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Secretion of L-DOPA Through the Choroid Plexus 

P e n e t r a t i o n  of L-DOPA (L-3, 4 - d i h y d r o x y p h e n y l a l a n i n e )  
f rom the  b lood in to  t h e  cen t ra l  ne rvous  s y s t e m  (CNS) is 
p r e v e n t e d  b y  a special  b lood -b ra in  barr ier ,  localized in 
the  wall  of ce rebra l  capi l lar ies  1-a. I t  was r epo r t ed  t h a t  the  
endo the l i a l  cells and  per icy tes  of t he  cerebral  capi l lar ies  
c o n s t i t u t e  an  e n z y m a t i c  t r a p p i n g  m e c h a n i s m  for t h e  
p recursors  of t he  monoamines~-a .  The  sequence  of even t s  
conce rn ing  p e n e t r a t i o n  and  t r a n s p o r t a t i o n  of L-DOPA 
in to  a n d  wi th in  t he  CNS was discussed recent ly4,  K The  
p r e sen t  e x p e r i m e n t s  fu rn i sh  f u r t h e r  i n f o r m a t i o n  on  th i s  
p rob lem,  w i t h  special  r e spec t  to  t he  role of t h e  choro id  
p lexus  in these  processes.  

Mc~teriMs a~zd methods. 25 a lb ino  ra t s  of b o t h  sexes, 
weighing  200-250 g, were used. 2 h before t he  e x p e r i m e n t  
t he  an ima l s  were p r e t r e a t e d  w i t h  l he  m o n o a m i n e  oxidase  
i n h i b i t o r  n i a l a m i d e  (250 m g / k g  b o d y  we igh t  i.p.) a n d  
t h e n  in jec ted  w i t h  75 m g / k g  L-DOPA b y  i.v. route .  3, 5, 
10 and  20 ra in  a f te r  t he  L-DOPA a d m i n i s t r a t i o n ,  t h e  
an ima l s  were ki l led b y  decap i t a t ion .  15 ra t s  were pre-  
t r e a t e d  w i t h  n i a l amide  (250 m g / k g  b o d y  we igh t  i.p.) an d  
in jec ted  w i t h  t he  D O P A  deca rboxy lase  inhibikor  Ro 
4-4602 (50 m g / k g  body  weigh t  i.p.) 2 h later ,  followed b y  
the  in jec t ion  of L-DOPA in a s imi la r  dose and  app l i ca t ion  
as in  t he  o the r  group of an imals .  The  b ra in  was r ap id ly  
r e m o v e d  and  dissected,  q u e n c h e d  in i sopen fane  precooled 
b y  l iquid  a i r  a n d  freeze-dr ied in a Pea r se  Speed ivac  
Tissue Dryer .  For  t he  h i s tochemica l  d e m o n s t r a t i o n  of t h e  
ca techo lamines ,  t he  m e t h o d  of FALCK and  HILLARP 6'7 
was used. The  spec imens  were i nves t i ga t ed  u n d e r  a Zeiss 
f luorescence microscope equ ipped  w i t h  a h igh  pressure  
m e r c u r y  l a m p  (HBO 200). B G  12 p r i m a r y  f i l ter  and  GG 11 
a n d  OG 1 ocular  f i l ters  were used. 

Results  a~d discussioe4. In  all of t he  t i m e  in t e rva l s  
m e n t i o n e d  above,  t he  e n d o t h e l i u m  and  t he  pe r icy tes  of 
the  cerebra l  capi l lar ies  e x h i b i t e d  a m a r k e d  greenish-  
yel low fluorescence,  r epo r t ed  b y  ear l ier  i nves t iga to r s  ~, 2, s 
to  deve lop  on ly  20 to 60 m i n  a f t e r  L-DOPA a d m i n i s t r a -  
t ion.  On t h e  o the r  h a n d ,  cha rac t e r i s t i c  changes  were 
obse rved  in t h e  f luorescence r e a c t % n  of the choroid 
plexus.  3 ra in  a f t e r  t he  i.v. app l i ca t i on  of L-DOPA t h e  

whole  choro id  p lexus  of t h e  3rd ven t r i c l e  exh ib i t ed  a 
m a r k e d  specific f luorescence,  p r o b a b l y  due  to the  presence  
of L-DOPA. On t h e  v e n t r i c u l a r  surface of t h e  ep i the l ia l  
cells of t h e  choro id  pIexus, f luorescen t  g ranules  measu r ing  
2-5 ~zm could be observed  in h igh  amoun t s .  U n d e r  h i g h  
power  i t  could c lear ly  be seen t h a t  some of the  granules  
e x h i b i t i n g  specific f luorescence were st i l l  in a close 
connec t ion  w i t h  the  cy top l a sms  of the  ep i the l ia l  ceils 
of the  choro id  plexus,  whereas  o t h e r  g ranules  appea red  to  
be  loca ted  freely w i t h i n  the  l iquor  space. 5 to  10 ra in  
a f t e r  t h e  L-DOPA injec t ion ,  t h e  n u m b e r  of these  g ranu les  
was  s t rong ly  r educed ;  a f t e r  20 min,  g ranules  were 
p rac t i ca l ly  absen t .  L-DOPA is d e c a r b o x y l a t e d  to d o p a m i n e  
in m o s t  areas  of t h e  b r a i n  b y  v i r t u e  of the  D O P A  de- 
ca rboxy lase  located  in t h e  cap i l l a ry  wal l  l-a. In  t he  
choro id  plexus,  however ,  capi l lar ies  a p p a r e n t l y  fail to  
co n t a i n  D O P A  deca rboxy lase  l-a. I t  could  be a rgued  t h a t ,  
in th i s  case, D O P A  deca rboxy lase  a c t i v i t y  is loca ted  
w i t h i n  choro id  ep i the l ia l  cells. W e  found,  however ,  t h a t  
i n h i b i t i o n  of t h e  D O P A  deca rboxy lase  does n o t  induce  
a n y  changes  in t h e  f luorescence microscopic  p a t t e r n  
descr ibed  a b o v e ;  therefore ,  on  the  basis  of these  results ,  
t he  poss ib i l i ty  of a n  ac t ive  t r anspo re  of L-DOPA in to  t he  
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Fluorescence microphotographs of 
rat choroid plexuses. A) 2 h after 
nialamidetreatment; B D) treated 
with nialamide (2 h befor L-DOPA 
application) and L-DOPA, 3, 10 
and 20 rain before sacrifice, resp. 
Strongly fluorescent granules (ar- 
rows) can be observed at the 
ventricular surface of the thoroid 
plexus. For further explanation 
see text. • 575; inset x 900. 
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l iquor  space v ia  t he  choro id  p lexus  - p r o b a b l y  b y  m e a n s  
of a n  apocr ine  secre t ion  - c a n n o t  be  excluded.  B iochemica l  
s tud ies  on  t he  m o n o a m i n e  c o n t e n t  of t he  ce rebrosp ina l  
f luid a f te r  L-DOPA a d m i n i s t r a t i o n  would  give a def in i te  
answer  to  t he  func t iona l  s ignif icance of t he  s t r u c t u r a l  
p h e n o m e n a  descr ibed above .  

Acknowledgment. The  a u t h o r  is i n d e b t e d  to Professor  
B. Csillik for his  va luab l e  advice  a n d  help  in t h e  course 
of these  exper imen t s .  Ro  4-4602 was k ind ly  suppl ied  b y  
Professor  J. Kiss  a t  L. H o f f m a n - L a  Roche.  

Zusammen/assung. Bet  de r  R a t t e  lassen s ich n a c h  i.v. 
V e r a b r e i c h u n g  yon  L-DOPA zahlreiche,  i n t e n s i v  fluo- 
resz ie rende  K 6 r n c h e n  a n  de r  ven t r iku l / i r en  Oberfl / iche 
des P lexus  chor io ideus  b e o b a c h t e n .  Morphologische  
Befunde  lassen e inen  a k t i v e n  T r a n s p o r t  yon  L-DOPA in 
den  L i q u o r r a u m  v e r m u t e n .  
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Cell  Pro l i f e ra t ion  in M o u s e  Kidney  by I s o p r o t e r e n o l  

Since t h e  adeny l  cyclase, s y s t e m  is a p p a r e n t l y  i nvo lved  
in r egu la t i ng  t he  r a t e  of g r o w t h  of t i le s a l i va ry  glands,  
i t  seemed of in t e res t  to  exam i ne  t he  poss ib i l i ty  t h a t  t he  
r a t e  of g r o w t h  of o the r  o rgans  m i g h t  be inf luenced  b y  th i s  
sys tem.  The re  is genera l  accep tance  t h a t  i sopro te reno l  
s t imu la t e s  b o t h  hype rp l a s i a  and  h y p e r t r o p h y  in sa l iva ry  
g lands  1,2 w i t h  an  ear ly  secre tory  effect. I t  is a l r eady  
k n o w n  t h a t  m a n y  m a n i f e s t a t i o n s  of h y p e r t h y r o i d i s m  
are s imi lar  to  those  observed  w h e n  s y m p a t h e t i c  a c t i v i t y  
is increased,  whereas  a n  opposed  effect  is i nduced  b y  
h y p o t h y r o i d i s m  s . The  fol lowing e x p e r i m e n t  was con- 
d u c t e d  to  i nves t i ga t e  t he  effect  of i sopro te reno l  on  k i d n e y  
cell pro l i fe ra t ion ,  and  t he  possible  r e l a t ion  w i t h  t h y r o i d  
hormone .  

Material and methods. Male mice, b r ed  in the  a n i m a l  
colony of t he  F a c u l t a d  de F a r m a c i a  y Bioquimica ,  were 
used. The  an ima l s  were d iv ided  in to  3 groups :  a) con t ro l  
animals ,  b) in jec ted  w i t h  0.5 mCi  lalI i.p. 6 weeks before  
t he  e x p e r i m e n t  c) in j ec ted  w i t h  0.5 mCi  lslI a n d  a f te r  6 
weeks a d m i n i s t e r e d  w i t h  15 ~zg sod ium t r i i odo t i ron ine  
(Ts) i.p. da i ly  for 1 week. Control ,  IslI and  181I plus  T 3 
were in jec ted  w i t h  a t o t a l  dose of 6 mg  of i sopro te reno l  
a n d  ki l led 34 h later .  T h y m i d i n e - m e t h y l - H  3 was in jec ted  
i.p. 30 m i n  before killing. K idneys  were removed ,  weighed 
and  homogenized .  D N A  was p r e p a r e d  and  assayed  as 
descr ibed  p rev ious ly  4, and  a l iquo ts  were coun t ed  in a 
l iquid  sc in t i l l a t ion  spec t romete r .  

Results. I n  lslI t r e a t e d  an i m a l s  t he re  was a decrease  of 
o rgan  weight ,  t o t a l  D N A  and  i nco rpo ra t i on  of t h y m i d i n e -  
H s (Table, a). Af te r  r epea t ed  doses of i soproterenoI ,  t he re  
was a g rea t  difference be t w een  t he  specific a c t i v i t y  of 
cont ro l  rena l  and  ls~I. This  d ivergence  appea red  to  
resu l t  f rom a n  increased  sens iv i ty  of con t ro l  k i d n e y  and  a 

and the  R e l a t i o n s h i p  w i t h  the  T h y r o i d  Func t ion  

poor  response  of h y p o t h y r o i d  mice k i d n e y  to  d i f fe ren t  
doses of i soproterenol .  (Figure).  T h y r o i d  h o r m o n e  has  
been  impl i ca t ed  in the  response  of c a t echo l amine  effects. 
Fo r  th i s  reason,  t he  ab i l i ty  of t h y r o i d  h o r m o n e  to in ter -  
m e d i a t e  t he  effect  of i sop ro t e r eno l - s t imu la t ed  D N A  
syn thes i s  was s tud ied  in t he  d i f fe ren t  groups  of controls ,  
~slI or ls~I plus  T s mice. A d m i n i s t r a t i o n  of i sopro te renol  
to  con t ro l  mice  s ign i f i can t ly  increased  D N A  syn thes i s  
compared  w i t h  n o r m a l  con t ro l  (137%). Af te r  thy ro idec -  
tomy,  i sopro te renol  showed no response  on  k i d n e y  D N A  
syn thes i s  compared  w i t h  h y p o t h y r o i d  control .  W h e n  
13ai mice were in jec ted  w i t h  T~, t he  effect  of f l-catechola-  
mines  on D N A  syn thes i s  and  g r o w t h  response  was aga in  
s imi la r  to  t h e  response  of con t ro l  (141%) (Table, b). 

Discussion. The  effect  of t h y r o i d  h o r m o n e  and  tes to-  
s te rone  on  weigh t  a n d  secre tory  response  of r a t  s a l iva ry  
g lands  has  been  descr ibed  b y  OHLIN 5. The  s imi la r i ty  
observed  in t he  b e h a v i o u r  of t h y r o i d  h o r m o n e  and  cate-  
cho lamines  in  ce r t a in  physio logica l  effects, such  as 
increase  in systol ic  pressure,  i n d u c t i o n  of a d e n y l  cyclase 
synthes is ,  l ipolysis,  etc, led to t he  cons ide ra t ion  of a 
possible  i n t e r r e l a t i on  b e t w e e n  t he  t h y r o i d  func t ion  and  
t he  s y m p a t h e t i c  funct ionS,  L Af te r  t h y r o i d e c t o m y ,  rena t  
g rowth  decreased s and  c o l m n n a r  a n d  follicles ceils 
b e c a m e  deple ted  of colloid w i t h  a enlarge  of t h y r o i d  g land  
a f te r  r e m o t i o n  of 1 k i d n e y  9. These  works  conf i rm our  
evidence  t h a t  t he  absence  of t h y r o i d  h o r m o n e  affects  t he  
hype rp l a s t i c  response  of i soproterenol .  F r o m  our  results ,  
i t  m i g h t  be  said t h a t  t he  response  of f l -ca techolamines  in  
h y p o t h y r o i d  mice  k i d n e y  is decreased,  and  t he  presence  of 
t h y r o i d  h o r m o n e  (endogenous  or exogenous)  m a y  increase  
the  sens i t i v i ty  of r ecep tors  and  i n h i b i t i o n  of t h e i r  ca t ab -  
olism. P rev ious  s tud ies  h a v e  ind ica ted  a decreased ac t iva -  
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DNA specific activity in mouse kidney. Mice received 3 mg of 
isoproterenol per day. Each result is the mean of 6 animals ! S.E. 
O--O, control; �9 --- �9 hypothyroid, 
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