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ARTICLE INFO ABSTRACT

Keywords: Gut homeostasis results from complex neuro-immune interactions aimed at triggering stereotypical and

ATP specific programs of coordinated mucosal secretion and powerful motor propulsion. A prominent role in

Ade_HOSir}E the regulation of this highly integrated network, comprising a variety of immune/inflammatory cells and

gu““efglc receptors the enteric nervous system, is played by purinergic mediators. The cells of the digestive tract are literally
ut

plunged into a “biological sea” of functionally active nucleotides and nucleosides, which carry out the critical
task of driving regulatory interventions on cellular functions through the activation of P1 and P2 receptors.
Intensive research efforts are being made to achieve an integrated view of the purinergic system, since it is
emerging that the various components of purinergic pathways (i.e., enzymes, transporters, mediators and
receptors) are mutually linked entities, deputed to finely modulating the magnitude and the duration of
purinergic signaling, and that alterations occurring in this balanced network could be intimately involved
in the pathophysiology of several gut disorders. This review article intends to provide a critical appraisal of
current knowledge on the purinergic system role in the regulation of gastrointestinal functions, considering
these pathways as a whole integrated network, which is capable of finely controlling the levels of bioactive
nucleotides and nucleosides in the biophase of their respective receptors. Special attention is paid to the
mechanisms through which alterations in the various compartments of the purinergic system could contribute
to the pathophysiology of gut disorders, and to the possibility of counteracting such dysfunctions by means of
pharmacological interventions on purinergic molecular targets.
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VAMP, vesicle-associated membrane protein; VIP, vasoactive intestinal peptide; NPY, neuropeptide Y; ZM 241385, 4-(2-[7-Amino-2-(2-furyl)[1,2,4]triazolo[2,3-a][1,3,5]
triazin-5-ylamino]ethyl)phenol.

* Corresponding author at: Department of Clinical and Experimental Medicine, University of Pisa, Via Roma 55, 56126, Pisa, Italy. Tel.: +39 050 2218754, fax: +39 050
2218758.
E-mail address: lucaantonioli@tiscali.it (L. Antonioli).

0163-7258/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.pharmthera.2013.04.002


http://dx.doi.org/10.1016/j.pharmthera.2013.04.002
mailto:lucaantonioli@tiscali.it
http://dx.doi.org/10.1016/j.pharmthera.2013.04.002
http://www.sciencedirect.com/science/journal/01637258
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pharmthera.2013.04.002&domain=pdf

158
Contents

1. Introduction . . . . . . ... .. ... ... ...
Purinergic pathways and gut functions

»

L. Antonioli et al. / Pharmacology & Therapeutics 139 (2013) 157-188

158
163

3. Pathophysiological role and pharmacological modulation of purinergic pathways in intestinal disorders

associated with motor, secretory and sensory dysfunctions
4,  Future directions
5. Conclusions . . . . . . .. ... ... .. ...
Conflict of interest statement
Acknowledgments
References

174
182
182
183
183
183

1. Introduction

The relevance of purine nucleotides/nucleosides in the physiolog-
ical control of digestive functions was initially appreciated in the early
1970s, when Prof. Geoffrey Burnstock provided evidence that adeno-
sine triphosphate (ATP) and its related nucleotides/nucleosides

(i.e., adenosine diphosphate, ADP, adenosine monophosphate, AMP,
and adenosine), previously considered merely as ubiquitous biochemi-
cal sources of energy, could behave as transmitters at the intestinal level
(Burnstock, 1976; Burnstock et al., 1970). Subsequently, despite harsh
criticisms, the existence of specific receptors, designated as purinergic
receptors and classified as P1 and P2 (for adenosine and ATP/ADP,

Table 1

Purinergic receptors and selective ligands.

Non selective agonists

Non selective antagonists

Receptor Endogenous  Signaling Selective agonists Selective antagonists
ligand
P2 receptors
P2X; ATP Ligand-gated ion  L-B,y-meATP, NF023, NF449, PPNDS, Ro 0437626,
channel MRS2159, phenol red
P2X, ATP Ligand-gated ion  ApsA -
channel
P2X3 ATP Ligand-gated ion  p-P,y-Me-ATP A317491, RO3, NF110, spinorphin,
channel TC-P 262
P2X4 ATP Ligand-gated ion - Phenolphtalein, 5-BDBD
channel
P2X5 ATP Ligand-gated ion - -
channel
P2X¢ ATP Ligand-gated ion - -
channel
P2X; ATP Ligand-gated ion - A804598, A839977, decavanadate,
channel KN62, KN-04, BBG, chelerythrine,
oxidized-ATP, A740003, A438079,
AZ10606110, AZ11645373
P2Y, ADP Gq MRS 2365 MRS2500, MRS2279, MRS2179,
NF157
P2Y, ATP/UTP Gq UTPYS, Ap4A, 2-thioUTP, -
MRS2768, PSB1114
P2Y, uUTP Gq UTP+S, MRS4062 ATP
P2Ys uDP Gq 5-iodoUDP, MRS2578
PSB0474, MRS2693, MRS2957,
5-OMe-UDP, UDP
P2Yq4 ATP Gq NF546, ARC67085, NAADP, NF157, NF340
NAD™
P2Y1, ADP Gi - AR-C 66096, ATP, ARL66096,
ticlopidine, clopidogrel
P2Y;3 ADP G; 2-MeSADP MRS2211
P2Y14 UDP-glucose  G; MRS2690 -
P1 receptors
Ay Adenosine Gi/o R-PIA, GW493838, CHA, CPA, PSB36, DPCPX, CPFPX,
CCPA, TCPA, 2’-Me-CCPA, KW-3902, toponafylline,
GR79236, selodenoson, FK-453, SLV320
capadenoson, tecadenoson,
GS9667
Aoa Adenosine Gs CGS21680, ATL-313, ATL-146e, KW6002, CSC, MSX-2,
UK-432097, sonedenoson, SYN-115, BIIBO14, ST-1535,
binodenoson, regadenoson SCH442416, ZM241385,
SCH58261, preladenant
Azp Adenosine Gs, Gq Bay 60-6583 PSB603, PSB 1115, ATL 802,
LAS8096, MRS1754, CVT-6883,
MRE-2029-F20
As Adenosine, Gs, Gq CF-101, CF-102, CF-502, KF26777, PSB-10, PSB-11,
inosine CO 608,039, HEMADO, MRE-3008-F20, MRS1220,

MRS 5151, IB-MECA

VUF5574, MRS1523, MRS1191

2-MeSATP, o,3-meATP,
PAPET-ATP, CTP, BzATP,
ApsA, HT-AMP
2-MeSATP, ATPYS

2-MeSATP, o,f>-meATP,
BzATP, ApsA, HT-AMP,
PAPET-ATP

2-MeSATP, ATPvS, CTP

2-MeSATP, o,3-meATP,
BzATP
a,B-meATP

2-MeSATP, BzATP

BzATP, ADPPS, 2-MeSADP,

PIT

2-MeSADP, ADP

2-MeSADP

NECA

NECA

NECA

NECA

TNP-ATP, Ipsl, NF 279,
NF157, IsoPPADS,
suramin

NF279, PPADS, RB-2,
suramin, TNP-ATP
TNP-ATP

BBG, TNP-ATP

Iso-PPADS, TNP-ATP

NF157,
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