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Adrenaline Depletion Induced by Light in the Dark-Adapted Retina 

C o m p o u n d s  such  as r e se rp ine  a n d  m a n y  of i t s  congeners ,  
as wel l  as SU 9064 (Ciba), a - m e t h y l - d o p a ,  R04-1284  
( H o f f m a n n - L a  Roche) ,  a n d  W i n  18501-2 ( Wi n t h r op ) ,  are  
ab le  to  lower  t h e  c a t e c h o l a m i n e s  c o n t e n t  in  n e r v o u s  
t i ssue  1-4. E l e c t r o - s h o c k  a n d  co ld -shock  also p r oduce  de- 
p l e t i ons  of c a t e c h o l a m i n e s  in  t h e  bra in2 ,L Since i t  h a s  
b e e n  d e m o n s t r a t e d  t h a t  t h e  levels  of c a t e c h o l a m i n e s  in  
t h e  r e t i n a  d e p e n d  u p o n  t h e  s t a t e  of l i gh t  a d a p t a t i o n 6 ,  ~, 
i t  was  cons ide red  of i n t e r e s t  to  i n v e s t i g a t e  w h e t h e r  a 
s h o r t  d u r a t i o n  of exposure  of a d a r k - a d a p t e d  a n i m a l  to  
s t r o n g  l i gh t  wou ld  also m o d i f y  t h e  c a t e c h o l a m i n e  levels  
in  t h e  re t ina .  

T o a d s  (Bu]o rnarinus) weigh ing  100-150 g were  used  in  
t h e  e x p e r i m e n t s .  A r e l a t i ve ly  s t r o n g  l igh t  was  app l i ed  in 
t h e  fol lowing w a y :  d a r k - a d a p t e d  t o a d s  were  p u t  i n to  
glass c o n t a i n e r s  w h i c h  were  s u r r o u n d e d  b y  4 l igh t  sources,  
e ach  cons i s t ing  of a 150 W ref lec tor  f lood b u l b  a t  a dis- 
t a n c e  of 1 m a n d  d i r ec t ed  t o w a r d  t h e  an imals .  T h e  
d e c a p i t a t i o n  of t h e  a n i m a l s  a n d  fas t  r e m o v a l  ( th is  opera-  
t i o n  does n o t  exceed  2 min)  of t h e  d a r k - a d a p t e d  r e t i n a e  
were  p e r f o r m e d  in  a d i m  r ed  l ight .  T h e  t i ssue  was  k e p t  
f rozen p r io r  to  t h e  a d r e n a l i n e  d e t e r m i n a t i o n  done  b y  t h e  
f luorescence  m e t h o d  of DRUJAN e t  al. s. T h e  dep ro t e in i za -  
t i on  is ca r r i ed  o u t  w i t h  t r i ch lo race t i c  acid,  t h e  a d r e n a l i n e  
was  a d s o r b e d  on  a l u m i n a  co lumns ,  e lu t ed  w i t h  ace t ic  acid 
a n d  c o n v e r t e d  to" t h e  h i g h l y  f luo rescen t  t r i h y d r o x y i n d o l  
d e r i v a t i v e s  w i t h  a lka l ine  a sco rba te .  T h e  f luorescence  was  
m e a s u r e d  in  a n  A m i n c o  B o w m a n  s pec t r opho t o f l uo ro -  
me te r ,  t h e  e x c i t a t i o n  a n d  f luorescence  w a v e - l e n g t h s  b e i n g  
430 a n d  510 n m ,  respec t ive ly .  A r e c o v e r y  c u r v e  w i t h  
a d d e d  a d r e n a l i n e  was  m a d e  for  each  run .  T h e  a d r e n a l i n e  
c o n t e n t  in  d a r k - a d a p t e d  t o a d  re t inae ,  i nc lud ing  t h e  pig-  
m e n t  ep i the l ium,  was  f o u n d  to  be  0.60 -4- S.D. 0.09 pg /g  
t i s sue  w e t  weight .  I n  t h e  l i g h t - a d a p t e d  r e t i n a e  was  
0.49 4- S.D. 0 .11/~g/g  t i ssue  w e t  weight .  

The  e x p e r i m e n t a l  resu l t s  showed  t h a t  w h e n  d a r k -  
a d a p t e d  a n i m a l s  were  exposed  to  s t r o n g  l i gh t  t h e  a d r e n a -  
l ine  c o n t e n t  in  t h e  r e t i n a  was  r ap i d l y  reduced .  E x p o s u r e  
to  l i gh t  of 5 m i n  d u r a t i o n  dep le t ed  ove r  505/o of t he  t o t a l  
a d r e n a l i n e  c o n t e n t  in  t h e  re t ina ,  i nc lud ing  i ts  p i g m e n t  
layer .  T h e  F igu re  shows  t h a t  a f t e r  5 r a in  t he  a d r e n a l i n e  
c o n t e n t  of t h e  r e t i n a  reaches  a m i n i m u m  a n d  t h a t  a f t e r  
5 -10  ra in  r e c o v e r y  begins .  A s t u d y  of t h e  r ep l e t i on  process  
of a d r e n a l i n e  r evea led  t h a t  in  t h e  a n i m a l s  exposed  to  
l i gh t  for  5 ra in  a n d  t h e n  p l aced  in  d a r k n e s s  (F igure  B) a n  
i m m e d i a t e  r ep le t ion  of r e t i na l  a d r e n a l i n e  s t a r t e d  a n d  a f t e r  
24 h a level  c o r r e s p o n d i n g  to  85% of t h e  or ig ina l  da rk -  
a d a p t e d  v a l u e  was  r eached .  Howeve r ,  w h e n  t h e  a n i m a l s  
were k e p t  c o n t i n u o u s l y  in s t r o n g  l i gh t  (F igure  A) t h e  
r ep l e t i on  was  m u c h  slower, s t a r t i n g  a f t e r  15 m i n  of ex- 
posure  a n d  r e a c h i n g  a m a x i m u m  in  25-30 rain.  A t  t h e  
end  of t h i s  t i m e  a slow decrease  was  no t i c ed  a n d  a f t e r  a 
f u r t h e r  2 h t h e  a d r e n a l i n e  c o n t e n t  of t h e  r e t i n a  was  a b o u t  
60% of t h a t  f o u n d  in  t h e  d a r k - a d a p t e d  s ta te .  

W h e n  s t r o n g  l i gh t  was  app l ied  to  d a r k - a d a p t e d  toads ,  
t h e  dep le t ion  of a d r e n a l i n e  f rom t h e  r e t i n a  t o o k  p lace  
i n s t a n t a n e o u s l y .  H E s s  e t  al. x showed  t h a t  t h e  ca te-  
c h o l a m i n e  dep l e t i on  p r o d u c e d  b y  d rugs  d e p e n d s  on  t h e  
dose  used  a n d  t h a t  t h e  dep l e t i on  c o n t i n u e s  as long  as t h e  
s u b s t a n c e  is a d m i n i s t e r e d .  On  t h e  o t h e r  h a n d ,  in  t h e  case 
of l i g h t - i n d u c e d  a d r e n a l i n e  dep l e t i on  we h a v e  s h o w n  t h a t  
l i gh t  h a s  a n  o p t i m u m  in dep le t ion  ab i l i ty .  Af t e r  5 m i n  
t h e  dep le t ion  ceased  a n d  r e c o v e r y  began .  Th i s  suggests  
t h a t  in  our  e x p e r i m e n t s  a s t r o n g  l i gh t  was  on ly  ab le  to  
l i be ra t e  a d r e n a l i n e  f rom one  specific pool  a n d  t h a t  t h e r e  
ex is t s  a n  a d r e n a l i n e  f r ac t ion  w h i c h  c a n n o t  be  dep le t ed  in 
t h i s  way .  T h e  a d r e n a l i n e  r e c o v e r y  in  t o a d s  p l aced  in 
d a r k n e s s  sugges t s  t h a t  l i g h t  h a s  a s h o r t - a c t i n g  effect  

w h i c h  is n o t  fol lowed b y  a n y  p ro longed  b iochemica l  or 
phys io log ica l  changes .  Howeve r ,  in  t h e  case of a con t inu -  
ous  exposure  to  s t r o n g  l igh t  t he  r ep l e t i on  of a d r e n a l i n e  
in  t h e  r e t i n a  ceased a f t e r  30 ra in  a n d  t h e  b e g i n n i n g  of a 
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Depletion effect of light on the adrenaline content of the dark- 
adapted toad retina {including pigment epithelium) and its recovery 
in subsequent light (A) and darkness (B). Each point represents the 
value obtained from a pool of at least 6 retinae. Ordinates give the 
adrenaline value in percentage of the level found in dark-adaptation. 
Abscissae give time in rain and h. Shadowed areas indicate dark 
conditions, while the other areas correspond to illmnination. The 
adrenaline content in dark-adapted toad retinae with its pigment 
epithelium (controls) is 0.60 ~tg/g wet weight. 
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slow decrease was again  noticed.  This  could be due to 
some dis tor t ion  of the  normal  metabol ic  p a t h w a y  of the  
ca techolamines  produced  by  prolonged exposure  to l ight  9. 

Resumen. U n a  depleci6n inmed ia t a  de la adrenal ina  
re t in iana  ocurre  cuando sapos adap tados  a la oscur idad 
son expues tos  a una  luz r e l a t i vamen te  fuerte,  alcanz&n- 
dose un m~ximo en a p r o x i m a d a m e n t e  5 rain. La  repleci6n 
de la adrena l ina  es mAs rApida cuando  los animales,  des- 
pu6s de set expuestos  por  5 min  a la luz, son devue l tos  a 
la oscuridad.  E n  un per iodo de 24 h la adrena l ina  alcanz6 
a p r o x i m a d a m e n t e  85% de su va lor  original.  Por  o t ra  
parte ,  cuando los animales  se man t i enen  expues tos  a la 
luz, la repleci6n es mils lenta  y la adrenal ina  re t in iana  

a lcanza un mAximo de s61amente 65% de su valor  original  
en adap tac i6n  a la oscuridad.  
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P r o t e i n  S y n t h e s i s  in the  B r a i n  of Rat s  T h y r o i d e c t o m i z e d  at B i r t h  

The  i m p o r t a n t  role t h a t  the  thy ro id  p lays  in the  
deve lopmen t  of the  cent ra l  nervous  sys tem is readi ly  
recognized by  the  severe menta l  r e t a rda t ion  which ensues 
f rom ear ly  thyro id  deficiency. The  disorders which occur  
dur ing the  m a t u r a t i o n  of the  t hy ro id  hormone-def ic ien t  
bra in  invo lve  the  g rowth  of the  nerve  cell pe r ika rya  and 
the i r  processes 1, the  conf igura t ion  of the  capi l lary  bed z 
and the  deposi t ion of mye l in  3. The  metabol ic  changes 
under ly ing  the  severe c l inico-pathological  f indings of the  
thy ro id  deficiency are, however ,  still unresolved.  Bio- 
chemical  s tudies have  indica ted  t h a t  increased de novo  
synthesis  of enzymes  is de tec tab le  in the  l iver  af ter  
thy ro id  ho rmone  t r e a tmen t*  while in t he  hypo thy ro id  
b ra in  the  act ivi t ies  of succinate  dehydrogenase  and acetyl -  
chol inesterase are reduced ~. Quan t i t a t i ve  h i s tochemica l  
studies of enzymes  concerned in the  ma jo r  metabol ic  
pa thways  of oxidat ion-reduct ion ,  energy  metabol ism,  
nerve  t ransmission,  phospholy t ic  and hydro ly t i c  react ions  
have,  however ,  failed to localize changes to any  one 
sys tem s . 

This  repor t  describes 2 exper iments .  First ,  since micro-  
some prepara t ions  are known to conta in  the  bound  and 
free polysomes though t  to be invo lved  in the  synthesis  of 
pro te in  essential  for the  deve lopmen t  ma in t enance  and 
renewal  of cell processes 7, the  abi l i ty  of these s t ructures  
to synthesize  prote in  in the  developing bra in  of thyroi -  
dec tomized  ra ts  has been invest igated.  Second, the  sedi- 
m e n t a t i o n  profile of these aggregates  on the  sucrose 
dens i ty  grad ien t  has been examined.  

Sprague  Dawley  albino ra ts  were thyro idec tomized  by  
a single i.p. in jec t ion  of 150-200 pC of x31I on the  day  of 
bir th.  Animals  were decap i ta ted  a t  10 days  and a t  30 days  
of age and the  whole brains  or cor tex  homogenized  in a 
m e d i u m  of 0 .15M sucrose, 0 .025M potass ium chloride, 
0 . 01M magnes ium chloride and 0 .035M Tris buffer  
p H  7.8. H e a v y  and l ight  microsomes were prepared  by  
centr i fuging the  15,000 g pos tmi tochondr ia l  supe rna tan t  
a t  25,000 g and 105,000 g for 1 h respect ively.  The  poly-  
somal  pellets  were incubated  for 21/2-15 min  under  con- 
di t ions favourab le  for the  synthesis  of prote in  s using the  
' p H  5.0 enzyme '  f rac t ion obta ined  f rom the  control  
animals  and 14C-phenylalanine as precursor.  The  react ion 
was arres ted wi th  10% TCA and the  prote in  purif ied by  
ex t rac t ion  of the  acid soluble, l ipid and nucleic acid 
fract ions.  The  d ry  prote in  prec ip i ta tes  were dissolved in 
hyamine ,  t ransferred to  vials, mixed  wi th  dioxane-  

conta in ing  scint i l la tor  and counted  in a Nuc lea r  Chicago 
l iquid scint i l la t ion spec t romete r  using the  channel  ra t io  
m e t h o d  for quench  correct ion.  

The  ' p H  5.0 enzymes ' ,  used wi th  the  microsomal  frac- 
t ions f rom bo th  the  control  and thy ro idec tomized  animals,  
do no t  conta in  R N A  fract ions def ined as cy top lasmic  
messenger  when the  ex t rac ted  macromolecu la r  R N A s  are 
pulse  label led and sed imented  on the  sucrose dens i ty  
grad ien t  (unpublished observat ion) .  The  in v i t ro  prote in  
synthesis ,  therefore,  ref lects  the  func t ion  of the  prote in  
synthes iz ing mach ine ry  of t he  bra in  m e m b r a n e  prepara-  
t ions.  The  s imi la r i ty  be tween  the  pro te in-synthes iz ing  
ab i l i ty  of p repara t ions  m a d e  f rom the  brains of bo th  
normal  and thy ro idee tomized  rats,  whe the r  a t  10 or  30 
days  old (Table), suggests t h a t  early depr iva t ion  of 

L-3-Phenylalanine-C li incorporation into protein of heavy and light 
microsomal fractions of 10- and 30-day-old thyroidectomized and 
normal rat brain cell-free homogenates 

Fraction Mean ratio: thyroidectomized/control 
of (cpm]mgRNA)]15 rain incubation 

10-day-old rats 30-day-old rats 

Heavy mierosomes 0.960 0.97 
Heavy microsomes + poly U a 1.06 0.96 
Light mierosomes 0.90 0.94 
Light mierosomes + poly U 0.83 0.92 

a Polyuridylie acid. 
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