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The most effective treatment of Parkinson’s disease
(PD) is, at present, the dopamine precursor
L-3,4-dihydroxyphenyl-alanine (L-DOPA), however
a number of disadvantages such as a loss of drug
efficacy and severe side-effects (psychoses, dyskine-
sias and on-off phenomena) limit long-term,
effective utilisation of this drug. Recent experimen-
tal studies in which selective antagonists of
adenosine A, receptors were used, have shown an
improvement in motor disabilities in animal models
of PD. The A,, antagonist [7-(2-phenylethyl)-
5-amino-2-(2-furyl)-pyrazolo-(4,3-e)-1,2,4-triazolo(1,5--
c)pyrimidine] (SCH 58261) potentiated the contral-
ateral turning behavior induced by a threshold dose
of L-DOPA or direct dopamine receptor agonists in
unilaterally 6-hydroxydopamine (6-OHDA) lesioned
rats, an effect accompanied by an increase in Fos-
like-immunoreactivity in neurons of the lesioned
striatum. Likewise, other A,, receptor antagonists
such as (3,7-dimethyl-1-propargylxanthine) (DMPX),
[E-8-(3,4-dimethoxystyryl)-1,3-dipropyl-7-methylxan-
thine] (KF 17837) and [£-1,3-dietyl-8(3,4-dimethox-
ystyryl-7-methyl-3,7-dhydro-1H-purine-2,6-dione]
(KW 6002) antagonized catalepsy induced by
haloperidol or reserpine in the rat, whereas in non-
human primate models of PD, KW 6002 reduced the
rigidity and improved the disability score of MPTP-
treated marmosets and cynomolgus monkeys. More-
over, in contrast to L-DOPA, selective A, receptor

antagonists administered chronically did not pro-
duce dyskinesias and did not evoke tolerance in
6-OHDA and MPTP models of PD. An additional
therapeutic potential of adenosine A;, antagonists
emerged from studies showing neuroprotective
properties of these compounds in animal models
of cerebral ischemia and excitotoxicity, as well as in
the (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)
(MPTP) model of PD. Adenosine A,, receptor
antagonists by reversing motor impairments in
animal models of PD and by contrasting cell
degeneration are some of the most promising
compounds for the treatment of PD.
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ystyryl)-7-methyl-3,7-dihydro-1H-purine-2,6-dione; KW
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6002, (E)-1,3-diethyl-8-(3,4-dimethoxystyryl)-7-methyl-
3,7-dihydro-1H-purine-2,6-dione; L-DOPA, 1-3,4-dihydroxy-
phenylalanine; MPTP, 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine; 6-OHDA, 6-hydroxydopamine; PD, Parkinson’s
disease; SCH 58261, 5-amino-7-(2-phenylethyl-2-(2-furyl)-
pyrazolo[4,3-¢}-1,2 4-triazolo[1,5-¢ Jpyrimidine; SNr, substan-
tia nigra pars reticulata; SP, substance P; STN, subthalamic
nucleus; Th, thalamus; ZM 241385, 4-(2-[7-amino-2-(2-fur-
yD1,2,4-triazolo[2,3-a [[1,3 5]triazin-5-ylamino]ethylphenol

ADENOSINE AND ITS RECEPTORS

Adenosine, which is formed within the cells from
the hydrolysis of AMP by the action of ecto-5'
nucleotidase, modulates a variety of physiologi-
cal processes in all tissues of mammals. Another
pathway contributing to intracellular adenosine
formation is from S-adenosylhomocysteine. In
the extracellular compartment, the levels of
adenosine also depend upon the rate of
hydrolysis of ATP which is released from either
neurons or glial cells. Extracellularly, adenosine
concentrations are kept in equilibrium by a
specific reuptake mechanism occurring through
the action of a specialised bi-directional trans-
porter. It is estimated that the levels of adenosine
in the CNS range between 30 and
300nM. Adenosine is then catabolyzed by the
action of enzymes such as adenosine kinases and
adenosine deaminase.

The action of adenosine is mediated through
specific receptors located on cell membranes
which belong to the family of G protein-coupled
receptors. Currently, four adenosine receptors
have been cloned and characterised: A1, Asa, Asp
and Az (Fredholm et al.,, 1998). The main
intracellular signaling pathways of these recep-
tors are through the formation of cAMP, with A,
and Aj causing inhibition of adenylate cyclase,
whereas A, and A,g activate it. Other transduc-
tion mechanisms are also involved for each of the
adenosine receptors, e.g. K* and Ca®* channels.
The molecular characteristics of adenosine
receptors and intracellular signaling are
described in detail elsewhere (Fredholm ef al.,
1998; Olah and Stiles, 2000). Among adenosine

receptors, Ay, receptors seem to play the most
important role in the modulation of motor
behavior. Their molecular, pharmacological and
biochemical profiles and their distribution in the
CNS are summarized in Table I.

DISTRIBUTION OF ADENOSINE A4
RECEPTORS IN THE CNS

Adenosine Ajp receptors are predominantly
located in basal ganglia structures (striatum,
globus pallidus, substantia nigra), nucleus
accumbens and tuberculum olfactorium (Jarvis
and Williams, 1989; Rosin et al., 1998). There are
Ay, receptors in other brain areas, e.g. hippo-
campus, cerebral cortex and thalamic nuclei
(Table I), with some differences found between
the human brain and that of other animal species
(Svenningsson ef al., 1997a). It remains, however,
that using different methodological approaches
all studies are consistent in describing high levels
of A, receptors in the striatum. With regard to
specific neuronal populations in the striatum,
Ay receptors are present in striatopallidal
enkephalin-expressing neurons (Schiffmann
et al., 1991; Fink et al., 1992). The same cells also
express dopamine D, receptors, therefore both
Aza and D; receptors are segregated on the same
neuronal pathway. In conirast, there are no Aja
receptors in neurons expressing D; receptors,
substance P and dynorphin, which project from
striatum to the substantia nigra (Schiffmann et al.,
1991; Fink et al., 1992). It is worth noting that Ay
receptors are also present on glial cells.

ADENOSINE-DOPAMINE INTERACTION
AS A BASIS FOR SEARCHING
ANTIPARKINSONIAN DRUGS

Increasing number of studies suggest that
adenosine A, receptors interact, either directly
or indirectly, with different neurotransmitters
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including dopamine (Ongini and Fredholm,
1996; Sebastiao and Ribeiro, 1996; Ferré, 1997).

Stimulation of adenosine Ajs receptors
decreases the binding affinity of dopamine D,
receptors (Ferré et al., 1991; Dasgupta et al., 1996)
and elicits opposite effects to D, receptor
activation at the level of second messenger
systems (Fig. 1) and early-gene expression
(Morelli et al., 1995; Le Moine et al., 1997; Olah
and Stiles, 2000).

Ay receptors are strongly involved in mediat-
ing effects related to the central control of motor
activity. Stimulation of adenosine A,a receptors
induces sedation and catalepsy and inhibits the
motor stimulating effects of dopamine receptor
agonists (Durcan and Morgan, 1989; Heffneret al.,
1989; Barraco ef al., 1993; Popoli ef al., 1994; Kafka
and Corbett, 1996; Ferré, 1997; Rimondini et al.,
1997). In rats with a unilateral 6-hydroxydopa-
mine (6-OHDA) lesion of the dopaminergic
nigrostriatal pathway, parenteral administration
of A4 receptor agonists reduces the contralateral
turning behavior induced by direct dopamine
receptor agonists (Vellucci et al.,, 1993; Morelli
et al., 1994).

ZM 241385, MSX-3

cerebellum hippocampus cortex
thalamus substantia nigra

olfactorium globus pallidus low:

high: striatum N. accumbens tub.

FIGURE 1 Schematic representation of the interaction
between adenosine A, and dopamine D, receptors in the
striatum. Stimulation of adenosine A, receptors decreases
the affinity of dopamine D, receptors for dopamine and
influences in the opposite manner adenylate cyclase.
Activation of A, receptors enhances the AC and cAMP
production through a Gs protein, whereas stimulation of D,
receptors through a Gi protein inhibits it. AC—adenylate
cyclase; AD--adenosine; DA—dopamine; Aj;s—adenosine
A4 receptor; D,—dopamine D, receptor; (+) stimulation; (—)
inhibition.

22q11.2
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In contrast, adenosine receptor antagonists,
including caffeine and related methylxanthines,
produce psychomotor stimulant effects by
enhancing locomotor activity and schedule-
controlled behavior (Schenk ef al., 1994; Garrett
and Griffiths, 1997; Fredholm et al., 1999). The
expression of motor behaviors induced by
methylxanthines is largely dependent on dopa-
mine transmission as shown by counteraction of
locomotion and turning behavior by either
reserpine and a-methyl-p-thyrosine or by dopa-
mine receptor antagonists (Herrera-Marschitz
et al., 1988; Josselyn and Beninger, 1991; Garrett
and Holtzman, 1994a; Fenu and Morelli, 1998).
The motor stimulant effects of caffeine appear to
be related to an action on Ay, rather than A,
receptors, since drugs blocking A,, receptors
induce motor stimulant effects, whereas A;
receptor antagonists do not (Griebel et al., 1991;
Holtzman, 1991; Svenningsson et al, 1997b;
Hauber et al., 1998).

Acute Adminstration of A, Antagonists in
Animal Models of PD

PD, one of the most common neurodegenerative
disorders, is characterized by a progressive
degeneration of dopamine neurons of the
substantia nigra pars compacta and a massive
decrease of dopamine in the striatum.

Contralateral turning behavior in rats with
unilateral 6-OHDA lesions of the dopaminergic
nigrostriatal pathway is one of currently utilized
animal models to test drugs active on PD
(Ungerstedt, 1971). In this model, caffeine and
theophylline induced contralateral turning beha-
vior when administered alone and increased the
turning behavior induced by direct dopamine
agonists (Fuxe and Ungerstedt, 1974; Herrera-
Marschitz et al., 1988; Casas et al., 1989; Jiang et al.,
1993; Garrett and Holtzman, 1994b).

These results have lead to the suggestion that
adenosine antagonists might be beneficial to the
treatment of PD. Studies in humans, however,

are contradictory since some reports showed that
caffeine produced no changes in the therapeutic
response to antiparkinsonian drugs such as
L-DOPA or bromocriptine (Shoulson and Chase,
1975; Kartzinel et al., 1976), while others have
reported an improvement of tremor but only
after prolonged treatment (Mally and Stone,
1996). Moreover, a recent clinical survey has
shown that heavy caffeine drinkers have a low
risk to develop PD (Ross et al., 2000).

At present 1-DOPA is regarded as the most
effective antiparkinsonian drug, although a
number of disadvantages such as a loss of drug
efficacy and severe side effects (psychoses,
dyskinesias and on—-off phenomena) limit long-
term, effective utilization of this drug. Therefore,
new, more effective drug treatments that are
devoid of such side-effects are necessary.

The synthesis of selective and potent antagon-
ists for adenosine Ay, receptors (Kanda ef al.,
1994; Zocchi et al, 1996) have opened new
possibilities of studying, in animal models,
whether adenosine A,, receptors antagonists
could be useful in the treatment of PD.

Studies based on these compounds have
shown that the selective adenosine A, antag-
onists such as SCH 58261, KF 17837, or KW 6002
decreased haloperidol-induced catalepsy and
reserpine-induced akinesia in intact animals
and also potentiated the anticataleptic effect of
L-DOPA (Kanda et al., 1994; Mandhane et al.,
1997; Shiozaki ef al., 1999; Monopoli et al., 2000).
Moreover, in unilaterally 6-OHDA-lesioned rats
it has been shown that blockade of adenosine
A,s receptors with SCH 58261 markedly
increased the number of contralateral rotations
induced by a threshold dose of L-DOPA as well
as the expression of Fos-like immunoreactivity
measured in the dorsal striatum and globus
pallidus on the lesioned side (Fenu et al., 1997).
SCH 58261, as well as other A, antagonists, also
potentiated the turning behavior and striatal
c-fos expression induced by stimulation of
dopamine D receptors (Pinna et al., 1996; Pollack
and Fink, 1996; Le Moine et al., 1997; Stromberg
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et al,, 2000), whereas it did not induce any
turning behavior when administered alone.
Turning behavior induced by stimulation of
dopamine D, receptors was also potentiated by
SCH 58261 and by others A, antagonists (Fenu
et al., 1997; Stromberg et al., 2000), suggesting that
endogenous adenosine acting through Ajs
receptors modulates the functions mediated by
both D; and D, receptors.

The antiparkinsonian action of selective ade-
nosine A, antagonists has been confirmed in
non-human primate models of PD by Kanda et al.
{1998} and Grondin et al. (1999), who have shown
that the xanthine derivative KW 6002 reversed

Monopoli et al., 2000; Pinna et al., 1996;
Kanda et al., 1994; Mandhane et gl., 1997;
Monopoli et al., 2000; Shiozaki et al., 1999

Stromberg et al., 2000
Grondin ef al., 1999; Kanda et al., 1998

B ] the motor disabilities produced by MPTP in
g B
e = b marmosets and cynor.nolgus mopkeys. A sum-
g 28 _% & mary of these results is reported in Table II.
E ga 5% The potentiation of dopamine D;- and D,-
2 g“a 'g“a mediated motor responses by A,a receptor
E 58 58 antagonists might be related to the segregation
= gg @‘é of D; and D, receptors on different striatal
g g8 £ neuronal populations (Fig. 2). D; receptors are
N mainly localized on the direct striatonigral
pathway (Gerfen et al., 1990), whereas D, and
- Asp receptors are colocalized on the indirect
% 53 striato-pallido-nigral pathway (Schiffmann et al.,
> @\E\ 1991; Fink et al., 1992). Blockade of adenosine
% é g Aza recepjcors by SF{H 58261 might, therefore,
E E‘E play a direct positive role on Dr-mediated
S5 turning behavior by counteracting the opposite
S °§§ g8 effect played by A, receptors at both receptor
o %E‘O ° and transduction mechanism level in striato-
# O 85 E pallido-nigral neurons, whereas it would

indirectly influence dopamine D;-mediated
responses through an integration, in extrastria-
tal areas, of the responses mediated by the
striato-pallido-nigral and stiatonigral pathways
(Fig. 2). Neurochemical and behavioral studies
have demonstrated that a concerted stimulation
of the striatonigral pathway and an inhibition
of the striato-pallido-nigral pathway are
required to have full motor stimulation. There-
fore, facilitation of the direct striatonigral
pathway by D; agonists, associated with
inhibition of the endogenous stimulatory Ajs

rotations after L-DOPA, SKF 38393

or LY 171555)
Haloperidol or reserpine-induced

catalepsy
MPTP-treated primates
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FIGURE 2 Schematic diagram illustrating changes occuring
in the basal ganglia structures in Parkinson’s disease and
putative mechanisms by which adenosine A, antagonists
might reverse these changes. In Parkinson’s disease loss of DA
cells in the substantia nigra pars compacta causes a cascade of
events affecting activity of all components of the circuitry. The
final results is an increased activity of GABAergic/ENK
indirect output pathway, on which both A4 and D, receptors
are located, followed by a decreased activity of GABA
pathway from GP to STN and increased activity of the
glutamatergic subthalamo-nigral projection. These effects,
together with inhibition of the direct GABA/SP/DYN
pathway from the striatum to the SN, lead to an increased
activity of the GABA nigro-thalamic projection. Adenosine
A4 and dopamine D, receptors co-localized in the indirect
striato-pallido-nigral pathway, dopamine D, receptors are
localized on the direct striato-nigral pathway; Dy and Aja
receptors stimulate cAMP formation whereas D, receptors
inhibit cAMP production. Stimulation of the direct pathway
through D, receptors or inhibition of the indirect pathway
through D, receptors inhibits the activity of substantia nigra,
whereas stimulation of the indirect pathway through Ass
receptors disinhibits SN activity. Adenosine A, antagonists
can therefore potentiate dopamine-mediated inhibition of SNr
activity either by a direct interaction with dopamine D,
receptors at the level of the striato-pallido-nigral pathway or
by an indirect interaction with D; receptors at the level of
substantia nigra where the responses mediated by the striato-
pallido-nigral and striatonigral pathways are integrated.
Thickness of arrows indicate the degree of activation of the
pathways. AC—adenylate cyclase; A>a—adenosine Ajs
receptor; CP—caudate-putamen; DA—dopamine; Di—
dopamine Dy receptor; Dy—dopamine D, receptor; DYN—
dynorphin; ENK—enkephalin; GABA~y—aminobutyric acid;
Glu—glutamic acid; GP—globus pallidus; SNr—substantia
nigra pars reticulata; SP—substance P; STN—subthalamic
nucleus; Th—thalamus

receptor tone on the indirect striato-pallido-
nigral pathway, might explain the synergism
between D; receptor stimulation and Ajp
receptor blockade (Ongini et al., 1996; Pinna
et al., 1996; Ferré et al., 1997).

Besides the well-known antagonistic inter-
action between adenosine A,, and dopamine
D, receptors, A,s adenosine receptors can
operate independently of dopamine D, recep-
tors (Kirk and Richardson, 1994; Kurokawa
et al., 1994; Mori et al., 1996; Richardson et al.,
1997). These results were recently confirmed by
studies in dopamine D, or A,a receptor knock-
out mice (Aoyama et al., 2000; Zahniser et al.,
2000; Chen et al., 2001) which showed both
dependent and independent mechanisms in the
Asa/ D, receptor interaction.

All these results strongly suggest that despite
an intramembrane A,a/D, receptor interaction,
other mechanisms involving GABA or acetyl-
choline release from presynaptic sites in the
striatum are also of importance for A;s/D»
receptor interaction.

Chronic Administration of Adenosine A,,
Antagonists

It is well known that the major problems related
to L-DOPA therapy in PD is the progressive loss
of L-DOPA efficacy, accompanied by motor
fluctuations and dyskinesias which limit long-
term effective application of this drug.

It has been shown that the motor stimulant
effects of the non-selective adenosine A;/Asa
receptor antagonist caffeine which, together with
theophylline, was first proposed as a potential
candidate for the treatment of PD, exhibit
tolerance that develops over a few days of
treatment in experimental animals (Holtzman,
1991; Fredholm et al., 1999).

Interestingly, the repeated administration of
the adenosine A, receptor antagonist, SCH
58261, did not induce tolerance to contralateral
turning behavior in unilaterally 6-OHDA-
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lesioned rats (Pinna ef al., 2001). SCH 58261, in
fact, induced a similar enhancement of L-DOPA
turning behavior following single or seven-day
administration regimens. When this compound
was injected for 14 days, the effect was even
stronger than that observed after a single
administration (Pinna et al., 2001). These data
are consistent with studies performed in mar-
mosets and cynomologus monkeys showing that
another A, antagonist, KW 6002, retained its
activity over a 2l-days treatment schedule
(Kanda et al., 1998). Moreover, Pinna et al.
(2001) observed no sensitization to the contral-
ateral turning behavior in the repeated treatment
(19 days) with SCH 58261 and L-DOPA, in
conirast to the intermittent chronic L-DOPA. A
similar type of contralateral rotation without
sensitization was obtained after chronic admin-
istration of the dopamine agonist bromocriptine
which has alow dyskinetic potential (Henry et al.,
1998). Again, these data, in rat models of
dyskinesia, are consistent with studies showing
that KW 6002 did not produce any dyskinesia in
primates previously primed with L-DOPA to
exhibit involuntary movements (Kanda et al.,
1998; Grondin ef al., 1999).

Jones et al., 1998 a,b; Stone and Behan, 2000

Chen et al., 2001 a,b

Neuroprotection
Neuroprotection in CAl,

CA2,CA3
Neuroprotection

NEUROPROTECTIVE ROLE OF ADENOSINE
A, ANTAGONISTS

ZM 241385, SCH 58261, CSC

A2A KO mice
A2A KO mice CSC

It is well established that adenosine plays a
pivotal role in neurodegeneration (Rudolphi
et al., 1992; Ongini and Schubert, 1998). Low
concentrations of adenosine, normally present in
the CNS extracellular fluid, increase dramatically
following hypoxia or ischemia. In these patho-
logical conditions, adenosine-potentiating agents
which elevate endogenous adenosine levels,
either by inhibiting its degradation (adenosine
deaminase and kinase inhibitors) or by inhibiting
adenosine transport, offer protection against
ischemic or excitotoxic neuronal damage. Both
A, and A;, adenosine receptors play a role in
neuroprotective mechanisms, although the same

Kainic or quisqualic acid-induced excitoxicity
(peripheral or intra-hippocampal injection)

Focal ischemia in A4 knock-out mice
MPTP model of PD
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net results can be achieved by either stimulating
A receptors or blocking A,, receptors (Ongini
and Schubert, 1998).

Adenosine A; agonists consistently attenuate
ischemic or excitotoxic neuronal damage (Phillis,
1995, de Mendonga et al., 2000). Much less is
known about the neuroprotective role of adeno-
sine A, receptors. Stimulation of adenosine Aza
receptors by a selective agonist, CGS521680,
reduces ischemic or excitotoxic hippocampal
damage (Sheardown and Knutsen, 1996; Jones
et al., 1998b); however, these neuroprotective
properties can be due to actions occurring in the
periphery rather than at neuronal sites. The main
mechanisms which may account for the Aja-
mediated protection include: vasodilation, inhi-
bition of platelet aggregation and supression of
neutrophil superoxide generation (Ongini and
Schubert, 1998).

The neuroprotective properties of adenosine
A, antagonists in different models of neurode-
generation have been described by several
studies. The selective adenosine A, receptor
antagonists CSC and ZM 241385 as well as the
less selective CGS 15943 and CP 66,713 were able
to ameliorate the hippocampal cell injury
following global forebrain ischemia in gerbils or
rats (Gao and Phillis, 1994; Phillis, 1995; von
Lubitz et al., 1995; Higashi et al., 2000). Similarly,
the selective A4 receptor antagonist, SCH 58261,
could reduce cortical infarct volume in a focal
cerebral ischemia model of permanent middle
cerebral artery occlusion (Monopoli ef al., 1998).
This compound also decreased brain damage in
neonatal rats in which the unilateral carotid
artery was severed (Bona et al., 1997). Adminis-
tration of selective adenosine A, receptor
antagonists (SCH 58261, ZM 241385 or CSC)
also decreased the neuronal cell death observed
in hippocampal regions following Kkainic,
kynurenic and quinolinic acid administration in
rodents (Jones et al., 1998a,b; Stone and Behan,
2000). In summary, fairly consistently, selective
adenosine A,, antagonists were able to exert
neuroprotective effects.

Studies in genetically manipulated mice
confirmed a role for adenosine A, receptors in
mediating hypoxic/ischemic damage. Cerebral
infarction and neurological deficits were attenu-
ated in adenosine A,, receptor knock-out mice
(A4 KO) subject to a temporary middle cerebral
artery occlusion in comparison with the wild
type littermates (Chen et al., 1999). By using the
genetic approach it was also shown that in the
mice MPTP model of PD, which resembles the
biochemical and neuropathological features of
the disease well, dopamine depletion and
dopamine transporter decrease were signifi-
cantly attenuated in the striatum of A, KO
mice and in mice pretreated with the selective
A, antagonist, CSC (Chen ef al, 2001). A
summary of these results is reported in Table IIL

It is well known that A; and A, receptors
affect in an opposite direction the release of
glutamate, which determines the risk of excito-
toxic nerve cell damage, where stimulation of A;
receptor inhibits and A4 stimulates glutamate
release. Stimulation of adenosine A;, receptors
enhances the release of glutamate under both
ischemic and non-ischemic conditions (O'Regan
et al., 1992; Simpson et al., 1992; Popoli et al.,
1995), therefore blockade of A, receptors
might afford neuroprotection after ischemia
because of reduced glutamate release-induced
excitotoxicity.

Functional evidences exist showing that both
A; and A, 4 subtypes of adenosine receptors can
coexist in the same nerve terminal. It has been
shown that the stimulation of A, receptors
decreased the binding of adenosine A; receptors
in hippocampal and striatal synaptosomes and
attenuated the ability of A; agonists to inhibit
excitability and synaptic transmission in the
hippocampus (Dixon et al., 1997; de Mendonga
et al., 2000; Sebastiao and Ribeiro, 2000). Thus,
activation of A, receptors leads to a decrease in
the effects mediated by A; receptors. This
functional interaction between both subtypes of
adenosine receptors seems to suggest that the
action of endogenous adenosine, mediated by A;
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receptors, might be attenuated if there is a
concomitant activation of A, receptors. There-
fore, on the basis of above-mentioned studies it
has been suggested that the beneficial effect of
selective adenosine A,, antagonists might be, at
least in part, due to the relief of tonic inhibition
upon adenosine A, receptors (de Mendonga et al.,
2000). Apart from the reduction of glutamate
release, there are several other mechanisms by
which adenosine A, receptor antagonists can
achieve neuroprotection, e.g. by diminishing the
state of activation of microglia and diminishing
cytokine release (TNF-alfa, IL-1beta) (Ongini and
Schubert, 1998). However, the mechanisms
underlying these neuroprotective properties
have not been explored yet.

Despite a great interest, up to now there were
no clear-cut data showing specific changes of
adenosine levels or receptors in discrete brain
areas in patients suffering from PD (Martinez-
Mir et al., 1991). Recently Hurley et al. (2000)
showed significant changes in the level of Aja
mRNA in caudate-putamen (a decrease) and
substantia nigra pars reticulata (an increase).
Since those patients were receiving dopamin-
ergic medication at the time of death it is
conceivable that this would have caused the
alterations in A, mRNA expression and that
such changes may not be present in brains from
untreated patients. Therefore, further studies are
needed to clarify whether dopamine deficiency
might alter adenosine A, transmission.

CONCLUSIONS

In animal models of PD reversal of motor
dysfunctions as well as neuroprotective proper-
ties of selective adenosine A, receptor antag-
onists have been shown. Moreover, in these
models, long-term administration of A, recep-
tor antagonists is devoid of the motor compli-
cations which accompany long-term L-DOPA
therapy. At the moment adenosine A, receptor

antagonists appear to be some of the most
promising compounds for the treatment of PD.
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