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SU M MARY 

l The secretory effects of carbachol and the mnophore A-23187 on the 
isolated rabbit  pancreas and rabbzt pancreas fragments are compared m order to 
obtain more insight m the involvement of  calcmm m the st~mulus-secretxon couphng 
of  pancreatm enzyme secretmn 

2 The dwalent cation lonophore A-23187 mimicks the effect of carbachol on 
pancreatm enzyme secretion m both preparatmns 

3 The actmn of  the tonophore is dependent on the presence of extracellulal 
calcmm The carbachol effect is much less dependent on calcmm, as Jt occurs even m a 
Ca 2 +-free medmm containing 10- 4 M ethyleneglycol-bts-(fl-ammoethylether)-N,N'- 
tetraacetm acid 

4 Carbachol causes a marked increase in the 4SCa2+ efflux from pre-loaded 
pancreas fragments in both a normal Krebs-Rlnger bicarbonate medmm and this 
Ca 2 +-free me&urn 

5 Although the tissue still contains about  50 % of its original ~5Ca 2 + content, 
at the t~me of stimulation, the mnophore has httle or no effect on the 45Ca 2+  efl]ux 
This md~cates that the cytoplasmic 4SCa2+ concentratmn ~s very low, and hence that 
most of the 45Ca2+ must be sequestered m one or more mtracellular stores 

6 It ~s concluded that both substances stimulate pancreatm enzyme secretmn by 
increasing the cytoplasmm calcmm concentratmn, through an increase m the calcmm 
permeabd~ty of  the plasma membrane m the case of the mnophore,  and through a 
release of Ca 2 + from mtracellular stores m the case of carbachol 

I N T R O D U C T I O N  

Pancreatic enzyme secretion, stimulated by pancreozymln or chohnergm 
agents, is always accompanied by the secretion of divalent cations, of which Ca 2 + has 

Presented m prehmmary  form at the conference on st~mulus-secretmn couphng m the gastroin- 
testinal tract, Tmsee, May 27-29, 1975 

Abbreviation EGTA,  ethyleneglycol-&s-(fl-amlnoethylether)-N,N-tetraacem, a~.ld 



321 

been most extensively investigated When pancreas tissue preloaded with 45Ca2 + 1S 
stimulated, there is also a transiently increased 4SCa2+ efflux [1-4] By comparing 
Ca 2+ movements in the isolated rabbit pancreas with those in rabbit pancreas 
fragments, we have shown that this 4SCa2+ efflux occurs over the serosal membrane 
and is not associated with the enzymes secreted over the luminal membrane [4] The 
increased 4SCa2+ flux over the serosal membrane can be explained by either of two 
mechanisms an increased permeabihty of the serosal membrane or a release of Ca 2 + 
from mtracellular stores Both mechanisms would result in an increased cytoplasmic 
Ca 2 + concentration 

Previous studies with the divalent cation lonophore A-23187 show that this 
compound also stimulates pancreatic enzyme secretion, probably mediated by an 
increase of the cytoplasmic Ca 2÷ concentration [5-7] It is not known whether the 
lonophore also mimicks the chollnergac effect on the 45Ca2+ efflux 

In order to obtain more insight into the involvement of Ca 2 ÷ in the stimulus- 
secretion coupling of pancreatic enzyme secretion, we have compared the simul- 
taneous effects of carbachol and the lonophore on the efflux of 45Ca2+ and amylase 
from rabbit pancreas fragments preloaded with 4SCa2 + Both stimuli appear to lead 
to an increase in the cytoplasmic Ca 2+ concentration The lonophore increases the 
Ca 2 ÷ permeablhty of the plasma membrane, while carbachol seems to act by a release 
of Ca 2 ÷ from lntracellular stores 

MATERIALS AND METHODS 

Chemtcals Carbachol, the carbamyl analogue of  acetylchohne was purchased 
from Brocades-ACF, Holland 45CAC12 (1 #CI/0 037 mg Ca 2+ per ml) was supplied 
by the Radlochemical Centre, Amersham Insta-gel and Aquasol were obtained from 
Packard Instrument Company, Inc and New England Nuclear, respectively The 
lonophore A-23187, a generous gift of Ell Lilly and C o ,  USA, was dissolved by first 
adding approx 50 #1 acetone/mg and then adding 1 ml ethanol Verapamll (Isoptln) 
and D-600 were obtained from Knoll AG, Ludwigshafen, Germany 

Preparation of  the rabbtt pancreas Male and female New Zealand white 
rabbits, weighing 2-3 kg, are fasted 24 h before the start of  each experiment The 
animals are killed by a blow on the neck, immediately followed by carotlc exsangulna- 
tlon For experiments wlth the Isolated pancreas, the organ is prepared and mounted 
essentially according to Rothman [8] For experiments with pancreas fragments, the 
tissue IS streched between spleen and rectum, and cut into 250 mg (wet weight) 
fragments 

Incubation medtum Both pancreas preparations are incubated in a balanced 
Krebs-Rlnger bicarbonate medium, containing (In mmol/1) Na +, 143 5, K +, 4 9, 
Ca 2÷, 2 5, Mg 2÷, 1 2; HCO-3 ,  25 0, H2PO-4,  1 2, CI-,  130 7, glucose, 5 5 Before 
Incubation the pH of the medium IS adjusted to 7 2 by addition of HC1 During incuba- 
tion the medium is continuously gassed wlth O2/COa (95 5, v/v) and maintained at 
37 °C 

Incubatton and fraction collectton for isolated pancreas The Isolated rabbit 
pancreas is incubated for 1 h after mounting in a bath containing 300 ml incubation 
medium, in order to achieve steady-state condition. After this period the medium is 
replaced by fresh medium The secreted fluid is thereupon collected in 5-mln fractions 
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in pre-welghed plastic counting vmls From each lractlon 10 t~l samples are taken lo~ 
protein and total calcium determination The remaining volume is determined by 
weighing 

Incubation and sample collection for pam reas fragments The pancrea~ frag- 
ments are preloaded for 2 h in 10 ml Krebs-Rmger bicarbonate medmm containing 
100 Ill 45CAC12 (1/tC1/ml) solution and subsequently washed for 15 mm in 300 ml 
Krebs-Rlnger bicarbonate medium to remove adhering radioactivity The washed 
fragments are transferred after fixed periods from one plastic counting ~lal, con- 
talmng 5 ml efflux medium, to another In the mmal (control) phase of the experiment 
five 15-mm efllux periods have been used, while in the later (experimental) phase 
twenty-four 5-mm periods have been used From each vial 300#LI samples are removed 
for the amylase assay The radioactivity left in each vial ~s measured alter mixing the 
efflux medium wlth 10 ml lnsta-gel The composmon of the efflux medium is indicated 
in the figures The radioactivity left m the tissue is determined by means of the internal 
standard method after destruction in Hyamlne hydroxide 10-X (Packard Instrument 
Company, lnc ) The efflux rate of each fraction is calculated as 

k ( m m _ l ) _  dpm rain -~ in sample 

mean dpm in tissue 

Assay method~ Protein concentration in the secreted fluid of the isolated 
rabbit pancreas, serving as a parameter for enzyme secretion, is determ,ned according 
to Lowry et al [9] on a micro scale, using bovine serum albumin (Behrlngwerke) as a 
standard 

Total Ca 2+ concentrations are determined on a micro scale with a calcium 
rapid stat kit (Pierce Chemical Company, USA), by which the blue color of the Ca 2 + 
complex of methylthymol blue is measured 

Amylase activity is determined according to Bernfeld [10] One unit of amylase 
activity is defined as 1 mg maltose liberated in 3 mln at 30 '~C 

The radioactivity present in the collected fractions is measured in a liquid 
sclntfllatmn analyzer (Phlhps) 

RESULTS 

Stuches on the isolated rabbit pancreas 
The secreted fluid (200-800/~l/h), collected from the cannulated duct of the 

isolated rabbit pancreas during incubation m Krebs-Rmger bicarbonate medium, has 
a protein content of 1-3 mg/h and a Ca 2 + concentration of 30-40 ~o of that m the 
bathing medium Addition of 10 -SM carbachol to the bathing medium slightly 
decreases the volume flow, but Increases the secretion of protein and Ca 2 + Prewously 
we have estabhshed that the Ca 2+ content in the secreted fluid ~s provided by an 
extracellular Ca 2 + flux and a protein-associated Ca 2 + flux, which are both increased 
by 10 -5 M carbachol [4] The divalent cation lonophore A-23187 (10 -5 M) mimicks 
the secretory effects of carbachol, but the effects are smaller and tend to last longer 

Calcium requirement of stimulation 
Fig 1A shows the effects of changing the medium composition on tile secretory 

action of the lonophore The protein and Ca z+ contents of the secreted fluid are 
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F~g l Protein and Ca 2+ contents of the secreted fired collected from the cannulated duct of the 
isolated rabbit pancreas The ~solated organ is incubated m normal Krebs-Rmger bicarbonate 
(KRB) medium during the first and the fourth hour and m EGTA medium during the second and 
the third hour of the experiment During the third and the fourth hour 10 -6 M lonophore A-23187 
(A) and 10 -5 M carbachol (C) are added (n ~ 4), whde no addmon have been made m the control 
experiment (B) 

analyzed m 5 - m m  fractions The basal enzyme  secreuon is hardly affected u p o n  
replacing the Krebs-Ringer  bicarbonate m e d i u m  with  a m e d i u m  ( E G T A  m e d m m ) ,  
consist ing o f  Krebs-Ranger bicarbonate minus  Ca 2+ and Mg 2+ to wh ich  1 0 - 4 M  
ethyleneglycoI-bzs-(fl-ammoethylether)-N,N'-tetraacetlc acid ( E G T A )  is added The  
Ca 2 + secreuon is, however,  strongly d iminished  Ttus confirms our previous f inding 
[4] that the basal Ca 2+ concentration o f  the secreted fluid is main ly  dependent  on 
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the  Ca 2+ concentra t ion of the bathing medium Addit ion of 10 -'~ M ionophore  to 
the E G T A  medium has only minor  effects on the protein and Ca 2 ~ contents of the 
secreted fluid Subsequent  Incubat ion in an ionophore-conta lnmg Krebs-Rmger  
b lca ibonate  medium y~elds Increases m the enzyme secretion as well as m the total 
Ca 2+ concentra t ion  ol the secreted ttuld The latter Increase seems to be fa~tei than m 
the control  experiment (Fig I B) This can be explained by the fact that in this case 
Ca 2+ originates from two sources, one dwectly from the bath ~la an extlacellul,tr 
route and one in which Ca 2+ is secreted along with the enzymes In the control 
experiment  the extracellular route contr ibutes most ol the secreted Ca" + 

When towards the end of the experiment the Krebs-Rmger  bicarbonate  
medium is replaced by one lacking Mg 2+ the s t imulat ion of protein and Ca 2+ 
secretion remains unchanged When Ca 2+ Instead of Mg 2+ is omitted, no mclea~e m 
protein and  Ca 2+ secretion is observed (not shown) Changing of the media in the 
absence of a st imulus also results m changes m protein and Ca 2 + secretion but those 
m the protein secretion are relatively small (Fig I B) 

When carbachol is added to the EGTA medium, an immediate increase m 
both protein and Ca 2 + output  is obsei ~ed This suggests that the need for Ca 2 + in the 
medium is much less p ronounced  for carbachol than for the ionophore Subsequent  
incuba t ion  m a carbachol -conta lnmg Krebs-Rmger  bicarbonate  medium does not  
g~ve an addit ional  increase in enzyme secretion but the Ca -,+ concentra t ion rises 
again, however, to a higher level, which is normal  alter s t lmula tmn [4] Control  
experiments show that the small amounts  of acetone and  ethanol added gl th  the 
lonophore  solut ion do not affect the protein and Ca 2 + secretmn 

Erperlments ivtth J abbtt pancrea ~ Jragments 
The lonophore  experiments w~th the isolated rabbit  pancreas suggest that 

pancreatic enzyme secretion can be triggered by an increase of the cytoplasmic Ca 2 + 
concentra t ion,  as seems to be the case m several other secretory processes [11 ] To 
determine the origin of this Ca 2+ on s t imulat ion with chohnerglc agents, we have 
investigated whether the increase is due mainly to an increase in the permeabil i ty of 
the plasma membrane  or to a release of Ca 2 + from lntracellular stores Therefore we 
have c a m e d  out parallel experiments with carbachol and A-23187 on rabbi t  pancreas 
fragments These are used instead of the isolated organ, since in the latter preparat ion 
Ca 2 + movements  over the serosal membrane  cannot  be studied 

The pancreas fragments are incubated for 2 h in the presence of 4~Ca 2+ and  
are then transferred to a series of plastic count ing  vials, each conta in ing  5 ml efflux 
medium The c o m p o s m o n  of the efllux medmm is indicated in the figures The efflux 
of both 45Ca2+ and amylase has been determined The results are described m the 
next two sectmns 

Secretory effects m Krebs-Rmger btcatbonate eJflu r medmm 
The experiment  of Fig 2A shows a mono tone  decrease of the 45Ca 2 + efflux 

in normal  Krebs-Rlnger  b icarbonate  medium, while the amylase efflux remains  
relatively constant  under  these circumstances When  10-5 M carbachol  is added to 
the efflux medium,  there is an immediate,  large increase in both  effluxes The normal  
45Ca2+ efflux rate is restored in abou t  30 m m  after s t imulat ion The amylase efflux 
remains  relatively high dur ing the rest of the experiment The increased 45Ca 2+ 
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Fig  2 Effects  o f  10 -5  M c a r b a c h o l  ( A )  a n d  10 - 6  M i o n o p h o r e  A-23187  (B)  o n  the  4SCa2+ a n d  
a m y l a s e  efftux f r o m  p r e - l o a d e d  rabbi t  p a n c r e a s  f r a g m e n t s  m K r e b s - R m g e r  b i c a r b o n a t e  ( K R B )  

eff lux m e d m m  M e a n  v a l u e s  o f  4 cons i s t en t  e x p e r i m e n t s  

efflux clearly shows that pancreatic Ca 2+ metabohsm is affected upon stlmulatxon by 
chohnerglc drugs Previously [4] we have shown that the 4SCa2+ flux increase re- 
presents a Ca 2 + movement  across the serosal membrane. 

Since 10 -6 and 1 0 - S M  A-23187 appear to have about the same effect on 
pancreas fragments (not shown),  we have m further experiments used the lower 
concentration Addmon  of  1 0 - 6 M  A-23187 to normal Krebs-Rlnger bicarbonate 
efflux medmm has only a slight effect on the 4 S C a 2 +  e f f l u x ,  and gives a small and slow 
increase in the amylase efflux (Fig 2B) 
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Se~ retorv e/fects m EGTA efflu:~ medium followed by dtt,alent ~atton-~ ontammq me,ha 
Since the effect of the ~onophore on the enzyme secreuon ~s more pronounced 

when A-23187 ~s added m E G T A  m e d m m  and Ca 2+ ~s added thereafter [5] v~e have 
apphed the same procedure to study the effects of  carbachol and A-23187 ~n ~abb~t 

10 

8 

6 

4 :  

2 

O 

_c 
E 

i1) ~6 

U 4- 

nl 

o 

lO- 

8- 

6 

4-  

2- 

o 

KRB 

A 2 5 m M  Ca 2° 
1 2 m M  Mg 2° 

"-r- 

B 

] 

c 

E KRB --~ 

L -  _ L f a r b a ~ h ~  _ C a ~ b ~ o r  _ 

O m M C a  2. O m M C a  2 2 5 m M C a  2 

O m M M g  2. O m M M g  2 1 2 m M M g  2" 10 

8 

o 

I . . . . .  - -  Io  ] 
O m M  Ca 2. 

X ~ . o .  

i o ~o-~-u- -i>-- o , 
Q 

i 

i 

i 2 5 r a m  Ca 2. 

'~ 0 mM Mg 2" 

o o45Calclum ~o ~, 

o . . . .  Q A m y l a s e  ~' I 

" 2 o  -6 

-4 
, o ° ° o  

a o , ~ %  
62 

r T d J I , - - O  
1 2 3 

T,me (hrs)  

8 

c 
E 

6 
2 

4 -7- 

>, 

E 
< 

0 

.10 

- 8  

Fig  3 Effects  o f  10 -5 M c a r b a c h o l  o n  the  *sCa  z+ a n d  a m y l a s e  efftux f r o m  p r e - l o a d e d  r a b b i t  
p a n c r e a s  f r a g m e n t s  in  E G T A  m e d i u m  f o l l o w e d  by  d i v a l e n t  c a t i o n - c o n t a i n i n g  m e d i a  2 5 m M  C a  2 + 1 
1 2 r a M  M g  2+ ( A ) , 0 m M C a  z+ ~ 1 2 m M  M g  2+ (B) a n d  2 5 r a M  C a  2 + ~ 0 m M  M g  2+ (C)  M e a n  

va lues  o f  4 c o n s i s t e n t  e x p e r i m e n t s  



327 

p a n c r e a s  f r a g m e n t s  T h e s e  e x p e r i m e n t s  a l s o  s u p p l y  i n f o r m a t i o n  a b o u t  the  i n f l u e n c e  
o f  e x t r a c e l l u l a r  C a  2 + a n d  M g  2+ o n  the  4SCa2 + a n d  a m y l a s e  e f f lux  rates  

A d d m o n  o f  l 0  - 5  M c a r b a c h o l  30  m m  after  c h a n g i n g  f r o m  the  K r e b s - R m g e r  
b i c a r b o n a t e  m e d m m  t o  the  E G T A  m e d i u m  sti l l  c a u s e s  a c o n s i d e r a b l e  i n c r e a s e  m b o t h  

' -  / I A- 23187 I A-23187 

1 0 -  A 2 5 m M  Ca 2" OmMCa2* i  O m M C a  2.' 2 5 m M  Ca 2° r.. 
1 2 m M M c j  2" ,0  mM N'lg~ O mMf'.4g 2'' 1 2 m M M g  2. 

8 -  p 4 

,i i 

6 -  ~ ,i i o.-.- '3 
'i ',, ~ 

0 , , 0 

c 10- B ~ 0mMCa 2" F5 ~ 
E ~ 1 2 m M  Mg 2" ~': ~'o ~ 
C 8 -  -4  c 

E 

x 6 -  " _~ -3 

E 
U ~ 4-  ... 9a ""%..~ ~ ,~ ^ ~ i °  i -2 ¢' 

2- -1 E 

0 , , i , , , 0 

10- C o ', i 2 5 a M  Ca 2" 
\ 45 ' 0 r a M  Mg 2" -5  
\ o o Calc ium i~ 
\ . . . . .  o A m y  a s e  " t  8 -  ~ , ',' i -4 

6 { ': ' ~ -3 

~ e  ; !, , -" %. 
o o \ °'.-;"o , - 2  

" - ~  o i 

2 -  " B -  - a ~o / o 

T i m e  ( h r s )  

Fig 4 Effects of l0  -6 M ]onophore A-23187 on the '*SCa 2+ and amylase efflux from pre-loaded 
rabbit pancreas fragments m EGTA medmm followed by divalent cauon containing medm 2 5 mM 
Ca 2 ÷ ± 1  2 mM Mg 2+ ( A ) , 0 m M  Ca 2+4-I 2 mM Mg 2+ (B) and 2 5 mM Ca 2+4-0 mM Mg 2+ (C) 
Mean values of  4 consistent experiments 



328 

effluxes (Fig 3) When after another 30 mm the medium is replaced by a nolmal 
Krebs-Rmger bicarbonate medium, an additional increase m amylase secretion is 
noticed, but the 45Ca2 + efflux rate is slightly diminished When, 30 mm after addition 
of 10 - s  M carbachol, a Krebs-Ringer bicarbonate medium without Ca -'+, instead of 
normal Krebs-Rlnger bicarbonate medium is added no extra increase m amylase 
efflux is observed (Fig 3B) Omission of Mg 2+, instead of Ca 2 + from the latter 
medium gives essentially the same efflux pattern as in normal Krebs-Rmger bicar- 
bonate medium (Fig 3C), indicating that Mg 2+ m the me&urn does not play ,t role 
m tmggerlng enzyme secretion 

Addition of 10 -~ M A-23187, 30 mm after replacing the normal Krebs-Rmger 
bicarbonate medium by an EGTA medium, leads to a minor Increase m amylase 
efflux, whereas the 45Ca2+ efflux is not affected (Fig 4A) When 30 mm after addition 
of the lonophore the EGTA medium is replaced by a Krebs-Rmger bicarbonate 
medium wlth or without Mg 2 + (Figs 4A and 4C), a significant increase m the amylase 
efllux Is found, while the 4SCa2+ efflux rate decreases like in the control expeNment 
When Ca 2 + is omitted from the Krebs-Rmger bicarbonate medium, no strmulatlon of 
the enzyme secretion is found (Fig 4B) This shows that the stimulating effect of the 
lonophore A-23187 upon returning to normal Krebs-Rmger b~carbonate medium is 
due to the presence of Ca 2 + 

When the effiux me&urn is changed trom Krebs-Rmger b~carbonate to the 
EGTA medium, or vice versa, only minor and transient effects are ~een on the efflux 
of  45Ca 2+ and amylase The presence of 10 -6 M atropm does not block the stImula- 
tion of pancreatic enzyme secretion by the tonophore 

While the pattern of behavlour is consistent for each type of experiment, there 
is considerable variability between repeated experiments For example, in Fig 3 each 
curve is the average of four experiments, which show a two-fold variation in the 
45Ca2 +/amylase ratio in the period lmmedmtely after addition ofcarbachol Likewise, 
the small amylase peak observed in Fig 4A after addition of the lonophore is not 
observed m Figs 4B and 4C, although the conditions were the same 

Secretory effects m the presence o/ Verapamtl and D-600 
In several systems the Ca 2+-antagonIstIc compounds Verapamll and D-600 

block Ca 2+ channels m the plasma membrane, thereby inhibiting processes in which 
Ca 2+ transport through the plasma membrane plays a role [13-15] In the isolated 
rabbit pancreas and m rabbit pancreatic fragments premcubatlon with 5 10- ~ M of 
either compound does not result in an inhibition of the carbachol effects on enzyme 
and 45CaZ+ secretion, although this concentration is higher than that able to Inhibit 
Ca 2 +-induced contractions of isolated rat uterus [13] 

DISCUSSION 

Previously we have shown that the rabbit pancreas m vitro maintains three 
distinct Ca 2 + movements, all of which are influenced upon stimulation of pancreatic 
enzyme secretion by ehohnerglc agents [4] One of these Ca 2 + movements is reflected 
by an increased 45Ca 2+ efflux from pancreas fragments, preloaded with this tracer, 
and has also been reported for other species [1-3] We have been able to establish 
that this movement of Ca z+ takes place across the serosal membrane and does not 
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accompany the secretion of enzymes across the luminal membrane [4] The release of 
45Ca2+ can be due either to an mcrease in the permeablhty of the serosal membrane 
or to a release of Ca 2 + from lntracellular stores Independently of the mechanism 
involved, this flux seems to indicate that the cytoplasmic Ca 2 + concentration increases 
upon stimulation 

Recently it has been shown [5-7 ] that the divalent cation ionophore A-23187 
can stimulate pancreatic enzyme secretion This ionophore is known to facilitate the 
transport of divalent cations across biological membranes [12] Its action on pancreas 
tissue is Ca2+-dependent and it increases its Ca 2+ content [6] This suggests that an 
increase in the cytoplasmic Ca 2+ concentration may be involved in the stimulus- 
secretion coupling of pancreatic enzyme secretion The ionophorlc effects on the 
4SCa2+ efftux have not yet been studied In the present study we have investigated 
whether the ionophore also mimicks the effects of carbachol on the 45Ca 2 + efflux, in 
order to obtain more detailed information about the involvement of Ca 2+ in the 
stimulus-secretion coupling Our experiments with the isolated rabbit pancreas and 
with rabbit pancreas fragments clearly show that the stimulating effect of cholinerglc 
agents on pancreatic enzyme secretion can be mimicked by the divalent cation lono- 
phore A-23187 (Fig 1A) In addition, we have shown that this ionophoric action 
requires the presence of extracellular Ca 2+ (Figs 1A and 4), in accordance with 
studies on rat pancreas [5] From Figs 1, 3 and 4 it can be concluded that external 
Ca 2 + is required only for the action of the ionophore, but not for that of carbachol 
These observations suggest not only that an increase in the cytoplasmic Ca 2 + concen- 
tration is a common feature of the action of both stimuli, but also that these agents 
increase the cytoplasmic Ca 2 + concentration in different ways 

The action of the lonophore is Ca2+-dependent, whereas this dependency is 
less pronounced for carbachol, which stimulates even in the EGTA medium More- 
over, the *5CaZ+ efflux is scarcely influenced by removal of Ca 2+ from the efflux 
medium, which suggests that the 4SCa2 ÷ efflux is not primarily dependent on a Ca 2 ÷ 
exchange mechanism The ionophore, which facilitates the transport of C a  2 + across 
biological membranes, has little or no effect on the 45Ca2+ efflux, indicating that 
the cytoplasmic 45Ca2 + concentration is very low Since at the moment of stimulation 
the tissue still contains about 50 o / o f  its original "5Ca2+ content, most of the Ca 2+ /o 
must be sequestered in mtracellular stores 

Carbachol, even in EGTA medium, causes a marked increase in the 45Ca2+ 

efflux Since the cytoplasmic Ca 2 + concentration is very low, this effect of carbachol 
cannot be explained by an increased Ca 2+ permeability of the serosal membrane 
This means that carbachol releases Ca 2+ from intracellular stores, which are not 
attacked by the lonophore This conclusion is further supported by the fact that the 
Ca 2+ antagonistic compounds Verapamll and D-600 do not inhibit the action of 
carbachol 

These experiments suggest that an increase in the cytoplasmic Ca 2 + concentra- 
tion is an essential step in the physiological stimulus-secretion coupling and that the 
Ca 2 + originates from intracellular stores Extracellular Ca 2 + is not directly involved, 
but may be important for the secretory process itself This can be derived from F i g  3, 
which shows that re-addition of Ca 2÷ after stimulation with carbachol in EGTA 
medium increases the amylase efflux level without affecting the 45Ca2+ efftux Case 
and Clausen [1 ] have shown that stimulation of the enzyme secretion is abolished in a 



Ca2+-free medium containing 0 5 r a M  E G T A  Normal  responses are, however  

obta ined m a m e d m m  conta in ing only 0 1 m M  Ca 2+ Since we ha,,e observed that 

E G T A  adsorb> onto  the tissue, when this is incubated m a medium conta in ing I mM 

E G T A ,  1t is unclear  whether  the abolishing of  the secretory effects must be at t r ibuted 

to deplet ion o fex t race l lu la r  Ca 2 + or to the presence o f  E G T A  itsell 

The involvement  o f  mtracel lular  Ca 2+ in the st imulus-secretion coupl ing l~ 

consistent  with the absence o f  an increased 45Ca2+ uptake by rat pancreas [1] and 

pig pancreas (Schreurs et a l ,  unpubl ished obser~atlons)  upon st imulat ion The 

reqmrement  o f  lntracellular  Ca 2+ m&cates  that  Ca 2+ act~ as a third messenger in 

pancreat ic  st imulus-secretion couphng  The way in which the original stimulus causes 

the release o f  Ca z + from the mtracel lular  stores still needs further  elucidat ion 
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