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Uptake of Tritiated Glycine into Neurons  of the Human Retina 

Glycine has recen t ly  been shown x-5 to  be taken  up by  
an act ive  mechan i sm into  neurons  of the  ra t  spinal  cord. 
R a b b i t  re t ina  has  a similar  up take  mechan i sm ~. Glycine 
is now considered a possible  n e u r o t r a n s m i t t e r  subs tance  
in the  m a m m a l i a n  cent ra l  nervous  sys t em G, 7 and i t  has  
been  shown to  have  inh ib i to ry  effects also in the  re t ina  s . 
Autorad iographic  up take  s tudies  in the  r abb i t  re t ina  sug- 
gest  t h a t  the  nerve  cells pu ta t ive ly  opera t ing  wi th  glycine 
as n e u r o t r a n s m i t t e r  are to be sought  among the  diffuse 
t y p e  amacr ine  ceils 9,10. Previous  work  wi th  re t inal  dopa-  
mine-con ta in ing  ( 'adrenergic ' )  neurons  (see EHINGER and 
~'ALCK ix) has shown t h a t  there  are considerable  differences 
in t he  p a t t e r n  of d i s t r ibu t ion  of adrenergic  nerve  te rmina ls  
in d i f ferent  species, even when  these  are as closely re la ted  
as d i f ferent  p r ima te  species or d i f ferent  rodents .  W i t h  the  
au torad iographic  m e t h o d  for iden t i fy ing  cells pu t a t i ve ly  
opera t ing  wi th  glycine as neu ro t r ansmi t t e r  available it is 
of in te res t  to s t u d y  the  up take  of glycine into the  h u m a n  
re t ina  in order  to es tabl ish  to w h a t  ex t en t  t i l e  up take  
sys t em for glycine in the  h u m a n  CNS resembles  t h a t  of 
lower animals  and to  w h a t  ex t en t  the  up take  is localized 
to  similar  cells. 

Pieces of re t ina  were ob ta ined  f rom 2 pa t i en t s  (63 and  
70 years  old) opera ted  on for ma l ignan t  me l anoma  of the  
chorioid.  The t issue pieces were  t aken  immedia te ly  af ter  
the  enuctea t ion  of the  eye, care being t aken  to  avoid the  
t umour  site. The t issue was kep t  in a solut ion according 
to  AMES x~ in one case, and  o rd inary  Krebs -Ringer  solu- 

t ion in the  other.  The t e m p e r a t u r e  was abou t  10-15~ 
dur ing  the  t r a n s p o r t a t i o n  to  the  l abora to ry  (15 rain) 
where t h e y  were p u t  in to  the  same solut ion at  37~ for 
10 rain. Tr i t ia ted  glycine (The Radiochemica l  Centre,  
Amersham,  2 C / m M  glycine-2-H3) was then  added  to  a 
final concen t ra t ion  of 0.9 •  -7 M and the  incuba t ion  
was con t inued  for 15 rain a t  37~ The incuba t ion  solut ion 
was kep t  well aera ted  wi th  a gas m i x t u r e  conta in ing  95% 
02 and  5% CO2. The t issue pieces were subsequen t ly  
r insed for 20 min  a t  + 4 ~  in 2 changes  of the  incuba t ion  
solut ion w i t h o u t  glycine, f rozen in a p ropane -p ropy lene  
mix tu re  cooled by  l iquid ni t rogen,  freeze-dried,  inf i l t ra ted  
wi th  plast ic  (Durcopan ACM), sect ioned on an L K B  
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Human retina, incubated in Krebs-Ringer solution with H3-glycine (0.9 • 10-~M) 15 rain at 37 ~ A) focus on the photographic silver grains. 
B) same area as A, but with focus on the tissue section. There is radioactivity ill some of the celts with the position of amacrine cells (arrows), 
in the inner plexiform layer (IPL) and to some extent in the nerve fibre layer (NF). There is only little radioactivity ill the other layers. OPL, 
outer plexiform layer; ONL, outer nuclear layer. Phase contrast micrographs • 8900. 
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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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