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Evolution of the Extracellular Space in Immature  Nervous  Tissue 

Most  e lec t ron  microscopis t s  assign a low value,  a b o u t  
5% of t he  total ,  to  t he  vo lume  of t he  ex t race l lu lar  space 
in t he  cen t ra l  ne rvous  sys t em (CNS) 1-8. Many  physio-  
logists,  however ,  claim t h a t  th is  va lue  should  be much  
higher ,  p e r h a p s  as m u c h  as 30% *,~. This  e lec t ron micro-  
scopical  s t u d y  on the  ma tu r ing  cerebel lum shows a pro-  
gressive reduc t ion  of t h e  ex t race l lu la r  space  as t h e  age of 
t he  an imal  increases.  

More t h a n  200 a lbino r a t s  r ang ing  in age f rom 1 day  to  
8 m o n t h s  were  used. I n  p rev ious  work  ~,7 t h e  p r e sen t  
au tho r s  have  g iven an  accoun t  of t he  e lec t ron  micro-  
scopical  t echniques .  Therefore ,  only  the  f ixa t ion  proce-  
dures  will be  descr ibed.  The  f ixa t ives  used were:  4% 
formalin,  2.5% and  6% g lu ta ra ldehyde ,  a m i x t u r e  of 5% 
formal in  and  I %  g lu ta ra ldehyde ,  and  a c o m b i n a t i o n  of 
formal in  and  picric acid s. F ixa t ion  was  accompl i shed  by  
immers ion  or perfusion,  and the  t issues were pos t f ixed  in 
1 or 2% osmium te t rox ide .  P h o s p h a t e  and  cacodyla te  
buffers  of d i f fe ren t  concen t r a t i ons  served  as f ixat ive  
vehicles. Cerebella f rom 20 an imals  were d i rec t ly  f ixed by  
immers ion  in osmium.  T e m p e r a t u r e  of the  a ldehyde  
solut ions  was e i ther  4°C, room t e m p e r a t u r e  (approxi-  
ma t e ly  22°C), or 60°C to  va ry  the  diffusion rates.  In-  
block s ta in ing  was accompl i shed  wi th  uran ium,  the  t issues 
e m b e d d e d  in Epon ,  and  u l t r a th in  sect ions  s ta ined  wi th  
lead. A Siemens  I /A e lec t ron microscope  wi th  modif ied 
ob jec t ive  was  used a t  80 kV. 

The  cerebel la  of an imals  1-4 days  old showed the  
largest  ex t race l lu lar  spaces.  Figure  1 shows the  molecular  
layer  neuropi l  ad j acen t  to  t he  ex te rna l  g ranu la r  layer  in 
a 2-day-old  rat .  I r regular  gaps  of ex t race l lu lar  space  in 
places  more  t h a n  1000/k wide exis t  be tween  t h e  cell pro-  
cesses. A t  t he  few po in t s  where  2 processes  become  adja-  
cen t  a min imal  cleft  150 ~ wide  is found.  The  synap t i c  

clef t  has  a b o u t  the  same wid th  as t h a t  in the  m a t u r e  
animal .  

By  the  n in th  to twe l f th  p o s t n a t a l  day,  a r educ t ion  of 
t he  ex t race l lu lar  spaces has  occurred.  F igure  2 shows the  
n emo p i l  below the  ex te rna l  g ranular  l ayer  (molecular  
layer) in a 10-day animal .  The  processes  are  genera l ly  
s epa ra t ed  f rom each o t h e r  and  f rom the  cell bodies  by  a 
150 ~ space.  At  po in t s  where  more  t h a n  2 processes  mee t  
values  several  t imes  higher  can  be found.  By the  seven-  
t e e n t h  to  t w e n t y - f i r s t  pos tna t a l  d a y  only  a few gaps  
larger t h a n  150-200 ~_ can be found.  

Wi th in  the  l imits  of t he  p re sen t  e x p e r i m e n t s  the  osmo-  
la r i ty  of the  f ixat ive,  its chemical  na ture ,  t e m p e r a t u r e ,  
or  m e t h o d  of f ixa t ion  caused  no i m p o r t a n t  va r ia t ion  in 
the  e x t e n t  of the  ex t race l ln la r  spaces  in t he  younges t  
animals .  These were much  smal ler  in the  ex te rna l  g ranu la r  
layer  t h a n  in the  in te rna l  layer.  Dur ing  the  second and  
th i rd  week cell migra t ion  and prol i fera t ion  of neurona l  
and  astroglial  processes  progress ively  reduce the  ex t ra -  
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Fig. 1. Molecular layer in a 2-day-old rat. Gaps of extracellular space, 
some more than 1000 A wide (small arrows), exist between cell 
processes. Large arrow points to a synapfie cleft of the same width 
as in the adult. Neuron (N). Calibration mark 0.5/t. 

Fig. 2. Molecular layer in a 10-day-old rat. Gaps approximately 150 A 
wide separate cell processes from each other. At points where more 
than 2 processes meet the extracellular space is larger (arrows). 
Neuron (N). Calibration mark 0.5/~. 
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cel lular  space  un t i l  i t  reaches  t h e  a d u l t  size a b o u t  t h e  end  
of t h e  f o u r t h  week.  C o m p a r a b l e  resu l t s  h a v e  been  r epo r t ed  
b y  o t h e r  worke r s  ~ on  t h e  bas i s  of an  en t i r e ly  d i f f e ren t  
app roach .  

T h e  c o n s i s t e n t  way  in  w h i c h  these  changes  occur  e v e n  
w h e n  a v a r i e t y  of f i xa t ion  p rocedure s  a re  used  t e n d s  to  
s u p p o r t  t h e  thes i s  t h a t  t h e  smal l e r  v a l u e  for  t h e  e x t r a -  
ce l lu lar  spaces  in t h e  CNS is n o t  a r t i f ic ia l  as  imp l i ed  b y  
o t h e r s  ~0 -~,. 

Resumen. E n  el cerebelo  de  r a t a  reci6n n a c i d a  ex i s t en  
espacios  ex t r ace lu l a r e s  m a y o r e s  que  1000 ]k los cua les  
p r o g r e s i v a m e n t e  se r e d u c e n  h a s t a  q u e e n  la  t e r ce r a  s eman a ,  
c o m o  e n  el adu l to ,  las  celulas  y f ib ras  se h a l l a n  s e p a r a d a s  
po r  e n d i d u r a s  de 150-200 A. E s t a s  obse rvae iones  i nd i can  
que  el r educ ido  espacio  u s u a l m e n t e  ha l l ado  en  el a d u l t o  

no  es u n  ar t i f ic io  tecn ico  como h a  sido suger ido  p o r  
a lgunos  au tores .  
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~ b e r  k o l l a g e n h a l t i g e  p e r i v a s k u l i i r e  R i i u m e  an ~ K a p i l l a r e n .  in der  M e d u l l a  o b l o n g a t a  des  R h e s u s a f f e n  

N a c h  den  b i she r igen  e l e k t r o n e n m i k r o s k o p i s c h e n  Befun-  
d e n  bes i t zen  H i r n k a p i l l a r e n  in  n o r m a l e n  e r w a c h s e n e n  
G e h i r n e n  v e r s c h i e d e n e r  Tiere  u n d  des  M e n s c h e n  ke ine  
pe r i va sku I~ ren  R ~ u m e  ( P V R )  in  d e n  Geb ie ten ,  in  d e n e n  
e ine  B l u t - H i r n - S c h r a n k e  n a c h w e i s b a r  is t  ~-3. Ledig l ich  a n  
v e n 6 s e n  Gef~ssen  4 u n d  u n t e r  p a t h o l o g i s c h e n  B e d i n g u n g e n  
a u c h  a n  K a p i l l a r e n  s t r e n n e n  s ich  die e n d o t h e l i a l e n  u n d  
gl iSsen B a s a l m e m b r a n l a m e l l e n  s te l lenweise  u n d  u m f a s s e n  
ech t e  P V R .  N u r  ve re inze l t  w u r d e  erw~ihnt,  dass  a u c h  a n  
, n o r m a l e n ,  K a p i l l a r e n  oder  pos tkap i l l~ r en  GefgLssen des  
Z N S  e inze lne  Kol lagenf ib r i l l en  ode r  kIeine B i inde l  zwi- 
s chen  die g e s p a l t e n e n  B a s a l m e m b r a n e n  e inge lage r t  sein  
k 6 n n e n  5-L 

I m  Ver l au f  yon  e l e k t r o n e n m i k r o s k o p i s c h e n  U n t e r -  
s u c h u n g e n  a n  v e r s c h i e d e n e n  G e b i e t e n  de r  Medul la  ob lon-  
g a t a  v o n  e r w a c h s e n e n  R h e s u s a f f e n  (Nucl.  cunea t ,  ex te rn . ,  
gracilis,  orig. N. X I I ,  i n t e rca la t . ,  t r a c t ,  sol i tar . ,  dots .  N. X)  
w u r d e n  n e b e n  t y p i s c h e n  H i r n k a p i l l a r e n  regelm~ss ig  te r -  
m i n a l e  Gef~isse m i t  v e r s c h i e d e n e m  D u r c h m e s s e r  beob-  
a ch t e t ,  die ke ine  g l a t t e n  Muskelze l len  aufweisen,  a b e r  
ganz  oder  tei lweise y o n  P V R  u m g e b e n  sind.  Diese Ge- 
f~tsse k o m m e n  im Gegensa t z  zu f r i ihe ren  B e o b a c h t u n g e n  7 
n i c h t  n u r  obe r f l~chennahe ,  s o n d e r n  a u c h  t ief  i m  P a t e n -  

c h y m  vor.  Die  P V R  k 6 n n e n  v e r s c h i e d e n  we i t  sein u n d  
u n t e r s ch i ed l i ch e  M e n g e n  von  Ko l l agen  u n d  sogar  mesen-  
c h y m a l e  Zel len e n t h a l t e n ,  die ke ine  B a s a l m e m b r a n  t r a g e n  
(Figur) .  D u r c h m e s s e r  u n d  W a n d s t r u k t u r  zeigen, class es 
sich d a b e i  n i c h t  n u t  u m  V en o l en  u n d  k le ine  Venen ,  a n  
d e n e n  dieses V e r l ~ l t e n  b e k a n n t  i s t  *,3,e, s o n d e r n  a u c h  o f t  
u m  t y p i s c h e  K a p i l l a r e n  h a n d e l t  (Figur) .  

D a  K a p i l l a r e n  m i t  e inem P V R  y o n  d e n  m e i s t e n  A u t o r e n  
fiir  p a t h o l o g i s c h  ode r  <~schrankenlos* g e d e u t e t  werden ,  
schien  u n s  d ieser  B e f l m d  de r  M i t t e i l u n g  wef t .  Zuk i in f t ige  
S t u d i e n  mi i s sen  e rgeben ,  o b  es s ich  d a b e i  u m  eine  A r t -  
e igenscha f t  des  Affen  ode r  u m  eine  t y p i s c h e  K a p i l I a r f o r m  
des  H i r n s t a m m e s  h a n d e l t .  S icher  k o m m e n  sic h i e r  hgu -  
f iger  v o r  als in  a n d e r e n  G e b i e t e n  des  ZNS.  Der  B e f u n d  i s t  
a u c h  fiir das  Verst~tndnis  des  m o r p h o l o g i s c h e n  S u b s t r a t e s  
d e r  B l u t - H i r n - S c h r a n k e  wicht ig .  Das  V o r h a n d e n s e i n  y o n  
pe r ikap i l l~ rem Kol lagen  da r f  j edenfa l l s  n i c h t  o h n e  wei-  
t e res  als p a t h o l o g i s c h  g e w e r t e t  w e r d e n  8. 

Summary. Elec t ron -mic roscop ic  o b s e r v a t i o n s  in  v a r i o u s  
p a r t s  of t h e  R h e s u s  m o n k e y ' s  b r a i n  s t e m  revea led  t r u e  
pe r i cap i l l a ry  spaces  c o n t a i n i n g  col lagen f ibers  a n d  p a r t l y  
e v e n  m e s e n c h y m a l  cells. 
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