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Abstract

Adenosine Al receptor agonists are effective antinociceptive agents in neuropathic and inflammatory pain, though they appear to be weak
analgesics in acute nociception. Important discrepancies are observed on the effectiveness and potency of adenosine analogues when comparing
different studies, probably due to the use of different ligands, models of antinociception, routes of administration and types of sensitization. We
studied the systemic antinociceptive effects of the adenosine Al receptor agonist N6-cyclopentyladenosine (CPA) in spinal cord neuronal
responses from adult male rats in acute nociception and in sensitization due to arthritis and neuropathy. The experiments showed that CPA was
effective in the three experimental conditions, with a similar potency in reducing responses to noxious mechanical stimulation (ID50s: 20+ 1.2 pg/
kg in acute nociception, 18 +1.1 pg/kg in arthritis, 17.4+2 pg/kg in neuropathy). The phenomenon of wind-up was also dose-dependently reduced
by CPA in the three experimental situations although the main action was seen in arthritis. Depression of blood pressure by CPA was not dose-
dependent. We conclude that systemic CPA is a potent and effective analgesic in sensitization due to arthritis and neuropathy but also in acute

nociception. The effect is independent of the cardiovascular activity and is centrally mediated since wind-up was inhibited.

© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Adenosine Al receptor agonists are effective antinocicep-
tive agents in neuropathic pain, as shown in several studies
using different nerve injury models (Sawynok, 1998; De Vry et
al., 2004), as well as in inflammatory pain (Sawynok, 1998;
Dickenson et al., 2000; Sawynok and Liu, 2003). However, the
effectiveness and potency of adenosine analogues are very
disparate and important differences are observed when
comparing studies. In addition, it seems that adenosine and
its derivatives only produce weak analgesic actions in rodent
models of acute nociception (Keil and DeLander, 1992),
although there are some studies indicating the opposite (for
review see Sawynok and Liu, 2003). There is also controversy
on the location of the antinociceptive effect of adenosine
agonists. Many studies show that adenosine Al receptor
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agonists are involved in spinal cord-mediated antinociception
(Karlsten et al., 1991; Reeve and Dickenson, 1995; Lee and
Yaksh, 1996; Sawynok and Liu, 2003), especially in situations
of sensitization. In fact, adenosine Al receptors are highly
concentrated on dorsal horn neurons (Geiger et al., 1984;
Choca et al., 1988), and the spinal application of Al receptor
agonists induces a potent antinociceptive effect (Lee and
Yaksh, 1996; Sawynok, 1998), including an important inhibi-
tion of the wind-up phenomenon (Reeve and Dickenson, 1995;
Suzuki et al., 2000). Adenosine Al receptors, however, are
present in most areas of the brain (see Ribeiro et al., 2003 for
review) and supraspinal inhibitory activity of the adenosine Al
system has been suggested by electroencephalography (Fulga
and Stone, 1998) and other techniques (Phillis et al., 1975;
Uchimura and North, 1991). Supporting a supraspinal anti-
nociceptive activity of adenosine is a study made in our lab
(Ramos-Zepeda et al., 2004) in which we observed that the
adenosine Al receptor selective agonist N6-cyclopentyladeno-
sine (CPA) was a very effective antinociceptive drug after
systemic administration in adult rats with an intact spinal cord,
but not in animals with the spinal cord transected. This
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observation indicated that, in our hands, the main action of
systemic CPA was located supraspinally in adult rats or, at
least, that the presence of supraspinal modulation is essential
for the antinociceptive actions mediated by the adenosine Al
system in the adult animal.

Controversial results on the antinociceptive and antihyper-
algesic activity resulting from the activation of adenosine Al
receptors might derive from the differences in the ligands
utilized, in the experimental conditions and in the routes of
administration. The aim of the present study was to investigate
the influence of the spinal cord sensitization on the antinoci-
ceptive activity of the adenosine A1 receptor agonist CPA, and
the duration of its effect, in the absence and in the presence of
monoarthritis and neuropathy using the same experimental
protocol of stimulation and the same technique of evaluation of
antinociception. In order to avoid differences due to the lack of
supraspinal receptor activation, the antinociceptive activity of
CPA was evaluated after systemic administration. Spinal cord
nociceptive activity was elicited by noxious mechanical
stimulation and by high intensity repetitive electrical stimula-
tion that triggers the centrally mediated phenomenon of wind-
up. An additional aim was to examine whether adenosine
receptor activation is involved in the modulation of the wind-
up phenomenon in the three experimental conditions, in order
to discriminate a peripheral from a central action (Herrero et
al., 2000).

2. Methods

The antinociceptive activity of the Al receptor selective
agonist N6-cyclopentyladenosine (CPA) was studied in elec-
trophysiological experiments performed on 19 adult male
Wistar rats weighing 225-380 g, that were divided into three
groups: i) normal animals (n=06), ii) animals with carrageenan-
induced monoarthritis (#=6) and iii) animals with mono-
neuropathy (n=7). Monoarthritis was induced 16 h before the
experiment under halothane anesthesia (5% in oxygen for
induction and 2% for maintenance) by the injection of 50 ul of
carrageenan N\ (Sigma, 10 mg/ml, in distilled water) into the
right knee cavity. The degree of articular inflammation
produced by carrageenan was assessed by comparing the
knee perimeter before and 16 h after the induction of
inflammation. Mononeuropathy was induced seven days
before the experiment under the same halothane regime
following the partial sciatic nerve ligation technique (Seltzer
et al,, 1990), a ligation that induces mechanical allodynia,
heat-evoked hyperalgesia, and spontaneous pain, which are
present for up to 7 months. The development of hyperalgesia
induced by the sciatic nerve ligation was assessed by
behavioral experiments, studying withdrawal reflex responses
evoked by mechanical and thermal stimulation. The frequency
of withdrawal reflex responses to mechanical stimulation was
studied by applying von Frey filaments. A response was
considered as positive when a withdrawal of the paw due to
the application of the stimulus was observed. The methods
were adapted from those described by Gilchrist et al. (1996)
and have been described in detail elsewhere (Mazario et al.,

2001). The rats were placed on a raised wire mesh grid under
plastic chambers. Six von Frey filaments (60, 80, 100, 200,
300 and 500 mN) were applied ten times for approximately 1 s
to the plantar surface of each hind paw in an ascending series.
The frequency of paw withdrawal was calculated for each
filament. Thermal hyperalgesia was assessed by measuring
paw withdrawal latencies to 55 °C radiant heat generated by
an algesimeter (Ugo Basile plantar test, Hargreaves et al.,
1988). Animals were placed in a clear plastic chamber and
were allowed to accommodate to the testing apparatus for 5
min. Two consecutive thermal stimuli were applied to each of
the paws with an interval of 2—3 min between tests and the
maximum cutoff time was set to 17 s to avoid tissue damage.
Control tests were established previous to the nerve ligation.
Further tests were made at 1, 4 and 7 days after the induction
of neuropathy.

The preparatory surgery for electrophysiological experi-
ments was performed under halothane anesthesia (5% in
oxygen for induction and 2% for maintenance) and consisted
of the cannulation of the trachea, two superficial branches of
the jugular veins (for the administration of anesthesia and
drugs) and one carotid artery. Details of methods have been
described previously (Herrero and Headley, 1991; Solano and
Herrero, 1997). Halothane was discontinued after surgery and
the anesthesia was maintained with a-chloralose (50 mg/kg for
induction and 25 mg/kg/h, by perfusion pump, for maintenance
in a rate of 1 ml/h to assure a correct animal hydration). Core
temperature was maintained at 37+0.5 °C by means of
feedback controlled blanket. Blood pressure was monitored
continuously and systolic levels were always above 100 mm
Hg before the administration of the drug. In all cases the
preparation was left to rest for at least 1 h after the surgery
before any drug was tested.

The recording of withdrawal reflexes as single motor units
(SMUs) has been used to test the analgesic activity of different
drugs and has been described in detail several times (Herrero
and Headley, 1991; Romero-Sandoval et al., 2003; Gaitan et
al., 2003; Ramos-Zepeda et al., 2004). Briefly, SMU activity
was recorded from hind limb muscles by means of a bipolar
Teflon-coated tungsten electrode. Activity was elicited in 3 min
cycles consisting of noxious mechanical stimulation (10 s, 200
mN above threshold over 14 mm?) and one train of
percutaneous electrical stimuli (2 ms pulse width, 1 Hz and
twice the threshold intensity for the recruitment of C-fibers)
applied to the most sensitive area of the cutaneous receptive
field of the unit (Protocol of stimulation in Fig. 1). Mechanical
stimulation was performed by a computer-controlled pincher
device. The threshold force was considered as the minimum
force required to trigger a sustained nociceptive reflex over the
period of 10 s of stimulation. Only units with a steady firing
rate were selected for experiments. Electrical stimulation was
used to study the phenomenon of wind-up (see Herrero et al.,
2000 for review). Data from electrical stimulation were
analyzed by counting the responses evoked between 150 and
650 ms after each pulse, considered as C-fiber mediated
inputs. At the end of the experiments the animals were killed
with an overdose of sodium pentobarbital (Euta-Lender,
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Fig. 1. Original recordings of three different single motor units previous to and after the administration of iv. cumulative doses of CPA in normal (A), arthritic (B) and
neuropathic animals (C). Units were activated in 3 min cycles by 10 s of noxious mechanical stimulation and 16 electrical pulses (2 ms pulse width, 1 Hz and twice
the threshold intensity for the recruitment of C-fibers). CPA was administered iv. in log2 cumulative doses every two cycles of stimulation (6 min) from 10 to 320 pg/
kg. The administration of CPA dose-dependently reduced the nociceptive responses in the three experimental conditions.

Normon). All experiments in this study were undertaken in
accordance with European Union legislation (European
Community Council Directive of 24 November 1986; 86/
609/EEC) regarding the uses of animals for experimental
protocols and all efforts were made to reduce the number of
animals used.

CPA (Sigma) was dissolved in DMSO (Sigma) 0.5 pg/ul and
diluted in saline. The drugs were prepared everyday, immedi-
ately before the administration, and were injected in cumulative
log2 regime every 2 cycles of stimulation (6 min) in a total and
constant volume of 0.3 ml. The initial dose used was 10 ng/kg
and the highest dose was 320 pg/kg (Fig. 1 illustrates the
protocol of stimulation and administration of drugs). The
administration of each dose of CPA was made very slowly, for
a minimum time of 3 min so as to minimize the effect on blood
pressure. The effect of the highest cumulative dose was studied
for a minimum of 30 min. Data are presented as percentage of
control, control being the average of the three responses
previous to the administration of the drug (mean+s.e.m.). Drug
effect was assessed with the one-way analysis of variance
(ANOVA) with post hoc Dunnett’s test.

3. Results

The mean forces used for mechanical stimulation in the
three experimental groups were 1.1+0.1 N in normal animals,
0.92£0.1 N in arthritic animals and 1.2+0.1 N in animals with
neuropathy. The mean intensities of electrical stimulation were
3.6+1.1,2.3£0.4 and 3.4+0.8 mA, respectively. No significant
differences in the intensity of stimulation were observed in the
three experimental groups. Mean control number of responses
elicited by noxious mechanical stimulation was also very
similar and no significantly different: 356+42 spikes in the
normal situation, 326 £46 spikes in arthritis and 312 £ 14 spikes
in neuropathy. The injection of carrageenan induced a
significant increase of the knee circumference (64+1.1 to
75+1.3 mm; P<0.01; Fig. 2). Likewise, the induction of
neuropathy enhanced the number of responses to mechanical
stimulation (P<0.01; Fig. 2) and reduced the latency to
noxious thermal stimulation (P <0.01; Fig. 2).

The administration of iv. cumulative doses of CPA reduced
dose-dependently the responses of SMUs to noxious mechan-
ical stimulation in the three experimental groups (Figs. 1 and
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Fig. 2. Induction of sensitization. (A) The administration of 50 pl of
carrageenan in the knee joint induced an evident inflammation. The
circumference of the knee increased significantly 16 h after the injection of
carrageenan. Neuropathy was induced seven days before the experiment
following the partial sciatic nerve ligation technique. (B) Mechanical
hyperalgesia was studied by applying a series of von Frey filaments previous
to and at days 1, 4 and 7 after the nerve ligation. (C) Thermal hyperalgesia was
assessed by measuring paw withdrawal latencies to 55 °C radiant heat using a
similar timing. An intense mechanical and thermal hyperalgesia was observed
in all tests made after the induction of neuropathy (*P<0.05, **P<0.01,
comparison vs. control response with the one-way ANOVA, with the post hoc
Dunnett’s test).
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Fig. 3. Pooled data of the antinociceptive effect of CPA in responses to noxious
mechanical stimulation. The iv. administration of CPA induced a dose-
dependent inhibition of responses to noxious mechanical stimulation in the
three experimental groups. The calculated ID50s were of 20+ 1.2 mg/kg in the
normal situation, 18+ 1.1 mg/kg in arthritis and 17.4+2 mg/kg in neuropathy.
The effect was still significant 30 min after the administration of CPA.
Statistical significance and layout as for Fig. 2.

3). The calculated ID50s were of 20+1.2 pg/kg in the normal
situation, 18*1.1 pg/kg in arthritis and 17.4+2 pg/kg in
neuropathy. No significant differences were observed, both in
the potency and effectiveness of CPA, in the three groups. The
effect of CPA was still significant 30 min after administration in
the three situations (Fig. 3). All the units studied showed a
progressive increment of the number of spikes with repetitive
electrical stimulation (wind-up). The phenomenon of wind-up
was significantly and dose-dependently reduced by CPA in the
three experimental situations but with a different intensity.
Only a partial inhibition of wind-up (53%=+14% of control,
P<0.01) was observed in the normal situation. In arthritis,
CPA induced a full inhibition (16%+5% of control, P<0.01)
of wind-up, whereas in neuropathy, the level of reduction was
somehow in between the other two situations (38%+18% of
control, P<0.01) (Fig. 4). Depression of wind-up was still
significant 30 min after the injection of CPA in the normal and
arthritic situation but not in neuropathy (Fig. 3). Despite the
slow administration of CPA, a strong depression of blood
pressure was observed in all cases: 24%*4% of control in the
normal situation, 26% £ 3% of control in arthritis and 26%+4%
of control in neuropathy with the highest dose used. The effect
of CPA on blood pressure was not dose-dependent and the
depression of blood pressure observed with the highest
cumulative dose was not significantly different of that observed
with the lowest dose used (41%+6% of control in the normal
situation, 40%*6% of control in arthritis and 43%+6% of
control in neuropathy). A recovery of blood pressure above
50% was always observed 30 min after the administration of
CPA.

4. Discussion

The main observation made in the present experiments is the
intense and dose-dependent inhibition of nociceptive responses
caused by the systemic administration of the adenosine Al
receptor agonist, CPA, in the acute nociceptive situation and in
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Fig. 4. Effect of CPA on wind-up responses. The administration of CPA dose-
dependently reduced the wind-up phenomenon in the three experimental
conditions. The effect was partial in acute nociception (normal, 53%* 14% of
control) and more intense in arthritis (16%*5% of control) and neuropathy
(38%+18% of control). Statistical significance and layout as for Fig. 2 (Only
some doses are shown for clarity).

situations of sensitization due to articular inflammation and
neuropathy. The administration of carrageenan induced an
intense inflammation of the knee joint, indicating the develop-
ment of inflammation and, therefore, sensitization. The level of
inflammation was similar to that observed in previous studies
and was associated to an intense hyperalgesia (Herrero and
Cervero, 1996a,b). Behavioral experiments, in turn, showed an
intense level of hyperalgesia to both mechanical and thermal
stimulation, similar to that observed in previous experiments
(Seltzer et al., 1990), indicating the presence of neuropathy-

induced sensitization. The recording of nociceptive withdrawal
reflexes as single motor units is a technique that allows the
recording of direct spinal cord neuronal responses with a
minimum of preparatory surgery, and that has been shown to be
useful in this type of studies (Herrero and Headley, 1991;
Herrero and Solano, 1999; Mazario et al., 1999, 2001; Romero-
Sandoval et al., 2002). In addition, the current protocol allowed
us to test for analgesic effects of an adenosine Al receptor
agonist on similar experimental conditions and on different
situations of spinal cord sensitization, as well as distinguishing
effects mediated at peripheral nociceptor endings from those
occurring centrally. Natural stimulation of the skin is trans-
duced by nociceptors, and thus analgesic agents acting either in
the periphery or centrally will reduce nociceptive responses.
Electrical stimulation, however, bypasses nociceptors and
directly activates afferent axons, thus analgesics acting on
nociceptors will have no effect on responses to electrical
stimulation.

In the present study, the effectiveness and potency of CPA
were very similar in the three experimental conditions showing
that the activation of adenosine Al receptors triggers an
important antinociception, which is independent of the
presence or absence, intensity or type of central sensitization.
The effect was also of long duration, since only a low recovery
was observed 30 min after the administration and was effective
in responses to both mechanical and electrical stimulation. A
depressive action of adenosine analogues on wind-up has been
previously described in situations of central sensitization after
direct spinal cord (Reeve and Dickenson, 1995; Suzuki et al.,
2000) or systemic administration (Ramos-Zepeda et al., 2004).
To our knowledge, this is the first study to show that CPA
depresses wind-up after systemic administration in acute
nociception as well as in sensitization due to arthritis and
neuropathy. An action at central sites is supported by the strong
effect exerted on the wind-up phenomenon. In this phenom-
enon, repetitive electrical stimulation induces a progressive
increase of nociceptive responses from spinal cord neurons
(Herrero et al., 2000, and references within) and is mediated by
NMDA (Davies and Lodge, 1987; Dickenson and Sullivan,
1987) and NK1 receptors (De Felipe et al., 1998). A reduction
of wind-up implies an inhibitory action of the circuitry
involved in its generation, which is located in the central
nervous system, at spinal cord level (see Herrero et al., 2000
for further discussion), although a modulation of the system by
higher levels in the CNS is also possible (Herrero and Cervero,
1996b). The effect of CPA, therefore, takes place presumably at
central sites rather than in the periphery.

The antinociceptive activity of CPA was accompanied by an
intense depression of blood pressure, as reported previously. In
fact, it is well known that adenosine is a potent modulator of
cardiovascular function and produces hypotension and brady-
cardia when administered systemically (Barraco et al., 1987;
Evoniuk et al., 1987). These effects have been thought to be
mediated at adenosine receptors localized both in central areas
of the nervous system and in the periphery. However, a recent
study shows that cardiovascular actions produced by CPA and
other adenosine analogues are preferentially mediated by
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peripheral adenosine A1 receptors, with little or no contribution
of central adenosine Al receptors (Schindler et al., 2005). This
finding supports that the antinociceptive activity observed in
our experiments is independent of the cardiovascular depres-
sion. In addition, the depression of blood pressure observed in
the present study was not dose-dependent and the level of
hypotension observed was similar with all the doses studied
and totally disparate to the reduction of nociceptive activity.
This also supports a lack of relationship between the inhibition
of nociception and the depression of cardiovascular function.

In conclusion, our results show that CPA is a potent and
effective analgesic agent in situations of sensitization due to
arthritis and neuropathy but also in the acute nociceptive
situation after intravenous administration. The effect is
independent of the cardiovascular activity and is mediated at
central sites since wind-up was greatly inhibited.

Acknowledgements

This work was supported by a grant from the Comunidad de
Madrid (grant GR/SAL/0815/2004). M. Mar Curros-Criado is a
fellow of the University of Alcala.

References

Barraco RA, Marcantonio DR, Phillis JW, Campbell WR. The effects of
parenteral injections of adenosine and its analogs on blood pressure and
heart rate in the rat. Gen Pharmacol 1987;18:405—16.

Choca JI, Green RD, Proudfit HK. Adenosine Al and A2 receptors of the
substantia gelatinosa are located predominantly on intrinsic neurons: an
autoradiography study. J Pharmacol Exp Ther 1988;247:757—64.

Davies SN, Lodge D. Evidence for the involvement of N-methylaspartate
receptors in ‘wind-up’ of class 2 neurones in the dorsal horn of the rat.
Brain Res 1987;424:402-6.

De Felipe C, Herrero JF, O’Brieny JA, Palmery JA, Doyley CA, Smith AJH, et
al. Altered nociception, analgesia and aggression in the mice lacking the
substance P receptor. Nature 1998;392:394 7.

De Vry J, Kuhl E, Franken-Kunkel P, Eckel G. Pharmacological characteriza-
tion of the chronic constriction injury model of neuropathic pain. Eur J
Pharmacol 2004;491:137—48.

Dickenson AH, Sullivan AF. Evidence for a role of the NMDA receptor in the
frequency dependent potentiation of deep rat dorsal horn nociceptive
neurones following C fibre stimulation. Neuropharmacology 1987;26:
1235-8.

Dickenson AH, Suzuki R, Reeve AJ. Adenosine as a potential analgesic target
in inflammatory and neuropathic pains. CNS Drugs 2000;13:77—85.

Evoniuk G, Von Borstel RW, Wurtman RJ. Antagonism of the cardiovascular
effects of adenosine by caffeine or 8-(p-sulfophenyl)theophylline.
J Pharmacol Exp Ther 1987;240:428—32.

Fulga I, Stone TW. Comparison of an adenosine Al receptor agonist and
antagonist on the rat EEG. Neurosci Lett 1998;244:55-9.

Gaitan G, Del Soldato P, Herrero JF. Subeffective doses of dexketoprofen
trometamol or nitroparacetamol enhance the effectiveness of fentanyl in
responses to noxious mechanical stimulation and wind-up. Eur J Pharmacol
2003;481:181-8.

Geiger JD, LaBella FS, Nagy JI. Characterization and localization of adenosine
receptors in rat spinal cord. J Neurosci 1984;4:2303—10.

Gilchrist DH, Allard BL, Simone DA. Enhanced withdrawal responses to heat
and mechanical stimuli following intraplantar injection of capsaicin in rats.
Pain 1996;67:179—88.

Hargreaves K, Dubner R, Brown F, Flores C, Joris J. A new and sensitive
method for measuring thermal nociception in cutaneous hyperalgesia. Pain
1988;32:77-88.

Herrero JF, Cervero F. Changes in nociceptive reflex facilitation during
carrageenan-induced arthritis. Brain Res 1996a;717:62—8.

Herrero JF, Cervero F. Supraspinal influences on the facilitation of rat
nociceptive reflexes induced by carrageenan monoarthritis. Neurosci Lett
1996b;209:21—-4.

Herrero JF, Headley PM. The effects of sham and full spinalization on the
systemic potency of - and k-opioids on spinal nociceptive reflexes in rats.
Br J Pharmacol 1991;104:166—70.

Herrero JF, Solano RE. The antinociceptive effect of the p-opioid fentanyl is
reduced in presence of the a2-adrenergic antagonist idazoxan in inflam-
mation. Brain Res 1999;840:106—14.

Herrero JF, Laird JMA, Lopez-Garcia JA. Wind-up of spinal cord neurons
and pain sensation: much ado about something? Prog Neurobiol 2000;
61:169-203.

Karlsten R, Post C, Hide I, Daly JW. The antinociceptive effect of intrathecally
administered adenosine analogs in mice correlates with the affinity for the
Al-adenosine receptor. Neurosci Lett 1991;121:267—70.

Keil GJ, DeLander GE. Spinally-mediated antinociception is induced in mice
by an adenosine kinase-, but not by an adenosine deaminase-, inhibitor. Life
Sci 1992;51:171 6.

Lee YW, Yaksh TL. Pharmacology of the spinal adenosine receptor which
mediates the antiallodynic action of intrathecal adenosine agonists.
J Pharmacol Exp Ther 1996;277:1642—8.

Mazario J, Roza C, Herrero JF. The NSAID dexketoprofen trometamol is as
potent as p-opioids in the depression of wind-up and spinal cord
nociceptive reflexes in normal rats. Brain Res 1999;816:512—7.

Mazario J, Gaitan G, Herrero JF. Cicloxygenase-1 versus cicloxygenase-2
inhibitors in the induction of antinociception in rodent withdrawal reflexes.
Neuropharmacology 2001;40:937—45.

Phillis JW, Kostopoulos GK, Limacher JJ. A potent depressant action of
adenine derivatives on cerebral cortical neurones. Eur J Pharmacol 1975;
30:125-9.

Ramos-Zepeda G, Schroder W, Rosenow S, Herrero JF. Spinal vs supra-
spinal antinociceptive activity of the adenosine A(l) receptor agonist
cyclopentyl-adenosine in rats with inflammation. Eur J Pharmacol 2004;
499:247-56.

Reeve AJ, Dickenson AH. The roles of spinal adenosine receptors in the control
of acute and more persistent nociceptive responses of dorsal horn neurones
in the anaesthetized rat. Br J Pharmacol 1995;116:2221-8.

Ribeiro JA, Sebastiao AM, Mendoca A. Adenosine receptors in the
nervous system: pathophysiological implications. Prog Neurobiol 2003;
68:377-92.

Romero-Sandoval EA, Mazario J, Howat D, Herrero JE. NCX-701 (nitropar-
acetamol) is an effective antinociceptive agent in rat withdrawal reflexes
and wind-up. Br J Pharmacol 2002;135:1556—62.

Romero-Sandoval EA, Del Soldato P, Herrero JF. The effects of sham and full
spinalization on the antinociceptive effects of NCX-701 (nitroparacetamol)
in monoarthritic rats. Neuropharmacology 2003;45:412-9.

Sawynok J. Adenosine receptor activation and nociception. Eur J Pharmacol
1998;347:1—-11.

Sawynok J, Liu XJ. Adenosine in the spinal cord and periphery: release and
regulation of pain. Prog Neurobiol 2003;69:313—40.

Schindler CW, Karcz-Kubicha M, Thorndike EB, Muller CE, Tella SR, Ferre S,
et al. Role of central and peripheral adenosine receptors in the cardiovas-
cular responses to intraperitoneal injections of adenosine Al and A2A
subtype receptor agonists. Br J Pharmacol 2005;144:642—50.

Seltzer Z, Dubner R, Shir Y. A novel behavioral model of neuropathic pain
disorders produced in rats by partial sciatic nerve injury. Pain 1990;
43:205-18.

Solano RE, Herrero JF. Cutaneous responsiveness of rat single motor units
activated by natural stimulation. J Neurosci Methods 1997;73:135-40.

Suzuki R, Gale A, Dickenson AH. Altered effects of an Al adenosine receptor
agonist on the evoked responses of spinal dorsal horn neurones in a rat
model of mononeuropathy. J Pain 2000;1:99—110.

Uchimura N, North RA. Baclofen and adenosine inhibit synaptic potentials
mediated by gamma-aminobutyric acid and glutamate release in rat nucleus
accumbens. J Pharmacol Exp Ther 1991;258:663—8.



	The antinociceptive effects of the systemic adenosine A1 receptor agonist CPA in the absence and in the presence of spinal cord sensitization
	Introduction
	Methods
	Results
	Discussion
	Acknowledgement
	References


