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Abstract

Background Pulmonary arterial hypertension is a hemodynamic disorder. Signs and symptoms are generally difficult to rec-
ognize because they are non-specific. The current treatment for pulmonary arterial hypertension offers no cure or prevention;
therefore, it is important to explore treatment avenues for novel pulmonary arterial hypertension treatments. In this study,
we tested the hypothesis: pulmonary vasodilator responses of adenosine are dependent on the activation of L-type calcium
channels, independent of the synthesis of nitric oxide from L-arginine, activation of adenosine triphosphate-sensitive potas-
sium channels, and the release of cyclooxygenase products.

Methods We performed an isolated lobar lung preparation in mongrel cats. The thromboxane A2 analog U-46619 was used
to increase lobar arterial pressure to a high steady level. We recorded responses to adenosine and other vasodepressor agents
in the pulmonary vascular bed of a cat under conditions of controlled pulmonary blood flow and constant left atrial pressure.
Results These data show that adenosine has significant vasodepressor activity in the pulmonary vascular bed of the cat.
The data suggest that pulmonary vasodilator responses to adenosine are partially dependent on the activation of adenosine 1
and 2 receptor pathways, and independent of the activation of cyclooxygenase activation, adenosine triphosphate-sensitive
K+ channels, or synthesis of nitric oxide in the pulmonary vascular bed of the cat.

Conclusions Vasodepressor effects of adenosine are species specific, and this species specificity will impact the develop-
ment of future testing and treatments for pulmonary arterial hypertension. Clinical studies are warranted to see if adenosine
moieties could play a therapeutic role in patients with pulmonary arterial hypertension and/or other pulmonary pathogeneses.

1 Introduction defined as a mean pulmonary arterial pressure >25 mmHg
at rest during right heart catheterization [1]. The increase in
1.1 Pulmonary Arterial Hypertension mean pulmonary arterial pressure causes increased pulmo-
nary vascular resistance that can cascade into a life-threat-
Numerous conditions give rise to pulmonary arterial hyper-  ening condition [2]. The increased pulmonary pressures
tension (PAH) with most of them being idiopathic. Pul-  directly cause cardiac remodeling that eventually progresses

monary arterial hypertension is a hemodynamic disorder  to right-sided heart failure [1, 2]. Signs and symptoms are
generally difficult to recognize initially because they present
as non-specific and typically are mistaken for age-related
physiologic processes or alternate medical conditions. Many
advances have been made toward PAH-specific therapies that
have led to advanced clinical management of the disease.
Department of Anesthesiology, LSU School of Medicine, The current treatment for PAH includes vasodilators, pros-
Louisiana State University Health Science Center, 1542 tanoids, phosphodiesterase type 5 and 3 inhibitors, endothe-
Tulane Ave, Room 656, New Orleans, LA 70112, USA . . A . .
lin receptor antagonists, calcium channel blockers, digoxin,
and some anticoagulants; however, many of these drugs have
severe side effects, can cause permanent liver damage, and
offer post-disease diagnosis treatment rather than a cure
or prevention [3]. Therefore, it is important to continue to
explore treatment avenues for novel PAH treatments.
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The vasodepressor effects of adenosine are species
specific. This species specificity will impact the develop-
ment of future testing and the development of treatments
for pulmonary arterial hypertension.

More clinical studies are necessary to see if adenosine
moieties could play a role in treating patients with
pulmonary arterial hypertension and/or other pulmonary
pathogeneses.

1.2 Adenosine

Adenosine mediates vasodilation, vessel remodeling, cell
proliferation, and antiplatelet and inflammatory responses
[4], and is therefore important in pulmonary and cardiac
pathogenesis. Adenosine also stimulates vasculogenesis
and angiogenesis during wound healing and tumor growth
[4]. The current clinical uses of adenosine are limited to
(1) treatment of supraventricular tachycardia or (2) as a
coronary vasodilator during radionuclide myocardial per-
fusion imaging [4]. Because adenosine is involved in various
pathological conditions, the targeting of specific adenosine
receptor (ADR) subtypes in the vasculature, using selective
ADR agonists or antagonists, could have possible therapeu-
tic benefits [4].

Adenosine has four G protein-coupled receptor subtypes,
Al, A2A, A2B, and A3, and each of these receptor subtypes
have widespread expression throughout the body that is spe-
cies specific. In particular, the A2A receptor has been impli-
cated in vascular tension, vascular stenosis, atherosclerosis,
ischemic preconditioning, and metabolic disease. Specifi-
cally, A2A is highly expressed in the cardiovascular system
and modulation of A2A receptors via agonists or antagonists
can regulate heart rate, blood pressure, heart rate variability,
and cardiovascular toxicity during both normal and hypoxic
conditions [5]. However, the distribution of the ADRs differs
between species [4]. Therefore, cross-species investigations
involving ADR agonists or antagonists is essential to vali-
date drug function [4].

Adenosine can also create tone-dependent responses, for
example, in the feline pulmonary vascular bed. The pressor
response is mediated by A1 activation under low-tone con-
ditions, whereas vasodilation is mediated by A2 activation
under elevated tone conditions [6]. Furthermore, A2 recep-
tor activation produces vasodilation in the vascular beds of
many different species [4, 6, 7]. For example, A2 recep-
tor activation leads to vasodilation in the rat renal artery.
On the contrary, Al receptor activation in this same cohort
produces constriction [8§—12]. Furthermore, the mechanism
of the vasodilation effects of adenosine also seem to vary
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within species. For example, the enhanced vasopressor effect
of adenosine in rats induced by comakalim and nicorandil
[adenosine triphosphate (ATP) channel openers] was attenu-
ated by glibenclamide (ATP-sensitive K + channel blocker),
suggesting an ATP-sensitive K + channel mechanism [13].
In contrast, another rat study suggested that CGS (A2AR
agonist)-induced hypotension is independent of ATP-sensi-
tive K+ channels [14]. Bahreyni et al. have a comprehensive
review on this subject with many mechanistic details still
lacking in the literature [5].

Given the mechanistic discrepancy within rat and other
studies involving adenosine signaling mechanisms, and
recent dialogue suggesting rodent models are poor predic-
tors of human disease states [15], it is important to explore
disease modeling in different species. It is well established
that there is significant translatability of the feline pulmo-
nary vascular bed to humans. Elevated pulmonary vascula-
ture tone, a prominent feature in many pathological states,
is an important model to elucidate adenosine-mediated or
-modulated vasodepressor mechanisms to understand poten-
tial therapeutic roles of adenosine and adenosine analogs.

In the present investigation, therefore, we studied under
an elevated pulmonary vascular tone, adenosine-mediated
effects in the pulmonary vascular bed of the cat. In this
study, we tested the hypothesis that pulmonary vasodilator
responses of adenosine are dependent on teh activation of
L-type calcium channels, independent of synthesis of nitric
oxide (NO) from L-arginine, activation of ATP-sensitive
potassium channels, and the release of cyclooxygenase
products.

2 Methods

This experiments in this article were performed with
approval from the animal subject committees at Tulane
School of Medicine in New Orleans, LA, USA and Texas
Tech School of Medicine in Lubbock, TX, USA. The study
conformed with the Helsinki Declaration of 1964, as revised
in 2013, concerning human and animal rights. Thirty-six
adult mongrel cats of either sex, weighing 2.9-4.5 kg,
were heavily sedated with ketamine hydrochloride and
anesthetized with sodium pentobarbital. The animals were
restrained on a fluoroscopic table in the supine position, and
a uniform level of anesthesia was maintained. The trachea
was intubated, and the cats spontaneously breathed room
air. Systemic arterial (aortic) pressure was measured, and
intravenous injections were made via a catheter placed in
the inferior vena cava.

For perfusion of the lower left lung lobe, a triple-lumen
catheter was passed from an external jugular vein into the
artery to the lower left lung lobe under fluoroscopic guid-
ance. The lower left lung lobar artery was isolated by a
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distending balloon cuff on the perfusion catheter, after hep-
arinization. The lung lobe was perfused through the catheter
lumen beyond the cuff with a perfusion pump. Blood was
withdrawn from a femoral artery. Measurement of lobar arte-
rial pressure occurred via a second catheter port that was
beyond the cuff and on the perfusion catheter. The mean
pressure in the main pulmonary artery was adjusted so that
the perfusion rate approximated the pressure in the lower left
lung lobar arterial perfusion, and once established, this per-
fusion rate was maintained. The flow range was 29-40 mL/
min. A radiopaque catheter transseptally passed into the left
atrium was used to measure left atrial pressure. Mean vascu-
lar pressures were measured with Spectromed (Oxford, CA,
USA) DTX Plus transducers zeroed at the right atrial level.
They were recorded on a Grass (Quincy, MA, USA) Model 7
recorder after characteristic waveforms had been established.
This model has been previously described, and a schematic
representing our experimental design is shown in Fig. 1.

These experiments were divided into six groups. The first
sequence of experiments assessed the effects of adenosine
and other vasodepressor agents in the pulmonary circulation
under low and elevated tone states. At all times, the agonists
were injected into the perfusion circuit distal to the pump
in a random sequence. To provide experimentally induced,
elevated pulmonary lobar vascular resistance, an infusion
of U-46619 (a thromboxane A2 analog) was infused until
a steady-state level of 31-35 mm Hg was reached. These
responses were compared with other known pulmonary
vasodepressor drugs including acetylcholine, adenosine,
isoproterenol, and lemakalim (a potassium channel agonist).

The second sequence of experiments investigated the
hypothesis that adenosine exerts a vasodepressor action in
the pulmonary circulation via a K+ ATP-channel-sensi-
tive mechanism. The effects of U-37883A on responses to
adenosine and other vasodepressor agents were compared
before and after administration of U-37883A, the selective
K+ ATP-channel antagonist, in the pulmonary vascular bed
of the cat.

In the third and fourth set of experiments, the hypotheses
that adenosine exerts a vasodepressor effect via either an
NO or cyclooxygenase sensitive pathway was evaluated. The
influence of 1-N5-(1-iminoethyl)-ornithine (L-NIO; a NO
synthase inhibitor) and sodium meclofenamate (cyclooxy-
genase inhibitor) on responses to adenosine and other vaso-
depressor agents was compared before and after the admin-
istration of L-NIO or sodium meclofenamate in the feline
pulmonary vascular bed.

In the fifth and sixth set of experiments, the hypotheses
that adenosine exerts a vasodepressor effect via an adeno-
sine receptor-sensitive pathway was evaluated. The influence
of the adenosine 1(A1l) receptor antagonist 8-cyclopentyl-
1,3-dimethylxanthine (8-CPT) and the adenosine 2 (A2)
receptor antagonist 8-(3-chlorostyryl)caffeine (CSC) on
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Fig. 1 Schematic of the experimental design. LAP left atrial pressure,
Lo AP lobar arterial pressure, MAP mean arterial blood pressure

responses to adenosine and other vasodepressor agents was
compared before and after the administration of §-CPT or
CSC in the feline pulmonary vascular bed.

Adenosine was acquired from Crinos Biological Research
Laboratories in Como, Italy. Pinacidil (Eli Lilly, Indianapo-
lis, IN, USA) was prepared by dissolving the compound in
400 pL of 4 N HCI and 300 pL of ethanol and was diluted
with standard saline. Lemakalim (levcromakalim, a potas-
sium channel agonist) [SmithKline Beecham, Sussex, UK]
was dissolved in a 20% ethanol-saline solution at a concen-
tration of 1 mg/mL and diluted in standard saline. The sol-
vents for the drugs in these experiments displayed no signifi-
cant effect on baseline vascular pressure nor on responses
to the vasoactive drugs. Acetylcholine chloride, sodium ara-
chidonate, isoproterenol hydrochloride (Sigma, St. Louis,
MO, USA), L-NIO (Alexis Biochemical, San Diego, CA,
USA), sodium meclofenamate (Warner Lambert-Parke-
Davis, Ann Arbor, MI, USA), and U-37883A (Upjohn,
Kalamazoo, MI, USA) were dissolved in standard saline.
N6-Cyclopentyladenosine (CPA) [Research Biochemicals
International, Natick, MA, USA] was prepared in 1 N of
acetic acid and diluted with standard saline. 8-Cyclopen-
tyl-1,3-dimethylxanthine (Sigma) was diluted within 0.2 N
NaOH. N6-[2-(3,5-dimethoxyphenyl)-2-(2-methylphenyl)-
ethylJadenosine (DPMA) [Research Biochemicals Interna-
tional] was diluted in 0.2% dimethyl sulfoxide. 8-(3-Chlo-
rostyryl)caffeine (Research Biochemicals International) was
diluted in 0.2% dimethyl sulfoxide.

All solutions were prepared on a regular basis and were
kept on crushed ice during the experiments. Solutions were
stored in a freezer at 0 °F (— 18 °C) in amber bottles. Injec-
tions of the compounds were randomized and were injected
into the perfused lobar artery in fixed small volumes.
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U-46619 (Sigma), a thromboxane A2 analog, was dissolved
in 100% ethanol to concentration of 10 mg/mL and was
diluted in 0.9% normal saline. The perfused lobar artery was
then infused with U-46619 (Sigma) using a Harvard (Hollis-
ton, MA, USA) infusion pump at a rate of (55-320 ng/min),
which was required to increase the lobar arterial pressures
to values of 31-35 mm Hg.

An analyzer, Corning (Palo Alto, CA, USA) Model 178,
was used to measure arterial blood gas tensions and pH and
were in the normal range. All hemodynamic data in this
manuscript are expressed in absolute units and are presented
as mean + standard error. Responses represent peak changes.
A one-way analysis of variance and the Scheffé’s test or a
paired Student’s ¢ test (30) were used to analyze the data. A
p value of < 0.05 indicated statistical significance.

3 Results

Responses to adenosine, acetylcholine, isoproterenol, CPA,
and DPMA were evaluated and compared in the pulmonary
vascular bed of the cat. These data are summarized in Fig. 2.
Under baseline conditions with tone in the pulmonary vas-
cular bed at resting levels (0—-6 mm Hg), injections of adeno-
sine into the perfused lobar artery in doses of 10-100 ug had
no significant effect on the lobar arterial pressure (data not
shown). However, when the tone in the pulmonary vascular
bed was increased to a high steady value (342 mm Hg) with
an infusion of the thromboxane A2 analog U-46619, the
administration of adenosine in doses of 10—-100 pg caused a
significant dose-related vasodepressor effect in the pulmo-
nary arterial perfusion pressure. Systolic and diastolic, left
atrial, and mean systemic arterial pressures were unchanged
at the studied doses of adenosine.

On a nanomolar basis, adenosine demonstrated a less sig-
nificant vasodepressor effect when compared to isoproter-
enol and acetylcholine; however, the agent was more potent
on a nanomolar basis than CPA and DPMA. Vasodepres-
sor responses to adenosine and other agents were compared
under an elevated tone before and after administration of
sodium meclofenamate (Fig. 3). After administration of
sodium meclofenamate in a dose of 2.5 mg/kg intravenously,
significant decreases in lobar arterial pressure in response to
arachidonic acid were noted; however, meclofenamate did
not significantly alter responses to both adenosine and ace-
tylcholine (Fig. 3).

Vasodepressor responses to adenosine and other agents
were compared before and after administration of L-NIO
in a dose of 5 mg/kg intro arterial (IA) (Fig. 4). Under ele-
vated tone conditions, decreases in lobar arterial pressure in
response to all adenosine, acetylcholine, DPMA, and isopro-
terenol were not significantly reduced, whereas responses to
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Fig.2 a Bar graph illustrating the decrease in lobar arterial pres-
sure in response to injections of adenosine in doses of 10-100 pg
into the pulmonary vascular bed of the cat. b Dose-response curves
comparing decreases in lobar arterial pressure in response to aden-
osine, isoproterenol, acetylcholine, = N6-cyclopentyladenosine
(CPA) adenosine-1 agonist, and N6-[2-(3,5-dimethoxyphenyl)-2-
(2-methylphenyl)-ethyl]adenosine (DPMA) adenosine-2 agonist.
Compounds were injected directly into the lobar artery and baseline
pressure was increased to a high steady value with an infusion of
U-46619; “n” indicates the number of experiments

acetylcholine were significantly reduced after the adminis-
tration of CPA (Fig. 4).

Vasodepressor responses to adenosine and other
agents were compared under an elevated tone before and
after administration of the K+ ATP-channel antagonist
U-37883A [2 mg/kg intravenously] (Fig. 5). Significant
decreases in lobar arterial pressure in response to adeno-
sine, CPA, DPMA, and isoproterenol were not seen. Sig-
nificant decreases in the lobar arterial pressure in response
to lemakalim were seen when compared with the treatment
period (Fig. 5).

Vasodepressor responses to adenosine and other agents
were compared under an elevated tone before and after
administration of the A1 receptor antagonist 8-CPT in a dose
of 1 mg/kg IA. Responses to vasodilators were compared



Vasodepressor Effects of Adenosine in the Cat are Independent of COX, K Channels, and NO Pathways 323

>

o
]

Il Control

AIIIIHIHHITHITIIIINY

n=6-8

Decrease in Lobar Arterial Pressure (mmHg)
T

-10 T T T
10 30 100

Adenosine (ug)

(@)

Decrease in Lobar Arterial Pressure (mm Hg)

Meclofenamate (2.5 mg/kg/i.v)

B Acetylcholine (ug)

Change in Lobar Arterial Perfusion Pressure (mm Hg)
n

100
Arachidonic Acid (nug)

Fig.3 Influence of meclofenamate (2.5 mg/kg intravenously; hatched bars) on vasodepressor responses to adenosine (a, n=38) and acetylcholine
(b, n=38). Influence of vasoconstrictor responses to arachidonic acid (¢, n=28). Solid bars, control. *p <0.05

before and after the administration of 8-CPT. Significant
decreases in lobar arterial pressure in response to adenosine
and the A1 receptor agonist CPA were seen after administra-
tion of the A1 receptor antagonist 8-CPT, whereas responses
to the A2 receptor agonist DPMA and pinacidil were not
significantly altered (Fig. 6).

Vasodepressor responses to adenosine and other agents
were compared under an elevated tone before and after
administration of the A2 receptor antagonist CSC in a dose
of 1 mg/kg IA (Fig. 7). Significant decreases in lobar arte-
rial pressure in response to adenosine and the A2 receptor
agonist DPMA were seen; however, responses to the Al
receptor agonist 8-CPT and pinacidil were not significantly
altered (Fig. 7).

4 Discussion

These data show that adenosine has significant vasodepres-
sor activity in the pulmonary vascular bed of the cat. The
data also suggest that pulmonary vasodilator responses to

adenosine are partially dependent on both the activation of
adenosine 1 and 2 receptor pathways, and independent of
the activation of cyclooxygenase activation, ATP-sensitive
K+ channels, or synthesis of NO. The goal of these experi-
ments was to explore the pulmonary vasodilator responses
of adenosine in the pulmonary vasculature of the mongrel
cat to ascertain if these effects were independent of syn-
thesis of NO from L-arginine, activation of ATP-sensitive
potassium channels, and/or the release of cyclooxygenase
products. Importantly, these results from this study show
that adenosine has moderate vasodepressor activity in the
pulmonary vascular bed under increased tone conditions
with the thromboxane analog, U-46619. Additionally,
adenosine-induced decreases in lobar arterial pressure were
dose dependent. Responses to adenosine were significantly
altered after the administration of 8-CPT and CSC, indi-
cating that the vasodepressor effect is mediated or modu-
lated, in part, by both A1 and A2 pathways, respectively.
Responses to adenosine were not altered after the admin-
istration of L-NIO or U-37883A. This suggests that the
vasodepressor activity of adenosine is independent of the
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Fig.4 Influence of NG-L-nitro-L-arginine methyl ester (5 mg/kg IA;
hatched bars) on vasodepressor responses to adenosine (a, n=6-8),
acetylcholine (b, n=7-8), N6-cyclopentyladenosine [CPA] (c,

release of endothelium-derived NO and does not activate
ATP-sensitive K+ channels in the pulmonary vascular bed
of the mongrel cat.

The present investigation further demonstrated that when
tone in the pulmonary vascular bed is increased to a high
steady-state level, adenosine induced dose-related decreases
in lobar arterial pressure. Furthermore, the decreases in
lobar arterial pressure reflected decreases in pulmonary vas-
cular resistance as the pulmonary blood flow was maintained
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constant and the left atrial blood pressure was unchanged.
With regard to relative vasodilator activity in the pulmonary
vascular bed, the effect of adenosine was significantly more
potent than both CPA and DPMA but less potent than iso-
proterenol and acetylcholine.

These data are in agreement with a previous rat study
suggesting that CGS (A2AR agonist)-induced hypotension
is independent of ATP-sensitive K + channels. When glib-
enclamide (ATP-sensitive K + antagonist) was administered
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U-37883A in a dose-dependent manner (2 mg/kg intravenously) on
vasodepressor responses to adenosine (a, n=6-8), N6-cyclopenty-

as a pre-treatment, CGS-induced hypotension was no longer
suppressed in the presence of 8-(p-sulfophenyl)theophylline,
an A1-A2 receptor antagonist.

These data are in contrast to an experiment performed in
spinally anesthetized dogs where glibenclamide (ATP-sensi-
tive K+ antagonist) did not antagonize an adenosine-induced
decrease in blood pressure, suggesting that the opening
of ATP-sensitive K + channels is recruited in adenosine-
induced vasodepression [16]. Furthermore, an experiment
in rats found similar results using glipizide (ATP-sensitive
K+ antagonist), which attenuated the depressor responses
of CPCA (A2AR agonist), suggesting an ATP-sensitive
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p0.03 g,
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ladenosine [CPA] (b, n=4-6), N6-[2-(3,5-dimethoxyphenyl)-2-(2-
methylphenyl)-ethyl]adenosine [DPMA] (¢, n=4-6), lemakalim (d,
n=48), and isoproterenol (e, n=8). *p <0.05

K+ channel mechanism [17]. The reasons for the differences
between these studies are unclear. Given these inter- and
within-species mechanistic differences in response to adeno-
sine-induced vasodepression, it is clear that more studies are
warranted to elucidate successful treatments for pulmonary
and cardiovascular diseases where pulmonary hypertension
is a prominent feature. This is additionally relevant because
there is evidence that ADR-targeted treatments for diseases
like PAH are emerging [3].

As mentioned, adenosine exerts its effects through the
G protein-coupled receptor subtypes, Al, A2A, A2B, and
A3. When adenosine binds Al receptors in ventricular and
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1,3-dimethylxanthine (1.0 mg/kg IA) on vasodepressor responses to
adenosine (a, n=6-8), n6-cyclopentyladenosine (b, n=5-6), N6-[2-

atrial myocytes, it inhibits the activation of adenylyl cyclase
and increases an inward rectifying K+ current, which cre-
ates negative chronotropic and inotropic effects on the heart
[18]. Adenosine displays high selectivity for both the A1 and
A2 receptor sites, with the capability of triggering adeno-
sine receptor-mediated events agonistically. A2 receptor
activation causes stimulation of adenylyl cyclase, stimu-
lation of NO formation, and activation of ATP-dependent
K+ (K+ ATPATP +) channels [10, 19]. There is evidence,
however, that inhibition of NO synthesis may not affect the
dilator properties of adenosine in isolated canine coronary
arteries [6]. The vasodepressor response to adenosine in cor-
onary arteries has been shown to be mediated through A2
receptors [20-22]. A study evaluating the existence of the
A2 receptor serves as a potential explanation for the potency
of A2 receptors on coronary vasodepressor effects, finding
unexpected coronary vasodilator responses to relatively
selective Al receptor agonists, such as CPA, which activate
A2 receptors only at high concentrations [22]. In the present
study, the selective adenosine agonists, CPA and DPMA,
both caused dose-dependent vasodepressor effects. The
respective adenosine agonists were selectively blocked with
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either the A1 antagonist, 8-CPT or the A2 antagonist, CSC,
and not both. Further, there was an attenuation of adenosine-
mediated vasodepressor effects with both the selective Al
and A2 antagonists in the feline pulmonary vascular bed.
These data suggest that both adenosine receptor subtypes
play a role in mediating or modulating adenosine-induced
effects in the pulmonary vascular bed of the cat.

There is also evidence that adenosine has selective and
protective effects on microvascular endothelium and vas-
cular homeostasis [23]. As seen in myocardial ischemia,
adenosine is released from the myocardium in response to
a decrease in oxygen [23]. Adenosine induces its protective
role through coronary and collateral vasodilation, which
increases oxygen supply overall through multiple effects that
act in unison to decrease myocardial oxygen demand (i.e.,
negative inotropism, chronotropism, and dromotropism).
Oxygen deprivation causes adenosine to enhance energy
production via an increase in glycolytic flux, which causes
adenosine to act as a substrate for purine salvage, which then
goes on to restore cellular energy charge during reperfusion.
Adenosine inhibits oxygen radical release from activated
neutrophils by limiting the degree of vascular injury during
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Fig.7 Influence of adenosine A2A receptor antagonist 8-(3-chlo-
rostyryl)caffeine (0.5 mg/kg IA) on vasodepressor responses of
adenosine (a, n=6-8), n6-cyclopentyladenosine (b, n=28), N6-[2-

ischemia and reperfusion [23]. Therefore, adenosine atten-
uates ischemia—reperfusion injury to preserve endothelial
cells [22]. There is evidence that patients with PAH have low
levels of adenosine, caused by increased levels of the meta-
bolic enzyme adenosine deaminase, suggesting that adeno-
sine is important in the manifestation of PAH [24]. However,
adenosine has not been used as a treatment for PAH owing
to its extremely short half-life and its non-selective activity.
However, the widespread expression of ADRs throughout
the body, including cardiac and vascular cells, implores its
importance in the normal physiological functioning of these
body systems, and thus, their misfunctioning [25].

5 Conclusions

The results in this investigation show that adenosine has
significant vasodepressor activity in the pulmonary vascular
bed of the cat when the tone is increased experimentally.
Although the exact mechanism by which adenosine induces
vasodepressor effects in felines is uncertain, the results of
this study suggest that the vasodilator response to adenosine
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is mediated, in part, by adenosine 1 and 2 receptor-mediated
pathways and that this mixture of single-stranded oligonu-
cleotides may be useful beyond its previously discovered
pharmacological properties [22]. The limitations to this
study (and comparable studies) includes inter- and within-
species differences in response to adenosine-induced vasode-
pression. Therefore, more studies are warranted to elucidate
successful treatments for pulmonary and cardiovascular dis-
eases where pulmonary hypertension is a prominent feature.
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