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S ummary.The effects of a chronic administration of a
non-selective /?-blocker, bopindolol, on the binding
characteristics of radiolabeled CGP-12177 (3H-
CGP12177) to each /?i-and P2-adrenoceptor subtype in
the kidney of spontaneously hypertensive rats (SHR)
and Wistar Kyoto rats (WKY) were determined using
the radioligand binding assay method and compared
with those of a /^-selective /?-blocker, atenolol. Bopin-
dolol (1 mg/kg/day and 3 mg/kg/day) and atenolol (50
mg/kg/day) were given to 10-week-old SHR for 12
weeks. The changes in Kd and Bmax values of /^-and
/?2-adrenoceptors in the renal membranes of SHR treat-
ed both with and without these drugs were assessed by
Scatchard analysis, and Bmax values and the ratios of
ƒÀi-and /?2-adrenoceptor subtypes were also calculated
from displacement curves using ICI-118, 551. Bmax
values of $-and /?2-adrenoceptors in the renal mem-
branes of SHR were significantly higher than those of
WKY.The elevated Bmax values of /?i-and /?2-adreno-
ceptors in renal membranes of SHR were reduced by an
administration of bopindolol (1 mg/kg/day and 3 mg/
kg/day) with no changes in the Kd values, these
changes being especially marked in $>-adrenoceptors.
No effects of the /^-selective antagonist atenolol on
these parameters were observed. These findings showed
that the non-selective antagonist bopindolol decreased
the Bmax values of P-adrenoceptor subtypes in renal
membranes of SHR, suggesting that this drug may
partially contribute to hypotensive effects.
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INTRODUCTION

The kidney has been considered one of the tissues
with the greatest impact on long-term blood pressure
regulation, although blood pressure is regulated by
various organs like the heart, the blood vessels, and
the central and peripheral nervous systems. The
ƒÀ-adrenoceptor system is also a major mechanism
for the neural and humoral control of kidney func-
tions. The importance of the /?-adrenergic system in
the renal function of spontaneously hypertensive rats
(SHR) has been confirmed1'2' and /?-adrenoceptors in
kidneys exist presynaptically3), though many are
found on tubular cells4).

Our previous study51 suggested that a long-term
administration of bopindolol (4-(benzoyloxy-3-tert-
butylaminopropyl)-2-methylindol hydrogen-
malomate), a non-selective /?-adrenoceptor antago-
nist with partial agonist activity, may contribute to
the reduction of hypertension, mediated through a
decrease in cardiac /?-adrenoceptor density because
hypertension occurs due to sympathetic stimulation.
Several investigators have already reported enhan-
ced Bmax values of renal P-adrenoceptors in SHR6>7)
or stroke-prone SHR (SHRSP)8).

Therefore, this study was undertaken to examine
the different effects of a chronic administration of
bopindolol and atenolol on the binding characteristics
of each /Vand /Vadrenoceptor subtype in the kidneys
of SHR and Wistar Kyoto Rats (WKY) using the
radioligand binding assay.
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M A T E R I A L S A N D M E T H O D S

R a d io li g a n d s a n d d r u g s

3

H - C G P 12 1 77 (1 .8 5 T B q/ m m ol) w a s p u r c h a s e d

f r o m N e w E n gl a n d N u cl e a r C o r p . ( T o k y o , J a p a n)

B o p i n d ol ol a n d a t e n ol ol w e r e k i n dly s u p p li ed b y

N o v a rtis P h a r m a A . G . ( T o k y o , J a p a n) a n d A st r-

a Z e n e c a ( O s a k a , J a p a n) , r e s p e cti v ely .
T h e v ol u m e o f

th e d r u g a d m i n i st r a ti o n w a s a dj u s t e d e v er y w e e k .

R a t s W K Y a n d S H R w e r e s u p p li e d b y C h a rl e s

R i v e r C o r p . ( K a n a g a w a , J a p a n ) .

A d m i n is t r a t io n o f d r u g s

A d m i n i s t r a ti o n of d r u g s w a s p e rf o r m e d a s d e-

s c rib e d i n o u r p r e vi o u s p a p e r
s)

. T e n - w e e k- old S H R

w e r e g i v e n b o pi n d ol ol ( 1 m g/k g/ d a y a n d 3 m g/ k g/

d a y) o r a t e n ol ol ( 50 m g/ k g/d a y) b y o r al a d m i n is t r a
-

ti o n f o r 1 2 w e e k s a n d W K Y w e r e al s o u s e d a s a

c o n t r o l . A t t h e e n d o f t h e e x p e ri m e n t s , all a n i m a l s

w e r e k ill e d b y d e c a p it a ti o n , a n d t h ei r kid n e y s w e r e

r e m o v e d
,
f r o z e n i n liq u id n it r o g e n , a n d st o r e d a t - 80

o

C u n til u s e (22 - w e e k- ol d S H R a n d W K Y) .

P r e p a r a tio n o f r e n al m e m b r a n e - e n ric h e d f r a c ti o n

T h e m e m b r a n e - e n ri c h e d f r a cti o n s of kid n e y s f r o m

S H R a n d W K Y w e r e p r e p a r ed a s d e s c rib e d p r e vi o u s-

1y
5)

. T h e th a w e d kid n e y s w e r e w ei g h e d , m i n c e d , a n d

h o m o g e n i z e d i n 1 0 v ol u m e s of 1 0 m M T ri s - H C l ( p H

7 .4) , a n d 2 5 0 m M s u c r o s e w it h a P ol y t r o n h o m o g e ni z e r .

T h e h o m o g e n a t e s w e r e 丘1t e r e d t h r o u g h 4 l a y e r s of

g a u z e , a n d th e 丘1t r a t e w a s c e n t rif u g e d a t 4 0 ,0 00 g f o r

3 0 m i n . T h e r e s u lt a n t p ell et s w e r e ri n s e d w it h 1 2 0

m M T ri s 一 日C l (p H 7 .4) , 40 m M M g C l 2 , a n d h o m o g e n-

i z e d i n 2 0 m l of t h e s a m e b u ff e r . T h e a s s a y f o r

3 H - C G P 1 2 1 7 7 b i n di n g w a s c a r ri e d o u t u s l n g

m e m b r a n e- e n ric h e d f r a c ti o n s s t o r ed a t - 8 0
o

C .
P r o -

t ei n c o n c e n t r a ti o n s w e r e d et e r m i n e d b y t h e m e t h o d

b y L o w r y e t a l .
9 )
u si n g b o vi n e s e r u m alb u m i n a s a

s t a n d a r d .

B i n di n g a s s a y

T h e β
- a d r e n o c e p t o r bi n di n g a s s a y s w e r e p e rf o r

-

m e d i n d u p li c a t e u si n g
3

H - C G P 1 2 1 7 7 . T h e m e m b r a n e

s u s p e n si o n (0 . 1 -0 .2 m g o f p r o t ei n) w a s i n c u b a t ed f o r

4 5 m i n a t 2 3
o

C i n a t o t al v ol u m e of O .5 m l c o n t ai n i n g

6 0 m M T ris- H Cl (p H 7 .4) , 2 0 m M M g C1 2 . T h e dis s o ci-

a ti o n c o n s t a n t ( K d v al u e) a n d m a x i m u m b i n di n g
c a p a cit y (B m a x v al u e) f o r

3 H -C G P 1 21 7 7 w e r e c al c u -

l a t e d u si n g S c a t ch a r d p l ot s , a n d r a di oli g a n d c o n c e n
-

t r a ti o n s w e r e 0 .1 - 1 0 n M f o r
3 H -C G P 1 2 1 7 7 . A t t h e e n d

of th e i n c u b ati o n p e ri o d , th e r e a c ti o n m i x t u r e w a s

i m m e di at ely 丘1t e r e d t h r o u g h a W h a t m a n G F / C gl a s s

丘b e r fi1t e r u si n g a L M -1 01 c ell h a r v e s t e r ( L a b o S ci-

e n c e
,
T o k y o) . T h e 丘1t e r w a s a d d e d t o a S ci n ti z o I

E X - H (D oji n) f o r s ci n till a ti o n c o u n ti n g . T h e

diff e r e n c e s i n m e a n v al u e b e t w e e n t ot al a n d n o n-

s p e ci丘c
3 H - C G P 1 21 7 7 bi n di n g s d et e r m i n e d i n t h e

p r e s e n c e of a 1 0 〃M n o n - s el e c ti v e β- a d r e n o c e p t o r

bl o c k e r
,
1- p r o p r a n ol ol , w e r e t a k e n a s t h e s p e cifi c

bi n di n g .

A s d e s c rib e d p r e v i o u sly
l O)
,
B m a x v al u e s a n d t h e

r a ti o of e a c h β1- a n d β2- a d r e n o c e p t o r s u b t y p e w e r e

c al c ul at e d b y a m et h o d of dis p l a c e m e n t e x p e ri m e n t s .

T h e dis pl a c e m e n t e x p e ri m e n t w a s p e rf o r m e d i n t h e

p r e s e n c e of I C I-1 18 , 55 1 w it h a hi gh c o n c e n t r a ti o n (L/
K d > 10) of

3

H - C G P 12 1 77 i n d u p li c a t e t o ob t ai n B m a x

v al u e s a n d r a ti o s o f P l - a n d P 2 - a d r e n o c e p t o r s . U si n g

hi g h c o n c e n t r a ti o n s of t h e r a di olig a n d , p a r a m e t e r s

d e s c ribi n g t h e c o m p etiti o n of I C I-11 8 , 5 5 1 (J 3 2
1

s el e c ti v e a n t a g o n i st) wi th s p e cifi c
3 H I C G P 1 2 1 7 7 b i n d -

i n g a t t w o sit e s (I C 5 . V al u e s a t β1 1 a n d P 2 - ad r e n o c e-

p t o r s a n d
0

/. β1- a n d % P 2
-) w e r e e sti m a t e d b y n o n

-

1i n e a r r e g r e s si o n a n al y s t s Of d a t a t h a t w e r e 丘tt e d t o

a t w o - sit e m o d el c o m p a r e d w it h a o n e - sit e m o d el .

S t a ti sti c al a n aly s e s of S H R a n d t h e a d m i n ist r ati o n

of e a ch d r u g w e r e p e rf o r m e d b y a O n e
-

w a y A N O V A

t e st f oll o w e d b y N e w m a n - K e uls t e s t , a n d a P v al u e of

l e s s t h a n 0 .0 5 w a s c o n sid e r e d sig n ifi c a n t .

R E S tJ L T S

A s s h o w n i n T a bl e 1
,
B m a x v al u e s i n t h e r e n al

m e m b r a n e s of S H R w e r e hig h e r t h a n t h o s e of W K Y ,

b u t th e r e w e r e n o diff e r e n c e s i n K d v al u e s b et w e e n

W K Y a n d S H R . O n th e o t h e r h a n d
,
B m a x v al u e s of

β- a d r e n o c e p t o r s w e r e l o w e r e d b y th e ad m i n ist r a ti o n

of b o pi n d ol ol (1 m g/ k g/d a y a n d 3 m g/ k g/ d a y) , w it h

n o a s s o ci at e d ch a n g e s i n t h e K d v al u e s . H o w e v e r , n o

e ff e ct s of a t e n o l ol w e r e o b s e r v e d o n B m a x o r K d

v al u e s .

T a bl e 2 s u m m a ri z e s t h e eff e c t s o f b o p i n d ol ol a n d

a t e n ol ol o n t h e v al u e s o f B m a x of e a c h β1 - a n d β2 -

a d r e n o c e p t o r a n d th e r a ti o s of t h e s e a d r e n o c e p t o r

s u b t y p e s i n S H R . H i g h e r B m a x v a l u e s of β1- a n d

P 2
- a d r e n o c e p t o r s i n r e n al m e m b r a n e s of S H R a s

c o m p a r e d w ith th o s e of W K Y w e r e als o o b s e r v ed ,

b u t n o c h a n g e s w e r e s e e n i n t h e P l : P 2 r a ti o . N o

c h a n g e s w e r e ob s e r v e d i n th e B m a x v al u e o r r ati o of

P .
- a n d P 21 a d r e n o c e p t o r s f oll o w i n g a t e n ol ol a d m i n i s-
t r ati o n

,
b u t a hig h e r d o s e (3 m g/ k g/ d a y) of b o pi n d ol ol

in d u c e d a d e c r e a s e i n t h e B m a x v al u e of P 2- a d r e n o -

c e p t o r s . T h u s
,
t h e p r o p o r ti o n of β1- ad r e n o c e p t o r s

c o m p a r e d w ith β2
- a d r e n o c e p t o r s w a s i n c r e a s e d f o ト

l o w i n g th e a d m i n i st r a ti o n o f a hig h d o s e (3 m g/k g/
d a y) o f b o pi n d ol ol .



B o pi n d ol ol a n d S H R

T a bl e 1 .
E ff e c t s o f d r u g s o n

3

H I C G P 1 2 1 7 7 bi n d i n g t o P -

a d r e n o c e pt o r in t h e

k i d n e y s o f S H R

K d B m a x

S t r a i n ( n M ) (f m ol/ m g p r o t e i n )

W K Y (7)

S H R (7)

B o pi n d o l o l : 1 m g/ k g/ d a y(6)

B o pi n d o l o l : 3 m g/ k g/ d a y(6)

A t e n ol ()1(7)

0 .8 9 ± 0 .2 4

1 .3 0 ± 0 .3 6

1 .3 8 ± 0 .4 2

1 .6 7 ± 0 .1 8

0 .9 9 ± 0 .1 6

1 3 .3 8 ± 1 .5 6

2 2 .4 9 ± 2 .9 0

1 2 ,5 0 ± 1 .7 5
* *

l l ,3 2 ± 2 .0 8
* *

1 8 .1 5 ± 1 .6 9

D a t a a r e m e a n s ±S . E . V a l u e s i n p a r e n th e s e s r e p r e s e n t n u m b e r s o f r a t s .

* *
: p < 0 .0 1 v s . S H R .

T a b l e 2 . E ff e c t s o f d r u g s o n
3
H IC G P 1 2 1 7 7 b i n d i n g t o P l- a n d P 2- a d r e n o c e p t o r s i n t h e

k id n e y s o f S H R s

B m a x (f m o / m g p r o t e i n )

S t r a i n P I P 2 P l : P 2

W K Y (7)

S H R (7)

B o pi n d o l o l : 1 m g/ k g / d a y(6)

B o pi n d o l o l : 3 n l g/ k g / d a y(6)

A t e n ()1 ()1(7)

8 .7 0 ± 1 .0 2
*

1 4 ,1 7 ± 1 ,8 3

7 .3 7 ± 1 .()3
* *

8 .3 8 ± 1 .5 4
*

1 2 .5 3 j : 1 .1 6

4 .6 8 ± 0 .5 5
*

6 5 : 3 5

8 .3 2 ± 1 .0 7 6 3 : 3 7

5 .1 2 ± () .7 2
*

5 9 : 4 1

2 .9 4 ± () .5 4
* *

7 4 : 2 6

5 .6 3 ± 1 .5 2 6 9 : 3 1

D a t a a r e m e a n s ±S . E . V a l u e s i n p a r e n th e s e s r e p r e s e n t n u m b e r s o f r a t s .

*
: p < 0 .0 5

,

* *
: p < 0 .0 1 v s . S H R .

D I S C tJ S S I O N

I n c r e a s ed s y m p at h o a d r e n al a c ti vit y pl a y s a n

i m p o r t a n t r ol e i n t h e d e v el o p m e n t a n d m ai n t e n a n c e

of e n h a n c ed b l o o d p r e s s u r e i n h y p e rt e ll Si v e p a ti e n t s

a n d i n v a ri o u s a ni m al m o d el s of h y p e r t e n si o n
l
,
2 )

. T h e

kid n e y s a ls o p l a y a n i m p o rt a n t r o l e i n t h e i niti a ti o n

a n d m ai n t e n a n c e of h y p e r t e n si o n .

cl e a rly d e m o n s t r at e d i n c r e a s e d

P l - a n d P 2 - a d r e n o c e p t o r s u b t y p e

S H R . T h e s e r e s ult s a g r e e d w ith

T h e p r e s e n t s t u d y

d e n siti e s of e a c h

i n t h e k id n e y s of

t h o s e of t h e r e n al

β- a d r e n o c e p t o r i n a n i m al h y p e rt e n si o n l l1 0 d els s t u d
-

i e d b y m a n y i n v e stig a t o r s
4‾6)

,
alt h o u g h n () r e p o r t h a s

b e e n a v ail a bl e d e s c ribi n g ch a n g e s i n β
- a d r e n o c e p t o r s

in S H R
l l )

. I n a d diti o n
,
t h e r e h a v e b e e n n o r e p o rt s

c o n c e r n l n g t h e eff e c t s of c h r o n i c t r e at m e n t w it h

b o p i n d ol ol o r a t e n o l ol o n P l
- a n d P 2 - a d r e n o c e p t o r

s u b t y p e s i n r e n al t u b u l e s of S H R . T h e r ef o r e , i n th e

p r e s e n t st u d y w e r e e v al u at e d c h a n g e s i n e a c h β1
- a n d

P 21 a d r e n o c e p t o r s u b t y p e in r e n al t u b ul e s of S H R , a n d

als o e x a m i n e d th e i n hibit o r y e ff e c t s of b o pi n d ol ol a n d

a t e n ol ol o n t h e bi n di n g c h a r a ct e risti c s of b ot h

s u b t y p e s .

T h e p r e s e n t st u d y i n di c a t ed t h a t th e n o n - s el e c ti v e

P - bl o c k e r b o pi n d ol ol i n d u c ed d e c r e a s e s i n P l-

a d r e n o c e p t o r d e n siti e s i n t h e r e n al t u b ul e s of S H R . I n

c o nt r a st
,
t h e s el e c ti v e β1-bl o c k e r at e n ol ol did n o t

s h o w t hi s eff e ct i n th e p r e s e n t st u d y .
B o pi n d ol ol h a s

s u c h a d v a n t a g e s o v e r a t e n ol ol a s i m p r o v e d ab s o r p
-

ti o n
,
f a v o r a bl e p a ti e n t c o m pli a n c e , th e r elief of sid e

e ff e c t s r el a t e d t o t h e i n t ri n sic a cti vi t y (IS A) , a n d

b et t e r s u s t ai n ed e ff e c t s
1 2)

. I n a d diti o n
, P

- a d r e n o I

c e p t o r s i n t h e g l o m e r uli of t h e kid n e y a r e c o n sid e r e d

t o b e β1
- a d r e n o c e p t o r s

1 3)
,
a n d t his s u b t y p e m a y b e

r el at e d t o r e n i n r el e a s e
1 4)
o r a b n o r m aliti e s i n t h e

t u b u l a r r e ab s o r p ti o n o f s o di u m a n d w a t e r
1 5)

. T h u s
,

b o pi n d o l ol m a y p o s s e s s t h e s e e ff e c t s m e di a t e d b y a

d e c r e a s e i n t h e d e n sit y of β1 - a d r e n o c e p t o r s i n S H R .

T h e p r e s e n t s t u d y als o c o n 丘r m e d t h e e x is t e n c e o f

P 2
- a d r e n o c e p t o r s i n t h e m e m b r a n e f r a c ti o n of k id n e y

t u b u l e s
,
a s r e p o rt e d p r e v i o u sl y b y ot h e r i n v e s ti g a

-

t o r s
1 6 , 1 7)

. F u r th e r m o r e
,
b o pi n d ol ol als o d e c r e a s e d th e

d e n sit y of β≧- a d r e n o c e p t o r s i n th e kid n e y s o f S H R ,

w hil e a t e n ol ol did n o t . M i ch el et al (1 98 7)
1 8)
s u g g e s t e d

t h a t t h e kid n e y c o n t ai n e d b o th β. - a n d P 2 1 a d r e n o-

c e p t o r s a n d th at t h e i n c r e a s e d β2
- a d r e n o c e p t o r s i n

t h e k id n e y s of S H R a r e als o in v ol v e d i n th e d e v el o p -
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m e n t o r m ai n t e n a n c e o f h ig h bl o o d p r e s s u r e , p o s sib ly

f a cilit a tin g n o r a d r e n ali n e r el e a s e . I n a d diti o n
,
Si n g h

e t al .
1 9)
r e p o r t e d t h a t a c ti v a ti o n o f t his s u b t y p e

c a u s e d i n c r e a s e s i n N a
＋

＋ K
＋

- A T P a s e a n d N a
＋
t r a n s -

p o r t , r e s ulti n g l n a n i n c r e a s e d a pi c al s o di u m e n t r y .

T h u s
,
t h e P 2 - a d r e n o c e p t o r s u b t y pe m a y p l a y a n

i m p o r t a n t r o l e i n th e s e p h a r m a c ol o g l C al f u n cti o n s i n

t h e kid n e y . A t e n o l o l di d n o t a ff e c t β1 - O r β2 -

a d r e n o c e p t o r s i n r e n al t u b ul e s , s u g g e s ti n g t h a t t h e

n o n
- s ele c ti v e β

-b l o c k e r b o p i n d ol ol m a y m a n if e st

p h a r m a c o l o g l C al f u n cti o n s t h r o u g h a d e c r e a s e of B
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