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u n a v o i d a b l e  i naccu racy  in  t h e  se lect ion for m e a s u r e m e n t  
of t h e  r e t i cu la t ed  nuclei.  I n d e e d  because  these  cells are 
ve ry  pale, i t  is d i f f icul t  to  a sce r t a in  b y  m a n i p u l a t i n g  t he  
f ine a d j u s t m e n t  of t he  microscope w h e t h e r  or no t  a more  
or less i m p o r t a n t  p a r t  of t he  nuc leus  ha s  been  cut .  Th i s  
d i f f icul ty  the re fo re  m a y  h a v e  led to  t he  m e a s u r e m e n t  of 
i ncomple t e  r e t i cu l a t ed  nuclei.  As sugges ted  b y  t h e  sym-  
m e t r y  of t he i r  h i s tog ram,  t he  se lect ion of t h e  lep to tenes ,  
wh ich  are  m u c h  darker ,  was  more  precise.  

(2) The  e x t i n c t i o n  va lues  in  t he  r e t i cu l a t ed  group  
osci l late  a r o u n d  10 -12% a n d  in t he  l ep to t ene  group  
a r o u n d  30%. Since t h e  m i n u t e  ex t inc t i ons  of t he  re t icu-  
l a t ed  nuclei  o f ten  fall  j u s t  b e y o n d  t h e  r ange  of t he  l inear  
sect ion of t he  c y t o p h o t o m e t e r ' s  a b s o r p t i o n  curve,  these  
m e a s u r e m e n t s  are less accu ra t e  and,  moreover ,  b r i n g  
a b o u t  a n  u n d e r e s t i m a t i o n  of t he  F e u l g e n - D N A  c o n t e n t  s. 

(3) I n  r e t i cu la t ed  nuclei,  m a n y  of t h e  f ine c h r o m a t i n  
granules  are  s t u d d e d  aga ins t  t he  i nne r  surface  of t h e  
nuc lea r  m e m b r a n e  and  m a y  h a v e  escaped m e a s u r e m e n t  
since we h a d  to keep t h e  p ro jec t ion  screen d i a p h r a g m  
clear  of t h e  nuc lea r  m e m b r a n e .  T h u s  t h i s  p a r t i c u l a r  
d i s t r i b u t i o n  of D N A  br ings  a b o u t  a n o t h e r  u n d e r e s t i m a -  
t ion  of e x t i n c t i o n  in t h e  r e t i cu la t ed  nuclei.  Summar i z ing ,  
e r ror  (1) causes  t h e  in se r t ion  of m e a s u r e m e n t s  ove r  
i ncomple t e  nucle i  in to  t he  ca lcu la t ion  of t i le  m e a n  
F e u l g e n - D N A  con ten t ,  t h u s  lower ing  t he  m e a n  of t h e  
r e t i cu la t ed  nuclei .  I t  also accoun t s  for t he  a s y m m e t r i c a l  
shape  of t h e i r  h i s tog ram.  Er ro r s  (2) a n d  (3) p r ovoke  a n  
overa l l  u n d e r e s t i m a t i o n  of t he  F e u l g e n - D N A  c o n t e n t  in  
t he  r e t i cu la t ed  nuclei .  

These  l im i t a t i ons  of t h e  t e c h n i q u e  in th i s  m a t e r i a l  
m a y  suffice to  exp la in  t h a t  t h e  m e a n  F e u l g e n - D N A  
c o n t e n t  of t h e  r e t i cu la t ed  nucle i  is less t h a n  ha l f  t h a t  
of t h e  lep to tenes .  

Conclusion. The  resul t s  of t h e  p r e s en t  q u a n t i t a t i v e  
s t u d y  show t h a t  t h e  ge rm cells a t  t h e  l ep to t ene  s tage  
con t a in  a t  leas t  twice  as m u c h  nuc lea r  F e u l g e n - D N A  

as t he  germ cells w i t h  r e t i cu l a t ed  nuclei.  Cons ider ing  t he  
sources  of e r ror  in  th i s  mate r ia l ,  a s imple  2/1 ( t e t r ap lo id /  
diploid) r a t e  is suggested,  b u t  could no t  be  ascer ta ined .  
Our  da ta ,  however ,  i nd i ca t e  t h a t  du r ing  t he  D N A  syn-  
thes i s  a t  t he  p r e l e p t o t e n e  stage,  t he  F e u l g e n - D N A  con- 
t e n t  in  t h e  ge rm cells of t he  female  ch icken  is a t  leas t  
doubled .  The  germ cells a p p e a r  to  go t h r o u g h  a pe r iod  
of p reme io t i c  doub l ing  of t h e i r  D N A  con ten t ,  ana logous  
to  t h e  S-phase  of a r egu la r  cell cycle. Our  d a t a  n e i t h e r  
s u p p o r t  no r  rule  ou t  t h e  poss ib i l i ty  of a c o n c o m i t a n t  
D N A  syn thes i s  of o the r  or ig in  a t  th i s  s tage  of premeios is  9. 

Rdsumd. Chez l ' e m b r y o n  de pou le t  femelle nous  avons  
compar6  ~ l ' a ide  de la t e c h n i q u e  c y t o p h o t o m 6 t r i q u e  de 
Lison  la t e n e u r  en A D N  des cellules ge rmina les  ~ n o y a u  
r6ticul6 ~ celle des cellules au  s t ade  leptot~ne.  C o m m e  pen-  
d a n t  la  phase  S d ' u n  cycle cel lulaire  r6gnlier,  la q u a n t i t 6  
de D N A  au cours  du  s t ade  pr61eptot~ne,  semble  au  moins  
doubler .  N 6 a n m o i n s  nos  r6su l t a t s  ne  p e r m e t t e n t  pas  
d ' a f f i rmer  ou d ' exc lu re  la  possibi l i t6  d ' u n e  syn thgse  de 
D N A  s u p p l 6 m e n t a i r e  d ' a n t r e  origine. 
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M o n o a m i n e  O x i d a s e -  and C a t e c h o l - O - M e t h y l t r a n s f e r a s e  Act iv i ty  in U m b i l i c a l  V e s s e l s  of  the  H u m a n  
Fetus  i 

Catecho lamines  m a y  be  i n a c t i v a t e d  b y  m o n o a m i n e  
oxidase  (MAO) or  b y  ca t echo l - O - m e t hy l t r an s f e r a se  
(COMT). Since n o r a d r e n a l i n e  p e n e t r a t e s  t h e  h u m a n  pla-  
c e n t a  2 i t  was  cons idered  of i n t e r e s t  to  assess t he  a c t i v i t y  
of n o r a d r e n a l i n e  i n a c t i v a t i n g  enzym es  in t he  vessels  con-  
nec t ing  t h e  p l a c e n t a  w i t h  t h e  fetus.  Specia l  i n t e r e s t  was  
focused on  t h e  d u c t u s  venosus ,  w h i c h  ha s  a n  adrenerg i -  
cal ly i n n e r v a t e d  s p h i n c t e r  m e c h a n i s m  3, t h e  phys io logica l  
s igni f icance  of w h i c h  is no t  ye t  p rope r ly  unde r s tood .  

The  m a t e r i a l  Consisted of 25 fetuses,  classified accord ing  
to t h e i r  c rown-hee l  l e n g t h  as n o t e d  in t h e  Table .  I m m e -  
d ia t e ly  a f t e r  legal  abor t ion ,  t h e  t i ssue  was p r e p a r e d  f rom : 
(1) t he  umbi l i ca l  a r te r ies  f rom t he  umbi l i cus  d o w n  to t he  
level  of t h e  u r i n a r y  b ladder ,  (2) t h e  free i n t r a a b d o m i n a l  
p a r t  of t he  umbi l i ca l  vein ,  a n d  (3) t h e  en t i r e  d u c t u s  
venosus .  2 t r a n s v e r s e  sect ions  (3-4 m m  in length)  of t h e  
umbi l i ca l  cord  (4 a n d  5) were p r e p a r e d  a t  1 a n d  5 cm 
d i s t ance  f rom the  sk in  level  t h u s  cons i s t ing  of b o t h  
venous  and  a r t e r i a l  vessels i nc lud ing  t h e  W h a r t o n  jelly.  
L ive r  t i ssue  (6) was  s i m u l t aneous l y  r e m o v e d  for analys is .  
( N u m b e r s  in  b r a c k e t s  refer  to  t h e  Figure.)  Ma te r i a l  f rom 
each  s i te  w i t h i n  each  g roup  of fe tuses  h a d  to  be  pooled  
for analysis .  Tissue  of t he  d u c t u s  venosus  was on ly  avai l -  
ab le  in  suff ic ient  a m o u n t s  in  fe tus  g roup  I I .  

All t h e  legal a b o r t i o n s  were pe r fo rmed  b y  l a p a r a t o m y .  
F o r  anae s the s i a  t he  p a t i e n t s  rece ived  t he  fol lowing drugs  : 
t h i o p e n t a l  sodium,  f luo thane ,  a n d  n i t rous  oxide  t o g e t h e r  
w i t h  s u x a m e t h o n i u m  chlor ide  to secure m u s c u l a r  re laxa-  
t ion.  

The  t i ssue  was r e m o v e d  w i t h i n  15 ra in  a f t e r  t he  opera-  
t ion,  a n d  t h e n  s to red  a t  -- 70 ~ for  up  to  12 days.  Con t ro l  
ana lys i s  showed  no decrease  in COMT or in MAO a c t i v i t y  
w i t h i n  th i s  per iod.  The  s u p e r n a t a n t  (8000 • g, 15 rain) 
of t i ssue  h o m o g e n a t e  in  40 vo lumes  (w/v) of ice-cold 
isotonic  KC1 so lu t ion  se rved  as e n z y m e  solut ion.  

COMT was  m e a s u r e d  b y  a mod i f i c a t i on  of a m e t h o d  
descr ibed  b y  AXELROD et  al. 4. I n s t e a d  of r ad ioac t i ve  
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s u b s t r a t e  t he  i so tope  label led  cofac tor  S-adenosyl -  
meth ionine-C3Ha (NEN-Chemica l s )  was  used. Dup l i ca t e  
t e s t s  were done.  

The  MAO a c t i v i t y  (ox ida t ion  of k y n u r a m i n e  to  4-hy-  
d roxy-qu ino l ine )  of t he  t i ssue  was  m e a s u r e d  fluori-  
me t r i ca l l y  in  t h e  wa y  descr ibed  b y  KRAJL 5. The  p ro t e in  
c o n t e n t  of t h e  t i ssue  p r e p a r a t i o n s  was d e t e r m i n e d  b y  t he  
m e t h o d  of LOWRY et  al. s. 

MAO ac t iv i t i e s  (nmol  fo rmed  p r o d u c t  pe r  m i l l i g r am 
p ro t e in  pe r  60 ra in  i ncuba t ion )  reg i s te red  in t h e  fol lowing 
areas  fell w i t h i n  t h e  same  low r ange  (1.5-3.7):  umbi l i ca l  
cord  1 cm f rom umbi l icus ,  umbi l i ca l  cord  5 cm f rom 
umbi l icus ,  a n d  umbi l i ca l  a r t e ry .  T h e r e  was no d i f ference  
w i t h i n  t he  3 fe tus  groups.  T he  MAO a c t i v i t y  found  in 
t h e  umbi l i ca l  ve in  in a n y  of t he  3 g roups  of fe tuses  was 
3 t i m e s  as h i g h  (9.1-10.3) as in  t h e  3 fo rmer  locat ions .  
The  h ighes t  a c t i v i t y  (27.4) was  o b t a i n e d  in t he  d u c t u s  
venosus .  T h e  MAO a c t i v i t y  of t h e  l iver  v a r i e d  b e t w e e n  
5.7 a n d  14.1 n m o l  fo rmed  p r o d u c t  u n d e r  s t a n d a r d  con-  
d i t ions  (Table).  

Ve ry  l i t t l e  or n o  COMT a c t i v i t y  was found  in t he  ves-  
sels in  c o n t r a s t  to  l iver  t issue.  T he  va lues  found  for  
COMT a c t i v i t y  (cpm fo rmed  ~ C - m e t a d r e n a l i n e  pe r  mill i-  
g r a m  p r o t e i n  d u r i n g  60 m i n  i n c u b a t i o n  ) are  l i s ted  in t he  
Table .  

The  di f ference obse rved  b e t w e e n  va r ious  p a r t s  of t he  
fe ta l  a f f e r en t  vessels c a n n o t  be  asc r ibed  to  c o n t a m i n a t i o n  
w i t h  s u r r o u n d i n g  t issues.  T he  umbi l i ca l  ve in  inves t iga ted ,  
wh ich  e x h i b i t e d  a h i g h  MAO ac t iv i ty ,  t r an s ve r s e s  t he  
a b d o m i n a l  c a v i t y  qu i t e  freely.  T he  d u c t u s  venosus ,  on  
t he  o t h e r  h a n d ,  is s u r r o u n d e d  b y  l iver  tissue, a n d  c o n t a m i -  
n a t i o n  w i t h  l iver  cells d u r i n g  p r e p a r a t i o n  was  d i f f icul t  
to  avoid.  I n  sp i te  of th i s  t he  MAO a c t i v i t y  in  t he  d u c t u s  
venosus  was def in i te ly  h ighe r  t h a n  t h a t  in  t h e  l iver  t issue.  

MAO a c t i v i t y  is wide ly  d i s t r i b u t e d  in t h e  a d u l t  h u m a n  
b o d y  ~ a n d  i ts  occur rence  in vessels  ha s  also been  re- 
p o r t e d  8. 

W h a t  is t h e  phys io log ica l  s igni f icance  of t he  differences  
found  in MAO a c t i v i t y  b e t w e e n  va r i ous  vessels in  t he  
h u m a n  fe tus  ? T h e  d i f f e ren t  MAO p a t t e r n s  r e p o r t e d  here  
m a y  ref lect  t he  deve lop ing  ad renerg ic  i n n e r v a t i o n  of t he  
vessels,  j u s t  as t h e  d e v e l o p m e n t  of MA O  a c t i v i t y  d u r i n g  
ontogenes is  of t h e  ch ick  is r ega rded  as ref lec t ing  t he  
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Schematic drawing showing the portions (1--6) of vessels and tissues 
removed for analysis. 

a p p e a r a n c e  of s y m p a t h e t i c  i n n e r v a t i o n  in th i s  a n i m a l  9. 
An  ear l ier  h i s t o c h e m i c a l  s t u d y  of adrenerg ic  ne rves  in 
20-24 week  old h u m a n  fe tuses  revea led  no  i n n e r v a t i o n  
in  t h e  umbi l i ca l  cord, a consp icuous  ad rene rg ic  g r o u n d  
p lexus  in t he  d u c t u s  venosus  (especial ly in  t he  sp inc t e r  
region),  a n d  no ne rve  t e r m i n a l s  in  t h e  f r e e - runn ing  in t r a -  
a b d o m i n a l  p a r t  of t he  umbi l i ca l  veifl 8. The re  is t h u s  no  
para l le l i sm b e t w e e n  t he  s y m p a t h e t i c  t e r m i n a l  i n n e r v a t i o n  
a n d  t h e  MAO a c t i v i t y  in t he  umbi l i ca l  vein .  The  v a s c u l a r  
MAO ac t iv i t i es  in  t h e  region i n v e s t i g a t e d  were of t h e  
same  m a g n i t u d e  in t he  t h r ee  age groups.  

On t he  o the r  h a n d ,  t he re  is r eason  to  r ega rd  t he  h igh  
MAO a c t i v i t y  in  t he  umbi l i ca l  ve in  a n d  t h e  d u c t u s  
venosus  as a necessa ry  p r o t e c t i v e  m e c h a n i s m  u n r e l a t e d  
to  t h e  local  i n a c t i v a t i o n  of adrenerg ic  t r a n s m i t t e r  sub-  
s tance.  The  v a s o c o n s t r i c t o r y  ac t ion  of c i r cu la t ing  nor-  
ad rena l ine  a n d  5 - h y d r o x y t r y p t a m i n e  on  t he  vessels  m a y  
be  c o u n t e r a c t e d  b y  m e t a b o l i c  d e g r a d a t i o n  b y  t h e  e n z y m e  
to  secure a s a t i s f ac to ry  flow of b lood to  t h e  fetus.  

Monoaminoxidase and catechol-O-methyltransferase activity in va- 
rious parts of fetal vessels and liver 

Monoaminoxidase activity 
(expressed in nmol formed product per mg protein per 60 min 
incubation) 

Fetus Localisation (numbers 1-6 refer to the Figure) 
group Umbilical cord 

5 4 1 2 3 6 
5 em 1 cm Umbil- Umbil- Duetus Liver 
from from ieal ical venosus 
umbil- umbil- arteries vein 
icus ieus 

I 1.5 2.3 3.1 10.3 - 6.0 
II 2.9 1.6 3.1 9.0 27.4 5.7 
III  2.7 3.7 2.7 9.1 - 14.1 

Catechol-O-methyltransferase activity 
(expressed in epm formed product per mg protein per 60 min 
incubation) 

I 1,080 4,103 0 796 - 79,741 
II 0 0 362 1,662 - 63,336 
III 0 889 0 0 y 78,699 

Group I = 7 fetuses (length: 12-17 em). Group II = 11 fetuses 
(length: 18-23 cm). Group III = 7 fetuses (length: 24-31 em). 

Zusammen/assung. Die M A O - A k t i v i t / i t e n  mensch l i che r  
F e t e n  v e r h i e l t e n  s ich in folgender,  a b n e h m e n d e r  IReihe: 
D u c t u s  venosus ,  V e n a  umbi l ica l i s  = Leber ,  Ar t e r i a  
umbi l ica l i s  = Nabe l s t r ang .  Die COMT-Akt iv i t~ i t  h ingegen  
erwies sich in al len u n t e r s u c h t e n  Gefiissen als u n b e d e u t e n d  
u n d  war  n u t  im Lebergewebe  auf fa l l end  hoch.  
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