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Gamma-Aminobutyr ic  Acid in Purkinje Cells and 

Recen t  electrophysiol 'ogical s tudies  d e m o n s t r a t e d  t h a t  
t he  cerebellar  Purk in je  cells make  inh ib i to ry  synap t ic  
con tac t  wi th  Dei ters  neurones  t and  the  in t racerebel lar  
nuclei  neurones  2. I t  has  also been  shown t h a t  t he  effect  of 
g a m m a - a m i n o b u t y r i c  acid (GA]3A) appl ied i0n tophore t i -  
cally to  Dei ters  neuronds mimics  the  inh ib i to ry  act ion by  
Purk in je  cell axons  a, and  t h a t  dur ing  a c t i v a t i o n  of 
Purk in je  cells GABA is released in to  the  ca t ' s  four th  
vent r ic le  a t  a r a te  abou t  3 t imes  as h igh  as t h a t  on the  
background  4. In  Crustacea,  GABA concen t ra t ion  is m u c h  
h igher  b o t h  in t he  inh ib i to ry  nerve  f ibres 5 a n d  in the i r  
somas  * t h a n  t h a t  in the  exc i t a to ry  neurones.  I t  is, there-  
fore, in te res t ing  to  see w h e t h e r  there  is such a difference 
be tween  i n h i b i t o r y  and  exc i t a to ry  neurones  in m a m -  
mal ian  cent ra l  ne rvous  sys tem.  In  fact,  GABA con t en t  of 
t he  layer  con ta in ing  Purkinj  e ceils is h igher  t h a n  t h a t  of 
molecular  and  granular  layers of the  cerebel lum 7. In  the  
p re sen t  s tudy,  enzymic  assay of GAt3A was pe r fo rmed  on 
isolated Purk in je  cells and spinal  motoneurones .  The 
concen t r a t ion  of GABA in the  former  was m u c h  h igher  
t h a n  t h a t  in the  la t ter .  

The cerebel lum and  l umba r  s egmen t  of the  spinal  cord 
were  r em oved  f rom cats  under  anaes thes ia  wi th  pen to-  
ba rb i t one  sod ium (30 mg/kg,  i.p.). R a t s  were decap i t a t ed  
and  t h e n  spec imens  were obta ined.  Thin  slices were 
p repa red  wi th  a razor  blade f rom the  t issues and  the i r  
cut  surface was s ta ined  fa in t ly  w i t h  0.05% me thy l ene  
blue. U n d e r  a dissect ing microscope ( •  60) indiv idual  
cells were isolated by  f ree-hand  dissect ion wi th  the  t ip  of 
a glass capi l lary which  was  m a d e  b y  the  same m e t h o d  as 
used for fabr ica t ing  in t racel lu lar  mic roe l ec t rode .  The 
neurones  t hus  picked up were pooled on a t i n y  piece of 
plas t ic  and  then  t r ans fe r red  to 5 ~1 of 0.1 N HC1 for ex- 
t rac t ion .  Tissues f rom 1 ca t  and  2 or 3 ra t s  were used, 
fresh slices be ing dissected 2 to  4 t imes  to collect suffi- 
c ient  n u m b e r  (500-1000) of t he  cells as one sample.  In  
order  to  min imize  the  p o s t m o r t e m  change  of GABA 
conten t ,  t he  cell isolat ion was  pe r fo rmed  at  5-10~ 
wi th in  90 rain af ter  t he  t issue was depr ived  of its blood 
supply.  GABA was measured  enzymat ica l ly  s, the  assay 
procedures  being s imilar  to  those  used for the  c rus tacean  
nerves  5. Tota l  incuba t ion  vo lume was 15 tzl and  GABA 
s t a n d a r d s  (0.2 to  10 • 10 -10 moles) were run wi th  each 
assay. For  correct ion of t issue b lank  levels of f luorescence,  
a paral lel  assay was run  in t he  presence  of amino-  
oxy~cet ic  acid. The f luorescence was measured  in a 
Turne r  f luorometer ,  Type  110. GABA con ten t s  per  single 
cells thus  ob ta ined  are shown in t he  second column of t he  
Table. 

GABA content of isolated neurones 

Volume of GABA/cell GABA/ 
single cell ( x 10 -1~ volume 
( • 10 -121) moles) (mM) 

Purkinje cells, Cat 13.4 ~ 0.8 7.7 ~ 2.1 (3) 5.8 4- 1.5 b (3) 
Rat 5.8 ~ 0.3 4.8 • 1.0 (4) 8.3 ~= 1.8 (4) 

Motoneurones, Cat 100 =k 11 15.2 ~= 5.3 (5) 1.5 • 0.5 (5) 

Values are means i standard errors of means; number of the 
experiments indicated in parentheses. ~ Calculated from GABA 
content divided by the average cell volume. No allowance for varia- 
tion of the cell volume was made on the calculation. ~ P <  0.02 
when compared with eat motoneurones. 

Motoneurones 

In  view of t he  large difference in cell sizes be tween  
Purk in je  cells and  motoneurones ,  i t  seems appropr i a t e  to  
compare  the  GABA concen t ra t ion  per  uni t  cell volume.  
The vo lume of a cell soma is bes t  a p p r o x i m a t e d  b y  the  
equa t ion  1.04 • 1/~abga~, where  a is t he  ma jo r  and  b the  
minor  axis of the  soma pass ing t h ro u g h  the  nucleolus 9. 
In  the  p resen t  s tudy,  the  m a j o r  and  minor  axes  were 
measured  on frozen sect ion of unf ixed  tissues. F r o m  thei r  
average values ob ta ined  in 100 Purk in je  cells and  spinal  
motoneurones ,  t he  cell vo lume was  e s t ima ted  wi th  t he  
above equa t ion  (the f i rs t  co lumn in t he  Table). GABA 
concen t ra t ion  in t he  th i rd  co lumn was thus  calcula ted 
f rom the  co n t en t  per  single cell and  cell volume.  I t  is 
seen t h a t  the  GABA concen t ra t ion  in Purk in je  cells of 
cats  is 4 t imes  h igher  t h a n  t h a t  in spinal  motoneurones ,  
the  difference being s ta t i s t ica l ly  significant .  

The p resen t  resul t  is cons i s ten t  w i th  t he  hypo thes i s  t h a t  
the  inh ib i to ry  t r a n s m i t t e r  l ibera ted  by  Purk in je  cells is 
GABA*. However ,  i t  m u s t  be considered t h a t  t he  isolated 
cell p r epa ra t ion  in th is  s t u d y  includes  t he  p r e synap t i c  
nerve  te rmina ls  on the  soma surface. Actual ly ,  Purk in je  
cells are enclosed by  a dense t e rmina l  ne t  of baske t  cell 
axons  which  are also inh ib i to ry  in na tu re  ~~ A poss ibi l i ty  
t hus  remains  t h a t  GABA in Purk in je  cells arises f rom 
axon te rmina ls  of baske t  cells b u t  no t  f rom the  cy top la sm 
of Purk in je  cells. F u r t h e r  inves t iga t ion  is needed  to  
d iscr imina te  the  p re synap t i c  and  pos t synap t i c  GABA. 
On GABA co n t en t  of several  t ypes  of m a m m a l i a n  isolated 
neurones,  fu r the r  s tudies  are now in progress  w i th  
improved  assay procedures  n ,  1~. 

Zusammenfassung. E n z y m a t i s c h e  Messungen yon  GalU- 
ma-Aminobu t t e r s / iu re  (GABA) ergaben  in den i so l ie~en 
Purkinje-Zel len der  Ka tze  eine v ie rmal  hChere GABA- 
K o n z e n t r a t i o n  als in den Motoneurouen.  
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