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D i s t r i b u t i o n  of N o r a d r e n a l i n e  and of 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 H u m a n  Foeta l  Heart  

The con ten t  of noradrena l ine  in the  adul t  hea r t  has  
been s tudied  in several  m a m m a l i a n  species 1-5. The a t r ia  
general ly  have  a h igher  noradrena l ine  concen t ra t ion  t h a n  
the  ventricles,  which is in accord wi th  the  observa t ion  
t h a t  the  adrenergic  nerve  supp ly  is mos t  a b u n d a n t l y  
found in the  atr ia l  m y o c a r d i u m  s. In  the  p resen t  invest iga-  
t ion the  d i s t r ibu t ion  of noradrena l ine  in the  d i f ferent  pa r t s  
of the  hea r t  was s tudied  in the  h u m a n  foetus and compared  
wi th  the  ac t iv i ty  of the  noradrenal ine  degrad ing  enzymes,  
i.e. monoamine  oxidase and ca techol -O-methyl t ransferase .  
The enzyme  ac t iv i ty  was also measured  in t he  t issue 
ad jacen t  to  the  hea r t  base  be tween  the  ascending  aor ta  
and the  p u l m o n a r y  t r u n k  ( =  inferior ao r t i copu lmonary  
space). 

Mater ia l  and methods. Hear t s  were ob ta ined  f rom 32 
h u m a n  foetuses  a t  t he rapeu t i c  abor t ions  pe r fo rmed  by  
l a p a r o t o m y  or cure t tage .  The ges ta t iona l  (menstrual)  age 
of the  foetuses ranged  f rom 9 to 24 weeks. The hea r t s  
were f reed f rom ad jacen t  organs wi th in  5 rain of the  
r emova l  of the  foetus  f rom the  u terus  and  p laced  on an 
ice-cooled Pe t r i  dish. The hea r t  specimens  were b lo t ted  on 
fi l ter  paper  and weighed.  11 of the  hear t s  (foetal crown- 
heel l eng th  15-31 cm) (group A), which  were used for 
de t e rmina t i on  of noradrenal ine ,  were dissected into 
5 pa r t s :  r igh t  a t r ium,  left  a t r ium,  r igh t  ventr icle ,  left  
vent r ic le  and in t r aven t r i cu la r  s e p t u m  These pa r t s  were 
quickly cut  into smaller  f r agmen t s  and homogenized  in 
ice-cooled perchlor ic  acid. The con t en t  of noradrena l ine  
was  measured  spec t rof luor imet r ica l ly  according to  13~RT- 
LER et al. v, as modif ied  by  HKGGENDAL 8. The noradrenal -  
ine of the  hea r t  was ident i f ied  by  compar ing  the  exc i ta t ion  
and emission spec t ra  wi th  t h a t  of au then t i c  noradrenal ine .  

Hea r t s  f rom ano the r  12 foetuses (group B) ob ta ined  at  
an earlier s tage of ges ta t ion  (9 th-11 th  week) were d iv ided  
in a p lane  be tween  the  a t r ia  and  the  ventricles.  The a t r ia l  
pa r t s  (which also con ta ined  the  most  p rox imal  por t ions  of 
the  ascending aor ta  and the  p u l m o n a r y  t runk)  and  the  
ven t r icu la r  pa r t s  were pooled, and  the i r  noradrena l ine  
con ten t  was de t e rmined  in t he  same way  as in group I. 

9 hear t s  (foetal crown-heel  l eng th  16-25 cm) in tended  
for enzyme assay (group C) were d iv ided in the  same way  
as in  group I, weighed and  frozen immed ia t e ly  in l iquid 
ni t rogen.  In  6 of these  cases t i ssue  specimens  f rom the  
inferior  ao r t i co -puhnona ry  space were included.  The 
spec imens  were s tored at  - -70 ~ for up to  16 days  before 
de t e rmina t ion  of NIAO and COMT act iv i ty .  Control  
analyses  showed no decrease of the  enzyme  act ivi t ies  
wi th in  th is  period.  

T h e  t issue was homogenized  in 40 volumes  (w/v) of 
ice-cold isotonic KC1 solution.  Af ter  cent r i fugat ion  
(8000• 15 min) the  s u p e r n a t a n t  served as enzyme  
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Table I. Distribution of noradrenaline (~xg/g wet weight) in human foetal hearts 

Foetal crown-heel length (era) Right atrium Right ventricle Left atrium Left ventricle Interventricular septum 

15 0.30 0.26 0.50 0.22 0.34 
19 0.18 0.25 0.42 0.25 0.26 
20 0.45 0.34 0.46 0.24 0.32 
20 0.25 0.26 0.34 0.19 0.22 
20 0.31 0.60 0.48 0.53 0.70 
20 0.19 0.18 0.19 0.18 0.21 
21 0.28 0.24 0.32 0.25 0.32 
22 0.28 0.31 0.46 0.37 0.32 
25 0.31 0.32 0.37 0.30 0.38 
25 0.28 0.34 0.33 0.31 0.29 
31 0.27 0.28 0.32 0.31 0.32 

Mean 4- S.E.M. 0.28 :t= 0.022 0.31 i 0.034 0.38 -t- 0.086 0.29 ~ 0.029 0.33 • 0.042 

Table II. Distribution of noradrenaline (total weight and concentration) in ~zoung human foetal hearts 

Noradrenaline 

No. of hearts Foetal age Atria 3- mediastinum Ventricles 

Content ( t x g )  Concentration ([zg/g) Content ( [ z g )  Concentrytion ([xg/g) 

12 ~ 12 weeks 0.22 0.24 0.03 0.05 
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Table III. Monoamineoxidase activity in human  foetal hearts (nmol formed product per mg protein per 60 min incubation) 

21 

Foetal crown- Right Left Right Left Intraventrieular Inf. 
heel length (era) atr ium atr ium ventricle ventricle septum aortico-puhnonary space 

16 2.33 1.48 1.82 0.97 1.39 1.90 
18 0.88 1.36 1.48 0.93 2.09 0.76 
19 0.28 0.35 1.20 0.61 1.44 - 
20 0.73 1.63 2.43 1.75 1.86 2.92 
20 1.03 2.00 1.50 1.04 1.i0 2.54 
21 0.77 0.65 1.48 0.58 1.46 
22 1.80 1.91 1.95 1.83 1.86 3.50 
23 1.28 1.81 3.26 1.96 2.00 2.68 
25 0.53 0.45 2.83 2.29 2.72 - 

Mean 4- S.E.M. 1.07 • 0.21 1.29 -E 0.21 1.99 4- 0.23 1.33 4- 0.21 1.77 i 0.16 2.38 4- 0.39 

Table IV. COMT activity in human  foetal hearts (pmol formed product per mg protein per 60 min incubation) 

Foetal crown- Right atr ium Left atr ium Right ventricle Left ventricle Intraventricular 
heel length (cm) septum 

16 3.6 5.1 5.0 0.0 0.0 
18 2.2 6.7 11.0 6.7 9.2 
19 0.0 6.1 6.2 5.9 13.2 
20 0.0 5.7 18.9 15.7 8.4 
20 0.7 5.6 12.0 5.6 6.2 
21 0.0 12.1 5.9 12.1 14.4 
22 0.0 20.5 11.3 20.0 ' 18.4 
23 1.0 0.0 11.5 0.0 15.9 
25 0.0 7.8 5.6 7.9 2.7 

Mean 4- S.E.M. 0.83 q- 0.43 7.73 -4- 1.90 9.71 q- 1.50 8.21 i 2.23 9.82 4- 2.06 

s o l u t i o n .  T h e  M A O  a c t i v i t y  ( o x i d a t i o n  o f  k y n u r a m i n e  to  
4 - h y d r o x y q u i n o l i n e )  o f  t h e  v a r i o u s  t i s s u e s  w a s  m e a s u r e d  
b y  t h e  f l u o r i m e t r i c  m e t h o d  d e s c r i b e d  b y  KRAJL% C O M T  
a c t i v i t y  w a s  m e a s u r e d  b y  a m o d i f i c a t i o n  of  a m e t h o d  
d e s c r i b e d  b y  AXELROD e t  al. 1~ I n s t e a d  of  r a d i o a c t i v e  
s u b s t r a t e  we  u s e d  t h e  i s o t o p e  l a b e l l e d  c o f a c t o r  S - a d e n o s y l  
m e t h i o n i n e  - C3H~ ( N E N - C h e m i c a l s ) .  T h e  s u b s t r a t e  w a s  
a d r e n a l i n e  a n d  t h e  f o r m e d  r a d i o a c t i v e  m e t a a d r e n a l i n e  
w a s  e x t r a c t e d  f r o m  t h e  i n c u b a t i o n  m i x t u r e  w i t h  i so-  
m y l a l c o h o l t o l u o l  a n d  a f t e r  a d d i t i o n  o f  B r a y ' s  s o l u t i o n  
m e a s u r e d  in  a s c i n t i l l a t i o n  c o u n t e r  ( P a c k a r d ) .  B o t h  
M A O  a n d  C O M T  a c t i v i t i e s  w e r e  e x p r e s s e d  as  a m o l e s  
f o r m e d  p r o d u c t  p e r  m g  p r o t e i n  p e r  60 r a i n  i n c u b a t i o n .  

T h e  p r o t e i n  c o n t e n t  o f  t h e  h e a r t  t i s s u e  w a s  d e t e r m i n e d  
b y  t h e  m e t h o d  of  LOWRY e t  al.  11. D u p l i c a t e  t e s t s  we re  
p e r f o r m e d .  

D u r i n g  t h e  o p e r a t i o n  t h e  m o t h e r s  r e c e i v e d  t h i o p e n t h a l  
s o d i u m ,  n i t r o u s  ox ide ,  a n d  (in g r o u p  A a n d  C) f l u o t h a n e  
a n d  s u x a m e t h o n i u m  ch lo r ide .  S t a t i s t i c a l  a n a l y s e s  w e r e  
p e r f o r m e d  w i t h  S t u d e n t ' s  t - t e s t .  

Resu l t s .  T h e  c o n c e n t r a t i o n  of  n o r a d r e n a l i n e  in  t h e  
h e a r t s  of  g r o u p  A a n d  C a r e  s u m m a r i z e d  in  T a b l e  I a n d  I I .  
I n  t h e  y o u n g e r  f o e t u s  ( g r o u p  B) t h e  n o r a d r e n a l i n e  c o n -  
c e n t r a t i o n  of  t h e  v e n t r i c l e s  w a s  m a r k e d l y  l ower  t h a n  t h a t  
of  t h e  c r a n i a l  p a r t s  of  t h e  h e a r t s ,  a n d  a l so  l ower  t h a n  t h a t  
o f  t h e  v e n t r i c l e s  o f  t h e  o l d e r  h e a r t s  ( g r o u p  A).  T h e  
c o n c e n t r a t i o n  of  t h e  c a t e c h o l a m i n e  w a s  e v e n l y  d i s t r i b u t e d  
a m o n g  t h e  d i f f e r e n t  c h a m b e r  w a i l s  o f  t h e  o l d e r  f o e t u s  
g r o u p .  T h e r e  w a s  t h u s  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  
t h e  a t r i a l  a n d  t h e  v e n t r i c u l a r  p a r t ,  n o r  b e t w e e n  l e f t  a n d  
r i g h t  h a l f  of  t h e  o l d e r  h e a r t s .  

T h e  d i s t r i b u t i o n  of  M A O  a c t i v i t y  in  t h e  f o e t a l  h e a r t s  is 
g i v e n  in  T a b l e  I I I .  H i g h  M A O  a c t i v i t y  w a s  f o u n d  i n  t h e  
r i g h t  v e n t r i c l e  a n d  in  t h e  m u s c u l a r  i n t e r v e n t r i c u l a r  
s e p t u m .  T h e  l o w e s t  M A O  a c t i v i t y  w a s  o b t a i n e d  in  t h e  
r i g h t  a t r i u m .  T h e  M A O  a c t i v i t y  in  t h e  l e f t  v e n t r i c l e  
i n c r e a s e d  w i t h  f o e t a l  l e n g t h  (r = 0.7256) .  I n  t h e  i n f e r i o r  
a o r t i c o - p u l m o n a r y  s p a c e  t h e  M A O  a c t i v i t y  e x c e e d e d  t h a t  
found anywhere in the hearts and showed a positive 
correlation with foetal length (r = 0.6818). 

The activity of COMT was distributed uniformly among 
the various parts of the hearts except in the right atrium 
where it was very low (see Table IV). The COMT activity 
in the heart was, on the average, one tenth to one hun- 
dredth that of the MAO activity ill the corresponding 
parts of the heart. No COMT activity was found in the 
lower aortico-pulmonary area. 

Discussion. The distribution of the noradrenaline con- 
centration in the youngest human foetal hearts suggests 
that the synthesis and/or the storage of noradrenaline 
starts at the base of the heart during the ontogenesis. The 
very low concentration of noradrenaline in the ventricles 
at this developmental stage is in agreement with the 
findings that before the i Ith-I 2th week of gestation only 
few or no noradrenaline containing nerve fibres are 
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v is ib le  w i t h  t h e  f luorescence m e t h o d  b y  FALCK a n d  
HILLARP in  h u m a n  h e a r t  ven t r i c les  (GENNSER a n d  
OWMAN, to  be  publ i shed) .  

I n  t h e  older foetus  (group A) t he  c o n c e n t r a t i o n  of 
ca rd iac  n o r a d r e n a l i n e  in  eve ry  h e a r t  c h a m b e r  was lower 
t h a n  t h a t  r epo r t ed  for a d u l t  s u b - p r i m a t e  m a m m a l s .  I t  was  
a p p a r e n t  t h a t  t he  p a t t e r n  of n o r a d r e n a l i n e  d i s t r i b u t i o n  
b e t w e e n  a t r i a  and  ven t r ic les  seen in adu l t s  of o the r  
species ~-5 is no t  a t t a i n e d  a t  t h i s  s tage  of h u m a n  develop-  
m e n t .  

The  ac t iv i t i es  of MAO and  COMT were of a p p r o x i m a t e l y  
un i fo rm  m a g n i t u d e  in t he  d i f fe ren t  p a r t s  of t he  h e a r t  
w i t h  2 n o t a b l e  excep t ions :  t he  MAO a c t i v i t y  of t h e  
r i g h t  ven t r i c l e  exceeded t h a t  of t h e  lef t  ven t r i c l e  (p < 
0.001) a n d  t h e  r i g h t  a t r i u m  conta i r ied  a v e r y  low COMT 
a c t i v i t y  c o m p a r e d  w i t h  t h e  o the r  h e a r t  chambers .  I t  
was  a v e r y  consp icuous  f ind ing  t h a t  t h e  m a j o r  e n z y m e  
respons ib le  for  t h e  d e g r a d a t i o n  of c i rcu la t ing  n o r a d r e n -  
a l ine  h a d  a low a c t i v i t y  in  a region c o n t a i n i n g  t he  ca rd iac  
pacemake r .  I n  t h e  absence  of n e u r o n a l  up take ,  i n h i b i t i o n  
of COMT m a y  cause  a s ign i f ican t  increase  of n o r a d r e n -  
a l ine  c o n c e n t r a t i o n  a t  t h e  adrenerg ic  r ecep to r  s i tes  if t h e  
c o n c e n t r a t i o n  of exogenous  n o r a d r e n a l i n e  is low ~2. I t  
seems r easonab le  to  a s sume  t h a t  t h e  n e u r o n a l  u p t a k e  
m e c h a n i s m  of n o r a d r e n a l i n e  (up take  U2) is r e l a t ive ly  
inef fec t ive  in  t h e  sparse ly  i n n e r v a t e d  foe ta l  h e a r t  d u r i n g  
t he  ea r ly  ha l f  of ontogenesis .  The  v e r y  low COMT a c t i v i t y  
in  t he  r i g h t  a t r i u m  the re fo re  .appears to  be  of special  
s ignif icance.  A local  r educ t i on  of t he  ab i l i t y  to  me tabo l i ze  
n o r a d r e n a l i n e  in t h e  s inus  region,  as sugges ted  b y  t h e  low 
deg rad ing  e n z y m e  a c t i v i t y  in  vi t ro ,  m i g h t  be  of i m por t -  
ance  for t he  adrenerg ic  r egu la t i on  of t he  foeta l  h e a r t  ra te ,  
before  t h e  ne rve - r ecep to r  f unc t i on  in t he  s inus  node  is 
ful ly  es tab l i shed .  A pos i t i v  e ch rono t rop i c  effect  exe r t ed  
b y  ad rena l ine  was r ecen t ly  d e m o n s t r a t e d  a l r eady  in t h e  
v e r y  y o u n g  (and  no t  ye t  i n n e r v a t e d )  h u m a n  foe ta l  h e a r t  13. 
Ca techo lamines  (no rad rena l ine  a n d  adrena l ine)  are  
p r e s e n t  in  t h e  h u m a n  foeta l  ad rena l s  ~4, ~5 a n d  ex t ra -  
ad r ena l  c h r o m a f f i n  t i ssue  ~, ~s a t  a n  ea r ly  stage.  Such  non-  
n e u r o n a l  a m i n e s  would  r each  t he  recep tors  of t h e  s inus  
node  b y  t he  c i rcu la t ion  in far  lower concen t r a t i ons  t h a n  
t h a t  of t h e  t r a n s m i t t e r  re leased f rom adrenerg ic  n e r v e  
t e r m i n a l s  close to  t h e  n e u r o m u s c u l a r  j unc t ion .  Thus ,  if 

n o n - n e u r o n a l  adrenerg ic  r egu la t ion  of t h e  foeta l  h e a r t  
r a t e  v ia  t h e  s inus  node  is p r e sen t  a t  t h i s  d e v e l o p m e n t a l  
stage,  t h e  a c t i v i t y  of e x t r a n e u r o n a l  e n z y m a t i c  i nac t i va -  
t ion  b y  COMT m u s t  a p p a r e n t l y  be  v e r y  low or non-  
exis t ing.  

The  t i ssue  spec imen  t a k e n  be tween  t h e  a scend ing  a o r t a  
and  t h e  p u l m o n a r y  t r u n k  includes  t h e  infer ior  aor t ico-  
p u l m o n a r y  glomus.  Th i s  c lus te r  of a rgy roph i l  a n d  p rob-  
ab ly  also c h r o m a f f i n  ceils in  t he  h u m a n  foe tus  has  been  
a t t r i b u t e d  a poss ible  c h e m o r e c e p t o r  func t ion  17. The  h i g h  
MAO a c t i v i t y  of th i s  reg ion  d e m o n s t r a t e d  in t he  p re sen t  
s t u d y  is of i n t e r e s t  in  v iew of t he  a s s u m p t i o n  t h a t  
c a t echo l amines  are  i nvo lved  in th i s  m e c h a n i s m  ~7,18. 

Zusammen/assung. Die K o n z e n t r a t i o n  v o n  N o r a d r e n a l i n  
u n d  die Akt ivi t~i t  der  MAO u n d  COMT wurde  in ver-  
s ch iedenen  Tei len  des m e n s c h l i c h e n  foe ta len  Herzens  be-  
s t i m m t .  Die  V e n t r i k e l  der  H e r z e n  (his zu 12 W o c h e n  alt)  
wa ren  sehr  n o r a d r e n a l i n a r m .  Die COMT-Aktivi t~i t  des 
r e c h t e n  Vorhofs  war  bis  zur  Mi t t e  de r  Schwange r scha f t  
vie l  n iedr iger  als die der  f ibr igen Herzgebie te .  Die COMT- 
u n d  MAO-Akt iv i t~ i t  im  Gewebe  des S p a t i u m  zwischen 
der  A o r t a  u n d  der  Ar t e r i a  pu lmona l i s  lag ungef i ihr  in  der  
g le ichen G r 6 s s e n o r d n u n g  wie die de r  V e n t r i k e h  
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Normalization by Nucleotides of Impairments in Deamination of Nitrogenous Compounds in Liver 
of Tumor-Bearing Mice 

M o n o a m i n e  oxidase  a c t i v i t y  was decreased  1 in l iver  of 
mice  w i t h  asci tes  ca rc inoma.  I n  t i ssues  of t he  t u m o r -  
bea r i ng  an ima l s  l ip id  peroxides  e accumula t ed ,  wh ich  
re semble  ox id ized  oleic acid. T r e a t m e n t  w i t h  oxidized 
oleic acid a,4 or w i t h  ergosterol  pe rox ide  s of h igh ly  
pur i f ied  m o n o a m i n e  oxidases  i n h i b i t e d  d e a m i n a t i o n  of 
m o n o a m i n e s  and,  a t  t h e  same  t ime,  caused  revers ib le  
t r a n s f o r m a t i o n  in ca t a ly t i c  p roper t i e s  of t he  enzymes :  
t h e  l a t t e r  acqu i red  ab i l i t ies  to  d e a m i n a t e  d iamines ,  poly-  
amines ,  AMP,  lys ine  a n d  o the r  n i t rogenous  compounds .  
I f  a s imi la r  t r a n s f o r m a t i o n  occur red  in  t u m o r - b e a r i n g  
mice  we could expec t  t h a t  t he  decrease  in m o n o a m i n e  
oxidase  a c t i v i t y  in  t h e i r  l iver  wilI be  a c c o m p a n i e d  b y  
a p p e a r a n c e  of (or increase  in) d e a m i n a t i o n  of pu t r e sc ine  
or AMP.  

Cells of E h r l i c h  asci tes  c a r c i n o m a  were o b t a i n e d  a t  t h e  
7 th  day  of d e v e l o p m e n t  of t he  t u m o r  a n d  inocu la t ed  i.p. 
( abou t  107 cells pe r  each  an imal )  to  w h i t e  (10-20 g) mice. 

I so la t ion  of m i t o c h o n d r i a  a n d  e s t i m a t i o n  of t h e  d e a m i n a -  
t i on  ra t e s  were pe r fo rmed  as descr ibed  p rev ious ly  ~. 

I n  l iver  m i t o c h o n d r i a  of t he  t u m o r - b e a r i n g  mice deami -  
n a t i o n  of t y r a m i n e  or  s e ro ton in  was decreased,  d e a m i n a -  
t i on  of A M P  was sha rp ly  increased  a n d  an  ab i l i t y  to  de-  
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