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Functional characterization of adenosine receptors in the nucleus
tractus solitarius mediating hypotensive responses in the rat
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1 The aim of this study was to characterize adenosine receptors located in the nucleus tractus solitarius
(NTS) that mediate decreases in blood pressure in the anaesthetized rat. To determine the adenosine
receptor subtype involved, a range of selective agonists and antagonists were studied and their relative
potencies evaluated.

2 The rank order of agonist potency in inducing decreases in diastolic blood pressure was N°-
cyclopentyladenosine (CPA)> N°-cyclohexyladenosine (CHA) > N-ethyl-carboxamidoadenosine (NECA)
= 2-phenylaminoadenosine (CV1808) > 2-p-(carboxyethyl)phenethylamino-5' N-ethylcarboxamidoadeno-
sine (CGS 21680)> N°®-(2-(4-aminophenyl)ethyl)-adenosine (APNEA).

3 The hypotensive action of CPA following microinjection into the NTS was antagonized by i.v.
infusions (50 ug kg™ min~!) of adenosine receptor antagonists, 8-cyclopentyl-1,3 dipropylxanthine
(DPCPX), 8-phenyltheophylline (8-PT), 8-(p-sulphophenyl)theophylline (8-SPT), and 1,3-dipropyl-8-N-
(2-(diethylamino)ethyl)-N  methyl-4-(2,3,6,7-tetrahydro-2,6-dioxo) benzenesulphonamidexanthine (PD
115199). The antagonist potency order was DPCPX>PD115199>8-PT. Intravenous infusion of 8-
SPT had no effect on blood pressure responses to microinjection of CPA into the NTS.

4 The results suggest that adenosine A, receptors in the NTS mediate hypotensive responses in the

anaesthetized rat preparation.
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Introduction

The nucleoside, adenosine, acts as a neuromodulator in a
number of autonomic functions, in addition to being a ubi-
quitous modulator of cellular function. In the brain, adenosine
has been shown to act predominantly by inhibition of neuro-
transmitter release to produce sedation, decreased locomotor
activity and anticonvulsant and anxiolytic effects (see review
by Jarvis & Williams, 1990).

In a recent study by Mosqueda-Garcia et al. (1991), how-
ever, adenosine has been shown to have excitatory cardiovas-
cular effects, in the nucleus tractus solitarius (NTS).
Microinjection of adenosine into the NTS was shown to pro-
duce decreases in blood pressure and heart rate. The proposed
mechanism of the excitatory action of adenosine in the NTS
involves the release of glutamate by adenosine, as perfusion of
adenosine into the NTS results in increased interstitial con-
centrations of glutamate. These results suggest that adenosine
may play a role in autonomic control of blood pressure, as this
brain stem region contains the first synapse for afferent im-
pulses from the carotid baroreceptors (Mosqueda-Garcia et
al., 1991). Classification of the adenosine receptor involved in
mediating the hypotensive effect of adenosine at the nucleus
tractus solitarius may therefore provide further information on
the mechanisms of baroreceptor reflex mechanisms.

Significant changes in adenosine receptor classification have
occurred since adenosine A, and A, receptors were first dis-
tinguished from each other on the basis of inhibition and sti-
mulation of adenosine 3'5'-cyclic monophosphate (cyclic
AMP) production (van Caulker et al., 1979). Adenosine A,
receptors have been divided into A,,, and A,, receptors on the
basis of high and low affinity binding sites, respectively, in rat
brain (Daly et al., 1983; Bruns et al., 1986). A novel, xanthine-
insensitive adenosine A; receptor has been cloned from rat
striatum by Zhou et al. (1992). A recent review by Collis &
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Hourani (1993) put forward a framework for the classification
of adenosine A;, A, A,, and A; receptors on the basis of
adenosine receptor agonist potency order and antagonist affi-
nity order.

The present study was designed to characterize the adeno-
sine receptor located in the area of the NTS that is involved in
mediating the hypotensive response to adenosine, by use of a
range of adenosine analogues. As chronic adenosine receptor
inhibition has been linked to trophic changes in blood vessels
associated with primary hypertension (Matias et al., 1991),
classification of the adenosine receptor involved may allow for
treatment aimed at preventing these changes.

Methods

Male Hooded Wistar rats (280—-320 g) were used in these
studies. The rats were anaesthetized with pentobarbitone so-
dium (60 mg kg™, i.p. initially, then 30 mg kg, i.v. subse-
quently if required). To maintain a patent airway, the trachea
was isolated and cannulated with polyethylene (PE250) tubing.
The left jugular vein and right carotid artery were cannulated
with polyethylene (PE50) tubing. The jugular and femoral vein
cannulae were rinsed with physiological saline, while the car-
otid cannula was flushed with a heparinized saline solution
(100 iu heparin ml~' saline). Diastolic blood pressure was re-
corded from the carotid artery with a Gould Statham Phy-
siological pressure transducer connected to a Grass 79D
polygraph recorder.

The stereotaxic procedure followed was based on the
method of Rabkin (1990). Briefly, the animals were placed in a
stereotaxic instrument (Kopf), the skull was exposed by a
midline incision to the scalp. A burr hole was drilled and a
stainless steel needle (0.d. 0.200 mm) was inserted at a point
with the co-ordinates AP —11.3, L +2.2, V +8.5. (Paxinos &
Watson, 1986).

After surgery, the preparation was allowed 60 min to sta-
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bilize before commencement of the protocol. Animals received
two intra NTS doses of an adensoine analogue 15 min apart,
after which either an adenosine receptor antagonist or its ve-
hicle was infused via the jugular vein at 50 ug kg~' min~! for
15 min, and the agonist administration was repeated in the
presence of the antagonist. Volumes for injection were between
0.1 and 10 ul and vehicle controls were performed with no
change to diastolic blood pressure.

The site of injection was marked by application of India ink
into the burr hole. The brain was removed, frozen, and sec-
tioned to confirm the site of injection. Only in experiments in
which little or no spread outside the region of the NTS oc-
curred were the data used.

Drugs

8-Cyclopentyl-1,3 dipropylxanthine (DPCPX), 8-phenyltheo-
phylline (8-PT), 8-(p-sulphophenyl)theophylline (8-SPT), N&-
cyclopentyladenosine (CPA), N°(2-(4-aminophenyl)ethyl)-
adenosine (APNEA), N°-cyclohexyladenosine (CHA), 2-phe-
nylaminoadenosine (CV1808), 2-p-(carboxyethyl) phenethyla-
mino-5" N-ethylcarboxamidoadenosine (CGS 21680) and N-
ethyl-carboxamidoadenosine (NECA) were obtained from
Research Biochemicals Inc., Natick U.S.A. Pentobarbitone
sodium was obtained from Boehringer Ingelheim. 1,3-dipro-
pyl-8-N-(2-(diethylamino)ethyl-N methyl-4-C2,3,6,7 - tetra-
hydro-2,6-dioxo) benzenesulphonamidexanthine (PD115199)
was a gift from Parke Davis, Australia. All drugs were dis-
solved in dimethylsuphoxide (DMSO) and 0.75% v/v 1 M
NaOH and diluted to required concentration in saline, with a
resulting solution of less than 10% DMSO.

Data analysis

The potency order of the adenosine receptor agonists was
determined by comparing the respective EDs, values with a
computer-generated multiple comparison test (MULTCOMP).
This programme performs an analysis of variance which is
then followed by a Dunnett’s test for significant differences.
The effect of each adenosine receptor antagonist was de-
termined by comparison of the EDs, values for the hypotensive
effect of CPA in the absence and presence of each antagonist.
The EDs, value was taken as the dose of agonist required to
produce 50% of the maximal response for that agonist. The
dose which produced the maximal response was taken to be the
first dose at which a higher dose produced the same response.
A P-value of less than 0.05 was considered to indicate statis-
tical significance. EDs, values with their associated confidence
limits were calculated with a computer programme (Tallarida
& Murray, 1987).

Results

Intra NTS administration of adenosine analogues, CPA,
CHA, NECA, CV1808 and CGS 21680 (0.3—-30 ug) produced
dose-dependent hypotension (see Figure 1). APNEA produced
no response in the NTS in doses of up to 30 ug. Maximal
responses to CPA and CHA were observed within 60 s of
microinjection, whilst maximal responses to CGS 21680 and
NECA did not occur until at least 5 min after microinjection.
CPA, the most potent adenosine receptor agonist in these ex-
periments, produced a maximal decrease in diastolic blood
pressure of 63.5+6.6% at a dose of 3 ug, whilst a 30 ug dose
of CGS 21680 failed to produce a response of this magnitude
(41.4+4.7%). Doses of greater than 30 ug were not used, as
these would require volumes in excess of 10 ul, since micro-
injection of saline (0.1-10 ul) or agonist vehicle (0.1-10 ul)
had no effect on blood pressure or on responses to the ade-
nosine analogues. A 30 ul microinjection of saline (0.9%) into
the region of the NTS produced a small (5.5+4.9%) decrease
in diastolic blood pressure. Table 1 shows the EDs, values for
the effect of the adenosine receptor agonists on blood pressure.

The order of potency of the adenosine analogues in these ex-
periments was CPA > CHA >NECA > CV1808 > CGS 21680.

The effects of the adenosine receptor antagonists were de-
termined by testing responses to the most potent adenosine
receptor agonist, CPA, before and after infusion of the an-
tagonist. Intravenous infusion of DPCPX, PD115199 and 8-
PT (50 ug kg~' min~!) attenuated CPA induced hypotensive
responses, whilst 8-SPT was ineffective (see Figure 2). The
antagonist infusion itself had no effect on blood pressure. The
antagonist affinity order was DPCPX>PDI115199>8-PT
(n=S5, P<0.05).

Discussion

The results from this study suggest that adenosine A, receptors
are responsible for decreases in diastolic blood pressure pro-
duced by adenosine in the NTS. Both the adenosine receptor
agonist and antagonist potency orders from these experiments
closely follow the framework presented by Collis & Hourani
(1993). The agonist potency order from these experiments:
CPA > CHA > NECA > CV 1808 > CGS 21680 > APNEA
complies with the adenosine A, receptor order of CPA >R-
PIA > CHA > NECA > CADO > S-PIA > CV 1808 > CGS
21680. The involvement of adenosine A, receptors in the hy-
potensive response was discounted on the basis of agonist
order (e.g. NECA and CGS 21680, the most potent agonists at
these two receptor subtypes, were at least 10 fold less potent
than CPA in these experiments). The location at which the
response is produced also suggests that the responses observed
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Figure 1 Hypotensive responses to microinjection into NTS of
adenosine receptor agonists CPA (O), CHA (@), NECA (O), CV
1808 (M) and CGS 21680 (A). Values are mean+s.e.mean, n=>5 for
each group. For abbreviations, see text.

Table 1 EDsy, values and their associated confidence
intervals for the hypotensive responses to adenosine receptor
agonists

EDs

(ug kg™) 95% CI
CPA 0.93 0.18
CHA 3.59 0.80
NECA 10.97 2.49
CV 1808 16.52 2.01
CGS 21680 21.26 2.79

n=>5 for each value. For abbreviations, see text.
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Figure 2 Effect of  adenosine receptor antagonists

(50 ugkg ™! min ~') on hypotensive responses to CPA microinjection
into the NTS. CPA, 1.0ug (open columns), CPA, 3ug (solid
columns). Values are means+s.e.mean, n=5 for each group.
*Indicates a significant difference from the control value for that
dose (P<0.05, ANOVA, Dunnett’s ¢ test). For abbreviations, see
text.

were not mediated by adenosine A, receptors, as these re-
ceptors are predominantly associated with dopaminergic neu-
rones (Ferre et al., 1992), and this region has not been reported
to contain dopaminergic pathways.

The antagonist potency order of DPCPX >PD115199 > 8-
PT found in these experiments is similar to that from the re-
view by Collis & Hourani (1993) for adenosine A, receptors. In
order to characterize fully the adenosine receptor involved in
the hypotension produced by adenosine in the NTS it is ne-
cessary to determine antagonist affinities with a range of an-
tagonist doses. This was not possible in these experiments due
to the limits of volume that may be injected into the brain (a
30 ul vehicle injection produced a small hypotensive response).
Smaller doses of the antagonists were found to be ineffective,
and larger antagonist doses required volumes of agonists to be
used which were in excess of 30 ul. A 50 ug kg~! min~! in-
fusion of DPCPX has been shown in previous experiments in
our laboratory to produce a selective antagonism of adenosine
A, receptors (White et al., 1993), and is similar to doses used to
achieve a selective blockade of adenosine A, receptors by other
groups (Munger & Kackson, 1994; St Lambert ez al., 1994).
Therefore all of the adenosine receptor antagonists were
compared at this dose. The results from studies using both
agonist relative potency and antagonist potency suggest that
adenosine A, receptors are responsible for mediating the hy-
potensive response to adenosine in the NTS.

These results are at variance with those of Barraco & Phillis
(1991), who found that adenosine A, receptors were re-
sponsible for this response, as CGS 21680 produced transient
decreases in blood pressure whilst CPA produced more de-
layed increases in blood pressure with a mean time to maximal
response of around 30 min. In the experiments described here,
none of the adenosine receptor agonists produced a hy-
pertensive response and resting blood pressure was not ele-
vated over 1 h after the maximal dose of CPA. It is likely that
the responses to CHA observed in these experiments occurred
by an action at a different region of the CNS from those ob-
served by Barraco & Phillis (1991), as the responses were
markedly different in time course and opposite in effect. The
co-ordinates used in both studies correspond to the caudal
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