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Fig. 2. a A giant  in te rneuron  is a c e 
presynaptic to 2 small blebs. 
2 divergent diadie synapses are 
arrowed. The blebs are packed 
with synaptic vesicles and are 
themselves presynaptic as well as 
pos t synapt ie  s t ructures .  A trans-  
verse  section t aken  at  the base of 
the median oeellar nerve. Bar 
0.25 [xm indicates magnification. - 
b A number  of long blebbed den- 
drites are presynaptie to giant in- 
terneurons which are themselves 
presynaptie to other small pro- 
files in the same area. 2 divergent 
diads are arrowed. A longitudinal 
section from the median oeellar 
nerve proximal to the brain. Bar 
0.5 ~zm. - c A 10 [xm wax section 
through the lateral ocellar tract 
showing profiles filled by cobalt 
diffusion from the ventral nerve 
cord and treated by the modified 
Timm technique. Long, blebbed 
dendrites ring the giant inter- 
neurons over a considerable length. 
Thick sections indicate that  a 
number  of intrinsic interneurons 
terminate in a similar way in this b d 
region. Bar 10 [zm. - d 2 giant interneurons are directly apposed over a short length of their membrane,  1 is postsynaptic to the other 
and also postsynaptic to a smaller profile. In this area a large interneuron may  be both pre- and postsynaptic. Input  or output  synapses 
are,usually grouped together in discrete areas a few microns apart. Here also synapses are usually diadie and divergent. Transverse 
section of the lateral oeellar nerve in the pars intercerebralis. Bar 1 lxm. - e The giant interneurons give off very short, s tubby collaterals 
which wrap around other giant second order cells. Small dendrites from third order cells interdigitate repeatedly between them. Synaptie 
arrangemehts are generally complex, diadie and reciprocal, black arrows. A transverse section in the brain anterior to the protocerebral 
bridge. Bar 0.25 [xm. 

I n t e g r a t i o n  b y  m e a n s  of  s l ow  p o t e n t i a l s  in  s e c o n d  o r d e r  
cei ls  is a c o m m o n  f e a t u r e  o f  v i s u a l  s e n s o r y  n e u r o p i l e  1~ 
I n  t h e  i n s e c t  c o m p o u n d  eye  t h e  l a r g e  m o n o p o l a r  cei ls  o f  
t h e  l a m i n a  o n l y  r e s p o n d  t o  r e t i n a l  s t i m u l a t i o n  w i t h  
g r a d e d  h y p e r p o l a r i s a t i o n s 6 ,  n .  A u n i q u e  f e a t u r e  in  t h e  
oce l l a r  s y s t e m  is  t h e  s ize  o f  t h e  s e c o n d  o r d e r  cel ls  a n d  t h e  
d i s t a n c e s  i n v o l v e d  a n d  t h e  f a c t  t h a t  t h e  oce l l a r  n e u r o p i l a r  
a r e a  h a s  b e c o m e  e x t e n d e d  o v e r  t h e  a x o n a l  l e n g t h  of  t h e  
f ibre .  A c o n t r i b u t o r y  f a c t o r  h e r e  m a y  be  t h e  f a c t  t h a t  t i l e  
l a t e r a l  a n d  m e d i a n  ocel l i  a r e  l i n k e d  in  p a i r s  b y  2 l a r g e  

a x o n s .  T h e  a x o n a l  i n t e g r a t i o n  a r e a  d e s c r i b e d  m a y  t h u s  in  
e f f ec t  f o r m  a c o m m o n  n e u r o p i l e  a r e a  for  e a c h  p a i r  of  
ocell i .  I n f o r m a t i o n  p r o c e s s i n g  a l o n g  v i s u a l  i n t e r n e u r o n s  
of  t h i s  s ize  a n d  a c c e s s i b i l i t y  o f fe r s  a m o s t  p r o m i s i n g  p r e -  
p a r a t i o n  fo r  e x a m i n i n g  m e c h a n i s m s  of  g r a d e d  s y n a p t i c  
t r a n s m i s s i o n .  
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Summary. I .v .  b o t u l i n u m  t o x i n  a f t e r  6 0 - 9 0  m i n  a b o l i s h e d  t h e  d o s e - r e s p o n s e  r e l a t i o n s h i p  b e t w e e n  p e n t a g a s t r i n  a n d  
g a s t r i c  a c id  s e c r e t i o n  in  a n e s t h e t i z e d  r a t s  a n d  g u i n e a - p i g s .  T h e  t o x i n  r e d u c e d  b u t  d i d  n o t  a b o l i s h  t h e  ac id  s t i m u l a t o r y  
e f f ec t  of  h i s t a m i n e .  A s  e x p e c t e d ,  t h e  ac i d  r e s p o n s e  t o  v a g a l  s t i m u l a t i o n  w a s  a b o l i s h e d  a n d  t h a t  to  m e t h a c h o l i n e  in  r a t s  
w a s  u n a l t e r e d  b y  t h e  t o x i n .  

Viz i  e t  al .  a h a v e  p r o v i d e d  e v i d e n c e  t h a t  p e n t a g a s t r i n ( P G )  
d o e s  n o t  a c t  d i r e c t l y  t o  s t i m u l a t e  g u i n e a - p i g  i n t e s t i n a l  
m u s c l e ,  b u t  v i a  a c h o l i n e r g i c  i n t e r m e d i a r y  m e c h a n i s m .  
W e  h a v e  f o u n d  ~, 5 t h a t  a f t e r  m o r p h i n e  s u l p h a t e  o r  h e m i -  
c h o l i n i u m  a d m i n i s t r a t i o n  t o  c o n s c i o u s  H e i d e n h a i n  p o u c h  
d o g s  a p o s i t i v e  d o s e - r e s p o n s e  r e l a t i o n s h i p  b e t w e e n  i . v .  
p e n t a g a s t r i n  a n d  g a s t r i c  a c i d  s e c r e t i o n  is  n o  l o n g e r  ob -  
t a i n a b l e .  M o r p h i n e  d e p r e s s e s  a c e t y l c h o l i n e  r e l e a s e  a t  

c h o l i n e r g i c  n e u r o e f f e c t o r  s i t e s  ~ a n d  h e m i c h o l i n i u m  i n t e r -  
f e re s  w i t h  a c e t y l c h o l i n e  s y n t h e s i s  ~. T h i s  s u g g e s t s  t h a t  t h e  
a c t i o n  o f  P G  o n  g a s t r i c  s e c r e t i o n  a l so  r e q u i r e s  c h o l i n e r g i c  
m e d i a t i o n .  
Material and methods. A s  a f i na l  t e s t  o f  t h i s  h y p o t h e s i s  
we  h a v e  m e a s u r e d  P G - s t i m u l a t e d  g a s t r i c  s e c r e t i o n  in  
a n e s t h e t i z e d  (ch lo ra lose )  g u i n e a - p i g s  a n d  r a t s  b e f o r e  a n d  
a f t e r  b o t u l i n u m  t o x i n .  I n  e a c h  a n i m a l  a f t e r  a n e s t h e s i a  
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t he  ex te rna l  jugular  ve in  was cannu la t ed  and  a t r achea l  
t ube  inser ted.  A s t omach  tube  was passed  and  the  pylorus  
cannula ted .  Af te r  comple t ing  the  p repa ra t ion  of the  ani-  
mal  i .v.  saline was given for 30 min  (3 collections),  t hen  
0.04 ~g/min  p e n t a g a s t r i n  unt i l  a p la teau  of acid secret ion 
was reached.  A t  th is  po in t  0.5 ng/100 gm of b o t n l i n u m  
tox in  was  given as an i .v .  bolus in p h o s p h a t e  buffer  a t  
p H  6.8. P e n t a g a s t r i n  was con t inued  for 4 more  I0 -min  
per iods  a t  0.04 ~g/min. Then  i t  was increased to  0.1, 0.2 
and  0.4 for 2 collections a t  each level. This was succeeded 
b y  pen t agas t r i n  a t  a baseline level of 0.1 ~g/min  for the  
r ema inde r  of the  expe r imen t  plus h is tamine ,  4 ~g/min in 
guinea-pigs,  0.5 vg/min  of me thacho l ine  in ra t s  and  bi-  
la teral  vagal  s t imula t ion  for 20 min  in b o t h  (2 collections).  
Before h i s t amine  the  an imals  were  given 2 m g  of pro-  
me thaz ine  HC1 i .v.  
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Fig. 1. The effect Jz SE of botulinum toxin on pentagastrin-(PG) 
stimulated acid and pepsin secretion in rats and the effect of metha- 
choline (M} after botulium toxin. PG was given throughout. The bars 
represent difference from PG baseline (0 line) in the same animal. 
*significant change from PG baseline, p < 0.05. n = number of 
animals. 

.E  

N 
I 

HC 

f 
HB 

n-3 n-6 

At  10-min in tervals  th~ s tomachs  were f lushed wi th  5 ml  
of w a r m  saline. These washings  were  t i t r a t e d  and samples  
saved for peps in  d e t e r m i n a t i o n  using Anson ' s  s hemoglob in  
me thod .  Controls  were conduc ted  in separa te  animals  and  
dup l i ca t ed  the  e x p e r i m e n t  exac t ly  excep t  t h a t  t h e  phos-  
p h a t e  buffer  did no t  con ta in  bo tu l i num toxin .  Compar i son  
was  m a d e  b o t h  wi th  the  change  f rom contro l  in the  same 
an imal  and  collection b y  collection be tween  cont ro l  and  
expe r imen ta l  means  using s t u d e n t ' s  t - t e s t  for pa i red  and  
group compar i son  respect ively .  
Results .  B o t u l i n u m  tox in  b ro u g h t  abou t  a p r o m p t  de- 
cline to  near  van i sh ing  po in t  of p e n t a g a s t r i n - s t i m u l a t e d  
acid and  peps in  secre t ion in ra t s  (figure 1). No subsequen t  
dose response  to  p e n t a g a s t r i n  could be ob ta ined  a t  a n y  
of t he  P G  doses  t r ied .  Methachol ine  still  p roduced  good 
secret ion despi te  b o t u l i n u m  toxin .  Vagal  s t imula t ion  was 
never  successful  in e i ther  cont ro l  or expe r imen ta l  rats .  
Subs t an t i a l l y  t he  same was seen in guinea-pigs (figure 2). 
Bo tu l i num tox in  abol ished the  acid and  peps in  response  
to vagal  s t imula t ion  b u t  no t  to h is tamine .  Vagal  s t imula-  
t ion  p roduced  copious secret ion in contro l  guinea-pigs.  
The response  to  h i s t amine  was, however ,  s ignif icant ly  
smaller  af ter  tox in  t h a n  in the  contro l  animals .  No s t imu-  
la t ion of acid and  peps in  was  ob ta ined  wi th  increasing 
doses  of gastr in .  The ma jo r  difference f rom the  ra t s  was  
in t h a t  b o t u l i n u m  tox in  itself increased acid secret ion in 
guinea-pigs.  This  ini t ial  bu r s t  of secre t ion gradua l ly  de- 
clined over  60-90 min.  An a t t r ac t i ve  exp lana t ion  for th is  
is possible h i s t amine  l ibera t ion  by  the  tox in  in th is  his- 
t amine- sens i t ive  species. 
Discussion.  Since b o t u l i n u m  tox in  exer t s  its p h a r m a c o -  
logical ac t ion by  p r even t ing  l ibera t ion of acetylehol ine  
f rom nerve  endings,  these  expe r imen t s  add  fu r the r  evi- 
dence  to  s u p p o r t  the  hypo thes i s  t h a t  ace ty lehol ine  is a 
necessary  i n t e rmed ia t e  for p e n t a g a s t r i n  s t imula t ion  of 
gastr ic  secret ion.  T h a t  t he  secre t ing  ceils are themse lves  
act ive  is ev i d en t  f rom the  con t inued  eff icacy of 2 di rect -  
ac t ing  s t imulan ts ,  h i s t amine  and  methachol ine .  Hi s t a -  
mine  was less effect ive in guinea-pigs  af ter  toxin ,  b u t  t he  
ac t ion  of me thacho l ine  in ra t s  was un impai red .  Proof  t h a t  
cholinergic secre tory  m e c h a n i s m s  have  indeed  been  
blocked is p rov ided  b y  the  failure of vagal  s t imula t ion  
af ter  b o t u l i n u m  tox in  to increase acid or peps in  secre t ion  
in guinea:pigs.  The  gastr ic  secre tory  ch01inergic mecha-  
n i sm seems to  d isp lay  a marked  sens i t iv i ty  to bo tu l i num 
tox in  since wi th in  t he  t ime  span  of our  expe r imen t s  
b r ea th ing  and  skeletal  reflex ac t iv i ty  r emained  v i r tua l ly  
un impai red .  Similar  sens i t iv i ty  was seen to hemichol i -  
n ium which,  in conscious dogs, p roduces  no obvious  im- 
p a i r m e n t  o the r  t h a n  of gastr ic  secret ion 4. 
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Fig. 2. The effect • SE of botulinum toxin on pentagastrin-stimu- 
lated acid and pepsin secretion and the effect of vagal stimulation 
and histamine in control guinea-pigs (VC and HC) and in guinea-pigs 
after botulinum toxin (VB and HB) as in figure 1. PG was given 
throughout and the bars represent change from the PG baseline 
(0 line) response in both groups of animals. *significant change from 
PG baseline, p < 0.05. +significant difference from animals given 
toxin, p < 0.05. n = number of animals. 
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