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The abili ty of in t ravenously  injected ca techo lamines  to pene t ra te  through the b lood-bra in  
b a r r i e r  was studied in expe r imen t s  on albino ra t s  and rabbi t s .  It was shown by the method 
of Eu le r  and Lishaiko that  a f te r  in t ravenous  injection of noradrena l in  its concentra t ion in 
the hypothalamus r i s e s .  After  inject ion of t r i t i um- labe l ed  adrenal in  and DL-3 ,4 -d ihydroxy-  
phenylalanine (DOPA), rad ioac t iv i ty  was found in both pa r t s  of the b ra in  tes ted ,  although in 
a much s m a l l e r  concent ra t ion  in the c e r e b r a l  cor tex.  The r e su l t s  of autoradiographic  s tud-  
ies  showed that  the isotope (adrenal in-H 3, DOPA-H 3) p e n e t r a t e s  both into the cy toplasm and 
into the nucleus of the neurons ,  and that mos t  of it is found along the outer  and inner bo rde r s  
of the nuc lea r  m e m b r a n e .  

Pene t ra t ion  of ca techo lamines  through the b lood-bra in  b a r r i e r  (BBB) has not yet been finally sett led. 
Many worke r s  deny that ca techo lamines  can pene t ra t e  f r o m  the blood into the b ra in  and they explain this by 
the high po la r i ty  of ca techolamine  molecu les  and the i r  low solubil i ty in lipids [5, 6]. However ,  r e su l t s  have 
recen t ly  been  obtained to show that a f ter  in t ravenous inject ion of ca techolamines  it is poss ib le  for  cent ra l  
effects  to a r i s e  [4, 7, 8], s i m i l a r  to those obse rved  when the noradrena l in  p r e c u r s o r  DL-3 ,4-d ihydroxyphen-  
ylalanine (DOPA) is used [1]. In pa r t i cu l a r ,  Zakusov [3] has shown that noradrena l in  and adrenal in ,  if in- 
jected in t ravenous ly  in smal l  doses ,  cause  changes in the summat ion  of impulses  in the cen t ra l  nervous  
s y s t e m  s i m i l a r  to the phenomenon obse rved  a f t e r  the i r  injection into the c e r e b r a l  ven t r ic les  or  a f t e r  i n t r a -  
venous inject ion of DL-3 ,4-DOPA.  Direc t  neurochemica l  expe r imen t s  also have yielded r e su l t s  indicating 
the se lec t ive  pe rmeab i l i t y  of the BBB to ca techolamines  in the region of the hypothalamus [10]. 

It can be concluded f r o m  these  facts  that the obse rved  effect  is connected with the cen t ra l  action of 
the ca techolamines .  It was t h e r e f o r e  in te res t ing  to de te rmine  to what extent ca techolamines ,  if injected 
in t ravenous ly ,  pass  through the BBB. 

E X P E R I M E N T A L  M E T H O D  

The w r i t e r s '  modif icat ion [2] of Euler  and L i sha iko ' s  spec t ro f luo rome t r i c  method of de te rmina t ion  
of no radrena l in  was used in conjunction with rad ioac t ive  indicator  methods to invest igate  this problem.  Ex-  
p e r i m e n t s  were  c a r r i e d  out on ma le  rabbi t s  weighing 2.5-3 kg and male  albino ra t s  weighing 160-180 g. 
F l u o r e s c e n c e  was r e c o r d e d  with a f l u o r o m e t e r  (Opton). The degree  of pene t ra t ion  of labeled ca techo lam-  
ines into the b ra in  was de te rmined  by means  of a scint i l la t ion counter  (Nuclear Chicago) and by his toauto-  
rad iography.  Adrenal in-H 3 (specific act ivi ty  8.8 Ci/g)  and DL-3 ,4 -DOPA-7 ,8 -H 3 (specific act ivi ty 490 
mCi /g )  were  used in the expe r imen t s .  In all  s e r i e s  of expe r imen t s  the ca techolamines  were  injected in t r a -  
venously in doses  {1-10 # g / k g )  caus ing changes in the summat ion  act ivi ty of the cen t ra l  nervous  sys tem.  
The an imals  were  decapi ta ted 2 rain a f t e r  inject ion of the ca techolamines  and the b ra in  was removed .  The 
c e r e b r a l  co r t ex  and hypothalamus were  taken  for  invest igation.  P ieces  of b ra in  t i s sue  were  t r ea t ed  by 
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Fig .  1. A u t o r a d i o g r a p h s  of b r a i n  s e c t i o n s  of i n t ac t  r a t s .  H y p o -  
t h a l a m i c  r e g i o n .  I n t r a v e n o u s  i n j e c t i o n  of a d r e n a l i n - H  3 (a) and 
D L - 3 , 4 - D O P A - H  3 (b). H e m a t o x y l i n ,  900• 

T A B L E  1. P e n e t r a t i n g  of L a b e l e d  C a t e c h o l a m i n e s  in to  Some P a r t s  
of  the  B r a i n  

Animal Substance 
Dose 

(in ug/kg) 
Activity 

Number of impulses per 
milligram brain tissue 

cortex hypothalamus 

Rabbits 

Rats 

Adrenalin - 
H a 

The same 

DOPA- H a 

1,2 

1,2 

6,0 

330,0 

l0 

10 

50 

165 

144 
(115--173) 

126 
(119--133) 

1 408 
(1 252--1 664) 

235 
(201--269) 

275 
(215--235) 

293 
(226--350) 

1 996 
(1 850--2 142), 

433 
(381--585) 

P e t r o f f ' s  m e t h o d  [9]. R a d i o a c t i v i t y  was  coun ted  as  H 3 T r a y s  and e x p r e s s e d  as  the  n u m b e r  of p u l s e s  p e r  
m i l l i g r a m  t i s s u e .  

F o r  the  h i s t o a u t o r a d i o g r a p h i c  i n v e s t i g a t i o n s  the  a n i m a l s '  b r a i n  was d iv ide d  by 2 f r o n t a l  i n c i s i o n s  at  
the  l e v e l  of the  op t ic  c h i a s m a  and s u p e r i o r  c o l l i c u l i .  The  p i e c e  of t i s s u e  e x c i s e d  was  p l a c e d  fo r  f ixa t ion  in 
C a r n o y ' s  so lu t i on ,  and e m b e d d e d  in p a r a f f i n  wax,  and cut  into s e c t i o n s  5 -7  # in  t h i c k n e s s .  The  s e c t i o n s  
w e r e  then  d e w a x e d ,  coa t ed  with  type  M e m u l s i o n ,  and e x p o s e d  fo r  40 d a y s .  The  a u t o r a d i o g r a p h s  w e r e  then  
s t a i n e d  with  h e m a t o x y l i n  and f ixed .  Dur ing  the a n a l y s i s  the  n u m b e r  of  g r a i n s  of r e d u c e d  s i l v e r  above  the  
c o r r e s p o n d i n g  a r e a  of b r a i n  t i s s u e  in f ive  f i e ld s  of v i s i o n  (MBI-3 m i c r o s c o p e  with  l x  1.5 b i n o c u l a r  a t t a c h -  
m e n t ,  o c u l a r  10, o b j e c t i v e  90, o i l  i m m e r s i o n )  was  coun ted  in  e a c h  a u t o r a d i o g r a p h  and the  m e a n  c a l c u l a t e d .  
A u t o r a d i o g r a p h s  of i d e n t i c a l  a r e a s  of the  b r a i n  f r o m  5 r a t s  w e r e  coun ted  in  th i s  way. The b a c k g r o u n d  l e v e l  
was  c a l c u l a t e d  f r o m  t h e s e  r e s u l t s .  If the  quan t i ty  of l a b e l  in  a c o r r e s p o n d i n g  a r e a  of the  s e c t i o n  was  m o r e  
t han  tw ice  the  b a c k g r o u n d  va lue  i t  was c o n s i d e r e d  tha t  r a d i o a c t i v e  i n d i c a t o r  ( a d r e n a l i n - H  3, D O P A - H  3) was  
p r e s e n t  in  tha t  a r e a .  

E X P E R I M E N T A L  R E S U L T S  

In the  e x p e r i m e n t s  of s e r i e s  I changes  in the  n o r a d r e n a l i n  l e v e l  in  the  c o r t e x  and b r a i n  s t e m  w e r e  
s t u d i e d  a f t e r  i t s  i n t r a v e n o u s  i n j ec t i on .  The  n o r a d r e n a l i n  c o n c e n t r a t i o n  in  the  h y p o t h a l a m i c  r e g i o n  was  found 
to be i n c r e a s e d ,  whi le  in the  c e r e b r a l  c o r t e x  i t  r e m a i n e d  unchanged .  F o r  i n s t a n c e ,  the  n o r a d r e n a l i n  c o n -  
c e n t r a t i o n  in the  h y p o t h a l a m u s  of the  c o n t r o l  a n i m a l s  was  59.1 (54.2-63.8)  # g / k g ,  whi le  a f t e r  i n t r a v e n o u s  
i n j e c t i o n  of n o r a d r e n a l i n  i t s  c o n c e n t r a t i o n  r o s e  to 89.2 (84.5-102.6)  # g / k g .  

548 



To rule out any effects  of endogenous r e l ea se  of ca techolamines  in the bra in  t i s sue  on the r e s u l t s , e x -  
p e r i m e n t s  were  c a r r i e d  out using labeled ca techolamines  (adrenal in-H 3, DOPA-H3). These  exper imen t s  
showed that in t ravenous ly  injected adrena l in -H 3 and DOPA-H 3 are  found in both pa r t s  of the bra in  which 
were  studied, although to a much l e s s e r  degree  in the cor tex  (Table 1). 

The r e su l t s  of the h i s toau torad iographic  invest igat ions of brain  sect ions  of ra t s  rece iv ing  adrena l in-  
H 3 r e f l ec ted  the se lec t ive  local iza t ion of the isotope in hypothalamic neurons.  In the animals  rece iv ing  
DOPA-H 3 rad ioac t iv i ty  was also found in the c e r e b r a l  cor tex.  In all s e r i e s  of exper imen t s  t r i t i um label 
was found both in the cy top lasm and in the nuclei  of the nurons ,  and was concent ra ted  mainly  along the outer  
and inner b o r d e r s  of the nuclear  m e m b r a n e  (Fig. 15. 

The r e su l t s  of this s e r i e s  of expe r imen t s  indicate that the BBB is p e r m e a b l e  to ca techolamines  not 
only in the hypothalamus ,  but also in the region of the c e r e b r a l  cor tex .  The wel l -def ined local izat ion in the 
hypothalamic  neurons  will be noted. It can accordingly be concluded f r o m  these r e su l t s  that changes in the 
summat ion  power  of the cen t ra l  nervous  s y s t e m  following injection of the ca techolamines  are  the resu l t  of 
the i r  cen t ra l  action. 
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