas-
tic dishes at 37°C in a CO, incubator as described
previously.'®

Measurement of Released Pepsinogen and Cellular
cAMP Pepsinogen concentration was measured by the
avidin-biotin complex enzyme-linked immunosorbent
assay (ELISA). Pepsinogen release was expressed as a
percentage of total cellular pepsinogen which was es-

© 1994 Pharmaceutical Society of Japan

NII-Electronic Library Service



416

timated after the freezing and thawing of cultured cells.
Cellular cAMP was extracted with 6% trichloroacetic acid
from chief cells. cCAMP was measured by a Yamasa cAMP
assay kit.

RESULTS

Effects of Secretagogues on Pepsinogen Secretion and
Cellular cAMP Accumulation Dose-response curves of
pepsinogen secretion from cultured chief cells by stimu-
lation of some secretagogues are shown in Fig. 1. Car-
bachol, CCK-8, secretin and forskolin significantly stimu-
lated pepsinogen secretion in a dose-dependent fashion
at doses above 1x1077, 1x1071° 1x1071° and 1x
1075 M, respectively. However, the responses induced by
histamine and gastrin were small.

Time courses of secretin and/or IBMX on cAMP
accumulation in dispersed chief cells are shown in Fig. 2.
The separate addition of IBMX (1 x 10~*m) and secre-
tin (1 x 10~ ®m) did not induce cellular cAMP accumula-
tion. However, the combined addition of both secretin
and IBMX rapidly accumulated cellular cAMP, within
5min, and the accumulation reached a plateau by 10
min. Next, we estimated the incubation condition as fol-
lows: cells were incubated with a secretagogue at
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Fig. 1.
Cells

Cells were incubated with carbachol (@), CCK-8 (A), forskolin (Q), secretin (A),
histamine (ll) and gastrin ((J) for 30 min at 37 °C, and then pepsinogen in a medium
was measured by ELISA. Each value is the mean + S.E. of 5 separate experiments.
a) p<0.05, b) p<0.01.
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Fig. 2. Time Courses of cCAMP Accumulation Induced by Secretin
and/or IBMX in Chief Cells

Cells (2 x 108 cells/ml) were incubated with vehicle (O), IBMX (1 x 10 M) (A),
secretin (1 x 10~% m) (M), or IBMX (1 x 107 M) plus secretin (1 x 1078 m) (@) for
5, 10, 20 and 30 min at 37 °C. Cellular cAMP was measured by the method described
in this text. Each value is the mean+S.E. of 3 separate experiments.
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37°C for 10min in the presence of IBMX (1 x 10~ *m).
The dose-response curves of some secretagogues on cel-
lular cAMP accumulation in freshly dispersed chief cells
are shown in Fig. 3. Secretin and forskolin significantly
stimulated cellular cAMP accumulation in a dose-depen-
dent fashion at doses above 1x107!° and 1x 107 %M,
respectively. The dose-response curves of cellular cAMP

- N W s OO~
T

cAMP (pmol/10® cells)

o o
- N
T

41 -0 -9 8 7 6 5 -4
.Concentration (logm )

o

Fig. 3. Effects of Secretagogues on cAMP Accumulation in Chief
Cells
Cells were incubated with carbachol (@), CCK-8 (A), forskolin (Q), secretin

(A), histamine () and gastrin ((J) for 10min at 37 °C in the presence of IBMX
(1 x 10~ *m). Each value is the mean +S.E. of 4 separate experiments. @) p<0.01.
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Fig. 4. Effects of Somatostatin on Secretin- and Forskolin-Induced
cAMP Accumulation in Chief Cells

Cells were preincubated with somatostatin for Smin, and then incubated with
secretin (@, 1x107°M; A, 1x107%M) or forskolin (O, Ix1075m; A,
1x10"*m) for 10min at 37°C. Each value is the mean+S.E. of 4 separate
experiments.
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Fig. 5. Effects of Somatostatin on Secretin- and Forskolin-Induced
Pepsinogen Secretion from Chief Cells

Cells were preincubated with indicated concentrations of somatostatin for
15min, and then incubated with secretin (1 x 10~ 8m) (@), forskolin (1 x 10™%m)
(A) or secretin (1 x 1078 M) plus IBMX (1 x 10~* M) (O) for 30 min at 37°C. Each
value is the mean+S.E. of 5 separate experiments. a) p <0.05, b) p<0.01.
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TasLe 1. Effects of Somatostatin on Secretagogue-Induced Pepsinogen Secretion from Chief Cells in the Presence or Absence of Pertussis Toxin

Pepsinogen secretion (% total)

Secretagogue — Pertussis toxin + Pertussis toxin
None Somatostatin None Somatostatin
None 1.06 +0.20 0.99+£0.34 1.00+0.12 0.92+0.16
Secretin (1 x 1078 m) 3.96+0.32 2.55+0.22% 3.701+0.41 4.47+0.38
Forskolin (1 x 10™*m) 4.61+0.38 3.1340.34% 4.49+0.31 3.4140.259
Carbachol (1 x 1073 m) 3.99+0.28 3.1140.279 3.78+0.18 3.0440.159
CCK-8 (1x10™%m) 3.9410.27 3.1540.21% 4.16+0.42 3.03+0.229

After pretreatment with pertussis toxin (100 ng/ml) for 24 h, cells were preincubated with or without somatostatin (1 x 10~ % M) for 15min and then incubated with

secretagogues for 30 min at 37°C. Each value is the mean +S.E. of 5 separate experiments.

accumulation induced by secretin or forskolin are par-
alleled pepsinogen secretion from cultured chief cells
(Fig. 1). Other tested secretagogues did not stimulate
cellular cAMP accumulation.

Effects of Somatostatin on Secretin- and Forskolin-
Stimulated Pepsinogen Secretion and Cellular cAMP
Accumulation - The effects of somatostatin on cAMP
accumulation induced by secretin (1 x 1078 and 10~ m)
and forskolin (1x10™% and 107 °wm) in chief cells are
shown in Fig. 4. Chief cells were incubated with each
secretagogue after preincubation with various concentra-
tions of somatostatin for Smin at 37 °C. Somatostatin at
the concentration of 1 x 10~ ®m decreased the stimulatory
effect of secretin (1 x 1078 and 10~ °m)-induced cellular
cAMP accumulation to 73 and 70%, respectively. The
stimulatory effect of forskolin-induced cellular cAMP
accumulation was not influenced by somatostatin.

The inhibitory effects of somatostatin on pepsinogen
secretion induced by secretin and forskolin were measured
(Fig. 5). Induced pepsinogen secretions were inhibited by
somatostatin in a dose-dependent manner. Significant
inhibitions were observed at doses above 1x 10~ 8wm of
somatostatin to secretin and above 1x1077M of so-
matostatin to forskolin.

Effect of Pertussis Toxin on the Action of Somato-
statin  Effects of somatostatin on secretagogues-induced
pepsinogen secretion were examined (Table I) after chief
cells were cultured with pertussis toxin (100ng/ml) for
24 h. Pepsinogen secretion induced by secretagogues was
not affected by pretreatment with pertussis toxin. Also,
the inhibitory effects of somatostatin on forskolin-,
carbachol- and CCK-8-induced pepsinogen secretion were
not affected by the pretreatment. However, the inhibitory
effect of somatostatin on secretin-induced pepsinogen
secretion was reversed by the pretreatment.

DISCUSSION

Since Soll et al. studied pepsinogen secretion using
isolated gastric chief cells from the canine stomach,”
and Raufman ef al. developed it using the same kind of
cells from the guinea pig,® many studies on pepsinogen
secretion have been reported using these cells.!®114)
Although the rat has been used mostly for various models
of experimental gastric ulceration, evaluation of anti-ulcer
drugs, and in vivo experiments of gastric acid and

a) p<0.05, b) p<0.01.

pepsinogen secretion, studies on pepsinogen secretion
using rat chief cells are few. Considering the above facts,
we tried to study the mechanism of pepsinogen secretion
using isolated chief cells from the rat stomach. After
improving an isolation procedure, we succeeded in
attaining enough gastric chief cells which responded to
secretagogues. However, we were not able to obtain stably
responsive cells on pepsinogen secretion. We used chief
cells in two different ways: freshly isolated cells for study
of the signal-transduction mechanisms, and cultured cells
for those of pepsinogen secretion.!®

Raufman reported that secretin and IBMX, an inhibi-
tor of cyclic nucleotide phosphodiesterase, stimulated cel-
lular cAMP production in guinea pig chief cells, even
though they were added independently.!!'!® In the present
paper, we showed that neither secretin nor IBMX alone
increased cellular cAMP accumulation, but the combin-
ed use of both drugs did cause an increase. These results
indicated that the phosphodiesterase activity in rat chief
cells may be higher than that in the guinea pig cells.

Somatostatin is known to be a physiological inhibitor
of gastric secretion. There are many reports which have
dealt with the effects of somatostatin on cellular
cAMP.3:%19 We showed that the second mediator of
secretin-induced pepsinogen secretion from rat chief cells
is cellular cAMP. Pepsinogen secretion was stimulated by
forskolin, which is a direct activator of cAMP production
and binds to the catalytic unit of adenylate cyclase.
Somatostatin inhibited forskolin-induced pepsinogen
secretion, although it did not decrease the production of
cellular cAMP stimulated by forskolin. Somatostatin
inhibited not only secretin-induced pepsinogen secretion
but also the production of cellular cAMP in a dose-
dependent fashion. Yet, the inhibitory effect of somato-
statin on pepsinogen secretion was abolished after pre-
treatment with pertussis toxin. These data obviously
indicate that the somatostatin receptor is related to the
pertussis toxin-sensitive G-protein. The action of somato-
statin on forskolin-induced pepsinogen secretion was not
attenuated by pertussis toxin. Those results suggest that
the inhibitory mechanisms of somatostatin may also be
related to a route other than via the pertussis toxin-sensitive
G-protein. In our previous report, we showed that
somatostatin inhibited carbachol- and CCK-8-induced
pepsinogen secretion, but did not inhibit carbachol- or
CCK-8-induced [Ca?*]Ji increases.!® Needless to say, the
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inhibitory effects of somatostatin on carbachol- and
CCK-8-induced pepsinogen secretion was not attenuated
by pretreatment with pertussis toxin. Similar results were
reported using isolated canine gastric parietal cells.®) On
the other hand, some reports were contradictory to ours,
suggesting that somatostatin inhibited the basal and
bombesin-stimulated phosphatidyl inositol turnover in
isolated rat pancreatic acinar cells and also inhibited a
norepinephrine-induced [Ca?* Ji increase in rat medullary
carcinoma cells, in which these actions of somatostatin
were attenuated by pertussis toxin.'”"'® In this paper, we
showed that somatostatin inhibits pepsinogen secretion
via a pertussis toxin-sensitive G-protein and other
unknown mechanisms.
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