


















P2 Purinoceptor Ligands
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FIG. 4. Ligands used to characterize P2 purinoceptors. The struc-
tures shown are of the D-isomers. Some studies have also been done on

L-isomers. aj3-methylene (Me) ATP is a potent and selective P2x
agonist. 8-(6-aminohexylamino)ATP is selective for P2� vs. P2� recep-

tors and may discriminate between subforms (Burnstock et al., 1994).
UTP and 5-F-UTP are active at P2u but not at P2y receptors. 2-

MethylthioATP is active at P2y but not at P2, receptors. None of these

are very active at P2x receptors. The long-chain functionalized conge-
ners (Fischer et al., 1993) 2-(p-nitrophenylthio)ATP and 2-(6-cyanhex-

ylthio)ATP maintain or increase potency at P2y receptors. The nitro
derivative may discriminate between forms of P2x receptors. Ne-methyl

ATP may discriminate between forms of P2y receptors. The structures
of some compounds-suramin, pyridoxalphosphate-6-azophenyl-2’,4’-
disulfonic acid (PPADS), and Reactive Blue-that have antagonistic
properties are also shown.
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also appears to be a receptor for diadenosinetetraphos-

phate, which was called a P2D subtype (Hilderman et a!.,

HN� 1991; Castro et al., 1992). Some characteristics of the P2
0�N� puninoceptors are summarized in table 4.

PPPOCH2 o A problem that has always hampered research in the

P2 puninoceptor field is the lack of selective antagonists.
HO OH The trypanoside suramin (Dunn and Blakeley, 1988;

UT: Voogd et al., 1993) sometimes behaves as a competitive

HN�Y antagonist but does not appear to distinguish between
O�N� the P2x and P2y subtypes (Hoyle et al., 1990). Suramin

PPPOCH2 o is also very effective in inhibiting the actions of certain

growth factors (Betsholtz et a!., 1986; Peng et a!., 1991),

HO OH presumably secondarily to interactions with the corre-

5-F-UTP sponding receptors (Eriksson et a!., 1991). The potency

of suramin against basic fibroblast growth factor (Peng

et al., 1991; IC50 is in the low micromolan range) is at

least as high as against P2 receptors. Suramin is also an

inhibitor of several enzymes, including 5’ -nucleotidase

(Hourani and Chown, 1989), something that is of partic-

ular concern when the compound is used to discriminate

N6-Methyl-ATP between Pi and P2 actions. 2-2’-Pynidylisatogen was

reported to be a weakly selective antagonist of the relax-

ant effects of ATP in smooth muscle (Spedding et a!.,

1975) but did not antagonize the effects of adenosine

(Spedding and Weetman, 1976). Pynidoxalphosphate-6-

F ,4 � -disulfonic acid, synthesized by Lam-

brecht and co-workers (1992), is a novel type of P2
2-(4-nitropheny�thyIthio)ATP antagonist with a potency at P2x receptors in the nano-

molar range (Ziganshin et al., 1993). The displacement

of [3H}aflMeATP was biphasic, suggesting multiple af-

finity sites or multiple receptor subtypes (Ziganshin et
al., 1993). Reactive Blue 2 has been reported to selec-

tively antagonize ATP actions at the P2y subtype, al-

though concentration and time of exposure are critical.

The structures of a number of compounds useful for the

study of P2 puninoceptors are shown in figure 4.

Molecular information concerning P2 purinoceptors is

becoming available. Xenopus oocytes injected with

mRNA from embryonic guinea pig brain (Fournier et a!.,

1990; Honor#{233}et al., 1991), promyelocytic leukemia cells
(HL6O; Murphy and Tiffany, 1990), J774 munine mac-

nophage-like cells (Hickman et al., 1993; Nuttle et al.,

1993), on guinea pig vas defenens (Russell et al., 1993)

were conferred with the ability to respond to ATP. The

pharmacology corresponded to that of several of the
proposed P2 receptor subforms.

P2y (Webb et al., 1993) and P2U puninoceptors (Lustig

et al., 1993) have recently been cloned. As shown from

figure 1, these receptors are more similar to each other

than they are to adenosine receptors. Interestingly, they

are not closer to the adenosine receptor than to other G-

protein-coupled receptors. Based on such a comparison

of these sequences with a more recently cloned ADP
receptor, it has been proposed that the G-protein-coupled

P2 puninoceptors will constitute a distinct family within
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the superfamily of G-protein-coupled receptors (Barnard

et al., 1994).

P2Y puninoceptor-mediated responses show different
agonist pharmacology in a variety of tissues and pnepa-

rations (Burnstock, 1991; Fischer et a!., 1993), suggesting
a subclassification of the “classic” P2y puninoceptor.

Other data suggest that the currently designated “P2u,”

“P2T,” and “P2D” puninoceptor subtypes may have to be
reclassified.

On these grounds it must be emphasized that the
current classification of the P2 series must be considered
unsatisfactory for the long term. When additional struc-
tural information is obtained and truly selective antag-
onists become available, a revised nomenclature will be

established. Even now it is clear that there is a basis for
distinguishing two major families of P2 puninoceptors,

one coupled to intrinsic ion channels and the other

coupled to G-proteins. For the transition period the
IUPHAR Committee on Receptor Nomenclature and

Drug Classification, in keeping with the pnoposal by

Abbracchio and Burnstock (1994), recommends that any
new subtypes of G-protein-coupled receptor be termed

P2Y1, P2Y2, P2Y3, . . . purinoceptons and any new sub-

types of intrinsic ion channel be termed P2X1, P2X2,
P2X3, . . . purinoceptors. The 2X and 2Y are not sub-
scripted, to avoid confusion with previous usage and to
facilitate the use of lower case, as in p2y1, p2y2,. . . to

refer to cloned receptors whose correspondence to a
pharmacologically defined subtype has not been firmly

established. Lower case is being used in this way in other
IUPHAR nomenclatures, e.g., adrenoceptons, muscaninic

cholinoceptors, and 5-hydroxytryptamine receptors. The

term P2Z puninoceptor should be reserved for novel
receptor structures that do not correspond to the P2X

and P2Y puninocepton structure. A possible example

could be the mast cell P2 puninocepton, if this is estab-
lished to be a nonselective ion pore opened by ATP.
Although not an ideal system of classification, it does
allow consecutive numbering and obviates the need for

arbitrary designation of letters when new subtypes are

identified.
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