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bra in  m a t u r a t i o n  the  vo lume of the  glial c o m p a r t m e n t  
increases,  and  those  of the  in ters t i t ia l  and  neurona l  com-  
p a r t m e n t s  decrease.  According to these  authors ,  the  in- 
crease in the  glial c o m p a r t m e n t  and  decrease in in ters t i t ia l  
c o m p a r t m e n t  accoun t  for t he  decrease in Na and  C1, since 
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Changes in water and Na, K, and C1 content of the cerebral cortex 
in offspring of rats exposed to 100 r whole-body X-radiation at 14 
days of gestation. Points with bracketed lines represent means and 
standard errors (standard errors for water values are less than 
0.1% and are not shown in the Figure). Abscissa is age in days after 
birth, le/t-hand ordinate is electrolyte content (mEq/kg wet weight) 

and right-hand ordinate is % water. 

the  concen t ra t ions  of these  ions are lower in the  glial t h a n  
in t he  in ters t i t ia l  c o m p a r t m e n t s .  The grea te r  decrease in 
these  ions in the  i r rad ia ted  groups  suggests  a fu r the r  in- 
crease in the  glial c o m p a r t m e n t  induced  b y  p r en a t a l  X-  
radia t ion.  F u r t h e r  evidence for an increase in glial cells 
af ter  p rena t a l  X- rad ia t ion  has been r epo r t ed  by  HicKs  
and D'A~ATO~L These au thors  found a ma rk ed  increase 
in glial ceils in the  ou te r  pa r t s  of the  cor tex  of animals  
i r rad ia ted  a t  18 days  of ges ta t ion  wi th  30 r. 

Changes  induced  by  p rena t a l  X- rad ia t ion  in t he  electro-  
ly te  d i s t r ibu t ion  m a y  lead to  an a l tered ex t r aneu rona l  
env i ronmen t  which  toge the r  w i th  cy toa rch i t ec tu ra l  al- 
t e ra t ions  1~ could inf luence the  func t iona l  d e v e l o p m e n t  of 
the  CNS. 

Zusammen[assung. Bei in u tero  r d n t g e n b e s t r a h l t e n  
R a t t e n e m b r y o n e n  wurden  die E lek t ro ly te  im Gehirn-  
cor tex  bes t immt .  W ~h ren d  der  K-Geha l t  unverXnder t  
blieb, war  der jenige  yon Na und  C1 bei 9 Tage a l ien  
Tieren erniedrigt .  Zytologische Ver~tnderungen, durch  
pr / inatale  Bes t r ah lung  verursacht ,  waren  mi t  diesen 
Befunden  korreliert .  
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On the Origin of Homovani l l i c  Acid in the 
Cerebrospinal  Fluid 

In  the  cerebrospinal  fluid of man,  homovani l l ic  acid 
(HVA; 3 -me thoxy-4 -hydroxypheny lace t i c  acid) occurs 
normal ly  1 and appears  also af ter  i.v. in ject ion of 14C- 
d ihyd roxypheny la l an ine  (DOPA) ~. The origin of the  acid 
in the  cerebrospinal  fluid is no t  clear. A possible source 
m a y  be the  blood which  p robab ly  takes  up H V A  formed 
in the  ex t racerebra l  t issues like liver, hear t ,  etc. H V A  
may,  however ,  also originate in the  centra l  nervous  sys t em 
which is known  to t r ans fo rm D O P A  into dopamine  and 
subsequen t ly  into acidic metabol i tes .  Therefore,  the  con- 
cen t ra t ion  of H V A  in the  cerebrospinal  f luid migh t  be an 
indica tor  of the  metabol ic  ac t iv i ty  of the  cent ra l  nervous  
system.  

In  order  to clarify the  origin of H V A  in the  cerebro-  
spinal  fluid, cats  were admin is te red  e i ther  L-14C-DOPA or 
3H-HVA and the  r ad ioac t iv i ty  of the H V A  frac t ion  was 
compared  in blood, cerebrospinal  fluid and  brain.  

Experimental. In  cats  of 1.8-2.5 kg, fas ted for 16 h and  
anaes the t ized  wi th  Nembuta l ,  L-14C-DOPA 3 (labelled in 
2-posit ion of the  side chain;  specific ac t iv i ty  103.5 #C/rag) 
or aH-HVAa (labelled in 5-posit ion of the  ring; specific 
ac t iv i ty  284 /~C/mg) were admin i s t e red  i.v. At  var ious  
t ime in tervals  thereaf te r ,  a r ter ia l  blood was w i t h d r a w n  
and  supp lemen ted  wi th  1/10 vol versene (5%). At  the  
end of each exper iment ,  cerebrospinal  fluid was ob ta ined  
by  occipital  punc ture .  P l a sma  and cerebrospinal  fluid 
were deprote inized by  addi t ion  of equal  vo lumes  of per-  

chloric acid, 7 and 3.5% respect ively.  The to ta l  brains  
were homogenized  in 7% perchlor ic  acid. 

The de t e rmina t ion  of the  uncon juga ted  H V A  frac t ion  
was carried out  according to a previously  descr ibed pro-  
cedure  4. Thereby,  t he  s u p e r n a t a n t s  of p lasma,  cerebro-  
spinal  fluid and bra in  homogena te s  were passed  t h ro u gh  
columns of Dowex  50 �9 4 in order  to remove  the  amines  
and the  amino acids. The ef f luent  conta in ing  the  phenol-  
carboxyl ic  acids was ad jus ted  to pH 1.5, s a tu r a t ed  wi th  
NaC1 and ex t r ac t ed  5 t imes  wi th  a double  vo lume of 
peroxide-free  e thy le ther .  Af ter  evapora t ion  of the  e the r  
(previously dried wi th  Na2SO4), the  residue was dissolved 
in 0.75 cm a m e t h a n o l - w a t e r  (3: 1) and s u b m i t t e d  to  p a p e r  
c h r o m a t o g r a p h y  ( W h a t m a n  No. 1; so lvent  sys t em:  pro-  
pionic ac id-benzene-H20,  2: 2: 1). The r ad ioac t iv i ty  of 
the  H V A  spot  was measured  wi th  a Pack a rd  radio-  
c h r o m a t o g r a m  scanner  and  expressed in o/o of the  values  
in the  p lasma af ter  10 min ( - -100%) .  Recover ies  of 
3H-HVA carried t h ro u g h  the  whole  procedure  were abou t  
40-50%. 

Results. (1) The rad ioac t iv i ty  of the  H V A  frac t ion  of 
the  p lasma  which  appears  subsequen t  to i.v. in ject ion of 
14C-DOPA progress ively  declines be tween  10 and 120 min, 
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whereas  t he  14C-HVA of t h e  ce reb rosp ina l  f luid con-  
t i n u o u s l y  increases  d u r i n g  t h i s  t ime  period.  Af te r  120 
min,  t he  14C-HVA of p l a s m a  and  of ce rebrosp ina l  f luid 
a m o u n t s  to  30 a n d  65% respec t ive ly  of t he  ~4C-HVA 
p r e s e n t  in  p l a s m a  a t  10 m i n  (Figure 1). 

(2) The  a H - H V A  f rac t ion  in  t he  p l a s m a  fol lowing injec-  
t ion  of 3H-HVA decreases  more  rapid ly ,  i.e. to  levels as 
low as a b o u t  5% a f t e r  120 min.  The  r a d i o a c t i v i t y  of t he  
SH-HVA f rac t ion  in t he  ce rebrosp ina l  f luid reaches  on ly  
low levels, a t t a i n i n g  a m a x i m u m  of a b o u t  10% a f t e r  
10 min.  Subsequen t ly ,  the  3H-HVA slowly declines to  
a b o u t  6% a f t e r  120 m i n  (Figure  1). 

(3) The  r a d i o a c t i v i t y  of the  H V A  f rac t ion  of t h e  b r a i n  
is a b o u t  15-50 t imes  h ighe r  a f t e r  L-14C-DOPA t h a n  a f t e r  
3H-HVA. No s ign i f ican t  differences  c an  be seen a t  30, 60 
a n d  120 min  (Figure  1). 

(4) D u r i n g  a c o n t i n u o u s  infus ion  of aH-HVA,  t i le  3H- 
H V A  f rac t ion  of t he  p l a s m a  r ap id ly  rises a n d  reaches  
va lues  as h i g h  as a b o u t  150~ which  pers i s t  for b e t w e e n  
30 a n d  60 rain.  The  3H-HVA in t he  ce rebrosp ina l  f luid 
a n d  t he  b r a i n  increases  on ly  slowly, a t t a i n i n g  m a x i m a l  
va lues  of 20 a n d  5~ respec t ive ly  a f t e r  60 m i n  (Figure 2). 

Discussion. T h e  above  e x p e r i m e n t s  show t h a t  t he  in- 
crease of r ad ioac t ive  H V A  in t he  ce rebrosp ina l  f lu id  of 
ca t s  (as c o m p a r e d  to  t he  p l a s m a  va lues  a t  10 min)  is con- 
s ide rab ly  h i g h e r  a f t e r  i.v. i n j ec t ion  of L-14C-DOPA t h a n  
a f t e r  8H-HVA ( m a x i m a l  va lues  of 65% versus  10%).  Th i s  
di f ference m i g h t  be  due  to differences  in  t he  b lood  levels 
of r ad ioac t ive  HVA,  since t he  decrease  of th i s  acid is 
s lower  a f te r  L-Ir t h a n  a f te r  aH-HVA.  E xpe r i -  
m e n t s  w i t h  c o n t i n u o u s  H V A  infus ion  show, however ,  
t h a t  even  w i t h  pe r s i s t en t  r e l a t ive ly  h i g h  p l a s m a  c o n t e n t  
of t h e  acid, on ly  m i n o r  a m o u n t s  of 3H-HVA ( m a x i m a l l y  
20%) are to  be  found  in t he  ce rebrosp ina l  fluid. T he  dif- 
ferences  of t he  H V A  c o n t e n t  of t he  ce rebrosp ina i  f luid 
a f t e r  i.v. i n j ec t ion  of L-14C-DOPA a n d  a H - H V A  are the re -  
fore p r o b a b l y  no t  on ly  due  to  differences in  t he  p l a s m a  
levels  of t he  acid.  I n  consequence ,  i t  m a y  be  a s sumed  
t h a t  a t  leas t  p a r t  of t h e  H V A  a p p e a r i n g  in t he  cerebro-  
sp ina l  f luid a f t e r  L-14C-DOPA is no t  de r ived  as such  f rom 
t h e  blood.  I t  m i g h t  the re fore  or ig ina te  in  t he  bra in ,  s ince 
in  t h i s  o rgan  t h e  increase  of t h e  r ad ioac t ive  H V A  is m u c h  
more  m a r k e d  a f t e r  i.v. L-~4C-DOPA t h a n  a f t e r  ~H-HVA. 

No ind ica t ions  r ega rd ing  t he  ce rebra l  sites in  which  
~ C - H V A  is fo rmed  can  be  o b t a i n e d  f rom t he  p r e s en t  re- 
sults.  Accord ing  to some h i s tochemica l  f indings  in mice 
a n d  ra ts ,  D O P A  h a r d l y  p e n e t r a t e s  t h e  cerebra l  capi l-  
lar ies  a n d  m i g h t  be me tabo l i zed  w i t h i n  t h e i r  endo the l i a l  
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Fig.  1. Levels  of r ad ioac t ive  homovan i l l i c  ac id  (HVA) pe r  em 3 
ce reb rosp ina l  f lu id  (CSF),  per  em 8 p l a s m a  a n d  per  g b r a i n  of ea t s  
a f t e r  i .v. in jec t ion  of 75 HC/kg  L-14C-DOPA or  500 /zC]kg  8 H - H V A .  
E a c h  va lue  r ep resen t s  a n  ave rage  of 2 -4  e x p e r i m e n t s  -4- S .E.  The  
va lues  are  expressed  in % of the  levels of r ad ioac t i ve  H V A  f o u n d  

pe r  em s of p l a s m a  a f te r  10 min .  

cells 5. I n  o t h e r  h i s tochemica l  i nves t iga t ions  w i t h  mice, 
ca techo l  d e r i v a t i v e s  were, however ,  d e m o n s t r a t e d  to ac-  
c u m u l a t e  in  neu rones  of va r ious  b r a i n  areas  a f te r  injec-  
t i on  of D O P A  6. F u r t h e r m o r e ,  b iochemica l  e x p e r i m e n t s  
w i t h  large as wel l  as w i t h  smal l  doses of D O P A  showed 
t h a t  in  r a t s  a n d  r a b b i t s  t h e  amino  acid is p re fe ren t i a l ly  
me tabo l i zed  in  b r a i n  areas  k n o w n  to  be  r ich  in nor-  
adrenerg ic  a n d  dopamine rg ic  ~ r u c t u r e s ,  e.g. t h e  hypo-  
t h a l a m u s  a n d  t h e  c a u d a t e  nucleus.  O t h e r  b r a i n  pa r t s ,  
e.g. t he  ce rebe l lum and  t he  ce rebrum,  t r a n s f o r m  only  
l i t t le  D O P A  in to  d o p a m i n e  a n d  pheno lca rboxy l i c  acids ~,s. 
Since t he  capi l lar ies  show the  same  h i s tochemica l  be- 
h a v i o u r  in  all  t h e  b r a i n  areas  5, a t  leas t  p a r t  of t he  ad-  
min i s t e red  D O P A  is p r o b a b l y  me tabo l i zed  in n e u r o n a l  
s t ruc tures .  I t  c a n n o t  be exc luded  t h a t  some D O P A  m i g h t  
also unde rgo  me tabo l i c  t r a n s f o r m a t i o n  in st i l l  o the r  
s t ruc tures ,  e.g. t h e  chorioid  plexus.  

I n  conclusion,  t he  c o n c e n t r a t i o n  of 14C-HVA a f t e r  L- 
14C-DOPA a n d  poss ib ly  also of the  endogenous  H V A  in 
t he  ce reb rosp ina l  f luid migh t ,  a t  leas t  in  par t ,  ref lect  a 
me tabo l i c  process  which  occurs  in t he  bra in .  
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Fig. 2. Levels of 3H-homovanillic acid (3H-HVA) during constant 
i.v. infusion of ~H-HVA 5.4 or 8.9 feC/kg/min. The values represent 
an average of 2-4 experiments i S.E. and are expressed in % of the 

levels of 3H-HVA found per cnl a of plasma after 10 min. 

Zusammenfassung. I n  Occip i ta l l iquor  und  Geh i rn  v o n  
K a t z e n  is t  der  G e h a l t  a n  r a d i o a k t i v e r  Homovani l l ins~ture  
(HVS) bezogen  au f  P l a s m a  n a c h  i.v. App l ika t i on  y o n  L- 
14C-DOPA e rheb l i ch  hSher  als n a c h  i.v. aH-HVS.  14C- 
HVS,  welche n a c h  L-14C-DOPA im L i q u o r  erschein t ,  en t -  
s t e h t  de sha lb  wahr sche in l i ch  m i n d e s t e n s  zum Tell  im 
Gehirn .  
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