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Numerical  Capacities of Cerebellar Cell and Fiber 

C o n t e m p o r a r y  bra in  research still  t r ea t s  uni t  e l ement  
quan t i t i e s  of cell and f ibre sys tems  as quasi  infinite.  A t  
t he  t u r n  of the  cen tu ry  a figure of 14.2 • 10 e was sugges ted  
for t he  n u m b e r  of  Purk in je  cells in t he  cerebel lar  cor tex  of 
m a n  x. A more  recen t  es t imate  2 for th is  cell t ype  is 15 • 106, 
t he  n u m b e r  of granular  cells was e s t ima ted  to  range 
f rom 1016-1011. The 2 avai lable es t imates  for t he  n u m b e r  
of Purk in je  cells agree so well as to reinforce each other .  
The figure of 101~ is rou t ine ly  quoted  as compr is ing  the  
t o t a l  neuron capac i ty  of all levels of t he  h u m a n  nervous  
sys tem.  

The major  source for neur i tes  en te r ing  the  cerebel lum 
are the  pon t ine  nuclei. They  ex tend  in to  1125 sect ions 
of 25 ~z th ickness  in a b ra in - s t em ot a 56-year-old male. 
Fo r  the  same sub jec t  e s t ima tes  were carr ied ou t  earlier, 
to de t e rmine  fibre number s  in the  cerebral  commis-  
sures 3 and cell numbe r s  in the  inferior  ol ivary nuclear  
complex4;  detai ls  of cell and  f ib re -count ing  m e t h o d s  are 
out l ined in these  two papers .  

In  one single sect ion at  the  m i d p o n t i n e  level, all nerve  
cells wi th in  t he  pont ine  grey were coun ted  ou t  field by  
field. The figure of 23,653 cells thus  ob ta ined  was  used 
for the  tes t ing  of the  rel iabi l i ty of sampl ing  procedures .  
By  the  count  in every  25th slide of nucleoli  in 100 ran-  
domly  chosen fields of 10,000 ~x each, 23.085 • 106 neurons  
were e s t ima ted  wi th in  the  pon t ine  grey. Of th is  to ta l  
one half  may  be expec ted  to send its axons  via the  middle  
cerebellar  peduncle  of one side in to  t he  cerebellum. Due 
to axon branch ing  known to occur in the  superior  cerebellar  
peduncle ,  the  actual  figure m a y  be higher.  If th is  even- 
tual i ty ,  or t h a t  of a p ropor t ion  of these ceils hav ing  shor t  
axons  t h a t  synapse  wi th in  the  pons  i tself  are neglected,  
23.085 • 106 neur i tes  projec t  onto  the  granular  cells in the  
form of mossy  fibres 6. There is an overall  dispersion ra t io  
of 1:434 to 1:4347, depending  on the  high or the  low 
es t imate  for the  granular  cells, f rom pont ine  level to 
cerebellar  cortex.  In  the  cor t ico-pont ine  to  ponto-cerebel -  
lar sys tem,  t he  pon t ine  nuclei p rovide  the  in t e rmed ia te  
synap t ic  link. Toge ther  wi th  the  cor t ico-bulbar  and the  
cort ico-spinal  fibres, the  neuri tes  of t he  cor t ico-pont i le  
sys t em cons t i tu te  the  2 cerebral  peduncles .  Nerve  fibres 
wi th in  the  peduncles  have  a wavy  course a t  t he  level 
before en te r ing  the  pons. This p a t t e r n  requires special 
cons idera t ion  when  count ing  axon number s  in an ocular  
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grid, as m a n y  fibres in groups  are cut  a t  oblique angles. 
I t  was found,  however ,  t h a t  compared  to a square  area 
where in  fibres are cut  a t  r ight  angle, in an area of the  
same size wi th  obl iquely  cu t  fibres, there  is a r educ t ion  
by  a factor  equal  to  the  sine of the  cu t t ing  angle (Figure). 
In  a reverse appl ica t ion  of th is  re lat ionship,  the  difference 
of number s  of f ibres counted  on 2 ad jacen t  sides of t he  
grid square m a y  be used for the  calculat ion of the  sine 
and thus  the  degree of the  cu t t ing  angle. For  t he  p rog ram-  
ming of expec ted  fu ture  a t t e m p t s  a t  a u t o m a t e d  count ing,  
this  re la t ion m a y  prove  useful. 

In  the  sect ion at  the  level before the  fibres of t he  cere- 
bral  peduncle  merge into the  pons, 36 s t r a t a  of d i f fer ing 
fibre compos i t ion  were de l inea ted  and for each s t r a t u m  
the  p ropor t ions  were  es tabl ished of surface areas  wi th  
fibres cut  a t  r ight  angle, and  at  va ry ing  degrees of obli- 
qu i ty  and also of non-f ibre-car ry ing  pa r t s  of the  cross- 
section. This  es t imat ion  procedure  rendered  a figure of 
20.763 X 10 ~ neur i tes  for t he  r ight  side peduncle .  App ly ing  
the  same criteria,  an e s t ima te  was also m a d e  of 1.127 • 106 
axons  in the  py ramid ,  a t  t he  level where  i t  leaves the  
pons.  Thus  abou t  19.6• 10 ~ axons  are left to t e r m i n a t e  
in some form wi th in  the  pon t ine  region. 

An as ye t  unde t e rminab l e  p ropor t ion  of these,  b u t  
fewer t h a n  e s t ima ted  for the  py ramida l  sys tem,  are 
expec ted  to  belong to  the  cor t ico-bulbar  t rac t .  If  th i s  
l a t t e r  p ropor t ion  is neglected,  the re  is a 1:1.7 conver-  
gence ra t io  f rom the  cor t ico-pont ine  to  t he  ponto-  
cerebellar  sys tem.  There is in the ferre t  a p ropor t ion  of 
2.23:1 of f ibres enter ing  the  pons  to those  leaving via  t he  
p y r a m i d  6 in m a n  this  p ropor t ion  rises to  23:1. 

The second largest  source of f ibres enter ing  the  cere- 
be l lum are the  inferior o l ivary  nuclei. Among  4 male  
subjects  rang ing  in age f rom the  new-born  to  the  above-  
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m e n t i o n e d  56-year-old subjec t ,  cell f requencies  for t he  
m a i n  o l iva ry  nuc leus  are  447,785 :k 14,375 neu r ons  4. The  
2 smal l  accessory o l iva ry  nucle i  added,  s l ight ly  more  t h a n  
0.5 • 106 axons  p ro j ec t  to  one cerebel lar  hemisphere .  I f  
t hese  neur i t e s  p ro jec t  to  t he  g r a n u l a r  cells in  form of mossy  
f ibres  5 t he  d ive rgence  ra t io  m a y  range  f rom 1:10,000 to  
1: 100,000; if accord ing  to  a n o t h e r  v iew 7 t h e y  synapse  
in t he  fo rm of c l imb ing  f ibres  w i t h  t h e  P u r k i n j e  ceils 
d i rect ly ,  t he  r a t i o  is 1 : 15. 

Cerebel lar  ou t f low is m a i n l y  c o n c e n t r a t e d  in t he  su- 
pe r io r  pedunc le  a n d  w i t h  few excep t ions  o r ig ina tes  f rom 
the  cells of t he  cerebel la r  nuclei .  Counts  a n d  e s t ima te s  
car r ied  ou t  on  sect ions  of cerebel l i  of 3 male  subjects ,  
r ende red  for all  4 nucle i  of one  h e m i s p h e r e  a f igure of 
311,404-t -3835 neurons .  For  t h e  i nd iv idua l  nucle i  cell 
f requencies  are 284,009 neu r ons  in t he  d e n t a t e  nucleus,  
16,153 in t he  nuc leus  globosus,  10,381 ill t h e  em bo l i fo rme  
nuc leus  a n d  5210 i n  t he  nuc leus  fastigii .  Deta i l s  of these  
f ind ings  are  to  be  p u b l i s h e d  elsewhere.  

A t  the  level  where  t he  super ior  cerebe l la r  pedunc le  
en te r s  t he  m i d b r a i n ,  a n  e s t i m a t e  for i ts  c o n s t i t u e n t  
n u m b e r  of axons  r ende red  a f igure  of 782,310 neur i t es  in  
t he  r i gh t  side peduncle .  T h u s  t he re  is a r a t io  of 1:2.5 
of cell n u m b e r s  of cerebe l la r  nuclei ,  to  t h a t  of axons  in 
t he  m a i n  cerebel la r  e f fe ren t  f ibre  t rac t .  The  d i sc repancy  
m a y  e i the r  be  due  to  b r a n c h i n g  of axons  or t he  presence  
of i ncoming  fibres. Fo r  t he  occur rence  of b r a n c h i n g s  
conclus ive  ev idence  was p rov ided  b y  CAJAL s. T he  exis t -  
ence of s u b s t a n t i a l  i ncoming  rubro -ce rebe l l a r  f ibres in  
the  super ior  cerebel lar  pedunc le  was  po in t ed  ou t  r ecen t ly  9. 

A p r o p o r t i o n  of cerebel lar  nuc lea r  cells are k n o w n  to  
p ro j ec t  v i a  t i le f a s t ig io -bu lba r  b u n d l e  d i rec t ly  to  t h e  
v e s t i b u l a r  nuclei .  The  n u m b e r  of neu rons  in the  v e s t i b u l a r  
nuc le i  of man ,  as r ecen t ly  e s t ab l i shed  ~0, is in  t h e  o rder  of 
245,000 ceils. T h e  low figure for  t he  n u m b e r  of neu rons  
found  ill t h e  fas t ig ia l  nuc leus  m a k e  i t  d o u b t f u l  w h e t h e r  
all  p ro j ec t ions  a t t r i b u t e d  to it, can  be served  f rom th i s  
l imi t ed  source n.  

Zusammen/assung. Mit  Bezug  auf  P r o b l e m e  der  Kybe r -  
ne t i k  wurde  die I n f o r m a t i o n s i i b e r t r a g u n g s k a p a z i t / i t  der  
a f f e r en t en  u n d  e f fe ren ten  Zell- und  F a s e r s y s t e m e  des 
mensch l i chen  Kle inh i rns  n u m e r i s c h  def inier t .  
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Cytochrome Oxidase Activity in Different Hypothalamic Areas. Influence of Castration 1 

I t  h a s  p rev ious ly  b e e n  s h o w n  t h a t  sexual  a c t i v i t y  
modif ies  t he  ox ida t i ve  m e t a b o l i s m  of h y p o t h a l a m u s .  
Cyclic changes  in t he  oxygen  u p t a k e  S a n d  in t he  succinic-  
d e h y d r o g e n a s e  a c t i v i t y  a were obse rved  in female  rats .  
E x p e r i m e n t s  p e r f o r m e d  in c a s t r a t e d  ma le  r a t s  showed  a 
decrease  in t he  h y p o t h a l a m i c  capac i t y  to  oxidize severa l  
s u b s t r a t e s  of t he  K r e b s  cycle 4. 

I n  order  to  d e t e r m i n e  if t he  r e s p i r a t o r y  cha in  par t ic i -  
p a t e s  in  t h e  modi f i ca t ions  of t h e  ox ida t ive  m e t a b o l i s m  
of h y p o t h a l a m u s  a f t e r  gonadec t om y ,  t he  c y t o c h r o m e  
oxidase  ac t i v i t y  in  d i f fe ren t  h y p o t h a l a m i c  areas  ha s  been  
s tud ied  in n o r m a l  a n d  c a s t r a t e d  rats .  

Material and methods. A d u l t  w h i t e  ma le  rats ,  fed on  
t he  s t a n d a r d  d ie t  of t h e  I n s t i t u t e  of Phys io logy,  a n d  
weighing  150-180 g, were  used. L i g h t  a n d  t e m p e r a t u r e  
were con t ro l led  an d  k e p t  c o n s t a n t  (25 ~ 12 h l igh t  a n d  
12 h darkness}.  G o n a d e c t o m y  was  pe r fo rmed  25-30 days  
before  sacrifice. T he  an i m a l s  were d e c a p i t a t e d  and  t he  
en t i r e  h y p o t h a l a m u s  removed .  T h e  sample  was d iv ided  
in to  3 por t ions ,  a n t e r i o r  h y p o t h a l a m u s ,  midd le  hypo-  
t h a l a m u s  a n d  pos te r io r  h y p o t h a t a m u s ,  as descr ibed  
p rev ious ly  5. 

The  samples  were gen t ly  b l o t t e d  on  f i l ter  paper ,  weighed  
on  a to r s ion  ba l ance  a n d  r ap i d l y  t r an s f e r r ed  to micro-  
W a r b u r g  vessels.  E a c h  d e t e r m i n a t i o n  was  m a d e  on  pooled  
t i ssue  f rom 2 ra ts .  

C y t o c h r o m e  ox idase  was  d e t e r m i n e d  accord ing  to  t h e  
m a n o m e t r i c  m e t h o d  of SCHNEIDER and  POTTER s a d a p t e d  
as follows: 0.2 m l  of s a t u r a t e d  O H N a  so lu t ion  were  a d d e d  
to  t he  cen t r a l  well  of t h e  m i c r o - W a r b u r g  vessel ;  t he  m a i n  
vessel  c o n t a i n e d  t he  h y p o t h a l a m i c  t i ssue  w i t h  1.0 m l  of 
K r e b s - R i n g e r  p h o s p h a t e  buf fe r  a n d  t h e  l a te ra l  vessel  

c y t o c h r o m e  C 0.0009 m M  a n d  ascorbic  acid neu t ra l i zed  
to p H  7.4, 0.030 m M  ( to ta l  v o l u m e  1.5; p H  7.4). The  
vessels were gassed for 5 ra in  w i t h  100% 02;  t i p p i n g  
was pe r fo rmed  a f t e r  a l lowing 10 ra in  for  equ i l ib ra t ion ;  
the  o b s e r v a t i o n  per iod  las ted  60 min.  Cy toch rome  oxidase  
a c t i v i t y  was expressed  as al  of O J m g  we t  t issue.h.  The  
resul t s  were ana lyzed  for va r i ance  fol lowing SNEDECOR~ 
and  t he  s t a t i s t i ca l  s ignif icance was d e t e r m i n e d  accord ing  
to  TUKEY'S s me thod .  The  m i n i m a l  s ign i f ican t  difference 
of t he  m e a n s  was 0.340 in t he  a n t e r i o r  h y p o t h a l a m u s  a n d  
0.300 in t he  pos te r io r  h y p o t h a l a m u s .  

Results. The  c y t o c h r o m e  oxidase  a c t i v i t y  of t he  an te -  
rior, m idd le  a n d  pos te r io r  h y p o t h a l a m u s  is p resen ted  in 
the  Table .  The  ana lys i s  of v a r i a n c e  showed  t h a t  t h e r e  
are s ign i f ican t  differences  b e t w e e n  t h e  e x p e r i m e n t a l  
groups  in t he  an t e r i o r  (p < 0.01) a n d  pos te r io r  (p < 0.05) 
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