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Effects of Tri iodothyronine on the Cerebellar Cortex of the N e w - B o r n  Rat in Tissue  Culture 

I t  is wel l  known t h a t  the  thy ro id  hormones  are  necessary 
for t he  normal  funct ional  and morphologica l  deve lopmen t  
of t he  nervous  sys tem 1, and i t  is l ikely  t h a t  the  hormones  
act  by  s t imula t ing  the  synthesis  of proteins  in the  cells 
of i m m a t u r e  nervous  tissue*-5. In  adul t  rats, regenera t ion  
of severed axons in the  spinal  cord has  been shown to 
occur  fol lowing t r e a t m e n t  of the  expe r imen ta l  an imals  
w i t h  thyrox ine  e and  i t  is possible t ha t  th is  effect  m a y  
also be the  result  of an  increased ra te  of synthes is  of 
axoplasmic  protein.  This  communica t ion  repor ts  some 
morphologica l  observa t ions  of t he  effects  of  var ious  
ambien t  levels  of t r i iodo thyron ine  upon the  cul tured  
cerebellar  cor tex  of the  neonata l  rat,  wi th  special  reference 
to the  axons.  

Fig. 1. Control culture, showing numerous axons of normal appear- 
ance. Urea-silver nitrate method. × 800. 

Materials and methods. 40 f ragments ,  each of approxi -  
m a t e l y  1.0 m m  8, were t aken  f rom the  cerebel lar  cort ices 
of new-born  Wis t a r  ra ts  of bo th  sexes. The  f ragments  
were exp lan ted  ind iv idua l ly  onto  str ips of cellulose 
ace ta te  which  were placed in rol ler  tubes  conta in ing  
1.0 ml  of cul ture  medium.  The  med ium used consis ted 
of Medium 199, buffered wi th  0 .01M H E P E S  7, and  
conta in ing  20% calf  se rum and added glucose to  br ing  
the  f inal  concent ra t ion  to  600 nag per  100 ml  8. 3, 5, 3'- 
t r i iodo-L- thyronine  sodium (T3), in concent ra t ions  of 
1.0, 10, 100 and 1000 ng per  ml  was incorpora ted  into  
the  media  of 4 respect ive  groups of 8 cultures.  The  
remain ing  eight  cul tures  served as controls.  All media  
were changed on a l te rna te  days. 

Af te r  cul tur ing  for 6 days  the  exp lan t s  were washed 
br ief ly  wi th  balanced sal t  solut ion and f ixed for 3 h in 
formol-acet ic-alcohol  9. Af te r  f ixa t ion  the  cultures,  st i l l  
on  the i r  cellulose ace ta te  strips, were s ta ined by  a urea-  
s i lver  n i t ra te  m e t h o d  xo, dehydra ted ,  cleared in te rp ineol  
and xy lene  and moun ted  onto  slides. Some exp lan t s  were 
s ta ined wi th  cresyl  v io le t  and m o u n t e d  in the  same way.  

Observations. In  the  controI  cul tures ,  a rgyrophi l ic  
axons, of comple te ly  normal  appearance,  were present  
in abundance  (Figure 1). I n  the  control  p repara t ions  
s ta ined wi th  cresyl violet ,  Purk in je  cells, granule  cells 
and f ibroblast- l ike cells were easily recognized. A few 
pykno t i c  nuclei  were also seen in the  control  cultures.  

The  exp lan t s  cu l tured  in 1,0 ng per  ml  of T3 also 
con ta ined  numerous  normal  axons,  b u t  pykno t i c  nuclei  
occurred more f requen t ly  t h a n  in the  controls .  

W i t h  10 ng per  ml  of  T3, some of t he  axons  were  
beaded and f r agmen ted  (Figures 2 and  3). Pykno t i c  
nuclei  were present  in numbers  comparab le  wi th  those  
in cul tures  grown in 1.0 ng per  ml  of T3. 

A t  levels of 100 and 1000 ng per  ml, T3 was clear ly  
tox ic  to t he  cultures.  F r a g m e n t e d  axons  and argyrophi l ic  
debris  occurred a b u n d a n t l y  (Figure 4), mos t  nuclei  were 
pykno t i c  or  karyorrhect ic ,  and in some cul tures  t r ea ted  
wi th  1000 ng per  ml  of T3 the  exp lan t s  had  dis integrated.  

Discussion. While  the  responses to the  2 higher  doses 
of T3 can only  be  considered as non-specif ic tox ic  effects, 
i t  is l ike ly  t h a t  t he  d a m a g e  to  axons  and  cells b rough t  
abou t  by  the  2 lower dosages (which are  no t  grea t ly  in 
excess of the  normal  c i rcula t ing levels  of T311) paral lels  
the  s imilar  regressive changes induced by  thyrox ine  in 

Fig. 2. Culture with T3, 10 ng per ml, showing slight beading of a 
branched axon. Urea-silver nitrate method. × 1625. 

Fig. 3. Culture with T3, 10 ng per ml, showing beaded and frag- 
mented axons. Urea-silver nitrate method. × 1625. 
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t i s sue  cu l t u r e s  of t h e  deve lop ing  m a m m a l i a n  cerebel-  
l u m  x~-14. However ,  t r e a t m e n t  of y o u n g  a n i m a l s  w i t h  
t h y r o i d  h o r m o n e s  increases  t h e  sizes of t h e  n e u r o n s  a n d  
t h e  d e n s i t y  of a x o n s  in t h e  cen t r a l  n e r v o u s  s y s t e m  XS-xL 

Th i s  d i f ference  b e t w e e n  t h e  e i fec ts  of t h y r o i d  h o r m o n e s  
in  v ivo  a n d  in  v i t r o  m a y  be  due  to  t h e  f ac t  t h a t  m a n y  
of  t h e  a f f e r en t  a n d  e f fe ren t  c o n n e c t i o n s  of t h e  c u l t u r e d  
n e u r o n s  a re  necessa r i ly  severed  b y  t h e  process  of exp lan -  
r a t i on .  I n  t h i s  c o n n e c t i o n  i t  is of i n t e r e s t  t o  n o t e  t h a t  
t h y r o x i n e  acce le ra tes  t h e  d e g e n e r a t i o n  of m o t o r  n e u r o n s  
in  t h e  sp ina l  cord  of t h e  h y p o p h y s e c t o m i z e d  tadpole ,  
fo l lowing a m p u t a t i o n  of t h e  l i m b s  Is. I t  is poss ible  t h a t  
in  n o r m a l  o n t o g e n y  t he  t h y r o i d  h o r m o n e s  acce le ra te  t h e  
regress ion  of t hose  n e u r o n s  wh ich  d i f f e r en t i a t e  b u t  do  
n o t  fo rm f u n c t i o n a l  connec t ions ,  

W h i l e  t r i i o d o t h y r o n i n e  causes  d e g e n e r a t i v e  changes  in 
t h e  axons  of t h e  cu l t u r ed  cerebe l lum,  t h y r o x i n e  s t i m u -  
la tes  t h e  r e g e n e r a t i o n  of a x o n s  in t he  c rushed  sp ina l  cord  
of t h e  r a t  e, I t  is un l ike ly  t h a t  t h i s  d i f fe rence  r e p r e s e n t s  
a d i f f e ren t i a l  m o d e  of a c t i o n  of t h e  2 h o r m o n e s  s ince  

these  a re  in  al l  o t h e r  respec t s  s imi lar ,  e x c e p t  t h a t  T3 
is a b o u t  10 t i m e s  as  p o t e n t  as  t h y r o x i n e  x9 T h e  conf l i c t ing  
o b s e r v a t i o n s  may ,  however ,  b e  reconci led  b y  t h e  h y p o t h e -  
sis t h a t  t h e  t h y r o i d  h o r m o n e s  acce le ra te  t h e  d e g e n e r a t i o n  
of cells whose  p e r i p h e r a l  co n n ec t i o n s  h a v e  been  removed .  
I n  t h e  c u l t u r e d  f r a g m e n t s  m a n y  of t h e  a f f e r en t  a n d  
e f fe ren t  f ibres  to  a n d  f rom t h e  n e u r o n s  a re  severed,  
whi le  in  t h e  c r u s h e d  sp ina l  cord  o n l y  t h e  a x o n s  a re  
d iv ided ,  t h e  p e r i k a r y a ,  d e n d r i t e s  a n d  a f f e r en t  s y n a p s e s  
of t h e  i n j u r ed  n e u r o n s  be ing  for  t h e  m o s t  p a r t  r e m o t e  
f rom t h e  s i te  of a x o n o t m e s i s .  Accord ing  to  t h e  t heo ry ,  
therefore ,  one  would  e x p e c t  t r e a t m e n t  w i t h  t h y r o i d  
h o r m o n e s  to p roduce  p r e d o m i n a n t l y  regress ive  c h a n g e s  
in cu l t u r e  a n d  p r e d o m i n a n t l y  s t i m u l a t o r y  effects  in  t h e  
a n i m M  w i t h  a s ingle  local ized c e n t r a l  n e r v o u s  lesion.  

Rdsumd. La  t r i i o d o t h y r o n i n e  p r o d u i t  in  v i t r o  des  
c h a n g e m e n t s  rdgressifs  d a n s  les cel lules  e t  d a n s  les a x o n e s  
du  ce rve le t  du  r a t  nouveau-hal .  I1 es t  suggdr6 que  les 
h o r m o n e s  t h y r o i d e s  p r o v o q u e n t  u n e  d r g r n r r e s c e n c e  accr -  
Idrre des  n e u r o n e s  d o n t  les c o n n e x i o n s  a f f r r e n t e s  e t  
e f fdrentes  o n t  dtd coupdes,  t a n d i s  qu 'e l les  s t i m u l e n t  la  
c ro issance  e t  la  d i f fd renc ia t ion  des n e u r o n e s  a u x  con-  
nex ions  p d r i p h r r i q u e s  i n t a c t e s  2°. 
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Fig. 4. Culture with T3, 100 ng per ml, showing axons, some of 
them degenerate, and much argyrophitie debris. Urea-silver nitrate 
method. × 730. 
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Fibrinolytic Activity in Wall of Human Ductus Arteriosus 

I t  is genera l ly  accep t ed  t h a t  c losure of t h e  d u c t u s  
a r t e r io sus  a f t e r  b i r t h  is b r o u g h t  a b o u t  b y  ac t ive  con-  
t r a c t i o n  of t h e  vessel  wal l  fol lowed b y  i n t i m a l  prol i fera-  
t i o n  1-4. T h i s  la rge  s h u n t ,  w h i c h  n o r m a l l y  a l lows z]3 of 
t h e  b lood  e jec ted  f r o m  t h e  r i g h t  h e a r t  v e n t r i c l e  t o  b y - p a s s  
t h e  h igh- res i s t ance  p u l m o n a r y  v a s c u l a r  bed  6, is essen t ia l  
for  t h e  large  foe ta l  ca rd iac  o u t p u t  s Phys io log ica l  m e c h a -  
n i s m s  for  m a i n t a i n i n g  p a t e n c y  of t h e  d u c t u s  in  u te ro  
h a v e  rece ived  l i t t l e  a t t e n t i o n .  

A n  a d e q u a t e  f low of b lood  t h r o u g h  t h e  d u c t u s  is 
necessa ry  n o t  o n l y  for  t h e  foe ta l  s y s t e m i c  c i rcu la t ion ,  
b u t  also for  n u t r i t i o n  of t h e  d u c t a l  wall .  T h e  a d v e n t i t i a  
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