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Role of intracellular Ca2+ and the calmodulin
messenger system in pepsinogen secretion from
isolated rabbit gastric mucosa

T Miyamoto, M Itoh, Y Noguchi, K Yokochi

Abstract
Both carbachol (10-4-10-3 mol/h) and chole-
cystokinin octapeptide (CCK-8) (10-8_10-6
moVI) significantly stimulated the release of
pepsinogen from rabbit gastric mucosa main-
tained in organ culture (213-216% and 143-
261% of control, respectively, p<005-001).
The secretion was not affected by removing
Ca2+ from the culture medium with ethylene
glycol tetra-acetic acid. Verapamil failed to
inhibit the secretion of pepsinogen induced by
the drugs in ordinary culture medium contain-
ing Ca2+. In contrast, nicorandil (10-6-
10-4 mol/1) attenuated the release of pep-
sinogen by the drugs in a dose dependent
manner, regardless of the presence or absence
ofCa2+ in the culture medium. W-7 (10-6_10-4
moth) and W-5 (10-5 and 10-4, or 10-6 moth)
reduced significantly the secretion of pep-
sinogen induced by carbachol (53-71% and 63-
81% of control, respectively, p<0-05-0.01) and
that by CCK-8 (49-67% and 66-76% of control,
respectively, p<001) in the Ca2+ containing
medium. However, W-7 did not show signifi-
cant inhibition of cyclic adenosine mono-
phosphate (cAMP) and forskolin induced
pepsinogen secretion. These findings indicate
that the calmodulin messenger branch that is
activated by a rise of intraceliular Ca2+
mobilised in cytosol from its intraceliular, but
not extraceliular, source plays a critical role in
pepsinogen secretion induced by carbachol
and CCK-8. It seems likely that an increase in
cAMP in cytosol does not provoke any
calmodulin mediated pepsinogen secretion.
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Gastric pepsin is an aggressive factor in the
development of peptic ulceration as is gastric
acid. The mechanism by which gastric acid is
secreted by the parietal cells has been investi-
gated extensively by methods based on the
established stimulation-receptor coupling con-
cept' but how pepsinogen is secreted by the
gastric chief cells is less well defined. It was
recently shown that carbachol and cholecysto-
kinin octapeptide (CCK-8) are potent secretago-
gues for total pepsinogen secretion mediated by
calcium ions (Ca +).2 3Since it is unclear whether
extracellular or intracellular Ca2+ is responsible
for the pepsinogen secretion, we examined this
using a calcium channel blocker and an intra-
cellular calcium antagonist. In the intracellular
calcium messenger systems, the calmodulin
branch and the calcium activated protein kinase
(C-kinase) branch have generally been recog-
nised as modulators of cell responses.4 Calmo-
dulin, a calcium receptor protein universally

present in eukaryotes, forms an active complex
with Ca2+, activating enzymes and culminating
in physiological cell responses.4'5 The role of this
messenger branch has been partially defined in
pancreatic islet ,B cells, blood platelets, and
smooth muscle,4 but its part in the secretion of
pepsinogen by the gastric chief cells has not been
fully investigated. We have therefore assessed
the role ofthe calmodulin pathway in the calcium
dependent secretion of pepsinogen using calmo-
dulin antagonists.

Methods

ORGAN CULTURE TECHNIQUE
Organ culture was performed according to the
method previously described.6' New Zealand
albino rabbits weighing 1 5-2-0 kg were fasted
overnight and anaesthetised by intravenous in-
jection of 15-20 mg/kg of pentobarbital sodium.
The abdomen was opened and the stomach was
removed, opened along the greater curvature,
and washed in cold saline (015 molIl, pH 6 4).
Gastric mucosal specimens (2 mm2 including the
submucosal layer) were excised from the corpus.
Four specimens were placed with their mucosal
surfaces upwards on a stainless steel grid in a
plastic organ culture dish (Falcon Plastics,
USA). The culture medium contained 80%
Trowell T-8, 10% National Cancer Institute
Tissue Culture (NCTC)-135, and 10% fetal calf
serum. Penicillin G was added to the culture
medium at a dose of 100 U/ml. In this 'ordinary'
medium, the final concentration of total calcium
(Ca2+) measured was 1-5 mmol/l. Organ cultures
were incubated at 37°C for 60 minutes in a sealed
stainless steel jar in 95% 02-5% CO2 at atmos-
pheric pressure. Ca2+ free medium used in the
drug studies was prepared by chelating Ca2+
from the ordinary medium with 0-2 mmol/l
ethyleneglycol-bis-[b-aminoethylether]-N,N'-
tetra-acetic acid (EGTA).

DRUGS
Drugs used were carbamylcholine chloride
(carbachol); CCK-8; forskolin, an activator of
adenylate cyclase; 5-[(3,4-dimethoxyphenethyl)
methylamino] -2- [3, 4-dimethoxyphenyl] -2-iso-
propylvaleronitrile hydrochloride (verapamil), a
calcium channel blocker of cell membrane; N-2-
[hydroxyethyl]-nicotinamide nitrate (nicor-
andil), an intracellular calcium antagonist;
dibutyryl cyclic adenosine monophosphate (db-
cAMP); N-[6-aminohexyl]-5-chloro-1-naphtha-
lenesulfonamide (W-7), a specific calmodulin
antagonist; and N-[6-aminohexyl]-1-naphtha-
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lenesulfonamide (W-5), a chlorine deficient
derivative ofW-7.

Forskolin and EGTA were dissolved in 0 5%
ethanol and 1N NaOH, respectively, and other
drugs in saline. The pH of all drug solutions was
adjusted to 7-4 with 0O1 N HC1 or 0-I N NaOH.
The drugs were then added alone or in combina-
tion to the medium of each experiment listed
below. Saline served as control in each experi-
ment.

(1) Carbachol (10-610-3 mol/l), CCK-8
(10--10-6 mol/l) or forskolin (10-7_10-4
mol/l);

(2) Carbachol (10-4 molIl) or CCK-8 (10 8
mol/l) plus verapamil (10-6-10-4 mol/l);

(3) Carbachol (10-4 mol/l) or CCK-8 (10-8
mol/l) plus nicorandil (10-6_10-4 mol/l);

(4) Carbachol (10-4 mol/l) or CCK-8 (10-8
mol/l) plus W-7 (10-6_10-4 mol/l) orW-5 (10-6_
10-4 mol/l);

(5) Forskolin (10-5 mol/1) or db-cAMP (10-3
mol/l) plus W-7 (10-6_10-4 mol/).
The carbachol and CCK-8 studies in experi-

ments 1 and 3 were performed in both the Ca2+
containing 'ordinary' and the Ca2+ free media.
In the db-cAMP study the basal secretion of
pepsinogen was also examined in adding saline to
the medium in place ofdb-cAMP.
The drugs tested were obtained from the

following sources: carbachol, EGTA, W-7,
W-5, and db-cAMP - Sigma Chemical, USA;
CCK-8 - Peptide Institute, Japan; forskolin
- Calbiochemical Co, USA; verapamil -
Eizai Pharmaceuticals, Japan; nicorandil -
Chugai Pharmaceuticals, Japan; penicillin G -
Banyu Pharmaceuticals, Japan; Trowell T-8,
NCTC-135, and fetal calf serum - Grand Island
Biologic Co, USA.
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Concentration (mol/1)
Dose response in relation to cholecystokinin octapeptide (CCK-8), carbachol, andforskolin
stimulation ofpepsinogen secretion. In each experiment each value was determined in duplicate
and results are given as mean (SEM)fromfive separate experiments with CCK-8 and carbachol
andfrom six with forskolin. Data are expressed as a percentage ofthe control value, which was
calculatedfrom total pepsinogen contentfromfive to six untreated culture wells. Actual control
values ofCCK-8, forskolin, and carbachol were 1 34 (0 05), 1 40 (0 10), and I 95 (0 17) pg
tyrosine/mg tissue protein, respectively. Horizontal lines and vertical bars represent I SEH.
Significantly differentfrom the respective base lines: *p<001, fp<0U05.

MEASUREMENT OF PEPSINOGEN ACTIVITY
Pepsinogen secretion was determined as des-
cribed previously67 and expressed as [tg tyrosine
per mg of tissue protein determined by the
method of Lowry.8

STATISTICAL ANALYSIS
In each experiment, each value was determined
in duplicate, and results were expressed as mean
(SEM). The one way analysis of variance
(ANOVA) and the Dunnett test were used for
comparison ofeach value with its control value in
each experiment except for the db-cAMP study
in experiment 5. Multiple comparison of data
from the db-cAMP study was performed using
ANOVA and the Scheffe test. The Wilcoxon
rank sum test was employed for comparison of
actual values or increased rates of pepsinogen
release obtained by the same concentration of
drug from the Ca2" containing medium with
those from the Ca2" free medium in the dose
response studies for carbachol and CCK-8.
Probability values of <0'05 were considered to
be significant.

Results

STIMULATION OF PEPSINOGEN RELEASE BY
CARBACHOL, CCK-8, AND FORSKOLIN
Carbachol significantly stimulated the secretion
of pepsinogen at concentrations of 10 and
10 3 mol/l (p<0-01), and CCK-8 at 10-8 mol/l
(p<005) and above (p<0-01) when compared
with controls. Forskolin also significantly
enhanced the secretion of pepsinogen at concen-
trations of 10-5 and 10-4 mol/l (p<0O01)
(Figure). Even in the Ca2+ free medium con-
taining EGTA, carbachol, and CCK-8, each
enhanced pepsinogen secretion in a dose depen-
dent manner. In particular, carbachol at 10-4
(p<O0O5) and 10 mol/l (p<0-0l) and CCK-8 at
10-8 mol/l and above (p<001) significantly
enhanced the secretion of pepsinogen compared
with controls. When the pepsinogen release from
the Ca2+ containing and Ca2+ free media was
compared there was no significant difference in
the percentage increases induced by the same
concentration of drug in either medium in the
carbachol and CCK-8 studies (Table I). The
actual releases induced by 10-4 mol/l and 10-3
mol/l of carbachol in the Ca2+ containing
medium were, however, significantly greater
(p<005 and <0-01, respectively) than those in
the Ca2+ free medium. The greater pepsinogen
secretion induced by 10-4 mol/l of carbachol in
the Ca2+ containing medium (Table I) compared
with values in Tables II-IV may be attributable
to the large basal value, which was probably a
result of different experimental conditions.

EFFECTS OF VERAPAMIL AND NICORANDIL
Verapamil did not affect the pepsinogen secre-
tion stimulated by either CCK-8 or carbachol
(Table II). Nicorandil, however, inhibited the
secretion of pepsinogen induced by the drugs in
a dose dependent manner, both in the Ca2+
containing and Ca2+ free media (Table III). In
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TABLE I Pepsinogen secretion induced by different concentrations ofcarbachol and
cholecystokinin octapeptide (CCK-8) in Ca21 containing (+) and Ca2+ free (-) media.
Values, mean (SEM) pg tyrosinelmg tissue protein or % ofcontrol value

Carbachol (molll)

o lo-, 10-4 lo-,
Ca2+(+)(n=5) 1-95(0-17) 2 90(0-36) 4-16(0-38)* 4-21 (0-49)*

(100 (9)%) (149 (17)%) (213 (19)%) (216 (26)%)
Ca2 (-)(n=6) 1-44(0-19) 2-18(0 36) 2-72(0 28)t 2-86(0 28)*

(100 (15)%) (151 (28)%) (189 (21)%) (199(21)%)

CCK-8 (molll)
0 10-8 1o-7 10-6

Ca2(+) (n=5) 1-34 (0 05) 1-91 (0-21)t 2-96 (022)* 3 50 (0-32)*
(100 (8)%) (143 (14)%) (221 (15)%) (261 (22)%)

Ca2 (-)(n=6) 1-47 (0 06) 2-28 (0 06)* 2.56 (0-12)* 3 05 (0 25)*
(100 (4)%) (155 (4)%) (174 (8)%) (207 (16)%)

n-=number of experiments performed to determine each value in each experiment.
*p<0-01, tp<005, significantly different from the respective (ANOVA and the Dunnett test). The
actual value of pepsinogen secretion induced by 10-4 and 10-3 mol/l of carbachol in the Ca2+(+)
medium was significantly greater (p<0 05 and <0-01 respectively) than the value induced by the same
concentration of the agent in Ca2+ (-) medium. When expressed as percentages, however, there were
no significant differences between the increased rates of pepsinogen secretion induced by the same
concentration ofdrug in the Ca2+ (+) and Ca2+ (-) media in either the carbachol or CCK-8 studies
(Wilcoxon rank sum test).

TABLE II Effect ofverapamil on pepsinogen secretion induced by carbachol and
cholecystokinin octapeptide (CCK-8) in the Ca2+ containing (+) medium. Values, mean
(SEM) [tg tyrosinelmg tissue protein

Verapamil (mol/l)

Secretagogues 0 1o-6 l1-, 10-4

Carbachol (10-4 mol/l) (n=6) 2-13 (0-11) 1-66 (0 08) 2-06 (0-13) 1-08 (0-11)
(100%) (78%) (97%) (85%)

CCK-8 (10 mol/l) (n=6) 1-89 (0-18) 1-83 (0-11) 1-90 (0-17) 1-85 (0-16)
(100%) (97%) (101%) (98%)

n=number of experiments performed to determine each value in each experiment. Percentage of
control value calculated from the mean value is given in parentheses. No value shows significant
difference from the respective control (ANOVA and the Dunnett test).

TABLE III Effect ofnicorandil on pepsinogen secretion induced by carbachol and CCK-8 in
the Ca2+ containing(+) and Ca2+ free (-) media. Values, mean (SEM) jigtyrosine/mgtissue
protein

Nicorandil (molll)

Secretagogues Medium 0 10-6 l1-, 10-4

Carbachol (10-4 mol/l) Ca2+ (+) 2-10 (0 07) 1-82 (0 24) 1-65 (0-13) 1-18 (0-14)*
(n=6) (100%) (87%) (79%) (56%)

Ca` (-) 2-05 (0-19) 1-73(0-11) 1.47(0.08)* 1-11 (0-13)*
-8Mol/) (=n-6) (100%) (84%) (72%) (54%)

CCK-8(I0 Ca +(+) 1-60(0-12) 1-15 (0-05)* 1-10(0-04)* 088(007)*
(n=6) (100%) (72%) (69%) (55%)

Ca +(-) 2-13(0-22) 1-89(0-22) 1-47(0-10)* 1-33(0-04)*
(n=6) (100%) (89%) (69%) (62%)

n-=number of experiments performed to determine each value in each experiment.
Percentage of control value calculated from the mean value is given in parentheses.
*p<0-01 significantly different from the respective controls (ANOVA and the Dunnett test).

TABLE IV Inhibition by calmodulin antagonists N-[6-aminohexyl]-5-chloro-1-
naphthalenesulfonamide (W-7) and N-[6-aminohexyl]-l-naphthalenesulfonamide (W-5) of
pepsinogen secretion induced by carbachol and CCK-8 in the Ca2+ containing ordinary
medium. Values, mean (SEM) pg tryrosinelmg tissue

Calmodulin antagonists (molil)
0 10-6 lo-, 10-4

Carbachol (10-4 mol/l)
+ W-7 (n=6) 2-33 (0-16) 1-66 (0-10)* 1 59 (0 10)* 1-23 (0 07)*

(100%) (71%) (68%) (53%)
+ W-5(n=6) 2-16(0-12) 1-74(0 14)t 1-72(0 03)t 1-36(0-10)*

(100%) (81%) (80%) (63%)
CCK-8 (10-8 mo/l)
+ W-7 (n=6) 2-69(0-19) 1-79 (0.03)* 1-62 (0-12)* 1-33 (0-09)*

(100%) (67%) (60%) (49%)
+ W-5 (n=6) 1-66(0 09) 1-56 (0-13) 1-26 (0.06)* 1-10 (0.07)*

(100%) (94%) (76%) (66%)

n=number of experiments performed to determine each value in each experiment.
Percentage of control value calculated from the mean value is given in parentheses.
*p<0-01, tp<0 05 significantly different from the respective controls (ANOVA and the Dunnett
test).

the Ca2+containing medium, 10-4 mol/l of nico-
randil significantly reduced pepsinogen secre-
tion induced by carbachol to 56% of control
(p<0 01). Concentrations of 10-6, 10-5, and
10-4 mol/l of nicorandil also significantly atten-
uated the secretion of pepsinogen induced by
CCK-8 to 72, 69, and 55% of control, respec-
tively (p<0 01). In the Ca2+ free medium,
nicorandil at concentrations of 10-5 and 10-4
mol/l significantly reduced the amount ofpepsin-
ogen secreted in response to carbachol to 72%
and 54% of control respectively (p<0 01); the
values in response to CCK-8 were 69% and 62%
of control, respectively (p<0 01).

EFFECTS OF W-7 AND W-5
Concentrations of W-7 ranging from 10-6 to
10-4 mol/l significantly reduced the secretion of
pepsinogen stimulated by carbachol and CCK-8
in a dose dependent manner from 71-53% and
67-49% of control values respectively (p<0 01)
(Table IV). W-5 at concentrations of 10-6
(p<005), 10-5 (p<0 05), and 10 -4 mol/l
(p<0 01) significantly attenuated the secretion
of pepsinogen stimulated by carbachol to 81%,
80%, and 63% of control values respectively.
Concentrations of 10-5 and 10-4 mol/l of W-5
also reduced significantly the secretion of
pepsinogen induced by CCK-8 to 76% and 66%
respectively (p<0 01) (Table IV). However,
W-7 at the concentrations tested did not show
significant inhibition of pepsinogen secretion
enhanced by forskolin (Table V). In the db-
cAMP study, the basal value obtained by saline
added to the medium in place of db-cAMP was
1-17 (0 02) [ig tyrosine/mg tissue protein, which
was significantly smaller than the value induced
by db-cAMP alone (F<0 01) and db-cAMP plus
10-6 (p<OOl), 10- (p<OO5), and 10-4 mol/I
(p<0 05) of W-7. There were, however, no
significant differences between values induced
by db-cAMP alone or db-cAMP plus the various
concentrations ofW-7 examined (Table V).

Discussion
These results show that both carbachol and
CCK-8 stimulated the secretion ofpepsinogen in
the Ca2+ containing and Ca2+ free media and
showed similarly increased rates of release. They
indicate that intracellular Ca2+ may be primarily
responsible for the secretion of pepsinogen
induced by the secretagogues. To confirm this,
we undertook studies with verapamil and nico-
randil. Nicorandil is believed to be an antagonist
ofthe mobilisation ofCa2+ bound to intracellular
storage sites.>" In the Ca2+ containing medium,
verapamil showed no effect on pepsinogen secre-
tion induced by either carbachol or CCK-8,
consistent with the observation by Muallem
et all' that La3+ and nifedipine did not affect the
release of pepsinogen induced by carbachol.
They also reported that these calcium channel
blockers did not affect the changes in cytosolic
Ca2+ induced by carbachol and CCK-8. Thus,
the observation in verapamil studies confirms
that extracellular Ca2+ may not be involved in
the carbachol and CCK-8 induced stimulation
of pepsinogen release. On the other hand,
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TABLE V Effect ofN-[6-aminohexyl]-5-chloro-1-napthalenesulfonamide (W-7) on
pepsinogen secretion induced byforskolin and dibutyryl cyclic adenosine monophosphate (db-
cAMP). Values, mean (SEM) pg tryrosinelmg tissue protein

W-7 (moltl)

0 10-6 l-0 10-4

Forskolin (10- 5mol/l)
+ W-7(n=6) 2-34(0 07) 2-51(0-16) 2 52(0 13) 2-13(0-04)

(100%) (108%) (108%) (91%)
db-cAMP (10 3 mol/l)
+ W-7(n=6) 2 15 (0-15) 2 06 (0-15) 1-85(0-17) 1-76(0-14)

(100%) (96%) (86%) (82%)

n=number of experiments performed to determine each value in each experiment.
Percentage of control value calculated from the mean value is given in parentheses.
In the forskolin study, no value was significantly different from the control value (ANOVA and the
Dunnett test). In the db-cAMP study, the values for db-cAMP alone and for db-cAMP plus 10 6
(p<O-Ol), 10 5, and 10- 4 mol/l (p<005) ofW-7 were each significantly greater than the basal value
(1- 17 (0 02) [sg tyrosine/mg tissue protein, (n= 6) obtained by adding saline to the medium in place of
db-cAMP. However, there were no significant differences between the values induced by db-cAMP
alone or db-cAMP plus W-7 (ANOVA and the Scheffe test).

nicorandil significantly inhibited the release of
pepsinogen induced by carbachol and CCK-8,
regardless of the presence or absence of Ca2+ in
the medium, suggesting that intracellular Ca2+ is
primarily responsible for pepsinogen secretion.
Carbachol and CCK-8 have been shown to
increase the free cytosolic Ca2+ content in the
chief cells.'3 In preliminary studies using
monolayers of canine chief cells, Sanders et al'4
showed that N,N-(diethylamino) octyl 3,4,5-
trimethoxybenzoate (TMB-8), a possible
inhibitor of intracellular Ca2+ mobilisation,
reduced the secretion of pepsinogen stimulated
by carbachol. Furthermore, it has been shown
that Ca2+ released from the endoplasmic
reticulum4 may trigger the initial secretion of
pepsinogen when isolated chief cells are stimu-
lated by CCK-8.3 It is thus possible that the
cytoplasmic Ca2+ mobilised from its intra-
cellular stores may play a critical role in the
release of pepsinogen induced by carbachol and
CCK-8.

It has generally been recognised that the
calcium dependent cell response is biphasic in
many tissues, including the gastric chief cells.34
The initial response, which lasts for several
minutes, is believed to be regulated by the
calmodulin messenger branch and the subse-
quent sustained response by the C-kinase
branch.4 Calmodulin, a biologically inactive
receptor protein, is activated by a rapid but
transient rise in cytosolic Ca2+ after the extra-
cellular messenger interacts with its plasma
membrane receptor, and forms an active
calcium/calmodulin complex which in turn
activates many enzymes resulting in the initial
cell response.'5 The calmodulin antagonists, W-7
and W-5, significantly reduced the secretion of
pepsinogen induced by carbachol and CCK-8.
The evidence on the role of calmodulin in
pepsinogen secretion is both limited and contro-
versial. In previous studies,'416 putative calmo-
dulin antagonists such as trifluoperazine (TFP)
and chlorpromazine were studied. According to
Modlin et al,'6 TFP failed to inhibit CCK-8
stimulated pepsinogen release in isolated rabbit
gastric glands and, conversely, TFP itself
significantly enhanced the secretion of pepsin-
ogen. In contrast, Sanders et al'4 observed that
chlorpromazine considerably impaired the
release of pepsinogen in response to carbachol.

The role of intracellular Ca2+ in cholinergic and
CCK-8 stimulation has been extensively studied
in the secretion of amylase by pancreatic islet
cells,'7 whose intracellular control mechanism is
similar to that of gastric chief cells. 8 Calmodulin
was also shown to mediate the response of
pancreatic exocrine cells to secretagogues. 1' W-7
is a potent antagonist which is more selective for
calmodulin than such putative calmodulin
antagonists as chlorpromazine and prenyla-
mine. 16 20 Hence, the present study using
calmodulin antagonists clearly indicates that the
calmodulin branch of the calcium messenger
system is an important pathway for pepsinogen
secretion in response to carbachol and CCK-8
stimulation. The C-kinase branch is another
distinct mechanism responsible for cell response
in the calcium messenger system. Cytosolic free
Ca2+ was shown to be partly involved in this
branch in association with raised diacylglycerol
after coupling of extracellular stimuli with their
receptors.4 This mechanism in pepsinogen
secretion, however, still remains to be defined.

Forskolin (Figure) and db-cAMP (legend to
Table V) each showed a significant stimulation of
pepsinogen secretion. The concentration of db-
cAMP used has previously been shown to be
effective in stimulating pepsinogen release from
the rabbit gastric chief cells.7 The present results
agree with previous observations2 18 21 confirming
that the cAMP messenger system is involved as
another intracellular mechanism in pepsinogen
secretion. On the other hand, the secretion of
pepsinogen induced by forskolin and db-cAMP
was not affected by W-7, suggesting that pepsin-
ogen secretion stimulated by cAMP elevated in
cytosol was not augmented by the calmodulin
messenger branch. It has recently been indicated
that a potentiating interaction for pepsinogen
secretion between the calcium and cAMP
messenger systems may exist.22 Forskolin was
shown to cause large increases in cellular cAMP,
stimulating a rise in cellular Ca2+ in isolated
rabbit gastric glands.'8 A rise in cellular cAMP
was also shown to increase the plasma membrane
influx of Ca2+ via voltage dependent Ca2+
channels of mouse pancreatic 13 cells.23 In
addition, a forskolin induced increase in cellular
cAMP was reported to enhance the response of
pancreatic islet cells to combined A23187-
TPA.24 These previous observations seem to
contrast with our finding that cellular cAMP
increased by forskolin or exogenous db-cAMP
does not influence the calmodulin messenger
branch. Since it is not yet clear whether the effect
ofcAMP on intracellular events can be explained
solely by a cAMP dependent increase in cellular
Ca2+ in the pancreatic islet cells,4 the mechanism
of the interaction between the cAMP and
calcium messenger systems for inducing pep-
sinogen release should be investigated further.
From present results, we conclude that the
calmodulin messenger branch, which is acti-
vated by a rise in intracellular Ca2+ mobilised in
cytosol from its intracellular, but not extra-
cellular source, plays a critical role in the secre-
tion of pepsinogen induced by carbachol and
CCK-8. It seems probable that an increase
in cAMP in cytosol does not provoke any
calmodulin mediated pepsinogen secretion.
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