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PURINE RECEPTORS IN THE TRACHEA: IS THERE A RECEPTOR
FOR ATP?

J. CHRISTIE & D.G. SATCHELL

Department of Zoology, University of Melbourne, Parkville, 3052, Australia

In guinea-pig trachea adenosine 5'-triphosphate (ATP),
adenosine 5'-diphosphate (ADP), adenosine 5'-phos-
phate (AMP), adenosine and adenine were similarly
potent in causing relaxation of the smooth muscle. This
is in contrast to gut where ATP and ADP are 30 times
more potent than adenosine. Studies with dipyridamole
suggest that in trachea, as in gut, nucleotides are
rapidly metabolized to adenosine. A polyphosphate
modified analogue of ATP, the a,f-methylene isostere,
which resists degradation to adenosine was inactive in
trachea although it is a potent relaxant in gut. This
result may suggest that the intact ATP molecule is also
inactive in the tracheal preparation: i.e. ATP acts only
via its adenosine metabolite implying that receptors for
adenosine but not ATP are present in the tissue.

Introduction  Purines are potent in causing relax-
ation of smooth muscle especially in gut (Satchell &
Burnstock, 1975) and the airways (Coleman, 1976).
Although both these tissues share a common embryo-
logical origin the potencies of the purines differ at the
two sites. Adenosine 5'-triphosphate (ATP) and aden-
osine 5'-diphosphate (ADP) were 30 times more
potent than adenosine 5'-phosphate (AMP) and aden-
osine in the guinea-pig taenia coli (Satchell & Burn-
stock, 1975) and this may be related to the suggestion
of separate receptors for ATP and adenosine in the
tissue (Burnstock, 1978). In the guinea-pig trachea the
potency of ATP was not greater than that of aden-
osine (Coleman, 1976; Farmer & Farrah, 1976).

In gut, studies of receptor potencies of adenine
nucleotides and adenosine are complicated by rapid
metabolism of the nucleotides to adenosine and rapid
uptake of the latter into the tissue. These effects are
significant even during the 30s contact time of the
purines with the preparation. This accounts for the
finding that dipyridamole, which inhibits adenosine
uptake into the tissue, potentiated responses to ATP
as well as adenosine (Satchell, Lynch, Bourke &
Burnstock, 1972).

Dipyridamole potentiates the inhibitory effects of
adenosine on the guinea-pig tracheal smooth muscle
also (Coleman & Levy, 1974). This drug has been
used in the present experiments to determine whether
exogenously applied adenine nucleotides are rapidly
broken down to adenosine in this tissue.

Experiments were also carried out with aden-
osine 5'-a,f-methylenetriphosphate (AOPCPOP) and
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5'-adenylyl methylenediphosphonate (AOPOPCP).
These compounds, especially the former, exhibit re-
sistance to metabolic degradation to adenosine (see
Satchell & Maguire, 1975) and were used as a
measure of the activity of the intact nucleoside tri-
phosphate on the tissue. Thus these experiments were
designed to test whether ATP is likely to exert its
action as the intact triphosphate per se or whether its
effect is due solely to its adenosine metabolite. The
results are considered in relation to the probable
action of adenine nucleotides and adenosine via one
or separate receptors.
Methods  Tracheae were dissected from guinea-pigs
of either sex weighing 500 to 1000 g. Transverse strips
were dissected containing 2 to 4 cartilaginous rings
and suspended in a modified Krebs solution (Maguire
& Satchell, 1979). The solution was aerated with 95%,
0O, and 5% CO, and maintained at 36°C. Tension
(0.5g) was applied to each preparation. Muscle ac-
tivity was registered isometrically by means of Grass
FTO3 force transducers coupled to a Riken Denshi
SP-H3B polygraph with appropriate amplification.
Preparations were allowed to equilibrate for 60 min
before exposure to drugs. Doses of purines were
added to the bath cumulatively and results plotted as
the mean + s.e. of effective concentrations required to
give a certain percentage of maximum response. Re-
sponses are expressed as a percentage of the maxi-
mum response to noradrenaline. Responses to each
dose (in both control and treated preparations) were
determined in preparations from at least 5 animals.
Purines were obtained from E. Merck Darmstadt
except for adenosine 5'-a,B-methylenetriphosphate
and 5’-adenylyl methylenediphosphonate which were
obtained from P.L. Biochemicals Inc., Milwaukee,
USA.
Results ATP, ADP, AMP and adenosine all caused
concentration-dependent  relaxations. Relaxations
were always slow to develop taking at least 5 min to
reach maximum. On washing, preparations generally
failed to return to baseline. The concentration-effect
curves to ATP, ADP, AMP, adenosine, adenine and
AOPOPCP were similar (Figure 1). AOPCPOP was
inactive up to concentrations of 1073 m.
Dipyridamole (5 x 1077 M) caused a marked
potentiation of inhibitory responses to ATP, ADP,
AMP and adenosine. Concentration-effect curves for
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Figure 1 Cumulative log-dose response curves to (a) ATP; (b) ADP; (c) AMP; (d) adenosine; (e) adenine; and
(f) 5’-adenylyl methylenediphosphonate (AOPOPCP); (O) control; (@) after incubation for 30 min with dipyrida-

mole (0.5 pm). Horizontal lines show s.e. means.

each compound were shifted to the left by more than
two orders of magnitude (Figure 1). The concentra-
tion-effect curve to adenine remained unaffected by
treatment with dipyridamole while that to
AOPOPCP was shifted to the left in its presence,
although the shift was not as great as that to the
naturally occurring purines.

Although AOPCPOP was inactive on untreated

preparations, responses which were no greater than
30% of the maximal response to adenosine were ob-
served in the presence of dipyridamole (5 x 1077 m).
This result could have been due to contamination of
AOPCPOP with adenosine since chromatography of
a sample revealed a faint spot at an Ry value compar-
able with that of authentic adenosine.
Discussion ATP, ADP, AMP, adenosine and ade-
nine all caused similar concentration-dependent relax-
ations of guinea-pig tracheal strips similar to those
described by Farmer & Farrar (1976). The finding
that dipyridamole caused a significant and marked
potentiation of inhibitory responses to ATP, ADP
AMP and adenosine is consistent with the results of
similar experiments on the guinea-pig taenia coli
where the potentiation by dipyridamole was claimed
to be due to rapid breakdown of the nucleotides to
adenosine and enhanced action of the adenosine
metabolite (Satchell & Maguire, 1975). The failure of
dipyridamole to potentiate responses to adenine is
also consistent with these findings.

The results suggest that adenine nucleotides are
broken down to adenosine during their contact with
the tracheal strip. They do not indicate whether in-
hibitory responses to exogenously applied nucleotide
on untreated preparations were due to the adenosine
metabolite alone, to the combined actions of intact
nucleotide and adenosine metabolite or to intact nu-
cleotide alone. The latter possibility is less likely and
could only occur where the amount of adenosine
formed was sufficient to cause a response in the pres-
ence of dipyridamole but insufficient to cause a re-
sponse in its absence. Moreover, the studies with the
naturally occurring purines provide no information as
to whether the intact nucleotides (if indeed they do
act without degradation) act via a separate receptor
to that on which adenosine acts.

The finding that responses to AOPOPCP which is
reported to resist degradation by ATPase (Moos,
Alpert & Myers, 1960) were potentiated by dipyrida-
mole is consistent with the findings on the guinea-pig
taenia coli (Maguire & Satchell, 1979). Both the tae-
nia coli and the trachea of the guinea-pig are likely to
possess an adenosine triphosphate pyrophosphohyd-
rolase which could cause AOPOPCP to be metab-
olized to adenosine by removal of the intact methy-
lene diphosphonate moiety (see Maguire & Satchell,
1979).

AOPCPOP was more potent than AOPOPCP on
the guinea-pig taenia coli (Satchell & Maguire, 1975)
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and the responses to this compound were not poten-
tiated by dipyridamole, leading to the proposal that
this compound was not broken down to adenosine
(Maguire & Satchell, 1979). In the present experi-
ments this compound was inactive and the small
relaxations recorded in the presence of dipyridamole
were probably the results of traces of adenosine con-
taminant. The findings that this stable ATP analogue
was inactive on the guinea-pig trachea could be taken
to mean that the intact ATP molecule is also inactive
in this preparation; that exogenously applied ATP
exerts inhibitory actions via a metabolite only and
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