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Postnata l  d e v e l o p m e n t  of adrenerg ic  and cho l inerg ic  sens i t iv i ty  in the i so lated  rat atria 

Anneli  Nukar i -S i l tovuor i  
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Summary. The sens i t iv i ty  to  adrenergic  drugs in isolated ra t  a t r ia  increased wi th  the  pos tna t a l  deve lopment .  The 
cholinergic chronot rop ic  sens i t iv i ty  did no t  fu r the r  change  af ter  b i r th .  

In  the  ra t  i t  has  been  e s t ima ted  by  h is tochemica l  s tudies  
t h a t  the  adrenergic  inne rva t ion  of t he  hea r t  is sparse a t  
b i r t h  and is comple ted  be tween  the  21st and 50th day  of 
life 1-s. The abi l i ty  of the  ra t  hea r t  to  accumula te  HS-nor - 
adrena l ine  develops  rap id ly  be tween  the  6th and  15th d a y  
af ter  b i r t h  unt i l  the  adu l t  level is reached  at  abou t  36 
days4-% and the  res t ing  h e a r t  ra te  increases to  a maxi-  
m u m  wi th in  21 daysL  Hall  s has  found  t h a t  the  l l . 5 - d a y -  
old hea r t  of the  embryonic  r a t  r esponds  to adrenergic  and 
cholinergic drugs.  
The purpose  of the  p re sen t  work  was to  s tudy  the  sen- 
s i t iv i ty  changes  of the  isolated a t r ia  to adrenergic  and  
cholinergic drugs in young  and  adul t  rats.  
Material and methods. The isolated a t r ia  of 148 Sprague-  
Dawley  male ra t s  were examined .  Age groups of 1-2 days,  
8-9 days,  18-19 days  and  2-3 m o n t h s  were  used. The ra t  
weights  were 8 .2 •  g, 16.04-0.7 g, 29.54-1.8 g and  
267.0 •  g, respect ively.  R a t s  were killed by  decapi ta-  
t ion  and  the  hear t s  were d issec ted  and  r insed in Tyrode ' s  
solut ion at  24~ The a t r ia  were m o u n t e d  in a 30 ml  
organ b a t h  conta in ing  Tyrode ' s  solut ion gassed wi th  95% 
02/5% CO 2. Atr ia  were placed wi th  the  hooks in the  hori-  
zonta l  plane wi th  a tens ion  of 600 mg for the  adul t  a t r ia  
and  a tens ion of 300 mg for the  younger  ones. Af ter  a 
s tabi l iza t ion per iod of 30-50 min,  the  cumula t ive  dose- 
response  curves  for the  chrono t rop ic  response to iso- 
prenal ine ,  Isuprel  (ISO), pheny lephr ine ,  Neo-Synepr ine  
(PHE) ,  noradrena l ine  (NA), acetylchol ine  (ACh) and car-  
bachol  (CCh) were de t e rmined  by  using at r ia  a t  37~ 9. 

Only 1 dose-response curve was de t e rmined  wi th  each 
atria.  The chronot rop ic  responses  were recorded wi th  suc- 
t ion electrodes in a 4-channel  Mingograf  recorder.  Sta t is t i -  
cal significances of the  pD2-values and  the  mean  responses 
a t  d i f fe rent  concen t ra t ions  were calcula ted by  S t u d e n t ' s  
t - tes t .  
Results. The base ra tes  of the  isolated a t r ia  were ve ry  
similar  in each of the  age groups;  in the  adu l t  ra ts  229 • 7, 
in 1-2-day-old  224 ok6, in 8-9-day-old  232 +8  and 18-19- 
day-old  242 •  beats / ra in .  
The curves in figure 1 show t h a t  the  responses  to adren-  
ergic drugs increased wi th  ageing.  The ISO dose-response 
curve of 1-2-day-old  ra t s  (figure 1, A) s ignif icant ly  dif- 
fered f rom those  of adu l t  animals  ( p <0 .0 5  at  the  maxi-  
m u m  response).  In  t he  o ther  age groups,  t he  sens i t iv i ty  
to ISO was increased reaching a lmos t  the  adul t  level a t  
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Fig. 1. Log concentration-response curves for the chronotropic responses to isoprenaline (A), noradrenaline (B) and phenylephrine 
(C) in the isolated atria from 1-2-day-old --O-, 8-9-day-old -O- ,  18-19-day-old -&-  and the adult rats -El-. The curves are expressed 
as the percentage increase from the basic contraction frequencies. The curves are the means :I_ SE, n=6-10 rats. 
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18-19-day-o ld  age. The  s imi lar  b u t  s t ronger  d e v e l o p m e n t  
�9 is to  be  seen in f igure 1, B, where  t he  m a x i m u m  responses  
to  N A  of 1-2- and  8 -9 -day-o ld  r a t s  were on ly  2 0 - 3 0 %  
f rom those  of 18-19-days-o ld  a n d  t he  a d u l t  r a t s  (p < 0.001). 
Responses  to  an  a lpha -ad rene rg i c  drug,  P H E  (figure 1, C), 
show t h a t  t he  s ens i t i v i t y  of a lpha - recep to r s  deve loped  to 
t he  a d u l t  s tage l a t e r  t h a n  those  of be ta - recep tors ,  t he  
18-19-day-o ld  h e a r t s  sti l l  be ing  subsens i t ive  to  P H E  b u t  
n o t  to  ISO  a n d  NA. 
The  dose-response  curves  to  chol inergic  drugs,  ACh and  
CCh, ind ica t ed  (figure 2) t h a t  the  chol inergic  ch rono t rop i c  
s ens i t i v i t y  did  n o t  change  s ign i f ican t ly  a f t e r  b i r th .  The  
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Fig. 2. Log concentration-response curves for the negative chrono- 
tropic responses to carbaehol (A) and aeetyleholine (B) in the isolated 
atria front 1 2-day-old - 0  , 8-9-day-old - �9 18-19-day-old -& 
and the adult rats -D �9 The results are expressed as the percentage 
decrease from the basic contraction frequencies. The curves are 
the means -}= SE, n=6-8  rats. 

responses  a t  the  d i f fe ren t  concen t r a t i ons  did n o t  differ  
s ign i f i can t ly  be tween  t he  age groups.  
Discussion. The  p r e sen t  resul t s  i nd i ca t ed  t h a t  t he  a t r i a l  
ch rono t rop ic  s ens i t i v i t y  to  adrenerg ic  drugs  was lower in 
the  n e w b o r n  t h a n  in t he  a d u l t  ra ts .  The  p o s t n a t a l  de- 
v e l o p m e n t  of adrenerg ic  sens i t i v i ty  in t he  a t r i a  observed  
in th i s  s t u d y  is well  co r re la ted  to t he  d e v e l o p m e n t  of the  
adrenerg ic  i n n e r v a t i o n  in tile h e a r t  1-3, a n d  t h e  develop-  
m e n t  of neura l  u p t a k e  of H3-NA 4-6. Adrenerg ic  inner -  
v a t i o n  l-a, NA u p t a k e  4, 5 and  NA c o n c e n t r a t i o n  of h e a r t  5 
increase  r ap id ly  du r ing  t he  3 weeks  a f te r  b i r th .  Also t he  
ch rono t rop i c  s ens i t i v i t y  to  I SO a n d  NA were a l r eady  
deve loped  to t he  a d u l t  level w i t h i n  19 days,  b u t  the  
sens i t i v i ty  to  t he  a lpha - r ecep to r  agonis t ,  P H E ,  deve loped  
later .  In  t he  r a t  po r t a l  vein,  i t  has  been  shown a~ t h a t  t he  
s ens i t i v i t y  to exogenous  NA increases  du r ing  tile f i rs t  3 
weeks.  The  res t ing  h e a r t  r a t e  increases  f rom 300 to  500 
b e a t s / m i n  d u r i n g  20 days  in v ivo  v b u t  the  base  r a t e  of 
i sola ted a t r i a  d id  no t  change  w i t h  age, as observed  in th i s  
s t u d y  and  earl ier  b y  A d o l p h  n.  
The  a t r i a l  s ens i t i v i ty  of r a t s  to  ACh and  CCh d id  no t  
change  f u r t h e r  a f te r  b i r th ,  t h u s  i nd i ca t i ng  t h a t  the  chol in-  
ergic s y s t e m  in t he  r a t  h e a r t  is wel l  deve loped  a t  b i r th .  
Ha l l  s has  e s t i m a t e d  t h a t  the  e m b r y o n i c  h e a r t  of t he  
10.5-day-old r a t  fai led to r e spond  to  ACh b u t  h e a r t s  of 
11 .5-14.5-day-old  r a t s  r e sponded  b y  t e m p o r a r y  diastol ic  
arres t .  L j u n g  and  S t a t e  1~ h a v e  found  in the  r a t  po r t a l  
ve in  t h a t  the  sens i t i v i ty  to  exogenous  ACh, does no t  in- 
crease dur ing  t he  p o s t n a t a l  deve lopmen t .  
This  s t u d y  shows t h a t  the re  are age-re la ted  func t iona l  
differences in the  ch rono t rop i c  responses  of a t r i a  to  adren-  
ergic agonis ts  b u t  no t  to  chol inergic  agonists .  The  be t a -  
r ecep to r  sys t em of t he  r a t  a t r i a  a p p e a r  to deve lop  fas te r  
t h a n  the  a lpha - r ecep to r  sys tem.  
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Changes  of h o r m o n a l  s ta tus  in y o u n g  m i c e  by  re s t r i c t ed  ca lor ic  d iet .  
Re la t ion  to l i f espan e x t e n s i o n .  P r e l i m i n a r y  r e s u l t s  1 
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Summary. The  m a i n t a i n a n c e  of mice on a r educed  caloric d ie t  for 6 weeks s t a r t i n g  f rom wean ing  t ime  produces  per-  
s i s t en t  changes  in t he i r  h o r m o n a l  s t a t u s  as ref lec ted  b y  differences in b lood levels of gonada l  a n d  ad rena l  s teroids.  The  
changes  m i g h t  express  a p e r m a n e n t l y  d i f fe ren t  h y p o t h a l a m i c  regu la t ion .  Th i s  m i g h t  a c c o u n t  for a p ro longa t ion  of t he i r  
life span.  

Since t he  d i scovery  b y  McCaya-% i t  ha s  been k n o w n  for 
m a n y  years  t h a t  a d ie t  r e s t r i c ted  in calories p ro longs  
s ign i f i can t ly  the  life s p a n  of mice and  rats .  H o w  th i s  
ope ra t i ona l l y  ' s imple '  p rocedure  can  effect  such  a re- 
m a r k a b l e  p ro longa t i on  of the  life span  is sti l l  a m a t t e r  of 
specula t ion .  A ver3; i m p o r t a n t  aspec t  w h i c h  emerged  f rom 
p rev ious  work  was t h a t  t he  earl ier  in life t he  d ie t  was  in- 
s t i tu t ed ,  t he  longer  t he  an ima l s  l ived. 
D i l m a n  7 p roposed  in 1971 t h a t  one of tile causes of senes- 
cence, and  of some of i ts  mos t  compel l ing  pa tho log ica l  
man i f e s t a t i ons  (atherosclerosis ,  senile d iabetes ,  increased  
incidence  of t umors ,  a.o.), is an  age-associa ted progress ive  
e l eva t ion  of t he  h y p o t h a l a m i c  t h r e sho ld  to feed-back  sup-  
pression.  Th i s  m i g h t  invo lve  a c o m p e n s a t o r y  increase  of 
p r o d u c t i o n  and  release of ce r t a in  p ro t e in  h o r m o n e s  

(g rowth  hormone ,  p ro l ac t i n  for example)  which  p r o m o t e  
mos t  of the  pe r iphe ra l  me tabo l i c  a l t e ra t ions  wh ich  are 
typ ica l  of ageing. These  progress ive  degenera t ive  changes  
of t he  h y p o t h a l a m u s  were cons idered  b y  h i m  to be  the  
cause  of a k ind  of 'playsiological '  ageing;  m a n y  fac tors  
of h e r e d i t a r y  or e n v i r o n m e n t a l  n a t u r e  m i g h t  powerful ly  
c o n t r i b u t e  to t he  de lay  or acce le ra t ion  of th i s  s y n d r o m e  7. 
Our  work  on the  role of t h e  t h y m u s  in t he  p r o g r a m m i n g  
and  o rgan iza t ion  of neu roendoc r ine  func t ions  in ear ly  
ontogenyS,  9 and  the  no t ions  t h a t  d i f fe rent  k inds  of man i -  
pu la t ions  can  a l te r  or af fec t  p e r m a n e n t l y  h y p o t h a l a m i c  
funct ions ,  suggested  a possible  m e c h a n i s m  b y  which  a 
res t r i c ted  caloric d ie t  m i g h t  prolong life. This  m i g h t  be  b y  
de lay ing  and  in f luenc ing  t he  def in i t ive  o rgan iza t ion  of the  
h y p o t h a l a m u s  for a d u l t  endocr ine  funct ions .  The  idea 


