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Relative Penetration of L-Dopa and 5-HTP Through the Brain Barrier Using Dimethyl  Sulfoxide 1 

The  idea  t h a t  d i m e t h y l  sul foxide (DMSO) m a y  aid  in 
t he  t r a n s p o r t  of o t h e r  d rug  molecules  across t he  b lood-  
b r a i n  ba r r i e r  (BBB)  ha s  been  r epo r t ed  u s i n g  14C-  
pemol ine  2, b u t  th i s  f ind ing  has  been  cha l l enged  as be ing  
inconc lus ive  3. The  fol lowing r e p o r t  agrees  w i t h  t h e  idea 
t h a t  DMSO can  ac t  as a p a r t i a l  t r a n s p o r t  car r ie r  of 
some d rug  molecules  f ac i l i t a t ing  t he i r  p e n e t r a t i o n  in to  
b r a i n  t issue. 

Materials and methods. 56 male  Sp rague -Dawley  rats ,  
200-300 g, were used. All  an ima l s  were f i r s t  p r e t r e a t e d  
w i t h  t he  m o n o a m i n e  oxidase  i n h i b i t o r  (MAOI) n ia lamide ,  
250 mg/kg .  L-dopa, 75 mg/kg ,  or 5 - h y d r o x y t r y p t o p h a n  
(5-HTP),  75 a n d  100 mg/kg ,  were d isso lved  in  pu re  
DMSO,  750 mg/kg ,  a n d  in jec ted  in to  24 ra ts .  A second 
group  of 20 an ima l s  se rved  as d r u g - t r e a t e d  controls ,  
rece iv ing  2 - 1 0 m g  in 2 r a g  i n c r e m e n t s  of R o 4 - 4 6 0 2  
(N- [DL-se ry l ] -Nl - t r ihydroxybenzy l -hydraz ine )  a pe r ipher -  
al d o p a  deca rboxy la se  i n h i b i t o r  (DCI), fol lowed b y  a 
usua l  dose of L-dopa or 5 -HTP.  The  r e m a i n i n g  an i ma l s  
se rved  as n o r m a l  controls .  An ima l s  were sacr i f iced 3 h 
a f te r  t he  f i rs t  in jec t ion .  B r a i n s  were qu ick ly  dissected,  
f rozen a n d  fprocessed for h i s toc t lemica l  f luorescence ac- 
cord ing  to a m e t h o d  p rev ious ly  descr ibed  4. 

Results and discussion. W h e n  MAOI  a n d  L-dopa or 
5 - H T P  are  a d m i n i s t e r e d  to  rats ,  a c o n c e n t r a t i o n  of 
d o p a m i n e  or se ro ton in  a c c u m u l a t e s  in b r a i n  capi l lar ies  
as a r e su l t  of p e r i p h e r a l  d e c a r b o x y l a t i o n  5-s. The  newly  
fo rmed  p r o d u c t s  r e m a i n  in t h e  cap i l la ry  n e t w o r k  un t i l  
t h e y  are e v e n t u a l l y  d e a m i n a t e d  b y  m o n o a m i n e  oxidase.  
If, however ,  a DCI  is a d m i n i s t e r e d  a f t e r  MAOI  t r e a t m e n t  
b u t  before  L-dopa (or 5 -HTP)  is given,  t h e n  a comple t e  
or p a r t i a l  b r e a k d o w n  of t he  b r a i n  ba r r i e r  for  t he  2 a m i n o  
acids will  r esu l t  due  to  t o t a l  or p a r t i a l  i n h i b i t i o n  of 
pe r iphe ra l  dopa  decarboxylase .  

The  re la t ive  p e n e t r a t i o n  of L-dopa or 5 - H T P  in to  b r a i n  
t i ssue  can  the re fo re  be  s tud ied  b y  mere ly  in jec t ing  
a p p r o p r i a t e  doses of Ro  4-4602. P rev ious  e x p e r i m e n t s  
show t h a t  a f t e r  4 m g / k g  of Ro  4-4602 in ~vIAOI pre-  
t r e a t e d  rats ,  L-dopa will  f i rs t  p e n e t r a t e  t h e  regions  of 
t h e  v e n t r o m e d i a l  h y p o t h a l a m i c  nucleus,  t he  pe r iven-  
t r i cu l a r  h y p o t h a l a m i e  nuc leus  and  t he  a r cua t e  nucleus.  
Decreased  cap i l l a ry  f luorescence is also n o t e d  in t h e  
cauda te ,  t h a l a m u s ,  co r t ex  and  w h i t e  m a t t e r .  This  pro-  
gressive b r e a k d o w n  of t he  B B B  for L-dopa con t inues  as 
Ro 4-4602 is increased  un t i l  a t  50 m g / k g  t he  enzymic  
ba r r i e r  is comple t e ly  suppressed  a n d  L-dopa en te r s  all  
b r a i n  regions  freely.  

B y  us ing  t h e  h i s t ochemica l  f luorescence m e t h o d  a 
ce reb rovascu la r  n e t w o r k  of capi l lar ies  is seen to  f luoresce 
t h r o u g h o u t  t h e  b r a i n  fol lowing n i a l a m i d e  + L-dopa (or 
5 -HTP)  t r e a t m e n t .  As progress ive  pe r iphe ra l  d e c a r b o x y -  
lase i n h i b i t i o n  is ach ieved  w i t h  increased  doses of Ro  
4-4602, t h e  cap i l l a ry  f luorescence in those  areas  where  
t he  ba r r i e r  is 'weakes t '  begins  to  d i s a p p e a r  to  be  rep laced  

b y  a diffuse b u t  localized b a c k g r o u n d  f luorescence.  The  
reason  for  th i s  is t h a t  pe r iphe ra l  deca rboxy la se  a c t i v i t y  
has  been  suppressed  b y  t h e  Ro 4-4602 a n d  t h e  a m i n e  
precursors  are able  to  p e n e t r a t e  freely in to  t h e  b r a i n  
t issue.  The  precursors  r e m a i n  free or u n b o u n d  g iv ing  off 
t h e  exogenous  f luorescence u n t i l  t h e y  are g r adua l l y  
t a k e n  up  b y  t h e  n e r v e  cells (endogenous  deca rboxy la t i on )  
severa l  hou r s  l a t e r  ~, s. 

To t e s t  t h e  car r ie r  p roper t i e s  of DMSO,  L-dopa 
(Ro 4-4602) omi t t ed ,  was  dissolved in u n d i l u t e d  DMSO 
a n d  t h e  m i x t u r e  i n j ec t ed  i.p. in  r a t s  1 h a f t e r  n i a l a m i d e  
t r e a t m e n t .  

T h e  resu l t s  show t h a t  t h e  c o m b i n a t i o n  of n i a l amide  + 
D M S O : L - d o P a  gave  t h e  same  cap i l l a ry  f luorescence  
p i c tu re  as w h e n  Ro 4-4602 h a d  been  used a t  8 m g / k g  as 
descr ibed  above .  N i a l a m i d e  + DMSO re sembled  n o r m a l  
u n t r e a t e d  cont ro l s  (i.e., no  cap i l l a ry  f luorescence).  W h e n  
5 - H T P  was used in s t ead  of L-dopa, v e r y  s l igh t  p e n e t r a -  
t ion  of t h e  a m i n e  was n o t e d  j u s t  dorsa l ly  to  t h e  a r cua t e  
nucleus.  T h e  cap i l l a ry  f luorescence o the rwise  r e sembled  
n i a l a m i d e  + 5 - H T P  t r e a t e d  ra ts .  
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Fluorescent microphotographs of rat frontal brain sections at the 
level of the anterior periventricular hypothalamie nucleus. Treated 
with: (A) nialamide (250 rng/kg) + DMSO:L-dopa (750:75 mg/kg) 
solution, and (B) nialarnide (250 rng/kg)+L-dopa (75 mg/kg). A 
light, diffuse fluorescence is seen throughout (A) due to the presence 
of exogenous dopa in nerve tissue. Fluorescent capillaries (B) and 
no diffuse parenchymal fluorescence. Third ventricle is seen at top 
left. Magnification x 120. 
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I t  was though t  a t  f irst  t h a t  DMSO m a y  have  been 
act ing as weak decarboxylase  inhibi tor  bu t  this idea was 
discarded in view of the  following findings : a) No marked  
penet ra t ion  of 5 -HTP  was seen when the  amine was 
dissolved in DMSO indicat ing no per ipheral  decarboxylase  
inhibit ion,  b) When  DMSO is given 1 h prior to L-dopa, 
no pene t ra t ion  of the la t te r  is seen, indicat ing no reduct ion  
in per ipheral  decarboxylase  ac t iv i ty .  

The though t  t h a t  DMSO nlay  have  reacted chemical ly  
wi th  L-dopa to produce a dopa analogue capable of 
par t ia l ly  crossing the  B B B "  was also excluded since 
a) DMSO is a re la t ive ly  iner t  chemical  compound,  
b) increase in tubero- infundibular  f luorescence was noted 
following DMSO:L-dopa ,  c) dopa analogues do no t  
normal ly  fluoresce in tissue using this technique,  d) neo- 
s tr i tal  fluorescence was also increased following DMSO:  
L-dopa. 

I t  would appear  from the  above  findings, therefore,  
t h a t  DMSO is able to t ranspor t  L-dopa across the  blood 
brain barr ier  to some extent .  This  carrier  ac t iv i ty  is 
p robab ly  rapid, since any reasonable a m o u n t  of L-dopa 
in the  brain capillaries is quickly  conver ted  by dopa 
decarboxylase  to dopamine,  a substance t h a t  does not  
cross the  blood brain barrier. 

The findings m a y  offer an a l te rna t ive  possibi l i ty for 
increasing dopamine  levels in neostr i ta l  s t ructures  as 
opposed to massive doses of L-dopa alone or decarboxylase  
inhibi t ion followed by L-dopa 9. This  increase in brain 
dopamine  is of par t icu lar  interest  in the  t r e a t m e n t  of 
Parkinson 's  disease. 

Rdsumd. Le passage de la dopa g t ravers  la barri~re 
h6mato-enc6phal ique semble 8tre Iacilit6 par  le d im6thyl  
su lphoxyde  (DMSO) tandis  q u ' a u x  m~mes condit ions le 
5 -HTP  franchi t  ce t te  barri~re seulement  darts une r6gion 
trgs l imit6e de l ' hypotha lamus ,  chez les rats. 
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P l a s m a  K i n i n o g e n  in E x t r a c o r p o r a l  C ircu la t ion  and the  Inf luence  of a P r o t e a s e  Inhib i tor  f r o m  
B o v i n e  Lung  

I t  is well known that ,  in ex t racorpora l  c irculat ion wi th  
hear t - lung machine,  blood c lot t ing sys tem and fibrinolysis 
are act ivated.  The relat ionship of blood clot t ing sys tem 
and fibrinolysis to the  kininogen kinin system (EISEN 1) 
suggests also all ac t iva t ion  of the  kinin forming sys tem 
in ext racorpora l  circulation. This  paper  is concerned wi th  
the  changes of p lasma kininogen level in ex t racorpora l  
circulat ion and the  influence of the  kal l ikrein- trypsin-  
inhibi tor  Contrykal  | 

Material and methods. The studies have  been carried 
out  in 14 pat ients  (5-44 years old). In  these pat ients  
open hear t  surgery wi th  hear t - lung machine  was per- 
formed (12 a t r ia l  septal  defects, 2 stenosis of the  pu lmonal  
valvula) .  The  average perfusion t ime  was 65 min  in the  
range of 35-105 min. We used a hear t - lung  machine  
developed by STRUSS and SCHOBER 2. The blood was 
carried wi th  a p u m p  of the  DE BAKEY-Type wi th  a 
max ima l  perfusion vo lume  of 6000 ml per  min. The oxy-  
genizat ion was performed wi th  a d isc-oxygenator  of 
Kay-Cross. The  perfusion was carried out  in hypo-  
the rmia  (30-32~ wi th  the  aid of a hea t -exchanger  of 
GONDEL ~. The hear t - lung machine  was filled wi th  hepar-  

inized fresh blood (2500 I U  Hepar in -Rich te r  | Budapes t  
per  500 mI blood), low molecular  dext ran  prepara t ion  
(Infukoll  M 40 | V E B  Serumwerk  Bernburg) and a 
glucose solution of 5%. Per  l i tre haemodi lu t ion  (25 mt 
per kg) 5000 I U  Hepar in  were added. 500 I U  Hepar in  
per kg were given to the pat ient .  The action of Hepar in  
was inhibi ted with  p ro tamin- t i t r a t ion  after  perfusion 
was finished. The  blood conduct ing par ts  of the  hear t -  
lung machine  used by  us were not  siliconized. 

For  the  de te rmina t ion  of p lasma kininogen the  blood 
was t aken  f rom pat ients  f rom the  cubi ta l  ve in  wi th  a 
siliconized and heparinized syringe, f rom the  extra-  
corporal  circuit  into a siliconized tube. The  t ime  course 
of drawing the  samples was as follows: 1 day before 
opera t ion  (taken f rom patients),  5 min  of perfusion, 
30 rain of perfusion, 60 min  of perfusion, 2 h after  per- 
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a W. GONDEL, Medizintechnik 3, 208 (1963). 
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Plasma kininogen during and after extracorporal 
circulation. Abscissa: time. Ordinate: Kininogen 
in bradykinin-equivalents [zg/ml. White columns: 
without protease inhibitor. Black columns: with 
protease inhibitor. Vertical bars are standard error 
of mean. 


