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I t  is concluded t h a t  in He idenha in  pouches  pen t agas t r i n  
does an tagonize  secre t in -s t imula ted  peps in  b u t  secret in 
and me thacho l ine  do no t  antagonize  one another .  

Summary. Secre t in -s t imula ted  peps in  secret ion f rom 
t l e i d e n h a i n  pouches  was s ignif icant ly  depressed  by  

c o n c o m i t a n t  pen tagas t r in .  P e n t a g a s t r i n  by  i tself  was 
w i t h o u t  effect  on pouch  pepsin.  Methachol ine ,  on the  o ther  
hand ,  d id  no t  an tagonize  secre t in -s t imula ted  pouch  
pepsin.  
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The  Direc t  Act ion  of A d r e n a l i n e  on  the  Act ion  P o t e n t i a l s  of  B u l l f r o g ' s  (Rana catesbeiana) 
S y m p a t h e t i c  G a n g l i o n  Cel ls  

Catecholamines  p lay  the i r  roles as chemical  t rans-  
mi t t e r s  a t  neuromuscu la r  or in te rneurona l  junct ions .  I t  is 
general ly  bel ieved t h a t  ca techolamines  released .from 
catecholaminergic  neurones  ac t  on the i r  t a rge t  muscle  or 
nerve cells and  t he r eby  regulate  t he  exc i tab i l i ty  (or the  
res t ing m e m b r a n e  potent ia l )  of these  ceils. In  the  case of 
cardiac muscles,  however ,  ca techolamines  are able to 
regulate  no t  only  the  res t ing  m e m b r a n e  po ten t i a l  bu t  also 
the  shape  of the  act ion po ten t i a l  by  increasing the  
p la teau  amp l i t ude l ,  L The main  effect  of ca techolamines  
on the  ac t ion  po ten t i a l  has  been expla ined  by  an increase 
of the  slow inward  current ,  p r e sumab ly  carr ied by  b o t h  
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Effects of 0.3 mM adrenaline on the spike potential and also the 
maximum rates of rise and fall of spike potentials in bullfrog's 
sympathetic ganglion cell. A) Suppression of the peak amplitude 
of the after-hyperpolarization of action potential and of tile maxi- 
mum rates of rise and fall in the presence of adrenaline. Upper 
recordings show the maximum rates of rise and fall of action 
potentials. Lower recordings are action potentials which were 
produced by applying antidromic stimulations to postganglionic 
nerve fibres at an interval of 2 see. These records were taken before 
(1), 5 min after (2) an application of adrenaline and record 3 was 
taken 6 min after its withdrawal. B) Action potentials of records 1 
and 2 in A) were superimposed in order to clarify the action of adren- 
aline. Number 1 and 2 are records 1 and 2 in A), respectively. A 
suppression of the peak amplitude 0f after-hyperpolarization and a 
prolongation of the duration of the action potential are clearly seen 
in 2. C) The maximum rates of rise and fall of action potentials 
taken from records 1 and 2 in A) were superimposed in order to 
clarify the effect of adrenaline. Number 1 and 2 are records 1 and 2 
in A), respectively. Suppressions of both maximum rates of rise and 
fall are clearly demonstrated in 2. 

calc ium and  sod ium ions1, ~. A n o t h e r  possible effect  of 
ca techolamines  was  the  decrease of po tas s ium con- 
duc tance  3. Such d i rec t  controls ,  by  ca techolamine ,  of the  
processes  involved  in genera t ion  of act ion po ten t i a l s  
have  no t  been  observed  in the  nervous  sys tem.  The 
p resen t  work,  however ,  d e m o n s t r a t e d  t h a t  a catechol-  
amine  is indeed able to contro l  d i rec t ly  the genera t ion  
of ac t ion  po ten t ia l s  of t a rge t  nerve  ceils at  in te rneurona l  
junct ions .  

The  bullfrog 's  (Rana catesbeiana) s y m p a t h e t i c  gangl ion 
cells were used th roughout .  The intracel lular  recording 
t echn ique  of ac t ion po ten t ia l s  are essential ly s imilar  to 
t h a t  descr ibed elsewhere 3. The ionic compos i t ion  of 
Ringer ' s  solut ion are as follows: NaC1 112 mM,  KC1 2 m M ,  
CaClz 1.8 m M  and  NaHCO a 2.4 mM.  Adrenal ine  bi tar -  
t r a t e  was used at  t he  concen t ra t ion  of 0.3 m M  th roughout .  
The e x p e r i m e n t  was carried out  a t  room t e m p e r a t u r e  

" (20-23~ 
W h e n  adrenal ine  was added  to  perfusa te  (Ringer 's  

solution),  the  res t ing  m e m b r a n e  po ten t i a l  of ganglion 
cells showed no change  or sl ight depolar izat ion,  which  
never  exceeded 5 mV, depend ing  on individual  cells. 
Changes in the  m e m b r a n e  resis tance ( input-resis tance)  of 
ganglion cell observed in the  presence of adrenal ine  were 
no t  de tec tab le  even when  the  m e m b r a n e  was depolarized.  
In  t he  case of the  depolar ized m e m b r a n e  by the  act ion of 
adrenal ine,  a s l ight  increase of m e m b r a n e  resistance,  
however ,  was observed when  the  m e m b r a n e  po ten t i a l  
was f ixed at  original res t ing po ten t i a l  level by  anodal  
current .  These resul ts  ind ica ted  t h a t  the  m e m b r a n e  
res is tance t ended  to  increase under  the  effect of adrenaline.  

The effect  of adrenal ine  on ac t ion  poten t ia l s  was tes ted  
by  using ganglion cells of which res t ing m e m b r a n e  
po ten t ia l s  showed no depolar izat ion in the  presence  of 
adrenal ine.  Act ion poten t ia l s  of these  ceils were genera ted  
by  app ly ing  repea ted  an t id romic  s t imula t ion  to  pos t -  
ganglionic nerves a t  in tervals  of 2 sec. These act ion 
po ten t ia l s  p roduced  before, dur ing and af ter  an  applica-  
t ion  of adrenal ine  were compared  wi th  each other,  in 
order  to  examine  the  effect  of adrenal ine  and  i ts  revers-  
ibili ty.  A mos t  s ignif icant  effect  of adrenal ine  on the  act ion 
po ten t i a l  was found to  be a decrease of the  peak  ampl i tude  
of a f t e r -hyperpo la r i za t ion  of act ion potent ia l ,  and  a 
m a x i m u m  ra te  of fall and also a pro longat ion  of the  dura-  
t ion  of ac t ion  potent ia l .  These changes  were of ten  
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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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