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The effects of acetyicholine and the cholecystokinin-like peptide, caerulein on the fractional efflux of S~Rb+ 
from preloaded isolated segments of mouse pancreas were studied. Both secretagogues evoked a marked 
transient increase in S6Rb+ effiux. The removal of Ca 2+ from the supedusing medium and addition of 10-4  
M EGTA, markedly reduced, but did not abolish the responses to either acetylcholine or caerulein. 
Furosemide ( 1 0 - 5 - 1 0  -3 M) or piretanide (10 -4 M) reduced the basal efflux and inhibited the 
secretagogue-elicited responses. Stimulus-induced aiRb+ outflow was abolished when the C! - component of 
the supedusing solution was replaced by either N O 3 ,  SO4 2- or I - but not in case of replacement by Br - .  
When Na + was replaced with either Li + or choline + both acetyicholine and caerulein failed to elicit any 
detectable increase in s6 Rb ÷ outflow. However, when Tris + was substituted for Na + , acetylcholine caused a 
moderate increase in S6Rb+ efflux which was abolished by either furosemide (10-4  M) or chloride depletion 
(nitrate substitution). The removal of extracellular K + or pretreatment with 10 - 3 M ouabain had little effect 
on secretagogue-evoked s6 Rb + efflux. These results indicate the presence of a diuretic-sensitive Na +-K +-Ci - 
cotransport system in the mouse pancreatic acinar cell membrane. 

Introduction 

The transmembrane movements of K ÷ in a 
variety of cell types is regulated by the ATP-driven 
(Na ÷ + K+)-ATPase pump located in the plasma 
membrane [1], a Na+-K+-C1- cotransport system 
which is highly CI-  dependent and inhibited by 
loop diuretics such as furosemide and piretanide 
[2-6] and by the Ca 2+- and voltage-activated K + 
channels [7-12]. 

In the exocrine pancreas both tracer and elec- 
trophysiological studies have shown that the ac- 
inar plasma membrane is permeable to Na ÷, K ÷ 
and CI-  [13-15]. Potassium ions are transported 
into the acinar cells by the ATP-driven (Na÷+ 

K+)-ATPase pump [16] and released through the 
Ca2+-activated channels [7-10,12]. The existence 
of a common diuretic-sensitive, cation- and 
anion-dependent cotransporter in the acinar 
plasma membrane mediating transmembrane 
movements of ions has not yet been demonstrated. 

The present study was designed to determine 
whether such a cotransport system exists in the 
mouse pancreactic acinar plasma membrane. The 
approach was to investigate the ionic dependency 
and diuretic sensitivity of secretagogue-evoked K + 
transport using S6Rb + as a tracer. 

A preliminary account of some aspect of this 
work was presented to the British Physiological 
Society [17]. 
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Methods 

All experiments were performed on isolated 
segments of mouse pancreas. Adult animals (30-50 
g) were killed by a blow on the head and the 
pancreas rapidly removed and placed in a mod- 
ified Krebs-Henseleit solution of the following 
composition: 103 mM NaC1/4.7 mM KC1/2.56 
mM CAC12/1.13 mM MgCI2/25 mM NaHCO3/  
1.15 mM NaH2PO4/2.8 mM glucose/4.9 mM 
sodium pyruvate/2.7 mM sodium fumarate /4 .9  
mM sodium glutamate. The solution was gassed 
with 95% 02 and 5% CO2. The pancreas was cut 
into small segments (5-10 mg) and a total mass of 
100-150 mg was loaded for 30 rain in 1 ml 
Krebs-Henseleit solution containing 10 ~tCi 86Rb + 
at room temperature. The procedure was similar to 
that described for mouse parotid gland by Gal- 
lacher [18]. Atropine (10 -5 M) was present in all 
the experiments involving caerulein stimulation. 

After loading, the tissues were transferred to a 
perspex flow chamber (volume 1 ml) and super- 
fused with non-radioactive physiological salt solu- 
tion at the rate of 1 ml -min  -1 at 37°C using a 
2132 microperspex peristaltic pump (LKB, Broma). 
The flow cell was perfused with the control solu- 
tion for 19 min prior to stimulation with secreta- 
gogues. During stimulation, the fluid flowing 
through the chamber was replaced with Krebs- 
Henseleit solution containing appropriate con- 
centrations of secretagogues. The duration of each 
experiment was 45 min. In some experiments the 
physiological salt solution was modified in several 
ways and further tested for Na + and K + con- 
centrations using flame photometry (Corning; type 
480). To Ca 2+ free solution, 10 -4 M EGTA (ethyl- 
ene glycol bis(fl-amino-ethyl ether)-N,N'-tetra- 
acetic acid) (Sigma) was added. In Na + free solu- 
tions all the Na + was replaced by either Li +, 
choline + or Tris + and the substrates were added 
as the acids rather than the Na + salts and pH 
adjusted to 7.4. The Na+-free Tris + medium was 
gassed with pure 02. Atropine (10 -4 M) was pre- 
sent in the solution containing choline chloride. In 
K+-free solution, all KCI was replaced by NaC1. 
In Cl--free solutions all NaC1, MgC12, KC1 and 
CaCI 2 were replaced by equivalent amounts of 
either bromides, iodides, nitrates or sulphates to 
achieve appropriate osmolarity. 

Effluent fractions were collected at 1 min inter- 
vals directly into scintillation vials using the 2112 
Redirac Fraction Collector (LKB Broma). A 
volume of 10 ml distilled water was added to each 
vial. The total 86Rb+ content remaining in the 
tissues at the end of each experiment was mea- 
sured by digesting the tissue in 1 ml conc. HNO 3 
and counting in 10 ml distilled water. The radioac- 
tivity of the samples and tissues was determined 
by liquid scintillation counting (Packard Tri-Carb 
300) and the fractional efflux calculated using an 
on-line pre-programmed computer (Apple II). Val- 
ues were obtained for fractional efflux ( ( A x / A t ) x  t 
min -1, where /Ix represents cpm of S6Rb+ re- 
leased in the time interval At and x t the tissue 
S6Rb + content at the mid-point of interval At) as 
a function of time. 

Results 

(i) Effects o f  acetylcholine and caerulein on S6Rb + 
efflux in presence and absence of  Ca 2 + 

The fractional efflux of 86Rb+ from preloaded 
superfused mouse pancreatic fragments declined 
over a period of time leading to a relatively con- 
stant level after 16-19 rain (Fig. 1A). Addition of 
either 10 -5 M acetylcholine (open squares) or 
10 -9  M caerulein (solid squares) caused a rapid 
and marked increase in 86Rb+ efflux (Fig. 1A). 
The responses to both secretagogues were transient 
and the fractional efflux returned to the prestimu- 
lation level after about 10-12 min. The removal of 
Ca 2+ from the superfusing medium and addition 
of 10 -4 M EGTA, markedly reduced, but did not 
abolish the responses to either acetylcholine (open 
squares) or caerulein (solid squares) (Fig. 1B). 

(ii) Diuretic-sensitive 86Rb + efflux 
Fig. 2 shows the effects of furosemide 

(10-5-10 -3 M) and piretanide (10 -4 M) on the 
resting and acetylcholine-evoked SrRb + fractional 
efflux. The preparations were pretreated with the 
diuretics 12 rain prior to acetylcholine stimulation 
and the drug remained in the superfusing medium 
throughout the secretagogue application. Fig. 2A 
shows the effects of 10 -5 M acetylcholine alone 
(solid circles) and the same concentration of 
acetylcholine in combination with either 10 -5 M 
(open circles), 10 -4 M (solid triangles) or 10 -3 M 
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Fig. 1. (A) Effects of 10 -~ M acetylcholine (ACh; open squares) 
and 10 - 9  M caerulein (Cn; solid squares) on the fractional 
efflux of s6 Rb + from preloaded superfused fragments of mouse 
pancreas. In this and subsequent figures each point is the 
fractional efflux for l-rain collection period plotted as a func- 
tion of time. The horizontal bar indicates the duration of 
secretagogue stimulation. Each point is mean + S.E. (n = 6). (B) 
Effects of 10-s M acetylcholine (ACh; open squares) and 10-9 
M caerulein (Cn; solid squares) on S6Rb + efflux in the absence 
of Ca ~+. EGTA (10 -~ M) was present in the Ca2+-free 
medium. The horizontal bars indicate the period of stimulation 
and Ca ~ + removal. Each point is mean ± S.E. (n = 6). 
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Fig. 2. (A) Effects of varying concentrations (10- 5 -10-  3 M) of 
furosemide on acetylcholine (ACh)-evoked S6Rb+ fractional 
efflux. (solid circles), 10 - 5 M acetylcholine alone; (open circles), 
10 -5 M acetylcholine+ 10 -5 M furosemide; (solid triangles), 
10 -5 M acetylcholine+ 10 -4 M furosemide; (open triangles), 
10 -5 M acetylcholine+10 -3 M furosemide. (B) Effects of 
piretanide on acetylcholine-induced S6Rb+ efflux. (solid 
circles), 10-5 M ACh alone; (open circles), 10-5 M ACh + 10- 4 
M piretanide. In both (A) and (B) the diuretics and aeetylcho- 
line were added to the superfusing medium as indicated by the 
horizontal bars. All points are mean + S.E. (n = 6). 

( o p e n  t r iangles)  f u ro semide .  T h e  d iu re t i c  caused  a 

m a r k e d  r e d u c t i o n  in b o t h  the  basa l  and  the  

a c e t y l c h o l i n e - e v o k e d  86Rb ÷ eff lux.  T h e  i n h i b i t o r y  

e f fec t  o f  f u r o s e m i d e  was  d o s e - d e p e n d e n t .  T h e  ac- 

t ion  o f  p i r e t a n i d e  on  the  a c e t y l c h o l i n e - i n d u c e d  

S6Rb+ o u t f l o w  was  a lso  e x a m a i n e d .  Fig .  2B shows  

the  r e sponse  p r o d u c e d  by  10 -5  M ace ty l cho l ine  in 

t he  absence  (sol id  circles)  a n d  p r e sence  ( o p e n  

ci rc les)  o f  10 -4  M p i r e t an ide .  H e r e  also,  the  di-  

u r e t i c  caused  a m a r k e d  r e d u c t i o n  in b o t h  the  basa l  
a n d  the  ace ty l cho l ine -e l i c i t ed  86Rb + eff lux.  T h e s e  

e f fec t s  o f  p i r e t a n i d e  w e r e  s imi la r  to  those  o b t a i n e d  

by  the  s a m e  c o n c e n t r a t i o n  o f  fu rosemide .  

T h e  ef fec ts  o f  v a r y i n g  the  c o n c e n t r a t i o n  o f  
a ce ty l cho l i ne  ( 1 0 - 8 - 1 0  -5  M )  o n  86Rb+ ef f lux  in 

t he  absence  and  p r e s e n c e  o f  e i the r  10 -4  M fur-  

o s e m i d e  or  10 -4  M p i r e t a n i d e  were  a lso  inves t i -  

ga ted .  Al l  m e a s u r e m e n t s  were  m a d e  at  t he  p e a k  of  

t he  response ,  2 - 4  ra in  a f te r  c o m m e n c i n g  t r e a t m e n t  

w i t h  ace ty lcho l ine ,  L o g - d o s e  r e sponse  cu rves  

s h o w i n g  the  ef fec ts  o f  d i f f e r ing  c o n c e n t r a t i o n s  o f  

a ce ty l cho l i ne  on  the  p e a k  inc rease  in S6Rb+ ou t -  

f l ow in  the  absence  (sol id  circles)  a n d  p r e s e n c e  of  

e i the r  f u r o s e m i d e  ( o p e n  ci rc les)  o r  p i r e t a n i d e  (sol id  
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Fig. 3. Dose-response curves showing the effects of differing 
concentrations of acetyleholine (ACh; range: 1 0 - e - 1 0  - s M) 
on the fractional efflux of SrRb+ in the absence (solid circles) 
and presence of either 10 -4  M furosemide (open circles) or 
10 -4  M piretanide (solid triangles). Each point represents the 
~ R b  + efflux (test-control values) at the peak of the response, 
2 -4  min after the application of acetylcholine. The prepara- 
tions were pretreated with the diuretics 12 rain prior to 
acetylcholine stimulation. Each point is mean ± S.E. (n is shown 
besides each point). 

triangles) are presented in Fig. 3. The data empha- 
sise two important points. First, acetylcholine alone 
produced a dose-dependent increase in 86Rb+ 
fractional efflux. Second, the same concentration 
(10-4 M) of either furosemide or piretanide caused 
closely similar reductions in 8rRb+ efflux follow- 
ing stimulation with varying concentrations of 
acetylcholine. 

(iii) Anion-dependent S6Rb + efflux 
The nature of the secretagogue-evoked 86Rb÷ 

efflux was examined in more detail by carrying out 
a number of anion replacement experiments. Chlo- 
ride in the superfusing medium was replaced at the 
start of each experiment by either nitrate, sulphate, 
iodide or bromide. Fig. 4A shows the effect of 
10-s M acetylcholine in the control solution con- 
taining chloride (solid circles) and in a physiologi- 
cal salt solution in which chloride was replaced by 
either nitrate (open circles) or sulphate (solid tri- 
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Fig. 4. Effects of C1- removal on acetylcholine (ACh)-evoked 
86Rb + efflux. All results are the mean ± S.E+ of six experiments. 
(A) (solid circles), 10 -5 M acetylcholine in normal physiologi- 
cal salt solution containing chloride; (open circles), 10-5 M 
acetylcholine in Cl--free medium (nitrate substitution); (solid 
triangles), 10-5 M acetylcholine in C1--free medium (sulphate 
substitution). (B) Effects of 10 -5 M acetylcholine in C1--free 
medium containing either bromide (solid circles) or iodide 
(open circles). 

angles). The results show that acetylcholine evoked 
a clear increase in 86Rb+ efflux in the presence of 
chloride. However, when chloride was replaced by 
either nitrate or sulphate the response to 
acetylcholine was almost abolished. 

The effects of replacing chloride with either 
bromide or iodide on the acetylcholine-induced 
86Rb+ outflow was also tested. Fig. 4B shows the 
response produced by 10 -5 M acetylcholine in the 
physiological salt solution containing either 
bromide (solid circles) or iodide (open circles). The 
data show that when iodide was substituted for 
chloride, the acetylcholine-evoked S6Rb+ efflux 



was reduced by a round  80-90%. This contrasts  

with the results ob ta ined  with bromide  in which 
the acetylcholine-elicited 86Rb+ outflow was 

reduced by only 5-10%. 

(iv) Cation dependency of secretagogue-evoked 
86Rb + effluy 

The effects of Na  + replacement  on secreta- 
gogue-evoked 86Rb + efflux were investigated. N a  + 

was replaced from the beg inn ing  of each experi- 

men t  with either Li + , choline + or Tris + . Fig. 5A 
shows the effect of 10 -5 M acetylcholine (solid 
circles) and  10 -9 M caerulein (open circles) in a 

nomina l ly  Na  + free (about  0.3-0.5 raM) physio- 
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Fig. 5. Effects of Na + removal on secretagogue-induced 86Rb+ 
fractional efflux. All points are mean + S.E. of six experiments. 
(A) Effects of 10 -5 M acetylcholine (ACh; solid circles) and 
10 - 9  M caerulein (Cn; open circles) on 86Rb+ outflow in Na t 
free medium (Li + substitution). The horizontal bar indicates 
the duration of secretagogue stimulation. (B) Effects of 10 -9 M 
caerulein on S6Rb+ efflux in normal Krebs-Henseleit solution 
(open squares) and in the absence of Na + (solid circles; 
choline + substitution). Atropine (10 -4 M) was present in these 
experiments. 
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logical salt solut ion conta in ing  Li + instead. Both 

secretagogues failed to elicit any detectable in- 
crease in 86Rb+ outflow. Fig. 5B shows the effects 
of 10 -9 M caerulein on 86Rb+ efflux in Na  + free 

(about  0.1-0.3 mM) medium conta in ing  choline + 
(solid squares) and  in normal  Krebs-Henselei t  

solut ion (open squares) conta in ing  Na  + . At ropine  
(10 -4 M) was present  in both  solutions. The data  

show that the caerulein-evoked response was unaf-  

fected in the presence of Na  + bu t  almost abolished 

on replacing Na  + with choline + . Fig. 6 shows the 
effect of acetylcholine on 86Rb+ efflux in a physio- 

logical salt solut ion in which Tris + was subst i tuted 
for Na  + . Acetylcholine (10 -5 M) caused a mod- 
erate increase in S6Rb + outflow (open squares) 

which was abolished by either 10 -4 M furosemide 

(solid square) or chloride deplet ion (ni trate  sub- 

st i tut ion;  solid triangles). 

The effect of K + removal (Na + subst i tut ion)  
was investigated in  a n u m b e r  of experiments 

main ly  to test whether the secretagogue-evoked 
86Rb+ transport  was due to a 86Rb+-K+ exchange 

process. The results are shown in Fig. 7A. The 

removal of K + from the physiological salt solut ion 
had virtually no effect on acetylcholine (open 

squares)- and caerulein (solid squares)- induced 
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Fig. 6. Effects of Na + removal (Tris + substitution) on 
acetylcholine (ACh)-elicited a6Rb+ fractional efflux. (open 
squares), 10 -5 M acetylcholine in Na+-free (Tris + substitu- 
tion) medium; (solid triangles), 10 -5 M acetylcholine in Na +- 
free (Tris + substitution) and C1--free (nitrate substitution) 
medium; (solid squares), 10-5 M acetylcholine in the N a + -free 
medium (Tris + substitution) containing 10 -4 M furosemide. 
The horizontal bars represent the duration of exposing the 
tissue to acetylcholine and furosemide. Each point is mean 5: 
S.E. (n = 6). 
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Fig. 7. Effects of K ÷ removal (A) and ouabain (B) on secreta- 
gogue-induced Rb ÷ efflux. All results are the mean_+S.E, of 
five or six experiments. The horizontal bars represent the 
duration of ouabain application and secretagogues stimulation. 
(A) Effects of K + removal (Na ÷ substitution) in the presence 
of either 10- 5 M acetylcholine (ACh; open squares) or 10- 9 M 
caerulein (Cn; solid squares). (B) Effects of 10-5 M acetylcho- 
line (solid squares) and 10 - 9  M caerulein (open circles) in the 
presence of 10-3 M ouabain. 

86Rb+ efflux. The effect of ouaba in  (10 -3 M) on 

secretagogue-elicited 86Rb+ transport  was also in- 

vestigated. Ouaba in  was added 2 min  prior to the 
applicat ion of either acetylcholine or caerulein and  

remained throughout  the experiment.  Fig. 7B 
shows that ouaba in  had no effect on the responses 
to either 10 -5 M acetylcholine (solid squares) or 
10 -9 M caerulein (open circles). Exposure of pre- 
parat ions to ouaba in  for 50 rain prior to st imula- 

t ion also had no effect on secretagogue-evoked 
response. 

(v) Effects o f  diuretics and C I -  removal on caeru- 
lein-evoked 86Rb + efflux 

The abil i ty of either chloride deplet ion or the 
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Fig. 8. Effects of 10 - 9  M caerulein (Cn) on S6Rb+ efflux. 
(solid circles), caerulein alone in normal physiological salt 
solution; (open triangles), caerulein in the presence of 10 -4 M 
furosemide; (solid triangles), caerulein in the presence of 10 -4 
M piretanide; (open circles) caerulein in C1--free medium 
(nitrate substitution). CI- was removed at the start of the 
experiments. Atropine (10 -5 M) was present throughout. The 
horizontal bars represent the duration of diuretics application 
and caerulein stimulation. Each point is mean_+ S.E. (n = 6). 

diuretics to reduce caerulein- induced 86Rb+ efflux 

was also investigated. Fig. 8 shows the control 
response produced by 10 -9 M caerulein (solid 

circles) and the responses obta ined in the presence 
of either 10 -4 M furosemide (open triangles) or 

10 -.4 M piretanide (solid circles) or replacing chlo- 
ride with ni t rate  (open circles). At ropine  (10-5 M) 

was present throughout  these experiments.  Here 

also, the data  show that either the diuretics or 

chloride removal caused a substant ial  reduct ion in 
both  the basal and  secretagogue-evoked 86Rb+ 

efflux. 

D i s c u s s i o n  

The present  results demonst ra te  a diuretic-sen- 
sitive, cat ion- and  an ion-dependen t  secretagogue- 
evoked K + t ransport  in the isolated mouse pan-  
creas. Both acetylcholine and  caerulein produced a 
marked transient  increase in the fractional efflux 
of 86Rb+ from preloaded tissue. The addi t ion  of 
loop diuretics such as furosemide and  piretanide 
or the removal of either Na  +, C l -  or Ca :+ from 
the superfusing med ium markedly reduced the re- 
sponses to acetylcholine and  caerulein. 

Both electrophysiological and  tracer studies 
have shown that pancreat ic  secretagogues can 



stimulate K ÷ transport across the acinar plasma 
membrane [13-15]. Recent single-channel current 
recordings, using the patch-clamp technique, have 
demonstrated a non-discriminatory Ca 2÷ -acti- 
vated cation channel in mouse pancreatic acinar 
cells. This channel is permeable to Na  ÷, K ÷ and 
Rb + and possibly also, to a limited extent, to 
Ca 2÷ . The question arising from the observations 
presented here is whether the secretagogue-in- 
duced S6Rb ÷ outflow is associated with either the 
Ca2+-activated cation channel or with a cotrans- 
port  system or with both? The results with Ca 2+ 
removal, in which stimulus-evoked 86Rb+ was 
markedly reduced, indicate a possible link between 
the channel and K + transport. A Ca 2 +-dependent 
K ÷ efflux in response to a a-adrenergic agonist 
has also been demonstrated in the parotid gland 
[19]. 

Stimulus-induced 86Rb+ efflux was markedly 
reduced when chloride was replaced with either 
nitrate, sulphate or iodide but not bromide. In the 
presence of bromide the acetylcholine-elicited 
86Rb+ outflow was almost unaffected. These find- 
ings are consistent with previous observations in 
erythrocytes [3,20,21] and cultured cells [6,22] 
where only bromide would substitute for chloride 
in the operation of Na+-K+-CI - cotransport sys- 
tems or in sustaining acetylcholine-evoked salivary 
secretion [23] although all the other anions can be 
equilibrated across the cell membrane by the anion 
( C I - - H C O f )  exchanger [3,24]. It  is now well 
established that in several different cell types the 
movement  of either Na  ÷ or K + or both, which is 
highly chloride dependent, is markedly inhibited 
by diuretics [2-6,25,26]. The results of the present 
study show that furosemide and piretanide reduced 
both the basal and the secretagogue-induced 86Rb + 
transport. A similar observation with regard to the 
basal efflux was also made recently by Chipper- 
field [27]. The results described in this paper sug- 
gest that 86Rb÷ is extruded from the acinar cells 
by a process which requires chloride and that 
furosemide and piretanide selectively inhibit the 
process resulting in a decrease in 86Rb+ transport. 
More recent flame photometric measurements of 
net K + efflux have also demonstrated an 
acetylcholine-evoked K + release which is chloride 
dependent, and diuretic sensitive [28]. These re- 
suits strongly suggest the existence of a C1--depen- 
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dent and diuretic-sensitive carrier system for K + 
transport. 

The present results also show that secretagogue- 
evoked 86Rb+ transport was sensitive to reduc- 
tions in extraceUular Na  +. When either Li ÷ or 
choline + was substituted for Na  ÷, the response to 
either acetylcholine or caerulein respectively, was 
almost abolished. In some cell systems there is 
much evidence that the transport of K ÷ is depen- 
dent upon extracellular Na  ÷ [6,25,29] whereas in 
others a Na+-independent  cotransport of K + and 
C1- has been demonstrated [21,24,30,31]. How- 
ever, when Na  ÷ was replaced with Tris ÷ the 
acetylcholine-elicited 86Rh + efflux was reduced 
but not abolished. These findings contrast with 
those observed when using either Li ÷ or choline*. 
The stimulus-induced 86Rb + OUtflOW in the pres- 
ence of Tris ÷ was abolished in a Cl - - f ree  medium 
(nitrate substitution) or in the presence of fur- 
osemide. These findings indicate that Tris + can 
exert an effect almost similar to Na  +. It is well 
known that Tris + can penetrate cell membrane 
[32] and produce marked physiological effects 
[33,34]. The removal of extracellular K ÷ had virtu- 
ally no effect on secretagogue-induced 86Rb+ ef- 
flux. Moreover, acetylcholine is known to elicit 
marked depolarization and input resistance reduc- 
tion during K ÷ omission [35]. This observation 
does not support the presence of a quantitatively 
important K÷-S6Rb + exchange process. It further 
suggests that agents of depolarization may provide 
the driving force for K + transport. The results 
with ouabain, in which both acetylcholine and 
caerulein evoked 86Rb+ outflow remained unal- 
tered, suggest that K ÷ extrusion operates indepen- 
dently of the ( N a + +  K+)-ATPase pump. These 
observations, taken together, are consistent with 
the idea that the movement  of K + goes by a 
N a + - K + - C V  cotransport system. The results of 
the experiments with Tris + would suggest that 
Tris ÷ can move with the cotransport of K ÷ in the 
mouse pancreas. In this study the stoichiometry of 
the Na+-K+-C1 - cotransport cannot be assessed 
since only K ÷ was measured. However, in other 
cell systems some workers have shown that Na  ÷ , 
K ÷ and CI -  move simultaneously as a neutral 
complex with a stoichiometry of 1 Na  ÷ , 1 K ÷ and 
2 C1- [4,21,36]. 

It has long been known that K + moves out of 
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mouse  pancrea t ic  ac inar  cells by  a e lect rodif fus ion 
process  [37] through a Ca2+-act ivated non-dis -  
c r imina to ry  ca t ion channel  [11,12]. This  channel  
has  a conduc tance  of abou t  30 -35  pS and  can be 
s t imula ted  by  acetylchol ine  and caerulein in in tac t  
cells. Secre tagogue-evoked increase in in t race l lu lar  

Ca/+ opens  up the ca t ion channel  resul t ing in 
marked  N a  + influx and p r o b a b l y  some K + efflux. 
T h e  c h a n n e l  is i n sens i t i ve  to f u r o s e m i d e  
(Maruyama ,  Y., persona l  communica t ion )  and 
opera tes  independen t ly  of  chlor ide  [7]. The  results  
descr ibed  in this p a p e r  suggest that  in add i t i on  to 
the Ca2+-act ivated ca t ion  channel ,  K + extrusion 
f rom ac inar  cells m a y  also be associa ted  with an 
add i t iona l  route  especial ly since the removal  of 
ch lor ide  and  the presence of  ei ther  furosemide  or  
p i re tan ide  marked ly  inhibi t  secre tagogue-evoked 
86Rb + release. 

The  most  s t ra igh t forward  in te rpre ta t ion  of  the 
d a t a  is p resented  in a s impl i f ied  model  account ing  
for  K + t ranspor t  (Fig. 9). In  this scheme it is 
envisaged that  acetylchol ine  and  caerulein first 
s t imula te  their  respect ive receptors  leading to an 
increase  in in t racel lu lar  Ca  2+ which opens  Ca  2+- 
ac t iva ted  non-select ive ca t ion channels  in the 
baso- la te ra l  p l a sma  m e m b r a n e  giving rise to N a  + 
inf lux and depolar iza t ion .  Whi le  there would  still 

Ouabain [ 

J+ Na+ 

CCK 

Na* T It*v 
-: 
~" () ct- 

Fig. 9. A possible model to account for K + transport across 
mouse pancreatic acinar cell membrane. In this simplified 
scheme acetylcholine (ACh) and CCK (caerulein) first elevate 
intracellular Ca 2÷ which in turn opens Ca2+-activated chan- 
nels in the baso-lateral membrane resulting in Na ÷ influx and 
depolarization. The latter facilitate K ÷ extrusion via a Na +- 
K+-CI - cotransport system which is diuretic-sensitive and 
anion and cation-dependent. 

be a N a  + grad ien t  in an inward  direct ion this 
might  have been reduced  by  the s t imulat ion.  
Hence,  the total  ba lance  of  the e lectrochemical  
g rad ien t  for N a  +, K + and C1- could now pro-  
mote  t ranspor t  in the oppos i te  d i rec t ion  resul t ing 
in K + extrusion main ly  through a K + - N a + - C 1  - 
co t ranspor t  carr ier  system. The co t ranspor te r  is 
sensit ive to diuret ics  and  dependen t  upon N a  + 
and  C I -  for its opera t ion .  N a  + ext rus ion from the 
ac ina r  cell and  K + influx are driven by  the (Na  + 
+ K + ) - A T P a s e  p u m p  localized in the ac inar  cell 
m e m b r a n e  [16]. A t  present  there is no evidence of 
loca t ion  of  the N a + - K + - C 1  - co t ranspor ter .  If  it is 
present  in the baso- la tera l  p l a sma  m e m b r a n e  then 
it would  seem to work against  secretion. On the 
o ther  hand,  if it  is loca ted  in ei ther the apical  
m e m b r a n e  or  bo th  the apical  and  basola tera l  
membranes  then it m a y  p lay  a role in the secretory 
process  in the mouse  pancreas .  This  is an im- 
p o r t a n t  area  which deserves fur ther  invest igat ion.  
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