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P a n k r e a s k a l l i k r e i n  b e w i r k t e  /31u td rucksenkung  d u r c h  
vorher ige  G a b e  des  H e m m s t o f f e s  zu ve r h i nde r n .  Die  
U n t e r s u c h u n g e n  w u r d e n  a n  i n s g e s a m t  20 2 , 8 - 3 , 2 k g  
schweren  K a n i n c h e n  in U r e t h a n n a r k o s e  (1,5 g ]kg i .p . )  
durchgef i ih r t .  Die  V e r s u c h s a n o r d n u n g  w u r d e  so getrof-  
fen, dass  z u n ~ c h s t  die b l u t d r u c k s e n k e n d e  W i r k u n g  yon  
s t e igenden  Mengen  Serum-  bzw. P a n k r e a s k a l l i k r e i n  ge- 
messen  wurde .  Ansch l i e s send  wurde  A P P A  app l iz ie r t  u n d  
d a n a c h  ve r such t ,  w i e d e r u m  eine I31u tdrucksenkung  d u r c h  
I n j e k t i o n  y o n  Serum-  bzw. P a n k r e a s k a l l i k r e i n  auszul6-  
sen. Wie  aus  d e m  in F i g u r  2 da rges t e l l t en  Ver suchsbe i -  
spiel  e r s ich t l i ch  ist, w i rd  d u r c h  I n j e k t i o n  yon  1 m g  
A P P A / k g  die d u t c h  S e r u m k a l l i k r e i n  b e w i r k t e  H y p o t e n -  
sion v e r h i n d e r t .  E n t s p r e c h e n d  de r  E l i m i n a t i o n  yon  A P P A  
(Ha lbwer t sze i t  = 104 min)  5 h~ilt die An t ika l l i k r e inwi r -  
k u n g  be i  de r  G a b e  yon  1 m g / k g  bis  zu 30 ra in  u n d  be i  
der  G a b e  y o n  2,5 m g / k g  bis  zu 21/~ S t u n d e n  n a c h  de r  
I n j e k t i o n  an.  D a n a c h  v e r u r s a c h e n  a u c h  I n j e k t i o n e n  yon  

S e r u m k a l l i k r e i n  wieder  b l u t d r u c k s e n k e n d e  Ef fek te .  Die  
b l u t d r u c k s e n k e n d e  W i r k u n g  yon  P a n k r e a s k a l l i k r e i n  wi rd  
be i  G a b e  der  g le ichen A P P A - D o s i s  n i c h t  s i g n i f i k a n t  be-  
e inf luss t .  

Summary. The  s e r u m  ka l l i k r e in - induced  k in in  l ibe ra -  
t ion  in t he  b lood  is i n h i b i t e d  b y  a m i d i n o  p h e n y l  p y r u v i c  
acid (APPA)  in v i t r o  a n d  in vivo.  
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Synapt ic  Connec t ions  m a d e  by two  S e r o t o n i n - C o n t a i n i n g  N e u r o n s  in the  Snai l  (Helixpomatia) Brain  

There  is a g i a n t  s e r o t o n i n - c o n t a i n i n g  n e u r o n  in each  
ce rebra l  gang l ion  of t h e  sna i l  Helix pomatia:. This  r e p o r t  
descr ibes  t h e  resu l t s  of e x p e r i m e n t s  m a d e  to  locate  dif- 
f e ren t  n e u r o n s  i n n e r v a t e d  b y  the se  cells a n d  to  d e t e r m i n e  
t he  rou te s  of t he  connec t ions .  E f fo r t s  to  f ind  such  cells 
h a v e  b e e n  cen t r ed  o n  t h e  b u c c a l  gang l ia  because  
p rev ious  dye  i n j ec t i on  a n d  e lec t rophys io log ica l  exper i -  
m e n t s  2, 3 h a v e  s h o w n  t h a t  axons  f rom t h e  g i a n t  s e ro ton in  
cells (GSCS) pass  in to  the  ce reb ro -bucca l  connec t ives .  

Materials and methods. Elec t rophys io log i ca l  m e t h o d s  
were used. The  c i r cum-oesophagea l  n e r v e  r ing  a n d  t he  
bucca l  gang l i a  were r e m o v e d  f r o m  l ive  H. pomatia a n d  
p i n n e d  to  a p l a s t i c  shee t  a t  t h e  base  of a smal l ,  0.7 ml ,  

• c h a m b e r  pe r fused  w i t h  sa l ine  4. A doub le  b a r r e l  glass 
mic roe lec t rode  was  in se r t ed  in to  one of t h e  GSC. S imi la r  
e lec t rodes  were used  to  i m p a l e  se lec ted  cells in  each  
bucca l  gangl ion.  I n p u t  leads  f rom t he  e lec t rodes  were  
fed t h r o u g h  c a t h o d e  fol lowers to  a dua l  b e a m  osci l loscope 
or a pen  recorder .  

Results and discussion. T h r e e  la rge  n e u r o n s  can  be  seen  
a t  t h e  l a t e r a l  bo rde r s  of each  bucca l  gangl ion .  These  cells 
h a v e  b e e n  ca l led  an te r io r ,  m i d d l e  a n d  pos t e r io r  b u c c a l  
cells. T h e y  are  d i a g r a m m a t i c a l l y  r e p r e s e n t e d  in F igu re  1. 
I t  h a s  been  f o u n d  t h a t  e ach  of these  cells rece ives  a n  
i n p u t  f rom each  GSC. I n  t h e  case of t h e  pos t e r i o r  a n d  
midd le  cells t he  i n p u t  is a l m o s t  c e r t a i n l y  m o n o - s y n a p t i c .  
The  i n p u t  o n t o  t he  a n t e r i o r  cells is d i f f e ren t  f rom t h a t  
of t h e  o t h e r  cells a n d  m a y  i nvo l ve  a less f r e q u e n t l y  
obse rved  m e c h a n i s m  of s y n a p t i c  t r ansmis s ion .  

Spike  f i r ing  in e i t h e r  GSC re su l t ed  in t he  a p p e a r a n c e  
of sma l l  depo la r i z ing  p o t e n t i a l s  in  b o t h  ips i l a t e ra l  a n d  
c o n t r a l a t e r a l  pos te r io r  a n d  m i d d l e  b u c c a l  cells. T h e  
a m p l i t u d e  of such  p o t e n t i a l s  was  f ac i l i t a t ed  w i t h  repe-  
t i t i v e  f i r ing  of t h e  GSC a n d  t h e r e  was  s u m m a t i o n  w h i c h  
lead to  sp ike  f ir ing.  W h e n  t h e  a p p r o p r i a t e  b u c c a l  cells 
were a r t i f i c ia l ly  hyperpo la r i zed ,  t h e  a m p l i t u d e  of t h e  
smal l  p o t e n t i a l s  was  increased  i n d i c a t i n g  t h a t  t h e  p o t e n -  
t ia l s  a re  e x c i t a t o r y  p o s t s y n a p t i c  p o t e n t i a l s  ( E P S P S ) .  

1 G. A. COTTRELL and N. N. OSBORNE, Nature, Load. 225, 470 
(1970). 
G. A. COTTRELL, Nature, Load. 225, 1060 (1970). 

8 E. R. KANDEL and L. TAuc, J. Physiol., Lond. 183, 269 (1966). 
4 K. M~NG, ZooL Jber., Neapel 68, 539 (1960). 

T h e  l a t e n c y  b e t w e e n  GSC sp ike  a n d  t he  a p p e a r a n c e  of 
t he  E P S P  in t he  bucca l  cells was  c o n s t a n t  a t  a b o u t  
1 0 0 m s e c .  No c o n s i s t e n t  d i f ference  in l a t ency  was 
obse rved  b e t w e e n  ipsi-  a n d  c o n t r a l a t e r a l  connec t ions .  
The re  was a one  to  one  r e l a t i o n s h i p  b e t w e e n  GSC spike 
a n d  bucca l  cell E P S P  e v e n  a f t e r  severa l  h u n d r e d  GSCS 
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Fig. 1. Diagram showing the two GSCS in the cerebral ganglia, 
their processes, and the neurons with which they form synaptie 
contacts. The posteriorly placed cell and the middle cell in each 
buecal ganglion are most probably directly innervated by each 
GSC; the precise nature of the connections between the GSC and 
the anteriorly placed cell in each ganglion remains to be determined. 
The processes from the different cells were traced either by dye 
injection or by electrophysiological methods (see text). The exact 
points of contact between the cells is not known, but the synapses 
are probably axo-axonic since most if not all synapses in gastropod 
ganglia are of this type s. Note the position of the arborization of 
each GSC and the double innervation of the 'middle cell' in each 
bueeal ganglion by" the appropriate ipsilateral GSC. 
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spikes. I t  appea r s  the re fore  t h a t  t he  connec t ions  be tween  
the  GSCS and  each of these  buccal  cells are  m o n o s y n a p t i c  
especial ly in v iew of t he  fac t  t h a t  reserpine,  which  deple tes  
sero tonin  f rom the  GSC x g radua l ly  reduces  t he  a m p l i t u d e  
of t he  E P S P s  w i t h  r epea t ed  f ir ing ~. 

W h e n  one of t he  GSCs was  s t imu la t ed  and  recordings  
m a d e  f rom e i ther  t h e  pos te r io r  or t he  midd le  cells of 
t he  con t ra l a t e ra l  bucca l  ganglion,  sec t ion  of t he  ips i la tera l  
cerebro-buccal  connec t ive  had  no obvious  effect  on the  
appea rance  of t he  E P S P S ,  whereas  sec t ion  of t he  con t ra -  
la tera l  connec t ive  abol ished t h e m .  Thus  the  con t ra l a t e ra l  
connec t ions  f rom each GSC are m a d e  by  w a y  of t he  
con t r a l a t e r a l  cerebro-buccal  connec t ives  (Figure 1). Ipsi-  
l a te ra l  connec t ions  are m a d e  by  the  shor t e s t  route ,  i.e. 
by  way  of t he  app rop r i a t e  cerebro-buccal  connect ive .  
However ,  the  midd le  cells also receive a n o t h e r  link, 
p r o b a b l y  monosynap t i c ,  f rom the  ips i la tera l  GSC by  
w a y  of the  con t ra l a t e ra l  cerebro-buccal  connec t ive  and  
the  buccal  commissure .  F igure  2a shows t h e  resu l t  of 
an e x p e r i m e n t  in which  the  lef t  GSC was  s t imu la t ed  

and  records  m a d e  f rom the  lef t  midd le  la tera l  buccal  
cell. As usual,  s t imula t ion  resu l ted  in E P S P S  in t he  buccal  
cell and  the  i n p u t  increased the  ra te  of f i r ing of t he  buccal  
ceil. Af te r  cu t t i ng  t h e  lef t  cerebra l  bucca l  connect ive ,  
E P S P S  were  st i l l  obse rved  a l though  t h e y  were  smal ler  
t h a n  before.  S imi lar  evidence has  been  ob ta ined  for such  
a l ink b e t w e e n  the  r igh t  GSC and  the  r igh t  middle  
buccal  cell. Thus  each  midd le  cell, a t  least,  receives two  
inpu t s  f rom its  ips i la tera l  GSC, one rou te  is d i rec t  and  
the  o the r  runs  a c i rcular  course (Figure 1). The  processes  
leading f rom each pos ter ior  and  midd le  la tera l  buccal  
cells were  observed  by  in jec t ing  Proc ion  Yel low (Figure 1). 

The ac t iv i ty  of t he  an t e r io r  cell is also inf luenced b y  
the  GSC, b u t  in th i s  case no E P S P S  are obse rved  even  
dur ing  p ronounced  hyperpo la r iza t ion .  GSC s t imula t ion  
resul ted,  a f te r  a delay,  in depola r iza t ion  and  spike f i r ing 

s G. A. COTTRELL, J. Physiol., Lond. 208, 28P (1970). 
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Fig. 2. a) Responses recorded in the 'middle cell' in the left buceal ganglion when the left GSC was stimulated to fire spikes, before 
and after sectioning the ipsilateral eerebro-buceal eonneetive. In the top record, EPSPS are clearly observed and the rate of spike 
firing in the buccal cell inereased. After sectioning the connective (lower record) spike firing in the GSC was less effective, but still 
caused an increase in activity of the buccal cell and the appearance of small EPSPS. Inset above the lower recording shows some of 
these small EPSPS at high magnification, b) Electrical responses of the 'anterior eell' in the left buccal ganglion to stimulation of 
the GSC in the right cerebral ganglion. Unlike the responses observed in the other cells, there was a delay between onset of action potential 
firing in the serotonin cell and increase in activity of the buccal cell. Further, the increased activity in the buccal cell persisted 
after the GSC had ceased firing spikes. Frequently, oscillatory potential changes were observed in these bueeal eells during, or 
immediately after, spike activity in one or other of the GSCS. 
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in t h e  a n t e r i o r  cell;  s o m e t i m e s  osc i l l a to ry  p o t e n t i a l s  were 
also obse rved  (F igure  2b).  E a c h  GSC in f luenced  b o t h  
an t e r i o r  l a t e r a l  cells. I t  is poss ib le  t h a t  t h e r e  is a less 
f r e q u e n t l y  e n c o u n t e r e d  t y p e  of s y n a p t i c  c o n t a c t  b e t w e e n  
these  cells, s o m e t h i n g  ana logous ,  b u t  of reverse,  sign, to  
i n h i b i t i o n  of long  d u r a t i o n  s. A l t e r n a t i v e l y  t h e  l inkage  
m a y  n o t  be  m o n o - s y n a p t i c .  No l i nk  h a s  b e e n  d e t e c t e d  
a m o n g  a n y  of t h e  d i f f e ren t  bucca l  cells. 

F r o m  t h e  d a t a  p r e s e n t e d  i t  a p p e a r s  t h a t  t h e  GSC are  
iu t e rneurons .  Ce r t a in ly  t h e y  rece ive  s y n a p t i c  i n p u t  f rom 
m a n y  of t h e  n e r v e  t r u n k s  e n t e r i n g  t h e  ce rebra l  gang l i a  3. 

The  s y s t e m  offers  g r ea t  a d v a n t a g e s  for  de ta i l ed  s tud ie s  
on  t h e  m o d e  of ac t ion  of d rugs  w h i c h  are  t h o u g h t  to  
in f luence  t h e  levels  or  a c t i o n  of s e ro ton in  in n e r v o u s  
t i ssue  a n d  for  s t u d y i n g  t h e  in f luence  of two  i n d e p e n d e n t  
b u t  iden t i ca l  i n p u t s  o n t o  one  cell. 

R~sumd. On d6cr i t  la  d i spos i t i on  pr6cise des c o n t a c t s  
s y n a p t i q u e s  r6alis6e p a r  d e u x  g igan t e sques  n e u r o n e s  
c o n t e n a n t  de  la  s6 ro ton ine  (GSC) avec  d ' a u t r e  n e u r o n e s  
d a n s  la  cerve l le  de l ' e sca rgo t  Helix pomatia. Quelques  
n e u r o n e s  son t  i nne rv6s  deux  fois p a r  c h a q u e  GSC. 

G. A. COTTRELL 7 

WeUcome Laboratories o/Pharmacology, 
Garry Marine Laboratory, The University, 
St. Andrews (Scotland), 23 November 1970. 

e L. TAuc, Physiol. Rev. 47, 521 (1967). 
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Papaverine Blockade of the Calcium Action tn Depolarized taenia coli of the Guinea-Pig 

Recen t ly ,  a n  a n t i n i c o t i n i c  c o m p o n e n t  of t h e  p a p a v e r i n e  
ac t ion  in po la r ized  gu inea -p ig  t a e n i a  coli was  obse rved .  
The  doses of p a p a v e r i n e  t h a t  c o m p l e t e l y  b locked  t h e  
ac t ion  of n i co t i ne  d id  n o t  depress  t h e  spasmogen ic  ac t ion  
of BaC12 I. Cond i t ions  were  looked for  where  also t he se  
sma l l  doses of p a p a v e r i n e  would  exe r t  i t s  wel l  k n o w n  
m y o l y t i c  ac t ion .  F o r  t h i s  pu r pos e  t h e  i n t e r a c t i o n  of 
ace ty lchol ine ,  CaCI,, BaC12 a n d  p a p a v e r i n e  in p a r t l y  
depola r ized  t a e n i a  coli  of t h e  gu inea-p ig  was  s tud ied .  
The  depo la r ized  s m o o t h  musc le  p rov ides  a m e a n s  of 
s t u d y i n g  t h e  a c t i o n  of d rugs  on  t h e  c o n t r a c t i o n ,  u n d e r  
cond i t ions  u n c o m p l i c a t e d  b y  t h e i r  effects  on  m e m b r a n e  
po la r iza t ion ,  e lec t r ica l  c o n d u c t i o n  or  even  n e r v o u s  ele- 
m e n t s L  I n  t h i s  p r e p a r a t i o n  t he  c o n t r a c t i o n s  could  be  
evoked  b y  2 d i f f e ren t  m e c h a n i s m s S ;  e i t h e r  b y  h i g h e r  
doses of ace ty lcho l ine ,  or  b y  a n  increased  c o n c e n t r a t i o n  
of e x t e r n a l  Ca ++ . 

Materials and methods. T aen i ae  coli  of t he  gu inea -p ig  
were su spended  in  a n  o rgan  b a t h  in K r e b s  so lu t ion  w i t h  
80 m M  NaC1 rep laced  b y  KC1. T he  s p a s m o g e n s  were 
t e s t ed  before  a n d  a f t e r  t h e  a d d i t i o n  of p a p a v e r i n e  
(1 × 10 -6 g/ml) .  The  e x p e r i m e n t a l  cond i t i ons  conce rn ing  
Ca++ in  t h e  b a t h i n g  f lu id  were  var ied .  T h e  Ca ++ c o n t e n t  
was 0.5 m M  w h e n  t h e  ac t ions  of ace ty l cho l ine  or  BaC12 
were s tud ied .  I n  o t h e r  e x p e r i m e n t s ,  no  Ca ++ b u t  0.5 m M  
E D T A  was  a d d e d  to  t h e  b a t h i n g  fluid.  Fo r  con t r ac t ions ,  
h y p e r t o n i c  so lu t ions  of Ca ++ were added .  Af te r  t h e  dis- 
sec t ion  t a e n i a e  were  t r a n s f e r r e d  in t h e  b a t h  w i t h  t h e  
depo la r iz ing  solut ion.  I n  low Ca ++ m e d i a  t h e  in i t ia l  
c o n t r a c t u r e  d i s a p p e a r e d  w i t h i n  7 min .  T h e  t ens ion  changes  
were m e a s u r e d  w i t h  a m e c h a n o e l e c t r i c a l  t r a n s d u c e r  va lve .  
Means  4 -S .E .  were e s t ima ted .  E a c h  v a l u e  was  de r ived  
f rom 6 to  12 samples .  

Results and discussion. T h e  c o n t r a c t i o n s  o f  t h e  depola r -  
ized t a e n i a  coli  u p o n  t h e  a d d i t i o n  of ace ty l cho l ine  
( 3 . 1 6 × 1 0 - *  to  1 x l 0  -3 g/ml)  were dose -dependen t .  T h e  
a m p l i t u d e  of c o n t r a c t i o n s  evoked  b y  t h e  h i g h e s t  dose 
of ace ty l cho l ine  was  f u r t h e r  a u g m e n t e d  w h e n  t h e  Ca ++ 
c o n c e n t r a t i o n  was  inc reased  to  16 m M  in t h e  p resence  
of ace ty lcho l ine .  

5 m i n  of p a p a v e r i n e  (1 × 10 -5 g /ml)  p r e t r e a t m e n t  
changed  t h e  s e n s i t i v i t y  of t h e  p r e p a r a t i o n  t o w a r d  
ace ty lchol ine .  T h e  ef fec t  of low doses  of ace ty l cho l ine  
was i nh ib i t ed ,  whe reas  t h e  ef fec t  of h i g h e r  doses was  
decreased  a l t h o u g h  n o t  s ign i f i can t ly .  On  t h e  o t h e r  h a n d ,  
t he  ef fec t  of t h e  a d d e d  Ca++ in m e d i a  w i t h  t h e  h i ghes t  
dose of ace ty l cho l ine  was  s ign i f i can t ly  depressed  b y  
p a p a v e r i n e  c o m p a r e d  to  t h e  con t ro l s  (F igure  1). 

I n  Ca++-free m e d i a  t h e  e l e v a t i o n  of e x t e r n a l  Ca ++ 
c o n c e n t r a t i o n  led to  t he  d o s e - d e p e n d e n t  c o n t r a c t i o n s  in  
depola r ized  t a e n i a  coli. T h e  a d d i t i o n  of ace ty l cho l ine  
( 2 × 1 0 - * g / m l )  to  t he  h i g h e s t  Ca++ c o n c e n t r a t i o n  pro-  
duced  f u r t h e r  c o n t r a c t i o n .  

P a p a v e r i n e  r educed  m a r k e d l y  a n d  s ign i f i can t ly  t h e  
s t i m u l a t o r y  ac t ion  of Ca ++ in t h e  whole  c o n c e n t r a t i o n  
range.  I n  con t r a s t ,  t h e  ef fec ts  caused  b y  t he  a d d i t i o n  of 
ace ty l cho l ine  to  t h e  h igh  Ca ++ m e d i a  were no t  i nh ib i t ed .  
Th i s  c o n t r a c t i o n  a m p l i t u d e  r e a c h e d  t he  con t ro l  va lue  
(Figure  2). 
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Fig. 1. Dose-response curves of acetylcholine in depolarized taenia 
coli before and after papaverine treatment. --,  controls; - - - ,  papa- 
verine 1 × 10 -5 g/ml; . . . . .  , the external Ca ++ concentration was 
elevated from 0.5 to 16 mM. The asterisks indicate significant 
decrease by p < 0.05. 
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