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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.  

10 B. Ljung and D. Stage, Acta physiol, scand. 9d, 112 (1975). 
11 E.A. Adolph, Am. J. Physiol. 166, 75 (1951). 

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 

W. P ie rpao l i  2 

Schweizerisches Forschungsinstitut, Medizinische Abteilung, CH-7270 Davos (Switzerland), 9 June 1977 

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 
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Persistent changes in the hormonal status of specific pathogen-free female MAG mice attributable to a restricted caloric diet for a period of 
6 weeks after weaning 

Age Treatment Average Thyroxine Progesterone 17-fl-estradiol Insulin Corticosterone 
(days) b. wt (g) (nMol/1) (ng/100 ml) (nMol/1) (pg/mI) (~tg/100 ml) 

63 Diet* 15.4 84 346 0.26 < 200 n.d. 
Controls 29.1 128 486 0.32 < 200 16.9 

78 Diet 27.4 78 507 0.36 244 15.1 
Controls 27.3 72 433 0.29 860 13.6 

108 Diet 28.3 129 507 0.37 < 200 15.3 
Controls 30.0 95 417 0.26 200 26.1 

138 Diet 30.8 88 750 0.42 372 12.0 
Controls 32.8 117 427 0.27 < 200 16.0 

168 Diet 31.0 119 446 0.26 < 200 8.5 
Controls 32.0 98 582 0.33 264 I6.0 

*The restricted caloric diet was started at 21 and interrupted at 63 days of age. After that time, the mice were fed at libitum. Each value 
corresponds to 1 or more determinations of 1 pool of sera from 10 mice. n.d., non deternfined. 

was t h a t  an a l te ra t ion  of the  no rma l  h y p o t h a l a m i c  pro-  
g r amm ing  before it reaches  its f inal  adul t  organiza t ion  
(prepuber ta l  age) would ma in t a in  th is  organ in a more  
' juveni le '  condi t ion,  t hus  re ta rd ing  the  degenera t ive  
changes  and  the  consequen t  d i s rup t ion  of the  normal  
ho rmona l  feed-back  homeos ta t i c  control ,  as suggested by  
Di lman 7. Such a sequence would explain  w h y l i f e  is pro- 
longed s ignif icant ly  when  the  d ie t  is appl ied in mice im- 
med ia te ly  af ter  weaning.  The crucial aspec t  of th is  pos tu-  
la ted causal re la t ionship  was whe the r  ma in t a inance  on a 
low caloric d ie t  only  over  a l imited t ime af ter  weaning  the  
mice, t h a t  is a t  a p r epube r t a l  age when  the  def ini t ive  
p rog ramming  for adul t  neuroendocr ine  funct ions  (e.g. 
sexual  functions)  were still incomplete ,  would p e r m a n e n t l y  
a l ter  the  ho rmona l  s ta tus .  
Materials and methods. To verify th is  hypo thes i s  and 
the  link to Di lman ' s  t heo ry  of ageing ~, groups of mice 
(outbred hybr id  MAG strain,  females,  raised and  main-  
t a ined  in specific pa thogen- f ree  condit ions) were isolated 
in single cages a t  21 days  of age. They  were given dai ly  
3 g of the  c o m m o n  mice pellets,  which  cor responded  to 
50% of t he  dai iy  ad l ib i tum food i n p u t  for th is  s t ra in  to. 
W a t e r  was given ad l ib i tum wi th  add i t ion  of v i t amins  
(Multibionta,  Merck AG; 0.4 ml/200 ml water) .  Control  
groups  were given food ad l ibi tum. The res t r ic ted  caloric 
d ie t  was ma in t a ined  for 6 weeks. At  the  end of th is  per iod 
(9 weeks of age), the  mice were given free access to  food, 
At  the  end of the  res t r ic ted  die t  period,  and then  2 weeks, 
1, 2 and  3 m o n t h s  af ter  ending  the  d ie t  (11, 16, 20 and  
24 weeks of age), groups of 10 mice and an equal  n u m b e r  
of controls  were sacrificed by  exsanguina t ion  under  
s t r ic t ly  s t anda rd ized  condi t ions  be tween  10.00 and  12.00 h, 
sera were pooled,  d iv ided into a l iquots  and  frozen. Deter -  
mina t ions  of thyrox ine ,  progesterone,  17-fl-estradiol, cor- 
t ieos terone  and  insulin were made.  For  the  in t e rp re t a t ion  
of the  results ,  i t  m u s t  be po in ted  ou t  t h a t  the  in te rna l  
var iab i l i ty  of the  assays (differences be tween  double  de- 
t e rmina t i on  of a coded sample) or the  var iab i l i ty  of values  
be tween  pools of sera f rom groups of mice of the  same 
age, sex and s t ra in  did no t  exceed 5-10% when  t h e y  were 
bled under  our  s t anda rd ized  condi t ions .  Therefore,  con- 
s t a n t  differences over  20% were considered as significant ,  
a l though  t h e y  were  more  p ronounced  in mos t  cases. 
Results and discussion. -The table  shows the  results.  A t  the  
end of the  6 weeks, the  mice kep t  on a low caloric d ie t  
d isplayed half  the  weight  of the  mice fed ad l ibi tum, bu t  
the i r  b o d y  weight  had  reached  tha t  of the  contro l  group 

2 weeks af ter  ad l ib i tum feeding. StiU a t  3 m o n t h s  af ter  
t he  end of the  6-week res t r ic ted  diet ,  the  mice showed 
very  s ignif icant  differences in levels of several  ho rmones  
when  compared  to the  mice fed p e r m a n e n t l y  ad l ibi tum. 
The clear t en d en cy  of the  mice of the  low caloric diet  
groups was to produce  and /o r  release less cort icosterone.  
On the  o ther  hand,  levels of p roges te rone  and  17-fi-estradiol 
were h igher  in t he  low caloric group a t  78, 108 and  138 
days  of age, while a reversal  of this  s i tua t ion  was observed 
a t  168 days  of age. Thus  ma in t a inance  on a res t r ic ted  
caloric d ie t  for a per iod of 6 weeks af ter  weaning  induced 
pe r s i s t en t  changes  in the  ho rmona l  s ta tus  of the  mice, as 
ref lected by  the  levels of hormones  in per iphera l  blood. 
These changes  concerned  main ly  adrena l  and sexual  
funct ions .  
These findings,  a l though  pre l iminary ,  give suppor t  to the  
hypo thes i s  of Di lman  7. They  indica te  t h a t  a d ie t  re- 
s t r ic ted  in calories a t  a s tage when  the  h y p o t h a l a m u s  is 
no t  ye t  fully organized for ma tu re  sexual  functions,  affects 
pe r s i s t en t ly  its pe r fo rmance  to feed-back  suppression.  I t  
is clear t h a t  the  complex  metabol ic  processes consequent  
to  h igh caloric inpu t  dur ing  g rowth  and  in which m a n y  
'anabol ic '  and 'ca tabol ic '  ho rmones  are required,  makes  
for a d i f ferent  regulat ion 0f the  neuroendocr ine  sys tem,  

1 This work has been supported by the Swiss National Fund for 
Scientific Research, grant No. 3.8750.72. I thank Miss M. H/iln- 
merli of Ciba-Geigy AG, Basel, for her participation in the low 
caloric diet experiments. 

2 New address: W. P., Cell Biology Division, Institute of Ana- 
tomy, University of Zfirich, Gloriastrasse 19, CH 8006 Zfirieh, 
Switzerland. 

3 C.M. MeCay and M. F. CrowelI, Sci. monthly 39, 405 (1934). 
4 C.M. MeCay, M. F. Crowell and L. A. Maynard, J. Nutr. 10, 63 

(1935}. 
5 C.M. McCay, L. A. Maynard, G. Sperling and L. L. Barnes, 

J. Mutt. 18, 1 (1939). 
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24, 501 (1976). 
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d e p e n d i n g  on t he  a m o u n t  of food in take .  This  inf luences  
in a crucia l  way  t h e  st i l l  und i f f e r en t i a t ed  h y p o t h a l a m i c  
centers  a n d  s tabi l izes  t he  th re sho ld  to pe r iphe ra l  feed- 
b a c k  s t imul i  a t  a d i f fe ren t  level.  Accordingly ,  a t  a pre-  
p u b e r t a l  age (be tween  10 and  16 years  of age) a d ie t  
r e l a t ive ly  poor  in  calories b u t  o therwise  ba l anced  in all 
i ts  c o m p o n e n t s  m i g h t  be  one d e t e r m i n a n t  fac to r  in pro-  

g r a m m i n g  t he  species-specific life s p a n  of h u m a n s  a n d  
p ro long  i t  to  i ts  m a x i m a l  expec t ancy .  This  k ind  of in te r -  
v e n t i o n  will n o t  p r e v e n t  ageing,  b u t  i t  m i g h t  well  pos t -  
pone  t he  onse t  of some of i ts  m o s t  t yp i ca l  degene ra t i ve  
p h e n o m e n a  (ar theriosclerosis ,  hype r t ens ion ,  increased 
genesis of t umor s ,  a.o.) w h i c h  m o s t  p r o b a b l y  re la te  to  
an  i m b a l a n c e d  h o r m o n a l  s t a tus .  

Potent ia ls  in m a m m a l i a n  skeletal  musc l e  f r o m  co l lagenase - treated  t i ssue  

W. T. S tauber ,  C. T. J a n u a r y  a n d  B. A. Scho t te l ius  

Dept. o[ Physiology and Biophysics, College o/Medicine, University o/ Iowa, Iowa City (Iowa 52242, USA), 
7? May 1977 

Summary. T r a n s m e m b r a n e  p o t e n t i a l s  were recorded  f r o m  ske le ta l  muscle  f ibres  d issected  w i t h  t he  aid of col lagenase 
perfus ion.  Col lagenase t r e a t m e n t  h a d  l i t t le  or no effect  on  t he  ac t ion  or r e s t ing  po ten t ia l s .  

Because  d issec t ion  of single ske le ta l  muscle  f ibres  or smal l  
bund l e s  of f ibres  o f t en  is d i f f icul t  due  to t o u g h  c o n n e c t i v e  
t issue,  we h a v e  looked for a t e c h n i q u e  t h a t  would  reduce  
th i s  c o m p o n e n t  w i t h o u t  cel lular  in ju ry .  Collagenases  h a v e  
been  shown  to  d iges t  p r i m a r i l y  in te rce l lu la r  p ro t e in s  a n d  
h a v e  a l lowed t he  i so la t ion  of i n t a c t  s m o o t h  muscle  i a n d  
card iac  cells 2. W e  h a v e  used col lagenases  to  p r epa re  
ske le ta l  muscle  for h o m o g e n i z a t i o n  s, t h u s  we decided to 
explore  t he  poss ib i l i t ies  of enzyme-ass i s t ed  dissect ion of 
m a m m a l i a n  ske le ta l  muscle  f ibres  a n d  bundles .  Pre l imi-  
n a r y  e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  s imple  submers ion  
of the  t i ssue  in a n  e n z y m e - c o n t a i n i n g  so lu t ion  was in-  
a d e q u a t e  for d i s rup t ion .  Therefore ,  a h i n d - l i m b  per fus ion  
t e c h n i q u e  s imi la r  to  t he  l iver  per fus ion  pro tocol  emp loyed  
in t he  i so la t ion  of l iver  cells* was adop ted .  The  i n t e g r i t y  
of p r e p a r a t i o n s  sub j ec t ed  to  t h i s  t e c h n i q u e  was assessed 
b y  e x a m i n i n g  t he  t r a n s m e m b r a n e  ac t ion  po ten t i a l .  

Electrical potentials from rat semi-tendinosus muscle 

Normal * Enzyme-treated * p 

Resting potential 68.9 :t_ 1.0 my --66.6 4- 1.0 mv 0.09 
(15) (23) 

Overshoot +20.4 -t- 2.4 my +17.6 4- 1.2 mv 0.33 
(15) (16) 

Action potential 89.4 :~= 2.5 mv 84.1 :j= 1.9 mv 0.10 
(15) (16) 

* Indicates that 3 animals were used and numbers in parentheses 
indicate the number of penetrations recorded. Electrical potentials 
are the means i SE of all the penetrations recorded. 

L 

Control Enzyme dissected 

Tracings of action potential recorded from control and enzyme dis- 
sected muscle. The dashed line in each represents the is0potential 
line. Vertical bar is 20 inV. Horizontal bar is 2 msec. 

Materials and methods. Sprague -Dawley  ra t s  200-300 g 
were a n a e s t h e t i z e d  w i t h  e t h e r  and  a smal l  c a n n u l a  was 
i n t r o d u c e d  in to  t he  r i gh t  f emora l  a r t e ry .  Af te r  the  can-  
nu l a  was t i ed  in place,  room t e m p e r a t u r e  (22 ~ -t- 2 ~ 
calc ium-free  H a n k ' s  so lu t ion  was per fused  t h r o u g h  t he  
l imb  b y  means  of a pe r i s t a l t i c  p u m p  u n t i l  t he  veins  were 
cleared of blood.  Then ,  the  f emora l  ve in  was severed  a n d  
t he  pe r fusa t e  a l lowed to escape for a 5-rain-period.  
Subsequen t ly ,  col lagenase  ( T y p e ' I ,  S igma  Co.) in  com- 
p le te  H a n k ' s  so lu t ion  (con ta in ing  calc ium) t h a t  h a d  been  
f i l tered t h r o u g h  G e l m a n  0.45 ~m fi l t res  was perfused,  a t  
r oom t e m p e r a t u r e ,  for 5 mill.  Therea f t e r ,  n o r m a l  H a n k ' s  
so lu t ion  w i t h o u t  e n z y m e  was per fused  for 10 rain  to  re- 
m o v e  t he  col lagenase  and  d iges t ion  p roduc t s .  Dissect ion 
a n d  r e m o v a l  of sma l l  bund l e s  of f ibres  f rom the  semi-  
t end inosus  muscle  was pe r fo rmed  in H a n k ' s  solut ion.  
Cont ro l  p r e p a r a t i o n s  were dissected f rom nonper fused ,  
e t h e r  a n a e s t h e t i z e d  an ima l s  a n d  p laced  d i rec t ly  in to  com- 
plete,  r oom t e m p e r a t u r e ,  H a n k ' s  solut ion.  
Fo r  e lectr ical  recording,  con t ro l  a n d  t e s t  muscle  b u n d l e  
p r e p a r a t i o n s  were t r a n s f e r r e d  to a h o r i z o n t a l  muscle  
c h a m b e r  c o n t a i n i n g  o x y g e n a t e d  H a n k ' s  solut ion.  T rans -  
m e m b r a n e  p o t e n t i a l s  were m e a s u r e d  w i t h  3 1V[ KC1 filled 
glass microe lec t rodes  h a v i n g  5 to  20 M/2 res i s tance  a n d  
connec t ed  t h r o u g h  ca lomel  ha l f  cells to  a T r a n s i d y n e  
MPA-6  p reampl i f i e r  w i t h  s t r a y  capac i t ance  neu t ra l i za -  
t ion.  S t i m u l a t i o n  was accompl i shed  w i t h  s u p r a t h r e s h o l d  
square  wave  pulses  of 0.2 to  0.4 msec d u r a t i o n  appl ied  
t h r o u g h  p l a t i n u m  electrodes.  A f loa t ing  microe lec t rode  
a r r a n g e m e n t  was  ut i l ized to min imize  mechan ica l  a r t i -  
facts.  Signals  were d i sp layed  on  a Tek t ron i c  Type  503 
oscilloscope equ ipped  for Po la ro id  p h o t o g r a p h y .  
Results. W h e n  per fused  w i t h  e n z y m e - c o n t a i n i n g  solut ion,  
h i n d - l i m b  muscles  g radua l ly  swelled to  nea r ly  twice  t he i r  
in i t ia l  d iamete r .  U n d e r  d i r ec t  microscopic  view, i t  was  
a p p a r e n t  t h a t  musc le  f ibre bund l e s  were well  d ispersed 
and  t h a t  t h e y  r e sponded  to  electr ical  s t imu la t i on  w i t h  
v igorous  con t r ac t ions .  Subsequen t ly ,  m i n i m a l  mechan i -  
cal d issect ion was necessa ry  to o b t a i n  smal l  bund le s  of 
muscle  f ibres  t h a t  were less read i ly  o b t a i n e d  f r o m  un-  
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