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NUCLEOSIDES & NUCLEOTIDES, 10(5), 945-953 (1931) 

O N  THE ADENOSINE RECEPTOR INVOLVED I N  THE EXCITATORY ACTION 
OF ADENOSINE O N  RESPIRATION: ANTAGONIST PROFILE 

J.A. Ribeiro' and E.C. Monteiro 

Oeiras, Portugal. 
L a b o r a t o r y  of Pha rmaco logy ,  Gu lbenk ian  I n s t i t u t e  of S c i e n c e ,  2781 - 

Abstract. T h e  use  of x a n t h i n e s  t o  c h a r a c t e r i z e  t h e  a d e n o s i n e  r e c e p t o r  
involved in excitation of respiration revealed t h a t  X C C ,  PD 115,199 and 
X A C  have much higher affinities than  DPCPX followed by PACPX, DPX and 8- 
PT, which is compatible with a n  A 2  t y p e  of adenosine receptor.  

INT R 0 D U C TI0 N 
I n  terms of a d e n o s i n e  a g o n i s t s  t h e  a d e n o s i n e  r e c e p t o r ,  i nvo lved  i n  

t h e  e x c i t a t i o n  o f  r e s p i r a t i o n  m e d i a t e d  t h r o u g h  c a r o t i d  b o d y  
c h e m o r e c e p t o r s  i n  t h e  r a t ,  h a s  a n  a g o n i s t  p r o f i l e  w i t h  5'-N- 
ethylcarboxa midoadenosine ( N  E C A )  > 2-chloroadenosine (C A D 0) > R-N - 
phenyl i sopropyladenos ine  (R-PIA)'. T h i s  p r o f i l e  was a l s o  obse rved  i n  
e x p e r i m e n t s  r e c o r d i n g  c h e m o r e c e p t o r  s e n s o r y  a c t i v i t y  f r o m  t h e  ca t  
carotid sinus nerve'. 

L i t t l e  c o n t r o v e r s y  h a s  e m e r g e d  on  t h i s  a g o n i s t  p r o f i l e  a n d  t h e  
c l a s s i f i c a t i o n  of t h i s  r e c e p t o r  as a n  A 2  s u b t y p e 3 .  N e v e r t h e l e s s ,  
a n t a g o n i s t  c r i te r ia ,  w h e r e  p o s s i b l e ,  is t h e  first c h o i c e  cr i ter ia  t o  
c l a s s i f y  r e c e p t o r s .  T h e  a d v e n t  of s e v e r a l  a n t a g o n i s t s 4  some of t h e m  
[e.g. 1,3-dipropyl-8-cyclopentyl-xanthine (D PC PX)] be ing  v e r y  s e l e c t i v e  
f o r  t h e  A1-adenosine r ecep to r  e i the r  in functional' o r  binding studies6"', 
p r o m p t e d  u s  t o  i n v e s t i g a t e  t h e  a f f i n i t i e s  of t h e  d i f f e r e n t  a n t a g o n i s t s ,  
(1,3-dipropyl4-(4-(2-a minoethy1)a mino)carbonylm ethyloxypheny1)xanthe ( X  A C), 
1,3-dipropyl-8-(carboxy m e thyloxypheny1)xanth ine  ( X  C C) ,  [ benzenesu l fon -  
a m i d  e, N-( 2-( d i  m e t h  y l a  m i n o h e t h  y1)- N- m ethyl-4-(2,3,6,7 ,-tetra h y dro-2,6- 
dioxo-1 ,3-dipr o p yl-1 H -p urin-8-ylI (P  D 1,3-dipro p yl-8-c y clo- 
pentylxanthine ( D  P C P X), 1,3-dipropyl-8-(2-a minc4-chlorophenyl)xanthine 
(P A C P X), 1,34iethyl-&phenylxanthine ( D  P X )  and 8-phenyltheophylline (8- 
PT) f o r  t h e  a d e n o s i n e  r e c e p t o r  i nvo lved  i n  t h e  c a r o t i d  body e x c i t a t i o n  
of respiration. 

These antago* have been used by our group t o  charac te r ize  t h e  
presynaptic inhibitory (A 1) receptors  a t  t h e  rat neuromuscular junction 
a n d  a t  t h e  h ippocampus '  as w e l l  as  t h e  p r e s y n a p t i c  i n h i b i t o r y  (A3) 
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946 RIBEIRO AND MONTEIRO 

r e c e p t o r  a t  t h e  f r o g  neuromuscular  junct ion13.  T h e  Ki va lue  for DPCPX at  
t h e  A 1  r e c e p t o r  i n  t h e  rat was 0.54 nM i n  t h e  neuromuscular  junc t ion  and  
0.44 nM i n  t h e  h i p p o c a m p u s .  X C C  h a s  a K i  o f  10 nM i n  t h e  r a t  
neuromuscular  junct ion and 5.4 nM in t h e  hippocampus; t h e  Ki  va lues  of  
X A C  were 11 n M i n  both preparations’. In t h e  f r o g  neuromuscular  junc t ion  
( A 3  r e c e p t o r )  t h e  K of DPCPX was 35 nM, t h e  K .  of XAC was 23  nM, and i 1 
t h a t  o f  X C C  w a s  1905 nIi113. It a p p e a r s ,  t h e r e f o r e ,  t h a t  b y  u s i n g  
a n t a g o n i s t s  it is p o s s i b l e  t o  d e f i n e  d i f f e r e n t  a n t a g o n i s t  p r o f i l e s  f o r  
adenosine receptors .  

I n  t h e  p r e s e n t  work  w e  s t u d i e d  t h e  a f f i n i t i e s  of t h e s e  a n t a g o n i s t s  
having in mind t h a t  w e  are using a n  i n  vivo preparat ion.  

METHODS 
Exper iments  were per formed on Wistar rats weighing approximate ly  

400 g ,  a n a e s t h e t i z e d  w i t h  s o d i u  m p e n t o b a r b i t o n e  (60 m g / K g  i.p., 
s u p p l e m e n t e d  as r e q u i r e d  d u r i n g  t h e  e x p e r i m e n t s )  v a g o t o m i z e d  a n d  
b r e a t h i n g  r o o  m a i r  s p o n t a n e o u s l y .  T h e  r e s p i r a t o r y  a i r f l o w  ( V ) ,  
r e s p i r a t o r y  f r e q u e n c y  ( f ) ,  t i d a l  v o l u m e  (V,), arterial b l o o d  p r e s s u r e  
( B P )  a n d  h e a r t  r a t e  ( H R )  were r e c o r d e d  c o n t i n u o u s l y  d u r i n g  t h e  
e x p e r i m e n t s .  T h e  r e s p i r a t o r y  m i n u t e  v o l u m e  ( v  ) was c a l c u l a t e d  as  t h e  
p r o d u c t  of V T  a n d  f .  I n t r a c a r o t i d  (i.c.) i n j e c t i o n s  of a d e n o s i n e  i n  a 
v o l u m e  of  0.1 m l ,  a n d  i n f u s i o n s  of x a n t h i n e s  a t  a rate of 0.5 m l / m i n ,  
d u r i n g  1 min were m a d e  t h r o u g h  a c a t h e t e r  i n t r o d u c e d  v i a  t h e  e x t e r n a l  
c a r o t i d  artery, w i t h  its t i p  p o s i t i o n e d  i n t o  t h e  corn mon c a r o t i d  a r t e r y  
j u s t  be low t h e  b i f u r c a t i o n .  T h e  i n t e r v a l s  b e t w e e n  a d e n o s i n e  i n j e c t i o n s  
were a t  least 5 min. Two c u m u l a t i v e  d o s e r e s p o n s e  c u r v e s  f o r  adenos ine  
(i.c.) were p e r f o r m e d  i n  e a c h  rat: o n e  b e f o r e  a n d  t h e  o t h e r  s t a r t i n g  10 
m i n  a f t e r  t h e  e n d  o f  i.c. i n f u s i o n s  o f  t h e  x a n t h i n e s .  Only  o n e  x a n t h i n e  
was t e s t e d  p e r  animaL A s  a c o n t r o l  f o r  t h e  e x p e r i m e n t s  with xanthines ,  
dose-response c u r v e s  f o r  adenos ine  were per formed i n  o n e  animal b e f o r e  
and a f t e r  a n  i c .  infusion of DMSO in  a c o n c e n t r a t i o n  (10% v/v) used t o  
o b t a i n  t h e  s o l u t i o n  o f  PA C P X .  T h i s  s o l u t i o n  c o n t a i n e d  t h e  h i g h e s t  
c o n c e n t r a t i o n  o f  DMSO u s e d  t o  s o l v e  x a n t h i n e s ,  b u t  d i d  n o t  m a r k e d l y  
c h a n g e  t h e  d o s e - r e s p o n s e  c u r v e s  o b t a i n e d  f o r  a d e n o s i n e .  Control  v a l u e s  
for VT,  f ,  BP and H R  correspond t o  t h e  mean va lues  measured i n  a period 
o f  2 4  s i m  m e d i a t e l y  b e f o r e  d r u g  a d m i n i s t r a t i o n .  A f t e r  d r u g  i.c. 
adminis t ra t ion  t h e  va lues  of V T ,  f ,  BP and  H R ,  were t a k e n  as t h e  m a x i m a l  
e f f e c t s  m e a s u r e d  d u r i n g  t h e  p e r i o d  o f  24  s t h a t  f o l l o w e d  t h e  i n j e c t i o n s  
or during drug  infusions, and were c o m p a r e d  with t h o s e  measured during 
t h e  c o n t r o L  T h e  m a x i m a l  e f f e c t s  induced by i c .  i n j e c t i o n s  of adenos ine  
a l w a y s  o c c u r r e d  i n  t h e  first 2 4  s t h a t  f o l l o w e d  t h e  e n d  o f  t h e  
inject ions.  
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A D E N O S I N E  A C T I O N  ON R E S P I R A T I O N  947 

RESULTS 
Vent i la t ion .  A s  a c o n s e q u e n c e  of a d m i n i s t r a t i o n  of a d e n o s i n e  (100  

nmol)  i n t o  t h e  com mon c a r o t i d  a r t e r y  (i.c.) i n  t h e  p r e s e n c e  of t h e  
x a n t h i n e  a m i n e  c o n g e n e r  ( X A C ,  l n m o l )  t h e  e x c i t a t o r y  effect  of  t h e  
n u c l e o s i d e  on r e s p i r a t i o n  was d e c r e a s e d  (FIG. 1). Th i s  r e d u c t i o n  was 
o b s e r v e d  i n  bo th  t i d a l  vo lume  (V,) and  i n  t h e  f r e q u e n c y  of  r e s p i r a t i o n  
(f). Express ing  i n  FIG.l 
t h e  percentage increase caused by t h e  different doses of adenosine was 
antagonized by X A C .  The effect of X A C  was dose-dependent, and t h e  dose 
of 1 n m o l  c a u s e d  a marked  s h i f t  (by a f a c t o r  of 1 7  c a l c u l a t e d  f o r  t h e  
d o s e  t h a t  p r o d u c e d  2 5 %  i n c r e a s e  i n  ? ) t o  t h e  r i g h t  i n  t h e  d o s e -  
response curve obtained f o r  adenosine. This marked shift influenced t h e  
Schi ld  t r e a t m e n t  of t h e  r e s u l t s  o b t a i n e d  wi th  t h e  d i f f e r e n t  d o s e s  of 
X A C  (see TABLE 1). The dope obtained for t h i s  xanthine was 3.63, r a t h e r  
h i g h  a n d  d i f f e r e n t  f r o m  t h e  u n i t y .  D u r i n g  t h e  a d m i n i s t r a t i o n  of  
cumulative doses of adenosine i n  t h e  presence of t h e  highest dose of X A C  
t h e  b a s a l  v a l u e s  f o r  V T  a n d  f ,  a s  well a s  t h e i r  p r o d u c t  9 E ,  were 
s l igh t ly  a b o v e  t h e  b a s a l  v a l u e s  r e c o r d e d  f o r  V T  o r  f b e f o r e  a d e n o s i n e  
administration i n  absence of t h e  antagonist  . N O  marked changes in these  
basal values ( V T  and f) were de tec ted  with administration of X A C  i n  low 
doses: 0.5 and 0.7 nmol  (see legend to  FIG.1). 

Dose-response c u r v e s  f o r  a d e n o s i n e  were p e r f o r m e d  i n  t h e  a b s e n c e  
a n d  p r e s e n c e  of o t h e r  xan th ines ,  D PC P X ,  x a n t h i n e  c a r b o x y l i c  c o n g e n e r  
( X C C )  and PD115,199. The antagonistic ac t ion  of both DPCPX, X C C  and PD 
115,199 were dose-dependent. In t h e  case of DPCPX its affinity (Ki=120 
nF1) w a s  about  5 times less than  t h e  affinity determined f o r  X A C  (K.523 
nM). A f f i n i t i e s  n o t  d i f f e r e n t  by a f a c t o r  of t w o  f rom t h a t  o b t a i n e d  f o r  
X A C  were also observed f o r  X C C  (K.-14 nM) and PD115, 199 (Ki=15 nM) (see 
TABLE 1). 

Other xanthines have been used, PACPX, DPX and &PT, and the i r  
a f f i n i t i e s  e v a l u a t e d  f r o m  s i n g l e  e x p e r i m e n t s .  T h e s e  x a n t h i n e s  were 
used i n  single doses PACPX (50 nmol), DPX (50 nmol) and 8-PT (100 nmol), 
and  t h e  d e t e r m i n a t i o n  of  D R  v a l u e s  showed  h ighe r  v a l u e s  t h a n  t h o s e  
o b t a i n e d  f o r  t h e  o t h e r  x a n t h i n e s  ( X C C ,  PD 115,199, X A C  or XCC) (see 
T A B L E  1). T h e r e f o r e ,  w e  d i d  n o t  i n v e s t i g a t e  i n  d e t a i l  t h e  
charac te r i s t ics  of these  adenosine antagonists. 

t h e  p r o d u c t  of  V T  x f as  B E ,  as can be  s e e n  

E 

1 

1 

2 

Arterial Blood Pressure and Heart Rate. The cardiovascular changes 
i n d u c e d  by i n t r a c a r o t i d  a d  m i n i s t r a t i o n  of a d e n o s i n e  a n d  their 
m o d i f i c a t i o n s  by t h e  a d e n o s i n e  r e c e p t o r  a n t a g o n i s t s ,  PD 115,199, X A C ,  
X C C ,  DPCPX were studied by examining arterial blood pressure (BP) and 
h e a r t  ra te  ( H R ) .  I n  FIG. 2 are shown  t h e  e f f e c t s  of a d e n o s i n e  on BP 
before and after infusing X A C or DPCPX i n t o  t h e  com mon carotid artery.  
It can  be seen  t h a t  X A C  (1 nmol/min during 1 m i n )  clearly reduced t h e  
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a BEFORE X A C  

ADENOSINE 
100 nmol 

0.3 nmol 

nr 5 

C * 
1 lo r o o 1 o O 0  

AFTER X A C  (In-) 

ADENOSINE 
tOOnrnol - 

1 n m d  

nr 5 

55 

/ 
0 

FIG.  1. E f f e c t s  of t h e  a d e n o s i n e  r e c e p t o r  a n t a g o n i s t  (1 ,3-  
dipropyl-&(4-(2-a minoethy1)a mino)carbonylm e t h y l o x y p h e n y 1 ) x a n t h e  (X A C )  o n  
the e x c i t a t o r y  e f f e c t  of  a d e n o s i n e  o n  r e s p i r a t i o n  of rats a n e s t h e t i z e d  
w i t h  p e n t o b a r b i t o n e .  ( a )  E f f e c t  of i n t r a c a r o t i d  (i.c.> i n j e c t i o n s  of 
adenosine (100 nmol) on t i d a l  volume (VT) and resp i ra tory  f requency  (f) 
before  and  approximate ly  40 min after i c .  infusion of X A C  (1 nmol/min, 
d u r i n g  1 min). T h e  e f f e c t  o f  a d e n o s i n e  s h o w n  is t h e  r e s u l t  of t h e  f i f t h  
i n j e c t i o n  of f i v e  c u  m d a t i v e  a n d  c o n s e c u t i v e  i n j e c t i o n s  of t h e  
n u c l e o s i d e .  T h e s e  i n j e c t i o n s  were: 0.01, 0.1, 1, 10 a n d  100 n m o l  g i v e n  
w i t h  i n t e r v a l s  of a t  l eas t  5 min. T h e  e x c i t a t o r y  e f f e c t  o f  a d e n o s i n e  
(10.0 n m o l )  o n  V T  a n d  f d i s a p p e a r e d  w i t h i n  7 5  s a f t e r  its i.c. 
i n j e c t i o n .  ( b )  C u m u l a t i v e  d o s e - r e s p o n s e  c u r v e s  f o r  t h e  e x c i t a t o r y  
e f f e c t s  of i.c. i n j e c t i o n s  of a d e n o s i n e  o n  r e s p i r a t o r y  m i n u t e  v o l u m e  

(continued) 
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ADENOSINE ACTION ON RESPIRATION 949 

n b Drug DR2 (nmol) Ki (nM)a s l o p e  

xcc 0.28 14 1.53 15 
PD115,199 0.30 15 1.37 12 
XAC 0.5 23 3.63 13 
DPCPX 2.4 120 1.3 14 

1 - PACPX' 6.2 310 
DPXC 9.34 467 - 1 
j3-PTC 20.32 1016 - 1 

TABLE 1. P o t e n c y  of x a n t h i n e  d e r i v a t i v e s  as  a n t a g o n i s t s  o f  t h e  
e x c i t a t o r y  effect of adenos ine  on r e s p i r a t o r y  minute  volume 
i n  rats. 

DR2: Dose of t h e  x a n t h i n e  d e r i v a t i v e  t h a t  produces a dose - ra t io  of 2 f o r  

a f r o m  DR2 v a l u e s  a s s u m i n g  a volume of  

DR and K .  v a l u e s  were e s t i m a t e d  u s i n g  only  one c o n c e n t r a t i o n  of t h e  
x a n t h i n e ' i n  a n  a b b r e v i a t e d  S c h i l d  a n a l y s i s ,  w h e r e  a s l o p e  of  1.3 
was assumed for  l o g  (DR-1) on l o g  (xan th ine ) .  

adenos ine .  
K .  v a l u e s  were e s t i m a t e d  

d i s t r i b u t i o n  of 20 m l .  1 

s l o p e  of t h e  r e g r e s s i o n  l i n e s  c a l c u l a t e d  from t h e  S c h i l d  p l o t .  
C 

2 

XCC: 1,3-dipropyl-8-(carboxyrnethyloxyphenyl)xanthine 
PD115,199: benzenesulfonamide, N-(2-(dimethylamino)ethyl)-N-methyl-4- 

XAC: (1,3-dipropyl-8-(4-(2-aminoethyl)amino)carbonylmethyloxyphenyl) 

DPCPX: 1,3-dipropyl-8-cyclopentylxanthine 
PACPX: 1,3-dipropyl-8-(2-amino-4-chlorophenyl)xanthine 
DPX: 1,3-diethyl-B-phenylxanthine; 8-PT: 8-phenyl theophyl l ine  

(2,3,6,7,-tetrahydro-2,6-dioxo-l,3-dipropyl-1H-purin-8-yl) 

x a n t h i n e  

FIG. 1. Continued 

( f E )  b e f o r e  ( ) a n d  af ter  ( A ) i.c. i n f u s i o n s  of X A C  (0.5, 0.7 a n d  
1 npol). Doses of adenosine are plotted on a loglo scale and t h e  effect 
on V E  is t h e  m a x i m a l  e f f e c t  expressed as % increase i n  m u m i n  observed 
i n  t h e  f i r s t  24 s t h a t  fo l lowed  t h e  end  of t h e  in j ec t ions .  0 %  r e p r e s e n t s  
a b s o l u t e  v a l u e s  d e t e r m i n e d  for  t h e  24s t h a t  p r e c e d e d  t h e  in j ec t ions .  
Absolute values before t h e  injections of adenosine in t h e  absence and i n  
t h e  presence of X A C  0.5 nmol were respectively 158f6 m u m i n  and 160k3 
m u m i n  ; in t h e  absence and in t h e  presence of X A C  0.7 nmol respectively 
173k4 m l / m i n  and 178& m u m i n ;  and in t h e  absence and in t h e  presence of 
X A C  1 nmol respectively 163*6 m l / m i n  and 187k6 m u m i n .  Each point is 
t h e  average  of 4 or 5 experiments and t h e  vertical  bars  represent  f SEM 
and are shown when they  exceed t h e  symbols i n  size. The regression lines 
were c a l c u l a t e d  by t h e  me thod  of t h e  least s q u a r e s  and  t h e  c o r r e l a t i o n  
c o e f f i c i e n t s  r a n g e d  from 0.968 a n d  0.998. * ~(0.05 (Student ' s  pa i r ed  t- 
test). 
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BEFORE X A C  AFTER X A C  (lnmal) 

ADENOSINE ADENOSINE 
lOOnmol - loO_nmOl 

BEFORE DPCPX AFTER DPCPX(i0nmnll  

ADENOSINE ADENOSINE 
100nmol lOOnmol - - 

FIG. 2 E f f e c t s  of  i n t r a c a r o t i d  i.c. i n j e c t i o n s  o f  a d e n o s i n e  (100 
n m o l )  o n  arterial b lood  p r e s s u r e  ( B P )  b e f o r e  a n d  a p p r o x i m a t e l y  40 min 
a f t e r  i c .  i n f u s i o n  o f  (1,3-dipropyl-8-(4-(2-a minoethy1)a  mino)carbonyl -  
m e t h y l o x y p h e n y l )  x a n t h i n e  ( X A C )  (1 n m o u m i n ,  d u r i n g  1 min)  o r  1.3- 
dipropyl-&cyclopentylxanthine (DPCPX) (10 nmol/min, during 1 min) i n  
two d i f f e r e n t  rats. 

a m p l i t u d e  of t h e  h y p o t e n s i v e  e f f e c t  o f  a d e n o s i n e  (100 n m o l )  w h e r e a s  
DPCPX (10 n m o l / m i n  d u r i n g  1 min)  c a u s e d  little or  n o  e f f e c t  o n  t h e  
ampl i tude  of t h e  BP responses  t o  adenosine. 

From t h e  r e s u l t s  o f  s e v e r a l  e x p e r i m e n t s  it was q u a n t i f i e d  t h e  
p e r c e n t a g e  of a n t a g o n i s m  c a l c u l a t e d  f o r  t h e  a d e n o s i n e  a n t a g o n i s t s :  P D 
115,199, XAC, XCC and DPCPX in r e l a t i o n  t o  t h e  hypotensive responses  
induced by adenosine (100 nmol). The  most e f f e c t i v e  xanth ines  were PD 
115,199, X A C  and X C C ,  which in t h e  dose  of 1 nmol, all antagonized  by 
a b o u t  25% t h e  hypotensive e f f e c t  of adenosine,  w h e r e a s  DPCPX h a s  only a 
small  a n t a g o n i s t  a c t i o n  ( 2 1 5 % )  w i t h  t h e  h i g h e s t  d o s e  u s e d  (10 nmol). 
This r e l a t i v e  position was n o t  very different f rom t h a t  observed for t h e  
x a n t h i n e  a n t a g o n i s m  of  t h e  a d e n o s i n e ' s  e x c i t a t o r y  e f f e c t  o n  v e n t i l a t i o n  
( see  T A B L E  1). 

The antagonism by xanth ines  of t h e  bradycardic  e f f e c t  of adenos ine  
c o u l d  n o t  b e  p r o p e r l y  i n v e s t i g a t e d ,  s i n c e  o n l y  w i t h  t h e  h i g h e s t  d o s e  of 
adenosine (100 nmol) s o m e  d e c r e a s e  i n  H R  could b e  s e e n  ( l l f3% d e c r e a s e  
i n  H R ) .  I n  t h e  ca se  of X A C (1 nm 01) it was p o s s i b l e  t o  r e d u c e  t h e  
bradycardic  response  t o  6*0.5% d e c r e a s e  and  i n  t h e  presence  of DPCPX (10 
nmol) t h e  H R  d e c r e a s e  induced  by adenosine was 7.5&1%. In c o n t r a s t  with 
a lmost  a b s e n c e  of a n t a g o n i s m  o f  t h e  h y p o t e n s i v e  e f f e c t  of a d e n o s i n e ,  
DPCPX caused  some antagonism i n  H R .  This  might be  r e l a t e d  t o  t h e  higher  
a f f i n i t y  o f  t h i s  a n t a g o n i s t  f o r  t h e  a d e n o s i n e  r e c e p t o r  m e d i a t i n g  t h e  
b r a d  y c a r d i c  r e s p o n s e  ( A  a s  co m p a r e d  w i t h  t h e  r e c e p t o r  m e d i a t i n g  
adenosine's vasodi la tor  e f f e c t  ( A  $. 

D E C U S S I O N  
T h e  p r e s e n t  r e s u l t s  s h o w  t h a t  t h e  a f f i n i t i e s  o f  t h e  x a n t h i n e s  t h a t  

a n t a g o n i z e d  t h e  e x c i t a t o r y  e f f e c t  o f  a d e n o s i n e  o n  r e s p i r a t i o n  m e d i a t e d  
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ADENOSINE ACTION ON RESPIRATION 951 

t h r o u g h  c a r o t i d  b o d y  c h e  m o s e n s o r y  a c t i v i t y ,  e x h i b i t e d  a r e l a t i v e  
position with X C C  (Ki=14 nM), PD 115,199 (15 nM), X A C  (23 nM) > DPCPX 
(120 nM) > PACPX (310 nM) 2 DPX (467 nM) > 8-PT (1016 nM). This profile 
does  not cor re la te  with t h e  A 1  profile [DPCPX (Kf0.54 nM) > X C C  (10 nM), 
X A C  (11 nM), PACPX (13 nM) 2 DPX (22 nM), &PT (25 nM) > PD 115,199 (57 
nM)] or t h e  A 3  profile [ X A C  (Ki=23 ni‘l), DPCPX (35 nM) > 8-PT (200 nM), 
DPX (295 nM) > X C C  (1905 nM), PACPX (2291 nM)] determined in functional 
s tud ie s ’  l 3  . T h e  a f f i n i t y  p r o f i l e  f o r  t h e s e  xan th ines ,  o b t a i n e d  i n  t h e  
p r e s e n t  work, is a l s o  q u i t e  d i f f e r e n t  f r o m  t h a t  of  t h e  A 1  r e c e p t o r  
characterized as displacement of [3H]-R-PIA or [3H)_CHA binding t o  rat 
brain membranes. In  th i s  preparation DPCPX (Ki=0.4-0.5 nM) > X A C  (1.2- 
3.5 nlu) t PACPX (2.5-6.8 nM) > PD 115,199 (8-14 nM) > X C C  (50-58 nM), 
DPX (44-70 nM) > &PT (160-400 nM) - 12. The re la t ive  position of t h e  
a n t a g o n i s t s  ( p r e s e n t  work) is similar t o  t h a t  o b t a i n e d  in d i s p l a c e m e n t  
of t h e  binding of t h e  r e l a t i v e l y  s e l e c t i v e  A -adenos ine  r e c e p t o r  a g o n i s t  
[ HI-NECA t o  rat striatal brain membranes’-”, where PD 115,199 (Ki=16 
nM) b X A C  (24 nM) > PACPX (92 nM) > DPCPX (340 nM) > DPX (550-860 nM). 
These au thors  did not test X C C ,  which in present study proved t o  be one 
wi th  h igh  a f f i n i t y  f o r  t h e  a d e n o s i n e  r e c e p t o r  i nvo lved  i n  e x c i t a t i o n  of 
r e s p i r a t i o n  by  t h e  n u c l e o s i d e .  C o m  p a r i n g  o u r  r e s u l t s  w i t h  t h o s e  
desc r ibed ‘  l o  f o r  t h e  a d e n y l a t e  c y c l a s e  ( A C )  a c t i v a t i o n / c y c l i c  AMP 
accumulation caused by NECA in human p la te le t s  i n  which t h e  antagonist  
affinity profile was X A C  (Ki=24-25 nM) > DPX (210-270 nM) 2 DPCPX (330- 
390 nM) b PACPX (440-470 nM) > 8-PT (1900-4100 nM), it was found good 
c o r r e l a t i o n  (r-0.880, p<O.Ol; slope-1.038) wi th  t h e  p r o f i l e  o b t a i n e d  
i n  t h e  p r e s e n t  i n v e s t i g a t i o n .  T h e  e x c e p t i o n  was X C C ,  which  i n  t h e  
p r e s e n t  s t u d y  was o n e  of t h e  most  e f f e c t i v e  xan th ines ,  b u t  i n  r e l a t i o n  
t o  t h e  AC/activation, X C C  is a very poor a n t a g ~ n i s t ’ ~ .  

S t u d i e s  i n  v ivo”  p e r f o r m e d  i n  ra ts  a n a e s t h e t i z e d  wi th  t h e  same 
a n a e s t h e t i c  (sodium p e n t o b a r b i t o n e )  as t h a t  used  i n  t h e  p r e s e n t  work, 
showed  t h a t  i n  r e l a t i o n  t o  t h e  r e c e p t o r ,  p o s t u l a t e d  as  a n  A 2  s u b t y p e ,  
t h a t  mediates decrease  in arterial blood pressure, X C C  w a s  more poten t  
t hen  X A C .  The D R 2  ratio f o r  X A C / X C C  obtained in t h e  present work was 1.8 
a n d  i n  r e l a t i o n  t o  d e c r e a s e  in BP” was 1.13, t h e s e  ratios bee ing  n o t  
ve ry  d i f f e r e n t  . A p o i n t  of interest i n  t h e  p r e s e n t  r e s u l t s  is t h a t  t h e  
percentages  of antagonism observed with X A C ,  PD 115,199 and X C C  were 
roughly s i m i l a r  in both ventilation and decrease  in BP. DPCPX w a s  much 
less p o t e n t  t h a n  t h e s e  t h r e e  x a n t h i n e s  t o  a n t a g o n i z e  a d e n o s i n e  
e x c i t a t i o n  of ven t i l a t ion .  I n  r e l a t i o n  t o  d e c r e a s e  i n  BP, DPCPX i n  t h e  
doses used w a s  almost devoid of antagonism. 

T h e  e s t i m a t i o n  o f  t h e  p o t e n c y  o f  t h e  x a n t h i n e  d e r i v a t i v e s  as  
a n t a g o n i s t s  of t h e  e x c i t a t i o n  of r e s p i r a t i o n  by a d e n o s i n e  was expres sed  
as D R 2  values; t h e  conversion of t hese  values in to  molar concentrations, 
w a s  made assuming t h a t  t h e  rats used have a plasma volume of about  20 
mL The values obtained f o r  X A C  and X C C  were w i t h i n  low nanomolar range. 
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T h i s  is a n  o r d e r  o f  m a g n i t u d e  lower t h a n  t h e  v a l u e s  e s t i m a t e d  by 
o t h e r d 5  f o r  t h e  antagonism of BP, and  a b o u t  t h e  same o r d e r  of magni tude 
as t h e  Ki va lues  ca lcu la ted  f o r  X A C  from in v i t ro  studies" ''. 

The adenosine r e c e p t o r  opera t ing  both t h e  e x c i t a t i o n  in resp i ra t ion  
a n d  d e c r e a s e  i n  BP a p p e a r s  t o  b e  t h e  same A 2  t y p e  as c a n  b e  i n f e r r e d  
f r o m  t h e i r  a g o n i s t  p r o f i l e s ' .  I n  t h e  p r e s e n t  w o r k  t h e  a n t a g o n i s m  of  
t h e  a d e n o s i n e  e x c i t a t o r y  e f f e c t  o n  v e n t i l a t i o n  a n d  t h e  a n t a g o n i s m  o f  
t h e  d e c r e a s e  caused  by adenos ine  in BP w a s  s i m i l a r  in t h e  case of XAC, 
PD 115,199 and X C C ,  which i n  both s i t u a t i o n s  h a v e  higher  affinities t h a n  
DPCPX. These findings s u g g e s t  that a s i m i l a r  r e c e p t o r ,  probably of t h e  
A type ,  media tes  both e f fec ts .  

I n  t h e  p r e s e n t  e x p e r i m e n t a l  c o n d i t i o n s  t h e  h i g h e s t  d o s e  o f  
a d e n o s i n e  c a u s e d  o n l y  a small d e c r e a s e  i n  H R .  T h i s  d i d  n o t  allow t o  
p e r f o r m  c o n v e n i e n t  d o s e - r e s p o n s e  c u r v e s  t o  know t h e  r e l a t i v e  a f f i n i t i e s  
o f  t h e  d i f f e r e n t  a n t a g o n i s t s .  T h e  h i g h e s t  d o s e  o f  a d e n o s i n e  u s e d  (100 
nmol) caused  a d e c r e a s e  i n  H R  of l l f3% and t h i s  was antagonized  by both  
X A C  and DPCPX b u t  n o t  by  X C C  or PD 155,199 , which were t h e  most p o t e n t  
t o  an tagonize  t h e  e f f e c t s  of adenosine on both BP and  vent i la t ion.  This  
c o n f o r m s  with t h e  i d e a  t h a t  t h e  d e c r e a s e s  in BP and  t h e  d e c r e a s e s  i n  H R  
are o p e r a t e d  by d i f f e r e n t  adenos ine  receptors .  

A l m o s t  n o  d a t a  is a v a i l a b l e  o n  t h e  p h a r m a c o k i n e t i c s  o f  t h e  
x a n t h i n e s  u s e d  i n  t h e  p r e s e n t  w o r k .  I n  t h e  case o f  X A C it c a n  b e  
metabol ized i n t o  XCC16, which was t h e  m o s t  p o t e n t  compound to  a n t a g o n i z e  
t h e  exc i ta t ion  of adenosine o n  respirat ion.  The  d o p e  of  X A C  (3.63) was 
m u c h  h i g h e r  t h a n  t h e  u n i t y  s u g g e s t i n g  t h a t  d i f f e r e n t  f ac to r s  m a y  
c o n t r i b u t e  t o  t h i s  value. Whether its metabolism t o  X C C  would i n f l u e n c e  
t h e  s l o p e  o b s e r v e d  n e e d s  t o  b e  i n v e s t i g a t e d .  In t h e  h i g h e s t  d o s e  X A C  
i n c r e a s e d  v e n t i l a t i o n ,  p r o b a b l y  a s  a c o n s e q u e n c e  of  e n t e r i n g  t o  t h e  
b r a i n ,  w h e r e  x a n t h i n e s  c a n  e x c i t e  r e s p i r a t i o n .  W h e t h e r  t h i s  is a n o t h e r  
v a r i a b l e  t h a t  i n f l u e n c e s  t h e  s l o p e  o f  X A C  n e e d s  t o  b e  e v a l u a t e d .  T h e  
antagonism by t h e s e  xanth ines  was probably e x e r t e d  at t h e  c a r o t i d  body 
l e v e l ,  s i n c e  t h e r e  is n o  e v i d e n c e  t h a t  X C C  or  X A C  i n  low d o s e s  c o u l d  
easily cross t h e  blood brain barrier". 

D P C P X  a n d  X A C  are u s e f u l  tools  t o  d i s c r i m i n a t e  a d e n o s i n e  
receptors .  In t h e  case of t h e  A DPCPX is consis tent ly  more  p o t e n t  t h a n  
X AC e i t h e r  i n  f u n c t i o n a l  o r  b i n d i n g  s t u d i e s  in v i t r o .  I n  t h e  case of  t h e  

A 2  less p o t e n t  t h a n  X A C .  In t h e  case of t h e  A 3  DPCPX 
h a s  a n  intermediate position and  is as p o t e n t  as X A C. In s p i t e  of X A C 
b e i n g  d e v o i d  of a n y  s e l e c t i v i t y  b e t w e e n  t h e  d i f f e r e n t  a d e n o s i n e  
r e c e p t o r s  (K.z l l -23  nM), this property might  be  usefu l  when w e  t a k e  t h e  
a f f in i ty  of X A C  as a r e f e r e n c e  t o  c o m p a r e  with t h e  a f f i n i t y  of  DPCPX. 

In re la t ion  to  t h e  o t h e r  a n t a g o n i s t s  used, PD 115,199, PACPX, DPX 
a n d  8 - P T ,  t h e i r  a f f i n i t i e s  c o r r e l a t e d  w i t h  t h o s e  o b s e r v e d  f o r  
d i sp lacement  of [ H]-NECA i n  rat  striatal membranes  and for  AC/cyclic 
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DPCPX is usually 
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AMP accumulation in  human platelets. In t h e  cases of X C C  it was found in 
t h e  p r e s e n t  work t h a t  its a f f i n i t y  was h i g h e r  t h a n  t h a t  desc r ibed  f o r  
t h e  A receptors  in human platelets. 2 

E.C.M. is supported by I N I C .  We thank Dr. R.F. Bruns and Warner- 
Lamber t /Pa rke -Dav ies  f o r  g i f t  of PD 115,199 and Dr. K . A .  J a c o b s o n  
(NIH) f o r  g i f t  of X C C .  
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