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mg/kg ;  a n d  a t rop ine  su lpha te ,  1-10 ~g/kg, were g iven  i.v. 
d u r i n g  t he  course of exper in len t s .  

Results. D e g e n e r a t i o n  secre t ion  occur red  in all t h e  
an imals ,  b u t  on ly  in  one  of t h e m  bi la te ra l ly .  The  h ighes t  
sec re to ry  ra te ,  1-2  drops/mil l ,  was  o b t a i n e d  in t he  g land  
which  h a d  been  p rev ious ly  sens i t ized  b y  d iv i s ion  of t he  
t y m p a n i c  ne rve  10 days  before t he  ac tua l  expe r i m en t .  The  
o the r  g lands  on ly  p roduced  1 d rop  in 5-10 rain.  Secre t ion  
per iods  s t a r t e d  47, 47~/~, 57, 66 and  72 h, respect ive ly ,  a f te r  
t he  d iv i s ion  of t he  nerves .  The  per iods  were no t  longer  
t h a n  1-2 h a n d  once t he  s a l i va t i on  h a d  ceased in a g land  
it  d id  n o t  r eappear ,  a l t h o u g h  t h e  o b s e r v a t i o n  per iods  in 
3 of t h e  an ima l s  were as long as 36 h. Some 3-4 h before 
a n d  a f t e r  t he  a p p e a r a n c e  of t h e  d e g e n e r a t i o n  secret ion,  
the  responses  to  i n j ec t ed  me thacho l i l l e  or ace ty lcho l ine  
were found  to be prolonged.  D u r i n g  th i s  p h a s e  of ' p rovok-  
ed '  d e g e n e r a t i o n  secre t ion  ~ sa l iva t ion  c o n t i n u e d  for  30 min  
or more  a f t e r  a s ingle in j ec t ion  of me thacho l ine ,  5 ag/kg,  
whereas  t he  n o r m a l  g land  on ly  secretes  for 2-3  ra in  in  
response  to  such  a dose. The  d e g e n e r a t i o n  secre t ion  was 
of ten  seen to  t e r m i n a t e  w h e n  s u p p l e m e n t a r y  doses of 
chlora lose  were given,  I t  was, however ,  no t  caused  b y  
ref lex a c t i v a t i o n  because  i t  occur red  in t he  g land  where  
t he  t y m p a n i c  n e r v e  had  been  d iv ided  a n d  i t  was no t  af- 
fected b y  h e x a m e t h o n i u m ,  20 m g / k g  i.v. At rop ine ,  on  t he  
o t h e r  hand ,  in  a dose as low as 10 ~,g/kg i.v., t o t a l l y  
abol i shed  t he  sa l iva t ion .  

Discussion. D e g e n e r a t i o n  secre t ion  t h u s  appea r s  in  t he  
p a r o t i d  g land  of t he  dog, b u t  i t  seems to he  m u c h  slower 
and  of a sho r t e r  d u r a t i o n  t h a n  in m o s t  o the r  s a l i va ry  

glands,  for example  the  can ine  s u b m a n d i b u l a r  g land  5 The  
m o s t  p r o b a b l e  e x p l a n a t i o n  to t h i s  is t h a t  t he  fo rmer  g land  
seems to  h a v e  a more  sparse  chol inerg ic  secre tory  in- 
n e r v a t i o n  t h a n  t he  l a t t e r ;  t h e  can ine  p a r o t i d  con t a in s  
fewer cho l ines te rase  pos i t ive  ne rves  (J. R. Gt~RRETT, 
persona l  c o m m u n i c a t i o n )  a n d  its pos tgang l ion ic  chol in-  
ergic ne rves  seem to release less ace ty lcho l ine  on e lectr ical  
s t i m u l a t i o n  t h a n  those  of tile s u b m a n d i b u l a r  g land  6. The  
t i m e  of onse t  of t he  degene ra t i on  secre t ion in t he  p r e sen t  
work  cor re la tes  well  w i t h  t he  f ind ing  ill a n  ear l ier  r e p o r t  
t h a t  t he  secre t ion  induced  b y  in jec t ing  eser ine in to  t he  
p a r o t i d  d u c t  of dogs was increased  above  t he  n o r m a l  on  
t h e  second d a y  a f t e r  d iv is ion  of t he  pos tgangl ion ic  
sec re to ry  ne rves  to  t he  g l and  ~. 

Zz~sammen/assung. In  der  Pa ro t i sd r t i se  yon  l~Iunden 
e r sche in t  eine kurz  a n h a l t e n d e  s o g e n a n n t e  Degel le ra t ions-  
sekre t ion  2-4  Tage l lach p o s t g a n g l i o n / i r - p a r a s y m p a t i s c h e r  
Dene rv i e rung .  
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The Effect of P a n c r e o z y m i n  and Acety lchol ine  on the M e m b r a n e  Potent ia l  of the Pancreat ic  Acinar  
Cells 

I n  a n u m b e r  0f secre tory  t issues,  e.g. t he  ad r ena l  me-  
dulla~, t he  p a n c r e a t i c  isletsZ and  t he  sa l iva ry  g lands  a, t he  
m e c h a n i s m  of ac t ion  of t he  phys io logica l  s t i m u l a n t  ha s  
been  sugges ted  to be a n  increase  in m e m b r a n e  p e r m e a b i l i t y  
lead ing  to  t he  obse rved  change  in m e m b r a n e  po ten t i a l .  I t  
was r ecen t ly  r epo r t ed  t h a t  s t i m u l a t i o n  of t he  p a n c r e a t i c  
ne rve  depolar ized  t he  p a n c r e a t i c  ac ina r  cell m e m b r a n e s .  
I t  was  also shown t h a t  t he  m e m b r a n e  p o t e n t i a l s  m e a s u r e d  
in t he  presence  of a r e l a t ive ly  h i g h  c o n c e n t r a t i o n  of pan -  
c reozymin  (CCIK-Pz) were s ign i f i can t ly  lower t h a n  t he  
m e m b r a n e  p o t e n t i a l s  m e a s u r e d  in t he  absence  of s t imula -  
t ion  4. 

Tile a im of t h e  p r e s e n t  work  was to  c o m p a r e  more  
closely t he  m e m b r a n e  effects of ace ty lcho l ine  (ACh) a n d  
CCK-Pz  a n d  examine  t he  role of m e m b r a n e  depo la r i za t ion  
in t he  secre tory  process.  

Methods. The  p a n c r e a s  f rom y o u n g  mice  was qu ick ly  
r e m o v e d  a f t e r  k i l l ing  the  an i m a l s  and  p a r t  of the  g land  
m o u n t e d  in a pe r spex  t i ssue  b a t h  (2 ml) t h r o u g h  w h i c h  a 
Krebs-  Hense le i t  so lu t ion  (103 m3/l  NaC1, 25 m M  NaHCOs,  
4.7 m M  KC1, 2.56 m M  CaCI~, 1.13 m M  MgC12, 1.15 m M  
N a H 2 P O  4, 2.8 m ~ I  glucose, 4.9 m M  N a - p y r u v a t e ,  2.7 m M  
N a - f u m a r a t e  a n d  4.9 mlV/ N a - g l u t a m a t e )  equ i i i b r a t ed  
w i t h  5% CO~ in O~ was  p u m p e d  a t  a c o n s t a n t  r a t e  of 
1.2 m l /min .  Th i s  so lu t ion  was in some e x p e r i m e n t s  mo-  
dif ied b y  a u g m e n t i n g  the  I~+ c o n c e n t r a t i o n  a n d  r educ ing  
t he  Ca 2+ concen t r a t i o n .  I n  these  cases co r r e spond ing  
changes  in the  N a  + c o n c e n t r a t i o n  ensured  c o n s t a n t  
osmolar i ty .  M e m b r a n e  p o t e n t i a l s  were m e a s u r e d  accord ing  
to m e t h o d s  a l r eady  descr ibed  5 b y  us ing  h igh  res i s t ance  
(100-300////~2) K-c i t ra te - f i l l ed  microe lec t rodes .  

Results. Figure  1 shows typ ica l  mic roe lec t rode  record-  
ings f rom the  ac ina r  ceils of t he  pancreas .  B o t h  add i t i on  
of ACh  a n d  CCK-Pz  t o  t h e  b a t h  resu l ted  in t e m p o r a r y  
depo l a r i za t i on  of t h e  ac ina r  ceil m e m b r a n e .  The  t i m e  
course a n d  m a g n i t u d e  of t he  effect  of CCK-Pz  d id  no t  
a p p e a r  to  be  d i f fe ren t  f rom t h a t  of ACh. F igure  2 shows 
examples  of dose-response  curves  for t he  depo la r iz ing  
ac t ion  oI ACh and  CCK-Pz.  W h e n  t h e  cells were depolar -  
ized b y  a m a x i m a l  dose of ACh, s t i m u l a t i o n  w i t h  a 
m a x i m a l  dose of CCK-Pz  fai led to p roduce  a n y  f u r t h e r  
depo la r iza t ion .  I t  is seen t h a t  in  the  presence  of a t rop ine ,  
CCK-Pz,  b u t  no t  ACh sti l l  depolar ized  t he  cell m e m b r a n e .  

Adrena l i l l e  or  n o r a d r e n a l i n e  in t he  same  m o l a r  con-  
c e n t r a t i o n  r o u t i n e l y  used for ACh (5.5 X10-SM)  were 
w i t h o u t  e f f e c t  on the  m e m b r a n e  po ten t i a l .  A d d i t i o n  of 
cyclic A M P  or d ibu ty ry l cyc l i e  A M P  to ach ieve  a concen-  
t r a t i o n  of 1 m M  in t he  b a t h i n g  f lu id  l ikewise h a d  no  effect  
on t he  m e m b r a n e  po ten t i a l .  

E x p o s i n g  t he  p a n c r e a t i c  t i ssue  to  a h igh  K+ K r e b s  
so lu t ion  ([K+~ = 50 raM)  depola r ized  t h e  ac ina r  cell 
m e m b r a n e s  f rom the  cont ro l  va lue  (~K+j = 4.7 raM)  of 
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Fig. 1. Two tracings of membrane potential recordings from mouse 
pancreatic acinar cells. A deflection downwards represents an increas- 
ed negativity of the mieroelectrode. The sudden jump ill potential 
seen in the le f t  part of both tracings corresponds in time to the 
insertion of the mieroeleetrode into the aeinus. The arrow in the 
upper tracing denotes addition of ACh to the bath to obtain a 
concentration of 10 -5 g/ml (5.5x10-SM), whereas in the lower 
tracing the arrows denote additions of CCK-Pz to obtain concentra- 
tions in the bath of 150 mU/ml (Crick-Harper-Raper units). 
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Fig. 2. Examples of dose-response curves for the depolarizing effect 
of ACh and CCIK-Pz on the pancreatic aeinar cells (open circles). 
The dosed circles represent results of measurements carried out with 
the addition of atropine (1,4 • 10-SM) to the superfusion fluid. Each 
circle represents the mean value of 4-6 measurements from the same 
2 glands. The length of the vertical bars is equal to 2 S.E. 

--38.9 m V  4- 1.8 (S.E., n = 10) to  --18.3 mV • 1.1 (9). 
This  depolar iza t ion  was no t  m e d i a t e d  by  release of ACh 
from depolar ized nerve  endings,  since ill the  presence  of a 
concen t ra t ion  of a t rop ine  p r even t ing  ACh- induced de- 
polar iza t ion  (1.4 • 10-8 M) exposure  of the  pancreas  to  the  
high K+ m ed ium still  depolar ized the  acinar  cells f rom the  
contro l  value of --36.9 mV • 1.2 (12) to  --18.4 m V  :~ 0.9 
(9). 

W h e n  measured  be tween  30 and 60 rain af ter  exposure  
of t he  pancreas  to  a Ca~+-free solut ion the  res t ing  mem-  
brane  po ten t i a l  was --27.9 m V  • 1.7 (11). S t imula t ion  
wi th  ACh reduced  the  m e m b r a n e  po ten t i a l  to  --14.2 m V  -4- 
1.1 (11). In  the  contro l  per iods  of t he  same expe r imen t s  
t he  res t ing  m e m b r a n e  po ten t i a l  was --37.1 m V  • 1.0 (18) 
and ACh reduced the  m e m b r a n e  po ten t i a l  to  --22.0 mV 4- 
0.7 (18). 

Discussion. The physiological  s t imu lan t s  ac t ing  on the  
panc rea t i c  acinar ceils are ACh and  CCK-Pz.  CCK-Pz  
mimicks  the  s t imula to ry  effect  of ACh on pro te in  secre- 
t ion f rom the  pancreas ,  excep t  in the  presence  of a t rop ine  
where  t he  effect  of ACh b u t  no t  t h a t  of p a n c r e o z y m i n  is 
blocked% The results  p resen ted  in Figure  2, t h a t  bo th  
drugs cause depolar iza t ion  of the  acinar cell membrane ,  
t h a t  the  dose-response curves show a s t r ik ing paral le l ism 
and t h a t  a t rop in  blocks the  ACh-induced,  b u t  no t  the  
CCK-Pz-i:nduced m e m b r a n e  effect,  s t rongly  suggest  t h a t  
m e m b r a n e  depolar izat ion,  or pe rhaps  r a the r  the  under-  
lying pe rmeab i l i t y  change,  is t he  f i rs t  necessary  s tep in the  
number  of even ts  leading to ex t rus ion  of p ro te ins  in to  the  
acinar  lumen.  

The resul t  t h a t  depolar iza t ion  of the  acinar  cell mem-  
b rane  by  a h igh  ex te rna l  K + concen t ra t ion  was indepen-  
d e n t  of the  presence  of a t rop ine  is of in te res t  since the  
abi l i ty  of a h igh  ex te rna l  K + concen t ra t ion  to release 
amylase  f rom the  exocrine pancreas  is abol ished in the  
presence  of a t rop ine  ~, s. Therefore  depolar iza t ion  per  se is 
no t  an adequa te  s t imulus  for secret ion f rom the  pancrea t ic  
ac inar  cells in con t ras t  to  the  adrena l  medul la  where 
po tas s ium depolar iza t ion  di rec t ly  releases adrenal ine  1. 

I t  is general ly  agreed t h a t  Ca 2+ p lays  a crucial role in 
s t imulus-secre t ion  coupling],  s, 9. The impor t ance  of Ca 2+ 
for the  secret ion of p ro te ins  f rom the  exocrine pancreas  
has also been  es tab l i shed  s, 10. I t  is, perhaps ,  no t  so surpr is ing 
t h a t  t he  ACh- induced depolar iza t ion oi the  acinar  cells 

was of the  same magn i tude  dur ing  exposure  of the  glands  
to  a Cae+-free solut ion as dur ing  cont ro l  condi t ions  s ince  
in some o ther  secre tory  t issues it has  also been  found  t h a t  
r educ t ion  of the  extracel lu lar  Ca 2+ concen t ra t ion  does no t  
seriously affect  t he  s t imu la t ion - induced  change  in mem-  
b rane  po ten t i a l  in spi te  of a severely reduced  secre tory  
abi l i ty  1, a. The ACh- or CCK-Pz- induced  change in m e m -  
brane  permeabi l i ty ,  giving rise to  the  depolar iza t ion  of t he  
acinar  cells, is p ro b ab l y  a necessary  b u t  no t  a suff ic ient  re- 
qu i r emen t  for p ro te in  secre t ion;  the  presence  of ex t ra -  
cellular Ca 2+ is also obl iga tory  10. 

Zusammen]assung. Acetylchol in  und  P a n c r e o z y m i n  in- 
duzieren beide eine Depolar i sa t ion  der  Azinuszel lmem- 
b ran  in der  ]3auchspeicheldrfise. Nur  die W i rk u n g  yon  
Acety lchol in  wird yon  At rop in  blockiert .  Das lRuhe- 
po ten t i a l  kann  auch dureh  eine e rh6hte  Ka l iumkonzen-  
t r a t i o n  im Ex t r aze l lu l a r r aum reduz ie r t  werden,  diese 
Wi rkung  wird  n ich t  yon  At rop in  beeinflusst .  Die Acetyl -  
chol in- induzier te  Depolar i sa t ion  ist  n ich t  yon  ext ra-  
zellularer K a l z i u mk o n zen t r a t i o n  abhXngig, sondern  ist  
wahrschein l ich  eine no twendige  Bed ingung  fiir den Sekre- 
t ionsprozess .  
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