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A Comparat ive  Study of the Effects of Brain Extracts  and M e s o d e r m a l  M e m b r a n e  Extracts  
on Nerve  Cell Differentiat ion 

B r a i n  e x t r a c t ,  p r e p a r e d  f r o m  8 - d a y - o l d  c h i c k  e m b r y o s  
i n c l u d i n g  t h e  c o v e r i n g  m e s o d e r m a l  m e m b r a n e s ,  h a s  b e e n  
s h o w n  to  s t i m u l a t e  t h e  d i f f e r e n t i a t i o n  of  c e r e b r a l  h e m i -  
s p h e r e  cel ls  1. T h e  q u e s t i o n  a r o s e  w h e t h e r  b r a i n  t i s s u e  
a lone ,  w h i c h  is of  e p i t h e l i a l  o r ig in ,  p r o d u c e s  f a c t o r s  t h a t  
p r o m o t e  t h e  m a t u r a t i o n  of  i t s  o w n  cells ,  o r  w h e t h e r  t h e  
m e s o d e r m a l  l a y e r  i n f l u e n c e s  t h e  d i f f e r e n t i a t i o n  of  t h e s e  
n e r v e  ceils .  I n t e r a c t i o n s  b e t w e e n  m e s o d e r m a l  a n d  epi-  
t h e l i a l  ce l l s  h a v e  b e e n  d e m o n s t r a t e d  in  v a r i o u s  k i n d s  o f  
t i s s u e  ~ s. M e s e n c h y m e  i n f l u e n c e  t h e  r a t e  of  p r o l i f e r a t i o n  
o f  e p i t h e l i a l  ce l ls  a n d  a f f e c t  t h e i r  m o r p h o l o g i c a l  a n d  
b i o c h e m i c a l  d i f f e r e n t i a t i o n .  I t  h a s  a l r e a d y  b e e n  s h o w n  
t h a t  n e u r a l  i n d u c t i o n  is i n f l u e n c e d  b y  m e s o d e r m a l  ce l ls  9 
a n d  t h a t  f u r t h e r  o r g a n o g e n e s i s  of  t h e  n e r v o u s  s y s t e m  is  
d e p e n d e n t  o n  t h e  t i s s u e  e n v i r o n m e n t  1~ 

T h i s  w o r k  p r e s e n t s  t h e  e f f ec t s  on  n e r v e  cell  d i f f e r e n -  
t i a t i o n  p r o d u c e d  b y  b r a i n  e x t r a c t  p r e p a r e d  w i t h  a n d  
w i t h o u t  t h e  c o v e r i n g  m e m b r a n e s ,  a s  wel l  a s  t h e  e f f e c t s  of  
e x t r a c t  p r e p a r e d  o n l y  f r o m  t h e  s u r r o u n d i n g  m e s o d e r m a l  
t i s s u e .  

Materials and methods. T h e  c e r e b r a l  h e m i s p h e r e s  f r o m  
5- a n d  7 - d a y - o l d  c h i c k  e m b r y o s  we re  d i s s o c i a t e d  b y  u s i n g  
a 48 v m  p o r e  s ize  n y l o n  s i e v e  as  p r e v i o u s l y  d e s c r i b e d  11 
a n d  t h e  d i s s o c i a t e d  cel ls  w e r e  c u l t i v a t e d  in  R o s e  c h a m b e r s  
o n  a r e c o n s t i t u t e d  c o l l a g e n  l aye r .  T h e  s t a n d a r d  n u t r i e n t  
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Fig. 1-3. Dissociated cerebral hemisphere cells from 5-day-old chick embryos cultivated during 2 weeks. Phase contrast;  • 250. 1. In minimal 
nutrient  medium. 2. In presence of brain mesodermal extract. 3. In presence of mesodermaI extract. 

Fig. 4 and 5. Dissociated cere- 
bral hemisphere cells from 7- 
day-old chick embryos cultiva- 
ted during 2 weeks in presence 
of brain extract. Phase con- 
trast ; • 250. 4. A large multi- 
polar neuron (arrow). 5. Nu- 
merous fibre bundles. 
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m e d i u m  consis ted  of Eagle ' s  basal  m e d i u m  ( Ins t i t u t  
Pas teur ,  Paris) supp l emen ted  wi th  20% fetal  calf se rum 
(GIBCO). In  addi t ion ,  expe r imen ta l  med ium con ta ined  
10% of one of t he  following ex t rac t s :  a) b r a in -mesode rma l  
ex t r ac t  p repa red  f rom bra in  including the  su r round ing  
cover ing m e m b r a n e s  as used in previous  studies~,~2; 
b) b ra in  ex t r ac t  p repa red  f rom the  bra in  t issue af ter  
r emova l  of t he  sur rounding  m e m b r a n e s ;  c) mesode rma l  
ex t r ac t  p repa red  f rom the  covering membranes .  All these  
ex t r ac t s  were p repa red  f rom 8-day-old chick embryos  a t  
a concen t ra t ion  of 20 % in Tyrode  solut ion and  cent r i fuged 
1 h a t  105,000 g. The expe r imen ta l  m e d i u m  was added  to  
the  ceils a f ter  48 h incuba t ion  and  renewed  every  2 days.  

Results.  The deve lopmen t  of 5-day-old chick emb ry o  
brain  cells under  minimal  nu t r i t iona l  condi t ions  and  the  
s t imula to ry  effect  of the  to ta l  bra in  ex t r ac t  (brain- 
mesodermal  ext rac t )  on the  d i f fe ren t ia t ion  of these  ceils 
have  previous ly  been descr ibed in detaiD.  Af ter  2 weeks 
cul t ivat ion,  b ipolar  and mul t ipo lar  neurons  had  developed 
and  were dispersed upon a monolayer  of f lat  polygonal  
as t rob las t s  (Figure 1). U n d e r  the  effect  of to ta l  bra in  
ext rac t ,  the  size of the  cell b o d y  was increased ; the  ne rve  
fibres were thicker ,  longer, possessed m a n y  ramif ica t ions  
and  formed bundles  as compared  to the  contro l  cul tures  
(Figure 2). The bra in  ex t rac t ,  p repa red  w i thou t  the  
cover ing membranes ,  was observed  to have  no s ignif icant  
effect  on the  young  neuroblas t s  f rom these  5-day-old 
chick embryos .  However ,  under  the  effect  of the  meso- 
dermal  ex t r ac t  large mul t ipo lar  neurons  developed rich 
in Nissl bodies and  large fibre bundles  were observed  
af ter  2 weeks in cul ture  (Figure 3). 

The re la t ive a m o u n t  of large mul t ipo la r  neurons  were 
ob ta ined  by  analysis  of the  cul tures and by  a visual  
quant i f ica t ion.  Detai led m e a s u r e m e n t s  of length  and 
n u m b e r  of nerve  fibres was no t  made  due to the  of ten  
to r tuous ly  ramif ied fibres and the  diff icul ty  in e s t ima t ing  
accura te ly  the  number  of fibres in nerve  bundles,  i n  
control  cultures,  an average a m o u n t  of 3 to 5 large 
mul t ipo lar  neurons  for a to ta l  of 20 neurons  were seen, 
while in cul tures  t r ea ted  wi th  mesodermal  ex t r ac t  an 
average of 10 to 12 large neurons  had  developed.  

I t  has  previously  been d e m o n s t r a t e d  t h a t  to ta l  bra in  
ex t r ac t  s t imula tes  the  d i f ferent ia t ion  of nerve  ceils f rom 
7-day-old chick embryo  wi th  the  same in tens i ty  as it  
influences the  cells f rom the  5 -day-embryo  1. The dif- 

f e ren t ia t ion  of these  nerve  cells is also s t imula ted  by  
bra in  ex t r ac t  p repa red  w i t h o u t  t he  covering membranes .  
Compared  to  cul tures  w i t h o u t  the  added  ex t rac t ,  more  
large mul t ipo la r  neurons  develop as well as neurons  wi th  
ramif ied  fibres a f te r  2 weeks cu l t iva t ion  (Figure 4). Thick  
bundles  of nerve  fibres appeared  in several  areas of t he  
cul ture  (Figure 5). In  cont ras t ,  t he  mesode rma l  ex t r ac t  
has  a ve ry  low influence on these  bra in  cells. 

Discussion.  These  resul ts  showed t h a t  the  young  
neurob las t s  f rom 5-day-old chick embryo,  wh ich  are 
still morphologica l ly  und i f fe ren t i a t ed  re spond  d i f fe ren t ly  
to  the  var ious  ex t r ac t s  s tudied.  Whi le  b r a in -mesode rma l  
ex t r ac t  and mesodermal  ex t r ac t  inf luenced the  ma t u r a -  
t ion of these  neuroblas ts ,  the  bra in  ex t r ac t  had  no effect.  
Therefore,  a t  th i s  s tage of the  embryonic  deve lopment ,  
the  m a t u r a t i o n  and  the  d i f fe ren t ia t ion  of the  neurob las t s  
seem to be inf luenced only  by  the  mesodermal  cover ing 
membranes .  La te r  on, when  the  neuroblas t s  became  pyr i -  
form and have  a l ready  s t a r t ed  the  d i f fe ren t ia t ion  process  
(7-day-old chick embryo) ,  t h e y  are ma in ly  s~imulated by  
factors  p roduced  by  the  brain-cells  and respond  only  
s l ight ly to  mesodermal  influence. 

I t  can  be concluded t h a t  the  sur rounding  m e s e n c h y m e  
of the  bra in  s t imula tes  t he  d i f ferent ia t ion  of the  morpho-  
logical und i f fe ren t i a t ed  neuroblas ts .  La te r  on the  ma t u r a -  
t ion of the  neurob las t s  is inf luenced by  factors  p roduced  
by  the  bra in  cells themselves .  

Summary .  E x t r a c t s  p repa red  f rom the  mesode rma l  
t issue sur rounding  the  bra in  s t imula te  the  d i f ferent ia t ion  
of morphologica l ly  und i f fe ren t i a t ed  neuroblas ts ,  while 
the  d i f fe ren t ia t ion  of more  m a t u r e  neuroblas t s  is influ- 
enced by  bra in  ex t rac ts .  
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Muscular Respiratory Receptors in Self-Regulation of Normal  Breathing in Man 

Vagal  b lockade in a normal  m a n  evokes no change  in 
the  p a t t e r n  of respirat ion.  Thus  the  lung receptors  do no t  
take  p a r t  in self-regulat ion of normal  b rea th ing  in m a n  1. 
As a consequence  the  resp i ra to ry  muscle  receptors  were 
b rough t  into focus of interest2,  a. Bu t  to  es tabl ish  the  
role of the  afferents  f rom the  resp i ra to ry  muscles  in 
selfregulat ion of b rea th ing  one m u s t  inves t iga te  the  
effect  of pos ter ior  r h i zo tomy  of the  resp i ra to ry  muscles.  
U n f o r t u n a t e l y  the  results  of such inves t iga t ions  in 
animals ,  as well as in man,  are con t rad ic to ry  4-*. This 
p robab ly  depends  on the  difficulties of the  opera t ion  
which m a y  involve a damage  of the  ven t ra l  roots  of the  

spinal  nerves,  as is suppor t ed  by  the  following example .  
Al though  the  d i a p h r a g m  has a very  scan ty  supp ly  of 
spindle muscles2, 3, even paralys is  of the  d i a p h r a g m  
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f t .~JJ..ImA .i Fig. 1. Respiratory discharges of the chest 
muscles recorded during relaxation are re- 
placed by a tonic activity as soon as the dog 
stands up and begins to walk. Calibration, 
100 p.V and 1.5 sec. 


