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Total body retention in % of the administered dose of 47Ca, SSSr and 226Ra, 4 days after gastric intubation in mice: influence of A1PO 4 gel 

Time of treatment relative to isotope intubation Retention (% of dose) Reduction factor ~ agar 
controls/PO 4 treated 

4~Ca S~Sr U26R a 4~Ca SSSr 22~Ra 

!. A1PO, just before 8.0 :~ 1.8 0.8 4- 0.2 < 0.3 3.3 14 >26 

2. Agar just before 27 ~: 8 11 4- 4 7.7 4- 5.9 

3. A1PO 4 just after 7.1 ~ 1.2 0.8 4- 0.2 < 0.3 3.5 12 > 27 

4. Agar just after 25 4- 8 11 2~ 4 7.9 4- 5.5 

5. A1PO 4 later (1 h) 24 4- 5 9.6 4- 2.4 8.8 4- 3.7 1.3 1.5 1.7 

6. Agar la ter( lh)  32 ~: 11 15 4-6 15 4-9 

Limits are the 95% fiducial limits (x 4- tSx) , 5 to 6 mice]group. 

In  a second exper iment ,  20 ~zCi 226Ra w i thou t  o the r  iso- 
topes  was i n t u b a t e d  to each of 10 mice. The f irs t  group of 
5 an imals  received 0.4 ml  of p h o s p h a t e  gel jus t  before  the  
Ra  in tuba t ion ,  the  second group 0.4 ml  of agar  gel. 

Af ter  4 days,  t he  Ra  r e t en t ion  was  measured  in the  
A1PO 4 t r ea t ed  an imals  wi th  a more  sensi t ive method .  The 
mice were killed wi th  an overdose of e ther  anaesthesia ,  and  
slowly inc inera ted  up to 520~ Direct ly  hereaf ter ,  t he  
ashes were measured  in a NaI(T1) well c rys ta l  w i th  a 400 
channe l  analyzer  on the  186 KeV emission of ~"6Ra; thus  
avoiding  the  in ter te rences  of all the  daugh te r  isotopes  bui ld  
up  b y  the  Rn-gas  ( = the  f i rs t  daugh te r  of the  whole chain) 
and giving a de tec t ion  l imi t  of abou t  10 -5 ~Ci. The whole-  
b o d y  re t en t ion  for the  A1PO4-treated group was 0.01% 
( •  0.005 at  the  95% fiducial  level) of the  dose;  in the  
agar-controls  (measured wi th  the  GeLi detector)  th is  was 
8.0% (~_ 4.0). 

The l imi t ing effect  of a mass ive  q u a n t i t y  of a l u m i n i u m  
p h o s p h a t e  gel on the  in tes t ina l  up take  in mice is t hus  si- 
mi lar  to  t h a t  ob ta ined  in m a n  1 and  ra t  2 for 85Sr and  47Ca, 
b u t  is ve ry  m u c h  h igher  for i ra  t h a n  for Sr. The heavier  al- 
kal ine ea r th  t hus  seems to  be more  s t rongly  fixed, as was 

observed wi th  sodium alginate  also 4. The s imul taneous  
admin i s t r a t i on  of b o t h  226Ra and  A1PO4 reduced  the  Ra-  
bu rden  800 t imes  in mice, while  the  max i ma l  effect  ob- 
served wi th  sodium alginate  4 was a 135-fold reduct ion.  

Rdsumd. L ' a d m i n i s t r a t i o n  presque  s imul tan~e d ' un  gel 
de p h o s p h a t e  d ' a lumine  et  de 22qRaCl~ r6dui t  de 800 fois 
l ' absorp t ion  in tes t ina le  du ~teRa chez la souris. La charge 
corporel le  en 85Sr et  4~Ca est  r6duite d ' env i ron  10 resp. 3 
fois.  
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Development of Human Foetal Inotropic Responses  

The blood pressure  response  of foetuses to catechol-  
amines  have  been  s tudied  for m a n y  years.  Mature  foetal  
rabb i t s  1 and  new-born  dogs ~ respond  the  same as adu l t  
animals.  Blood pressure  responses  in young  foetal  lambs,  
however ,  are less t h a n  in ma tu r e  foetal  l ambs  8, suggest ing 
t h a t  the  pressure  responses  to ca techolamines  are no t  
fully developed unt i l  the  foetus  nears  te rm.  This decreased 
response  to  ca techolamines  in i m m a t u r e  foetuses  has  also 
been  observed in foetuses  of r abb i t s  and  guinea pigs 4, 
ca ts  5 and  ra ts  ~. There  is l i t t le in format ion  on the  develop-  
m e n t  of inot ropic  responses~ to ca techolamines  in foetuses ; 
a previous  s t u d y  has  shown great, var ia t ions  in pos i t ive  
inot ropic  responses  to  adrenal ine  and  noradrena l ine  of a 

to Catecholamines 

human foetal Langendorff preparation 7. We have pre- 
viously reported s that inotropic and electrophysiological 
responses of human foetal myocardium to carbamyl- 
choline are not fully developed at 12-22 weeks gestation 
and that inotropic responses develop before certain electro- 
physiological responses. The present study was under- 
taken to investigate the development .of inotropic re- 
sponses in human foetuses to catecholamines. 

Atrial and ventricular tissues were dissected from 17 
human foetuses of 12-22 weeks gestation, as judged from 
nomograms relating �9 crownrump length and dry weight of 
the excised heart to the period of gestation. A total of 30 
left and right atria, 6 ventricular strips and 3 papillary 
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muscles  dissected f rom the  r igh t  vent r ic le  were m o u n t e d  
unde r  1 g tens ion  in a muscle  c h a m b e r  conta in ing  well 
oxygena t ed  (95% O2-5 % CO2) Krebs -b i ca rbona te  solut ion 
a t  30~ All p repa ra t ions  were electr ical ly dr iven  via  
p l a t i n u m  wire electrodes a t  120 pulses /min  (1 msec dura-  
t ion),  10% above  th resho ld  voltage.  An RCA 5734 t rans-  
ducer  was used to measure  con t rac t ions  which  were ei ther  
p h o t o g r a p h e d  f rom an oscilloscope or recorded on a poly- 
graph.  Cumula t ive  dose-response curves were ob ta ined  in 
b o t h  atr ial  and  vent r icu la r  t i s s u e s  to noradrenal ine ,  
adrenal ine  and  isoprenaline.  Figure  1 shows the  mean  
(4-SEM) pe rcen t  change  in cont rac t i le  force for the  f i rs t  
admin i s t r a t i on  of vary ing  concen t ra t ions  of isoprenal ine 
and  noradrena l ine  to  a t r ia  f rom t en  foetal  hear ts .  The 
response  of ven t r icu la r  and papi l la ry  muscles  to  ident ical  
concen t ra t ions  of isoprenal ine and  noradrena l ine  was 
similar  to the  atr ial  responses.  Adrenal ine  elicited effects 
on a t r ia  and pap i l l a ry  muscles  which were in t e rmed ia te  
be tween  those  p roduced  by  isoprenal ine and noradren-  
aline. Af ter  the  peak  response  to each ca techolamine  was 
obta ined,  CaC1~(7.5 mM)  was added  to the  muscle  b a t h  
(Ca++ concen t ra t ion  of the  Krebs -b i ca rbona te  solut ion 
was  2.5 mM).  In  every  exper iment ,  a fu r ther  increase in 

150 
% 

100 

�9 ~ 50 

9 0 "1 6 5 
-toll Concentration (g/m[) 

Fig. 1. Mean -t- S.E.M. percentage change in contractile force to vary- 
ing concentrations of isoprenaline and noradrenaline in hmnan foetal 
atria. 

contract i le  force was observed.  The max ima l  response to  
noradrena l ine  (3 x 10 -5 g/ml) ob ta ined  was 534-14% and  
af ter  calcium it  was 924-30~ . The max i ma l  response  to  
isoprenal ine (3 • 10 -5 g/ml) ob ta ined  was 1 2 1 i 3 1 %  and 
af ter  calcium it  was 1934-57% (p < 0.01 in each case by  
the  chi square  test) .  Contract i le  responses  to  the  same 
agonis t  30 to  60 rain af ter  washing  the  t issues were 
variable.  Tissues e i ther  r e sponded  similar ly or failed to 
respond.  In  t he  mos t  m a t u r e  foetus  s tudied  (22 weeks 
gestat ion) isoprenal ine  ( 3 •  .8 g/ml) caused a 100% 
increase in cont rac t i le  force and  the  peak  response occur- 
red a t  a concen t ra t ion  of 10 -6 g/ml. The results  ob ta ined  
wi th  th is  foetus  were no t  inc luded in Figure  1. 

The large s t a n d a r d  error  of cont rac t i le  responses  to 
ca techolamines  (Figure 1) is p robab ly  due, a t  least in par t ,  
to  the  var ious  age s of the  foetuses s tudied.  In  order  to  
de te rmine  the  inf luence of embryo  age on the  abi l i ty  to  
respond  to  ca techolamines ,  da t a  ob ta ined  t rom o ther  
expe r imen t s  w i t h  isoprenal ine a t  10 -7 g/ml  were p lo t t ed  
according to embryo  age (Figure 2). I t  is ap p a ren t  f rom 
Figure 2 t h a t  the  abi l i ty  of embryonic  a t r ia  to respond  to 
isoprenal ine increases w i th  age in the  range of 12-22 weeks. 

The p resen t  results  show t h a t  there  is a progressive 
deve lopmen t  of foetal  cont rac t i le  responses  to cateehol-  
amines  f rom 12-22 weeks, bu t  even at  22 weeks of age, 
contract i le  responses  are no t  as marked  as those observed  
in adul t  h u m a n  atr ia".  These inotropic  results  are in 
concurrence  wi th  blood pressure  responses  in foetuses of 
o ther  species, i.e. responses  to ca techolamines  are less 
marked  in young  foetuses t h a n  in adul ts  4, 5, 6 and are less 
marked  in young  foetuses t h a n  in older ones 3. Nega t ive  
inot ropic  responses  to ca rbamylchol ine  did not  show a 
progress ive  d e v e l o p m e n t  in embryos  f rom 12-20 weeks s. 

Rdsumd. L ' a u t e u r  a 6tudi6 la con t rac t ion  du coeur foetal 
au cours des diffGrents s tades  de la gestat ion,  a v a n t  et  
apr~s s t imula t ion  par  les catGcholamines. Le tissu h u ma i n  
foetal r @ o n d  aux  catGcholamines au fur et  k mesure  de sa 
matura t ion .  
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Fig. 2. The development of inotropic responses of human foetal atria 
to isoprenaline (10 -7 g/ml) between 12 and 22 weeks gestation. 
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