
130 Specialia EXPERIENTIA 24/2 

Accumulation of Dopamine in the Parenchyma 
of Brain 

I n  t he  b ra in  of ra ts ,  re la t ive ly  smal l  doses  (50 mg/kg  
i.p.) of Ro 4-46021, an  inh ib i to r  of deca rboxy lase  of 
a romat ic  amino  acids, m a r k e d l y  enhance  the  increase  of 
14C-catecholamines induced  by  1'C-3, 4 -d ihyd roxyphen y l -  
a lanine (14C-dopa), whereas  in t he  h e a r t  and  blood the  
drug  an tagonizes  the  rise of these  amines  2-4. This  ac t ion  
of Ro 4-4602 seems to  be due  to  a re la t ive ly  select ive 
inhib i t ion  of the  deca rboxy la t i on  of l*C-dopa in ex t ra -  
cerebra l  t issues leading to  an  accumula t ion  of laC-dopa 
in t h e  blood and  in consequence  to  an  increased pene t r a -  
t ion of t he  amino  acid in to  the  brain.  In  th is  organ,  
14C-dopa is p robab ly  t r a n s f o r m e d  in to  14C-catecholamines 
(especially 14C-dopamine), since Ro 4-4602 does no t  
ma rked ly  inh ib i t  cerebra l  decarboxylase .  I t  has  no t  ye t  
been  shown,  however ,  w h e t h e r  t he  accumula t ion  of cate-  
cho lamines  caused  by  Ro 4-4602 + dopa  takes  place in 
t he  p a r e n c h y m a  or in t he  capil laries of t he  brain.  In  fact ,  
a f t e r  in jec t ion  of dopa,  t he  t r a n s f o r m a t i o n  of t he  amino  
acid in to  dopamine  and  the  accumula t ion  of d o p a m i n e  
(especially in mice p r e t r e a t e d  wi th  a m o n o a m i n e  oxidase  
(MAO) inhibi tor)  occurs  to  a grea t  p a r t  in t he  walls  of the  
cerebel lar  capil laries which  p r o b a b l y  cons t i t u t e  t he  
b lood]bra in  bar r ie r  for d o p a m i n e  5~s. 

In  t he  p r e sen t  work,  a t t e m p t s  were m a d e  to  localize 
t he  accumula t ion  of ca techo lamines  in the  bra in  a f te r  
admin i s t r a t i on  of 50 mg/kg  Ro 4-4602 toge the r  w i th  dopa.  

Experimental.  Albino ra t s  of 200-250 g were  p r e t r e a t e d  
wi th  50 mg/kg  of Ro 4-4602 or 250 mg/kg  of t he  MAO 
inh ib i to r  n ia lamide  i.p. 1/2 and  2 h respec t ive ly  before 
admin i s t r a t i on  of 75 mg/kg  of unlabel led dopa  i.p. 

after Decarboxylase Inhibition in the Capillaries 

Animals  t r e a t e d  wi th  d o p a  alone as well as u n t r e a t e d  ra t s  
served as controls .  One hour  a f t e r  d o p a  inject ion,  t he  
an imals  were  sacrif iced b y  decap i t a t ion ,  and  d o p a m i n e  
as well as no rep inephr ine  were  d e t e r m i n e d  in t he  pal l ium 
and  in the  cauda te  nucleus  according  to  spec t ropho to -  
f luor imetr ic  p rocedures  9A°. In  order  to  get  op t ima l  
d o p ami n e  f luorescence,  the  final so lu t ion  was h ea t ed  for 
5 min  in a boil ing wa te r  b a t h n ;  i r rad ia t ion  wi th  UV- 
l ight  was omi t t ed .  F u r t h e r m o r e ,  in t he  same bra in  par t s ,  
t he  ca techol  de r iva t ives  were  m a d e  visible by  a specific 
f luorescence microscopic  m e t h o d  w h e reb y  ca techol  c o r n -  

1 NX.(DL_seryl).N2.(2, 3, 4.trihydroxybenzyl).hydrazine. 
2 G. BARTHOLINI, H. M. BATES, W. P. BURKARD and A. PLETSCHER, 

Nature, in press. 
G. BARTHOLINI, A. PLETSCItER and W. P. BURKARD, Helv. physiol. 
Aeta, in press. 

4 G. BARTHOLINI and A. PLETSCHER, J. Pharrnae. exp. Ther., 
submitted for publication. 

5 A. BEETLER, B. FALCK and E. ROSENGREN, Acta pharmae, tox. 
20, 317 (1963). 

6 A. BERTLER, B. FALCK, C. OWMAN and E. ROSENGREN~ Pharmac. 
Rev. 18, 369 (1966). 

7 C. OWMAN and E. ROSENGREN, J. Neurochem. 14, 547 (1967). 
8 B. I-[AMBERGER, Acta physiol, scand. Suppl. 295, 7 (1967). 
9 A. CARLSSON and B. WALDECK, Acta physiol, scand, d4, 293 (1958). 

l0 A. BERTLER, A. CARLSSO~ and E. ROSENGREN, Aeta physiol. 
scand. 4d, 273 (1958). 

11 C. C. CHANG, Int. J. Neuropharmac. 3, 643 (1964). 

Fluorescence micrographs of the cortex of rat's brain. Frontal sections. Exposure time 10 see. (a) no treatment, (b) dopa alone, (c) niala- 
mide + dopa, (d) Ro 4-4602 + dopa. 75 mg/kg dopa was injected i.p. either alone or 30 rain after 50 mg/kg Ro 4-4602 i.p. or 120 rain after 
250 mg/kg nialamide i.p. Sacrifice 1 h after dopa. 
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Effect of Ro 4-4602 or nialamide on the dopa-induced increase of dopamine and norepinephrine in different parts of the rat 's brain 

Treatment Pallium Caudate nucleus 

Dopamine Nor- Dopamine Nor- 
epinephrine epinephrine 

Untreated 0.25 ~z 0.06 0.26 ~ 0.01 6.36 t 0.90 0.48 .-k 0.03 
Dopa alone 0.56 ~ 0.10 0.44 4- 0.04 8.00 ± 0.30 0.51 :k 0.07 
Ro 4-4602 + dopa 1.01 4- 0.10 0.32 4- 0.01 18.56 q- 1.20 0.57 4- 0.04 
Nialamide + dopa 8.50 ± 0.07 0.69 -t- 0.04 24.90 -k 0.75 0.90 4- 0.04 

Each value represents an average :at:_ S.E. of 3-9 experiments. Experimental details see Figure. 

pounds ,  e.g. d o p a m i n e ,  n o r e p i n e p h r i n e  a n d  dopa,  ex-  
h i b i t e d  a g reen  f luorescence  1.n3. 

Results. H i s t o c h e m i c a l  (Figure) :  b r a ins  of u n t r e a t e d  
r a t s  show a f a i n t  diffuse (pa renchyma l )  g reen  f luorescence 
of t h e  s t r i a t u m ,  b u t  n o  f luorescence  of t he  pa l l ium.  One  
h o u r  a f t e r  i.p. i n j e c t i o n  of 75 m g / k g  dopa ,  t h e  diffuse 
f luorescence  of t h e  s t r i a t u m  increases .  F u r t h e r m o r e ,  
cap i l l a ry  walls  e x h i b i t i n g  a green  f luorescence  a p p e a r  in  
t he  co r t ex  as well  as in  t he  c a u d a t e  nuc leus  w i t h  a d j a c e n t  
w h i t e  m a t t e r  (capsula  i n t e rna ,  r a d i a t i o n s  of t h e  corpus  
cal losum),  b u t  no  diffuse f luorescence  of t h e  cor tex  is 
vis ible .  Fo l lowing  c o m b i n e d  t r e a t m e n t  w i th  n i a l a m i d e  
p lus  d o p a  ( w i t h o u t  R o  4-4602), t h e  g reen  f luorescence of 
t h e  p a r e n c h y m a  of t h e  c a u d a t e  nuc leus  as  well  as  of t h e  
capi l lar ies  becomes  more  m a r k e d  t h a n  a f t e r  d o p a  alone,  
b u t  a t  m o s t  a f a i n t  diffuse f luorescence a p p e a r s  in  t h e  
cor t ica l  region.  N i a l a m i d e  a lone  ha s  no  m a r k e d  effect.  
W i t h  1Ro 4-4602 + d o p a  p rac t i ca l ly  no  f luorescence  of t h e  
cap i l l a ry  walls  is to  b e  seen, n e i t h e r  in  t h e  co r t ex  n o r  in  
t he  c a u d a t e  nucleus .  A m a r k e d  dif fuse  g reen  f luorescence  
appears ,  however ,  in  t h e  cor tex ,  a n d  t h e  f luorescence  of 
t h e  c a u d a t e  nuc leus  is s o m e w h a t  increased  c o m p a r e d  w i t h  
a n i m a l s  t r e a t e d  w i t h  d o p a  alone.  I n  t he  pa l l ium,  n u m e r o u s  
n e u r o n a l  cells i nc lud ing  t h e i r  a x o n s  are  vis ible  as d a r k  
s t r u c t u r e s  in  a d i f fuse ly  f luorescen t  b a c k g r o u n d .  T h e  cell 
bodies ,  b u t  n o t  t h e  axons ,  c o n t a i n  some  g ranu le s  which  
e x h i b i t  g reen  f luorescence.  R o  4-4602 a lone  does  n o t  
c h a n g e  t h e  f luorescence  p i c t u r e  of t h e  n o r m a l  b ra in .  

B iochemica l  (Table) :  t h e  c o m b i n a t i o n  of R o  4-4602 
plus  d o p a  e l eva tes  t h e  d o p a m i n e  c o n t e n t  in  t h e  pa l l i um 
a n d  c a u d a t e  nuc leus  b y  severa l  t i m e s  c o m p a r e d  w i t h  
con t ro l s  n o t  t r e a t e d  a t  al l  or  a d m i n i s t e r e d  d o p a  only.  I n  
con t r a s t ,  t h e  n o r e p i n e p h r i n e  c o n t e n t  is n o t  s ign i f i can t ly  
inc reased  (p > 0.05). T h e  c o m b i n a t i o n  of n i a l a m i d e  p lus  
d o p a  also causes  a cons ide rab l e  e l eva t i on  of d o p a m i n e  
a n d  a m u c h  less m a r k e d  b u t  s ign i f i can t  r ise of norepi -  
n e p h r i n e  in t h e  p a l l i u m  as well  as in  t h e  c a u d a t e  nuc leus  
(p < 0.01). T h e  increase  of d o p a m i n e  is more  p r o n o u n c e d  
w i t h  n i a l a m i d e  + d o p a  t h a n  w i t h  R o  4-4602 + dopa .  R o  
4-4602 a lone  does  n o t  in f luence  t h e  e n d o g e n o u s  ca te-  
c h o l a m i n e s  in  t h e  b ra in ,  w he r ea s  n i a l a m i d e  causes  a 
r e l a t ive ly  s l igh t  rise. 

Discussion. Accord ing  to  p rev ious  expe r i m en t s ,  rela-  
t i ve ly  h i g h  doses  of R o  4-4602 (100-200 m g / k g  i.p.) di- 
m i n i s h  t h e  d o p a - i n d u c e d  a p p e a r a n c e  of t he  g reen  f luor-  
escence  in  t h e  capi l lar ies  in  t h e  ce rebe l lum of mice.  
S i m u l t a n e o u s l y ,  t h e  d r u g  e n h a n c e s  t h e  diffuse b a c k -  
g r o u n d  f luorescence  w h i c h  seems  to  b e  m a i n l y  due  to  a n  
a c c u m u l a t i o n  of d o p a  in t h e  b r a i n  p a r e n c h y m a  5,e. T h e  
p r e s e n t  f ind ings  d e m o n s t r a t e  t h a t  in  r a t s  w i t h  r e l a t ive ly  
low doses of Ro  4-4602 (50 mg/kg)  + dopa,  a s imi la r  h is to-  
logical  p i c tu r e  can  b e  p roduced .  I n  c o n t r a s t  to  t h e  p rev ious  
resul ts ,  however ,  t h e  d o p a m i n e  is m a r k e d l y  increased  
(Table) .  S ince  t h e  capi l la r ies  show p rac t i ca l l y  no  green  
f luorescence,  m o s t  of t h e  a m i n e  is p r o b a b l y  localized to-  

g e t h e r  w i t h  d o p a  in t he  b r a i n  p a r e n c h y m a .  T h e  m a r k e d  
e n h a n c e m e n t  of t he  rise of ce rebra l  d o p a m i n e  a f t e r  
p e r i p h e r a l  i n h i b i t i o n  of d e c a r b o x y l a s e  (by 50 m g / k g  Ro 
4-4602) as f o u n d  in ear l ier  e x p e r i m e n t s  z-4 seems the re fo re  
to  be  m a i n l y  due  to  a n  a c c u m u l a t i o n  of t he  a m i n e  in t h e  
b r a i n  p a r e n c h y m a .  Th i s  loca l iza t ion  is d i f f e ren t  f rom t h a t  
a f t e r  c o m b i n e d  t r e a t m e n t  w i t h  MAO i n h i b i t o r s  + d o p a  
w h i c h  i nduces  a cons ide rab l e  a c c u m u l a t i o n  of t h e  a m i n e  
in t he  capi l lar ies  6-s (Figure) .  

T h e  fac t  t h a t  p r ev ious  a u t h o r s  d id  n o t  f ind  a m a j o r  
increase  of ce rebra l  d o p a m i n e  a f t e r  Ro  4-4602 + d o p a  in 
mice 5-7 m i g h t  be  due  to  t he  r e l a t ive ly  h i g h  doses of t h e  
i n h i b i t o r  w h i c h  p r o b a b l y  also i n t e r f e r ed  w i t h  d e c a r b o x y l -  
ase of t h e  b r a i n  p a r e n c h y m a .  I n  fact ,  a f t e r  200 m g / k g  of 
Ro  4-4602 i.p. a m a r k e d  i n h i b i t i o n  of d e c a r b o x y l a s e  in 
h o m o g e n a t e s  of r a t  b r a i n  was found ,  whereas  w i t h  50 
m g / k g  no i n h i b i t i o n  of t he  e n z y m e  occur red  3. 

The  r e l a t ive ly  se lec t ive  i n h i b i t i o n  of e x t r a c e r e b r a l  de-  
c a r b o x y l a s e  b y  low doses  of R o  4-4602 h a s  b e e n  a t t r i b u t e d  
to  a poo r  p e n e t r a t i o n  of t h e  d r u g  f rom t h e  b lood  i n to  t h e  
b r a i n  2. Accord ing  to  t h e  p r e s e n t  i nves t iga t ion ,  t h e  b a r r i e r  
m e c h a n i s m  for Ro  4-4602 m i g h t  be  loca ted  in t he  wal l  of 
t he  b r a i n  capil lar ies .  

I n  conclusion,  low doses of Ro  4-4602 p r o b a b l y  i n h i b i t  
dopa  d e c a r b o x y l a s e  n o t  on ly  in e x t r a c e r e b r a l  o rgans  2-4, 
b u t  also in t h e  walls  of t h e  b r a i n  capi l lar ies ,  whereas  t h e  
e n z y m e  seems  to  r e m a i n  a c t i v e  in  t h e  b r a i n  p a r e n c h y m a .  
Af te r  a d m i n i s t r a t i o n  of R o  4-4602 + dopa ,  t h e  a m i n o  
acid wh ich  a c c u m u l a t e s  in t h e  b lood  2-4 p r o b a b l y  pene-  
t r a t e s  t h e  b r a i n  capi l lar ies  a n d  is d e c a r b o x y l a t e d  i n to  
d o p a m i n e  w i t h i n  t h e  p a r e n c h y m a .  Th i s  m e t h o d  of in- 
c reas ing  ce rebra l  d o p a m i n e  m i g h t  be  of use in  t h e  t r e a t -  
m e n t  of p a r k i n s o n i s m  since in th i s  cond i t ion  a m a r k e d  
decrease  of t h e  a m i n e  in t h e  e x t r a p y r a m i d a l  b r a i n  cen t r e s  
h a s  been  o b s e r v e d  ~4. 

Zusammen/assung. I m  Pa l l i um u n d  im Nucleus  c a u d a t u s  
des R a t t e n h i r n s  ve r s t / i r k t  der  D e c a r b o x y l a s e h e m m e r  Ro  
4-4602 den  d u r c h  D o p a  b e d i n g t e n  Ans t i eg  yon  D o p a m i n .  
Mi t  e ine r  f l uo re szenzmik roskop i schen  M e t h o d e  wi rd  ge- 
zeigt,  dass  D o p a m i n  wah r sche in l i ch  im P a r e n c h y m  u n d  
n i c h t  in  den  K a p i l l a r e n  des  G e h i r n s  a k k u m u l i e r t .  
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