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C a t e c h o l a m i n e  C o n t e n t  a n d  U p t a k e  of  t h e  D u c t u s  

Recen t  morphological  s tudies  on innerva t ion  of the  
ductus  ar ter iosus revealed b o t h  adrenergic  and cholinergic 
nerves  in the  vessel wall of t he  duc tus  and  suggested the  
possibi l i ty  of some neural  controN-a.  Based on these  
evidences,  quan t i t a t i ve  compar i son  of nerve  dens i ty  in the  
duc tus  and  ad jacen t  vessels was carr ied out  by  fluoro- 
met r ic  de t e rmina t i on  of endogenous  ca techolamine  (CA) 
and by up take  m e a s u r e m e n t  of l~C-noradrenaline (~dC-NA) 
in the  vessel  wall. 

Methods .  Theduc tus  and ad jacen t  por t ion  of t he  pu lmon-  
ary  t runk  and aor ta  were r emoved  by  the  m e t h o d  describ- 
ed elsewhere ~. A f luorometr ic  procedure  was used to deter-  
mine endogenous  CA as descr ibed by  FL~MI~O et al. 6. For  
~C-NA up take  studies,  thin,  cross-sect ioned slices of t he  
ar ter ies  were prepared,  weighed (75-240 mg) and  placed 
in 4.8 ml  of Krebs -Ringer  b ica rbona te  med ium ~ conta in-  
ing 0.2 mg /ml  of ascorbic acid. They  were incuba ted  wi th  
~*C-NA (0.1 ~zg base/ml)  in a 5% CO~-95% Oa a tmosphe re  
a t  37~ for 30. min.  Af ter  incubat ion ,  the  t issues were 
r insed twice, 5 rain each in ice-cold m e d i u m  and homo-  
genized in 1.7 ml of 2 N acetic acid. E x t r a c t i o n  and  sepa- 
ra t ion  of NA from metabol i tes  on an a lumina  column were 
accompl ished as descr ibed previouslya.  Al iquots  of the  
f rac t ions  were �9 in a Packa rd  Tri-Carb.  U p l a k e  of 
rad ioac t iv i ty  is expressed as t he  t i s sue - to -medium rat io  
which is the  d is in tegra t ions  per  min /g  of t issue divided by  
the  d is in tegra t ions  per  m in /ml  of medium.  

Resu.lts. Dete rmina t ions  of CA on vessels f rom 20 fetaI 
lambs are shown in Table  I. The p u l m o n a r y  end of the  
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ductus  had  more  NA t h a n  i ts  aor t ic  end (p < 0.01). There  
was, moreover ,  a concen t ra t ion  grad ien t  f rom wi th in  the  
p u l m o n a r y  t r u n k  t h ro u g h  to, and including the  aorta.  The 
con ten t  of dopamine  in the  duc tus  exceeded t h a t  of NA 
(p < 0.01), while the  reverse  held  t rue  in t he  r igh t  a t r i um 
(p < 0.05) 

Rad ioac t iv i ty  in t he  vessels rose to  abou t  3-5 t imes  
t h a t  in t he  med i u m (Table I i ) .  Analysis  by  co lumn chro- 
m a t o g r a p h y  revealed t h a t  abou t  half  of the  to ta l  radio-  
ac t iv i ty  p resen t  in the  vessels af ter  incuba t ion  was in the  
form of unchanged  NA. The t i s sue - to -medium up take  
ra t io  of labelled (unchanged) NA in the  p u l m o n a r y  end 
o f  the  duc tus  was s ignif icant ly  higher  t h a n  t h a t  in the  
aort ic  end  of the  duc tus  (p < 0.01). The t i s sue - to -med ium 
up take  ra t io  in t h e  p u l m o n a r y  t r u n k  was h igher  t h a n  t h a t  
in the  aor ta  (p ---- 0.05). 

D i s c u s s i o n .  Our chemical  m e a s u r e m e n t  of CAs in the  
vessel  walls ind ica ted  an a m o u n t  of endogenous  NA in the  
duc tus  comparab le  wi th  the  concen t ra t ion  of 0.14-0.70 
~g/g in the  per iphera l  ar ter ies  of the  forelegs of the  dog 9 
which  are under  physiological  neural  control ;  this  is in 
con t ras t  to  the  concen t ra t ion  of 0.005 ~g/g in the  ex t ra-  
abdomina l  pa r t  of the  h u m a n  umbil ical  a r te ry  t0 which 
lacks innerva t ion .  If  there  is close corre la t ion be tween  the  
CA con ten t  and  the  response to  adrenergic  neural  s t imula-  
t ion ~, the  duc tus  possesses enough  n e u r o t r a n s m i t t e r  to  
respond to s t imula t ion  ot its adrenergic  nerves.  

The condi t ions  of our analysis  indicate  t h a t  t he  up take  
of ~C-NA is main ly  by  nerve  endings  r a the r  t h a n  by  extra-  

Table I. CatechoIamine content of arterial segments and heart of fetal 
lambs 

Dopamine ~ Norepinephrine b 
(~zg/g) o (~zg/g) ~ 

Proximal pulmonary trunk 1 . 0 2 3 - 0 . 2 2  0.533-0.05 
Distal pulmonary trunk 1.033-0.13 0.503-0.05 
Pulmonary end of the ductus 1 .433-0 .33  0.443-0.11 
Aortic end of the ductus 1.583-0.42 0.273-0.05 
Proximal aorta 0.613-0.06 0.393-0.05 
Distal aorta 0.543-0.05 0.293-0.04 
Right atrium 0.613-0.10 0.753-0.09 

Mean 3-S.E. of 3 trials of analysis on tissues from 6 lambs, b Mean 
3-S.E. of 10 trials of analysis on tissues from 20 lambs, o [zg]g wet 
weight tissue. 
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Table II. Tissue-to-medium eateeholamine uptake ratios derived from vessels of fetal lambs (meani:S.E. of 4 trials of analysis on tissues from 
4 iambs) 

Total T/M ~ NE T/M ~ Relative T/M ~ 

Proximal puhnonary trunk 4.97_}=1.10 2.79• 145.83-20.1 
Distal pulmonary trunk 4.06i0.37 2.41• 138.3!12.5 
Pulmonary end of the ductus 4.08=t=0.54 2.37Jc0.42 134.3• 9.8 
Aortic end of the ductus 3.01i0.36 1.773-0.36 100.0 
Proximal aorta 3.893-0.53 2.703-0.49 117,53-18.7 
DistaI aorta 3.22J-0.27 1.743-0.27 101.4q=11.9 

Tissue-to-medium uptake ratio of total radioactivity, b Tissue-to-medium uptake ratio of nonmetabolized norepinephrine, o Percentage 
uptake of non-metabolized norepinephrine relative to aortic end of the ductus which was taken as 100.0. 
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neurona l  si tes 1~. P rov ided  t h a t  nerve  endings  in the  
p u l m o n a r y  t runk ,  ductus ,  and  aor ta  are similar  in the i r  
s torage  and  up t ake  abilities, b o t h  the  endogenous  CA 
con t en t  and  the  up take  ra t io  would ref lect  the  dens i t y  of 
nerves  in these  vessels. 

The s ignif icance of t he  re la t ively  high concen t ra t ions  
of dopamine  in t h e  duc tus  of fetal  lamb,  as compared  wi th  
the  h u m a n  duc tus  where  no measurab le  dopamine  was 
found ~, is unknown.  

Con t ra ry  to  t he  visual  e s t ima te  of our earlier observa-  
t ion  a, t he  q u a n t i t a t i v e  e s t ima te  of CA con t en t  and  NA 
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up take  revealed  b o t h  to  be cons is ten t ly  higher  a t  t he  
p u l m o n a r y  end of the  duc tus  t h a n  at  the  aort ic  end. The 
presence of th is  g rad ien t  along the  duc tus  does not,  
however ,  necessar i ly  imply  a specific role of adrenergic  
inne rva t ion  in func t ion  of t he  duc tus  alone, since this is 
only pa r t  of a larger grad ien t  ex t end ing  f rom wi th in  the  
p u l m o n a r y  t r u n k  t h r o u g h t o ,  and including the  aorta .  
Since KENNEDY 1~ s t ressed the  i m p o r t a n c e  of a rise in 
ar ter ial  P% as a ma jor  d e t e r m i n a n t  of closure, th is  hy-  
pothes is  has  been subs t an t i a t ed  by  m a n y  s tudies  on the  
duc tus  of the  h u m a n  ~4, xa and  of an imals  ~6-1s. However ,  
the  possible  in ter re la t ions  be tween  effects of oxygen  and 
those  of inne rva t ion  were no t  clarified, e.g., w h e t h e r  the  
response  to  raised P% was d iminished  afeer dene rva t iom 

A n m n b e r  of expe r imen t s  have  favored  the  i nvo lvemen t  
of a nervous  mechan i sm in the  closure of the  ductus,  The 
au tonomic  innerva t ion  oi the  fetal  hea r t  and blood vessels 
is readi ly  responsive  to s t imul i  l~-2a. 

Taken  together ,  these  several  pieces of evidence s u g -  
gest  t h a t  adrenergic  innerva t ion  of the  duc tus  m a y  p lay  
a role in closure of the  duc tus  auxi l iary to t h a t  p layed  by  
arterial  P%. The possible role of t he  previously  demon-  
s t r a t ed  ehot inergic  inne rva t ion  a m u s t  also be inves t -  
igated ~. 

Zusammen/assung. Die Ver te i lung yon  Noradrena l in  
a n d  D o p a m i n  im D u c t u s  ar ter iosus  des L a m m e s  wurde  
s tud ie r t  und  mi t  ~C-Norep inephr in  die F/ihigkeit ,  e x o -  
genes Noradrena l in  aufzunehmen,  gepriift .  
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Cardiac Output in Thyroid Disease 

Concomi tan t  card iovascular  d isorder  in t hy ro id  disease 
is a well known fact  since the  ear ly  descr ip t ion  of Mo~Blus  
in 1896L Thyro id  h o r m o n e  possesses a pos i t ive  chrono-  
t ropic  and  inot ropic  action.  H e a r t  rate,  m a x i m u m  velo- 
c i ty  of f iber  shor tening,  ra te  of t ens ion  d e v e l o p m e n t  and  
cardiac  o u t p u t  are there fore  increased.  In  h y p o t h y r o i d i s m  
these  p a r a m e t e r s  are all reduced  ~, ~. Decreased per iphera l  
vascular  res is tance  is ano the r  i m p o r t a n t  factor  in thyro id -  
induced  high o u t p u t  s ta te .  The effects  of t hy ro id  ho rmo n e  
seem to be i n d e p e n d e n t  of t he  norep inephr ine  stores of the  
hea r t  2, r 

Inc reased  oxygen  consumpt ion  alone does not  expla in  
t he  e leva ted  cardiac  o u t p u t  in hype r thy ro id i sm ,  and t h e  
a u g m e n t a t i o n  of cardiac  output ,  when  compared  to oxy-  
gen consumpt ion ,  is in excess of t h a t  observed  dur ing  ex- 
ercise a. NeVertheless s o m e  re la t ionsh ip  be tween  cardiac  
o u t p u t  and  oxygen  c o n s u m p t i o n  seems to  exist .  The  pur-  
pose of th is  s t u d y  was to  inves t iga te  the  corre la t ion be- 
tween  basic metabol ic  ra te  (BMR) and  cardiac  ou tpu t .  

Wfaterial and methods. 24 pa t i en t s  w i t h  clinical ev idence  
for t hy ro id  disease and 6 no rma l  cont ro ls  were  inves t i -  
gated.  Thyro id  func t ion  s tudies  inc luding B M R  (according 

to  m e t h o d  of Harris)  and t racer  s tudies  wi th  1 la6~ Were 
done in all and p ro t e in -bound  iodine de te rmina t ions  (PBI) 
were done  in 22 protein .  W i t h i n  5 days  r igh t  hea r t  ca the-  
te r iza t ion  wi th  mic roca the te r s  was pe r fo rmed  b y  pre- 
viously  descr ibed me t h o d s  7 and r ight  atrial-,  r ight  vent r i -  
cular- and  p u l m o n a r y  a r t e ry  pressures  were measured .  
Cardiac o u t p u t  was ca lcula ted  according to  t he  Fick w i n -  
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