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Methods. The exper imen t s  were per formed in chronic 
cats.  In  1st opera t ion,  the  animals  have  electrodes im- 
p lan ted  in t he  la teral  rec tus  muscle of the  eye and  in the  
6th nucleus of the  pons.  Cortical and neck e lect rodes  
comple te  the  po lygraphic  s t u d y  of the  s leep-wakefulness  
cycle. PS  episodes were moni to red  in an 8-channel  L E G  
grass model  7A Polygraph .  In  a 2nd operat ion,  the  ani- 
mals had  e i ther  a to ta l  ab la t ion  of the  cerebel lum or an 
abla t ion of the  f ronta l  lobes by  removing  all the  brain  
t issue in f ron t  of a p lane  pass ing th rough  the  bregma.  
Af te r  these  two  types  of operat ion,  PS episodes were 
moni to red  in the  same way  as in Control  exper iments .  

Results and discussion. After  eerebel lectomy,  the  mos t  
s t r iking resul t  is tile increase in ampl i tude  of PGO waves  
(Figure 1). This  increase in ampl i tude  lasts all the  t ime 
in all the  animals  s tud ied  (up to 2 weeks af ter  cerebellec- 
tomy) .  I t  appears  in isolated as well as in the  PGO dis- 
charging in burs t s  and it affects  the  posi t ive  as well as 
the  nega t ive  p a r t  of the  PGO waves. I t  is n o t e w o r t h y  
t h a t  no t  all of the  PGO in the  paradoxica l  sleep episode 
increase the i r  ampl i tude .  On the  contrary ,  the  mos t  
s t r iking effect  p roduced  by  f ronta l  lobe lesions is the  
change in the  p a t t e r n  of discharges of the  PGO, w i thou t  a 
not iceable  change  in the i r  ampl i tude  (Figure 2). The chan-  
ge in p a t t e r n  of the  PGO is very  marked  in the  first  2-3 
days  following the  opera t ion.  Af te r  5-6 days  there  is a 
new change in the  p a t t e r n  of PGO. I t  is modif ied in the  
sense of a grea t  complexi f ica t ion  of the  PGO discharges 
re la ted to contro l  expe r imen t s  and the  burs ts  of PGO 
conta in  a grea te r  n u m b e r  of waves.  

I t  appears  f rom our resul ts  t h a t  the  cerebel lum con- 
trols main ly  the  ampl i tude  of PGO waves and t h a t  the  
f ronta l  lobes ac t  upon the  p a t t e r n  of PGO discharge.  
Recen t ly  t he  cerebel lum has been proposed as being a 
ve ry  i m p o r t a n t  re lay re la t ion in the  control  of rapid  eye 
movements6 .  On the  o the r  hand,  the  o u t p u t  of the  cere- 
bel lum has ma in ly  an inh ib i to ry  charac te r  5. I t  was al- 
r eady  proposed  t h a t  t he  Purk in je  cell d ischarges  bore 
some re la t ionship  to eye m o v e m e n t s L  The increase in 
ampl i tude  of PGO waves  clearly d e m o n s t r a t e d  here 
indicates  t h a t  tile cerebel lum has an inh ib i to ry  act ion 
upon the  phasic  events  of paradoxica l  sleep. This effect  
could be exer ted  t h rough  a cerebel lum-locus coeruleus 
p a t h w a y  recen t ly  discorvered s, and tile inf luence t h a t  

th is  l a t t e r  s t ruc ture  has upon paradoxica l  sleep 9 is well 
known.  On the  o the r  hand ,  th is  inh ib i to ry  cerebel lar  
inf luence could be exer ted  t h ro u g h  ana tomica l ly  demon-  
s t r a t ed  di rect  connect ions  f rom the  cerebel lum wi th  
oculomotor  neurons  10 or t h ro u g h  the  connect ions  wi th  
re t icular  fo rmat ion  s t ruc tures  lL T h a t  the  f ronta l  lobes 
have  an i m p o r t a n t  inf luence upon the  oculomotor  ap- 
pa ra tus  is well known 4. This act ion could also be exer ted  
th rough  the i r  connect ions  wi th  t he  ret icular  fo rma t ion lL  
Our resul ts  conf i rm tile f indings of o the r  authors12 t h a t  
show an increase in the  dens i ty  of oculomotor  ac t iv i ty  of 
paradoxica l  sleep episodes and o the r  oculomotor  al tera-  
t ions  ~3 af ter  f ronta l  lobe lesions. Moreover  we d e m o n s t r a t -  
ed t h a t  the  f ronta l  lobes control  the  p a t t e r n  of PGO dis- 
charge.  These early changes  could be more easily ex- 
p la ined th rough  the  connect ions  of the  f rontal  lobes wi th  
the  ret icular  fo rmat ion  and  the  oculomotor  neurons  4,~1 
t h a n  th rough  re t rograde  degenera t ion  of the  p a t h w a y  
t h a t  pro jec t  f rom the  locus coeruleus to the  f rontal  lobes 14. 
Therefore  it is concluded f rom our s tudies  t h a t  the  oculo- 
mo to r  neurons  of the  bra in  s t em and/or  the  re t icular  
fo rma t ion  sur rounding  then l  are, dur ing paradoxica l  
sleep, under  the  influence of several  s t ructures .  During 
th is  phase  of s leep-waking cycle, one of them,  the  cere- 
bellum, controls  ma in ly  the  ampl i tude  of phasic  PGO 
act iv i ty ,  while the  o ther  one (frontal  lobes) controls  main-  
ly the  p a t t e r n  of the i r  sequent ia l  discharges.  There  is 
conclusive ana tomica l  d a t a  to suppor t  our funct ional  
f indings.  
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Summary.  Dopaminerg ic  re t inal  neurons  become weakly  rad ioac t ive  af ter  the  in ject ion of t r i t i a t ed  oc topamine  into 
the  vi t reous,  bu t  no o ther  neurons  do so. This indicates  the  absence of any  effective mechan i sm for the  accumula t ion  
of oc topamine  in r abb i t  re t ina.  

Releasable  oc topamine  has  been de tec ted  in high 
a m o u n t s  in c rus tacean  per iphera l  nerves1,  e, and  the  
amoun t s  p resen t  seemed to correlate  wi th  the  n u m b e r  of 
per ikarya  p resen t  in nerve.  The subs tance  was suggested 
to  have  a modu la t i ng  act ion on muscle contrac t ions .  I t  is 
also p resen t  in h igh  a m o u n t s  in cer ta in  o ther  i nve r t eb ra t e  
neurons  a-5. In  insects,  an adeny la te  cyclase sy s t em was 
described,  which  was more  sensi t ive to oc topamine  t h a n  
dopamine  or 5 -hydroxy t ryp tamine6 .  In  mammals ,  octo- 
pamine  is accumula ted  by  s y m p a t h e t i c  nerves,  f rom which 
it can be released by  nerve  s t imulat ion,  and it has  been 
suggested as a k ind of n e u r o t r a n s m i t t e r  ~, s. I t  is also pre-  

sent  in the  ra t  brain,  a l though  in m u c h  lower concent ra -  
t ions than ,  for instance,  the  catecholaminesS,  9. 

Catecholamines  are well known as CNS t ransmi t t e r s ,  
and  in the  re t ina  dopamine  is the  domina t ing  one (see 
]EHINGER10). The dopaminerg ic  neurons  as well as the  
ones p r e sumab ly  opera t ing  wi th  glycine or GABA have  an 
efficient  mechan i sm for accumula t ing  the i r  t r a n s m i t t e r  
and it seems t h a t  th is  abi l i ty  is of impor tance  for ter-  
mina t ing  the  act ion of released t r ansmi t t e r .  Oc topamine  
is s t ruc tura l ly  re la ted  to  dopamine ,  and it was therefore  
of in te res t  to tes t  to w h a t  e x t e n t  i t  would be selectively 
accumula ted  by  re t inal  neurons.  
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25 ~Ci a H - o c t o p a m i n e  w a s  i n j e c t e d  i n t r a v i t r e a l l y  i n t o  
a l b i n o  r a b b i t  eyes ,  w h i c h  we re  t h e n  e x c i z e d  a f t e r  4 h a n d  
f r eeze -d r i ed ,  f i x e d  in  f o r m a l d e h y d e  v a p o r  a c c o r d i n g  to  t h e  
FALCK a n d  HILLARP m e t h o d ,  e m b e d d e d  d i r e c t l y  in  
e p o x y  r e s in  ( D u r c u p a n ,  F l u k a )  in  v a c u o ,  s e c t i o n e d ,  p h o t o -  
g r a p h e d  in  t h e  f l u o r e s c e n c e  m i c r o s c o p e  a n d  c o v e r e d  w i t h  
a u t o r a d i o g r a p h i c  s t r i p p i n g  f i l m  ( K o d a k  A R  10). E x p o -  
s u r e  t i m e s  we re  1 to  3 m o n t h s .  

F l u o r e s c e n c e  m i c r o s c o p y  d e m o n s t r a t e d  t h e  b y  n o w  
w e l l - k n o w n  d o p a n f i n e r g i c  j u n c t i o n a l  cel ls  a n d  t h e  3 s u b -  
l a y e r s  of  d o p a m i n e r g i c  t e r m i n a l s  in  t h e  i n n e r  p l e x i f o r m  
l a y e r  ( F i g u r e  A).  T h e  a u t o r a d i o g r a p h y  s h o w e d  m a i n l y  
d i f f u s e  d i s t r i b u t i o n  of t h e  r a d i o a c t i v i t y ,  b u t  o n  c lose  
i n s p e c t i o n  i t  w a s  o b s e r v e d  t h a t  t h e r e  w a s  a s l i g h t  i n c r e a s e  
in  d o p a m i n e r g i c  n e u r o n s  ( F i g u r e  B) .  T h e  r a d i o a c t i v i t y  of  
t h e s e  cells  w a s  f a r  less  t h a n  t h a t  s e e n  a f t e r  t h e  i n j e c t i o n  of  
t r i t i a t e d  c a t e c h o l a m i n e s  u n d e r  c o m p a r a b l e  c i r c u m s t a n c e s .  

T h e  e x p e r i m e n t s  s h o w  t h a t  o c t o p a m i n e  o r  a m e t a b o l i t e  
is o n l y  w e a k l y  a c c u m u l a t e d  b y  d o p a m i n e r g i c  n e u r o n s  a n d  
n o t  a t  all  in  t h e  r e c e n t l y  d e t e c t e d  i n d o l e a m i n e - a c c u m u l a t -  
i n g  r e t i n a l  n e u r o n s  n .  T h e y  f u r t h e r  s h o w  t h e  a b s e n c e  in  
t h e  r a b b i t  r e t i n a  of a s e l ec t i ve ,  e f f i c i e n t  n e u r o n a l  a c c u m u -  
l a t i o n  of  o c t o p a m i n e ,  b u t  t h e y  do  n o t  s h o w  w h e t h e r  t h i s  
is so b e c a u s e  t h e r e  a r e  no  n e u r o n s  o p e r a t i n g  w i t h  oc to -  
p a m i n e ,  or  b e c a u s e  s u c h  h y p o t h e t i c a l  n e u r o n s  h a v e  n o  
e f f i c i e n t  u p t a k e  a n d  s t o r a g e  m e c h a n i s m  for  t h e i r  t r a n s -  
m i t t e r .  

Rabbit  retina, 4 h after the injection of 25 btCi aH-octopamille iHtra- 
vitreally. A) fluorescence mierograph showing one dopamine-con- 
raining, strongly fluorescent cell body and several fluorescent ter- 
minals throughout the inner plexiform layer (IPL). The photo- 
receptors (PH) at the top are faintly autofhtoreseent, and the pig- 
merit cells above them are somewhat more autofluoreseeut. B) is a 
dark field micrograph of the autoradiogram of the same area. There is 
a diffuse distribution of silver grains all over the retilla, with a 
slight increase in radioactivity in the dopanfine-containiHg cell 
(arrow). • 340. 
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S u m m a r y .  A n  a g e - d e p e n d e n t  i n c r e a s e  of t h e r m a l  s t a b i l i t y  of  D N A  in  s i t u  h a s  b e e n  d e m o n s t r a t e d  in  r a t  l i ve r  b y  m e a n s  
of  m i c r o f l u o r i m e t r y ,  w h i c h  w a s  r e v e r s e d  to  a g r e a t  e x t e n t  in  o ld  r e g e n e r a t e d  l iver .  

C e l l u l a r  a g e i n g  i n v o l v e s  a p r o g r e s s i v e  loss  of  t h e  a b i l i t y  
of  t h e  cell  to  m a i n t a i n  t h e  h o m e o s t a s i s  ~, w h i c h  m a y  be  
d u e  to  a n  a l t e r a t i o n  in  t h e  D N A - p r o t e i n  a s s o c i a t i o n  
d e t e r n f i n i n g  t h e  s t r u c t u r e  a n d  p h y s i o l o g i c a l  a c t i v i t y  of  
c h r o m a t i n .  N u m e r o u s  b i o c h e m i c a l  s t u d i e s  a 7 s h o w e d  a n  
a g e - d e p e n d e n t  i n c r e a s e  of t h e r m a l  s t a b i l i t y  of  t h e  e x t r a c t -  
ed  c h r o m a t i n ,  i t  h a s  a l so  b e e n  r e v e a l e d  t h a t  t h e  m e t h o d  
of  e x t r a c t i o n ,  a s  wel l  a s  t h e  ion ic  s t r e n g t h  of t h e  m e d i u m  
u s e d ,  h a v e  a s t r o n g  i n f l u e n c e  o n  t h e  r e s u l t s  o b t a i n e d .  I n  
o r d e r  to  a v o i d  t h e  p r o b l e m s  of  c h r o m a t i n  e x t r a c t i o n  s, 
t h e r m a l  d e n a t u r a t i o n  e x p e r i m e n t s  we re  p e r f o r m e d  o n  
c h r o m a t i n  in  s i t u  of  y o u n g  a n d  o ld  r a t  h e p a t o c y t e s .  O n  
t h e  o t h e r  h a n d ,  in  o r d e r  t o  r e v e a l  w h e t h e r  t h e  a g e -  
d e p e n d e n t  c h a n g e s  of t h e r m a l  s t a b i l i t y  of  c h r o m a t i n  a r e  
r e v e r s i b l e ,  s i m i l a r  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  a lso  in  
r e g e n e r a t e d  l i ve r  of  o ld  a n i m a l s .  S o m e  p r e l i m i n a r y  d a t a  
o f  t h e s e  e x p e r i m e n t s  h a v e  b e e n  p r e s e n t e d  e l s e w h e r e  9, 

F e r n a l e  W i s t a r  r a t s  of  o u r  o w n  b r e e d  we re  u s e d :  A) 
3 rats  of 2 m o n t h s  of age  ( y o u n g  g r o u p ) ;  B) 3 r a t s  of  28 
m o n t h s  of age  (old g r o u p )  ; C) 3 r a t s  of  25 m o n t h s  of age  
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