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Adenosine 5'-triphosphate (ATP) was primarily considered as an intracellular energy
source for many years. However, during the past fifty years purine nucleotides and
nucleosides have been shown to have potent extracellular actions on excitable
membranes which may be involved in physiological regulatory processes (Berne, 1963;
Burnstock, 1972, 1975, 1979; Baer and Drummond, 1979). While knowledge of
purinergic receptors is still in its infancy compared to the voluminous work on the
classical adrenergic and cholinergic receptors, much progress is being made on their
pharmacological characterisation, the ionic basis of their actions and their biochemical
identity. The historical aspects of the purinergic receptor field will be briefly sum-
marised below, while details of their distribution, physiological roles and chemistry
will be dealt with in the chapters which follow.

1.1 HISTORICAL BACKGROUND

1.1.1 Initial observations of purine sensitivity

The realisation that purine nucleosides and nucleotides had potent extracellular
actions on excitable membranes became widespread in the first half of this century
(Drury and Szent-Gyorgi, 1929; Gaddum and Holtz, 1933; Green and Stoner, 1950).
In a study of the pharmacology of simple extracts from heart muscle, brain, kidney
and spleen, Drury and Szent-Gyorgi (1929) found that these crude preparations had
potent effetcs upon the mammalian heart. These effects were attributed to the
adenylic acid (AMP) content of the extracts. Adenosine, prepared from yeast, was
found to have an identical action and, upon intravenous injection into whole animals,
it caused a slowing of the heart rate, general lowering of the arterial pressure,
dilatation of the coronary vessels and an inhibition of intestinal movements.

Following this report there was considerable activity within the field with
particular emphasis being placed on the actions of adenosine and ATP on the cardio-
vascular system, and their resultant shock inducing properties; the basic aspects of
this work was summarised fully by Green and Stoner (1950). During the same
period the clinical effects of ATP administration in man were being widely explored,
especially in geriatric patients with cardiovascular disorders. An extensive review
of the medical literature was published by Boettge ez al., (1957), who drew special
attention to the physiological significance, pharmacological action and therapeutic
use of the adenyl compounds in man.

The potent vasodilatory actions of adenyl compounds led Holton and Holton (1954)
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2 Purinergic Receptors

to suggest that ATP might be the vasodilatory substance which was released on
antidromic stimulation of sensory nerves. Subsequently, it was shown that antidromic
stimulation of the great auricular nerve, which results in vasodilatation of the rabbit
ear vessels, was accompanied by ATP release (Holton, 1959).

The sensitivity of the coronary vasculature to these same compounds prompted
Berne (1963) to propose that adenosine was the physiological mediator of the
coronary vasodilatation associated with myocardial hypoxia. This hypothesis was
based on the observation that inosine and hypoxanthine, the degradative products
of adenosine, were found in the effluents of the isolated perfused cat heart and in
the coronary sinus blood of the dog heart which had been subjected to severe
hypoxia (Berne, 1963). It was postulated that, during myocardial hypoxia, intra-
cellular ATP was degraded to adenosine, which crossed the sarcolemma and induced
relaxation of the vascular smooth muscle of the resistance vessels. Since ATP is
considerably more potent than adenosine in producing vasodilatation of coronary
vessels and as increased levels of ATP have now been found in the perfusates from
hypoxic hearts, the possibility that ATP makes a more significant contribution to the
physiological regulation of coronary blood vessels than adenosine has been considered
(Paddle and Burnstock, 1974; Burnstock, 1980a). In addition, the methylxanthines
block the vasodilatory effects of adenosine on the coronary vessels (Biinger ef al.,
1975) but have little affect on hypoxic or ischaemic hyperemia (Eikens and
Wilcken, 1973; Giles and Wilcken, 1977; Olsson et al., 1978). Therefore, it is
relevant that the vasodilatory action of ATP is also little affected by these drugs
(Giles and Wilcken, 1977).

Regulation of cerebral blood flow by adenosine has also been proposed, since this
nucleoside is rapidly produced in ischaemic brain (Berne et al.,1974) and is a potent
dilator of cerebral arterioles when applied topically to the pial vessels (Berne et al.,
1974). Furthermore, a significant increase in brain adenosine levels is produced by
electrical stimulation of the brain, reduction of arterial pressure, hypoxaemia and
hypocapnia (Rubio et al., 1975). The possibility of a vasodilatory function of
adenosine and adenine nucleotides in skeletal muscle was initially considered to be
unlikely, due to the rapid enzymatic deamination of adenosine to inosine (Haddy
and Scott, 1968). However, increased concentrations of ATP and adenosine have
been observed in the venous effluent of skeletal muscle during sustained exercise
(Forrester and Lind, 1969), indicating a possible pathophysiological function for
these compounds in skeletal muscle. This concept has also been extended by Haddy
and Scott (1968) to include the regulation of blood flow through the renal vascular
bed.

1.1.2 Purinergic nerve hypothesis

A component in the autonomic nervous system, which was neither adrenergic
nor cholinergic was recognised in the early 1960’s (Burnstock, 1969, 1972
and 1975; Burnstock et al., 1964; Campbell, 1970; Furness and Costa, 1973). These
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