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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) 

1 Supported by Consejo Nacional de Investigaeiones Cientificas y 
T~cnicas. 

2 j .  A. MOGUILEVSKY and M. R. MALINOW, Am. J. Physiol. 206, 
855 (1964). 

3 j .  A. MOGmLEVSKY, V. DAHL and C. J. GoMEz, Acta physiol. 
latinoam. 14, 304 (1964). 
O. SCmAFFINI, Aeta physiol, latinoam., in press. 

5 j .  A. MOGUILEVSKY, O. SCHIAFFINI and V. FOGLIA, Life Sei. 5, 
447 (1966). 

6 W. C. SChnEIDER and V. R. POTTER, J. biol, Chem. 149, 217 
(1943). 
G. W. SN~I~ECOR, Statistical Methods (The Iowa State University 
Press, Iowa 1956). 

8 j .  W. TOK~y, Trans. N.Y. Acad. Sei., Series 2, 16 (1953). 



EXPERIENTIA 25[4 Specialia 379 

h y p o t h a l a m u s ,  w i t h o u t  modi f i ca t ions  in  t he  midd le  hypo-  
t h a l a m u s .  

As can  be  seen in t h e  Table ,  c a s t r a t i o n  p roduces  a 
s ign i f ican t  decrease  in t he  c y t o c h r o m e  oxidase  ac t i v i t y  
in  t he  a n t e r i o r  and  pos te r io r  h y p o t h a l a m i c  area.  The  
va lues  o b t a i n e d  in t h e  midd le  h y p o t h a l a m u s  were s imi la r  
in b o t h  groups  of rats .  T he  a d m i n i s t r a t i o n  of t e s t o s t e rone  
(150 lxg twice a week) to  c a s t r a t e d  r a t s  cor rec ted  t he  
modi f ica t ions  obse rved  in t h e  h y p o t h a l a m i c  me tabo l i sm.  

D i s c u s s i o n .  I n  a p rev ious  p a p e r  i t  was  d e m o n s t r a t e d  
t h a t  g o n a d e c t o m y  of ma le  r a t s  p roduces  a decrease  in 
the  oxygen  u p t a k e  of t he  an t e r i o r  a n d  pos te r io r  hypo-  
t h a l a m i c  area,  such  modi f i ca t ions  be ing  cor rec ted  b y  the  
a d m i n i s t r a t i o n  of t e s t o s t e r one  to  c a s t r a t e d  rats~.  S tudies  
pe r fo rmed  w i t h  severa l  s u b s t r a t e s  of t h e  Krebs  cycle 
showed t h a t  succ ina te  and  c i t r a t e  ox ida t i on  b y  a n t e r i o r  
and  pos te r io r  h y p o t h a l a m u s  is lower in  c a s t r a t e d  t h a n  
ill n o r m a l  rats .  Never the less ,  t he  succ in ic -dehydrogenase  
ac t i v i t y  of such  h y p o t h a l a m i c  areas  was n o t  modif ied  
b y  g o n a d e c t o m y  3. 

The  resu l t s  of t he  p r e s en t  p a p e r  c lear ly  ind ica te  t h a t  
c a s t r a t i o n  p roduces  a decrease  in the  c y t o c h r o m e  oxidase  
a c t i v i t y  in  t he  an t e r i o r  and  pos te r io r  h y p o t h a l a m u s  a n d  
t h a t  s u b s t i t u t i v e  t h e r a p y  res tores  the  va lues  of gonadec-  
tomized  r a t s  to  those  found  in n o r m a l  animals .  

Cytochrome oxidase activity in different hypothalamie areas 

Cytochrome oxidase activity (~zl O~/mg wet tissue h) 
Hypothalamus 
Anterior Middle Posterior 

(A) Control 1.29 i 0.09~ 1.39 ~ 0.19 1.45 :~ 0.08 
(16) (11) (13) 

(B} Castrated 0,86 :j- 0.07 1.36 ~= 0.12 1.04 i 0.08 
(13) (11) (11) 

(C) Castrated with 1.34 2 L 0.13 1.40 ~ 0.15 1.36 ~ 0.1.2 
testosterone (13) (8) (13) 

Analysis of variance 
F ratio 8.33 0.13 4.71 
P value < 0.0I n.s. < 0.05 

Multiple comparisons test 
P < 0.05 between : A vs B A vs B 

B v s C  B v s C  

Mean • standard error. Figures in parenthesis are No. of deter- 
iniuations. 

The  fac t  t h a t  c a s t r a t i o n  depresses  t h e  succ ina te  ox ida-  
t ion  b y  h y p o t h a l a m u s  9 w i t h o u t  modi f i ca t ions  in  t h e  
succ in ic -dehydrogenase  ac t iv i ty ,  a n d  t h a t  t h e  c y t o c h r o m s  
oxidase  of t he  an t e r i o r  and  pos te r io r  h y p o t h a l a m i c  areae  
is less in  c a s t r a t e d  t h a n  in  n o r m a l  ra ts ,  seems to i nd i ca t e  
t h a t  t he  h y p o t h a l a m i c  m e t a b o l i c  a l t e r a t i ons  p roduced  
b y  g o n a d e c t o m y  are  d i rec t ly  r e l a t ed  to changes  in t h e  
r e s p i r a t o r y  cha in  (p robab ly  b e t w e e n  c y t o c h r o m e  C a n d  
O~) of t h i s  ne rvous  s t ruc tu re .  

Cons ider ing  t h a t  t he  o x i d a t i v e  m e t a b o l i s m  in t he  
cen t r a l  ne rvous  sys t em is one of t he  p r inc ipa l  source of 
h igh  ene rgy  c o m p o u n d s  i nvo lved  in t h e  pep t ide - syn-  
thes iz ing  sys tems,  a n d  r e m e m b e r i n g  t h e  p r o b a b l e  n a t u r e  
of t he  h y p o t h a l a m i c  re leas ing s u b s t a n c e s  10, i t  is possible  
t h a t  t h e  modi f i ca t ions  in  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  r e l a t ed  w i t h  t he  sexua l  a c t i v i t y  are 
r e p r e s e n t a t i v e  of changes  in t he  syn thes i s  a n d / o r  l ibera-  
t i on  of t he  h y p o t h a l a m i c  re leas ing  factors .  

The  fac t  t h a t  no  modi f i ca t ions  were found  in t h e  cyto-  
c h r o m e  oxidase  a c t i v i t y  of midd le  h y p o t h a l a m u s  in 
c a s t r a t e d  r a t s  is in a g r e e m e n t  w i th  p rev ious  pub l i ca t ions  5,n 
in  wh ich  i t  has  been  d e m o n s t r a t e d  t h a t  such  h y p o t h a l a m i c  
a rea  d id  no t  m o d i f y  i ts  m e t a b o l i c  a c t i v i t y  du r ing  sexua l  
ac t iv i ty .  

R e s u m e n .  E n  el p re sen te  t r a b a j o  se h a  e s tud i ado  la 
a c t i v i d a d  de la c i t oc romoox idasa  en d iversas  areas  h ipo-  
t a l a m i c a s  de an ima le s  m a c h o s  ca s t r ados  y con t e r a p i a  
su s t i t u t i va .  Los r e su l t ados  d e m o n s t r a r o n  que  la  cas t r a -  
ci6n dep r ime  la  a c t i v i d a d  de la e n z i m a  en  el h ipo tAlamo 
a n t e r i o r  y poster ior .  La  pos ib le  impl i canc ia  de estos 
ha l lazgos  con cambios  en  la c a d e n a  r e sp i r a to r i a  p rodu-  
cidos por  la ca s t r ac i6n  es d i s cu t i da  en  el t r aba jo .  

J. A. MOGUILEVSKY, C. LIBERTUN 
and BERTA SZWARCFARB 

I n s t i t u t o  de F is io log la ,  F a c u l t a d  de M e d i c i n a ,  
U n i v e r s i d a d  de B u e n o s  A i r e s  (Argen t ina ) ,  
17 October 1968. 

90 .  SCHIAFFINI, J. A. MOGUILEVSKY and C. LIBERTUN, Adta 
physiol, latinoam., in press. 

10 G. W. HARRIS, M. REED and C. P. FAWCETT, Br. reed. Bull. 22, 
266 (1966). 

11 j.  A. MOGUILEVSKY, C. LIBERTUN, O. SCHIAFFINI and B. SZWARC- 
VARB, Neuroendocrinology 3, 193 (1968). 

13 Established Investigator. Consejo Nacional de Investigaeiones 
Cientificas y T6cnicas de la Repfibliea Argentina. 

Long-Term Changes in Retinal Function Induced 

F o r  severa l  reasons  an  increas ing  i n t e r e s t  has  been  
pa id  d u r i n g  t h e  las t  decades  to  t he  effect  on t he  v i sua l  
processes  of shor t ,  h i g h  i n t e n s i t y  f lashes.  Firs t ,  i t  h a s  
been  shown  t h a t  t h e  changes  in  t he  r h o d o p s i n  cycle fol- 
lowing an  e lec t ronic  f lash differs  f rom those  fol lowing 
longer  l igh t  exposures  1-~. Secondly,  in  l i gh t  pe rcep t ion  
expe r imen t s ,  t he  f l a shb l indness  r ecovery  t ime  7,8 a n d  t he  
d e v e l o p m e n t  of t h e  foveal  a f t e r - images  ~ fol lowing f lash 
exposure  i nd ica t e  t h a t  special  r e t ina l  r eac t ions  occur  in  
response  to  th i s  t y p e  of l ight .  F ina l ly ,  in b o t h  exper i -  
m e n t a l  a n d  cl inical  e l e c t r o r e t i n o g r a p h y  the re  ha s  been  

by Short, High Intensity Flashes 

a n  inc reas ing  use of shor t ,  h i g h  i n t e n s i t y  e lec t ronic  
f lashes.  Thus ,  t h e  ear ly  r ecep to r  p o t e n t i a l  1~ a n d  t he  
so-called osci l la tory  p o t e n t i a l  t l  are evoked  w i t h  t h i s  t y p e  
of s t imulus .  I n  a g r e e m e n t  w i t h  t h e  r e su l t s  of t h e  afore- 
m e n t i o n e d  l igh t  pe rcep t ion  expe r imen t s ,  a suppress ion  
of t h e  E R G  fol lowing short ,  h i g h  i n t e n s i t y  f lashes  ha s  
been  no t ed  1~,1s. 

I n  connec t ion  w i t h  a s t u d y  on  l o n g - t e r m  re t ina l  effects  
caused  b y  d i f fe ren t  agents ,  a m e t h o d  has  been  worked  
ou t  b y  which  t he  E R G  of t he  i n t a c t  r a b b i t  eye can  be  
recorded  a n d  e v a l u a t e d  over  a pe r iod  of severa l  m o n t h s  14. 


