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Summary: E v i d e n c e  f o r  t he  p r e s e n c e  o f  b e t a  a d r e n o c e p t o r s  on p r o x i m a l  t u b u l e s  
from t h e  r a t  k i d n e y  has  been  o b t a i n e d  u s i n g  e n r i c h e d  t u b u l e  s u s p e n s i o n s  
p r e p a r e d  by P e r c o l l  c e n t r i f u g a t i o n .  I n t a c t  t u b u l e s  d e m o n s t r a t e d  s i m u l t a n e o u s  
e n r i c h m e n t  o f  p a r a t h y r o i d  hormone and i s o p r o t e r o n o l  s e n s i t i v e  cAblP p r o d u c t i o n  
w i t h  no e n r i c h m e n t  o f  a n t i d i u r e t i c  hormone s e n s i t i v e  cAMP p r o d u c t i o n .  Both 
n o r e p i n e p h r i n e  and e p i n e p h r i n e  were  l e s s  p o t e n t  t h a n  i s o p r o t e r e n o l  and t h e  
s t i m u l a t o r y  e f f e c t  o f  c a t e c h o l a m i n e s  c o u l d  be b l o c k e d  w i t h  p r o p r a n o l o l  bu t  no t  
p h e n t a l a m i n e .  The s t i m u l a t o r y  e f f e c t  o f  n o r e p i n e p h r i n e  on c e l l u l a r  p h e y l a l a m -  
ine  up take  i s  b l u n t e d  by c o - a d d i t i o n  o f  i s o p r o t e r e n o l  s u g g e s t i n g  t h a t  t he  b e t a  
r e c e p t o r  may m o d u l a t o r y  c a t e c h o l a m i n e  s t i m u l a t e d  t r a n s p o r t .  © 1986 Academic Press, 
Inc. 

C a t e c h o l a m i n e s  a r e  known to  i n c r e a s e  f l u i d  and s o l u t e  t r a n s p o r t  by the  

r e n a l  p r o x i m a l  t u b u l e  ( 1 ) .  However,  t he  d e t a i l s  by which  a d r e n o c e p t o r s  m e d i -  

a t e  t h e  s t i m u l a t o r y  a c t i o n  o f  c a t e c h o l a m i n e s  have r ema i n ed  e l u s i v e .  P r e v i o u s  

s t u d i e s  i n  r a t  p r o x i m a l  t u b u l e s  have shown t h a t  n o r e p i n e p h r i n e  (NE) i n c r e a s e s  

f l u i d  (2) HCO 3-  ( 3 ) ,  and p h e n y l a l a n i n e  (Phe) a b s o r p t i o n  (4) v i a  a a d r e n o c e p t o r  

s t i m u l a t i o n .  I n  c o n t r a s t  b o t h  a and ~ r e c e p t o r s  have been  r e p o r t e d  to  

i n c r e a s e  f l u i d  a b s o r p t i o n  in  t h e  r a t  p r o x i m a l  t u b u l e  (5) and t h e  s t i m u l a t o r y  

e f f e c t  o f  NE in  r a b b i t  p r o x i m a l  t u b u l e s  a p p e a r s  t o  be m e d i a t e d  v i a  ~ r e c e p t o r s  

( 6 ) .  P r e v i o u s  s t u d i e s  u s i n g  b o t h  m i c r o d i s s e c t e d  n e p h r o n  s eg men t s  (7) and 

a u t o r a d i o g r a p h y  (8) have f a i l e d  to  d e t e c t  t h e  p r e s e n c e  o f  ~ r e c e p t o r s  a l o n g  

the  r a t  and r a b b i t  p r o x i m a l  t u b u l e .  However,  we have r e c e n t l y  o b s e r v e d  t h a t  

t he  s t i m u l a t o r y  e f f e c t  o f  hie on in  v i t r o  Phe u p t ak e  by r a t  c o r t i c a l  t u b u l e  
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s u s p e n s i o n s  i s  p r e v e n t e d  by c o - a d d i t i o n  o f  h i g h ,  bur  n o t  low, c o n c e n t r a t i o n s  

o f  i s o p r o t e r e n o l  ( ISO) .  The p r e s e n t  s t u d y  was u n d e r t a k e n  to  d e t e r m i n e  w h e t h e r  

t h i s  a c t i o n  o f  ISO c o u l d  be m e d i a t e d  v i a  ~ a d r e n o c e p t o r s  p r e s e n t  a long  the  

p r o x i m a l  t u b u l e  o f  t he  r a t .  

METHODS 

Tubule  P r e p a r a t i o n :  Ou te r  c o r t i c a l  t u b u l e s  from Nembutol a n e s t h e t i z e d  
(35-40 mg/kg I . P . )  male Sprague  Dawley r a t s  (200-300 g bw) were p r e p a r e d  by a 
m o d i f i e d  c o l l a g e n a s e  s e p a r a t i o n  t e c h n i q u e .  B r i e f l y ,  k i d n e y s  were p e r f u s e d  i~n 
s i t u  w i t h  50 ml i ce  c o l d  Minimal  E s s e n t i a l  Medium (MEM) c o n t a i n i n g  1% (W/V) 
BSA, 10 mbIHepes and 50 mg % c o l l a g e n a s e  and h y a l u r o n i d a s e ,  pH 7 . 4 .  K idneys  
were t h e n  p l a c e d  in  i ce  c o l d  ~ M ,  d e c a p s u l a t e d  and the  o u t e r  c o r t e x ,  a p p r o x i -  
m a t e l y  1 ram d e e p ,  was d i s s e c t e d  and minced .  The minced  c o r t e x  was i n c u b a t e d  
in  blEM c o n t a i n i n g  1% BSA, 10 mbl I t epes ,  100 mg % c o l l a g e n a s e  and h y a l u r o n i d a s e ,  

20 mg % DNAse and 2 . 0  mbl CaC12 a t  37°C f o r  30 min.  F o l l o w i n g  i n c u b a t i o n ,  
s u s p e n s i o n s  were f i l t e r e d  and c e n t r i f u g e d .  The f i n a l  p e l l e t  was r e s u s p e n d e d  
in  bIEM c o n t a i n i n g  1% BSA, 10 mM Hepes and 1 rabl CaC12, pH 7 . 4 ,  and p r e i n c u b a t e d  

f o r  30 mln a t  37°C. For  d e n s i t y  g r a d i e n t  s e p a r a t i o n  BSA and CaC12 were 
e x c l u d e d  from t h e  f i n a l  s u s p e n s i o n  medium. 

P e r c o l l  G r a d i e n t  C e n t x i f u g a t i o n .  P e r c o l l  e n r i c h m e n t  o f  p r o x i m a l  t u b u l e s  
was p e r f o r m e d  by a m o d i f i c a t i o n  o f  p r e v i o u s l y  p u b l i s h e d  methods  ( 9 ) .  A 37.5% 
(v /v )  p e r c o l l  s o l u t i o n  in  MEM w i t h o u t  BSA, Hepes or  CaC12 was c e n t r i f u g e d  a t  

11 ,000 x g f o r  20 min a t  4°C in  a Beckman SS-34 r o t o r ,  to  p r e f o r m  t h e  g r a -  

d i e n t ,  and t h e n  t r a n s f e r r e d  to  a HS-4 swing b u c k e t  r o t o r  a t  4°C. The c o r t i c a l  
s u s p e n s i o n  was l a y e r e d  o n t o  the  g r a d i e n t  and c e n t r i f u g e d  a t  1 ,500 x g f o r  20 

min a t  4°C.  For  measurement  o f  marker  enzymes ,  c o l l e c t e d  bands  were d i l u t e d  
in  p h o s p h a t e  b u f f e r e d  s a l i n e ,  p e l l e t e d  a t  3 ,000  x g f o r  20 min,  s u s p e n d e d  in  

s u c r o s e  (250 mM s u c r o s e ,  30 mbl i m i d a z o l e ,  pH 7 .4 )  a t  4°C and h o m o g e n i z e d .  
Samples  were  t a k e n  f o r  d e t e r m i n a t i o n  o f  p r o t e i n  ( 1 0 ) ,  DNA (11 ) ,  and l e u c i n e  
a m i n o p e p t i d a s e  (LAP) ( 1 2 ) .  The homogenate  was t h e n  d i l u t e d  50% in  s u c r o s e  
c o n t a i n i n g  0 .1  n~l EDTA and 0.01% ( v / v )  t r i t o n ,  r e h o m o g e n i z e d  and f r u c o s e  1 , 6 -  
b i s p h o s p h a t a s e  (F 1 , 6 - B P a s e )  (13 ) ,  and p h o s p h o f r u c t o k i n a s e  (PFK) (14) a c t i v i -  
t i e s  were d e t e r m i n e d .  

For  measurement  o f  i n t a c t  c e l l  f u n c t i o n ,  bands  were r e s u s p e n d e d  in  MEM 

c o n t a i n i n g  BSA, Hepes and CaC12 and p r e i n c u b a t e d  a t  37°C f o r  30 min .  Oxygen 
c o n s u m p t i o n  was d e t e r m i n e d  m a n o m e t r i c a l l y  in  a G i l s o n  d i f f e r e n t i a l  r e s p i r o m e -  
t e r  (15) w h i l e  i n t r a c e l l u l a r  Phe c o n c e n t r a t i o n  was d e t e r m i n e d  15 min a f t e r  
[3H] Phe and [14C] i n u l i n  a d d i t i o n  ( 1 6 ) .  

For  measurement  o f  cAb~ p r o d u c t i o n  c e l l s  were i n c u b a t e d  a t  37°C f o r  15 
min in  MEM c o n t a i n i n g  BSA, Hepes ,  CaC12, lmM m e t h y l i s o b u t y l x a n t h i n e  and v a r i -  
ou~ a d r e n e r g i c  a g o n i s t s  and a n t a g o n i s t s  as d e s c r i b e d  in  t h e  t e x t .  I n c u b a t i o n  
was t e r m i n a t e d  by t r a n s f e r r i n g  t h e  f l a s k s  to  an i c e  c o l d  b a t h  and ad d i n g  
( f i n a l  c o n c e n t r a t i o n s )  0.4N HCIO 4 and 20% ( v / v )  m e t h a n o l .  F o l l o w i n g  p r o t e i n  
removal  and pH n e u t r a l i z a t i o n  w i t h  KOH t h e  c l a r i f i e d  s u p e r n a t a n t s  were a p p l i e d  
to  s e p a r a t e  Dowex AG lx8  columns (0 .5  x 1 cm).  C y c l i c  AMP was e l u t e d  w i t h  2 N 
f o r m i c  a c i d ,  l y p h o l i z e d  and t h e n  q u a n t i t a t e d  by RIA (New Eng land  N u c l e a r ) .  

A l l  d a t a  a r e  p r e s e n t e d  as mean ± SEM. For  m u l t i p l e  group a n a l y s i s  an 
a n a l y s i s  o f  v a r i a n c e  f o l l o w e d  by the  S t u d e n t - N e w m a n s - K e u l s  t e s t  was used  to  
d e t e r m i n e  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  means .  When o n l y  one v a r i a b l e  was 
examined p a i r e d  s t u d e n t - t  t e s t  was u s e d .  D i f f e r e n c e s  b e t w e e n  means were  con -  
s i d e r e d  s i g n i f i c a n t  a t  p ( O . 0 5 .  
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RESULTS AND DISCUSSION 

A d d i t i o n  o f  ISO t o  r a t  p r o x i m a l  t u b u l e  s u s p e n s i o n s  h a s  no a p p r e c i a b l e  

e f f e c t  on  c e l l u l a r  Phe u p t a k e  i n  c o n t r a s t  t o  t h e  s t i m u l a t o r y  e f f e c t  o f  NE 

( T a b l e  1 ) ,  e p i n e p h r i n e  ( E P I ) ,  and c l o n i d i n e  ( 1 6 ) .  However  when b o t h  NE and 

ISO were  added  a t  10-SM, t h e  s t i m u l a t o r y  e f f e c t  o f  NE a l o n e  was no l o n g e r  

o b s e r v e d  ( T a b l e  1 ) .  

To d e t e r m i n e  w h e t h e r  t h e  a c t i o n  o f  ISO was  m e d i a t e d  v i a  ~ r e c e p t o r s ,  t h e  

e f f e c t  o f  a d r e n e r g i c  a g o n i s t s  on p r o x i m a l  t u b u l e  cAMP p r o d u c t i o n  was e x a m i n e d .  

P e r c o l l  c e n t r i f u g a t i o n  y i e l d e d  two d o m i n a n t  b a n d s :  an u p p e r  (F 1) c o n s i s t i n g  o f  

g l o m e r u l i ,  s h o r t  t u b u l e  f r a g m e n t s  and c e l l  d e b r i s ,  and a l o w e r  (F2)  c o n t a i n i n g  

p r o x i m a l  t u b u l e s  w i t h  o p e n  l u m e n s .  The d i s t r i b u t i o n s  o f  s e v e r a l  p r o x i m a l  and 

d i s t a l  t u b u l e  m a r k e r s  a r e  shown i n  T a b l e s  2 and 3.  The r e d u c t i o n  i n  

D N A / p r o t e i n  i n  F 2 i s  c o n s i s t e n t  w i t h  r e m o v a l  o f  g l o m e r u l i  (17)  a s  c o n f i r m e d  by 

m i c r o s c o p i c  e x a m i n a t i o n .  The p r o x i m a l  m a r k e r s  F 1 , 6 - B P a s e  and PTH s e n s i t i v e  

cAblP p r o d u c t i o n  w e r e  b o t h  i n c r e a s e d  i n  F 2 r e l a t i v e  t o  t h e  s t a r t i n g  s u s p e n s i o n .  

I n  p r e l i m i n a r y  

a l s o  o b s e r v e d .  

s e n s i t i v e  cAMP 

o u a b a i n  i n h i b i t a b l e  Phe u p t a k e  were  e n r i c h e d  

s t u d i e s  s i m i l a r  e n r i c h m e n t  o f  t h e  b r u s h  b o r d e r  enzyme LAP was 

I n  c o n t r a s t ,  t h e  d i s t a l  m a r k e r  PFK was u n c h a n g e d  i n  F 2 and ADH 

p r o d u c t i o n  was r e d u c e d .  B o t h  c e l l u l a r  o x y g e n  c o n s u m p t i o n  and 

and w e l l - p r e s e r v e d  i n  t h e  F 2 

Table 1 

E f f e c t  of  I s o p r o t e r e n o l  on N orep l neph r inc  S t i m u l a t e d  P h e n y l a l a n i n e  Uptake 

Treatment  30 see .  10 min. n 

Control .  62.4 + 4.2 92.4 ± 7.2 8 

NE 10 -5 105.0 + 13.2"  122.0 + 11.6 6 

ISO 10 -5 78.8 ± 4.3 104.8 ± 3.3 4 

NE 10 -5 + ISO 10 -7 120.6 ± 19 .8 .  131.1 ± 17.0 4 

NE 10 -5 + ISO 10 -5 6 6 . 2  ± 2.0  87.7 ± 1.5 3 

Suspens ions  were p r e i n c u b a t e d  f o r  25 min a t  37°C a f t e r w h i c h  n o r e p i n e p h r i n e  
(NE) or  i s o p r o t e r e n o l  (ISO) were added and the i n c u b a t i o n  con t inued  f o r  an 
a d d i t i o n a l  5 min. At time zero  an a l i q u o t  of  3H Phe and 14C i n u l i n  was added 
and samples  c o l l e c t e d ,  in  d u p l i c a t e ,  a t  30 sec and 10 min. Samples were 
d i l u t e d  in ice cold b u f f e r  and p e l l e t e d  by r ap id  c e n t r i f u g a t i o n .  P e l l e t  3H 
a c t i v i t y  was c o r r e c t e d  f o r  14C space and i s  e x p r e s s e d  as  DPM/~g DNA. 3H Phe 
s p e c i f i c  a c t i v i t y  was 2.28 mCi/mmol. 
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Table 2 

Dens i ty  Grad ien t  Marker Enzymes 

Marker IN F 1 F 2 F2/IN n 

DNA/proteln 40.0 ± 5.8 49.3 ~ 6.5 25.0 + 1 .5"  0.63 4 

F 1,6-BPase 0.8 ± 0.1 0.69 ± 0.08 1.35 + 0.25* 1.67 3 

LAP 6.0 4.26 9.87 1.65 2 

QO 2 2.00 ± 0.05 ND 2.99 ± 0.22* 1.50 4 

IC  Phe 878 ± 20 BID 1780 ± 300* 2.03 3 
+ Ouabain 540 ± 72 ND 532 + 36 0.99 3 

PFK 0.84 ± 0.38 ND 0.87 + 0.40 1.04 3 

Tubule markers  measured in the i n i t i a l  s u s p e n s i o n  ( IN) ,  and in  the upper  (F 1) 
and lower (F 2) bands by P e r c o l l  c e n t r l f u g a t i o n .  DNA/prote in ,  ~g DNA/m8 p r o -  

t e i n ;  F 1 ,6-BPase ,  nmoles NADP/min/~g DNA at  25°C; LAP, nmoles ~- 

nap thy l amine /min /~g  DNA at  37°C; QO 2 nmole 02/min/~g DNA; IC Phe, i n t r a c e l l u -  
l a r  Phe c o n c e n t r a t i o n ,  ~M, in the p r e sence  of  0.2mbl Phe in the medium; Oua- 

b a i n ,  (lmM) added 30 min p r i o r ;  PFK, nmoles NADP/min/pg DNA at 25°C. 

f r a c t i o n .  The e n r i c h m e n t  o f  F 1 , 6 - B P a s e  and PTH s e n s i t i v e  cAMP as  w e l l  a s  

r e d u c e d  d i s t a l  m a r k e r s  i n  t h e  F 2 f r a c t i o n  a r e  c o n s i s t e n t  w i t h  p r e v i o u s  s t u d i e s  

( 9 ) .  I n  c o n t r a s t ,  t h e  e n r i c h m e n t  i n  LAP a c t i v i t y  and s u s t a i n e d  h i g h  i n t r a c e l -  

l u l a r  Phe c o n c e n t r a t i o n  s u g g e s t  t h a t  low s p e e d  c e n t r i f u g a t i o n  was  l e s s  t r a u -  

m a t i c  t h a n  t h e  o r i g i n a l l y  d e s c r i b e d  m e t h o d  i n  w h i c h  b r u s h  b o r d e r  e nz yme s  were  

n o t  e n r i c h e d  ( 9 ) .  ISO s e n s i t i v e  cAMP p r o d u c t i o n  was a l s o  e n r i c h e d  i n  F 2 t o  

t h e  same d e g r e e  a s  F 1 , 6 - B P a s e  and PTH s e n s i t i v e  cAMP p r o d u c t i o n .  The l a c k  o f  

s i g n i f i c a n t  e n r i c h m e n t  o f  d i s t a l  m a r k e r s  and a b s e n c e  o f  g l o m e r u l i  i n  t h e  F 2 

Table 3 

cAMP Produc ton  (pmol/15min/~g DNA) 

Hormone IN F 1 F 2 F2/ IN n 

PTH 12.0 :~ 3.9 ND 29.5 :~ 2 .6* 2.45 6 

ADH 0 . 5 9  + 0 . 1  0 . 5 7  ± 0 . 1 2  0 . 4 2  + 0 . 0 5  0 . 7 1  5 

ISO 1.43 • 0.27 0.81 ± 0.13 3.75 ± 0.76* 2.62 5 

100 Cycl ic  AMP p r o d u c t i o n  in the  p r e sence  of  10-6M p a r a t h y r o i d  hormone (PTH); 
mU/ml a n t i d i u r e t i c  hormone (ADH); and 10-6M i s o p r o t e r e n o l  ( ISO).  
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n o r e p i n e p h r i n e  (NE) and ep inephr ine  
min/pg DNA) in e n r i c h e d  p r o x i m a l  tubu le  

s u s p e n s i o n s .  Tubu le s  were i n c u b a t e d  f o r  15 min in  the  p r e s e n c e  o f  c a t e c h o l o m -  
ine  and m e t h y l i s o b u t y l  x a n t h i n e .  

B. E f f e c t  o f  p r o p r a n o l o l  (PROP) and p h e n t o l a m i n e  (PHENT) on i s o p r o t e n e n o l  
(10-5M) s t i m u l a t e d  cAMP p r o d u c t i o n .  S i m i l a r  r e s u l t s  were o b t a i n e d  u s i n g  
e i t h e r  n o r e p i n e p h r i n e  or  e p i n e p h r i n e  as  a g o n i s t s  ( d a t a  n o t  shown) .  

f r a c t i o n  d e m o n s t r a t e s  t h a t  t h e  p r e d o m i n a n t  s o u r c e  o f  ISO s t i m u l a t e d  cAMP p r o -  

duction was the proximal tubule. 

When e n r i c h e d  p r o x i m a l  t u b u l e s  were i n c u b a t e d  w i t h  v a r i o u s  c o n c e n t r a t i o n s  

o f  c a t e c h o l a m i n e s  a d o s e - d e p e n d e n t  i n c r e a s e  in  cAMP p r o d u c t i o n  was c l e a r l y  

o b s e r v e d  w i t h  ISO b e i n g  more p o t e n t  t h e n  e i t h e r  NE or  EPI ( F i g u r e  1 ) .  

P r o p r a n o l o l ,  b u t  n o t  p h e n t o l a m i n e ,  b l o c k e d  ISO s t i m u l a t e d  cAMP p r o d u c t i o n  c on -  

s i s t e n t  w i t h  a ~ a d r e n o c e p t o r  m e d i a t e d  a c t i o n  o f  IS0 .  N e i t h e r  a n t a g o n i s t  

a l t e r e d  PTH s t i m u l a t e d  cAY~ p r o d u c t i o n .  The s t i m u l a t o r y  e f f e c t  o f  IS0 was 

a d d i t i v e  t o  t h a t  o f  PTH w h i l e  EPI r e d u c e d  PTH s t i m u l a t e d  cAMP p r o d u c t i o n  c o n -  

s i s t e n t  w i t h  t h e  p r e s e n c e  o f  i n h i b i t o r y  u 2 r e c e p t o r s  (18) ( d a t a  no t  show n) .  

Whi le  t h e  p r e s e n c e  o f  ~ r e c e p t o r s  a l o n g  t h e  p r o x i m a l  t u b u l e  c a n  be demon-  

s t r a t e d  by t h i s  me thod  t h e  m a g n i t u d e  o f  cAMP p r o d u c t i o n  i s  o n l y  13% o f  t h a t  

o b s e r v e d  f o r  PTH and may a c c o u n t  f o r  t h e  l a c k  o f  s i g n i f i c a n t  d e t e c t i o n  in 

m i c r o d i s s e c t e d  n e p h r o n  s e g m e n t s  (7) and r a d i o l i g a n d  a u t o g r a p h y  s t u d i e s  ( 8 ) .  

P r e v i o u s  s t u d i e s  u s i n g  r a b b i t  r e n a l  c e l l s  s e p a r a t e d  by f r e e  f low e l e c t r o -  

p h o r e s i s  h av e  s u g g e s t e d  t h e  p r e s e n c e  o f  ~ r e c e p t o r s  i n  p r o x i m a l  t u b u l e s  c e l l s  

(19) and d o u b l e  a n t i b o d y  f l u o r e s c e n t  e x a m i n a t i o n  o f  a l p r e o l o l  b i n d i n g  h a s  

d e m o n s t r a t e d  t h e  p r e s e n c e  o f  ~ r e c e p t o r s  a l o n g  t h e  r a t  p r o x i m a l  t u b u l e  ( 2 0 ) .  

F i n a l l y ,  r e c e n t  s t u d i e s  in m i c r o d i s e c t e d  n e p h r o n  s e g m e n t s  f rom t h e  dog ha ve  

d e m o n s t r a t e d  ~ r e c e p t o r s  a l o n g  t h e  p r o x i m a l  s t r a i g h t  s e gme n t  ( 2 1 ) .  The 
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p r e s e n t  d a t a  would s u g g e s t  t h a t  b u l k  p r e p a r a t i o n s  o f  i n t a c t  p r o x i m a l  t u b u l e s  

and f l u o r e s c e n t  a n t i b o d y  s t u d i e s  may be more s e n s i t i v e  methods  f o r  d e t e c t i n g  

low l e v e l s  o f  ~ r e c e p t o r s  in  r a t  p roxmal  t u b u l e s  t h a n  l a b e l e d  r a d i o l i g a n d s  or  

m i c r o d i s s e c t i o n  m e t h o d s .  

While r e l a t i v e l y  low l e v e l s  o f  ~ a d r e n o c e p t o r  m e d i a t e d  c A ~  p r o d u c t i o n  

were o b s e r v e d  in  p r o x i m a l  t u b u l e s ,  t h e  p h y s i o l o g i c a l  r o l e  f o r  t h e s e  r e c e p t o r s  

may be s i g n i f i c a n t  as e v i d e n c e d  by t h e  p r e s e n t  o b s e r v a t i o n  t h a t  ISO e f f e c -  

t i v e l y  b l o c k e d  NE s t i m u l a t e d  Phe u p t a k e .  The p r e s e n t  r e s u l t s  i n d i c a t e  t h a t  

m u l t i p l e  r e c e p t o r  i n t e r a c t i o n s  may p l a y  an i m p o r t a n t  m o d u l a t o r y  r o l e  f o r  t he  

a c t i o n s  o f  c a t e c h o l a m i n e s  on p r o x i m a l  t u b u l e  t r a n s p o r t .  
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