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D i s a p p e a r a n c e  of Different  S u b s t a n c e s  in  Contac t  
w i t h  the  Externa l  Surface  of  the  B r a i n  

Introduction.  T h e  b e h a v i o u r  of  s u b s t a n c e s  i n t r o d u c e d  
i n t o  t h e  c e r e b r o s p i n a l  f l u i d  (CSF)  i n  r e l a t i o n  to  t h e i r  a b -  
s o r p t i o n  b y  t h e  n e r v o u s  p a r e n c h y m a  is a m a t t e r  of  c o n -  
t r o v e r s y .  

T h e  p e n e t r a t i o n  o f  s u b s t a n c e s  s u c h  a s  s o d i u m ,  u r e a ,  
~ I - a l b u m i n ,  p h o s p h a t e  a n d  o t h e r s  i n t o  t h e  n e r v o u s  t i s s u e  
is c o n s i d e r a b l y  f a s t e r  f r o m  t h e  C S F  t h a n  f r o m  t h e  
b l o o d  ~-4  D e a l i n g  w i t h  a m i n o  ac ids ,  a n  a m p l e  d i s t r i b u t i o n  
a n d  i n c r e a s e  a b o v e  c o n t r o l  l eve l s  w a s  s h o w n  for  l e u c i n e  
a n d  l y s i n e  w h e n  g i v e n  b y  s u b a r a c h n o i d  r o u t e  s. T h e  b r a i n  
i n c o r p o r a t e s  m o r e  r a d i o a c t i v i t y  w h e n  C ~a p r o l i n e  a n d  
m e t h i o n i n e  a re  i n j e c t e d  i n t r a c i s t e r n a l l y  t h a n  w h e n  t h e y  
a re  i n t r a v e n o u s l y  a d m i n i s t e r e d  ~-L 

O n  t h e  o t h e r  h a n d ,  t h e r e  a r e  s e v e r a l  r e f e r e n c e s  o p p o s e d  
to  t h e  c o n c e p t  o f  f ree  p a s s a g e  of  s u b s t a n c e s  f r o m  t h e  C S F  
to  t h e  b r a i n  t i s s u e .  I n t r a c i s t e r n a l l y - a d m i n i s t e r e d  g l u c o s e  
is  u n a b l e  to  c o r r e c t  e x p e r i m e n t a l  i n s u l i n i c  h y p o g t y -  
c a e m i a  ~. ERNSTER a n d  HERLIN 9 p o s t u l a t e  a n  a c t i v e  in -  
c o r p o r a t i o n  of l abe l l ed  p h o s p h a t e  i n j e c t e d  i n t r a c i s t e r n a l l y  
i n t o  t h e  e p e n d y m a l  a n d  l e p t o m e n i n g e a l  l a y e r s  w i t h  a 
r e s t r i c t i o n  of t h e  p e n e t r a t i o n  i n t o  d e e p e r  a r e a s .  BAKAY 1° 
h a s  p r o v e d  t h a t  w h e n  ~ P  p h o s p h a t e  w a s  k e p t  55 m i n  i n  
c o n t a c t  w i t h  t h e  e x t e r n a I  s u r f a c e  o f  t h e  b r a i n  o n l y  3 0 %  
w a s  f o u n d  in  t h e  t i s s u e .  KLATZO e t  al. n ,  w i t h  f l u o r e s c e n t  
p r o t e i n  b y  i n t r a v e n t r i c u l a r  i n j e c t i o n ,  o b t a i n  v e r y  l i t t l e  
p a s s a g e  i n t o  t h e  a d j a c e n t  l a y e r s  w h e n  t h e  t i s s u e  is n o t  
d a m a g e d  b y  t h e  e x p e r i m e n t a l  p r o c e d u r e .  W h e n  i n j e c t e d  
i n t r a v e n o u s l y ,  t r i i o d o t h y r o n i n e  is  d i s t r i b u t e d  i n  t h e  b r a i n ,  
b u t  b y  c i s t e r n a l  a d m i n i s t r a t i o n  r e t e n t i o n  b y  t h e  p i n  p r e -  
s u m a b l y  o c c u r s  ~ .  I n  o u r  l a b o r a t o r y  w e  h a v e  s h o w n  in  
c a t s ,  a r e s t r i c t i o n  of t h e  p a s s a g e  of  a m i n o  a c i d s  f r o m  a 
v e n t r i c u l a r  p e r f u s a t e  i n t o  t h e  n e r v o u s  p a r e n c h y m a  ~a, 

B e c a u s e  of  t h e  a n a t o m i c a l  d i f f e r e n c e s  b e t w e e n  t h e  
e p e n d y m a l  a n d  p ia l  l i n ings ,  w e  d e c i d e d  t o  s t u d y  s e p a r a t e l y  
t h e  v e n t r i c u l a r  a n d  s u b a r a c h n o i d c o m p a r t m e n t s ,  i n s t e a d  
of  u s i n g  s ing le  i n j e c t i o n s  for  t h e  w h o l e  c e r e b r o s p i n a l  f l u id  

s p a c e .  I n  t h i s  p a p e r  we  a r e  d e a l i n g  w i t h  t h e  e x t e r n a l  s u b -  
a r a c h n o i d  l i n ing .  

Mater ia l  and methods. A t e c h n i q u e  b a s e d  o n  t h e  i m -  
p l a n t a t i o n  o f  s m a l l  p l a s t i c  c y l i n d e r s  (8 m m  d i a m e t e r )  o n  
t h e  p i a l  s u r f a c e  w a s  u s e d  ~ .  I n  t h i s  w a y  a c u p  is  f o r m e d  
i n t o  w h i c h  d i f f e r e n t  s u b s t a n c e s  d i s s o l v e d  in  a r t i f i c i a l  
C S F  15 c a n  be  i n t r o d u c e d .  T h e  s o l u t i o n  is  i n  c o n t a c t  o n l y  
w i t h  t h e  b r a i n  s u r f a c e  u n d e r l y i n g  t h e  c u p  w i t h o u t  i n t e r -  
f e r e n c e  f r o m  o t h e r  v a r i a b l e s  ( f low of  C S F ,  v a r y i n g  s p a c e  
b e t w e e n  m e n i n g e s ,  u n e v e n  d i s t r i b u t i o n  of  t h e  s o l u t i o n  
e tc . ) .  A d u l t  c a t s  o f  e i t h e r  s e x  u n d e r  n e m b u t a l  a n a e s t h e s i a  
w e r e  u s e d  t h r o u g h o u t .  T h e  c u p s  w i t h  t h e  s u b s t a n c e s  u n d e r  
s t u d y  w e r e  l e f t  i n  c o n t a c t  w i t h  t h e  p i a l  s u r f a c e  for  t i m e s  
r a n g i n g  f r o m  2 t o  5 h a c c o r d i n g  t o  t h e  s u b s t a n c e .  I n  a l l  
c a s e s  t i m e  w a s  c o n s t a n t  for  e a c h  s u b s t a n c e .  S a m p l e s  w e r e  
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Table I. Percentage of recovery and T 1/2 of disappearance of different substances in contact with the brain surface ~ 

Time in m m  
10 20 30 60 120 180 240 300 T 1[ 

Ethyl  alcohol 60.6 4- 5.2 45.0 4- 6.3 24.0 4- 4.2 50 

Ethylthiourea b 84.3 78.1 51.0 41.7 130 

Urea C 14 99.5 4- 7.9 97.7 4- 8.9 68.5 4- 6.4 53.9 4- 3.3 45.8 -4- 8.1 34.1 4- 3.5 30.0 4- 3.8 140 

Glucose C 14 94.5 4- 3.9 83.2 4- 1.3 76.7 -4- 4.1 57.3 4- 3.3 55.8 3c 3.3 378 

Leueine C TM 93.7 4- 9.6 78.3 :t: 6.9 68.0 4- 9.2 61.6 4- 6.9 55.0 ± 9.8 320 
C 14 86.5 3_ 8.6 74.8 4- 6.5 70.4 4- 6.0 61.9 :t: 3.3 49.1 4- 5.1 300 

GABA C 12 91.5 4- 6.8 81.5 4- 5.3 77.2 -t- 4.1 62.8 4- 4.6 60.6 4- 6.7 405 
C x4 96.9 4- 6.8 78.5 1 6.0 74.9 4- 6.9 63.9 4- 6.4 57.9 4- 6.5 387 

Glutamie acid C lz 91.6 4- 6.2 79.6 :t: 4.3 71.4 4- 4.1 61.8 4- 2.3 57.5 q- 7.8 366 
C x~ 91.8 4- 3.5 87.0 4- 6.6 69.5 4- 8.1 52.4 4- 1.9 50.5 4- 5.6 309 

Lysine C ~2 93.3 4- 5.1 85.3 4- 6.1 81.6 4- 6.1 72.8 4- 4.8 67.5 4- 6.9 548 
C 14 97.0 4- 3.5 94.1 4- 4.1 80.5 4- 4.1 77.5 4- 6.7 70.0 4- 4.5 631 

Phenylalanine C 12 89.7 4- 4.6 86.1 4- 4.7 82.0 ± 6.2 77.6 4- 7.6 67.5 ± 8.3 498 
C ~4 102.6 4- 4.0 86.5 4- 3.9 80.1 4- 6.5 78.8 ~ 11.2 70.3 j :  6.3 570 

Samples taken from the container on the pia, Initial concentration: 100%. Results -4- s tandard deviation of 3 to 12 determinations, b Mean 
of 2 determinations for each point. 
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t a k e n  a t  60 min  intervals ,  excep t  for the  f i rs t  hour  when  
10-20 min samples  were collected for urea  and  30 min  
samples  for e thano l  and  e thy l  th iourea .  The decay  in con- 
c e n t r a t i o n  for each subs t ance  and  for  each cup  was fol- 
lowed and  resul ts  are expressed  as % of recovery  in the  
cup  or in t e r m s  of halt- l i fe (T l/z). 

The  init iaI  concen t r a t ion  of amino  acids in the  cup was  
10 m_~I and  t h e y  were  used wi th  the i r  cor responding  C 14 
isotopes.  The  C ~ amino  acids were q u a n t i t a t i v e l y  est i -  
m a t e d  b y  p a p e r  c h r o m a t o g r a p h y  according to  Cook  and  
LUSCOIvIBE t~. E t h y l  alcohol (initial concen t ra t ion  in t he  
cup :  10 m M )  was  d e t e r m i n e d  by  the  microdif fus ion tech-  
n ique  of CONWAY and  NOLAN ~, and  e thy l  th iourea  b y  the  
m e t h o d  of GROTE ls. C x4 label led urea  and  glucose were  
used, the  carr ier  concen t r a t ion  being 2.2 m M  for urea  and  
3.0 m M  for  glucose. The C ~a coun t ing  was pe r fo rmed  in 
p l anche t t e s  in an au tomat i c  gas flow coun t e r  (N. Chicago). 

In  some cases, C x4 de t e rmina t ions  of amino  acids were 
pe r fo rmed  in the  ne rvous  p a r e n c h y m a  unde r ly ing  the  cup. 
The t i ssue  was  excised i m m e d i a t e l y  a f te r  t ak ing  the  last  
sample  f rom the  cup (5 h of contac t ) ,  r insed  wi th  cold 
saline, b lo t t ed  on f i l ter  p a p e r  and  frozen. Then  it was 
sect ioned in 3 por t ions  3 m m  th i ck  f rom the  pial  surface 
inwards.  Af te r  h o m o g e n i z a t i o n  wi th  cold e thy l  alcohol 
80%, a l iquots  of the  s u p e r n a t a n t  were  t aken  for  C x4 
counts .  

Results and comment. F r o m  resul ts  p resen ted  in Table  I 
i t  can  be seen t h a t  t he re  are d i f fe ren t  t imes  of d isap-  
pearance  for the  assayed  subs tances .  Amino  ac ids  show a 
compara t i ve ly  slow ra te  of d i sappea rance  a n d  since the  
half-l ife of  t h e i r  C z2 and  C z4 isotopes  is no t  s igni f icant ly  
di f ferent ,  an  exchange  di f fus ion m e c h a n i s m  could be  
excluded.  

The  Figure  shows the  curves  of d i sappea rance  for  t h ree  
t y p e s  of subs t ances :  e thy l  a lcohol  as a l ip id  soluble 
ma te r i a l ;  u rea  as a h igh ly  diffusible  w a t e r  soluble com-  
p o u n d ;  and  )p-aminobut3n-ic acid (GABA) as a c o m p o u n d  
which  is me tabo l i zed  by  the  b ra in  and  ac t ive ly  accumu-  
la ted aga ins t  concen t r a t ion  grad ien ts  b y  b ra in  t issue 
slices. F r o m  the  curves  i t  can  be deduced  t h a t  the  dis-  
appea rance  of these  subs tances  follows a f i rs t  o rde r  
kinetic.  The res t  of t he  assayed  subs tances  also gave 
curves of a s imilar  t ype  wi th  d i f fe ren t  slopes according 
to  the  compound .  The lipid solubi l i ty  appears  as a fac tor  
favour ing  the  passage of subs tances ,  which  is in a g r e e m e n t  
wi th  concepts  of t r a n s p o r t  across m e m b r a n e s  19, a l t hough  

this  p o i n t  of v iew is no t  to ta l ly  accep ted  b y  o thers  in t he  
case of CSF-b ra in  in t e r r e l a t ionsh ips  2°. 

According  to the  h igh  u p t a k e  of amino  acids by  the  
nervous  t issue as shown by  in v i t ro  s tud ies  2~, and  also t h e  
ab i l i ty  of th is  t i ssue  to  metabo l i ze  d i f fe ren t  amino  acids  
in v i t ro  and in v ivo  ~2, one would expec t  a h igh  r a t e  of dis-  
a p p e a r a n c e  of these  c o m p o u n d s  f rom the  cup  in to  t h e  
ne rvous  p a r e n c h y m a .  However ,  our  resul ts  sugges t  t h a t  
in the  ex t e rna l  surface of the  bra in  there  ex is t s  a ba r r i e r  
or  r e s t r i c t ion  of th~ pene t r a t i on  of amino  acids  in to  t h e  
ne rvous  p a r e n c h y m a .  

In  Table  II ,  resul ts  f rom d e t e r m i n a t i o n s  in t he  t i ssue  
are p resen ted .  I t  can  be seen t h a t  the  d i s t r i bu t ion  is n o t  
homogeneous ,  and  t h a t  in the  more  superf icial  sect ion the  
c o n c e n t r a t i o n  ranges  be tween  8.5 and  27.4% of the  ini t ial  
concen t r a t ion  in the  cup. Of the  to ta l  C x4 counts  found  in 
the  t issue,  87 to  95% of the  counts  were in the  more  ex-  
t e rna l  3 m m  layer.  This  d i s t r ibu t ion  is of the  t ype  men-  
t ioned  by  FORD ~2 for t r i i o d o t h y r o n i n e  which  is re ta ined  
in t he  pin. I t  is a fu r the r  ind ica t ion  of the  res t r ic t ion  of 
t he  passage  of subs tances  in to  more  in te rna l  layers  of t he  
b ra in  t issue 2a. 

Table II. Passage of C t4 amino acid from the external surface to the 
brain parenchyma. % C 14 recovery in the tissue, 

Amino acid 0-3 mm 3-6 mm 6-9 mm 
section section section 
(pin-cortex) 

GABA 27.4 1.3 0.5 
Glutamic acid 8.5 0.5 0 
Lysine I4.0 1.2 0.7 
Leueine i6.0 0.5 0.4 

Initial concentration in the cup: 100%. Each value is the mean of 
three determinations. 

Rdsumd. La  d i spa r i t ion  de diff6rentes  subs t ances  en 
c o n t a c t  avec la surface ex t e rne  du cerveau est  6tudi6e. 
Les t e m p s  mo y e n s  de d i spa r i t ion  de celles-ci sugg6rent  
l ' ex i s tence  d ' u n e  barri6re s ' o p p o s a n t  au passage  de ces 
subs tances  du c o m p a r t i m e n t  suba rachno ide  cr~mien au 
t issu ne rveux .  
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Curves of disappearance of some of the substances in contact with 
the brain surface. Values taken from Table I, for C 14 GABA (A) 
standard deviations are not presented for the purpose of clarity. 
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