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Adenosine A receptors modulate haloperidol-induced catalepsy in rats2
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Abstract

The effect of adenosine A and A receptor agonists and antagonists was investigated on haloperidol-induced catalepsy in rats.1 2
Ž .Pretreatment i.p. with the non-selective adenosine receptor antagonist, theophylline, or the selective adenosine A receptor antagonist,2

Ž .3,7-dimethyl-1-propargylxanthine DMPX , significantly reversed haloperidol-induced catalepsy, whereas the selective adenosine A1

receptor antagonists, 8-phenyltheophylline and 8-cyclopentyl-1,3-dipropylxanthine produced no effect. Similar administration of the
X Ž . X Ž .adenosine A receptor agonists, 5 - N-cyclopropyl -carboxamidoadenosine and 5 -N-ethylcarboxamidoadenosine NECA , and the mixed2

6 Ž .agonists with predominantly A site of action, N - 2-phenylisopropyl adenosine or 2-chloroadenosine, potentiated haloperidol-induced1

catalepsy. Higher doses of the adenosine agonists produced catalepsy when given alone. However, N 6-cyclopentyladenosine, a highly
selective adenosine A receptor agonist, was ineffective in these respects. The per se cataleptic effect of adenosine agonists was blocked1

by DMPX and the centrally acting anticholinergic agent, scopolamine. Scopolamine also attenuated the potentiation of haloperidol-in-
duced catalepsy by adenosine agonists. Further, i.c.v. administration of NECA and DMPX produced a similar effect as that produced after
their systemic administration. These findings demonstrate the differential influence of adenosine A and A receptors on haloperidol-in-1 2

duced catalepsy and support the hypothesis that the functional interaction between adenosine and dopamine mechanisms might occur
through adenosine A receptors at the level of cholinergic neurons. The results suggest that adenosine A , but not A , receptor2 2 1

antagonists may be of potential use in the treatment of Parkinson’s disease.
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1. Introduction

Adenosine is known to mediate its effects through four
major receptor subtypes, termed A , A , A and A1 2A 2B 3
Ž .Palmer and Stiles, 1995 . An interesting feature of adeno-
sine A receptors is their co-expression and ability to2A

interact with dopamine D receptor sites in the brain.2

While adenosine A receptors are widely expressed in1
Ž . Ždifferent areas of the central nervous system CNS Mahan

.et al., 1991; Reppert et al., 1991 , adenosine A receptors2A

are almost exclusively localized in dopamine-innervated
areas of the CNS such as striatum, nucleus accumbens and

Žolfactory tubercle Fink et al., 1992; Schiffmann et al.,
.1991 . Activation of adenosine A receptors reduces the2A

affinity of ligands for dopamine D receptor agonist bind-2
Ž .ing sites in striatal membranes Ferre et al., 1991c . In

behavioural studies, several lines of evidence have re-
vealed that adenosine A receptors can modulate striatal2A

processes involved in the control of locomotor activity

) Ž . Ž .Corresponding author. Tel.: 91-712 222-943; Fax: 91-712 521-746.

ŽBarraco and Bryant, 1987; Barraco et al., 1993; Durcan
. Ž .and Morgan, 1989 and stereotypy Barraco, 1991 . More-

over, stimulation of central adenosine A receptors by2A
Ž .intracerebroventricular Ferre et al., 1991b or systemic

Ž .Zarrindast et al., 1993 administration of adenosine ago-
nists is reported to induce catalepsy in laboratory animals.
Furthermore, the non-selective adenosine receptor antago-
nist, theophylline, and the selective adenosine A recep-2A

tor antagonist, KF17837, have been shown to antagonize
Žhaloperidol-induced catalepsy Casas et al., 1988; Kanda et

.al., 1994 , an animal model for Parkinson’s disease
Ž .Hornykiewicz, 1973 . Recently, theophylline has been
shown to improve motor scores and mental well-being of

Ž .parkinsonian patients Mally and Stone, 1994 .
The region-specific distribution of adenosine A and1

A receptors and their differential physiological functions2A
Ž .Brown et al., 1990; Jin et al., 1993 appear to confer
selectivity in the regulation of behaviour by these receptors
Ž .Jain et al., 1995; Normile and Barraco, 1991 . However,
the functional role of these subtypes of receptors in the
extrapyramidal system has not been documented. There-
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fore, the present investigations were designed to examine
the effect of adenosine A and A receptor agonist and1 2

antagonists on catalepsy induced by haloperidol, an an-
tipsychotic agent with dopamine receptor-blocking activ-
ity. In view of the regulation of striatal cholinergic trans-

Žmission by adenosine A receptors Kurokawa et al.,2A
.1996 , the study was extended to explore the possibility of

an interaction between adenosine and dopamine through
the cholinergic system.

2. Materials and methods

2.1. Animals

Male Wistar rats weighing 150–200 g maintained on a
12r12 h lightrdark cycle were used. Food and water were
continuously available in the home cages. All the experi-
ments were carried out between 08:00 and 14:00 h.

2.2. Measurement of catalepsy

Catalepsy of an individual rat was measured in a step-
wise manner by a scoring method as described below
Ž .Kulkarni et al., 1980 . The method assessed the ability of
an animal to respond to an externally imposed posture.
Step I – The rat was taken out of the home cage and
placed on a table. If the rat failed to move when touched
gently on the back or pushed, a score of 0.5 was assigned.
Step II – The front paws of the rat were placed alternately
on a 3-cm high block. If the rat failed to correct the
posture within 15 s, a score of 0.5 for each paw was added
to the score of step I. Step III – The front paws of the rat
were placed alternately on a 9-cm high block. If the rat
failed to correct the posture within 15 s, a score of 1 for
each paw was added to the scores of step I and II. Thus,

Ž .for an animal, the highest score was 3.5 cut-off score and
reflects total catalepsy.

2.3. Drugs and solutions

ŽDrugs used in the present study were haloperidol Searle
.India , theophylline, 3,7-dimethyl-1-propargylxanthine

Ž .DMPX , 8-phenyltheophylline, 8-cyclopentyl-1,3-dipro-
Ž . X Ž .pylxanthine DPCPX , 5 - N-cyclopropyl -carboxamidoa-
Ž . Xdenosine CPCA , 5 -N-ethylcarboxamidoadenosine

Ž . 6 Ž . Ž .NECA , N - 2-phenylisopropyl adenosine R-PIA , 2-
6 Ž . Žchloroadenosine, N -cyclopentyladenosine CPA all from

.Research Biochemicals International, Natick, MA, USA
Ž .and scopolamine HBr Sigma, St. Louis, MO, USA .

Haloperidol was obtained in an injectable form. 8-Phen-
yltheophylline and DPCPX were dispensed in a 1% car-
boxymethylcellulose suspension. CPCA was dissolved in
slightly acidified saline. All other drugs were dissolved in
normal saline.

2.4. Drug treatment

All drugs were injected i.p., unless mentioned other-
wise. Catalepsy was induced by haloperidol and measured
every 30 min up to 3 h following its administration. In
some experiments, adenosine receptor agonistsrantagonists
were given 30 min prior to haloperidol or vehicle, in order
to test the effect of these agents on catalepsy. In similarly
designed other experiments, the anticholinergic agent,
scopolamine, was given alone or simultaneously with
adenosine agonists, 30 min before haloperidol or the vehi-
cle treatment.

NECA and DMPX were also infused i.c.v. in some
experiments to eliminate their systemic effects. For stereo-
taxic surgery rats were anaesthetized with sodium pento-

Ž .barbital 50 mgrkg, i.p. and mounted in a stereotaxic
Ž . Žframe Inco, Ambala, India . A stainless steel canula outer

.diameter 0.75 mm was implanted into the right lateral
ventricle of each rat at coordinates 0.8 mm posterior to
bregma, 1.8 mm lateral from midline and 3.3 mm ventral
from the surface of the skull according to the atlas of

Ž .Paxinos and Watson 1985 . The canula was fixed to the
skull with dental cement. After surgery the animals were
kept in separate cages and a recovery period of 5–6 days
was allowed before the start of experiments. In one group
of these animals, catalepsy was induced by i.c.v. infusion

Ž .of NECA 2.5 and 3.5 mgrrat . In other groups, DMPX
Ž . Ž .50 mgrrat , NECA 0.02 mgrrat or saline was infused

Ži.c.v. at 90 min after intraperitoneal haloperidol 0.5
.mgrkg treatment and the peak catalepsy was assessed 60

min thereafter. The per se effect of these doses of NECA
and DMPX at 60 min was also examined in a different
group of animals. The injection volume of 4 ml was
maintained for the i.c.v. infusion.

At the end of i.c.v. experiments, injection sites were
verified by injecting the equivalent volume of 1% methy-
lene blue and eventually examining the brain sections for
the presence of dye in the ventricle. The present study used
the data only from those animals in which canula place-
ment occurred at the target coordinates.

2.5. Statistical analysis

The data were analysed using Kruskal-Wallis one-way
ANOVA with differences between rank means being as-
sessed using the non-parametric Mann-Whitney U-test. A
value of P-0.05 was considered to be statistically signif-

Ž .icant Siegel, 1956 .

3. Results

3.1. Cataleptic effect of haloperidol and its reÕersal by
adenosine antagonists

Haloperidol at 0.5 and 1 mgrkg doses produced signifi-
cant catalepsy in rats. The onset of the response was
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Fig. 1. Effects of theophylline or DMPX on haloperidol-induced catalepsy
in rats. Theophylline, DMPX, or saline in the control group, was i.p.

Ž .injected 30 min prior to haloperidol 1 mgrkg, i.p. and catalepsy was
recorded at 30, 60, 90, 120, 150 and 180 min after haloperidol treatment.

Ž . Ž . Ž . Ž .Groups are: A control ^ , theophylline 4 I , 8 k and 12 mgrkg
Ž . Ž . Ž . Ž . Ž . Ž .B ; B control ^ , DMPX 1 ' , 1.5 V and 2 mgrkg v . Each
point represents mean"S.E.M. for 6 rats per group. ) P -0.05, Mann-
Whitney U-test.

evident 30 min after drug administration and reached a
maximum at 150 min. Prior administration of the non-

Žselective adenosine receptor antagonist, theophylline 4, 8
.and 12 mgrkg , or the selective adenosine A receptor2

Fig. 2. Effects of subthreshold doses of the A agonists, NECA and2

CPCA, or the predominantly A agonists, R-PIA and 2-chloroadenosine,1

and a combination of each of these drugs with scopolamine on haloperi-
dol-induced catalepsy in rats. Adenosine agonists, or saline in the control

Žgroup, were i.p. administered 30 min prior to haloperidol 0.5 mgrkg,
. Ž .i.p. . Scopolamine 0.10 mgrkg, i.p. was given simultaneously when

combined with the adenosine agonists. Catalepsy was recorded at 30, 60,
Ž .90, 120, 150 and 180 min after haloperidol treatment. Groups are: A

Ž . Ž . Ž .control e , controlqscopolamine = , NECA 0.05 mgrkg ' , scopo-
Ž . Ž .lamineqNECA 0.05 mgrkg ^ , CPCA 0.07 mgrkg % , scopolamine

Ž . Ž . Ž . Ž .qCPCA 0.07 mgrkg \ ; B control e , R-PIA 0.25 mgrkg v ,
Ž .scopolamineqR-PIA 0.25 mgrkg ` , 2-chloroadenosine 0.20 mgrkg

Ž . Ž .B , scopolamineq2-chloroadenosine 0.20 mgrkg I . Each point rep-
resents mean"S.E.M. for 6 rats per group. ) P -0.05, Mann-Whitney
U-test.

Table 1
Ž .The effect of adenosine A receptor antagonists, 8-phenyltheophylline and DPCPX on haloperidol 0.5 mgrkg, i.p. -induced catalepsy in rats1

Ž . Ž .Treatment Dose mgrkg Catalepsy score at different time intervals min after haloperidol treatment

30 60 90 120 150 180

Salineqhaloperidol 0.5 0.00"0.00 0.42"0.09 0.58"0.09 1.17"0.12 1.50"0.00 1.33"0.12
8-Phenyltheophyllineqhaloperidol 0.5q0.5 0.00"0.00 0.58"0.17 0.67"0.18 1.17"0.18 1.42"0.09 1.25"0.12

2.5q0.5 0.17"0.12 0.67"0.23 0.83"0.12 1.33"0.12 1.50"0.00 1.33"0.12
10.0q0.5 0.00"0.00 0.67"0.23 0.83"0.18 1.25"0.34 1.58"0.22 1.25"0.19

DPCPXqhaloperidol 0.5q0.5 0.00"0.00 0.33"0.12 0.50"0.14 1.08"0.17 1.42"0.09 1.17"0.12
2.5q0.5 0.00"0.00 0.25"0.12 0.33"0.12 1.00"0.00 1.33"0.12 1.17"0.12

10.0q0.5 0.00"0.00 0.50"0.20 0.67"0.12 1.08"0.09 1.67"0.18 1.25"0.14

8-Phenyltheophylline, DPCPX, or saline in the control group, was i.p. injected 30 min prior to haloperidol treatment. Each value represents mean"S.E.M.
for 6 rats per group. Comparisons between different groups at their respective time intervals found no significant difference, P-0.05, Mann-Whitney
U-test.
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Fig. 3. Effect of CPA on haloperidol-induced catalepsy in rats. CPA, or
saline in the control group, was i.p. injected 30 min prior to haloperidol
Ž .0.5 mgrkg, i.p. and catalepsy was recorded at 30, 60, 90, 120, 150 and

Ž .180 min after haloperidol treatment. Groups are: control e , CPA 0.25
Ž . Ž .^ and 1.0 mgrkg I . Each point represents mean"S.E.M. for 6 rats
per group.

Ž .antagonist, DMPX 1, 1.5 and 2 mgrkg , reversed
Ž .haloperidol 1 mgrkg -induced catalepsy in a dose-depen-
Ž .dent manner Fig. 1 . In contrast to this, the selective

adenosine A receptor antagonists, 8-phenyltheophylline1
Ž . Ž0.5, 2.5 and 10 mgrkg and DPCPX 0.5, 2.5 and 10

. Ž .mgrkg , produced no effect on haloperidol 0.5 mgrkg -
Ž .induced catalepsy Table 1 . None of the adenosine antag-

onists alone had any effect.

3.2. Potentiation of haloperidol-induced catalepsy by
adenosine agonists and its reÕersal by scopolamine

Pretreatment with subthreshold doses of the selective
Ž .adenosine A receptor agonists, CPCA 0.07 mgrkg and2

Ž .NECA 0.05 mgrkg , or the mixed agonists with predomi-
Ž .nantly adenosine A receptor activity, R-PIA 0.25 mgrkg1

Ž .and 2-chloroadenosine 0.2 mgrkg , potentiated the
Ž . Ž .catalepsy induced by haloperidol 0.5 mgrkg Fig. 2 .

However, the selective adenosine A receptor agonist,1

CPA, at 0.25 and 1.0 mgrkg doses had no significant
Ž . Žeffect on haloperidol 0.5 mgrkg -induced catalepsy Fig.

.3 . At these doses none of the adenosine agonists showed
any cataleptic effect per se.

Ž .Scopolamine 0.1 mgrkg significantly reversed the
potentiating effect of adenosine agonists on haloperidol

Ž . Ž .Fig. 4. Effects of DMPX and scopolamine on catalepsy induced by the A agonists, NECA 0.5 mgrkg and CPCA 0.7 mgrkg , or the A agonists,2 1
Ž . Ž . Ž . Ž .R-PIA 2.5 mgrkg and 2-chloroadenosine 2.0 mgrkg , in rats. DMPX 1.5 mgrkg , scopolamine 0.25 mgrkg , or saline in the control group, was i.p.

injected 30 min prior to adenosine agonists. Catalepsy was recorded at 15, 30, 45, 60, 90 and 120 min after i.p. treatment with these adenosine agonists.
Ž . Ž . Ž . Ž . Ž . Ž . Ž .Groups are: A salineqNECA ^ , DMPXqNECA ' , scopolamineqNECA = ; B salineqCPCA I , DMPXqCPCA B , scopolamineq

Ž . Ž . Ž . Ž . Ž . Ž . Ž .CPCA e ; C salineqR-PIA I , DMPXqR-PIA = , scopolamineqR-PIA B ; D salineq2-chloroadenosine ^ , DMPXq2-chloroadenosine
Ž . Ž . )

' , scopolamineq2-chloroadenosine ` . Each point represents mean"S.E.M. for 6 rats per group. P-0.05, Mann-Whitney U-test.
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Ž .Fig. 5. Mean catalepsy scores after A intracerebroventricular administra-
Ž . Ž .tion of NECA 2.5 and 3.5 mg, 60 min before test or B a combination

Ž . Žof a subthreshold dose of NECA 0.02 mg, i.c.v. or DMPX 50 mg,
. Ž . Ž .i.c.v. with haloperidol Hal 0.5 mgrkg, i.p. . In combination studies,

NECA, DMPX or vehicle was administered 90 min after haloperidol
Žtreatment and the catalepsy was tested 60 min thereafter i.e. after 150

.min of haloperidol treatment . Each bar represents mean"S.E.M. for 5–6
) Ž .rats per group. P -0.05 versus haloperidolqvehicle Veh , Mann-

Whitney U-test.

Ž . Ž .0.5 mgrkg -induced catalepsy Fig. 2 . At this dose,
scopolamine produced no change in the cataleptic effect of
haloperidol.

3.3. Cataleptic effect of adenosine agonists and its reÕersal
by DMPX and scopolamine

At relatively high doses, animals treated with CPCA
Ž . Ž . Ž .0.7 mgrkg , NECA 0.5 mgrkg , R-PIA 2.5 mgrkg or

Ž .2-chloroadenosine 2 mgrkg showed a significant
cataleptic response 15 min after drug administration which
reached a maximum at 60 min. In contrast, animals treated

Ž .with CPA up to 1.5 mgrkg did not show any sign of
catalepsy or locomotor depression. The prior administra-

Ž . Žtion of either DMPX 1.5 mgrkg or scopolamine 0.25
.mgrkg counteracted the cataleptic effect of adenosine

Ž .agonists significantly Fig. 4 .

3.4. Effect of i.c.Õ. administration of NECA and DMPX on
haloperidol-induced catalepsy

I.c.v. infusion of a 2.5 and 3.5 mg dose of NECA
produced significant catalepsy. The mean catalepsy scores
at 60 min are presented in Fig. 5.

Ž . Ž .DMPX 50 mg or NECA 0.02 mg infused i.c.v. in
Ž .haloperidol 0.5 mgrkg -treated animals reversed or poten-

tiated respectively the peak cataleptic effect of haloperidol
Ž .while producing no effect per se Fig. 5 .

4. Discussion

Neuroleptics such as haloperidol induce catalepsy in
Žrodents by blockade of striatal dopamine receptors Os-

.sowska et al., 1990 . The results of the present study show
that this catalepsy can be influenced by activation or
blockade of adenosine receptor subtypes. Systemic admin-

istration of the non-specific antagonist with greater affinity
Žfor adenosine A receptors, theophylline Ferre et al.,2

.1991a , and the selective adenosine A receptor antago-2
Ž .nist, DMPX Ukena et al., 1986 , reversed, whereas the

Žadenosine A receptor agonists, CPCA and NECA Jacob-2
.son et al., 1992 , exacerbated haloperidol-induced

catalepsy. Moreover, NECA or DMPX when injected i.c.v.
had a similar effect as that seen after their systemic
administration, showing that their effects on catalepsy
were independent of their systemic actions. The results of
i.c.v. administration also ruled out the possibility of the
involvement of a pharmacokinetic component that is pre-
sent after haloperidol treatment. Reversal of haloperidol-
induced catalepsy by theophylline has also been reported

Ž .earlier Casas et al., 1988; Dijk et al., 1991 . Conversely,
the adenosine A receptor agonist, CGS 21680, is known2A

to induce catalepsy and may possess therapeutic potential
Ž .as an antipsychotic agent Ferre et al., 1991b . Thus, it

seems that adenosine A receptors regulate central2

dopamine D transmission. The colocalization of adeno-2

sine A receptors and dopamine D receptors in the2 2
Ž .striatum Fink et al., 1992 indicates that this might be the

site where such regulation could take place. Indeed, the
functional interaction between adenosine A and dopamine2

D receptors is known to occur in the striatopallidal2
Ž .neurons Pollack and Fink, 1995 . Furthermore, adenosine

Žagonists are known to reduce locomotor activity Barraco
.et al., 1993 and apomorphine-induced contralateral rota-

tions in 6-hydroxydopamine hydrobromide-lesioned rats
Ž .Vellucci et al., 1993 , by an action at adenosine A 2

receptors, whereas adenosine antagonists, methylxanthines,
Ž .can induce hyperactivity Snyder et al., 1981 and potenti-

ate the locomotion and rotational behaviour induced by
Ždopamine agonists Ferre et al., 1991a; Fuxe and Ungerst-

.edt, 1974 . These reports seem to indicate a type of
interaction between adenosine A and dopamine D trans-2 2

mission that is consistent with our results.
Unlike adenosine A receptors, which are confined to2A

striatum, adenosine A receptors are ubiquitous to several1

brain areas such as cortex, cerebellum, hippocampus and
Ž .thalamus Reppert et al., 1991 . Activation of adenosine

ŽA receptors by the highly selective agonist CPA Jacob-1
.son et al., 1992 had no effect with regard to catalepsy.

However, the predominantly adenosine A receptor ago-1
Ž .nists, R-PIA and 2-chloroadenosine Daly, 1982 , potenti-

ated haloperidol catalepsy and also induced catalepsy per
se at the higher doses. R-PIA and 2-chloroadenosine have
been shown to have some affinity for adenosine A recep-2

Ž .tors also Daly et al., 1986; Williams, 1987 . In this study
the per se cataleptic effect of these agents was blocked by
pretreatment with DMPX, a selective adenosine A recep-2

tor blocker, suggesting an A site of action. Thus, the2

contribution of adenosine A receptor activation to the1

effects of R-PIA and 2-chloroadenosine seems unlikely.
This is supported by previous studies indicating that the
adenosine A receptor antagonist, 8-phenyltheophylline1
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Ž .Jacobson et al., 1985 , does not reverse adenosine
Ž .agonist-induced catalepsy Zarrindast et al., 1993 . Unlike

adenosine A receptor antagonists, 8-phenyltheophylline,2

and the highly selective adenosine A receptor antagonist,1
Ž .DPCPX Bruns et al., 1987 , failed to affect haloperidol-

induced catalepsy even at a wider dose range. These
results further contribute to support a selective interaction
between adenosine A and dopamine D receptors to2 2

modulate cataleptic response.
The functional interplay between dopamine and acetyl-

Žcholine in the brain is well established Bowers and Roth,
1972; Ahtee and Kaariainen, 1974; Sethy and Van Woert,

.1974 . A disinhibition of cholinergic neurons in the stria-
tum has been reported after treatment with neuroleptic

Ž .drugs Hertting et al., 1989 ; enhanced cholinergic activity
in the striatum causes dyskinesia and tremors. Further-
more, adenosine is known to regulate cholinergic transmis-

Ž .sion in the CNS Forloni et al., 1986 . While activation of
adenosine A receptors causes inhibition of acetylcholine1

release, activation of adenosine A receptors, which are on2

cholinergic nerve terminals, causes stimulation of acetyl-
Ž .choline release Brown et al., 1990 , or counteracts the D2

Žreceptor-mediated inhibition of acetylcholine release Jin
.et al., 1993 . Moreover, the binding sites for the adenosine

A receptor agonist, CGS 21680, were found to co-purify2A

with cholinergic synaptosomes in the rat striatum in one
Ž .study James and Richardson, 1993 . In view of these

reports, we examined the possibility of cholinergic in-
volvement in the actions of adenosine analogues. The
centrally acting anticholinergic agent, scopolamine, blocked
the per se cataleptic effect of adenosine agonists as well as
their influence on haloperidol-induced catalepsy. This indi-
cates that the interaction between dopamine and adenosine
might occur at the level of cholinergic neurons. Such a
possibility seems likely in the light of the evidence that the
effect of adenosine A receptor activation on acetylcholine2

is greater in the absence of dopaminergic innervation
Ž .Kurokawa et al., 1996 . The exact mechanism of the
cholinergic contribution, however, is ambiguous and awaits
further clarification.

In conclusion, the present study indicates that choliner-
gic transmission has an important role in the modulatory
action of adenosine receptor agonists and antagonists on
haloperidol-induced catalepsy. The results also support the

Ž .previous suggestion Kanda et al., 1994 that adenosine A 2

receptor antagonists can be exploited for their therapeutic
potential as antiparkinsonian drugs.
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