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(aH/85S = 1.92) and 1.96 /~g (5 nmMol) 7a -ZH-DHEA 
~S-su lpha te -Na  wi th  528,000 d p m  ZH and 271,000 d p m  z~S 
(ZH/a~S = 1.95) were incubated  in dupl ica te  wi th  pla- 
cental  microsomes ~, equ iva len t  to 250 mg  of wet  tissue, 
in 0 .1M phospha te  buffer  of p H  7.2 and in the  presence 
of 1.5 mg  N A D P H , ,  22.6% and 17.2% of ZH-act iv i ty  
were found in the  f ract ion of free and con juga ted  phenolic  
steroids. Fol lowing the  ion exchange  c h r o m a t o g r a p h y  oI 
s teroid conjugates  on D E A E - S e p h a d e x  A-50 s and th in  
layer  c h r o m a t o g r a p h y  of the  s teroid sulphates  on silica 
gel G in ch lo ro fo rm-me thano l - ammonia  (20:5 : 0.2 v/v) ,  
on DEAE-ce l lu lose  in i sopropanol-water- formic  acid 
(65:33:2  v /v) ,  and paper  c h r o m a t o g r a p h y  in isopropyl  
e the r - l ig ro in - t -bu tano l -ammonia -wa te r  (5: 2 : 3:1 : 9 v /v )  r, 
the  rad ioac t ive  compound  wi th  the  mobi l i ty  of au then t i c  
es t rone sulphate  (Rf = 0.17; RI  = 0.12; R T  = 1.05) rep- 
resented 15.9% ZH of incuba ted  andros tenedione  su lphate  
and 10.4% aH of incubated  D H E A  sulphate .  The  cor- 
responding ZH/z~S rat io  of the  isolated fract ions a m o u n t e d  
to 2.03, 2.14 and 1.98 or  2.10, 2.04 and 2.01 respect ively .  
Af te r  c leavage of estrone su lphate  by  solvolysis in e thy l  
ace ta te / su lphur ic  acid the  l iberated estrone was isolated 
and charac ter ized  by  reverse isotope di lu t ion and purif i -  
ca t ion  to cons tan t  specific ac t iv i ty .  

F r o m  these findings it  becomes ev iden t  indeed t h a t  the  
3, 5-dienol sulphate  of andros tenedione  'can be conver ted  
b iosynthe t ica l ly  into es t rone sulphate.  The  yields of this 
b io t r ans fo rmat ion  appa ren t ly  exceeded those  obta ined  by  
incuba t ion  of D H E A  sulphate  s'o, thus  favour ing  the  con- 
cept  t h a t  the  biosynthesis  of estrogens f rom D H E A  sul- 
pha te  m a y  proceed v ia  andros tenedione  sulphate.  

Zusammen/assung. Bet Bebr i i tung  yon  synthetische# 
7x-aH-Androst-4-en-3,  17-dion-S~S-sulfat mi t  MikroS°~e$ 
aus menschl icher  P lacen ta  in Gegenwar t  yon  NADYrJi 
wurden  15.9% des Subs t ra t s  in doppelt_markierteS 
0s t ron- su l fa t  mi t  unvef i inde r t em ~H/8~S-Verhiiltnis tl#: 
gewandel t .  Da  die Ausbeute  vergleichsweise hSher lag ~= 
bet Verwendung  yon 7~-SH-Dehydroepiandroste  ron's~5" 
sulfat ,  wird angenommen,  dass die Biosynthese  v #  
0s t ron- su l fa t  aus Dehydroep iandros te ron-su l fa t  fiber e ll~ 
d e m  Andros t -4-en-dion en tsprechendes  3, 5-Dienot-sull~ 
verl~tuft. 
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Studies  on the Regional  B io sy nt he s i s  and Metab-  
o l i s m  of Catecho la mine s  in the Central  N e r v o u s  

S y s t e m  of the M o n k e y  

Recen t ly  it  was shown tha t  norep inephr ine -H a in- 
jec ted  into the la teral  ventr ic le  of the ra t  can accumula te  
in the  brain, and t h a t  exogenous norepincphr ine  intro-  
duced in this  way  mixes wi th  the  endogenous s toresL In  
the  present  s tudy  the  biosynthesis  and me tabo l i sm of 
ca techolamines  was inves t iga ted  in specific regions of the 
central  nervous sys tem (CNS) of the  monkey  following 
in t raven t r i cu la r  in ject ion of tyrosine-C 14 and of dopamine-  
H ~. Also, the  tyrosine hydroxylase  ac t iv i ty  was deter-  
mined  in the  specific regions of the  CNS. 

In  all exper iments  green monkeys  (Cercopithecus 
sabaeus) weighing 2.0-3.5 kg were used. The  animals  were 
in jec ted  with  d o p a m i n e - l - H  8 (50 pc, 5 /~g) or wi th  
tyrosine-C ~4 (25 #c, 11 /~g) into both  la tera l  ventr ic les  of 
the  bra in  by  a s te reotaxie  technique.  I n  exper iments  
wi th  dopamine -H  3 the  animals  were pre t rea ted  wi th  
pheniprazine  (10 mg/kg  i.p.) 4 h before the  in t raven t r i cu-  
lar  in jec t ion  of the  labeled amine.  2 h af ter  admin is t ra t ion  
of the  labeled compounds  the  animals  were killed and the  
brains  were removed,  The  labeled amines  and the i r  
metabol i tes  were isolated and de te rmined  by  previous ly  
described procedures  ~. The  catecholamines  were absorbed 
on a lumina  and de te rmined  f luor imetr iea l ly  a,~. Tyrosine  
hydroxylase  ac t i v i t y  was de te rmined  by  the  procedure  
Of NAGATSU et  al.5. 

Studies with tyrosine-C 14. Fol lowing in t r aven t r i cu la r  
inject ion of tyrosine-C *i the catechols  represented only a 

Table I. The in vivo and in vitro formation of catecholamines fro- 
tyrosine-C l* in different regions of the CNS 

Catecholamines formed 
cpmlg tissue" 

in vivo in vitro 
experinlents experiii~erds 

Caudate nucleus 8500 -_k 600 25,000 ~ 1500 a~ 2000 
Putamen 400 ~ 50 32,000 ~ 600 
Hypothalamus 4000 :h 500 4800 
Brainstem 1500 i 150 N.E. 
Cerebellum 1050 :h 100 N.E. 
Spinal cord 1000 2t2 100 N.E. 

/ 

Each value is the mean from 3 experiments ~ S.E.M. b The tissae 
homogenates were incubated with tyrosine-C 14 for 30 min at 37~" 
N.E. = not estimated. 
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DA DA-H s 3-M1)A-H s NE-H a 3-MNE-H a 
/~g/g m#c/g m#c/g mflc/g mlxe/g 

CaUdate nucleus PUtaraen 4.80 :t: 0.5 900 4- 100 700 ~ 100 120 ~: 20 15 :I= 3 ~ 
5.20 :L 0.6 I00 4- 10 25 4- 5 N.D. N.D. 

ttYP°thalamus N.E. 400 ± 50 250 4- 50 500 + 75 50 4- 5 
Braiastem N.E. 200 :J: 30 150 :t: 20 300 :t: 30 50 4- 5 

Each value is the mean of 3 experiments 4- S,E.M. DA = dopamine; IHDA = methoxydopamine; NE = norepinephrine; MNE = methoxy- 
n°repmephrme; N.E. ~ not estimated; N.D. = not detectable <: 5 mt~c/g. 

Small ro • • . . . .  ,t;,~, P p o r t i o n  of t he  t o t a l  r a d i o a c t ~ w t y  p r e s e n t  m 
~'~"erent regions  of t h e  CNS T h e  m a j o r  r a d i o a c t i v i t y  of 
~ae Cateehols in  all  ana l  zed regions  of t h e  CN S was  Y 
associated w i t h  dopamine .  I t  is e v i d e n t  f r o m  t he  r e su l t s  
Presented in T a b l e  I t h a t  the  a m o u n t s  of r a d i o a c t i v e  
Catechols fo rmed  in t h e  c a u d a t e  nuc leus  were  m u c h  ~ reater t h a n  t he  a m o u n t s  f o r m e d  in o t h e r  a n a l y z e d  re- 
,uns of t - ' T~-. he CNS. I t  c an  also be  seen f rom t h e  d a t a  m 
-ole I t h a t  t he  t y ros ine  h y d r o x y l a s e  a c t i v i t y  is t he  

highest in t he  c a u d a t e  nuc leus  a n d  p u t a m e n .  W i t h  the  
~lc :pt ion of t he  p u t a m e n ,  t h e r e  is a close co r r e l a t i on  in 
d- nalyzed regions  of  t h e  CNS b e t w e e n  t y ro s ine  hy-  

mXylase a c t i v i t y  in v i t r o  a n d  t h e  in v ivo  f o r m a t i o n  of 
t~Chols f rom ty ros ine -C ~4. T h e  h i g h  a c t i v i t y  of t y ro s ine  

b~ roxytase in  t h e  c a u d a t e  nuc leus  a n d  p u t a m e n  m i g h t  
re~resp°nsible for  t he  h i g h  levels  of d o p a m i n e  in t he se  
io}l°ns of t h e  CNS a n d  for t he  h i g h  r a t e  of d o p a m i n e  

rma t ion6  

StUdies with dopamine-H 3. T he  d i s t r i b u t i o n  of dop-  
~ i n e - H a  in d i f f e ren t  regions  of t he  CNS does no t  en- 
r e l y  Correspond w i t h  t he  d i s t r i b u t i o n  of endo  enous  uo • - g 
t~J~ pamme (Table  IB .  2 h a f t e r  t he  i n t r a v e n t r i c u l a r  injec-  
,ull of . " . . . . . .  • L d o p a m l n e - H  8 t h e  specif ic  a c t i v i t y  of  d o o a m m e  in 

~lm eauda te  nuc leus  is muc'h h i g h e r  t h a n i n  t h e p u t a m e n .  
a. 'rose f ind ings  sugges t  t h a t  i n t r a v e n t r i c u t a r  i n j ec t ed  
u_O 1.-, a , 

e mme-H~ does  no t  p e n e t r a t e  to  t h e  p u t a m e n  to  t h e  
Same e x t e n t  as to  t he  c a u d a t e  nucleus ,  a n d  i t  is conceiv-  
able t h a t  t he  h i g h l y  m y e l i n a t e d  i n t e r n a l  capsule  repre-  
S.ents a ba r r i e r  for  t he  p e n e t r a t i o n  of t he  labe led  a m i n e s  
~nto the  p u t a m e n .  T h e  f ind ing  t h a t  n o r e p i n e p h r i n e  is 
urmed f rom d o p a m i n e  in t he  c a u d a t e  nuc leus  d e m o n -  

Strates t h a t  t he  c a u d a t e  nuc leus  is c apab l e  of s yn t he s i z i ng  
~i~°~epinephrine. I t  was p rev ious ly  r e p o r t e d  t h a t  t he  ac- 
'vtt o • - • • " hi_,Y f t he  e n z y m e  d o p a m m e - f l - h y d r o x y l a s e  m v i t ro  is 

.gin i -  tins" u t he  c a u d a t e  nucleus~;  however ,  t h e  p r e s e n t  
~ mgs show t h a t  t h e  a c t i v i t y  in  v ivo  is r a t h e r  low. 

t ~ n the  h y p o t h a l a m u s  a n d  b r a i n  s t e m  t h e  m a j o r  p a r t  of 
~te radio . . . . .  e~ i a c h v l t y  was assoc ia ted  w i t h  d o p a m m e  a n d  nor-  

~ a ephrine.  I t  shou ld  also be  n o t e d  t h a t  large  a m o u n t s  
ale.S. 'methoxydopamine,  b u t  on ly  smal l  a m o u n t s  of 3- 
th t l~°Xynorepinephrine,  were de t ec t ed  in these  regions  of 
ae~ CNS. Th i s  suggests  t h a t  n o r e p i n e p h r i n e  fo rmed  in t r a -  
h lur°nal ly  f rom d o p a m i n e  is p r o t e c t e d  f rom i n a c t i v a t i o n  
is C a t e e h o l  m e t h y l  t rans fe rase .  Of cons iderab le  i n t e r e s t  
h.. ~lso the  f ind ing  t h a t  d o p a m i n e - H  8 a c c u m u l a t e s  in  t he  

YPOthalam I t  is c o n c m v a b l e  t h a t  do a . us a n d  b r a i n s t e m .  " ' 
n P mine  a c c u m u l a t e s  in  these  regions  in s epa ra t e  

~urons a n d  the re fo re  d o p a m i n e - H  3 is no t  c o n v e r t e d  to  
~ P ! n e p h r i n e - H a  b u t  i t  is also poss ib le  t h a t  t he  accu-  

~atmn of a slow c o n v e r s m n  of do_ a d o p a m i n e  is due  to  "" 
P mine to no rep ineph r i ne .  ,- . 
Iu c o n h r m  e o r t ed  n n d m  s i~ ' a t i on  w i t h  t h e  p rev ious ly  r p ~ g 

~ Was also s h o w n  t h a t  in  t l ~  c a u d a t e  nuc leus  a n d  b r a i n -  
etzl . . . .  

a ve ry  smal l  p e r c e n t a g e  of t he  r a d m a c h w t y  ~s 

assoc ia ted  w i th  ep inephr ine .  I n  al l  t h e  a n a l y z e d  regions  
of t h e  CNS some of t he  r a d i o a c t i v i t y  was a s soc ia t ed  w i t h  
t h e  f r ac t i on  w h i c h  c o n t a i n e d  acidic a n d  n e u t r a l  m e t a b o l -  
i tes  of dopamine .  F r o m  th i s  f r a c t i o n  a n  . un iden t i f i ed  
m e t a b o l i t e  was i so la ted  w h i c h  ha s  t he  c h r o m a t o g r a p h i c  
cha rac t e r i s t i c s  of an  amide  of a h i g h e r  f a t t y  acid. 

R e c e n t l y  t h e  m e t a b o l i s m  of n o r e p i n e p h r i n e - H  a a n d  
d o p a m i n e - H  ~ was i n v e s t i g a t e d  in the  b r a i n  of r a t s  follow- 
ing  i n t r a v e n t r i c u l a r  i n j ec t ion  of t he  labe led  amines  9,1°. 
However ,  t he se  s tud ies  d id  n o t  r evea l  the  d i s t r i b u t i o n  a n d  
m e t a b o l i s m  of t he  labe led  a m i n e s  in  specif ic  a reas  of t he  
basa l  gangl ia .  

T h e  p r e s e n t  s t u d y  shows  t h a t  a f t e r  i n t r a v e n t r i c u t a r  
a d m i n i s t r a t i o n  t h e  l abe led  c a t e c h o l a m i n e s  a re  t a k e n  u p  
and  are  r e t a i n e d  in some b u t  n o t  in al l  a reas  of t h e  b a s a l  
gang l i a  w h i c h  c o n t a i n  h i g h  c o n c e n t r a t i o n s  of endogenous  
ca t echo lamines .  Thus ,  t he  s t u d y  of t he  b i o s y n t h e s i s  a n d  
m e t a b o l i s m  of c a t e c h o l a m i n e s  in  t he  CNS b y  th i s  proce-  
dure  ha s  i ts  l im i t a t i ons  n.  

Zusammen/assung. Nach  i n t r a v e n t r i k u l g r e r  Verabre i -  
c h u n g  v o n  Tyros in -C  14 oder  D o p a m i n - H  a w u r d e n  die Bio- 
s y n t h e s e  u n d  d e r  S tof fwechse l  des  K a t e c h o l a m i n s  in 
v e r s c h i e d e n e n  Reg ionen  des  Z N S  bei A l i e n  (Cercopithecus 
sabaeus) u n t e r s u c h t .  Die  gr6ss ten  K a t e c h o l a m i n m e n g e n  
w u r d e n  aus  Tyros in -C  1. i m  Nuc leus  c a u d a t u s  gebi lde t .  
E b e n s o  is t  dor t ,  wie im P u t a m e n ,  die T y r o s i n - H y d r o x y -  
l a s e - A k t i v i t g t  a m  gr6ss ten.  Die  B i l d u n g  des  N o r a d r e n a -  
l ins aus  D o p a m i n  k o n n t e  im H y p o t h a l a m u s ,  H i r n s t a m m ,  
sowie im Nucleus  c a u d a t u s  nachgewiesen  werden.  Die 
V e r t e i l u n g  des  r a d i o a k t i v e n  D o p a m i n s  e n t s p r i c h t  n i c h t  
in  a l len H i r n r e g i o n e n  der  V e r t e i l u n g  des e n d o g e n e n  
D o p a m i n s .  
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