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nicotine with a short latency and then a second cell which 
presumably had a higher threshold commenced to dis- 
charge. Dihydro-fl-erythroidine (DHE) was then applied 
by a current of 120 nA for 90 sec. The Figure (B) recorded 
shortly after the cessation of this application demonstrates 
tha t  while glutamate excitation was unimpaired the cell 
was now no longer discharging spontaneously, and was 
not excited by either acetylcholine or nicotine. 15 min 
later (Figure C) the cell with the smaller spike had re- 
sumed discharging spontaneously and could be excited by 
acetylcholine and nicotine. The second cell remained in an 
inexcitable state for a further 60 min. 

Atropine and to a lesser extent  gallamine, mecamyl- 
amiffe and d-tubocurarine also antagonized the excitant  
actions of acetylcholine. The anticholinesterases, neo- 
stigmine and BW. 284C51 exhibited powerful exci tatory 
actions, in many instances being almost as active as 
acetylcholine. Such a marked excitant  action was not 
shown by these compounds on either Renshaw or Betz 
cells 7,9 and it is tempting to suggest tha t  this action may 
indeed have been due to inactivation of cholinesterase, 
rather than a direct effect. 

In  conclusion, therefore, it is clear tha t  acetylcholine 
has a marked excitant  action on cells in the cerebellar 
cortex of the cat. I t  seems likely tha t  these cells belong to 
the granule cell layer. The pharmacological findings de- 
scribed indicate the possibility that  acetylcholine may be 

mimicking the action of a natural ly occurring synaptic 
transmitter.  That  acetylcholine or related compound may 
have a functional role in synaptic transmission is sug- 
gested by the pronounced potentiat ing action of anti- 
cholinesterase drugs and depressing action of D H E  on 
spontaneous firing. 

Rdsumd. Nous avons examin6 directement 562 cellules 
du cervelet du chat  par la mdthode iontophor6tique. Dens 
les chats anesthdtisds par Dial, 9% des cellules dtaient 
excit6es par l 'acdtylcholine ou les substances cholinomi- 
mdtiques, mais dans les chats anesthdtisds par pento- 
barbital, la proportion 6taft de 39%. La distribution des 
cellules responsives correspondait k la distribution des 
cellules de la couche granulaire. L 'act ion de l 'acetyl- 
choline et  l 'activit6 spontanee 6talent bloquees par la 
dihydro-fl-erythroidine. 
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T h e  D i s t r i b u t i o n  of  C h o l i n e s t e r a s e  i n  
Cat  C e r e b e l l a r  C o r t e x  

The experiments described in the preceeding paper t have 
made it necessary to extend previous studies on cerebellar 
cholinesterase =-4, which dealt with vertebrate species 
other than the cat. Moreover, histochemical studies may 
be used as valuable adjuncts to such pharmacological 
studies, in localizing both cells and fibre tracts which may 
be involved in cholinergic synaptic transmission s's. A de- 
tailed study of the distribution of cholinesterase in the 
rabbit, rat  and guinea-pig 4 has led to the postulate tha t  
transmission at  synaptic junctions between granule cell 
axons, Purkinje cell dendrites and stellate cells in the 
molecular layer is mediated by acetylcholine, as is trans- 
mission between granule cells and Golgi cells in the granule 
cell layer. Possession of similar detailed information for 
the feline cerebellar cortex would obviously be of con- 
siderable value in any pharmacological investigation. 

Preliminary experiments were carried out on homo- 
genized cerebellar cortical tissue to ascertain the relative 
proportions of acetylcholinesterase and pseudocholin- 
esterase and also to determine what  concentration of the 
specific inhibitors for the two enzymes should be used in 
the histochemical procedures. The cats were prepared by 
opening up the thoracic cavi ty after anaesthetization with 
pentobarbital  sodium and perfusing 400 ml of 0.9% saline 
solution through the ascending aorta after occlusion of 
the descending aorta. In cats tha t  were to be used for 
histoehemical procedures this was followed by 400 ml of 
10% formol saline to fix the brain in  situ. A cerebellum 
was only accepted for further s tudy if the perfusion had 
been completely successful in removing all blood from 
blood vessels in the tissue, thus avoiding any complica- 
tions arising from erythrocyte and plasma cholinesterase. 

Table illustrates the relative rates of hydrolysis of four 
substrates by cat cerebellar cortex chotinesterase and the 
degree of inhibition of this enzyme by three inhibitors. 
The enzyme hydrolyses acetyl-fl-methylcholine but  not  

Substrate Relative Inhibitor Pre- I~0 (~tM) 
activity incubation 

time (rain) 

Acetylcholine 100 284 C 51 - 1.8 x 10 -s 
Acetyl-~-methyl- 50 iso ompa 45 l0 s 
choline 
Butyrylcholine 20 DFP 120 6.3 × 10 -1 
Benzoylcholine 0.5 

Substrate and inhibitor specificity of cat cerebellar cholinesterase. 
The cortex from cat cerebellum was homogenized in Krebs bicar- 
bonate buffer and diluted to 4 mg wet weight per mLThe homogenate 
was pre-incubated at room temperature with iso ompa and DFP for 
the times indicated. All subsequent measurements were carried out 

manometrically at 37°C, using acetylcholine as substrate. 
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apprec iab ly  bu ty ry l -  or  benzoyl-chol ine  and i t  is s t rongly  
inhibi ted  by  B W  284 C51, a specific inh ib i to r  of acetyl-  
cholinesterase.  In  addi t ion  i t  is not  marked ly  inhibi ted 
by  iso ompa,  a specific inhib i tor  of pseudochol inesterase  ~. 
Using acetylchol ine  as subs t ra te  a t  6 × 10-~M the  ac t i v i t y  
is only  55% of t h a t  at  6 × 10-SM showing t h a t  the  enzyme  
is inhibi ted by  excess substra te .  

The  re la t ive  ra tes  of  hydrolys is  of the  substrates ,  the  
degree of inhibi t ion  by  the  inhibi tors  and the  inh ib i t ion  
by  excess subs t ra te  all  indicate  t h a t  the  .enzyme present  is 
a lmost  all acetylchol inesterase.  

This  f inding was conf i rmed by  the  h i s tochemiea l  in- 
vest igat ions,  using ace ty l th iochol ine  and bu ty ry l th io -  
choline as subs t ra tes  and diisopropyl-phosphorofluoridate 
(DFP)  and BW.  284C51 as specific inhibi tors .  Af te r  per-  
fusion wi th  10% neut ra l ized  formol  saline solut ion the  
brains  were r emoved  and placed immed ia t e ly  in a refriger-  
ator .  Af te r  s torage for 6-8 h in 10% neut ra l ized  formol  
saline solut ion to al low a more  thorough  f ixat ion,  speci- 
mens were selected f rom each cerebel lum and 25 ~z sec- 
t ions c u t  on the  freezing micro tome.  S ta in ing  was then  
accompl ished using the  rout ine  h i s tochemica l  tech-  
n iques  s, s. D F P - t r e a t e d  sections were placed in a solut ion 

conta in ing  inh ib i to r  a t  the  appropr i a t e  concen t ra t ion  for 
2 h and then  processed rout ine ly .  W h e n  the  revers ible  in- 
h ib i tor  of acetylchol ines terase ,  BW.284C51 ,  was used 
the  inhibi tor  was also included in the  incuba t ion  solution. 
The  Figure  (A) i l lustrates a section of cerebel lar  co r t ex  in- 
cuba ted  af ter  inh ib i t ion  wi th  D F P  (5.4 ~M). Th is  concen-  
t r a t ion  of inhib i tor  was used to  ensure  the  comple te  in- 
h ibi t ion of any  pseudochol ines terase  p resen t  (it would  also 
have  caused a 70% inhib i t ion  of t he  acetylchol inesterase)  ; 
however ,  cells in the  granule  cell l ayer  con t inued  to  s ta in  
fair ly densely. Af te r  t r e a t m e n t  wi th  bo th  D F P  (5.4 ~M) 
and BW.284C51 (18 ~M) all  a c t i v i t y  had  disappeared 
(Figure ]3). Previous  b iochemical  inves t iga t ions  ind ica ted  
t h a t  th is  concent ra t ion  of the  specific inh ib i to r  caused a 
94% inhibi t ion of  acetylchol ines terase  ac t iv i ty .  

Sections incuba ted  in a m e d i u m  con ta in ing  b u t y r y l -  
thiochol ine failed to demons t r a t e  any  ev idence  of de- 
posits. 

The  Figures  (C and D) demons t r a t e  ano the r  in te res t ing  
finding. The  granule cell layer  in C was in close app rox ima-  
t ion  to the  surface of t he  cerebe l lum and  s ta ined only  
l ight ly  whereas  t h a t  in D which was located several  mill i-  
meters  deeper  in the  cerebel lum s ta ined v e r y  densely.  
This  f inding m a y  bear  a considerable  re la t ionship  to  the  
d i scovery  repor ted  in the previous  pape r  t h a t  acetyl-  
choline-sensi t ive neurones are more f r equen t ly  encoun-  
tered in the  deeper layers of the cortex.  Sections f rom the  
anter ior ,  posterior,  pa ramedian ,  la tera l  and nodular  lobes 
of  the  cerebel lar  cor tex  all  demons t r a t ed  a s imilar  pa t t e rn  
of  staining,  I n  no area  were we able to  d e m o n s t r a t e  an  
organized pa t t e rn  0f chol inesterase s ta in ing cells or  fibres 
o the r  t h a n  in the  granule  cell layer.  

In  s u m m a r y  therefore  i t  has been shown t h a t  t he  feline 
cerebel lar  cor tex  contains  l i t t le  or no pseudochol ines ter -  
ase, whilst  i ts  acetylchol ines terase  is concen t ra t ed  in the  
granule  cell layer.  There  appears  to  be a re la t ive ly  well- 
def ined ne twork  of fibres t r ave l l ing  a long t h e  deep surface 
and  ex tend ing  into  the  granule  cell  layer  especia l ly  in the  
case of the  deeper  layers. Such a n e t w o r k  of fibres m a y  
well serve to synchronize  the  a c t i v i t y  of  cells wi th in  this  
layer.  

R~sum6. Les types  de cholinest6rase e t  leur  d is t r ibu t ion  
darts le cervele t  du cha t  on t  ~t6 i tudi~s  ~ l 'a ide  d ' u n  mano-  
m~tre  e t  d 'une  t echn ique  h i s toch imique .  

Nos recherches d6mon t r en t  que  l ' e n z y m e  est presque 
exc lus ivement  l 'ac~tylchol inest~rase  e t  qu 'e l le  est  re- 
s t re in te  dans sa d i s t r ibu t ion  ~ la couche des cellules granu-  
laires du cor tex  du cervelet .  I1 y a des indices q u ' u n  r6seau 
des fibres se t r ouve  sur  la  surface  profonde  et  s '6 tend par  
la couche des  cellules granulaires .  

L. AUSTIN, J .  W. PHILLIS, and  R.  P. STEELE 

Frozen (25 [z) sections of the cat cerebellar cortex, showing the gcetyl- 
cholinesterase reaction given by cells in the granule cell layer, All 
sections demonstrate the full sequence of structural layers present in 
the cerebeUar cortex. A: Section inhibited by DFP (5,4 ~tM) to 
prevent any actions of pseudocholinesterase. B: Section treated with 
DFP {5.4 [zM) and BW.284 C 51 (18 [xM) to inhibit all cholin- 
esterase activity. C. and D illustrate the differences in staining den- 
sity between superficial (near surface) and deep granule cell layers. 

All sections were incubated for 2 h ( × 100). 
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