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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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Fig. t. Deamination by mice liver mitochondria under nor- 
maI conditions (I) and at the 8th day of development of 
Ehrlieh ascites carcinoma (II) of tyramine (white), sero- 
tonin (shaded), putrescine (dotted) and AMP (black bars); 
effects of: ~-tocopherylaeetate (III, 490 mg/kg in 2% 
Tween-40, i.p., daily injections during 6 days beginning 
at the 2nd day after transplantation of the turnout), indane- 
amine ~ (IV, 50 mg/kg, s.c., 2 h before the transplantation 
and then injections every 24 h during 8 days), adenosine- 
3'-monophosphate (V) and adenosine-5'-monophosphate 
(VI). Both nucleotides were injected i.p. (600 mg/kg, 2 h 
before transplantation and then 1 injection every 18 h dur- 
ing 8 days. Mean values ~ standard error from 5-6 expe- 
riments are presented. Statistieally significant difference 
as compared with control: p < 0.001", 0.01"*, 0.02***, 
0.05****. 

a m i n a t e  pu t r e sc ine  a p p e a r e d  (Figure 1, II) .  I n  nuc lea r  
m e m b r a n e s  s we obse rved  s imi la r  p h e n o m e n a .  C o n t e n t  of 
l ip id  pe rox ides  in  t h e  t u m o r - b e a r i n g  mice  l iver  was  
136 zk 12 neqv . /g  of l ip ids  ( the n o r m a l  va lue  was 10 • 2). 
I n j e c t i o n s  of ~ - tocophe ry l ace t a t e  decreased  t he  c o n t e n t  
of l ip id  pe rox ides  to  44 • 5 neqv . / g  of l ipids.  Th i s  was  ac- 
c o m p a n i e d  b y  s l igh t  increase  in t y r a m i n e  d e a m i n a t i o n ,  
a n d  a decrease  in A M P  or pu t r e sc ine  d e a m i n a t i o n  
(Figure  1, I I I ) .  B u t  t h e  genera l  s t a t e  of t h e  an i m a l s  was  
n o t  improved .  S imi la r  resu l t s  were n o t e d  in e x p e r i m e n t s  
w i t h  a m o n o a m i n e  oxidase  i n h i b i t o r  i n d a n e a m i n e  7 
( N - m e t h y l - N - 2 - p r o p y n y l - l - i n d a n e a m i n e ) ,  wh ich  p r e v e n t -  
ed comple t e ly  a p p e a r a n c e  of pu t r e sc ine  d e a m i n a t i o n  and  
- p a r t i a l l y  - t h e  increase  in A M P  d e a m i n a t i o n  (Figure 1, 
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Fig. 2. Effect of nucleotides on survival of mice in Ehrlich ascites 
carcinoma. Each experimental group comprised 27 animals. 0.9% 
NaCl (�9 AMP ( x )  or adenosine -2'(3')-monophosphate (0) were 
injected i.p. (see legend to Fig. 1). 

IV). A d e n o s i n e - 3 ' - m o n o p h o s p h a t e  (Figure 1, V), c o n t r a r y  
to  a d e n o s i n e - 5 ' - m o n o p h o s p h a t e  (Figure  1, VI) ,  m a r k e d l y  
decreased  d e a m i n a t i o n  of AMP,  p a r t i a l l y  no rma l i zed  t h e  
m o n o a m i n e  a c t i v i t y  a n d  p r e v e n t e d  d e a m i n a t i o n  of pu t res -  
cine in t he  t u m o r - b e a r i n g  mice  liver.  Qui te  iden t i ca l  
effect  was  caused  b y  a n o t h e r  s t r u c t u r a l  ana logue  of 
AMP-adenos ine -2 '  (3 ' ) -monophospha te ,  wh ich  was a com- 
pe t i t i ve  i n h i b i t o r  of A M P  d e a m i n a t i o n  b y  m i t o c h o n d r i a ,  
p r e t r e a t e d  w i t h  oxidized oleic acid 6. 

I n j e c t i o n s  of t he  s t r u c t u r a l  ana logues  of A M P  to  t he  
t u m o r - b e a r i n g  mice  i m p r o v e d  t h e i r  genera l  s ta te ,  
decreased  c o n t e n t  of t u m o r  ceils in  pe r i t onea l  c a v i t y  a n d  
increased  ave rage  d u r a t i o n  of su rv iva l  (Figure  2). 

Our  d a t a  sugges t  t h a t  an  increase  in A M P  d e a m i n a t i o n  6 
in diseases a c c o m p a n i e d  b y  l ip id  pe rox ides  accumula -  
t ion  9,1~ m a y  be  p a t h o g e n e t i c a l l y  i m p o r t a n t ,  a n d  t h a t  
some nuc leo t ides  ( s t ruc tu ra l  ana logues  of AMP) m a y  be  
used for  unspecif ic  t h e r a p y  of these  diseases u n d e r  
e x p e r i m e n t a l  cond i t ions  n.  

BblBO)~bI .  CTpyKTypHbm aHanorH AMqb aAeHO3HH-2' 
(30-  Ha .  -3'-MOH0#0c~aT qaCTHqS0 HOpMaan3ymT Hapy- 
IUeHH~I ;~e3aMI~HI4p0BaHH~I a30THCTbIX c0eAHHeHH~ B neqeHH 
Mblme~-onyxoneHOcHTene~ H VA/IHH~IIOT BSI}KHBaBM0CTb 3THX 
}KHBOTHI~IX. 
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