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obse rved  w i t h o u t  apprec iab le  changes  in t he  a m p l i t u d e  
of spike po ten t ia l s .  The  o the r  change  in ac t ion  p o t e n t i a l s  
was  a decrease  of t he  m a x i m u m  ra te  of rise of spike 
po t en t i a l s ;  t h i s  change  was obse rved  even  w h e n  t he  
spike p e a k  a m p l i t u d e  was no t  changed .  W h e n  an  appl ica-  
t ion  of ad rena l ine  was sus ta ined ,  t he  a m p l i t u d e  of spike 
po t en t i a l s  was  depressed and  o the r  changes  were also 
enhanced .  All  these  changes  caused  by  ad rena l ine  were 
reversible .  A n  example  of these  e x p e r i m e n t a l  resul t s  is 
shown  in t he  Figure.  

FATT and  KATZ 4 d e m o n s t r a t e d  t h a t  t h e  p e a k  a m p l i t u d e  
of an  ac t ion  po ten t i a l ,  r ecorded  f rom t he  end-p la t e  
region of frog ske le ta l  musc le  fibres,  was  suppressed  
du r ing  t he  a c t i v a t i o n  of t he  end-p la t e  b y  t r a n s m i t t e r  
t h r o u g h  the  s h u n t i n g  effect  of ACh on t he  end-p la te  
m e m b r a n e .  I f  ad rena l ine  h a d  a s imi la r  effect  on  the  
synap t i c  m e m b r a n e  of gang l ion  cells, t h e  suppress ion  of 
ac t ion  p o t e n t i a l s  observed  in t he  p re sen t  e x p e r i m e n t  could 
be exp la ined  in th i s  way.  The  p r e s en t  results ,  however ,  
showed t h a t  t he  m e m b r a n e  res i s tance  a t  r e s t ing  p o t e n t i a l  
level  neve r  decreased b u t  r a t h e r  t e n d e d  to  increase.  Thus,  
the  poss ib i l i ty  t h a t  the  ac t ion  p o t e n t i a l  was  depressed as a 
resul t  of t he  ac t ion  of ad rena l ine  on  t he  synap t i c  m e m b r a n e  
can  be discarded.  

The  fac t  t h a t  the  p e a k  a m p l i t u d e  of a f t e r -hyperpo la r -  
i za t ion  and  t he  m a x i m u m  ra t e  of fall were m a r k e d l y  
an d  reve r s ib ly  decreased,  and  also t he  d u r a t i o n  of ac t ion  
p o t e n t i a l  was  pro longed  in t he  presence  of adrena l ine ,  
c lear ly  d e m o n s t r a t e d  t he  decrease  in K+ conduc t ance  
dur ing  t he  gene ra t ion  of ac t ion  po ten t ia l .  Similar ly ,  a 
decrease in t h e  spike po ten t i a l ,  p a r t i cu l a r l y  t he  decrease  
in t he  m a x i m u m  ra t e  of rise i nd ica t ed  t h a t  t he  in- 

crease in Na+  c o n d u c t a n c e  respons ib le  for t h e  i n i t i a t i o n  
of spike p o t e n t i a l s  was  also depressed r eve r s ib ly  b y  t he  
d i rec t  ac t ion  of adrena l ine .  

I t  is k n o w n  t h a t  ad rena l ine  m i g h t  be  one of t he  t r ans -  
m i t t e r s  which  ac t  to  depolar ize  t he  synap t i c  m e m b r a n e  of 
gang l ion  cells 5. W h a t  is the  r e l a t ion  be tween  t he  ac t ion  
of ad rena l ine  on  t he  s y n a p t i c  m e m b r a n e  and  t h a t  on  t he  
m e m b r a n e  f rom where  t he  ac t ion  p o t e n t i a l  is ac tua l ly  
gene ra t ed  ? This  ques t ion  is now u n d e r  i n v e s t i g a t i o n  b y  
f u r t h e r  expe r imen t s .  I n  a n y  case, i t  can  be  s t ressed t h a t  
t he  p re sen t  e x p e r i m e n t a l  resul ts  i nd i ca t ed  t h a t  ad rena l ine  
is able  to  con t ro l  d i r ec t ly  the  Na+ and  K+ c o n d u c t a n c e  
changes  respons ib le  for gene ra t ion  of ac t ion  po ten t i a l .  
F u r t h e r  e x p e r i m e n t s  are needed  to s t u d y  t he  inf luence  of 
t h e  ac t ion  of ad rena l ine  on  t he  Ca++ m o v e m e n t  d u r i n g  
t h e  gene ra t ion  of ac t ion  po ten t i a l .  

Zusammenfassung.  Die d i rek te  W i r k u n g  yon  A d r e n a l i n  
auf  das  A k t i o n s p o t e n t i a l  wurde  an  s y m p a t h i s c h e n  
Gangl ionze l len  des Ochsenfrosches  Rana catesbeiana 
s tud ie r t .  Die V e r ~ n d e r u n g  im A k t i o n s p o t e n t i a l  is t  
revers ibe l  u n d  die Z u n a h m e  der  Na-  und  K-Lei t f / ih igkei t  
wi rd  d i rek t  d u r c h  A d r e n a l i n  kont ro l l i e r t .  
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E x c i t a t i o n  of  A c i d  and  P e p s i n  S e c r e t i o n  b y  C h o l e c y s t o k i n i n - P a n c r e o z y m i n  in  P a v l o v  and  
H e i d e n h a i n  P o u c h e s  of  the  Rat  

Cho lecys tok in in - panc r eozym i n  (CCK-PZ) has  t he  C- 
t e r m i n a l  t e t r a  pep t ide  sequence  in c o m m o n  w i t h  gast r in ,  
a pep t ide  sequence t h a t  d isp lays  all t he  physiological  
p roper t i es  of t he  p a r e n t  gas t r in  molecule1. CCK-PZ has  
been  r epo r t ed  to s t i n m l a t e  acid secre t ion in all species so 
far  s tud ied  b u t  i ts  secre tory  p o t e n c y  seems to  be less t h a n  
t h a t  of gas t r in~-L  The  ob jec t  of p rev ious  s tudies  f rom 
th i s  l a b o r a t o r y  was to  d e t e r m i n e  the  gas t r ic  secre tory  
response  to feeding in conscious r a t s  p r o v i d e d  w i t h  
d i f fe rent  p o u c h  p r e p a r a t i o n s  a n d  to  exam i ne  t he  ind iv id-  
ual  c o m p o n e n t s  ope ra t i ng  d u r i n g  th i s  k ind  of n a t u r a l  
exc i t a t i on  of t he  gas t r ic  m u c o s a  a-10. These  s tudies  h a v e  
m a i n l y  concerned  t he  ac t ion  of gas t r in  a n d  t h e  vagus  
ne rve  per  se and  t he  i n t e r ac t i on  be t w een  these  two 
st imuli .  The  purpose  of t he  p re sen t  s t u d y  was to ascer- 
t a i n  t he  role of the  vagus  ne rve  for the  sens i t i v i ty  of the  
acid a n d  peps in  secre t ing  ceils to  CCK-PZ s t imu la t ion .  
This  h o r m o n e  is l ikely to  t ake  p a r t  in t he  secre tory  res- 
ponse  to  feeding,  since CCK-PZ is re leased in to  t he  circula-  
t ion  on  inges t ion  of a meal  11,1~. 

Materials and methods. F e m a l e  r a t s  of t i le Sprague-  
Dawley  s t ra in ,  weighing  a b o u t  250 g, were p r e p a r e d  w i th  
H e i d e n h a i n  pouches  accord ing  to A l p h i n  a n d  L in  1S, and  
P a v l o v  pouches  as descr ibed  b y  SVENSSON 8. The  exper-  
i m e n t s  were pe r fo rmed  on u n a n a e s t h e t i z e d  r a t s  fas ted  for 
18 h, kep t  in  Bo l lm an  cages:  t he  gast r ic  juice was col lected 
in 30 m i n  samples  b y  a per fus ion  t e c h n i q u e  8 a n d  ana lyzed  
for HC1 by  t i t r a t i o n  aga ins t  0.1 M N a O H  w i t h  p h e n o l  red 
as a n  indica tor .  The  peps in  o u t p u t  was  d e t e r m i n e d  b y  a 
s l ight  modi f i ca t ion  of t he  m e t h o d  of HUNT 14 and  expressed  
in txg ,in t e r m s  of the  a c t i v i t y  of a commerc ia l  c rys ta l l ine  

p r e p a r a t i o n  of peps in  (lot 95 B-1270, S igma  Chemica l  Co.). 
Cho l ecys tok in in -panc reozymin  (CCK-PZ) 15 was infused 
v ia  a p o l y e t h y l e n e  t u b e  inser ted  in a ta i l  vein,  t he  t u b e  
be ing  connec t ed  to  a m o t o r - d r i v e n  syringe.  E a c h  dose of 
CCK-PZ was infused for 90 rain  in  s tepwise  increas ing  
doses un t i l  no f u r t h e r  s igni f icant  increase  in secre t ion 
occurred.  The  acid and  peps in  o u t p u t s  were ca lcu la ted  
f rom the  m e a n  of t he  las t  two 30-min per iods  a t  each  dose. 
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Results. The dose-response curves for acid and  peps in  
were es tabl ished in the  dose range 0.03125/2 - -  2 ~xg/h in 
6 Pav lov  and  6 He idenha in  pouch  rats .  In  the  He idenha in  
pouches,  in terd iges t ive  acid secret ion was 1.5 4- 0.31 
(S.E. of the  mean) tzeq/30 min,  and  in the  Pav lov  pouches  
38.8 4- 4.83 ~eq/30 min.  On infusing CCK-PZ in doses 
giving max ima l  responses,  t he  acid secre t ion rose to  
71.7 • 3.89 t~eq/30 rain in tile He idenha in  pouches  and to  
95.0 j= 11.41 ixeq/30 rain in the  Pav lov  pouches.  To make  
the  dose-response curves for the  2 pouch  p repa ra t ions  
comparable ,  the  in terd iges t ive  acid secret ion was de- 
duc t ed  f rom the  response ob ta ined  on s t imula t ion .  The 
max ima l  response  in t he  indiv idual  pouches  was referred 
to  as 100%. The Pav lov  pouch  was more  sensi t ive to 
CCK-PZ t h a n  the  He idenha in  pouch  (Figure 1). Infus ion  
of sup ramax ima l  doses of CCK-PZ was followed by  de- 
crease in the  secre tory  rate.  Secret ion wi th  2 txg/h was 
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Fig. 1. Acid secretory responses to i.v. infusion of CCK-PZ in rats 
provided with a Pavlov poucti (O) or a Heidenhain pouch (�9 The 
acid responses are expressed as % of the maximal response to CCK- 
PZ after deduction of the interdigestive secretion. The mean and 
S.E. of the mean are calculated from 1 determination in each of 6 
rats. 

63.8 • 6.97 [xeq/30 min  in the  Pav lov  pouches,  and 
43.4 • 4.72 [xeq/30 min  wi th  4 lzg/h of CCK-PZ in the  
He idenha in  pouches.  

The in terd iges t ive  peps in  secret ion was 115 = 12.7 Fg/ 
30 rain in the  He idenha in  pouches,  and 365 4- 36.9 [xg/ 
30 min  in the  Pav lov  pouches.  CCK-PZ s t imula ted  pep-  
sin secret ion in b o t h  pouch  p repa ra t ions  wi th  a peak  of 
347 4- 16.0 ~g/30 min  wi th  0.25 ~xg/h in the  He idenha in  
pouches  and 531 • 52.7 Fg/30 rain w i t h  0.5 tzg/h in the  
Pav lov  pouches,  wherea f te r  peps in  secret ion declined 
(Figure 2). 

Discussion. The p re sen t  results  demons t r a t e  t h a t  CCK- 
PZ is an effect ive s t imu lan t  of acid secret ion in the  ra t  
Pav lov  and  He idenha in  pouch.  Fur the rmore ,  the  vagus 
nerve  faci l i tates  the  acid s t imula to ry  po tency  of CCK-PZ 
in a similar way  as has  previously  been shown for hista-  
mine and  gas t r in  s, 9. 

A n o t h e r  s imi lar i ty  be tween  the  effect  of CCK-PZ and 
gas t r in  has been  disclosed in t he  rat ,  i.e. the  p r o p e r t y  to  
increase the  mobi l iza t ion  of gastr ic  mucosal  h i s t amine  16, ~7 
In  addi t ion ,  the  acid secre tory  response  to CCK-PZ can 
be comple te ly  abol ished by  h i s t ami n  H2-receptor  block- 
ade ~7, ind ica t ing  an  impl ica t ion  of gastric mucosal  
h i s t amine  in the  mode  of ac t ion also of CCK-PZ. 

In  spi te  of these  similari t ies  be tween  CCK-PZ and 
gastr in,  and  of the  fac t  t h a t  also CCK-PZ is released upon 
feeding, the  significance of th is  h o rmo n e  for the  gastric 
secre tory  response  to  a meal  is still unknown.  I t  should, 
however ,  be m e n t i o n e d  t h a t  a role for CCK-PZ has been 
suggested in the  dog to  sus ta in  the  pos tp rand ia l  acid 
secret ion af ter  antrectomy~8. In  t he  rat ,  by  contras t ,  the  
acid response  to  food is subs tan t i a l ly  reduced af ter  
a n t r e c t o m y  12. 

CCK-PZ has been  repor ted  to  s t imula te  peps in  secre- 
t ion  in inne rva ted  ca t  and  dog s t o mach  p repara t ions ;  in 
the  dene rva t ed  dog s tomach,  and  in man,  the  repor ted  
results  are incons i s ten t  20-23. In  the  rat ,  CCK-PZ exer ts  a 
considerable  pepsigogue effect  in b o t h  s tomach  prepara-  
t ions.  On the  o the r  hand ,  gast r in  and h i s tamine  s t imula ted  
peps in  secret ion only  in the  dene rva t ed  pouch  prepara-  
t ion s, 9. I t  should, however ,  be no ted  t h a t  the  dene rva t ed  
pep t ic  ceils appeared  more  responsive  to CCK-PZ than  
the  inne rva ted  ones2~ 
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Fig. 2. Pepsin secretory responses in 6 Pavlov (O) or 6 Heidenhain 
(O) pouch rats in response to i.v. infusion of CCK-PZ. The mean and 
S.E. of the mean are given. 

Zusammen/assung. Nachweis ,  dass  CCK-PZ die Sekre- 
t ion  yon SalzsAure und  Peps in  in Pavlov-  und  Heiden-  
ha in -Sekre tbeu te ln  s t imulier t .  Die vagal  innerv ie r ten  
Par ie ta lzel len erwiesen sich als empf indl icher  ffir CCK- 
PZ als die denervier ten ,  wghrend  die denerv ie r ten  Pepsin-  
zellen empf indl icher  waren  Ms.die innervier ten.  
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