
Ž .European Journal of Pharmacology 420 2001 R3–R4
www.elsevier.nlrlocaterejphar

Rapid communication

Accelerated functional recovery after neuronal injury by
P2 receptor blockade
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Abstract

X X Ž .The effect of the P2 receptor antagonist pyridoxalphosphate-6-azophenyl-2 ,4 -disulphonic acid PPADS on changes of the
Ž .quantitative electroencephalogram EEG after injury of rat brain tissue was investigated. PPADS accelerated the functional recovery

Ž .from microdialysis probe-induced disturbances in the nucleus accumbens by a decrease of the ratio of absolute slow 0.6–4 Hz to fast
Ž .8–30 Hz power, mainly caused by a decrease in the delta frequency power. These data provide evidence for a possible neuroprotective
effect of P2 receptor antagonists in vivo. q 2001 Elsevier Science B.V. All rights reserved.
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Previous studies suggest that P2 receptors are involved
in de- and regeneration mechanisms of brain tissue. Scat-
tered evidence has shown that different cell types may
undergo a necrotic and apoptotic cell death after sustained
exposure to high concentrations of extracellular ATP re-

Ž .leased following injury Gordon, 1986; Di Virgilio, 1998 .
The stimulation of neuronal P2 receptors may cause an

2q Žinflux of Ca directly via P2X receptors Norenberg and¨
.Illes, 2000 . Furthermore, there is evidence that the stimu-

lation of P2 receptors in the nucleus accumbens increased
Ž .the release of glutamate in vivo Krugel et al., 2001 .¨

Under the conditions of injury-induced high ATP concen-
trations, both mechanisms may induce a cascade of poten-
tially neurotoxic mechanisms contributing to degenerative
processes.

Furthermore, it has been shown that an injury-induced
astrogliosis in vivo is enhanced by P2 receptor agonists in
the nucleus accumbens, whereas the P2 receptor antagonist
pyridoxalphosphate-6-azophenyl-2X,4X-disulphonic acid
Ž .PPADS diminishes the formation of the glial scare when
given alone, and in addition, counteracts the effects of the

Ž .respective agonists Franke et al., 1999 . Proliferation of
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astrocytes is thought to be a limiting factor in the neuronal
Žregeneration following cellular damage Abbracchio and

.Burnstock, 1998 .
Therefore, the question arises whether the inhibition of

P2 receptors by PPADS can at least partly diminish func-
tional impairments in the brain in vivo. Disturbance of
neuronal tissue inevitably occurs when a microdialysis
probe is inserted into the brain. In the present study,
microdialysis was used for a twofold purpose, firstly to
model a damage of neuronal tissue and secondly to locally
apply the P2 receptor antagonist PPADS.

Disturbances of brain function can be recognised by
changes in the spectral pattern of the quantitative elec-

Ž .troencephalogram EEG . A shift from the activity in the
higher frequency bands to generalised delta band activity

Žoccurs in correlation to the severity of the damage for
.review, see Facco, 1999 . In the present study, the func-

tional changes in the neuronal activity were recorded by
Ž .telemetric EEG TSE, Bad Homburg, Germany . The ob-

tained data were transformed into real-time by means of
fast Fourier analysis and displayed as continuous spectra

Ž .of power density for details, see Kittner et al., 2000 . EEG
electrodes were fixed on the surface of microdialysis guides
Ž .CMA11, CMA, Solna, Sweden and implanted together

Žinto the nucleus accumbens of male rats WISTrLei, body
.weight 250–300 g at coordinates relative to bregma—A:

Ž .1.7 mm, L: 1.5, V: 6.2 mm Krugel et al., 2001 .¨
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Fig. 1. Effect of PPADS on the time course of EEG changes caused by
Ž . Žbrain injury of rats. Artificial cerebrospinal fluid ACSF alone open

. Ž .columns or together with PPADS 50 mM, closed columns were applied
by reversed microdialysis immediately and on days 1 and 2 after guide
implantation. The pattern of the quantitative EEG of freely moving
animals was recorded telemetrically. Each column represents the mean"
S.E.M. of eight rats calculated from the ratios of the absolute power of

Ž .the delta frequency band 0.6–4 Hz versus the absolute power of the
Ž . )alpha and beta frequency bands 8–30 Hz of each animal. P-0.05;

significant differences from ACSF-treated animals.

Immediately after surgery, microdialysis probes
Ž .CMA11, 2 mm perfused either with artificial cere-

Žbrospinal fluid ACSF; NaCl 126 mM, KCl 2.5 mM,
NaH PO 1.2 mM, MgCl 1.3 mM and CaCl 2.4 mM,2 4 2 2

. ŽpH 7.4 or with ACSF containing PPADS 50 mM;
. Ž .Biotrend, Koln, Germany ns8 each were inserted into¨

the nucleus accumbens for 30 min. The microdialysis was
repeated on days 1 and 2 after surgery. The pattern of the
quantitative EEG of the freely moving animals was
recorded until day 6 after surgery once a day for 15 min

Ž .each. Whereas, on the day of surgery day 0 the EEG was
performed 4 h after the first microdialysis, on the 2

Ž .following days days 1 and 2 the EEG recording preceded
the microdialysis procedure.

The treatment with PPADS in the injury model reduced
Ž .the absolute power of the delta band 0.6–4 Hz in the first

Ž .48 h after surgery P-0.05, data not shown . The estima-
tion of the ratio of the absolute power in the delta fre-
quency band to the absolute power in alpha and beta

Ž .frequency bands 0.6–4 and 8–30 Hz for each animal

revealed that the treatment with PPADS accelerates the
regression of changes in the EEG power spectra compared

Žto the ACSF-treated animals F s6.54; Ps0.039;1,14
Ž .analysed by two-way analysis of variance ANOVA with

repeated measures followed by the Student–Newman–
. Ž .Keuls test Fig. 1 .

The EEG monitoring provided a real-time image of
neuronal tissue function after injury. The present data
indicate that the P2 receptor antagonist PPADS facilitates
the recovery of EEG power spectra deteriorated by the
insertion of the microdialysis probe. It remains to investi-
gate whether the accelerated recovery of the EEG pattern
causes enduring benefit for the brain after injury.

In summary, the blockade of P2 receptors and subse-
quently, the inhibition of the neurotoxic consequences of
injury-induced high extracellular ATP provide a potential
novel neuroprotective mechanism.
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