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p C P A  also induced  a long- las t ing  d e c r e a s e  of ca techol-  
amines .  B o t h  N E  and  D A  were reduced  to  6 0 - 7 0 %  in 
t he  fo reb ra in  as well  as N E  in the  b r a i n  s t em (50-60%).  
T h e  effect  on  N E  seemed  to  be  more  p r o n o u n c e d  in t h e  
b r a i n  s t e m  ( - - 5 0 % )  t h a n  in t he  fo rebra in  ( - - 3 4 % ) .  
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Effect of pCPA on endogenous amines in brain stem and forebrain of 
t h e  eat. The values are expressed in percent of controls and represent 
means with S.E.M. of 4 double experiments. Control values ([• 
were 0.35 -[= 0.03, 0.25 • 0.01 and 0.53 ~ 0.05 for 5HT, NA and 
DA in forebrain, 0.80 • 0.06 and 0.46 ~= 0.03 for 5HT and NA in 
brain stem, respectively. 

Discussion. The  p re sen t  resu l t s  con f i rm  prev ious  f ind-  
ings 1, 3. Thus ,  p C P A  m a r k e d l y  reduces  t he  5HT c o n t e n t  
of t h e  bra in .  I n  addi t ion ,  these  e x p e r i m e n t s  show t h a t  
t h e  t i m e  course of 5HT dep le t ion  b y  p C P A  is d i f fe ren t  in  
t he  fo rebra in  a n d  in t he  b r a i n  s tem.  This  m a y  suggest  
d i f fe ren t  effects  of t h e  d rug  on t h e  syn thes i s  of 5HT in 
regions  wh ich  m a i n l y  c o n t a i n  ne rve  cell bodies  and  shor t  
axons  (bra in  s tem)  f rom areas  c o n t a i n i n g  m a i n l y  t e rmina l s  
(forebrain) .  T h e  s l ight  t r a n s i e n t  rise of 5HT in  t he  fore- 
b r a i n  which  precedes  t he  dep le t ion  of the  amine ,  is in  
a g r e e m e n t  w i t h  p rev ious  f ind ings  in ca t  m i d b r a i n - a n d  
d i encepha lon  a f t e r  a s ingle dose of t h e  d rug  2. However ,  
i t s  m e c h a n i s m  is as ye t  unclear .  

p C P A  m a r k e d l y  decreases  t he  ce rebra l  endogenous  
ca t echo l amines  in  t he  ca t  as well  as in  t h e  rat% The  mecha-  
n i s m  of t h i s  deple t ion ,  w h i c h  seems to  be  s imi la r  for b r a i n  
s t e m  and  forebra in ,  r e m a i n s  to  be  e luc ida ted .  A d i rec t  
effect  of t he  d rug  on ty ros ine  h y d r o x y l a s e  ~ c a n n o t  be  
excluded.  However ,  t h i s  ac t ion  of p C P A  m i g h t  also be 
m e d i a t e d  b y  a n e u r o n a l  m e c h a n i s m .  

I n  conclusion,  t he se  ~indings i nd i ca t e  t h a t  u n d e r  t he  
e x p e r i m e n t a l  cond i t ions  descr ibed,  t h e  dep le t ing  ac t ion  
of p C P A  in ca t  b r a i n  is no t  se lect ive  for 5HT. Accordingly ,  
if t he  d rug  is used as a tool  for s t u d y i n g  t he  role of 5HT 
in b r a i n  func t ions ,  a c o n c o m i t a n t  effect  on  ca techol-  
a m i n e s  should  be  t a k e n  in to  account .  

Zusammen/assung. p-Ch lo rpheny la l an in ,  ein I n h i b i t o r  
der  Se ro ton inb iosyn these ,  senk te  bei  K a t z e n  den  Seroto- 
n i n g e h a l t  des Geh i rns  n i c h t  selekt iv .  Es  wurde  gleieh- 
zei t ig eine s ign i f ikan te  und  l a n g a n h a l t e n d e  E r n i e d r i g u n g  
des N o r a d r e n a l i n -  u n d  D o p a m i n g e h a l t s  gefunden,  
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Research Department, F. Ho//mann-La Roche &, Co. Ltd., 
CH-4002 Basel (Switzerland), 20. September 1977. 

Axonal Growth from the Primitive Sympathetic  

The  c y t o a r c h i t e c t u r e  of h u m a n  fe ta l  ad rena l  m edu l l a  
serves  su i t ab le  cond i t ions  for i so la t ing  t a t h e r  pu re  groups  
of p r i m i t i v e  s y m p a t h e t i c  cells. Accord ing  to COUPLAND 1, 
t he  a d r e n o m e d u l l a r y  p r i m i t i v e  s y m p a t h e t i c  e l ement s  
showed  de layed  p a t t e r n s  of d i f f e ren t i a t ion  a n d  pers i s ted  
t h r o u g h  t he  f i rs t  p o s t n a t a l  years .  The  groups  of p r i m i t i v e  
s y m p a t h e t i c  deve lop ing  AM cells fo rmed  t i g h t l y  packed  
r o u n d  to ovoid  large cell i s lands  s u r r o u n d e d  b y  a t h i n  
connec t ive  t i ssue  capsule.  E l ec t ron  mic roscopy  of these 
cell groups  revea led  t h a t  s y m p a t h e t i c  neurones  were differ- 
e n t i a t i n g  in t he  cen t r a l  reg ion  of the  c lus ters  whi le  t he  pe- 
r i phe ra l  zone fac ing to  t he  cor t ica l  e l emen t s  or m e d u l l a r y  
venous  s inusoids  d i f f e r en t i a t ed  to c a t e c h o l a m i n e  s to r ing  
m e d u l l a r y  cells (HERvoNEN 3). The  purpose  of t h e  p re sen t  
work  was to  deve lope  a n  o r g a n - c u l t u r e  m e t h o d  which  
could p rov ide  c o n s t a n t  cond i t ions  for s t u d y i n g  d i f fe ren t  
h u m o r a l  agen ts  poss ib ly  exe r t i ng  a n  effect  on t h e  differ- 
e n t i a t i o n  0f h u m a n  f e t a l  p r i m i t i v e  s y m p a t h e t i c  cells. 

The  ad rena l  g lands  of 3 - 4 - m o n t h - o l d  h u m a n  fe tuses  
were r e m o v e d  i m m e d i a t e l y  a f t e r  t he  d i sconnec t ion  of t he  
I e t o m a t e r n a l  n u t r i t i v e  c o n t a c t  and  t he  m e d u l l a r y  region 
was homogen ized  b y  gent le  p ipe t t ing .  T he  c lus ters  of pri-  
m i t i v e  s y m p a t h e t i c  cells were  ident i f ied  u n d e r  a s te reomi-  

Elements  of Human Fetal Adrenal Medulla 

croscope a n d  p laced  on  p e t r i  d ishes  for cu l t iva t ion .  The  
c u l t i v a t i o n  was pe r fo rmed  in Hepes  buf fe red  M e d i u m  199. 
A de ta i led  desc r ip t ion  of t h e  m e t h o d  will be  pub l i shed  
e lsewhere  (HERVONEN a n d  RECHARDT3).  

A s t rong  f i b rob l a s t  r eac t ion  and  r ap id  m o n o l a y e r  forma-  
t i on  b y  the  cells of fe ta l  cor tex  were the  d o m i n a t i n g  
fea tu res  d u r i n g  t he  f i rs t  2 weeks. Af te r  th i s  s tage  the  de- 
d i f f e r en t i a t i on  a n d / o r  degene ra t i on  of ad renocor t i ca l  
cells m a r k e d l y  r educed  t h e i r  number .  The  col lect ions of 
p r i m i t i v e  s y m p a t h e t i c  cells were found  to be m o s t l y  free 
f rom s u r r o u n d i n g  cor t ica l  cells. Axons  grew r e c t a n g u l a r l y  
f rom the  surface  of t he  groups  in al l  d i rec t ions  ini t ial ly.  
D u r i n g  t he  4 t h  week  t h e  g r o w t h  of t h e  ne rve  f ibres  was  
m o s t  m a r k e d  a n d  complex  a n a s t o m o s i n g  ne tworks  of 
f ibres  f rom n e i g h b o u r i n g  col lect ion of p r i m i t i v e  s y m p a t h e -  
t ic  e l emen t s  were obse rved  (Figure).  The  cells of S c h w a n n  
were iden t i f i ed  a long  t h e  course of t he  fibres. The  paral le l l  

1 R. E. COUVLA~I~, The Natural History ol the ChromaHin Cell (Long- 
mans, London 1965). 

2 A .  HERVONEN, Acta physiol, scand, suppl. 368 (1971). 
H. HEI~VONEN and L. REEHARDT, iI1 preparation. 
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axons  h a d  connec t ing  b r a n c h e s  to each  other .  The  f ibres  
t e r m i n a t e d  usua l ly  b y  a t yp i ca l  mu l t i p l ed  d iv i s ion  in to  2 
b ranches .  The  d i s ta l  p a r t s  of t he  f ibres  h a d  a m a r k e d  ten-  
dency  to form a n a s t o m o s i n g  ne tworks .  The  l e n g t h  of the  
axons  was ca lcu la ted  to be  of ten  over  2.5-10 m m  ill 4-week- 
old cul tures .  The  d i a m e t e r  of t he  col lect ions of p r i m i t i v e  
s y m p a t h e t i c  cells was usua l ly  0.1-1 mm.  T e n d e n c y  of cen- 
t r a l  necrosis  was  no t  found  in groups  of th i s  size. 

E x t e n s i v e  neu ra l  g r o w t h  was found  in cu l tu res  of pr i -  
mi t ive  s y m p a t h e t i c  e l emen t s  of ad rena l  medu l l a  of mid-  
t e r m  h u m a n  fetuses.  A t  t h i s  age b o t h  ve ry  p r i m i t i v e  sym-  
p a t h e t i c  cells a n d  d i f f e ren t i a t ed  s y m p a t h e t i c  neu rob l a s t s  
were iden t i f i ed  in these  g roups  (Hervonen2) .  The  p r e s en t  
f ind ings  conf i rmed  these  e lec t ron  microscopic  observa-  
t ions  b y  revea l ing  a n  ex tens ive  and  rap id  axona l  g rowth  

f rom t h e  p r i m i t i v e  s y m p a t h e t i c  cell g roups  in cu l tu res  a t  
t h e  age of 3 weeks. Because  these  groups  co n t a i n  cells w i t h  
n e u r o n a l  charac te r i s t ics ,  i t  is h igh ly  p r o b a b l e  t h a t  these  
cells fo rm a pos tang l ion ic  ne rvous  s u p p l y  for some as ye t  
u n k n o w n  c o m p o n e n t  of t h e  adrenals .  The  axona l  g rowth  
was  obv ious ly  s t i m u l a t e d  b y  some change  in the  micro-  
mil ieu d u r i n g  t h e  3rd week  of cu l t iva t ion .  This  increased  
g rowth  m i g h t  be due to  t h e  ded i f f e r en t i a t i on  a n d / o r  de- 
gene ra t ion  of cor t ica l  cells wh ich  p roduce  several  pro- 
ges te rone  me t ab o l i t e s  a t  t h e  age of 3-5  m o n t h s  (VILLEE et  
al. 4, DIZFALUSY 5, BLOCH 6). The  s te ro idogenic  a c t i v i t y  of 
h u m a n  fe ta l  ad renocor t i ca l  cells was  d e m o n s t r a t e d  also in 
t i ssue  cu l tu re  b y  MILNER a n d  VILLEE 7, who  also s t a t e d  
t h a t  t h e  cor t ica l  cells r e t a ined  the  ab i l i t y  to  syn thes ize  
s te ro ids  t h r o u g h o u t  t h e  cu l tu re  periods.  T h e  h u m a n  fe ta l  
ad renocor t i ca l  cells were m a i n t a i n e d  up  to  18 days,  wh ich  
is in accordance  w i t h  t h e  p re sen t  o b s e rv a t i o n s  on t h e  de- 
genera t ion  of these  cells. The  glucocort icoids ,  especial ly  
hydroco r t i sone  p r e s u m a b l y  exer ted  a diverse  effect  on r a t  
deve lop ing  p r i m i t i v e  s y m p a t h e t i c  cells. Hydroco r t i sone  
t r e a t m e n t  p r o m o t e s  d i f f e ren t i a t ion  of new cells e x h i b i t i n g  
pos i t ive  Schmor l  r eac t ion  a f t e r  d i c h r o m a t e  f i x a t i o n  
(LEMPINEN s). These  cells are  ca t echo lamine - s to r ing  as has  
been  d e m o n s t r a t e d  us ing  f o r m a l d e h y d e - i n d u c e d  fluores- 
cence me t h o d ,  a n d  poss ib ly  iden t ica l  w i t h  t h e  smal l  in t en -  
sely f luorescent  cells n o r m a l l y  p r e s en t  in  s y m p a t h e t i c  
gangl ia  (ER.KNK0 a n d  ERKNK09). I t  h a s  been  r epo r t ed  in- 
d e p e n d e n t l y  b y  severa l  workers  t h a t  hyd roco r t i sone  is t h e  
r egu la t ing  pr inc ip le  in  t h e  syn thes i s  of ad rena l ine  f rom 
n o r a d r e n a l i n e  (ERXNK0, LEMPINEN, RXISXNEN 1~ CouP- 
LAND an d  McDoUGAL 11, WURTMAN a n d  AXELRODla). 
Hence,  a lot  of ev idence  was ava i l ab le  for t h e  effect  of 
hydroco r t i sone  on t h e  c y t o d i f f e r e n t a t i o n  of p r i m i t i v e  
s y m p a t h e t i c  cells and,  fu r the rmore ,  these  h o r m o n e s  di rect -  
ed the  d i f f e r en t a t ion  t o w ard s  c a t e c h o l a m i n e  s tor ing  cells 
(HERVONEN 2). 

The  p r e s en t  resul t s  sugges t  t h a t  t h e  presence  of ac t i -  
ve ly  func t ion ing  cor t ica l  cells in t h e  cu l tu re  m i g h t  inhi-  
b i t e  t h e  n e u r o n a l  growth ,  which  was  a c t i v a t e d  on ly  a f t e r  
t h e  d i s appea rance  of t h e  inf luence  of cor t ica l  e lements ,  as 
sugges ted  p rev ious ly  b y  LEMPINEN s an d  HERVONEN ~. 
Studies  on  t h e  effects of d i f fe ren t  s te ro ids  on  t h e  differen-  
t i a t i o n  a n d  g r o w t h  of s y m p a t h e t i c  n e r v e  cells are in  pro-  
gress. 

Zusammen/assung. Die p r i m i t i v e n  s y m p a t h e t i s c h e n  
Zellen aus  fe ta lem N e b e n n i e r e n m a r k  des Menschen  wur-  
den  in G e w e b e k u l t u r  s tud ie r t .  Der  neu rona l e  Ze l l cha rak te r  
k o n n t e  d u r c h  b e d e u t e n d e s  A x o n w a c h s t u m  bes t i i t ig t  wet-  
den.  

A. HERVONEN, H. HERVONEN a n d  L. RECHARDT 

Department o/ A natomy, University o/Helsinki,  
Siltavuorenpenger, Helsinki 17 (Finland), 
1 June 1971. 

Small, round cluster of primitive sympathetic elements (PSC) from 
the adrenal medulla of 14-week-old human fetus after 4 weeks cultur- 
ing. Several axonal processes (AX1) grow out from the cellgroup 
forming anastomosing network With processes from neighbouring im- 
plant of primitive sympathetic cells (AXe). • 50, 
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