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Abstract

Reactive blue 2 is an a specific antagonist of the ATP P2X and P2Y receptors that are ligand-gated ion channels widely distributed in
the organism and that serve as control of excitability of their host cells. Due to the known involvement of ATP in inflammatory and pain
processes, we have evaluated the pro-inflammatory effect of reactive blue 2 in the paw oedema induced by carrageenin in rats. Reactive blue
2 did not by itself induce paw oedema but enhanced all phases of the inflammatory response induced by carrageenin. In the first phase of the
oedema (0-1 h), compound 48/80, but not the serotonin and histamine receptor antagonists cimetidine, cyproeptadine and diphenydramine,
counteracted the pro-oedema effect of reactive blue 2. The second phase (0-2 h) of carrageenin+reactive blue 2 was markedly antagonized
by hexadimethrine, a heparin antagonist. The late phase, characterized by prostaglandins involvement was partly antagonized by the dual
antagonist of cycloxigenase and lipoxygenase BW 755 and by dexamethasone, but not by indomethacin. The modulating effect of reactive blue
2 on ATP via other autacoids such as heparin is probably responsible on its pro-inflammatory effects.
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Introduction

Reactive blue 2 is an anthraquinone-sulphonic acid derivative
which exerts P2 receptor antagonistic properties [1,2]. Reducing
the effect on ATP in several systems [3]. It has been shown that
it is able to allosterically modulate the receptor P2X and P2Y that
regulate the activity of ATP through ligand-gated ion channels and
are involved in excitability of the cells. Reactive blue 2 was able to
not only reduce the ATP-induced relaxation of rat duodenum but
also to potentiate the prostaglandin-mediated phase of rebound
contraction of this preparation [4]. Moreover the involvement of
extracellular ATP in pain and mechanic sensitive afferent-mediated
processes [5-7]. prompted us to assess the potential effect of
reactive blue 2 on the classical model of acute inflammation such as
carrageenin-induced paw edema.

Material and Methods

Carrageenin-induced oedema in rat’s Male albino Sprague-
Dawleyratsweighing 110-130 gwasused. BW755and indomethacin
were suspended in an aqueous vehicle containing NaCl 0.9%,
Tween 80 0.4% and carboxymethylcellulose 0.5% while compound
48/80, hexadimethrine and reactive blue 2 were dissolved in saline.

All substances were administered in a volume of 5 ml/kg one hour
before the injection of carrageenin and/or reactive blue 2 except
compound 48/80 which was administered for 3 days before the
test and were given at the active doses described previously [8-10].
Paw oedema was induced as described by Winter [11]. 0.1 ml of
0.5% suspension of carrageenin (type IV) or 0.025-0.1% of reactive
blue 2 or both were injected into the plantar aponeurosis of the
right hind paw. Foot volume was measured immediately following
the paw injection and 1, 2, 3 and 5 h later by means a mercury
plethysmometer (Basile, Varese, Italy).

Data analysis

All data in the text are means + S.E.M. Statistical significance
was evaluated by means of one-way analysis of variance followed
by Dunnett’s test.

Drugs

BW?755 (Wellcome); Carrageenin (Type IV; Sigma); Cimetidine
(Sigma); Cyproeptadine (Sigma); Compound 48/80 (Sigma);
Dexamethasone (Sigma); Diphenidramine (Sigma): Hexadimethrine
(Sigma); Indomethacin (Merck); Reactive blue 2 (Sigma).
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Results

As shown in Fig. 1 reactive blue 2, which are inactive when
injected alone up to the concentration of 0.1%, potentiated in a
dose-dependent manner all phases of development of carrageenin-
induced paw oedema.
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Figure 1: Reactive blue 2 enhancement of carrageenin-
induced paw oedema. (black circles) = reactive blue 2 0.1%;
(squares) = carrageenin; (reversed triangles) = carrageenin
+ reactive blue 2 0.025%; (normal triangles) = carrageenin
+ reactive blue 2 0.05%; (white circles) = carrageenin +
reactive blue 2 0.1%. n=7 for all groups. *= p<0.05 and **=
p<0.01 as compared to carrageenin group.
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Figure 2: Effect of A) compound 48/80, B) hexadimethrine,
C) indomethacin, D) benoxaprofen, E) BW755 on reactive
blue 2 enhancement of carrageenin-induced paw oedema

at1(A), 2 (B) and 3 (C, D, E) hours after the paw injection.

Compound 48/80 1 mg/kg i.p. for three days (Figure 1) but
not the classical antagonists of 5SHT (cyproeptadine 10 mg/kg i.p.),
H1 (diphenidramine 10 mg/kg i.p.) and H2 (cimetidine 10 mg/kg
i.p.) receptors antagonized paw oedema development in presence
or absence of reactive blue 2. Paw oedema at 1 h was 2.57+1.16
and 3.92+0.72 in carrageenin and carrageenin+RB2 groups
treated with the vehicle and 1.42+1.0 and 2.0+0.6 in carrageenin
and carrageenin+RB2 groups treated with the cyproeptadine (F
interaction = 0.18, n.s.) and 1.85+0.61 and 5.5+0.72 in carrageenin
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and carrageenin+RB2 groups treated with the diphenidramine (F
interaction = 1.87, n.s.) and 1.42+0.52 and 4.4+1.1 in carrageenin
and carrageenin+RB2 groups treated with the cimetidine (F
interaction = 0.79, n.s.). Hexadimethrine 25 mg/kg i.p. significantly
inhibited the second phase of development of carrageenin paw
but was even more effective in inhibiting carrageenin + reactive
blue 2-induced paw oedema formation (Figure 2). The degree of
development of prostaglandins-dependent oedema (third phase)
was significantly reduced by either indomethacin (2 mg/kg p.o.).
However indomethacin did not reduce the potentiating effects of
reactive blue 2 (Figure 2) which, on the other hand, was significantly
decreased by dexamethasone 0.1 mg/kg p.o. (Figure 2) or BW755
50 mg/kg p.o. (Figure 2).

Discussion

The pivotal paper of Di Rosa [8]. has let the characterization of
the mediators of oedema induced by carrageenin in the rat paw. In
dependence of the mediator involved, the authors have divided this
reaction in three phases. The first phase is dependent on the sudden
release of histamine and 5-HT from mast-cells. The compound
48/80, a mast-cells and complement depletory [8]. Blunted the
oedema, being these cells and the concomitant release of mediators
necessary for the start of the inflammatory reaction.

Reactive blue 2, which by itself did not produce oedema at any
phase tested, potentiated the carrageenin effect on the paw. The
analysis of H1, H2 or 5-HT receptor through the use of the selective
antagonists such as diphenidramine, cimetidine or cyproeptadine,
respectively, indicates that the potentiation of the oedema is
not mediated by these autacoids. The so-called second phase is
characterized by the intervention of complement and heparin. It
is noteworthy that hexadimethrine, a heparin antagonist which
exerts also complement inhibiting activity [12-14]. Was able to
markedly decrease the paw oedema induced by carrageenin and
reactive blue 2. Reactive blue 2 is known to modulate the activity of
ATP by the receptor P2X and P2Y [15,16]. Present also in vascular
endothelial cells [17]. Moreover ATP, among the several functions
carried out as pivotal mediators in many cell reactions, was able to
neutralize the effect of heparin [18]. It is tempting to speculate that
the pro-inflammatory effect of reactive blue 2 is mainly due to the
free release of heparin.

At the third hour after carrageenin injection in the paw
there is the peak of the oedema and this phase is known to be
prostaglandins dependent [8,19]. Indomethacin was unable to
affect the enhancing effect of reactive blue 2 while dexamethasone
and the dual cycloxigenase and lipoxygenase BW 755 decreased, at
least in part, the oedematous reaction induced by reactive blue 2
in presence of carrageenin. From these data it seems that reactive
blue 2 activate the lipoxygenase pathway in enhancing this phase
of the inflammation. It should be noted also that the clone P2Y7,
originally suggested to be a P2Y receptor, has been shown to
encode a leukotriene receptor so showing a great homology among
the receptors [20]. From these findings it seems that ATP act as an
allostericregulator duringacute inflammation and whenits receptor
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P2X and P2Y that regulate the activity of ATP through ligand-gated
ion channels are blocked, some autacoids involved and released in
the inflammation are not counteracted producing an exaggerated
inflammatory response. Similar results were obtained in mice
lacking P2X receptors that express greater sensitivity to thermal
inflammation and hyperalgesia [5]. Reactive blue 2 markedly
enhanced all phases of carrageenin oedema, its ATP inhibiting
activity and thus the interference with heparin and leukotrienes
seems to be involved in these pro-inflammatory effects. The better
knowledge of the mechanisms involved in inflammation can help to
develop new drugs in this complex process that is primary in a lot
of diseases.
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