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Abs t rac t .  The e f f e c t  o f  age on t h e  d e n s i t y  and t h e  a f f i n i t y  of 
be ta  adrenerg ic  r e c e p t o r s  was determi  ned i n  t h e  h e a r t s  of F i s c h e r  
344 r a t s  a t  t h r e e  ages, 6, 12, and f$5months o ld .  The b i n d i n g  o f  
t h e  b e t a  a d r e n e r g i  c  a n t a g o n i s t  I-iodohydroxybenzylpindolol 
( IHYP), was used t o  q u a n t i t a t e  and c h a r a c t e r i z e  c a r d i a c  be ta  
adrenerg ic  recep to rs .  The maximal number o f  b i n d i n g  s i t e s  (B = 
F  moles/mg of p r o t e i n )  were 26.3+2.5, - 25.4+0.99, and 24.5+2.Va~nd 
t h e  d i s s o c i a t i o n  cons tan ts  (Kd = nM) weye 0.166+0.014,-0.126+ 
0.006, and 0.135+0.015 f o r  6, 12, and 24 months-old animals, 
r e s p e c t i v e l y .  There were no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  
t h r e e  ages. These r e s u l t s  suppor t  t h e  c o n t e n t i o n  t h a t  n e i t h e r  
b e t a  adrenerg ic  r e c e p t o r  d e n s i t y  o r  a f f i n i t y  changes w i t h  age i n  
the  v e n t r i c l e s  of t h e  r a t  hear t .  c 1987 S o c i e t y  f o r  E x p e r i m e n t a l  B i o l o g y  

and  M e d i c i n e  

I n t r o d u c t i o n .  Age-associated changes 
i n  b i o c h e m i c a l  a n d  p h y s i o l o g i c a l  
r e s p o n s e s  t o  v a r i o u s  hormones and 
t r a n s m i t t e r s  have been r e p o r t e d  (1,2). 
I n  some cases, these changes appear t o  
b e  a s s o c i a t e d  w i t h  a l t e r a t i o n s  i n  
r e c e p t o r  concen t ra t ions .  

I n  t h e  c a r d i o v a s c u l a r  system age- 
r e l a t e d  changes have been r e p o r t e d  i n  
t h e  response t o  adrenerg ic  s t i m u l a t i o n .  
D u c k l e s  ( 3 )  d e m o n s t r a t e d  a  r e d u c e d  
r e s p o n s e  t o  t r a n s m u r a l  n e r v e  
s t i m u l a t i o n  o f  t h e  r a b b i t  ear  a r t e r y  i n  
o l d e r  an imals  w h i l e  Goldberg e t  a1 ( 4 )  
showed t h a t  t h e  response t o  s t i m u l a t i o n  
o f  t h e  r i g h t  c a r d i a c  sympathet ic  nerve 
i s  d im in ished  i n  t h e  h e a r t  o f  o l d e r  
r a t s .  The i n o t r o p i c  and c h r o n o t r o p i c  
r e s p o n s e  t o  i s o p r o t e r e n o l  d im in ishes  
w i t h  age (5-8). 

U s i n g  [ H I - d i h y d r o a l p r e n o l o l  
( C  H I -  DHA) as t h e  r a d i o l i g a n d ,  t h e r e  
was no e f f e c t  o f  age on t h e  a f f i n i t y  
and d e n s i t y  o f  c a r d i a c  be ta -adrenerg ic  
r e c e p t o r s  (9,lO). However Fan and 
Bannerjee (11)  u s i n g  t h e  same r a d i o -  
l i g a n d  r e p o r t e d  a  d e c r e a s e  i n  t h e  

number o f  c a r d i a c  b e t a  a d r e n e r g i c  
r e c e p t o r s  w i t h  age b u t  t h e r e  was no 
age-dependent change i n  a f f i n i t y .  

I n  t h e  c o u r s e  o f  o u r  s t u d i e s  
d e s i g n e d  t o  e x p l o r e  t h e  age- re la ted  
changes i n  adrenerg ic  neura l  i n f l u e n c e s  
on t h e  hear t ,  a  s e r i e s  o f  experiments 
were  c o n d u c t e d  t o  c h a r a c t e r i z e  t h e  
c a r d i a c  b e t a  adrenoceptor i n  t h e  h e a r t  
o f  r a t s  a t  v a r i o u s  ages. A l though 
Abrass e t  a1 (10) ;  G u a r n i e r i  e t  a1 3  ( 9 )  
and Fan and Baner (11) used [ H I -  
DHA, we u s e d  [ * " I ] - i o d o h y d r o x y -  
b e n z y l p i n d o l o l  (IHYP) because o f  i t s  
h i g h e r  a f f i n i t y  and h i g h  s p e c i f i c  
a c t i v i t y  (12,13) .  S i n c e  p r e v i o u s  
i n v e s t i g a t i o n s  on t h e  e f f e c t  o f  age on 
c a r d i a c  b e t a  r e ~ e p t o r s ~ r e p o r t e d  
d i f f e r e n t  r e s u l t s  u s i n g  [ HI-DHA we 
f e l t  i t  would be impor tan t  t o  r e p o r t  
ou r  r e s u l t s  u s i n g  a  d i f f e r e n t  l i gand .  
Furthermore, s i n c e  t h e r e  appears t o  be 
disagreement r e g a r d i n g  t h e  s e l e c t i o n  of 
t h e  r a d i o l i g a n d  t o  s tudy  b e t a  r e c e p t o r  
b i n d i n g  namely t r i t i a t e d  o r  i o d i n a t e d  
compounds (14,15), compari sons o f  our  
r e s u l t s  u s i n g  i o d i o n a t e d  p i n d o l o l  t o  
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t h o s e  o b t a i n e d  w i t h  t r i t i a t e d  d i h y -  
d r o a l p r e n o l o l  m i g h t  b e a r  on t h i s  
con t roversy .  

H a t e r i  a1 s  and Methods. F  i sc her-344 ma1 e  
r a t s  a t  t h r e e  ages (6,  12, and 24 
months o l d )  were used i n  t h e  e x p e r i -  
ments. I n  each age group, t e n  animals  
were  employed. These r a t s  were main- 
t a i n e d  u n d e r  b a r r i e r  c o n d i t i o n s  a t  
H a r l a n  L a b o r a t o r i e s ,  I n c .  ( I n d i a n -  
a p o l i s ,  I n d ) .  I n  our  i n s t i t u t i o n ,  r a t s  
were housed i n  s tandard f i l t e r e d  cages, 
two  p e r  cage, i n  a  temperature reg-  
u l a t e d  environment (21+l0C), on a  12 h r  
l i g h t l d a r k  cyc le .  The n i m a l  s  were f e d  
ad l i b i t u m  on a  p a s t e u r i z e d  roden t  d i e t  
( 1 9 - 2 6 %  p r o t e i n ,  4-6% f a t )  and on 
a u t o c l a v e d  w a t e r  a d j u s t e d  t o  pH 3. 
Maximum l i f e  span f o r  F ischer-344 r a t s  
m a i n t a i n e d  under these c o n d i t i o n s  i s  
a p p r o x i m a t e l y  35 m o n t h s ,  w i t h  a  
m o r t a l i t y  r a t e  of  a b o u t  50% a t  29 
months (16). 

The r a t s  were decap i ta ted  and t h e  
h e a r t s  were removed q u i c k l y  and c h i l l e d  
i n  i c e - c o l d  b u f f e r  ( T r i s - i s o s a l i n e  pH 
7.5) .  The v e n t r i c l e s  were d issec ted  
f r e e  of the  a t r i a ,  f a t  and major  ves- 
se ls .  The trimmed v e n t r i c l e s  i n c l u d i n g  
t h e  septum were minced i n  approx imate ly  
3  ml of 20 mM c o l d  T r i s - i s o s a l i n e .  The 
t i s s u e s  were  homogenized f o r  15 sec 
u s i n g  a  Tekmar T issuemizer  ( s e t t i n g  5- 
7 )  and then c e n t r i f u g e d  a t  20,000 x  g  
f o r  1 0  m i n u t e s  a t  4 '~ .  The p e l l e t s  
were resuspended i n  5  volumes (based 
on w e t  w e i g h t  o f  t i s s u e )  o f  T r i s -  
i s o s a l  i n e .  T h e s e  c r u d e  membrane 
p r e p a r a t i o n s  were f i l t e r e d  through 3  
l a y e r s  o f  gauze and resuspended i n  100 
volumes o f  T r i  s - i s o s a l  i n e  b u f f e r .  The 
p r o t e i n  con ten t  was approx imate ly  30- 
60 ug p r o t e i n  p e r  assay.  Membrane 
p r e p a r a t i o n s  were s t o r e d  a t  -70'~. 

Assay of b e t a  adrenerg ic  r e c e p t o r  
b i n d i n g  were c a r r i e d  o u t  on washed 
c r u d e  membrane p r e p a r a t i o n  o f  h e a r t  
t i s s u e  employing a  m o d i f i c a t i o n  of t h e  
r a d i o l i g a n d  b i n d i n g  method r e p o r t e d  by 
Minneman e t  a1 (13). IHYP (2200 CiImM) 
was used a t  8 c o n c e n t r a t i o n s  t o  d e t e r -  
mine t h e  a f f i n i t y  and t h e  t o t a l  number 
o f  b e t a  a d r e n e r g i c  r e c e p t o r s .  The 
t o t a l  assay volume was 250 u l  i n  which 
IHYP a t  c o n c e n t r a t i o n s  r a n g i n g  from 
250 pM t o  20 pM, 500 UM GTP, 100 UM 1- 
i sopro te reno l  , 100 u l  t i s s u e  prepara-  
t i o n  and 50 u l  o f  BSA/ascrobic a c i d  
s o l u t i o n  (0.001% Bovin Serum A1 bumin/ 

1.4M ascorb ic  a c i d )  were present .  The 
assay volume was p laced i n  d isposab le  
po lyp ropy lene  tubes and s e t  i n  an i c e  
w a t e r b a t h .  A l i q u o t s  of t h e  s o l u t i o n  
were incubated a t  3 7 ' ~  f o r  25 minutes 
and r a p i d l y  f i l t e r e d  t h r o u g h  g l a s s  
f i b e r  f i l t e r s  (Sch le icher  and Schue l l  
No. 30) on a  Brandel C e l l  Harves te r  
f o l l o w e d  b y  two a d d i t i o n a l  washes 
u s i n g  8 m l  o f  1 0  mM c o l d  T r i s -  
i s o s a l i n e .  The f i l t e r s  were counted i n  
a  Beckman gamma counter  a t  a  c o u n t i n g  
e f f i c i e n c y  o f  65%. S p e c i f i c  b i n d i n g  
was def ined as t h e  d i f f e r e n c e  between 
b i n d i n g  o f  IHYP i n  t h e  absence and 
p r e s e n c e  of 100 uM 1- i sopro te reno l .  
The d e n s i t y  o f  b i n d i n g  s i t e s  (B ) 
and t h e i r  a f f i n i t y  (Kd) f o r  IHYP R8Pe 
d e t e r m i n e d  b y  1  i n e a r  r e g r e s s i o n  
a n a l y s i s  o f  s a t u r a t i o n  i so therm data, 
l i n e a r l y  t ransformed accord ing  t o  t h e  
method of Scatchard (17) .  To o b t a i n  a  
Scatchard a n a l y s i  s  a  computer program 
was used which was developed a t  t h e  
Department of Pharmacology, Uni v e r s i  t y  
of Pennsylvania. 

P r o t e i n  c o n t e n t  was d e t e r m i n e d  
accord ing  t o  t h e  Brad fo rd  method (18)  
u s i  ng reagents prepared by  Biorad.  

[125~]-iodohydroxybenzylpindolol was 
purchased f rom New England Nuclear  and 
GTP f rom Boehr i  nger-Mannheim; a1 1  o t h e r  
chemi c a l  s  were purchased f rom S i  gma. 

Di f ferences i n  means were compared 
s t a t i s t i c a l l y  u s i n g  A n a l y s i s  o f  
V a r i  ance (ANOVA). A d i f fe rence  was 
c o n s i d e r e d  t o  b e  s t a t i s t i c a l l y  
s i g n i f i c a n t  when the  p  va lue  was l e s s  
than 0.05. 
R e s u l t s .  I n  T a b l e  1 t h e  k i n e t i c  
parameters of s p e c i f i c  b i n d i n g  of IHYP 
t o  b e t a  adrenerg ic  r e c e p t o r s  a re  shown. 
B and Kd f o r  IHYP were s i m i l a r  i n  
t!tx t h r e e  age groups, (p>0.05). The 
d e n s i t y  o f  b i n d i n g  s i t e s  were 26.3+2.5; 
2 5 . 4 ~  5 . 9 9  and 24.5+2.4 F  m o l l m i  of 
p r o t e i n  and t h e  Kd v a u e s  were 0.166+ 
0.014; 0.126+0.006 and 0.135+0.015 n~: 
(p>O. 05) r e s p e c t i v e l y .  ~ i g u r e  1 repre -  
sents  a  t y p i c a l  Scatchard a n a l y s i s  of 
IHYP b i n d i n g  t o  be ta -adrenerg ic  recep- 
t o r s  i n  t h e  v e n t r i c l e s ;  da ta  f rom a  
s i n g l e  e x p e r i m e n t  d e r i v e d  f rom ven- 
t r i c l e s  i s o l a t e d  f rom animals a t  each 
o f  t h e  ages, i.e., 6, 12, and 24 month 
a re  depic ted.  

Discuss ion.  I n  t h e  p resen t  study, age- 
r e l a t e d  changes i n  c a r d i a c  b e t a  adren- 
e r g i c  r e c e p t o r  b i n d i n g  t o  IHYP i n  t h e  
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Table 1. Ef fec t  of age on t h e  I H Y P  b i n d i n g  t o  t h e  Beta -adrenerg ic  r e c e p t o r s  o f  
v e n t r i c l e s  i n  F i s c h e r  344 r a t  h e a r t  

Ages Number 
Bmax* Kd* 

(months) o f  Animals (Fmol/mg o f  p r o t e i n )  (nM) 

*The values i n d i c a t e  t h e  mean + SEM. No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rences  
were found i n  t h e  t o t a l  r e c e p t o r  densyty (Bmax) o r  i n  t h e  a f f i n i t y  (Kd) among t h e  ages 
(p>0.05, ANOVA ) .  

4 (Fmoles/mg protein) (nM) 

0.140 
0.106 
0.122 

2 

Bound (Fmoles/mg protein) 

F i g u r e  1. Scatchard a n a l y s i s  o f  I H Y P  b i n d i n g  t o  Be ta -adrenerg ic  r e c e p t o r s ;  each 1  i n e  
r e p r e s e n t s  t h e  r e s u l t s  o f  a  s i n g l e  exper iment  u s i n g  v e n t r i c l e s  i s o l a t e d  from 
F ischer -344  r a t s  of 6, 12, o r  24 months o l d .  

r a t  were no t  observed. The dens i t y  and 
a f f i n i t y  o f  the  receptor  b ind ing  s i t e s  
i n  t h e  h e a r t s  of r a t s  6, 12 and 24 
months of age were s i m i l a r .  These 
r e s u l t s  are i n  agreement w i t h  those o f  
Abrass e t  a1 (19) and of Guarnier i  e t  
a l ,  (9 )  us ing [ HI-DHA i n  Fischer 344 
r a t s  and W i s t a r  r a t s  r e s p e c i t v e l y .  
They d i f f e r ,  however, from those re -  
por ted  by Fpn and Banerjee ( l l ) ,  who 
also used [ HI-DHA as the  l igand.  They 
repor ted  t h a t  a g rea ter  number o f  bind- 
i n g  s i t e s  are found i n  the myocardium 
of 3 months o l d  Fischer 344 r a t s  com- 

pared t o  those i n  hear ts  o f  24 months 
o l d  animals. Di f ferences i n  the  design 
of t h e  experiments cpu ld  account f o r  
t he  d i f f e r e n t  r esu l t s .  Fan and Banerjee 
( 1 1 )  anes the t i zed  t h e i r  animals w i t h  
d imethyl  e ther  before they were k i  1 l e d  
wh i l e  i n  the  present study and those of 
Abrass e t  a1 (10) and Guarnier i  e t  a1 
( 9 )  d e c a p i t a t i o n  was employed. Since 
e t h e r  i s  known t o  a f f e c t  adrenergic 
a c t i v i t y  (19) i t  i s  poss ib le  t h a t  t he  
number o f  b e t a  a d r e n e r g i c  receptors  
under  t h e  i n f l u e n c e  o f  e ther  would 
change  w i t h  age. I n  any case i t  
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a p p e a r s  f o r  t h e  mos t  p a r t ,  t h a t  
changes i n  beta receptor  number and 
a f f i n i t y  a r e  n o t  t h e  major f a c t o r s  
i n v o l v e d  i n  t h e  d imun i t i on  o f  beta 
r e c e p t o r s  mediated responses o f  t he  
hea r t  w i t h  age. 

I t  has been suggested t h a t  t he  
de fec t  i n  t he  beta adrenergic r ecep to r  
system i s  loca ted  d i s t a l  t o  p r o t e i n  
k igpse a c t i v a t i o n  b u t  proximal  t o  t he  
Ca - t r opon in  i n t e r a c a t i o n  (9) .  I t  may 
i n v o l  ve d i f f e rences  i n  t he  phosphory- 
l a t i o n  o f  p ro te i ns  o r  a1 t e red  calc ium 
m o b i l i z a t i o n  (6) .  An age-re lated de- 
f e c t  i n  t he  coup l ing  o f  t h e  card iac  
beta adrenergic receptor  t o  t he  adeny- 
l a t e  c y c l a s e  system has a l s o  been 
imp l i ca ted .  Kusi ak and P i t h a  (20) con- 
cluded t h a t  t he re  i s  d imin ished e f f i -  
cacy o f  t he  regu la to r y  f a c t o r s  a c t i -  
v a t i n g  t he  c a t a l y t i c  subuni t  o f  adeny- 
l a t e  cyc l ase .  T h i s  i s  i n  agreement 
w i t h  0 '  Connor e t  a1 (21) and Narayanan 
and Derby (22). 

On t he  bas is  o f  t h i s  i n v e s t i g a t i o n  
we cou ld  no t  d i s t i n g u i s h  between t he  
s u i t a b i l i t y  o f  iod ionated  o r  t r i t i a t e d  
l i g a n d s  f o r  s t u d y i n g  be ta  receptor  
b i n d i n g  c h a r a c t e r i s t i c s  s i n c e  ou r  
r e s u l t s  u s i n g  an i o d i o n a t e d  l i g a n d  
c l o s e l y  p a r a 1  l e l  s  t h o s e  u s i n g  
tri t i  ated compounds. 
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