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In the absence of extracellular Ca 2+ gastrin induced accumulation of amino l l4Clpyrine as an index of acid 
secretion and evoked a cytosolic Ca 2+ rise (measured by q u i n 2 / A M ) ,  suggesting that an intracellular Ca 2 + 
release after the activation of the gastrinergic pathway may trigger acid secretion. In isolated parietal cells 
pretreatment with colchicine or cytochalasin B abolished the amino [ 14C]pyrine accumulation and the rise in 
cytosolic Ca 2+ concentration evoked by gastrin. The results suggest that the microtubular-microfilamentous 
system regulates gastrin-induced intracellular Ca 2 + release and acid secretion. 

In the process of acid secretion from parietal 
cells, cyclic AMP synthesis is a necessary inter- 
mediate event in the histaminergic pathway [1]. In 
contrast, cholinergic stimulation requires the pres- 
ence of extracellular Ca 2 + and causes Ca 2+ influx 
from the extracellular space [2-4]. The second 
messenger of the gastrinergic pathway, however, is 
as yet unknown, although the possibility has been 
documented that gastrin may induce Ca 2+ release 
from intracellular stores [3,5,6]. On the other hand, 
it has been demonstrated that the microtubular- 
microfilamentous system participates in the pro- 
cess of acid secretion since colchicine, vincristine 
and cytochalasin B could abolish the acid secre- 
tion [7,8]. The function of the microtubular-micro- 
filamentous system including tubulovesicular ele- 
ments and secretory canaliculi may be regulated 
by intracellular Ca 2+ [9].Therefore, in this study 
the possible interactions between the intracellular 

Abbreviations: EDTA, ethylenediamine tetraacetic acid; 
Quin2/AM, 2-[2-amino-5-met hylphenoxy]methyl-6-met hoxy- 
8-aminoquinoline-N,N,N',N'-tetraacetic acid tetraacetoxy- 
methyl ester. 

Ca 2 + release and the function of the microtubular- 
microfilamentous system in the parietal cell during 
the stimulation of gastrin have been examined. 

Dispersed mucosal cells from guinea pig gastric 
mucosa (Hartley, male, 350 g weighing) were pre- 
pared by the digestion by collagenase (0.01%) and 
dispase (0.08%) in tissue culture medium (RPMI 
1640) containing 10% fetal calf serum and by brief 
mechanical disruption in EDTA (0.5 mM) in 
Ca2+-Mg 2+ free Krebs-Ringer bicarbonate buffer 
as previously described [5,10]. Then dispersed 
mucosal cells containing parietal, chief, mucous 
neck, somatostatin-producing and other endocrine 
cells were loaded into the Beckman elutriation 
system [10]. A parietal cell enriched fraction was 
obtained with a flow rate of 48 ml /min  and at 
centrifugal speed of 1450 rpm. Parietal cells were 
identified by their large size (diameter > 18 um) 
and their eosinophilic cytoplasm [11]. The abun- 
dance of parietal cells was 85%. Cell viability of 
parietal cells was determined by exclusion of 0.4% 
Trypan blue. After the experiments (described be- 
low) almost 80% of the cells were viable. 

The index of acid secretion was monitored by 
the method of amino [lnC]pyrine accumulation 
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TABLE 1 

THE EFFECTS OF CYTOCHALASIN B A N D  COL- 
CHICINE ON G A S T R I N - I N D U C E D  AMINO[14C]PYRINE 
A C C U M U L A T I O N  IN THE ABSENCE OF EXTRACELL- 
ULAR Ca 2+ 

106 parietal cells were suspended in Ca2+-Mg 2+ free 
Krebs-Ringer bicarbonate buffer with 10 mM N-2-hydroxyeth- 
ylpiperazine-N'-2-ethanesulfonic acid (Hepes) buffer, 0.2% 
bovine serum albumin and 0.2% glucose. In all experiments 
(Table 1 and Table II), the Ca2÷-free medium was prepared by 
omitting CaCI 2 and by adding 1.0 mM EDTA in Krebs-Ringer 
bicarbonate buffer. Mg 2÷ in addition to Ca 2÷ was omitted 
from the medium. 1 ml of cell suspension was preincubated 
with or without indicated agents (10 # g / m l  cytochalasin B 
(CB), 10 t t g /ml  colchicine (COL)) for 20 min at 37°C in an 
atmosphere of 95% 0 2 / 5 %  CO 2 (pH 7.4). Then further incuba- 
tion was done with or without of 10 v M human gastrin-17 
(HG-17) plus 0.l #Ci amino[laC]pyrine for 15 rain at 37°C. At 
the end of the incubation period, the cell suspension was placed 
directly on a Millipore filter (RAWP, 1.2 /tm) under mild 
suction and immediately washed four times with 3 ml of 
ice-cold stop solution which was basically the same as incuba- 
tion buffer. The filter pads were digested by 500 ~1 NCS and 
200 /tl distilled water for 12 h. After adding 8 ml of Aquasol 
samples were counted in a Packard liquid scintillation spec- 
trometer. The amino[laC]pyrine trapped into the cells (106 
parietal cells) was calculated as the percentage of total 
amino[14C]pyrine present in the cells plus the medium (per- 
centage of total). 100% (control) corresponds to the percentage 
of total in non-stimulated cells. Each value represents mean + 
S.E. from three to eight separate experiments. Significant dif- 
ference from human gastrin-17 alone (*P < 0.05) by unpaired 
t-test calculated from percentage of total. 

Agents added Amino[ 14 C]pyrine accumulation 

percentage percentage 
of total of control 

Control 1.35 +0.33 * 100 
HG-I 7 2.45 _+ 0.29 181.9 
HG-17 + CB 1.43 + 0.08 * 106.3 
HG-17 + C O L  1.60+0.10 * 119.2 

[12] ( s e e  T a b l e  I),  a n d  t h e  m e a s u r e m e n t  o f  c y t o -  

s o l i c  C a  2+ w a s  d e t e r m i n e d  b y  t h e  m e t h o d  o f  

q u i n 2 / A M  l o a d i n g  [13] ( s e e  T a b l e  I I ) .  

T a b l e  I s h o w s  t h e  a m i n o  [ ~ 4 C ] p y r i n e  a c c u m u l a -  

t i o n  d u r i n g  15 m i n  u n d e r  s t i m u l a t i o n  b y  10 v M 

g a s t r i n  in  t h e  a b s e n c e  o f  e x t r a c e l l u l a r  C a  2 +. G a s t r i n  

l e d  to  a n  a c c u m u l a t i o n  o f  a m i n o  [ 1 4 C ] p y r i n e  e x -  

c e e d i n g  t h a t  in  n o n - s t i m u l a t e d  ce l l s  b y  a f a c t o r  o f  

1.8.  T h e  a m o u n t  o f  a c c u m u l a t e d  a m i n o [ l a C ] p y r i n e  

d u e  t o  g a s t r i n  a d d i t i o n  w a s  a l m o s t  e q u a l  w h e n  it  

w a s  m e a s u r e d  in  t h e  p r e s e n c e  o f  e x t r a c e l l u l a r  C a  2 + 
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TABLE II 

THE EFFECTS OF CYTOCHALASIN B AND COL- 
CHICINE ON GASTR1N-INDUCED CYTOSOLIC Ca 2+ 
RISE IN THE ABSENCE OF EXTRACELLULAR Ca 2÷ 

The cytosolic free Ca 2÷ concentration was measured by the 
method previously described [13]. Q u i n 2 / A M  (100 /tM) was 
added to cell suspension (5-106 cells/ml) in medium-199 con- 
taining 20 mM Hepes and 0.2% bovine serum albumin and 
incubated for 20 min, the subsequently diluted 5-fold with the 
same medium in order to lower the ester concentration. Further 
incubation was done for 40 min at 37°C in an atmosphere of 
95% 0 2 / 5 %  CO 2 (pH 7.4). After loading of qu in2 /AM,  rinsed 
cell suspension (106 cells) was resuspended in 1 ml of Ca 2÷- 
Mg 2÷ free Krebs-Ringer bicarbonate buffer containing 10 mM 
Hepes, 0.2% bovine serum albumin and 0.2% glucose. Cell 
suspension was preincubated with or without indicated agents 
(10 p~g/ml cytochalasin B (CB), 10 /~g/ml colchicine (COL)) 
for 20 min at 37°C in an atmosphere of 95% 0 2 / 5 %  CO 2. 
Then further incubation (15 min, 37°C) was done with or 
without of 10 7 M human gastrin-17 (HG-17) in a Ca2÷-free 
high K ÷ medium (Ca2+; 0 mM, K+; 108 mM, Na+; 40.6 mM 
in Krebs-Ringer bicarbonate buffer). For measurement of fluo- 
rescence, 1 ml of cell suspension was centrifuged for a few 
second at 10000 rpm and the cells were resuspended in 2 ml of 
Krebs-Ringer bicarbonate buffer and transferried to the cuvette. 
Q u i n 2 / A M  fluorescence was recorded with Hitachi 650-10 LC 
fluorescence spectrometer. The excitation and emission wave- 
lengths were 339 and 492 nm with 4 and 10 nm bandwidths. 
Fluorescence readings are presented in arbitrary units. Cyto- 
solic Ca 2÷ concentration was calculated using the following 
formula [13], [Ca 2 + ]i = 115 nM ( F - Fmi n) / (  Fma x - F).  Cells 
were lysed with sonication and fluorescence at high Ca 2+ (1.3 
mM Ca 2+, Fma 0 and low Ca 2+ (2 mM EGTA, Fml . )  was 
determined. F is the relative fluorescence measurement  of the 
sample. 100% (control) corresponds to the fluorescence in 
non-stimulated cells. Q u i n 2 / A M  was stocked 10 mM in di- 
methyl sulfoxide to a final concentration of 100 #M. Each 
value represents mean + S.E. from three to nine separate experi- 
ments. Significant difference from human gastrin-17 alone (*P 
< 0.05) by unpaired t-test calculated from arbitrary unit. 

Agents added Cytosolic Ca 2 ÷ level 

[ Ca2 + ]i (nM) percentage 
of control 

Control 172.5 + 4.7 * 100 
HG-17 254.1 + 6.9 147.3 
H G - 1 7 + C B  145.4+ 5.8 * 84.3 
HG-17 + COL 178.2 + 18.4 * 103.3 

( p e r c e n t a g e  o f  t o t a l :  C a 2 + - f r e e ,  2 . 45  + 0 . 2 9  ( n  = 6);  

1.3 m M  C a  2÷, 2 . 09  + 0 . 1 4  ( n  = 6)) ,  i n d i c a t i n g  t h a t  

g a s t r i n - i n d u c e d  a c i d  s e c r e t i o n  is  i n d e p e n d e n t  o f  

t h e  p r e s e n c e  o f  e x t r a c e l l u l a r  C a  2÷. A m i n o -  

[ 1 4 C ] p y r i n e  a c c u m u l a t i o n  in  n o n - s t i m u l a t e d  ce l l s  
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was almost  equal  in the presence or absence of 
extracel lular  Ca 2 +, too. In the absence of  extraceli-  
ular  Ca 2+, par ie ta l  cells p re t rea ted  with 10 p , g / m l  
cytochalas in  B or  10 /~g/ml  colchicine failed to 
show the effect of  gas t r in- induced amino[14C] - 
pyr ine  accumulat ion .  Yet the rise in cytosol ic  Ca  2 + 
concen t ra t ion  by  gastr in (10 -7 M) addi t ion  was 
found in a Ca2+-free med ium (f rom 172.5 + 4.7 
nM (n = 9) to 254.1 _+ 6.9 nM (n = 6)) and  coin- 
c ided in t ime with the gas t r in- induced  amino[ ~4 C]- 
pyr ine  accumula t ion  (Table  II). In  the presence of  
extracel lular  Ca 2+, gastr in could  evoke the rise in 
cytosol ic  Ca  2+ concent ra t ion  (percentage com- 
pared  to non-s t imula ted  cells, 216.0 _+ 3.0 (n = 5)) 
only  when extracel lular  N a  + was replaced by  40.6 
m M  choline + (Ca2+; 2.6 mM, K+; 108 mM, Na+;  
0 mM).  The cytosol ic  Ca 2+ rise by  gastr in in a 
Ca2+-free medium was a lmost  40% that  occurr ing 
in the presence of  extracel lular  Ca 2+. Arb i t r a ry  
units  of f luoresence by q u i n 2 / A M  in non-s t imu-  
la ted cells were a lmost  equal in the presence or 
absence  of  ext racel lu lar  Ca 2 +. The  par t ia l  increase 
in cytosol ic  Ca 2+ el ici ted by gastr in in a CaZ+-free 
med ium suggests that  gastr in acts on the release of 
Ca  2+ from an in t racel lu lar  organelle.  In  contrast ,  
the rise in cytosol ic  Ca 2+ concen t ra t ion  by 
cholinergic s t imula t ion  d i sappeared  in the absence 
of  extracel lular  Ca 2+, indica t ing  that  the ac t ion of 
chol inergic  s t imula t ion  is main ly  due to influx of 
Ca 2+ from the extracel lular  space [4-6]. Cyto-  
chalas in  B and  colchicine could also e l iminate  the 
cytosol ic  Ca  2 + rise due to gastrin,  suggesting that  
the in t racel lu lar  Ca  2 + release by  gastr in might  be 

regulated by the mic ro tubu la r -mic rof i l amentous  
system (Table  II). 

In the previous s tudy [5] it has been demon-  
s t ra ted  that  the ionophore  A23187 mimicked  the 
gas t r in-evoked acid secret ion in showing a bi- 
phas ic  pat tern .  The  two phases  differed in their  
requi rement  for extracel lular  Ca 2 +, that  is, the first 
phase  was independen t  of extracel lular  Ca 2+, 
whereas the second one was not, indica t ing  that  
the initial  step of  acid secret ion evoked by  iono- 
phore  A23187 may  be caused by Ca 2+ release from 
an int racel lular  store. This was further substant i -  
a ted by the fact that  the ionophore  A23187 could  

increase the cytosol ic  Ca 2+ concent ra t ion  in a 
Ca2+-free medium.  In this phase  colchicine and 
cytochalas in  B caused an inhibi t ion of ionophore  
A23187- induced cytosol ic  Ca 2+ rise. The require- 
ment  for acid secret ion in vitro and in vivo can be 
d i f ferent ia ted  into one for extracel lular  and one 
for in t racel lu lar  Ca 2+ [14,15]. Cytocha las in  B did 
not  affect the second phase of acid  secret ion which 
required extracel lular  Ca 2+ [7]. This makes it is 
unl ikely that  the observed effects is due to de- 
pr iva t ion  of  glucose [16] or  an a l tera t ion of a 
membrane  receptor  [17]. In conclusion gastr in in- 
duces in t racel lular  Ca 2+ release at the initial  stage 
of acid secretion, and  this Ca 2+ mobi l iza t ion  is 
regulated by the mic ro tubu la r -microf i l amentous  
system. 

References 

1 Jacobson, E.D. and Thompson, W.J. (1976) Adv. Cyclic 
Nucleotide Res. 7, 199-224 

2 Berglindh, T., Sachs, G. and Takeguchi, N. (1980) Am. J. 
Physiol. 239, Gg0-G94 

3 Soil, A.H. (1981) J. Clin. Invest. 68, 270-278 
4 Muallem, S. and Sachs, G. (1985) Am. J. Physiol. 248, 

G216-G228 
5 Tsunoda, Y. and Mizuno, T. (1985) Biochim. Biophys. Acta 

820, 189-198 
6 Muallem, S. and Sachs, G. (1984) Biochim. Biophys. Acta 

805, 181-185 
7 Kasbekar, D.K. and Gordon, G.S. (1979) Am. J. Physiol. 

236, E550-E555 
8 Black, J.A., Forte, T.M. and Forte, J.G. (1982) Gastroenter- 

ology 83, 595-604 
9 Sachs, G., Failer, L.D. and Rabon, E. (1982) J. Membrane 

Biol. 64, 123-135 
10 Soil, A.H. (1978) J. Clin. Invest. 61,370-380 
11 Thompson, J.W., Chang, L.K. and Rosenfeld, G.C. (1981) 

Am. J. Physiol. 240, G76-G84. 
12 Berglindh, T., Helander, H.F. and Obrink, K.J. (1976) Acta 

Physiol. Scand. 97, 401-414 
13 Tsien, R.Y., Pozzan, T. and Rink, T.J. (1982) Nature 295, 

68-71 
14 Kasbekar, D.K. (1974) Proc. Soc. Exp. Biol. Med. 145, 

234-239 
15 Jacobson, A., Schwartz, M. and Rehm, W.S. (1965) Am. J. 

Physiol. 209, 134-140 
16 Mizel, S.B. and Wilson, L. (1972) J. Biol. Chem. 242, 

4102-4105 
17 De Petris, S. (1974) Nature 250, 54-56 


