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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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t h y r o i d  h o r m o n e  does  n o t  g ive  r ise to  changes  in  t h e  
a m o u n t  of e n d o g e n o u s  messenge r  in  c en t r a l  n e r v o u s  
t issues.  N e i t h e r  d id  a n y  s ign i f i can t  c h a n g e  emerge  w h e n  
these  p r e p a r a t i o n s  were  i n c u b a t e d  w i t h  a n  ar t i f ic ia l  coding  
a g e n t  (polyur idyl ic  acid).  T he  single r ibosomes  f rom t h e  
b o u n d  a n d  free po lysomes  of t h e  y o u n g  b r a i n  easi ly 
c o m b i n e  w i t h  po lyur idy l i c  acid a n d  s t i m u l a t e d  t h e  in- 
c o r p o r a t i o n  of p h e n y l a l a n i n e .  T he  r a t e  of p o l y p h e n y l a l a -  
n ine  fo rma t ion ,  however ,  was  exac t l y  t h e  s ame  as t h a t  of 
t h e  cont ro l .  

I n  t h e  second  g roup  of e x p e r i m e n t s  u s ing  r ibonuc leo-  
p r o t e i n  pa r t i c les  t h e  b r a i n s  were  hom ogen i zed  in a 
m e d i u m  of 0 .25NI sucrose,  50 m M  KC1, 5 m M  MgC12 a n d  
2 5 m M  Tris buf fe r  ( pH  7.8) a t  0°C a n d  cen t r i fuged  a t  
15,000 g for  15 min .  T h e  p o s t - n f i t o c h o n d r i a l  s u p e r n a t a n t  
was  t h e n  t r e a t e d  w i t h  1 .3% s o d i u m  d e o x y c h o l a t e  for  
5 ra in  a t  0 °C a n d  f r a c t i o n a t e d  in a 1 0 - 3 0 %  l inea r  sucrose  
d e n s i t y  g r a d i e n t  buf fe red  as a b o v e  a n d  cen t r i fuged  a t  
63,000 g for  2 h a t  2 °C. R i b o s o m a l  f r ac t ions  were  col lec ted  
f rom t h e  b o t t o m  of t h e  t u b e s  a n d  t h e  op t i ca l  d e n s i t y  r ead  
a t  260/280 nm.  

Resu l t s  s imi la r  to  t hose  for  p r o t e i n  syn thes i s  were  
o b t a i n e d  w h e t h e r  t h e  r i b o n u c l e o p r o t e i n  aggrega te s  were  
p r e p a r e d  f rom t h e  b r a i n  of con t ro l  or  of t h y r o i d e c -  
t omized  r a t s  for  t h e  iden t i ca l  s e d i m e n t a t i o n  prof i le  on  
t h e  sucrose  d e n s i t y  g r a d i e n t  showed  no di f ferences  in  t h e  
size d i s t r i b u t i o n  of t he  r i b o n u c l e o p r o t e i n  agg rega t e s  
i so la ted  f rom e i t h e r  t i ssue  (Figure) .  

S ince  t h e  r i bosomes  are  he ld  t o g e t h e r  b y  messenge r  
s t r a n d s  t h e  s e d i m e n t a t i o n  profi le  m a y  ref lec t  a n  a m o u n t  
a n d  d i s t r i b u t i o n  of m e s s e n g e r  in  t h e  b r a i n s  of h y p o t h y r o i d  
r a t s  w h i c h  is s imi la r  to  t h e  c o n d i t i o n  cha r ac t e r i s t i c  of t hose  
in  t h e  con t ro l  an imals .  I t  is un l ike ly  t h a t  n a s c e n t  p e p t i d e  
c o n t r i b u t e d  to  t h e  h e a v y  aggrega te s  s ince t h e  U V  opt ica l  
d e n s i t y  r a t i o  of 260/280 n m  t h r o u g h o u t  t h e  g r a d i e n t  was  
a t  a n  a c c e p t a b l e  level, d e m o n s t r a t i n g  t h e  p resence  of 
h i g h l y  pur i f ied  R N P  aggrega tes  free of c o n t a m i n a t i o n  b y  
m e m b r a n e  p ro te in .  F u r t h e r m o r e ,  these  aggrega te s  com- 
p le t e ly  b r o k e  d o w n  to  s ingle  r ibosomes  as a r e s u l t  of t r e a t -  
m e n t  w i t h  a t r a c e  a m o u n t  of r ibonuclease .  A s imi la r  
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Distribution of ribonucteoprotein (RNP) particles in 10-day-old 
normal and thyroidectomized rat  brain. The arrow represents the 
direction of centrifugafion and the abscissa the number of fractions. 
Optical density of RNP particles of control brain : • • ; optical 
density of RNP particles of hypothyroid brain: o o; optical 
density ratio E260nm/E2s0nm of control brain: • - - - • ;  optical 
density ration E260 nm/E280 nm of hypothyroid brain : o - - - o .  

o b s e r v a t i o n  was  m a d e  w h e n  pulse  labe l led  messenger -  
R N A  f rac t ions  assoc ia ted  w i t h  t h e  r i b o s o m a l - R N A s  were  
s e d i m e n t e d  on  t h e  sucrose  dens i t y  g rad ien t .  I t  was  also 
d e m o n s t r a t e d  t h a t  t he  h e a v y  he t e rogeneous  1RNA f rac t ions  
(he te rogeneous  in r e spec t  of t h e i r  s e d i m e n t a t i o n  r a t e  a n d  
labe l l ing  t ime)  cha rac t e r i s t i c  of t h e  m e s s e n g e r - R N A  in 
t h e  b r a i n  of n o r m a l  y o u n g  r a t s  were  also d e t e c t e d  in  t he  
t h y m r o i d e c t o i z e d  l i t t e r m a t e s .  Con t ro l  processes  i n v o l v i n g  
t he  o t h e r  c o m p o n e n t s  of t h e  m i c r o s o m a l  p r e p a r a t i o n s  of 
t h e  r ibosomes  h a v e  r e c e n t l y  b e e n  i n v e s t i g a t e d  in t he  l iver  
of t h y r o i d e c t o m i z e d  ra ts .  9. 

The  severe  h i s to -pa tho log i ca l  a n d  b e h a v i o u r a l  changes  
a r i s ing  as a r e su l t  of t h y r o i d  d e p r i v a t i o n  c o n t r a s t  s t r o n g l y  
w i t h  t h e  u n d a m a g e d  f u n c t i o n  of t h e  microsomes .  I n  v i ew  
of t h e  c u r r e n t  c o n c e p t  of p r o t e i n  s y n t h e s i s  t h e  f u n c t i o n  
of t h e  i so la ted  m i c r o s o m e s  ref lec ts  t h e  whole  m o l e c u l a r  
process  of t h e  r enewa l  of t h e  cell c o m p o n e n t s .  A s ingle  
dose  of t h y r o i d  h o r m o n e  g iven  to  h y p o t h y r o i d  r a t s  in-  
creases  t h e  r a t e  of messenger  R N A ,  r ibosomal ,  a n d  mi to -  
c h o n d r i a l  p r o t e i n  s y n t h e s i s  in  t h e  l iver  1°,11. T h e  absence  
of a n  effect  on  i so la ted  nuc le i  ~°,~ ind ica t e s  t h a t  t h i s  
organel le  m a y  n o t  be  i n v o l v e d  in t h e  ear l ies t  s tages.  

I t  is d i f f icul t  to  c o m p a r e  t he  effect  of g iv ing  a n  a c u t e  
dose of t h y r o i d  h o r m o n e  w i t h  t h a t  of t h e  severe  degene ra -  
t ion  d u r i n g  p ro longed  t h y r o i d  def ic iency of t h e  b ra in .  
Recen t ly ,  however ,  t h e  p r i m a r y  effect  of a s ingle i n j ec t i on  
of t h y r o x i n  on  m i t o c h o n d r i a l  p h o s p h o r y l a t i o n  has  b e e n  
d e t e c t e d  ~8 a n d  changes  in  t he  m i t o c h o n d r i a l  p r o t e i n  
s y n t h e s i s  h a v e  also b e e n  d e m o n s t r a t e d  ~. 

Our  in  v i t r o  r e su l t s  do  n o t  exc lude  t h e  poss ib i l i ty  t h a t  
in  v i v o  r i b o s o m a l  p r o t e i n  s y n t h e s i s  or  t h e  m i t o c h o n d r i a  
m i g h t  h a v e  b e e n  af fec ted .  T h e y  show, however ,  t h a t  
severe  h y p o t h y r o i d i s m  d u r i n g  t h e  c r i t i ca l  s t ages  of cere-  
b r a l  d e v e l o p m e n t  l i  does  n o t  a p p e a r  to  d a m a g e  t h e  poly-  
somes  of t h e  b r a i n  cells w h i c h  f u n c t i o n  a t  o p t i m a l  condi-  
t i ons  w h e n  t h e  necessa ry  c o m p o n e n t s  of t h e  cy top la sm,  
i.e. t h e  A T P  g e n e r a t i n g  sys tem,  GTP ,  a m i n o  acids  a n d  
e n z y m e s  a re  p r o v i d e d  15 

Zusammen~assung. I m  R a t t e n v e r s u c h  w u r d e  die M6g- 
l ichkei t ,  dass  eine S t 6 r u n g  in de r  P r o t e i n s y n t h e s e  fiir die 
geis t ige R e t a r d i e r u n g  be im  IKret inismus v e r a n t w o r t l i c h  
sei, u n t e r s u c h t .  E i n  ]3eweis dafi ir ,  dass  die F n n k t i o n  
n e u r o n a l e r  P o l y s o m e  d u r c h  T h y r o i d e k t o m i e  bei  de r  Ge- 
b u r r  gesch/ id ig t  wird,  w u r d e  n i c h t  e r b r a c h t .  
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