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Abstract 

The vasodilatory action of 2-octynyladenosine (YT-146), an adenosine A 2 receptor agonist, was investigated in the isolated rat 
femoral artery and vein. Exposure to YT-146 resulted in preferential vasodilation; the vein was completely dilated at YT-146 
concentrations as low as 10 -7  M; in contrast, a concentration of YT-146 greater than 10 -4 M was necessary to induce complete 
relaxation in the femoral artery. 2-[p-(2-Carboxyethyl)-phenethylamine]-5'-N-ethytcarboxamidoadenosine (CGS 21680) also 
evoked stronger dilation in the vein than in the artery. The vasodilatory action of N6-cyclopentyladenosine (CPA) was much 
weaker in the vein than that of YT-146. YT-146-induced vasodilation in the artery was antagonized by neither 10 -7 M 
1,3-dipropyl-8-cyclopentylxanthine (DPCPX) nor 3 × 10 -6 M (E)-8-(3,4-dimethoxystylyl)-l,3-dipropyl-7-methylxanthine 
(KF17837), while the vasodilation in the vein was only antagonized by KF17837, suggesting that the vasodilation may involve 
adenosine A 2 receptor activation in the vein. However, the present study did not provide evidence of a link between adenosine 
agonist-induced vasodilation and adenosine A 2 receptor activation in the artery. The addition of 10 4 M N'°-nitro-L-arginine 
partially reversed YT-146-induced vasodilation in the artery, but not in the vein. The reversal of YT-146-induced vasodilation by 
N'°-nitro-L-arginine in the artery was attenuated by the addition of 10 -3 M L-arginine. Removal of the endothelium decreased 
YT-146-induced vasodilation in the artery, but not in the vein. Prior treatment with 10 -4 M N'°-nitro-L-arginine decreased 
YT-146-induced vasodilation in the artery, but not in the vein. These results indicate that adenosine A z receptor agonists 
preferentially dilate the femoral vein rather than the femoral artery of rats and that YT-146-induced vasodilation is partially 
endothelium-dependent in the femoral artery, but not in the vein. 
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1. Introduction 

The selective adenosine A 2 receptor agonist, 2-oc- 
tynyladenosine (YT-146, Fig. 1), has a potent and 
long-lasting hypotensive effect (Abiru et al., 1991). The 
antihypertensive effect of YT-146 has been studied in 
various hypertension models (Kogi et al., 1991; Iwamoto 
et al., unpublished data) and it has been shown to have 
a potent coronary vasodilatory effect without showing 
detrimental effects on the heart (Kogi et al., 1991). 
Currently, a clinical trial is in progress in Japan to 
study the effects of YT-146 as an antihypertensive 
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agent. Mechanisms responsible for the vasodilatory 
effect of YT-146 have been shown to involve the open- 
ing of glibenclamide-sensitive K ÷ channels (Yoneyama 
et al., 1992) and an increase in the levels of cAMP and 
cGMP in segments of coronary arteries (unpublished 
data). Previous studies have focused predominantly on 
coronary arterial circulation, and the vasodilatory ef- 
fects of YT-146 in peripheral blood vessels have not 
been extensively examined. Furthermore, there have 
been only a few reports concerning the effect of adeno- 
sine receptor agonists on veins. The present study was 
conducted to examine the vasodilatory effects of 
adenosine receptor agonists and the vasodilatory mech- 
anism of YT-146 in isolated femoral arteries and veins 
from the rat. 



10 T. Abiru et al. / European Journal of Pharmacology 281 (1995) 9-15 

2. M a t e r i a l s  a n d  m e t h o d s  2.2. Vasodilation study 

2.1. Vascular preparations 

Male Wistar rats, 10 weeks old weighing 305-335 g, 
were purchased from Clea Japan (Tokyo, Japan). The 
rats were killed, under ether anesthesia, by bleeding 
from the abdominal aorta, and the right femoral artery 
and vein were isolated from each rat. The vessels were 
placed in physiological salt solution (PSS), composed of 
118 mM NaCI, 4.7 mM KC1, 1.2 mM CaC12, 1.2 mM 
MgSO4, 25 mM NaHCO3, 1.2 mM KH2PO 4, and 11 
mM glucose, and continuously bubbled with 95% O 2- 
5% CO 2. The vessels were cleaned of loosely adhering 
connective tissue and cut into rings (5 mm in width) 
under a dissecting microscope. Special care was taken 
not to damage the endothelium. In some experiments, 
the luminal surface of the rings was rubbed gently with 
a cotton swab to remove the endothelium. Each ring 
was mounted between two stainless steel hooks and 
placed in 10-ml organ baths containing PSS at 37 ° C. 
The isometric tension of the rings was measured by a 
force-displacement transducer (TB-611, Nihon-Koh- 
den, Japan) and recorded on a pen recorder (FBR- 
252A, TOA, Japan). The rings were equilibrated for 60 
min at a resting tension of 0.75 g for the femoral artery 
ring and 0.5 g for the femoral vein ring, the optimal 
tensions for inducing maximal contraction in each ves- 
sel. During the equilibration time, the PSS in the bath 
was replaced every 20 min. 

Following the 1-h equilibration period, the rings 
were precontracted with 10 - 6  M 5-hydroxytryptamine 
(5-HT). The addition of 10 -5 M acetylcholine resulted 
in greater than 80% vasodilation, confirming the in- 
tegrity of the ring endothelium. In the endothelium-de- 
nuded rings, the addition of acetylcholine did not cause 
vasodilation. After the contraction induced by 10 -6  M 
5-HT had reached a plateau, the adenosine agonists 
were added cumulatively to the bath for the vasodila- 
tion studies. 

To examine the influence of adenosine receptor 
antagonists on YT-146-induced vasodilation, we used 
the selective adenosine A~ receptor antagonist 1,3-di- 
propyl-8-cyclopentylxanthine (DPCPX) (Bruns et al., 
1987) and the selective adenosine A 2 receptor antago- 
nist (E)-8-(3,4-dimethoxystylyl)-l,3-dipropyl-7-methyl- 
xanthine (KF17837) (Shimada et al., 1992). The antago- 
nists were incubated for 20 min prior to the addition of 
5-HT. 

To investigate the effect of NO~-nitro-L-arginine, a 
nitric oxide (NO) synthase inhibitor, and L-arginine, a 
precursor of NO, on YT-146-induced vasodilation, 
N~°-nitro-L-arginine was added to the bath after the 
vasodilation had reached a plateau, and L-arginine was 
later added to the same bath. Additionally, we exam- 
ined the influence of prior treatment with N°~-nitro-c - 
arginine on YT-146-induced vasodilation in the femoral 
artery and vein of rats. N°~-Nitro-L-arginine (10 -4 M) 
was added to each bath after 5-HT-induced contrac- 
tion had reached a plateau. 
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Fig. 1. Chemical structure of adenosine receptor agonists and antag- 
onists: 2-octynyladenosine (YT-146), 2-[p-(2-carboxyethyl)- 
phenethylamine]-5'-N-ethylcarboxamidoadenosine (CGS 21680), 
N6-cyclopentyladenosine (CPA), 1,3-dipropyl-8-cyclopentylxanthine 
(DPCPX), and (E)-8-(3,4-dimethoxystylyl)-l,3-dipropyl-7-methyl- 
xanthine (KF17837). 

2.3. Drugs 

The receptor  agonist YT-146 and antagonist 
KF17837 were synthesized at the Yamasa Corporation. 
We obtained 5-HT, N°~-nitro-L-arginine, N6-cyclopen - 
tyladenosine (CPA)(Williams et al., 1986), and L- 
arginine from Sigma Chemical Co. (St. Louis, MO, 
USA), acetylcholine hydrochloride from Daiichi Phar- 
maceuticals (Tokyo, Japan), DPCPX and 2-[p-(2- 
carboxyethyl)-phenethylamine]-5'-N-ethylcarboxamido 
adenosine (CGS21680) (Hutchison et al., 1989) from 
Research Biochemicals (Natick, MA, USA). We dis- 
solved YT-146, CGS 21680, and CPA in dimethyl sul- 
foxide (DMSO) at a concentration of 20 m g /ml  and 
stored the solutions at - 2 0  ° C. KF17837 and DPCPX 
were freshly dissolved in DMSO at a concentration of 
10 2 M. Prior to each experiment, an aliquot of each 
drug was diluted with distilled water to the appropriate 
concentration. The final concentration of DMSO in 
the bath was less than 0.2% and this concentration of 
DMSO did not influence the vascular responses. All of 
the other drugs were freshly dissolved in distilled water 
prior to each experiment. 
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2.4. Data analysis 

We expressed vasodilation in response to the drugs 
as a percentage depression of the 10 -6 M 5-HT-in- 
duced contraction. Data  were expressed in the form of 
means + S.E. The changes in relative tension within 
each preparat ion were evaluated using the paired t-test, 
and differences between groups were assessed using 
analysis of variance followed by the unpaired t-test. 
ECs0 values and slope values for the concentration-re- 
sponse curves were calculated using a logistic equation 
with the program of SAS Proc NLIN (SAS Institute, 
Cary, NC, USA). 

(A) Artery YT-146 
7 6 

5-HT 6 5 rain 

(B) Vein lo YT-146 

0.5 

_ _  g 

5-HT 6 5 rain 

3. Results 

5-HT (10 -7 to 3 × 10 -5 M) induced concentration- 
dependent  contractions in the artery and in the vein. 
Both the artery and vein exhibited similar levels of 
sensitivity to 5-HT, and the contraction reached a 
plateau at a concentration of 3 × 10 -6 M (Fig. 2). In 
the vasodilation studies, arterial and venous rings were 
precontracted with 10 .6  M 5-HT, which induced con- 
tractions with 80% of the intensity of a maximum 
5-HT-induced contraction. The contractile response to 
5-HT in both the artery and vein was stable during the 
time period required to construct the concentration-re- 
sponse curve to an adenosine receptor  agonist. 

The addition of YT-146 induced vasodilation in 
arterial and venous rings precontracted with 10 .6 M 
5-HT in a concentrat ion-dependent  manner  (Fig. 3). 
However,  there was a difference in the potency of 
YT-146-induced vasodilation between the artery and 
vein. The vein was completely dilated at YT-146 con- 
centrations as low as 10-7 M. In contrast, a concentra- 
tion of YT-146 greater  than 10 - 4  M was necessary to 
induce complete relaxation in the femoral  artery. 

The results of curve fitting using a logistic equation 
are shown in Table 1. The slope of the YT-146 concen- 
tration-response curve was different between the artery 
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Fig. 2. Concentrat ion-response curves for contraction induced by 
5-HT in the rat femoral artery (o) and vein ( • ) .  Each point repre- 
sents the mean  + S.E. for five rats. 
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Fig. 3. Vasodi]ation induced by adenosine agonists in the rat femoral 
artery and vein. Typical recordings of the vasodilation induced by 
YT-146 in (A) the artery, and (B) the vein. Drug concentrations are 
represented as - L o g  M. (C) Concentrat ion-response curves for 
vasodilation induced by YT-146 (o,o),  CGS 21680 ( • ,  ~ ), and CPA 
(11,[]) in the femoral vein (closed symbols) and artery (open sym- 
bols). Each point represents  the mean  + S.E. for six rats. 

and vein. When the ECs0 value in the vein was com- 
pared  with that in the artery, the vasodilatory potency 
of YT-146 in the vein was over 6000-fold higher than 
that in the artery. Although the vasodilatory potency of 
CGS21680 in the vein was more potent  than that in the 
artery, the slope factor of the CGS 21680 concentra- 

Table 1 
The  results of curve fitting for 
using a logistic equation 

the concentrat ion-response curves 

Slope value ECs0 (M) 

YT-146 
Artery 1.07 (0.92-1.22) 
Vein 0.69 (0.57-0.82) 

CGS21680 
Artery 1.08 (0.85-1.30) 
Vein 1.02 (0.82-1.23) 

CPA 
Artery 0.75 (0.58-0.91) 
Vein 0.86 (0.69-1.03) 

2.31 x 10 -5  (1 .77-2.84× 10 -5)  
3.88X 10 -9  (2.57-5.19 x 10 -9) 

5.10× 10 - s  (3 .90-6.29× l0 s) 
1 .29×10 _8 ( 0 . 9 7 - 1 . 6 l x 1 0  s) 

7 .59×10  _5 (5 .09-10 .1×10 s) 
9.31 × 10 _7 (6.78-12.2 x 10 -7)  

Slope values represent  the mean  for six rats, with 95% confidence 
limits in parentheses .  EC50 values represent  the geometric mean  for 
six rats, with 95% confidence limits in parentheses.  Values were 
calculated using a logistic equation with the program of SAS Proc 
NLIN. 
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Fig. 4. Effects  of 1 ,3-dipropyl-8-cyclopentylxanthine  ( D P C P X )  on 
YT-146- induced  vasodilation in the rat femoral artery and vein. 
Concentration-response curves of YT-146- induced  vasodilation in 
(A)  the artery, and (B) the vein. Preparations were preincubated with 
vehicle (e)  or  10 -7  M D P C P X  ( • )  for 20 min prior to the addition 
of 5-HT. E a c h  value represents the mean +_ S.E. for five rats. 

A) Artery 

100 

80 

60 "E 

8 40 
"6 

20 

B) Vein 

7 6 5 4 

YT-146 (-Log M) 

100 

.5 80 

6o 

§ 4o 

so, 20 

0 
10 9 8 7 6 

YT-146 (-Log M) 

Fig. 5. Effects  of (E)-8- (3 ,4-d imethoxys ty ly l ) - l ,3-d ipropyl -7-methyl -  
xan th ine  (KF17837) on YT-146- induced  vasodilation in the rat 
f emora l  artery and vein. Concentration-response curves of  YT-146- 

i nduced  vasodilation in (A) the artery, and (B) the vein. Preparations 
were preincubated with vehicle (e )  or  3 ×  10 -7  M KF17837 ( • )  for 

20 min prior to the addition of  5-HT. E a c h  value represents the 
mean 4-_ S.E. for five rats. * * P < 0.01 c o m p a r e d  wi th  control .  

t ion-response curve was similar for the artery and vein. 
The concentration of  CPA needed to induce vasodila- 
tion in the vein was much higher than that of  YT-146 
or CGS 21680 and slope values in the artery and vein 
were less than 1. 

Prior treatment with DPCPX (10 -7 M) did not 
affect YT-146-induced vasodilation in either the 
femoral  artery or vein (Fig. 4). Prior treatment with 
3 × 10 - 6  M KF17837 markedly shifted the concentra- 
t ion-response curve of YT-146-induced vasodilation in 
the vein to the right, but not in the artery (Fig. 5). 

The removal of  endothel ium from the artery re- 
suited in a significant decrease in YT-146-induced va- 
sodilation that was not observed in the vein (Fig. 6). 
The addition of  10  - 4  M NO-nitro-L-arginine reversed 
the YT-146-induced vasodilation by 60% in the artery, 
while the reversal was not observed in the vein (Fig. 7). 
The increased tension in the artery caused by N °,_ 
nitro-L-arginine was attenuated by the addition of  10 - 3  

and 3 × 10 - 3  M L-arginine. The addition of CGS 21680 
at concentrations of 10 - 4  M for the artery and 10 - 7  M 
for the vein dilated the artery by 75% and the vein by 
95%, respectively. The addition of  CPA at concentra- 
tions of  10 - 4  M for the artery and 10 -5 M for the vein 
dilated the artery by 50% and the vein by 95%, respec- 
tively. The vasodilations induced by CGS 21680 and 
CPA were also reversed by the addition of  N'%nitro-L - 
arginine in the artery, but not in the vein. Prior treat- 
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Fig. 6. In f luence  of e n d o t h e l i u m  on YT-146- induced  vasodilation in 
the rat femoral artery and vein. Concentration-response curves of  
YT-146- induced  vasodilation in (A) the artery, and (B) the vein with 
(e)  and without ( • ) endo the l i um.  E a c h  point represents the mean 5: 
S.E. for six rats. * P < 0.05, * * P < 0.01 c o m p a r e d  with the corre-  
spond ing  rings with endothelium. 
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Fig. 7. Effects of N'°-nitro-L-arginine and L-arginine on YT-146-in- 
duced vasodilation in the rat femoral artery and vein. Typical record- 
ings of the effects of N'~-nitro-L-arginine (10 -4 M) and L-arginine 
(10 -3 and 3 × 10 -3 M) on YT-146-induced vasodilation in (A) the 
artery, and (B) the vein. Drug concentrations are represented as 
- L o g  M. (C) Effect of N'°-nitro-e-arginine (10 -4 M) and L-arginine 
(10 -3 M) on YT-146-induced vasodilation in the femoral artery 
(open columns) and vein (shaded columns). The amount of YT-146 
needed to induce vasodilation was 10 -4 M in the artery and 10 -7 M 
in the vein. Each value represents the mean+S.E ,  for five rats. 
* P < 0.05 compared with the N'°-nitro-L-arginine group, and * * P 
< 0.01 compared with the YT-146 group. 

ment with 10 -4 M N~'-nitro-L-arginine resulted in a 
decrease in YT-146-induced vasodilation in the artery, 
but not in the vein (Fig. 8). The resting tension of 
femoral arteries and veins that had not been con- 
tracted with 5-HT was not affected by the application 
of N°Lnitro-L-arginine (data not shown). 

4. Discussion 

In the present study, we have demonstrated that 
YT-146 and CGS 21680 preferentially dilate the rat 
femoral vein over the femoral artery; both compounds 
are over 6000-fold more potent  in the vein. However, 
CPA was much less potent  in inducing vasodilation in 
the vein than YT-146 and CGS 21680 were. Previously, 
we reported that the order  of decreasing binding affin- 
ity was YT-146 > CGS 21680 >> CPA for the adenosine 
A 2 receptor in brain striatal membrane (Matsuda et 
al., 1991). The binding affinity of the agonists for the 

brain adenosine A 2 receptor correlated with the va- 
sodilation potency levels in the vein. The link between 
adenosine-induced vasodilation and the activation of 
the adenosine A 2 receptor has been commonly ac- 
cepted (Kusachi et al., 1983). To clarify whether the 
vasodilation in the femoral vein is mediated through 
the adenosine A 2 receptor, we examined the influence 
of adenosine receptor antagonists on YT-146-induced 
vasodilation. YT-146-induced vasodilation in the vein 
was antagonized by the adenosine A z receptor antago- 
nist KF17837, but not by the adenosine A~ receptor 
antagonist DPCPX. These results suggest that the va- 
sodilation induced by adenosine agonists in the femoral 
vein may be mediated by the activation of the adeno- 
sine A z receptor. However, the results of curve fitting 
analysis suggest a complex pharmacology in that the 
slopes of the YT-146 concentration-response curve 
were different in the artery and vein. In contrast, the 
slope of the concent ra t ion- response  curve for 
CGS21680, being characterized as an adenosine A2A 
receptor-selective agonist (Webb et al., 1992), was simi- 
lar in artery and vein. Therefore,  it is possible that the 
YT-146-induced vasodilation involves another mecha- 
nism in addition to the adenosine A 2 receptor activa- 
tion. 

Differences in the potency of vasodilation among 
the three adenosine agonists were less pronounced in 
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Fig. 8. In f l uence  o f  p r i o r  t rea tmen t  w i th  N~-n i t ro -L -a rg in ine  on 
YT-146-induced vasodilation in the rat femoral artery and vein. 
Concentration-response curves of YT-146-induced vasodilation in 
(A) the artery, and (B) the vein. Preparations were preincubated with 
vehicle (o) or 10 -4 M N'°-nitro-L-arginine (A)  after the 5-HT-in- 
duced contraction had reached a plateau. Each value represents the 
mean + S.E. for five rats. * P < 0.05, * * P < 0.01 compared with the 
control. 
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the artery than in the vein. The vasodilatory potency of 
the three adenosine agonists in the femoral artery did 
not correlate with the brain adenosine A 2 receptor 
binding affinity of the agonists. Furthermore,  neither 
10 -7  M DPCPX nor 3 × 10 -6  M KF17837 affected 
YT-146-induced vasodilation in the femoral artery. 
From these results, the vasodilation induced by adeno- 
sine agonists in the femoral artery appears not to be 
mediated by the activation of the adenosine A 1 and A 2 
receptors. However, this issue is not conclusive so far, 
since we could not examine the effect of higher con- 
centrations of antagonists because of their insolubility 
and their own vasodilatory action at higher concentra- 
tions. In preliminary experiments, we determined the 
concentration of DPCPX to be 10 -7  M from the 
following results. DPCPX (10 -7 M) did not affect 
5-HT-induced contraction and inhibited the negative 
chronotropic action induced by 3 × 10 -7 M CPA in the 
rat atrium. DPCPX at concentrations higher than 10 - 6  

M inhibited 5-HT-induced contraction and showed a 
relaxant response in the 5-HT-contracted artery and 
vein. A concentration of KF17837 higher than 10 -5 M 
affected the CPA-induced negative chronotropic action 
in the rat atrium, but 3 × 10 6 M KF17837 did not 
affect the action. 

The present study did not provide evidence of a link 
between adenosine receptor agonist-induced vasodila- 
tion and adenosine A 2 receptor activation in the artery. 
Currently, the reason for the differences in vasodila- 
tory potency between the vein and artery is unclear. 
The potency of adenosine agonists has been reported 
to differ considerably among different species and tis- 
sues (Balwierczak et al., 1991). For example, the va- 
sodilatory action of adenosine was more potent in the 
vein than in artery of canine peripheral blood vessels 
(De Mey and Vanhoutte,  1982). In contrast, CGS 21680 
barely dilated the human saphenous vein, even at a 
concentration of 10 - 4  M (Makujina et al., 1992). In 
addition, adenosine preferentially dilates small coro- 
nary arteries over large ones (Schnaar and Sparks, 
1972; Habazettl  et al., 1992). The potency differences 
among adenosine agonists may be related to a differen- 
tial distribution and reserve of adenosine receptors in 
the vascular endothelium and smooth muscle of the 
artery and vein. The adenosine A2 receptor has been 
subdivided into two subtypes, i.e. adenosine AZA re -  

c e p t o r  and adenosine AZB receptor (Bruns et al., 1986). 
It has been reported that the receptors in the guinea 
pig aorta and dog saphenous vein are of the AZB 

subtype because of the lack of vasodilatory potency of 
C2-substituted adenosine analogs such as CGS21680 
(Hargreaves et al., 1991; Martin, 1992), which has been 
characterized as an adenosine AZA receptor agonist 
(Webb et al., 1992). From these results, it is possible 
that the adenosine receptor in the rat femoral artery is 
the A ZB subtype. The characterization of the adeno- 

sine receptor in femoral artery should be further stud- 
ied. 

There has been controversy over whether or not the 
vasodilation induced by adenosine agonists is endothe- 
lium-dependent in the rat aorta (Yen et al., 1988; 
Rose'Meyer and Hope, 1990; Moritoki et al., 1990), 
canine artery and vein (De Mey and Vanhoutte, 1982), 
and human coronary artery (Sabouni et al., 1989). The 
present study has shown that YT-146-induced vasodila- 
tion in the femoral artery is partially (60%) reversed by 
N°'-nitro-L-arginine, a NO synthase inhibitor (Palmer 
et al., 1988), and this reversal is eliminated by L- 
arginine, a precursor of NO (Palmer et al., 1988). In 
contrast, YT-146-induced vasodilation in the femoral 
vein was not reversed by the addition of N~-nitro-c - 
arginine. Similar results were obtained with CGS 21680 
and CPA, under the same experimental conditions. It 
is possible that the reversal by N'°-nitro-L-arginine is 
caused by the inhibition of the 5-HT-stimulated NO 
synthesis in endothelium of the femoral artery, since 
5-HT has been reported to show an endothelium-de- 
pendent  relaxation in the coronary artery ring 
(Vanhoutte and Houston, 1985). Even if the reversal 
involves the inhibition of the 5-HT-stimulated NO syn- 
thesis in endothelium of the femoral artery, the 5-HT- 
induced contraction was augmented only by 20% after 
the addition of N°'-nitro-L-arginine in both the artery 
and vein (data not shown) and the reversal of YT-146- 
induced vasodilation by NO'-nitro-c-arginine was only 
observed in the femoral artery, and not in the vein. 
Thus, the reversal of the adenosine agonist-induced 
vasodilation by N'°-nitro-L-arginine may partially in- 
volve the inhibition of NO synthesis in the endothe- 
lium. We confirmed the involvement of NO in the 
adenosine agonist-induced vasodilation in the femoral 
artery by the results that both the removal of endothe- 
lium and the prior treatment of the femoral artery with 
N°'-nitro-L-arginine resulted in a decrease of YT-146- 
induced vasodilation. These results suggest that YT- 
146-induced vasodilation is likely to involve NO and is 
partially endothelium-dependent in the rat femoral 
artery. 

In summary, adenosine A2 receptor agonists prefer- 
entially dilate the femoral vein rather than the femoral 
artery of rats. YT-146-induced vasodilation involves A 2 

receptor activation in the femoral vein, but not in the 
femoral artery. YT-146-induced vasodilation is partially 
endothelium-dependent in the femoral artery, but not 
in the femoral vein. 

References 

Abiru, T., T. Yamaguchi, Y. Watanabe, K. Kogi, K. Aihara and A. 
Matsuda, 1991, The antihypertensive effect of 2-alkynyladeno- 
sines and their selective affinity for adenosine A 2 receptors, Eur. 
J. Pharmacol. 196, 69. 



T. Abiru et al. / European Journal of Pharmacology 281 (1995) 9-15 15 

Balwierczak, J.L., R. Sharif, C.M. Krulan, F.P. Field, G.B. Weiss and 
M.J.S. Miller, 1991, Comparative effects of a selective adenosine 
A z agonist, CGS 21680, and nitroprusside in vascular smooth 
muscle, Eur. J. Pharmacol. 196, 117. 

Bruns, R.F., G.H. Lu and T.A. Pugsley, 1986, Characterization of the 
A 2 adenosine receptor labeled by [3H]NECA in rat striatal 
membranes, Mol. Pharmacol. 29, 331. 

Bruns, R.F., J.H. Furgus, E.W. Badger, J.A. Bristol, L.A. Santay, 
J.D. Hartman, C.J. Hays and C.C. Huang, 1987, Binding of the 
Al-selective adenosine antagonist 8-cyclopentyl-l,3-dipro- 
pylxanthine to rat brain membranes, Naunyn-Schmied. Arch. 
Pharmacol. 335, 59. 

De Mey, J.G. and P.M. Vanhoutte, 1982, Heterogeneous behavior of 
the canine arterial and venous wall, Circ. Res. 51,439. 

Habazettl, H., P.F. Conzen, B. Vollmar, H. Baier, M. Christ, A.E. 
Goetz, K. Peter and W. Brendel, 1992, Dilation of coronary 
microvessels by adenosine induced hypotension in dogs, Int. 
Microcirc. Clin. Exp. 11, 51. 

Hargreaves, M.B., S.M. Stoggall and M.G. Collis, 1991, Evidence 
that the adenosine receptor mediating relaxation in dog lateral 
saphenous vein and guinea pig aorta is of the A2B subtype, Br. J. 
Pharmacol., 102, 198P. 

Hutchison, A.J., R.L. Webb, H.H. Oei, G.R. Ghai, M.B. Zimmer- 
man and M. Williams, 1989, CGS 21680C, an A 2 selective 
adenosine receptor agonist with preferential hypotensive activity, 
J. Pharmacol. Exp. Ther. 251, 47. 

Kogi, K., T. Uchibori, T. Aihara, T. Yamaguchi and T. Abiru, 1991, 
Pharmacological profile of the 2-alkynyladenosine derivative 2- 
octynyladenosine (YT-146) in the cardiovascular system, Jpn. J. 
Pharmacol. 57, 153. 

Kusachi, S., R.D. Thompson and R.A. Olsson, 1983, Ligand selectiv- 
ity of dog coronary adenosine receptor resembles that of adeny- 
late cyclase stimulatory (Ra) receptors, J. Pharmacol. Exp. Ther. 
227, 316. 

Makujina, S.R., M.H. Sabouni, S. Bhatia, F.L. Douglas and S.J. 
Mustafa, 1992, Vasodilatory effects of adenosine A 2 receptor 
agonists CGS 21680 and CGS 22492 in human vasculature, Eur. 
J. Pharmacol. 221, 243. 

Martin, P.L., 1992, Relative agonist potencies of C2-substituted 
analogues of adenosine: evidence for adenosine A2B receptors in 
the guinea pig aorta, Eur. J. Pharmacol., 216, 235. 

Matsuda, A., M. Shinozaki, T. Yamaguchi, H. Homma, T. Miyasaka, 

Y. Watanabe and T. Abiru, 1991, Nucleosides and nucleotides. 
103.2-Alkynyladenosines: a novel class of selective adenosine A 2 
receptor agonists with potent antihypertensive effects, J. Med. 
Chem. 35, 241. 

Moritoki, H., T. Matsugi, H. Takase, H. Ueda and A. Tanioka, 1990, 
Evidence for the involvement of cyclic GMP in adenosine-in- 
duced, age-dependent vasodilation, Br. J. Pharmacol. 100, 569. 

Palmer, R.M.J., D.S. Ashton and S. Moncada, 1988, Vascular en- 
dothelial cells synthesize nitric oxide from L-arginine, Nature 333, 
664. 

Rose'Meyer, R.B. and W. Hope, 1990, Evidence that A 2 purinocep- 
tors are involved in endothelium-dependent relaxation of the rat 
thoracic aorta, Br. J. Pharmacol. 100, 576. 

Schnaar, R.L. and H.V. Sparks, 1972, Response of large and small 
coronary arteries to nitroglycerin, NaNO2, and adenosine, Am. J. 
Physiol. 223, 223. 

Sabouni, M.H., M.V. Ramagopal and S.J. Mustafa, 1989, Roles of 
calcium and the endothelium in the relaxations produced by 
5'-N-ethylcaboxamidoadenosine (NECA), Eur. J. Pharmacol. 166, 
311. 

Shimada, J., F. Suzuki, H. Nonaka, A. Ishii and S. Ichikawa, 1992, 
(E)- 1.3-Dialkyl-7-methyl-8-(3,4,5-trimethoxystylyl)xanthines: po- 
tent and selective adenosine A 2 antagonists, J. Med. Chem. 35, 
2342. 

Vanhoutte, P.M. and D.S. Houston, 1985, Platelets, endothelium and 
vasospasm, Circulation 72, 728. 

Webb, R.L., M.A. Sills, J.P. Chovan, J.L. Balwierczak and J.E. 
Francis, 1992, CGS21680: a potent adenosine A 2 receptor ago- 
nist, Cardiovasc. Drug Rev. 10, 26. 

Williams, M., A. Braunwalder and T.J. Elicksin, 1986, Evaluation of 
the binding of the A-1 selective adenosine radioligand, cy- 
clopentyladenosine (CPA), to rat brain tissue, Naunyn-Schmied. 
Arch. Pharmacol. 332, 179. 

Yen, M.H., C.C. Wu and W.F. Chou, 1988, Partially endothelium-de- 
pendent vasodilator effect of adenosine in rat aorta, Circ. Res. 
11,514. 

Yoneyama, F., H. Yamada, K. Satoh and N. Taira, 1992, Vasode- 
pressor mechanisms of 2-(1-octynyl)-adenosine (YT-146), a selec- 
tive adenosine A 2 receptor agonist, involve the opening of 
glibenclamide-sensitive K + channels, Eur. J. Pharmacol. 213, 
199. 


