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P y r a m i t o n e ,  a n d  covered  w i t h  a u t o r a d i o g r a p h i c  s t r i pp ing  
f i lm ( K o d a k  A R  10), as descr ibed  previous ly% T he  ex- 
posure  t i m e  was  a p p r o x i m a t e l y  3 m o n t h s .  

I n  t h e  a u t o r a d i o g r a p h s  (Figure) r a d i o a c t i v i t y  was  ob-  
se rved  m a i n l y  over  t h e  i nne r  p l ex i fo rm layer  of t he  r e t i n a  
w i t h  no  a p p a r e n t  sub layer ing .  The re  was also cons ide rab le  
a c t i v i t y  ove r  t he  ne rve  f ibre  layer.  Cer ta in  cells w i t h  t he  
pos i t ion  of a m a c r i n e  cells (in t he  i n n e r m o s t  cells of t he  
i nne r  nuc lea r  layer)  also showed  m a r k e d  r ad i oac t i v i t y .  
The  r e m a i n i n g  p a r t s  of t he  r e t i n a  showed  only  a s l igh t  a n d  
dif fusely  d i s t r i b u t e d  r ad ioac t i v i t y .  C o m p a r e d  w i t h  t he  
p a t t e r n  seen in a u t o r a d i o g r a p h s  m a d e  f rom r e t i na s  f rom 
rabb i t s ,  ra ts ,  a n d  guinea-pigs  9, is p roduced  u n d e r  s imi la r  
e x p e r i m e n t a l  condi t ions ,  t he  s imi l a r i t y  is s t r ik ing.  I n  r a t  
a n d  r a b b i t  cen t r a l  ne r vous  t issue,  i t  is k n o w n  t h a t  t he  
glycine t a k e n  up  in to  neu r ons  r e m a i n s  as such  to  a 
r e m a r k a b l e  e x t e n t  in  sho r t  t e r m  i n c u b a t i o n  exper i -  
m e n t s  2, 5, 9. I n  these  an imals ,  i t  is also k n o w n  t h a t  t h e r e  
is a n  ac t ive  u p t a k e  s y s t e m  for glycine, b o t h  in t h e  sp ina l  
cord  5 a n d  in t he  r e t i n a  6. The  s t r i k ing  s imi l a r i t y  b e t w e e n  
the  d i s t r i b u t i o n  of r a d i o a c t i v i t y  seen in  the  h u m a n  r e t i n a  
a n d  t he  r abb i t ,  ra t ,  and  gu inea-p ig  r e t i na s  s t rong ly  sug- 
gests  t h a t  in  t he  h u m a n  r e t i n a  t he re  is also a v e r y  ef- 
fec t ive  n e u r o n a l  u p t a k e  s y s t e m  for  glycine.  As in t he  
lower  animals ,  t he re  are good reasons  for be l i ev ing  t h a t  
n e u r o n s  p u t a t i v e l y  be ing  glycinergic  are to  be  s o u g h t  
a m o n g  t h e  ones ac t ive ly  t a k i n g  up  glycine6," ;  in  t h e  

h u m a n  re t ina ,  ce r t a in  amac r ine s  are t h u s  poss ib ly  gly- 
cinergic.  As far  as t he  r e t i n a  can  be  t a k e n  as a mode l  of 
t he  s i t u a t i o n  in t h e  whole  b ra in ,  t he  e x p e r i m e n t  suggests  
t h a t  glycine m a y  be  a n e u r o t r a n s m i t t e r  also in t he  h u m a n  
cen t r a l  ne rvous  s y s t e m  14. 

Rdsumd. L ' a c c u m u l a t i o n  de 3H-glucine de la r6 t ine  hu-  
m a i n e  a 6t6 6tudi6e a u t o r a d i o g r a f i q u e m e n t .  C o m m e  chez 
les a n i m a u x  inf6rieurs,  la r ad ioac t iv i t6  s ' a c c u m u l a i t  sur-  
t o u t  d a n s  la couche p lex i fo rme  in te rne ,  darts la couche  
des f i l amen t s  n e r v e u x  e t  d a n s  des cellules a y a n t  la po-  
s i t ion  des amacr ines .  Les r6su l t a t s  d o i v e n t  i nd ique r  que 
la glucine p e u t  ~tre n e u r o t r a n s m e t t e u s e  i n h i b i t i v e  d a n s  
l 'esp~ce diffuse des cellules amac r ine s  de l 'ceil h u m a i n  
e t  6ga lement  dans  d ' a u t r e s  cellules du  sys t~me n e r v e u x  
cen t r a l  de l ' h o m m e .  
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Sleep in Parabios is  

The  n a t u r e  of sleep ha s  been  a top ic  of in te res t ,  a n d  
r e c e n t  sleep re sea rch  ha s  g r adua l l y  c lar i f ied t he  sleep- 
i nduc ing  m e c h a n i s m .  Fac to r s  i n v o l v e d  in i n d u c t i o n  of 
sleep p h e n o m e n a  are in  genera l  classified as neu ra l  a n d  
humora l .  F r o m  the  s t u d y  of MATSUMOTO and  JOUVET 1, 
m o n o a m i n e s  in  t h e  b r a i n  are  cons idered  to  be  t he  p o t e n t  
h u m o r a l  factors .  

The re  are  r epo r t s  of o t h e r  fac tors  - s l eep-produc ing  
subs t ances  - such  as P i e r o n ' s  classical  r e p o r t  on ' h y p n o -  
tox in ' ,  and  r ecen t  r epo r t s  on  un i den t i f i ed  ' d ia lyzab le  
s l eep -p romot ing  mater ia l '2 -~ .  However ,  t hese  ma te r i a l s  
were d e m o n s t r a t e d  b y  unphys io log ica l  procedures ,  such  
as r e s t r i c t ed  condi t ion ,  c rossed-c i rcula t ion ,  p u n c t u r e ,  in- 
j ec t ion  etc, a n d  r ecen t l y  RINGLE a n d  HERNDON 5 fai led 
to  o b t a i n  these  s leep- induc ing  d ia lysa tes  f rom sleep- 
dep r ived  r abb i t s .  

ALEKSEEVA 6 s tud ied  pa i r s  of S iamese  t w i n s  u n d e r  phy -  
siological  condi t ions ,  a n d  could f ind  no  ev idence  for in- 
v o l v e m e n t  of h u m o r a l  fac tors  in sleep m echan i s m s ,  s ince 
one  t w i n  s lep t  whi le  t h e  o the r  was  awake.  Due  to  t i le 
s t a t u s  of knowledge  on  sleep a t  t he  t i m e  of he r  work,  she 
on ly  e x a m i n e d  s low-wave  sleep (SS), wh ich  is g rea te ly  

a f fec ted  b y  neu ra l  factors,  inc lud ing  b e h a v i o r  a n d  h igher  
ne rvous  ac t iv i ty ,  and  did  no t  e x a m i n e  pa r adox i ca l  sleep 
(PS). 

The  p r e sen t  s t u d y  was to  see w h e t h e r  SS and  P S  ap-  
pea red  s y n c h r o n o u s l y  in p a r a b i o t i c  ra ts .  I t  is r ea sonab le  
to  p r e sume  t h a t  sleep would  b e c o m e  more  s y n c h r o n i z e d  
in p r o p o r t i o n  to t h e  degree of homeos ta s i s  b e t w e e n  t h e  
p a r a b i o t i c  ra ts .  

Method. Male, W i s t a r  s t r a i n  rats ,  we igh ing  150 to  250 g, 
f rom d i f fe ren t  l i t t e r s  were connec ted  pa rab io t i c a l l y  b y  a 
mod i f i ca t i on  of t he  BUNSTER a n d  MEYER7 m e t h o d  u n d e r  
N e m b u t a l  narcosis .  I n  t he  ea r ly  s tage of e x p e r i m e n t s  a 
p a r a b i o t i c  un ion  was p e r f o r m e d  7 to  10 days  a f t e r  
ope ra t i on  for po lyg raph i c  record ing  on  a s ingle ra t ,  b u t  
l a t e r  t he  order  of t h e  p rocedu re  was reversed.  E lec t rodes  
were  i m p l a n t e d  on  each  p a r a b i o t i c  r a t  u n d e r  e the r  an-  
es thes ia  as descr ibed  in our  p rev ious  r e p o r t  s . 70 pa i rs  were 
ope ra t ed  twice, of wh ich  32 pa i rs  d ied  w i t h i n  3 days  a f t e r  
t he  las t  opera t ion .  The  s y n c h r o n i z a t i o n  of sleep in 38 
h e a l t h y  p a r a b i o t i c  pa i r s  w i t h  ch ron ica l ly  i m p l a n t e d  
e lect rodes  were c o m p a r e d  w i t h  those  in 25 con t ro l  pa i r s  
u n i t e d  b y  t h e i r  skins  only. 
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Fig. 1. Interpretation for the synchronization rate. 
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The  s y n c h r o n i z a t i o n  r a t e  was  ca lcu la ted  as:  2Zc/(Za + 
2Jb) ~o, where  a is the  t i m e  of a single sleep per iod  in 1 ra t ,  
b is t h a t  of the  p a r t n e r  ra t ,  a n d  c is t he  t i m e  d u r a t i o n  of 
o v e r l a p p e d  episode of each  sleep in t he  2 r a t s  (Figure 1). 
Thus ,  if a l l  t h e  P S  per iods  of i r a t  a p p e a r e d  s y n c h r o n o u s l y  
w i t h  t h a t  of i ts  pa r tne r ,  t he  s y n c h r o n i z a t i o n  r a t e  of P S  
should  b e  100%. The  ra t e s  of p a r a b i o t i c  and  con t ro l  pa i rs  
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Fig. 2. Relation of wakefulness and sleep in a parabiotic pair (11th 
days after union). Each Za, Zb and Zc  is 3Y24", 22'46" and 8'40" for 
PS, 155'42", 202'36" and 122'24" for SS. The synchronization rate 
is 30.9% for PS, 68.3% for SS according to the formula. Each PS/TT 
is 7.0%, 4.7% and SS/TT 32.3%, 42.1% (TT = 481'). Synchronous 
appearance of PS are observed in groups clearly during 13 h and 
14 h 20 rain. 

were c o m p a r e d  for up  to  15 days  a f te r  union,  because  
phys ica l  s e p a r a t i o n  of t he  con t ro l  pai rs  i n e v i t a b l y  occur red  
in less t h a n  15 days.  P o l y g r a m s  were recorded  for 8-10 h 
a day  (Figure  2). 

The  e x p e r i m e n t  was  d iv ided  in to  seven  2-day-per iods  
a f te r  t he  p a r a b i o t i c  un ion  (2-3, 4-5, 14-15 days)  a n d  
w h e n  t he  pe rcen t age  of t o t a l  r ecord ing  t i m e  occupied b y  
P S  ( P S / T T ) i n  t he  1 r a t  was less t h a n  3%, t h e  resu l t  was  
d is regarded as abno rma l .  I n  a ln los t  all  cases r a t s  showed 
low P S / T T  va lues  on t he  day  before  dea th .  

Results. The  s y n c h r o n i z a t i o n  ra t e s  of p a r a b i o t i c  r a t s  
were h igher  t h a n  those  of con t ro l  r a t s  in  all e x p e r i m e n t a l  
periods,  a n d  t he  dif ference in t he  s y n c h r o n i z a t i o n  ra t e s  
of P S  were s t a t i s t i ca l ly  s ign i f ican t  in  2-3  ( P  < 0.02), 4 -5  
( P  < 0.01), 10-11 ( P  < 0.05) days  a f t e r  t he  union.  The  
dif ference in t he  s y n c h r o n i z a t i o n  ra tes  of SS was no t  
s ign i f ican t  in these  periods.  B u t  t he  ave rage  va lues  of all 
t h e  e x p e r i m e n t a l  per iods  showed  s ign i f ican t  di f ference a t  
levels of P < 0.01 for SS and  P < 0.001 for P S  (Figure 3). 

I t  is no t  surpr i s ing  t h a t  t he  s y n c h r o n i z a t i o n  ra t e s  of SS 
is h igher  t h a n  t h a t  of PS,  because  in n o r m a l  i n d i v i d u a l  
r a t s  SS occupies 49.6~o (SS/TT) of t he  day  a n d  P S  only  
8.1% (PS/TT)s .  I t  shou ld  be  n o t e d  t h a t  u n d e r  p a r a b i o t i c  
cond i t ions  change  f rom wakefu lness  to  SS is m u t u a l l y  
d i s t u r b e d  b y  t he  b e h a v i o r  of t he  2 animals ,  whi le  t h a t  
f rom SS to  P S  is not .  

I n  1 pa rab io t i c  pa i r  wh ich  su rv ived  for 81 days,  t he  
average  of t he  s y n c h r o n i z a t i o n  ra t e s  in 64, 70 a n d  77 th  
days  a f te r  un ion  was 74.6~o for SS, a n d  30.04% for P S  
(Figure 3). These  va lues  are a b o u t  t he  same  as those  ob- 
t a i n e d  w i t h i n  15 days.  

I t  is n o t e w o r t h y  t h a t  in t he  con t ro l  pa i rs  synch ronous  
per iods  Of P S  be tween  2 r a t s  genera l ly  occur red  sporadi -  
cally, whi le  in  t he  p a r a b i o t i c  pa i r s  these  per iods  occur red  
in groups  as shown in F igure  2. F r o m  these  obse rva t i ons  
i t  seems l ikely t h a t  h u m o r a l  h o m e o s t a t i c  cond i t ions  for  
inducing,  viz. i n i t i a t i ng  a n d  p r o m o t i n g  P S  are r ead i ly  
a t t a i n e d  in parabios is .  I t  h a s  been  wel l  e s t ab l i shed  b y  
o the r  au tho r s  9-11 t h a t  in  p a r a b i o t i c  r a t s  a b o u t  1% of t h e  
t o t a l  b lood of each  r a t  passes  in to  t he  o the r  a n i m a l  per  
minu te .  T h u s  i t  seems un l ike ly  t h a t  in t he  p a r a b i o t i c  
cond i t ion  a b l o o d b o r n e  s leep- induc ing  fac to r  would  be  
t r an s f e r r ed  f rom 1 a n i m a l  to  t he  o the r  as qu ick ly  as in  
c rossed-c i rcu la t ion  expe r imen t s .  

In  conclusion,  h o m e o s t a t i c  cond i t ions  m a y  be  o b t a i n e d  
for i n d u c t i o n  of pa r adox i ca l  sleep. H u m o r a l  factors ,  
inc lud ing  phys icochemicM factors,  seems to  be  invo lved  
in sleep m e c h a n i s m s  a n d  are more  i m p o r t a n t  in i n d u c t i o n  
of P S  t h a n  in i n d u c t i o n  of SS. 
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Fig. 3. Comparison of the synchronization rates in parabiotic (�9 and 
control pairs (Q). Rates are given as mea~s • the standard deviation 
and significance is calculated by the Student's X-test (see the text). 

Rdsumd. Le t a u x  de la s y n c h r o n i z a t i o n  de la phase  de 
sommei l  chez le r a t  p a r a b i o t i q u e  es t  plus  61ev6 que  chez 
le r a t  de controle ,  p a r t i c u l i ~ r e m e n t  en  cas de sommei l  
p a r a d o x a l  ( P  < 0.001). Ces r e su l t a t s  i n d i q u e n t  que  le 
f ac t eu r  h u m o r a l  j oue u n  g r a n d  r61e dans  le d 6 c l e n c h e m e n t  
et  l ' a n t i c i p a t i o n  du  sommei l  pa radoxa l .  
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