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Abstract

Ž .Objective: The aim was to investigate the effects of adenosine on nitric oxide NO synthesis in vascular smooth muscle cells.
Methods: NO and cAMP synthesis was measured in confluent rat vascular smooth muscle cells in culture at passage 5–10, using Griess
reagent and an enzyme immunoassay kit, respectively. The expression of inducible NO synthase mRNA was assayed by Northern

Ž .blotting. Results: Incubation of cultures with interleukin-1b 10 ngrml for 24 h caused a significant increase in nitrite production. The
interleukin-1b-induced nitrite production by vascular smooth muscle cells was significantly increased by adenosine or its stable analogue,
2-chloroadenosine, in a dose-dependent manner. The adenosine A receptor antagonist, KF17837, but not the A receptor antagonist,2a 1

DPCPX, significantly inhibited 2-chloroadenosine-mediated nitrite production. The 2-chloroadenosine-induced nitrite production by
interleukin-1b-stimulated cells was accompanied by increased inducible NO synthase mRNA accumulation. In the presence of

Ž .dibutyryl-cAMP 1 mM , interleukin-1b-induced nitrite accumulation was further increased, but the effect of 2-chloroadenosine was not
additive or synergistic. Addition of 2-chloroadenosine dose-dependently increased intracellular cAMP levels of vascular smooth muscle
cells. Conclusions: These results indicate that adenosine acts on A receptors and augments NO synthesis in interleukin-1b-stimulated2

vascular smooth muscle cells, at least partially through a cAMP-dependent pathway.
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1. Introduction

Ž .Nitric oxide NO , the extensively characterized en-
dothelium-derived relaxing factor, is a short-lived free
radical. NO is synthesized from L-arginine by three isoen-

Žzymes expressed either constitutively neuronal, type I
.cNOS; endothelial, type III cNOS or following stimula-

Ž . w xtion by cytokines inducible, type II iNOS 1,2 . Inducible
NO synthase has been identified in endotoxin- and cy-
tokine-treated macrophages, hepatocytes, endothelial cells

w xand myocardium 1,3 . NO synthase activity is also in-
duced in aortic rings and cultured vascular smooth muscles

w xby cytokines and endotoxins 4,5 . It has been demon-
strated that balloon injury induces NO synthase activity in

w xrat carotid artery smooth muscle cells 6 . Therefore, NO
synthase induction in vascular smooth muscle cells may
play a role in vaso-occlusive disorders such as athero-

) Ž .Corresponding author. Tel.: q81 285 44-2111, ext. 3556; fax: q81
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sclerosis, and restenosis after angioplasty and bypass
w xsurgery 7 .

Vascular cells have many metabolic pathways responsi-
w xble for generating adenosine 8,9 . Adenosine has several

anti-vasoocclusive properties: e.g., it induces vasodilata-
w x w xtion 10 , inhibits platelet aggregation 11 , prevents platelet

w xadhesion 12 , abrogates neutrophil-induced endothelial
w xdamage 12 , blocks the synthesis of potent vaso-occlusive

w xfactors such as angiotensin II and norepinephrine 13,14 ,
w xand inhibits growth of vascular smooth muscle cells 15 .

The effects of adenosine are mediated via discrete mem-
brane receptors. Thus far, 5 types of receptors for adeno-

Ž .sine A , A , A , A and A receptors have been1 2a 2b 3 4
w xidentified to date 16,17 . The A and A receptors medi-1 2

ate several vasoactive effects of adenosine within the
vasculature and are coupled to adenylyl cyclase via gua-

Ž .nine nucleotide-binding proteins G proteins . Activation

Time for primary review 24 days.
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of the A receptor stimulates G , which either inhibits1 i

adenylyl cyclase directly or reduces the effectiveness of
w xG , and results in a fall in tissue levels of cAMP 18–20 .s

In contrast, stimulation of the A receptor results in2

activation of G , which has a stimulatory effect on adeny-s

lyl cyclase, leading to a rise in tissue cAMP levels.
Vascular smooth muscle cells were found to possess A 2

w xreceptors capable of stimulating adenylyl cyclase 21–23 .
Recently, it has been shown that adenosine induces relax-
ation of coronary and pulmonary arteries via endothelial

w xNO production 24,25 . However, there have been no
reports concerning the effects of adenosine on NO produc-
tion by vascular smooth muscle. Therefore, in the present
study, we investigated the effects of adenosine on NO
synthesis in cultured rat vascular smooth muscle cells.

2. Methods

2.1. Materials

ŽHuman recombinant interleukin-1b specific activity ;
7 .2=10 unitsrmg was a gift from Otsuka Pharmacy

Ž .Tokushima, Japan . Mouse inducible NO synthase cDNA
Žwas a gift from Dr. Y. Kawahara Kobe University School

.of Medicine, Kobe, Japan . Adenosine, 2-chloroadenosine,
2 X Ž .N ,2 -O-dibutyryl cAMP db-cAMP and isobutylmethyl

Ž . Žxanthine IBMX were from Sigma Chemical Co. St.
.Louis, MO . KF17837 was a gift from Kyowa Hakko Co.

Ž . XTokyo, Japan . 5 -N-Ethylcarboxyamidoadenosine
Ž . Ž .NECA , CGS21680, N-6-cyclopentyladenosine CPA ,

6 Ž . X ŽN - 3-iodobenzyl adenosine-5 -N-methyluronamide IB-
. Ž .MECA , and 8-cyclopentyl-1,3-dipropylxanthine DPCPX

Ž .were from Research Biochemicals Int. Natic, MA .

2.2. Culture of cells

Primary cultures of vascular smooth muscle cells were
obtained from the media of thoracic aortae of Sprague-

Ž . w xDawley rats 200–250 g , as described previously 26 .
The cells were grown in Dulbecco’s Minimum Essential

Ž .Medium DMEM supplemented with 10% fetal bovine
serum, 100 Urml penicillin and 100 mgrml streptomycin.
Cells grown to confluence were detached by treatment
with 0.125% trypsin and 0.02% EDTA and reseeded in
secondary cultures. The cells exhibited typical ‘hill and
valley’ growth morphology of vascular smooth muscle
cells, and almost all cells reacted with the anti-a-actin
antibody, which selectively recognizes muscle forms of
actin but does not react with endothelial cells or fibroblasts
w x26 . Typically, cultured cells were used at passage 5–10.

Ž 4 .Cells 3=10 rml were plated in 24-well or 100-mm
culture dishes in DMEM supplemented as described above,
and allowed to grow to subconfluence for 24–48 h. Subse-
quently, they were preincubated in DMEM containing

Ž0.5% fetal bovine serum and supplemented with insulin 5

. Ž .mgrml and transferrin 5 mgrml for 24 h, and used for
the experiments described below.

The investigation was performed in accordance with the
Guide for the Care and Use of Laboratory Animals pub-

Žlished by the US National Institutes of Health NIH Publi-
.cation No. 85-23, revised 1985 .

2.3. Measurements of nitrite

NO production by the cultured cells was determined by
measuring the nitrite content of the culture media. Accu-
mulation of nitrite in the medium represents the summa-
tion of NO synthase activity during the time period stud-
ied, since NO secreted by cells is rapidly decomposed to

w xthe more stable products, nitrite and nitrate 27 . Vascular
smooth muscle cells plated in 24-well dishes were incu-
bated in DMEM containing 0.5% fetal bovine serum at
378C. The nitrite content of culture media was determined
by mixing 500 ml of medium with an equal volume of

ŽGriess reagent 1 part 0.1% naphthylethylene-diamine di-
hydrochloride to 1 part 1% sulfanilamide in 5% phospho-

. w xric acid 28 . The absorbance at 550 nm was measured
and the nitrite concentration was determined by interpola-
tion of a calibration curve of standard sodium nitrite
concentrations against absorbance. After washing, cells
were dissolved in 0.2 ml of 1% sodium dodecyl sulfate and

Ž .used for protein assay Bio-Rad assay kit, Hercules, CA
with bovine serum albumin as a standard. Nitrite levels
were corrected by protein measurement and data are shown
as nmol per mg protein.

2.4. Northern blot analysis

Total RNA was extracted from vascular smooth muscle
cells plated in 100-mm culture dishes by the acid guani-
dinium isothiocyanate–phenol–chloroform method, and 30
mg aliquots were subjected to electrophoresis on 1%
agarose gels. After electrophoretic separation, RNA was
transferred onto nylon filters, which were then hybridized
with a random-primed 32 P-labeled mouse macrophage in-

w xducible NO synthase cDNA probe for 24 h 29 , followed
by washing twice with an aqueous solution of 150 mM
NaCl, 15 mM sodium citrate, and 0.1% sodium dodecyl
sulfate at 658C. The filters were exposed to Kodak XAR-5
film for 1–2 days at y708C using one intensifying screen.

2.5. Measurements of cAMP

To determine intracellular cAMP levels, 0.5 mM IBMX,
a cyclic nucleotide phosphodiesterase inhibitor, was added
to each well 30 min before the addition of 2-chloroadeno-
sine to prevent breakdown of accumulated cAMP. After
incubation with 2-chloroadenosine for 2 h, cells were
immediately immersed in 0.2 ml of 0.1N HCl to stop the
reaction. Cells were then collected into glass tubes with a
rubber policeman, boiled for 5 min, and then centrifuged at
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2500=g for 15 min at room temperature. The super-
natants were decanted, and after addition of 0.05 ml of 50
mM sodium acetate to each tube, cells were kept at y708C
until they were assayed for cAMP content. The pellets
were dissolved in 0.2 ml of 1% sodium dodecyl sulfate and
kept at 48C until protein assay. Intracellular cAMP content
was measured with a commercial enzyme immunoassay kit
using the manufacturer’s high-sensitivity acetylation proto-

Ž .col Amersham International, Bucks, UK . The values
were normalized to the protein content of each well.

2.6. Statistical analysis

Data are expressed as means"s.e.m. of 4 samples,
which represented at least 3 separate experiments. Differ-
ences were analyzed by one-way ANOVA combined with
Scheffe’s test, and P-values less than 0.05 were consid-´
ered to be statistically significant.

3. Results

3.1. Effects of adenosine on nitrite production

First, we investigated the effects of interleukin-1b on
the production of nitrite, a stable metabolite of NO, by
vascular smooth muscle cells. Addition of interleukin-1b
Ž .10 ngrml stimulated nitrite production by vascular

Ž .smooth muscle cells in a time-dependent manner Fig. 1 .
The levels of nitrite increased within 6 h, and continued to
increase for at least 24 h after exposure to interleukin-1b.
The nitrite accumulation stimulated by interleukin-1b was
significantly augmented by simultaneous treatment of the

Ž y4 .cells with adenosine 10 M .

Fig. 1. Time-dependent effects of adenosine on nitrite accumulation.
ŽVascular smooth muscle cells were incubated with interleukin-1b 10

. Ž . Ž y4 . Žngrml open circles , interleukin-1b q adenosine 10 M closed
. Ž .circles , or vehicle open squares . Nitrite accumulation in the culture

medium was measured, and the values were normalized to the protein
Ž . )content per dish. Data represent means"s.e.m. ns4 . P -0.05 com-

pared with interleukin-1b-stimulated cells.

Fig. 2. Dose-dependent effects of adenosine on nitrite accumulation.
Ž .Vascular smooth muscle cells were incubated for 24 h with closed bars

Ž .or without hatched bars 10 ngrml interleukin-1b in the presence of
Ž y7 y4 .various concentrations of adenosine 10 –10 M as indicated. Nitrite

accumulation in the culture medium was measured, and the values were
normalized to the protein content per dish. Data represent means"s.e.m.
Ž . )ns4 . P -0.05 compared with control cells without adenosine.

As shown in Fig. 2, the nitrite accumulation in inter-
leukin-1b-stimulated vascular smooth muscle cells was
significantly augmented by adenosine in a dose-dependent

Ž y7 y4 .manner 10 –10 M . After a 24-h incubation, the level
of interleukin-1b-stimulated nitrite accumulation in the
presence of 10y4 M adenosine was about double that in its
absence. Adenosine by itself did not affect the basal levels
of nitrite production.

2-Chloroadenosine, a stable analogue of adenosine, also
dose-dependently increased interleukin-1b-stimulated ni-
trite production by vascular smooth muscle cells, while
2-chloroadenosine by itself did not increase the basal

Ž .levels of nitrite Fig. 3 . In contrast to adenosine, 2-chloro-
adenosine was more potent in increasing nitrite production,

Fig. 3. Dose-dependent effects of 2-chloroadenosine on nitrite accumula-
Žtion. Vascular smooth muscle cells were incubated for 24 h with closed

. Ž .bars or without hatched bars 10 ngrml interleukin-1b in the presence
Ž y7 y4 .of various concentrations of 2-chloroadenosine 10 –10 M as indi-

cated. Nitrite accumulation in the culture medium was measured, and the
values were normalized to the protein content per dish. Data represent

Ž . )means"s.e.m. ns4 . P -0.05 compared with control cells without
2-chloroadenosine.

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/article/35/1/168/293662 by U

.S. D
epartm

ent of Justice user on 17 August 2022



( )U. Ikeda et al.rCardioÕascular Research 35 1997 168–174 171

Fig. 4. Effects of L-NMMA and actinomycin D on nitrite accumulation.
ŽVascular smooth muscle cells were exposed to 2-chloroadenosine 2-CA;

y5 . Ž . Ž10 M for 24 h with L-NMMA 1 mM or actinomycin D AMD; 5
. Ž . )

mgrml in the presence of interleukin-1b IL-1b; 10 ngrml . P -0.05
Ž .compared with control cells, indicated as y .

since 2-chloroadenosine is more slowly metabolized by
w xadenosine deaminase than is adenosine 15 .

As shown in Fig. 4, in the presence of the RNA
Ž .synthesis inhibitor actinomycin D 5 mgrml , or the NO

G Ž y3 .synthase inhibitor, N -monomethyl-L-arginine 10 M ,
the effects of 2-chloroadenosine as well as interleukin-1b

on nitrite production were completely abolished.

3.2. Effects of adenosine on inducible NO synthase mRNA
leÕels

We then examined whether adenosine induced increases
in inducible NO synthase mRNA levels in interleukin-1b-
stimulated vascular smooth muscle cells. Unstimulated
cells did not express inducible NO synthase mRNA. Incu-

Ž .bation with interleukin-1b 10 ngrml for 24 h resulted in
Ž .an induction of inducible NO synthase mRNA Fig. 5 .

Ž y6 y5 .Co-incubation with 2-chloroadenosine 10 , 10 M
further augmented the interleukin-1b-induced increase in
inducible NO synthase mRNA accumulation.

3.3. Effects of adenosine receptor agonists and antagonists

As shown in Fig. 6, both nonspecific adenosine receptor
agonist NECA and the selective A receptor agonist,2a

CGS21680, dose-dependently increased interleukin-1b-
stimulated nitrite production by vascular smooth muscle
cells. On the other hand, both the A receptor agonist,1

CPA, and the A receptor agonist, IB-MECA, increased3

interleukin-1b-induced nitrite accumulation at high con-
centrations, but significantly inhibited its accumulation at
low concentrations.

Further experiments were conducted using the adeno-
sine receptor antagonists, DPCPX and KF17837, which
inhibit the effects of adenosine by blocking A and A1 2a

Fig. 5. Expression of inducible NO synthase mRNA in vascular smooth
Žmuscle cells. Cells were incubated for 24 h with interleukin-1b IL-1b;

. Ž y6 y5 .10 ngrml and 2-chloroadenosine 2-CA; 10 , 10 M . Total RNA
was size fractionated by electrophoresis and transferred onto nylon filters.
Filters were hybridized with 32 P-labeled mouse macrophage inducible

Ž . Ž .NO synthase iNOS; upper panel and 18S rRNA lower panel cDNA
probes. 18S signals show equal loading of total RNA onto each lane. Two
independent experiments yielded identical results.

receptors, respectively. As shown in Fig. 7, KF17837 but
not DPCPX significantly inhibited 2-chloroadenosine-
mediated nitrite production.

3.4. InÕolÕement of cAMP in the action of adenosine

We next investigated the mechanism of the stimulatory
effect of adenosine on interleukin-1b-induced NO produc-
tion. It has been shown that adenosine increases intra-

Fig. 6. Effects of the adenosine receptor agonists on nitrite accumulation.
Vascular smooth muscle cells were incubated for 24 h with 10 ngrml

Ž y9 y5 .interleukin-1b in the presence of various concentrations 10 –10 M
Žof the adenosine receptor agonist NECA nonspecific adenosine agonist;

. Ž . Žopen circles , CGS21680 A agonist; closed circles , CPA A agonist;2a 1
. Ž .open squares or IB-MECA A agonist; closed squares . Nitrite accumu-3

lation in the culture medium was measured, and the values were normal-
ized to the protein content per dish. Data represent means"s.e.m.
Ž . )ns4 . P -0.05 compared with control cells without the agonists.
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Fig. 7. Effects of adenosine receptor antagonists on nitrite accumulation
in vascular smooth muscle cells. Cells were incubated for 24 h with 10

Ž . y5 Ž .ngrml interleukin-1b IL-1b andror 10 M 2-chloroadenosine 2-CA
Ž y6 .in the presence of the A receptor antagonist, DPCPX 10 M , or the1

Ž y6 .A receptor antagonist, KF17837 10 M . Nitrite accumulation in the2a

culture medium was measured, and values were normalized to the protein
Ž . )content per dish. Data represent means"s.e.m. ns4 . P -0.05; ns

s not significant.

cellular cAMP levels of vascular smooth muscle cells
w x21–23 and a cAMP-dependent pathway is involved in
cytokine-induced NO production by vascular smooth mus-

w xcle cells 29–31 . As shown in Fig. 8, in the presence of
Ž y3 .db-cAMP 10 M , a membrane-permeable analogue of

cAMP, interleukin-1b-induced nitrite accumulation was
significantly increased, but the effect of 2-chloroadenosine
was not additive or synergistic, suggesting that the effect

Fig. 8. Effects of dibutyryl-cAMP on nitrite accumulation in vascular
smooth muscle cells. Cells were incubated for 24 h with 10 ngrml

Ž . y5 Ž .interleukin-1b IL-1b and 10 M 2-chloroadenosine 2-CA in the
Ž . Ž . y3presence solid bars or absence hatched bars of 10 M dibutyryl-

cAMP. Nitrite accumulation in the culture medium was measured, and
values were normalized to the protein content per dish. Data represent

Ž . ) ‡,¶means"s.e.m. ns4 . P -0.05; ns s not significant. Significant
Ž .difference P -0.05 from IL-1b and IL-1bq2-CA, respectively.

Fig. 9. Effects of 2-chloroadenosine on intracellular cAMP levels of
vascular smooth muscle cells. Cells were incubated for 2 h in the

Ž y7 y4 .presence of various concentrations 10 –10 M of 2-chloroadeno-
sine. Intracellular cAMP content was measured as described in Section 2,
and the values were normalized to the protein content per dish. Data

Ž . )represent means"s.e.m. ns4 . P -0.05 compared with control cells
without 2-chloroadenosine.

of adenosine is mediated through a cAMP-dependent path-
way.

We then measured intracellular cAMP levels of vascu-
lar smooth muscle cells. As shown in Fig. 9, addition of

Ž y7 y42-chloroadenosine for 2 h dose-dependently 10 –10
.M increased intracellular cAMP levels of vascular smooth

muscle cells.

4. Discussion

In this study, we investigated whether adenosine modu-
lated NO production by vascular smooth muscle cells, and
revealed that adenosine acts on A receptors and augments2

NO synthesis in interleukin-1b-stimulated vascular smooth
muscle cells.

The multiple biologic effects of adenosine are mediated
via A , A , A , A , and A receptors. However, partici-1 2a 2b 3 4

pation of A and A adenosine receptors appears to be1 2

more important in vascular biology, particularly with re-
gard to reducing the risk and consequences of vaso-occlu-
sive events associated with hypertension and athero-

w xsclerosis 8–19 . In this study, CGS21680, an adenosine
agonist that expresses its effects specifically via activation
of A receptors, was able to stimulate nitrite production.2a

The selectivity of CGS21680 for A versus A receptors2a 1
w xhas previously been reported to be )170-fold 32 . On the

other hand, CPA and IB-MECA inhibited interleukin-1b-
induced nitrite accumulation at low concentrations, while
they increased the accumulation at high concentrations.
CPA and IB-MECA express their effects specifically via
A and A receptors, respectively, only at low concentra-1 3

Ž y9 y8 .tions 10 –10 M , whereas at high concentrations
Ž y7 . w x)10 M , they have other non-specific effects 16,33 .
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The observed inhibitory effects of CPA and IB-MECA on
nitrite accumulation at low concentrations might be due to
the inhibition of adenylyl cyclase via activation of A and1

w xA receptor stimulation, respectively 18,19,34 . Further3

experiments were conducted using the selective adenosine
A receptor antagonist, DPCPX, and the A receptor1 2a

w xantagonist, KF17837 35 . KF17837 but not DPCPX sig-
nificantly inhibited the effects of 2-chloroadenosine on
nitrite accumulation. Taken together, our findings provide
the evidence that adenosine increases nitrite production via
the A receptor but not via the A or A receptor.2a 1 3

On the other hand, evaluation of the A receptor is2b

more problematic in that no highly selective agonists have
w xbeen identified to date. However, Gurden et al. 36 have

recently demonstrated that the relative potencies of
CGS21680 and NECA can be used as a reference to
differentiate A from A receptors. When the effects of2a 2b

CGS21680 are as potent as those of NECA, the A 2a

receptor is implicated. However, when CGS21680 is much
less potent than NECA, it indicates that the observed
effects are mediated via activation of the A receptor2b

subtype. In this study, CGS21680 was significantly less
potent than NECA, which suggests that the effects of
adenosine are also mediated via the A receptor.2b

We obtained 3 pieces of evidence of a causal link
between cAMP production and augmentation of NO syn-
thesis by adenosine in vascular smooth muscle cells. First,
adenosine augmented interleukin-1b-induced NO produc-
tion, and this effect was accompanied by an increase in the
cellular levels of cAMP. Second, the cAMP analogue
db-cAMP increased interleukin-1b-induced NO production
by vascular smooth muscle cells. Third, the effect of
adenosine on interleukin-1b-induced NO production was
not additive or synergistic in the presence of db-cAMP.
These results suggest that adenosine augments interleukin-
1b-induced NO production, at least partially through a
cAMP-dependent pathway.

The findings presented here do not address the molecu-
lar mechanism by which adenosine or cAMP alters the
inducible NO synthase mRNA levels in interleukin-1b-
stimulated vascular smooth muscle cells. Changes in the
transcription andror in mRNA stability may account for
the observed changes in mRNA levels. From the potent
inhibitory action of actinomycin D and the lag period of
several h before the onset of inducible NO synthase activ-
ity, transcriptional activation of inducible NO synthase
expression seems a likely explanation for our observations.

w xRecently, Oddis et al. 37 revealed that cAMP enhanced
inducible NO synthase mRNA stability in rat cardiac
myocytes following cytokine exposure; however, Imai et

w xal. 30 reported that the enhanced expression of inducible
NO synthase mRNA in rat vascular smooth muscle cells
by cAMP was not caused by increased mRNA stability.
Nuclear run-on experiments will be necessary to directly
assess rates of transcription of the inducible NO synthase
gene.

The concentration of adenosine required to stimulate
nitrite production effectively was 10y6 –10y4 M, whereas
the physiological baseline concentration of adenosine

y8 y6 w xwithin the circulation is 10 –10 M 15 . Since adeno-
sine is synthesized in a differential manner by several cell
types including endothelial cells and vascular smooth mus-
cle cells, it is possible that adenosine levels may be much
higher locally within the blood vessel walls than the levels
measured in the blood.

Inducible NO synthase activity is induced in blood
vessel walls and cultured vascular smooth muscle cells by

w x w xendotoxins and cytokines 5 . Joly et al. 38 demonstrated
that balloon injury induced NO synthase activity in rat
carotid arteries, even in the absence of endothelium. Hans-

w xson et al. 6 detected inducible NO synthase gene expres-
sion in neointimal but not medial smooth muscle cells
1–14 days after balloon-induced rat carotid artery injury.

w xRecently, Buttery et al. 39 also revealed that inducible
NO synthase mRNA and protein were present within
human arteriosclerotic lesions. NO production by vascular
smooth muscle cells may in part compensate for the
absence of endothelial NO synthesis by inhibiting smooth
muscle cell proliferation, as well as by limiting thrombus
formation by preventing platelet adhesion and aggregation
w x40,41 . This hypothesis is supported by the observation
that, in animals, L-arginine attenuates neointimal formation

w xafter balloon injury 42 .
Taken together, the present findings suggest that adeno-

sine may increase NO production by interleukin-1b-stimu-
lated vascular smooth muscle cells under various patholog-
ical conditions and modulates contractility and cellular
proliferation of the vascular tissue. However, further stud-
ies are required to clarify the role of adenosine in NO
synthesis in the vascular tissue and in the pathogenesis of
vascular lesions.
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