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Abstract

Relations between P purinoceptors and capsaicin-sensitive sensory neurons include an excitatory action of P purinoceptor agonists2 2

on spinal afferent neurons, as well as release of ATP from afferents at their central and peripheral endings, and a possible participation of
ATP in nociception andror in ‘local efferent’ responses mediated by sensory nerves at the periphery. The present paper briefly
summarizes available evidence on these interrelations. Ample evidence shows that ATP and other P purinoceptor agonists can activate2

primary afferent neurons, through P2X receptors and probably other purinoceptors as well, but evidence for an involvement of P3 2

purinoceptors in nociception or in ‘local efferent’ responses due to activation of primary afferents is, at best, circumstantial. The
possibility is also dealt with that P purinoceptor activation may cause small intestinal contraction with the mediation of capsaicin-sensi-2

tive sensory neurons and that the motor response to capsaicin in this tissue may involve the release of a P purinoceptor stimulant from2

sensory nerves. Our data show that cholinergic contractions of the guinea-pig ileum in response to the P purinoceptor agonist2
Ž . Ža ,b-methylene ATP a ,b-meATP are blocked by atropine, but not by in vitro capsaicin pretreatment which completely blocks the

. Ž . Žcontractile action of capsaicin . Cholinergic ileum contractions due to capsaicin 2 mM are insensitive to suramin a P purinoceptor2
. Ž .antagonist; 100 mM . In the presence of antagonists acting at tachykinin NK and NK receptors, however, suramin 100 mM causes a1 2

significant inhibition of the capsaicin-evoked contraction. These data indicate that capsaicin-sensitive nerves are not involved in the
excitatory effect of a ,b-methylene ATP on myenteric neurons. On the other hand, ATP is probably involved in the ‘non-tachykininergic’
component of the capsaicin-induced excitatory response of the small intestine. ATP may originate from sensory neurons and probably acts
as activator of myenteric nerves. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

In the past 30 years conclusive evidence has accumu-
lated that purine nucleotides, in addition to their important
intracellular functions, also play a role as extracellular

Žneurotransmitters andror modulators see Burnstock, 1972
.for the first systematic formulation of the hypothesis .

They act on P and P purinoceptors, P receptors being1 2 1

most important in mediating the modulatory effects of
Ž .adenosine usually negative , while P purinoceptors medi-2

ate the actions of ATP and related substances. Of the two
Žmain types of P purinoceptors seven of each have been2

.recognised so far P receptors are ligand-gated ion chan-2X

nels, while P receptors are linked to G-proteins. ATP2Y
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probably functions as fast neurotransmitter and co-trans-
mitter in neuro-neuronal communication, as well as in
transmission between nerves and vascular and non-vascu-
lar smooth muscle and possibly other cell types as well. It
can convey both excitatory and inhibitory messages. Ex-
amples of co-transmission include noradrenaline with ATP
in sympathetic nerves supplying vessels, the vas deferens

Ž .and intestinal circular muscle Venkova and Krier, 1993 ,
acetylcholine with ATP in parasympathetic nerves of the
urinary bladder and others. ATP collaborates with vasoac-

Ž .tive intestinal polypeptide VIP , pituitary adenylate cy-
Ž . Ž .clase activating polypeptide PACAP , nitric oxide NO

or tachykinins, respectively, in relaxing the ileal or colonic
circular muscle or the taenia caeci or contracting the bile

Žduct of the guinea-pig Crist et al., 1992; Zagorodnyuk et
.al., 1996; Bartho et al., 1998; Patacchini et al., 1998 .´

Various aspects of purinergic transmission have been re-
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Ž . Ž .viewed by Burnstock 1972, 1990, 1997 , Vizi 1979 ;
Ž . Ž .Sawynok and Sweeney 1989 ; Illes and Norenberg 1993 ;´

Ž . Ž .Fredholm et al. 1994 ; Humphrey et al. 1995 ; North and
Ž .Barnard 1997 and others. A most interesting aspect of

purinergic transmission is P purinoceptor-sensory neuron2

relations.

2. Connections between P purinoceptors and2

capsaicin-sensitive afferents: a brief overview

P purinoceptors and capsaicin-sensitive primary affer-2
Žent neurons may be interrelated in two possible ways see

Kennedy and Leff, 1995; Burnstock, 1996; Burnstock and
.Wood, 1996 . First, exogenous and endogenous purinocep-

tor agonists may stimulate peripheral andror central end-
ings and somata of sensory nerves that are equipped with
P purinoceptors. This leads to afferent impulse genera-2

Ž .tion, as well as release at both ends of afferent neurons of
sensory neurotransmitters. Sources of endogenous ATP

Žmight be, among others, degrading cells such as tumor
.cells , and sympathetic neurons. Second, capsaicin-sensi-

tive sensory neurons contain and release endogenous
purinoceptor agonists that may contribute to both nocicep-

Žtive neurotransmission and ‘local efferent’ responses see
Szolcsanyi, 1984; Holzer, 1988 for reviews; Geppetti and´

.Holzer, 1996 for monograph brought about by the release
of biologically active substances from these neurons in the
skin, mucous membranes, and visceral organs, including

Žthe gastrointestinal tract Bartho and Holzer, 1985; Holzer´
.and Bartho, 1996 .´

2.1. P purinoceptors on primary afferents2

A number of pharmacological studies indicate that ATP
and related substances are able to activate sensory neurons.
These substances cause pain when applied to the blister

Ž .base in humans Bleehen and Keele, 1977 . Subplantar
injection of a ,b-meATP and, less potently, ATP induces

Žnociceptive behavioural responses in the rat Bland-Ward
.and Humphrey, 1997 , with an involvement of P -like2X

receptors. ATP also shows excitation in the tail-spinal cord
Ž .preparation Trezise and Humphrey, 1996 and activates

Ž .articular nerve afferents in rats Dowd et al., 1998 ;
pyridoxalphosphate-6-azophenyl-2X,4X-disulphonic acid
Ž . ŽPPADS , a P purinoceptor antagonist Lambrecht et al.,2

.1992 abolishes the action of ATP and a ,b-meATP. Adju-
vant-induced arthritis enhances or induces spontaneous
activity in part of the fibres tested, but no evidence has

Ž .been found by using PPADS as antagonist for an in-
volvement of endogenous ATP in the arthritis-induced

Ž .sensitization Dowd et al., 1998 . The number of the
Žappropriate units found showing both spontaneous activity

.and sensitivity to exogenous ATP was, however, rather
low in this study; so the concept of ATP involvement in
afferent sensitization probably needs further testing in
various experimental conditions.

Electrophysiological experiments with intracellular
recording show that ATP depolarizes sensory structures

Žlike dorsal root ganglion cells Jahr and Jessell, 1983;
Krishtal et al., 1983; Bean, 1990; Bean et al., 1990;

.Bouvier et al., 1991; Li et al., 1997 , vagal sensory
Ž . Žnodose ganglion cells Krishtal et al., 1983, 1988; Li et

.al., 1993; Khakh et al., 1995; Robertson et al., 1996 and
Ž .cells of the trigeminal ganglion Krishtal et al., 1983 . A

depolarizing effect of ATP on the isolated vagus nerve
Ž .Trezise et al., 1994 may also reflect an effect on sensory
fibres, which constitute the majority of vagal fibres. In
most studies, a non-selective cation channel is responsible
for the excitation. Although the characteristics of the re-
ceptors involved are not uniform, they all can be catego-
rized as P purinoceptors. RNAs for all six already cloned2

P receptor subunits are expressed in dorsal root, nodose2X
Žand trigeminal ganglia Collo et al., 1996; Vulchanova et

.al., 1997 . An intriguing development in the field is that, in
the rat, the presence of the mRNA for the P2X subunit is3

restricted to small-diameter afferents of the dorsal roots
Ž .and nodose ganglia Chen et al., 1995; Lewis et al., 1995 .

In the dorsal root ganglion, the expression of the P2X 3

mRNA is strongly decreased by neonatal capsaicin desen-
sitization, indicating that capsaicin-sensitive sensory neu-

Ž .rons are encountered Chen et al., 1995 . Lewis et al.
Ž .1995 could identify the genetic message for the P2X ,1

P2X , P2X and P2X subunits of the P receptor in the2 3 4 2X

rat dorsal root ganglion. Co-expression of cation channels
consisting of combinations of these subtypes in transfected

Ž .human embryonic kidney HEK293 cells showed that a
heteromultimer of P2X and P2X subunits is readily2 3

Žformed and most closely resembles characteristics in terms
.of agonist potencies, desensitization and antagonist effects

of natural P purinoceptors in rat dorsal root ganglia.2

2.2. ATP release from afferents

Spinal afferent neurons are known to contain and re-
lease ATP, as shown by the classical works of Holton and

Ž . Ž .Holton 1954 , Holton 1959 and it was thought at a time
Žthat ATP mediates antidromic vasodilatation for which

Ž .calcitonin gene-related peptide CGRP is a more likely
.candidate these days . The release of ATP was confirmed

Ž .by later work Sweeney et al., 1989 . Also, the abundant
distribution of P purinoceptors in the spinal dorsal horn2
ŽBo and Burnstock, 1994; Brake et al., 1994; Valera et al.,
1994; Collo et al., 1996; Soto et al., 1996; Burnstock,

. Ž1997 , as well as a potent excitatory action of ATP but
. Žnot AMP and adenosine on dorsal horn neurons Jahr and

Jessell, 1983; Fyffe and Perl, 1984; Salter and Henry,
. Ž1985 or neurons of the trigeminal sensory nucleus Salt

.and Hill, 1983 is suggestive of ATP release from primary
afferents. The finding that sensory transmitters such as
substance P and CGRP facilitate the effect of ATP on the

ŽP2X receptor expressed in Xenopus oocytes Wildman et2
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.al., 1997 opens up possible new ways of transmitter
interaction in afferent transmission. It should be noted,
however, that more data indicate the possible involvement
of purinergic transmission in processing of non-noxious

Žthan of noxious stimuli among others Fyffe and Perl,
. q1984 . ATP, released by K from rat dorsal horn synapto-

somes may partly originate from terminals of large-, but
Žnot capsaicin-sensitive small-diameter fibres Sawynok et

.al., 1993 . Yet, an antinociceptive effect of the P2
Žpurinoceptor antagonists suramin Ho et al., 1992; Driessen

.et al., 1994 , Evans-blue, trypan blue, reactive blue 2, but
Ž .not PPADS has been reported Driessen et al., 1994 .

There is little direct evidence for the involvement of
ATP in the ‘local efferent’ responses due to activation of
peripheral terminals of primary afferents. An intriguing
possibility is that ATP might cause an endothelial release
of NO by a process not involving the NO synthase
Ž .Kakuyama et al., 1998 and thereby mediate NANC relax-
ation of the mesenteric vascular bed in response to electri-
cal stimulation. In this study, the vasorelaxation due to
electrical field stimulation was inhibited by the P2Y

purinoceptor antagonist basilene blue and further reduced
by a CGRP receptor antagonist. The response studied was,
however, only partly capsaicin-sensitive.

Clearly, in spite of the promising data available, the
exact relations between nociceptive afferents and P2

purinoceptors are far from understood; especially more
potent and selective antagonists are needed before
purinoceptor involvement in physiologicalrpatho-
physiological processes can be assessed. This area is also
of great potential pharmacological interest, in that it offers
the possibility of developing novel analgesics, anti-in-
flammatory agents, or drugs for more specific purposes,

Žsuch as cystitis-associated bladder dysmotility see Burn-
.stock, 1997 .

3. P purinoceptors and the small intestine2

There is a huge number of enteric neurons with differ-
ing morphological, neurochemical and functional charac-

Žteristics Furness and Costa, 1980; Costa and Brookes,
.1994; Wood, 1994 . Pioneering observations indicating

that adenine nucleotides may be neurotransmitters andror
neuromodulators in the digestive tract have been reviewed

Ž .by Burnstock 1972 . Different parts of the digestive tracts
of various species possess many kinds of purinergic recep-
tors. The P purinoceptor may predominate on the smooth2Y

Ž .muscle cells see among others Lambrecht, 1996 . Neu-
ronal purinoceptors may be of the P type or may poorly2X

Ž .fit into the current classification see below ; they can be
located on excitatory and inhibitory motoneurons and
probably on interneurons as well. It follows from this that
purinoceptor antagonists can only be critically used for

Židentifying the biological functions e.g., the role played in
.motility by endogenous ATP and related substances. Also,

ATP can excite more than one purinoceptor subtype and
its breakdown products make the picture even more com-
plicated. Effectiveness of the antagonist used against ex-

Žogenous ATP not only against more receptor specific
.ATP analogues , as well as specificity of action of the

Ž .antagonist s need to be proven before conclusions con-
cerning the roles played by ATP are drawn; such data
obtained at one type of preparations cannot be automati-
cally transferred to other types of gastrointestinal tissue.

In the guinea-pig ileum ATP and related substances
have multiple actions and there are some contradictions in

Žthe data available. ATP causes contraction Kamikawa et
.al., 1977 ; no detailed pharmacological analysis has been

performed in this study, but it was noted that indomethacin
reduced the response. The authors themselves, however,
noted the limits of the specificity of the action of indo-

Ž .methacin 10–20 mM . It is worth noting that in a speci-
ficity study in the guinea-pig ileum, comparing the in-
hibitory effect of indomethacin on the arachidonic acid-
evoked contractions with the depression of the cholinergic
‘twitch’ contraction to field stimulation 1–3 mM of indo-
methacin was found to be the safe and effective concentra-

Ž .tion range Bartho, 1978 .´
Multiple effects of ATP, ADP, b,g-methylene ATP and

a ,b-meATP in the guinea-pig ileum have been described
Ž .Moody and Burnstock, 1982 . All these agents caused the
longitudinal muscle to contract, however, the effect of
ATP was resistant to atropine or tetrodotoxin, while that of
a ,b-meATP was apparently mediated by cholinergic mo-

Žtoneurons of the myenteric plexus see also Kennedy and
.Humphrey, 1994; Matsuo et al., 1997 . At the same time,

an inhibition of the twitch response to electrical field
stimulation was found with ATP, b,g-methylene ATP and
adenosine, an effect inhibited by the P -purinoceptor an-1

tagonist theophylline. It was concluded that ATP acted
through its breakdown products on this receptor. a ,b-
meATP slightly inhibited the twitch at lower but potenti-
ated it at higher concentrations. Wiklund and Gustafsson
Ž . Ž .1986, 1988a,b and Wiklund et al. 1985 confirmed the

Žcontractile action of adenine nucleotides through a P -like2
.receptor on the smooth muscle in the guinea-pig ileum, as

well as the marked inhibition of the electrically-evoked
twitch response by ATP and ADP. The contractile action
of a ,b-derivatives such as a ,b-meATP was also con-
firmed but, at variance to what has been reported earlier
Ž .Moody and Burnstock, 1982 it was found resistant to
tetrodotoxin and hyoscine, but dependent on prostaglandin
production as shown by a complete blockade by indo-

Ž . Ž .methacin 3 mM Wiklund and Gustafsson, 1988b . The
Žinhibitory action of ATP and ADP to a lesser extent also

.a ,b-meATP on the electrically-evoked cholinergic con-
tractions seems to be a P -purinoceptor mediated effect1
Ž .blocked by 8-p-sulphophenyltheophylline ; evidence is
presented that ATP and ADP act by themselves on these
receptors, not via their degradation to AMP and adenosine.
From these studies it seems probable that the
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Ž .purinoceptor s involved is not easy to categorize. Analyz-
Žing the effect of a series of agonists including, among

others, ATP, a ,b-meATP, 2-methylthio ATP and b,g-
. Žmethylene ATP and some antagonists suramin and reac-

.tive blue 2 or cibacron blue, the latter for P receptors2Y
Ž .led Kennedy and Humphrey 1994 to conclude that recep-

tors on cholinergic nerves show some characteristics of the
P purinoceptor while those on the longitudinal muscle2X

Žmore closely resemble P purinoceptors even if they are2Y
.not inhibited by reactive blue 2 , but a final categorization

Ž .needs further work. Matsuo et al. 1997 found that the
contractile effect of a ,b-meATP was antagonized by
suramin, but not by PPADS. This latter finding with

ŽPPADS is at variance with our own data Bartho et al.,´
.1997 .

Neurochemical experiments have shown both enhance-
Ž .ment Sperlagh and Vizi, 1991 and inhibition of the´

stimulated acetylcholine release by a ,b-meATP in the
Ž .guinea-pig ileum Katsuragi et al., 1993 . The latter effect

Žwas, however, blocked by theophylline, and ATP released
. Žfrom the target tissue was proposed as mediator see also

.Matsuo et al., 1997 .
Specific antagonists make it possible to study the in-

Žvolvement of endogenous ligands of P purinoceptors ATP2
.being the main candidate in motor responses evoked by

various stimuli. Such an involvement in the electrically-
evoked cholinergic contraction of the guinea-pig ileum

Ž .longitudinal muscle was proposed by Bartho et al. 1997 .´
Ž .In this study, it was confirmed that a ,b-meATP 10 mM

causes cholinergic contraction. This response, but not that
to exogenous acetylcholine, is strongly inhibited by PPADS
Ž . Ž .30 mM or suramin 100 mM . Both P purinoceptor2

antagonists cause an approximately 30% inhibition of elec-
trically-evoked cholinergic contractions, which seems to be
a ‘ceiling’ effect, since the inhibition will not increase if
suramin is added to PPADS or vice versa, or if the
concentration of PPADS is doubled. PPADS also antago-
nizes the complex motor effects of ATP in the longitudinal

Žmuscle of the guinea-pig ileum L. Bartho, under prepara-´
.tion . Although the extent of the proposed modulation in

the above study is not too large, it might represent a
pharmacological correlate of P purinoceptor-mediated fast2

depolarization evoked by preganglionic electrical stimula-
tion demonstrated in the guinea-pig myenteric plexus by

Želectrophysiological studies Galligan and Bertrand, 1994;
.Zhou and Galligan, 1996; LePard et al., 1997 . Pharmaco-

logical analysis of membrane responses to exogenous nu-
Žcleotides Barajas-Lopez et al., 1993, 1996; Kimball et al.,

.1996; Zhou and Galligan, 1996 on guinea-pig myenteric
neurons seems to indicate that the fast depolarization and
intracellular free Ca2q accumulation, evoked by these
agonists is mediated through more than one type of recep-

Ž .tor P -like, P -like and P -like with partly unusual1 2X 2Y

properties. It seems that in electrophysiological studies
PPADS is probably a more specific antagonist than suramin
against the excitatory action of ATP on the P -like recep-2X

Ž .tor cf. Humphrey et al., 1995 . Thus, ATP could function
as an alternative to acetylcholine in myenteric neuro-neu-

Ž .ronal transmission. Yet, our data in preparation show that
Žthe ‘hexamethonium-resistant peristaltic reflex’ Bartho et´

.al., 1987a, 1989; Holzer et al., 1998 is not inhibited by
suramin or PPADS.

P purinoceptors mediate negative modulation in the1

intestine. Exogenous and endogenous stimulants of P1
Žpurinoceptors inhibit the release of acetylcholine Vizi,

.1979 and of substance P from the myenteric plexus
ŽBartho et al., 1985; Christofi et al., 1990; Moneta et al.,´

.1997 .

4. Capsaicin-sensitive innervation of the small intestine

The sensory stimulant drug capsaicin causes a nerve-
Žmediated contraction in the guinea-pig ileum Bartho and´

.Szolcsanyi, 1978 . There is ample evidence that this drug´
Ž .stimulates endings of extrinsic spinal afferent nerves in

the gut wall which in turn activate myenteric neurons by
Žreleasing chemical mediators Bartho and Szolcsanyi, 1978;´ ´

.Szolcsanyi and Bartho, 1978; Bartho et al., 1982 . There is´ ´ ´
Ž .evidence by the use of substance P tachyphylaxis for the

involvement of endogenous tachykinins in the activating
Žeffect of capsaicin on myenteric neurons Bartho et al.,´

1982; Chahl, 1982; see Bartho and Holzer, 1985; Holzer´
.and Bartho, 1996 for reviews . The exact nature of the´

transmitters that are released from sensory nerve endings
and activate myenteric neurons is, however, not clear, all
the more because the expectation that neuronal tachykinin
NK receptors may be responsible for the excitation of3

myenteric neurons has not been supported by recent find-
Ž .ings Patacchini et al., 1995 . A combined inhibition of

tachykinin NK and NK receptors by the antagonists1 3
w 9 Ž . 10 11 x Ž .O-Pro , Spiro-g-lactam Leu , Trp physalaemin 1–11
Ž . Ž . Ž . Ž Ž ŽGR 82 334; Hagan et al., 1991 and S - N - 1- 3- 1-ben-

Ž . . .zoyl-3- 3,4-dichlorophenyl piperidin-3-yl propyl -4-phe -
. Žnylpiperidine-4-yl -N-methylacetamide SR 142 801;

.Emonds-Alt et al., 1995 , however, caused a significant
inhibition in the amplitude of the capsaicin-induced con-

Ž .traction Bartho et al., 1999 . We assume that, similarly to´
Žthe tachykinin NK receptors Laufer et al., 1985; Croci et3

al., 1995; Giuliani and Maggi, 1995; Holzer and Holzer-
.Petsche, 1997a,b also the tachykinin NK receptors in-1

Žvolved are localized on myenteric neurons cf. Portbury et
.al., 1996 , since the contractile effect of capsaicin is

Žabolished by tetrodotoxin Bartho and Szolcsanyi, 1978;´ ´
.Bartho et al., 1982, 1999 , whereas the release of neu-´

ropeptides and probably other biologically active sub-
Žstances by capsaicin is resistant to tetrodotoxin see Barthó

.and Holzer, 1985 ; the opening of the non-specific cation
Žchannel associated with the vanilloid receptor Caterina et

. qal., 1997 is independent of tetrodotoxin-sensitive Na
channels. The activation of myenteric neurons by afferent
nerve endings seems not to involve cholecystokinin-like

Ž .peptides or CGRP Bartho et al., 1987b, 1993 , two stimu-´
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Fig. 1. Activation of a myenteric cholinergic motoneuron by a nearby
capsaicin-sensitive sensory neuron. There is strong evidence for the

Ž .participation of tachykinins TKs , but part of the transmitters involved is
unknown. CM: circular muscle, MP: myenteric plexus, LM: longitudinal
muscle.

lants of myenteric neurons that may appear in primary
afferents. Although there may be morphological basis for
acetylcholine being released from primary afferents them-

Ž .selves Sann et al., 1995 , the blocking action of
tetrodotoxin and the lack of inhibitory effect of hexam-
ethonium, respectively, do not favour the assumption that
acetylcholine coming from sensory nerves contributes to
the excitation of the smooth muscle directly or to the
activation of myenteric neurons.Consequently, part of the
neurotransmitters utilized by sensory neurons is still un-

Ž .known Fig. 1 . Thus, if ATP is released in sufficient
quantities from primary afferents, an activation of P2

purinoceptors might be involved in the activation of myen-
teric ganglion cells in the mechanism of the capsaicin-
evoked motor response.

5. Testing of capsaicin-sensitive afferent-P2

purinoceptor interactions in the guinea-pig ileum

As mentioned above, both capsaicin and a ,b-meATP
cause acetylcholine-mediated longitudinal contractions in

Žthe guinea-pig ileum see Bartho and Holzer, 1985; Holzer´

.and Bartho, 1996; Bartho et al., 1997 . The effect of´ ´
a ,b-meATP is inhibited by suramin or PPADS. In conven-

Žtional organ bath experiments see Bartho et al., 1997;´
.Bartho et al., 1999 for methodological details we tested´

Ž .the possibility that 1 a ,b-meATP may stimulate sensory
nerves that in turn activate myenteric cholinergic neurons;
Ž .2 ATP, released from primary afferents may participate
in the contractile effect of capsaicin.

Ž .Ad 1 . A functional blockade of capsaicin-sensitive
neurons in the gut wall can be achieved by an in vitro

Ž .pretreatment with capsaicin 10 mM for 15 min . This
blockade is characterized by an irresponsiveness of the
intestine to the contractile effect of capsaicin and of activa-
tion of capsaicin-sensitive nerves by mesenteric nerve

Žstimulation Bartho and Szolcsanyi, 1978; Szolcsanyi and´ ´ ´
.Bartho, 1978 . In the present experiments, such a pretreat-´

Ž .ment followed by a 45-min washout period failed to
Žsignificantly affect the contractile action of a ,b-meATP 3

. Ž .or 10 mM Table 1 . These contractions due to a ,b-
Ž . ŽmeATP 3 and 10 mM were fully blocked by atropine 1

. Ž .mM Table 1 .
Ž . Ž .Ad 2 . Suramin 100 mM had no effect on the contrac-

Ž .tile action of capsaicin 2 mM in the absence of tachykinin
Ž .antagonists ns8, data not shown . However, in the

presence of the tachykinin NK receptor antagonist GR 821
Ž .334 3 mM and the tachykinin NK receptor antagonist3

Ž . Ž .SR 142 801 0.1 mM plus suramin 100 mM the excita-
Ž .tory motor response to capsaicin 2 mM was significantly

smaller than that in the presence of the tachykinin receptor
Ž .antagonists only Table 1 .

These data speak against a sensory stimulant action of
a ,b-meATP being involved in its activating effect on
myenteric neurons. It is probable that the purinoceptors
involved are located on the myenteric neurons themselves.
Conversely, ATP release from primary afferent neurons
cannot account for the activation of myenteric cholinergic
neurons in the course of the excitatory action of capsaicin
if tachykinin receptors are not blocked. The inhibitory
action of suramin in the presence of tachykinin receptor
antagonists, however, point to the participation of P2

purinoceptors in the ‘non-tachykininergic’ component of
the contractile effect of capsaicin in the ileum, probably as
activators of myenteric neurons.

Table 1

Pretreatment a ,b-meATP 3 mM a ,b-meATP 10 mM n

Ž .– 42.3"2.2 51.6"1.7 11
Ž . Ž .Capsaicin 10 mM 40.3"2.7 52.3"3.5 11

Ž .– 40.1"5.2 52.8"3.4 6
a aŽ . Ž .Atropine 1mM 2.3"0.3 2.3"0.6 6

Ž .Capsaicin 2 mM
Ž . Ž . Ž .GR 82 334 3 mM qSR 142 801 0.1 mM 44.6"2.2 9

aŽ . Ž . Ž . Ž .Suramin 100 mM qGR 82 334 3 mM qSR 142 801 0.1 mM 34.4"3.0 9

Ž .Contractions of the guinea-pig ileum expressed as percent of the maximal longitudinal spasm due to acetylcholine 10 mM . Influence of various drugs on
Ža. Ž .responses to a ,b-meATP and capsaicin. Significant differences, compared to the respective control group, P-0.05 Wilcoxon’s signed rank test .
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6. Concluding remarks

Primary afferents are equipped with P purinoceptors2

that may be involved in nociception under physiological
and pathological conditions, but evidence for this is largely

Žcircumstantial. To exactly determine this involvement a
problem of great potential importance not only for basic

.science but also for clinical pain management more potent
and specific P purinoceptor antagonists are probably2

needed than those we have today. In the guinea-pig ileum,
P purinoceptors on primary afferents are not involved in2

the contractile effect of a ,b-methylene ATP. Also, little
direct evidence is available for an involvement of ATP,
acting on P purinoceptors, in ‘local efferent’ responses2

brought about by a release of biologically active sub-
stances from capsaicin-sensitive afferents upon activation.
In the intestine, we present evidence for a mediating role
of ATP in the ‘non-tachykininergic’ component of the
excitatory effect of capsaicin.
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