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SUMMARY
Parkinson’s disease (PD) is a progressive neurological disorder predominantly characterized by
motor symptoms including bradykinesia and resting tremor. The gold standard of treatment for PD
remains dopamine replacement therapy, which eventually fails due to continued progression of the
disease and the development of debilitating side effects. Recent breakthroughs are providing the
first major advances in the development of fundamentally new pharmacological strategies for the
treatment of PD that do not rely on dopamine replacement strategies, but rather aim to reduce the
overactive indirect pathway within the basal ganglia. In this article, we will review the role of
metabotropic glutamate receptors within the basal ganglia and discuss the potential for modulation
of metabotropic glutamate receptors as a treatment for PD.

Parkinson’s disease (PD) is the second most common neurological disorder, affecting
approximately 1% of the population over 60 years of age, and is characterized by
debilitating motor symptoms including resting tremor, rigidity, postural instability and
bradykinesia [1–3]. These primary motor symptoms of PD arise as a result of dopaminergic
neuron degeneration in the substantia nigra pars compacta (SNc), resulting in the loss of
dopamine release to the target striatum (the brain region that receives the bulk of the
dopaminergic inputs) within the basal ganglia. In the normally functioning basal ganglia,
there is a balance between the signals that promote movements (thought to be transmitted to
the basal ganglia output nuclei via the ‘direct’ pathway of the basal ganglia), and those that
suppress movement (thought to be transmitted via the ‘indirect’ pathway of the basal
ganglia) [4,5]. The activation of D1 receptors of the direct pathway in the striatum
stimulates inhibitory neurons and leads to a direct inhibitory effect on the GABAergic
neurons of the globus pallidus pars interna (GPi; entopeduncular nucleus in nonprimates)
and substantia nigra pars reticulata (SNr) [5,6]. The binding of dopamine to D2 receptors in
the indirect pathway of the striatum inhibits the projections to the GP pars externa (GPe) and
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results in a disinhibition of the sub-thalamic nucleus (STN), and a net excitatory effect of the
projections from the STN to the GPi/SNr [5,6]. This balance between the excitatory
projections from the STN and inhibitory signals from the direct pathway act to modulate the
degree of inhibition from the GPi/SNr GABAergic projections that are exerted on the
thalamus, which projects to motor areas of the cerebral cortex [5,6]. In PD, the loss of
dopaminergic input into the circuit disrupts this delicate balance. In the direct pathway, there
is a loss of inhibition of the GPi/SNr, whereas the loss of dopamine in the indirect pathway
leads to excessive inhibition of the GPe, leading to disinhibition of the STN and an increase
in excitatory output by the STN onto the GPi/SNr [5,6–8]. The current gold standard of
treatment for PD patients aims to replace the loss of dopaminergic tone in the basal ganglia
with the dopamine precursor, levodopa (L-DOPA). Unfortunately, these current therapies
are designed to address the primary symptoms of PD but do not slow down the continued
progression of this neuro-degenerative disorder. Thus, the development of therapies
designed to slow or stop the progression of PD, while also reversing the symptoms of this
disease, would greatly improve the quality of life for PD patients. One promising alternative
strategy for the treatment of PD symptoms and progression includes manipulating targets
that reduce transmission from the indirect pathway. In support of this hypothesis, lesions or
high-frequency stimulation of the STN normalize excitatory output and produce
antiparkinsonian effects [9–13]. While effective, surgical therapies may not be available to
all patients owing to cost and the invasive nature of the procedure. Thus, pharmacological
intervention that reduces the aberrant signaling from the indirect pathway remains an active
target for the development of novel nondopaminergic therapies for the treatment of PD.
Furthermore, such therapies could reduce the economic burden of care for PD patients,
which is currently estimated at US$10.8 billion [3].

In the CNS, glutamate is the major excitatory neurotransmitter and can signal through
activation of ionotropic glutamate receptors or G protein-coupled receptors. While
ionotropic glutamate receptors mediate fast excitatory synaptic transmission, metabotropic
glutamate receptors (mGluRs) play a neuromodulatory role in synaptic transmission [14,15].
There are eight mGluR subtypes, which have been classified into three major groups based
on sequence homologies, coupling to second-messenger systems and ligand selectivity.
Group I mGluRs (mGlu1 and 5) couple primarily to Gq and increases in phosphoinositide
hydrolysis, whereas group II (mGlu2 and 3) and III (mGlu4, 6, 7 and 8) mGluRs couple to
Gi/o and associated signaling pathways, such as the inhibition of adenylyl cyclase [16,17].
mGluRs are differentially expressed within the basal ganglia and throughout the rest of the
CNS (Table 1) [18]. Group I mGluRs are highly expressed throughout the basal ganglia and
have pre- and postsynaptic cellular localization. Specifically, mGlu1 is expressed on
dopaminergic neurons within the SNc and dopaminergic fibers within the striatum [19]. In
the striatum, mGlu1 is also expressed on medium spiny neurons (MSNs) and GABAergic
interneurons [20]. The expression of mGlu5 has been localized postsynaptically to striatal
MSNs and GABAergic interneurons [19,20]. Postsynaptic mGlu5 is also found in the GPe,
STN and GPi/SNr [20]. Group II mGluRs are primarily localized presynaptically to
corticostriatal fibers, SNc dopaminergic neurons and excitatory terminals originating in the
STN [21–24]. For group III mGluRs, while mGlu6 is limited to the retina, mGluRs 4, 7 and
8 all have mostly presynaptic distributions within the basal ganglia. Expression of mGlu4
and 7 are found on terminals of the corticostriatal, striatopallidal and striatonigral pathways,
and on terminals from the STN to the SNc and SNr [25–30]. The expression of mGlu8 is the
least well characterized but may be located in the terminals of striatonigral and STN–SNr
synapses [29]. The cellular localization and modulatory role for mGluRs make them prime
targets for pharmacological intervention within the indirect pathway of the basal ganglia
(Figure 1).
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Group I mGluRs
The expression of group I mGluRs at several of the key synapses within the basal ganglia
indicates that modulation of group I mGluRs may be beneficial for parkinsonian symptoms.
Group I mGluR activation counteracts the effects of dopamine in the basal ganglia via a
direct interaction in D1- and D2-expressing MSNs, and indirectly by increasing the
excitability of the GPe, STN and SNr; thus, it is predicted that antagonism of these receptors
could have antiparkinsonian activity by reducing the increased excitatory drive of the
indirect pathway [18,31–33]. Much of the focus for potential antiparkinsonian activity of
group I mGluRs remains on the antagonism of mGlu5. The few studies evaluating the use of
mGlu1 antagonists have yielded limited beneficial effects and thus it is not thought to be a
viable target for the treatment of motor symptoms in PD [34]. There are several studies
highlighting the antiparkinsonian activity of the mGlu5-negative allosteric modulators
(NAMs) 2-methyl-6-(phenylethynyl) pyridine (MPEP) and 3-[(2-methyl-1,3-thia-zol-4-
yl)ethynyl]pyridine (MTEP) in animal models of PD. For example, MPEP and MTEP
reverse haloperidol-induced catalepsy and attenuate deficits in the reaction time task (a
measure of akinesia) in 6-hydroxydopamine (6-OHDA)-lesioned animals [35–38]. Although
the exact mechanism for the antiparkinsonian activity of mGlu5 antagonism is not clearly
understood, it is hypothesized that a reduction in striatopallidal and/or STN activity may
play a role. Consistent with this hypothesis, activation of mGlu5 has excitatory effects and
potentiates NMDA receptor currents on STN neurons [31,39]. A role for actions in the STN
is further supported by data indicating that direct STN infusions of MPEP reduce
asymmetric motor behavior in 6-OHDA-lesioned rats [40]. The suggestion of a possible role
for mGlu5 in the GP comes from findings that systemic administration of mGlu5 NAMs
attenuate proenkephalin mRNA (a marker of striatopallidal activity) in dopamine-depleted
rats [41]. Interestingly, electrophysiological studies reveal that antagonism of mGlu5 can
increase GP activity by reducing desensitization of excitatory responses mediated by mGlu1
activation in GP projection neurons [42]. Reduced desensitization of mGlu1 could increase
GP neuron activity and could contribute to an anti-parkinsonian effect of mGlu5 NAMs.
Thus, antagonism of mGlu5 remains a pharmacological target for the motor symptoms
associated with PD. However, many effects of mGluR5 activation are altered in dopamine-
depleted animals, indicating that mGlu1 and mGlu5 have redundant roles when dopamine
function is lost [32,43]. For example, under basal conditions, mGlu5 activation depolarizes
neurons within the STN, whereas mGlu1 activation depolarizes SNr neurons [32]. After
dopamine depletion due to haloperidol treatment, both mGlu1 and mGlu5 activation induce
depolarization for these basal ganglia nuclei [32]. The combination of dopamine depletion-
related alterations in mGlu5 and the effects that mGlu5 activation can have in the direct
pathway, could counteract the beneficial effects of mGlu5 NAMs on primary motor
symptoms in PD patients [18,32,44]. Consistent with this, the effects of the mGlu5 NAM
AFQ056 (Novartis, Basel, Switzerland) on primary motor symptoms in PD patients are
relatively modest [45].

While mGlu5 antagonism may have limited potential as a symptomatic therapy for the
treatment of PD, recent evidence suggests that coadministration of mGlu5 antagonists with
adenosine A2A antagonists could have more robust antiparkinsonian effects than either
treatment alone. Antagonists of adenosine A2A receptors reverse parkinsonian motor
symptoms in animal models and have now progressed to Phase III clinical trials for
symptomatic treatment in PD patients [46–51]. Within the striatum, mGlu5 and A2A
adenosine receptors can heterodimerize and are colocalized with dopamine D2 receptors on
MSNs where they function to oppose the cellular response to dopamine [52].
Coadministration with MPEP and A2A antagonists have resulted in a synergistic relationship
as evidenced by submaximal doses of combined MPEP and A2A antagonists significantly
attenuating parkinsonian motor symptoms [36,53]. Thus, the use of combination therapy of
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multiple targets within the overactive indirect pathway may be a viable nondopaminergic
therapy for the treatment of PD. Beside symptomatic relief, there is also evidence
demonstrating that mGlu5 antagonism is neuroprotective and, thus, potentially a disease-
modifying therapy. Mice lacking mGlu5 are less sensitive to 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) administration, indicating that reduced signaling through mGlu5
may be neuroprotective against neurotoxin insults to the nigrostratal pathway [54]. In
addition, chronic administration of MPEP significantly reduces the nigrostriatal damage due
to 6-OHDA injection, indicating that pharmacological intervention with mGlu5 antagonists
is neuroprotective for neurotoxin models of PD [55]. Furthermore, in MPTP-treated
monkeys, chronic MTEP administration significantly attenuated the toxin-induced
dopaminergic and noradrenergic cell death [56]. Interestingly, there is evidence of additional
symptomatic benefits for mGlu5 antagonism other than the motor symptoms associated with
PD. In one study, the systemic administration of MPEP reversed cognitive deficits in
bilaterally 6-OHDA-lesioned mice [57]. Moreover, antagonism of mGlu5 has demonstrated
efficacy in preclinical models of anxiety and depression [58].

Although the efficacy of mGlu5 NAMs in the treatment of primary motor symptoms in PD
patients is relatively modest, exciting new results suggest that mGlu5 NAMs may have
robust efficacy in reducing L-DOPA-induced dyskinesias (LIDs). Expression of mGlu5 is
upregulated in the putamen and GP of MPTP-treated monkeys and this increase in mGlu5
expression is associated with the development of LIDs [59]. Furthermore, in 6-OHDA-
lesioned rats chronically treated with L-DOPA, the systemic administration of MTEP
prevents the formation of, and attenuates, LIDs; thus supporting the hypothesis that mGlu5
antagonism reduces LIDs [60–62]. Similar effects of mGlu5 NAMs on LIDs have now been
observed in parkinsonian nonhuman primates [59]. Finally, exciting clinical studies have
now been reported by investigators at Novartis showing that AFQ056 has robust efficacy in
reducing LIDs in PD patients [45]. Also encouraging is a recent report that Addex
Pharmaceuticals (Geneva, Switzerland) has completed a Phase I clinical trial and has
announced the start of a Phase II proof-of-concept trial for the use of the mGlu5 antagonist
ADX48261 for the treatment for LIDs in PD patients [63]. The data from these studies could
further validate the use of mGluR modulation as an adjunct therapy to L-DOPA for
symptomatic treatment, and could indicate a potential benefit of mGlu5 antagonism
treatment prior to the formation of LIDs in PD patients. Taken together, these data signify
that mGlu5 antagonism may have multiple beneficial effects for PD patients.

Group II mGluRs
The localization of group II mGluRs presynaptically at STN–SNr and corticostriatal
synapses leads to the hypothesis that activation of these receptors may attenuate activity
through the indirect pathway at the level of the striatum, and could be beneficial for
reducing parkinsonian motor symptoms. Consistent with this, electrophysiological
recordings in the striatum reveal that group II agonists reduce the activity of corticostriatal
synapses and inhibit glutamate release as demonstrated by in vivo microdialysis studies
[22,64,65]. Group II agonists acutely reduce excitatory postsynaptic currents and induce
long-term depression at the STN–SNr synapse, thus attenuating the activity of the STN
towards the output structures of the basal ganglia [66,67]. In animal models of PD, systemic
administration of the group II agonist LY354740 (Eli Lilly, IN, USA) significantly
decreased haloperidol-induced catalepsy and muscle rigidity, indicating a potential benefit
as a symptomatic treatment for PD [68,69]. Moreover, intracerebroventricular
administration of the group II agonist LY379268 (Eli Lilly, IN, USA) reversed reserpine-
induced akinesia [69]. In 6-OHDA lesioned animals, the expression of mGlu2/3 receptor
proteins is increased and the potency of mGlu2/3 agonist-induced depression of
coticostriatal transmission is increased [70]. This indicates that dopamine depletion induces
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compensatory changes in mGlu2/3 expression and activation that may be relevant to the
treatment of PD with mGlu2/3 agonists. However, electrophysiology studies reveal that the
effects of group II mGluR agonists on STN–SNr synapses are reduced in dopamine-depleted
animals [71]. This is further supported by behavioral studies in which systemic
administration of group II mGluR agonists were unable to reverse motor deficits in
chronically dopamine-depleted animals [72]. This inability of mGlu2/3 agonism to reverse
motor deficits in chronically dopamine-depleted animals could indicate a limited therapeutic
potential for the treatment of PD patients. Group II agonists have also demonstrated
anxiolytic and antidepressant activity, thus, they may be a potential adjunct therapy
addressing the psychiatric nonmotor symptoms associated with PD [58].

Electrophysiology studies demonstrating that activation of presynaptic group II mGluRs at
the STN–SNc synapse reduces excitatory transmission in rat SNc neurons indicates that
group II mGluR activation may be neuroprotective due to reduced glutamate excitotoxicity
[21,72]. Chronic systemic dosing of LY379268 reduced nigral dopaminergic cell death
following a 6-OHDA lesion and reduced dopamine cell degeneration in MPTP-treated mice,
supporting the neuroprotective activity of group II agonists for the nigrostriatal system
[69,73]. Although the mechanism of neuroprotection is not fully understood, agonists of
group II mGluRs may reduce glutamate excitotoxicity and can increase the production of
neuroprotective growth factors [72,74–77]. Thus, group II mGluR activation may not be an
optimal symptomatic therapy for PD but may be used in combination with other
symptomatic treatments as a potentially disease-modifying therapy.

Group III mGluRs
Recently, there has been an increased interest in generating pharmacological agents that
target group III mGluRs as a potential treatment for PD. Group III mGluRs are expressed at
multiple synapses within the basal ganglia (except mGlu6, which is restricted to the retina),
where their activation decrease transmission [25]. Using the pan group III mGluR agonist
(2S)-2-amino-4-phosphonobutanoic acid (L-AP4), it has been demonstrated that group III
mGluR agonism significantly reduces synaptic transmission at both the striatopallidal and
STN–SNr synapses in rat brain slices [78–83]. The mGlu4 subtype of group III mGluRs is
highly localized at the striatopallidal synapse [25], suggesting that mGlu4 could be
responsible for this effect at this key synapse. Consistent with this, the effect of L-AP4 at the
striatopallidal synapse is absent in mGlu4-knockout mice. Thus, mGlu4 activation is solely
responsible for inhibiting transmission at this first synapse in the indirect pathway.
Furthermore, pallidal infusions of L-AP4 or another group III agonist, L-serine-O-
phosphate, significantly reduce evoked GABA release in the GP in vivo [82]. These studies
suggest that activation of mGlu4 in the GP could have antiparkinsonian effects through
reduced activity of the indirect pathway. In support of this hypothesis,
intracerebroventricular administration of L-AP4 reverses parkinsonian motor dysfunction in
several animal models of PD, including reserpine-induced akinesia and haloperidol-induced
catalepsy [81]. In the same study, L-AP4 administration was as equally efficacious as L-
DOPA at reversing the behavioral motor deficits caused by a unilateral 6-OHDA lesion [81].
Intrapallidal infusions of group III agonists reverse haloperidol-induced catalepsy, reserpine-
induced akinesia and akinetic effects of 6-OHDA in the reaction time task, indicating that
the antiparkinsonian effects of group III agonists may be the result of reduced transmission
at the striatopallidal synapse in vivo [81,84–87]. More recently, the orthosteric mGlu4-
preferring group III agonists (LSP1-2111 and 3081, which have higher potency for mGlu4
than any of the other group III mGluRs) have demonstrated reduced motor deficits in 6-
OHDA-lesioned animals after striatal or pallidal infusions [88,89]. Taken together with
studies suggesting that mGlu4 is the group III mGluR responsible for modulating
transmission at the striatopallidal synapse, these studies suggest that mGlu4 may be
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primarily responsible for the antiparkinsonian activity of group III agonists and, thus, may
be a potential target for pharmacological intervention.

Due to the highly conserved glutamate binding site, attempts to develop highly specific
orthosteric agonists of group III mGluR subtypes (more specifically for mGlu4) have been
difficult. An alternative strategy is to develop compounds that modulate the receptors at an
allosteric site, thus increasing the specificity of the compound. One example of this strategy
is the development of N-phenyl-7-(hydroxyimino)cyclopropa[b] chromen-1a-carboxamide
(PHCCC), a positive allosteric modulator that selectively potentiates mGlu4 signaling when
compared with other mGluR subtypes [90]. Positive allosteric modulators (PAMs) like
PHCCC enhance mGlu4 activation in the presence of glutamate by binding to mGlu4 at a
site distinct from that of the glutamate binding site, but have no intrinsic ability to activate
the receptor [91]. Brain slice electrophysiology reveals that PHCCC potentiates the L-AP4-
mediated inhibition of inhibitory postsynaptic currents at the striatopallidal synapse while
having no effect on inhibitory postsynaptic currents alone [86]. PHCCC also reverses
reserpine-induced akinesia after intra-cerebroventricular or systemic administration,
indicating the potential antiparkinsonian effects of mGlu4 PAMs [86,87]. More recently,
other mGlu4 PAMs have been generated and have confirmed the earlier antiparkinsonian
data, indicating that enhanced mGlu4 activation may be a viable target for the treatment of
PD [92–94]. One of these mGlu4 PAMs is VU0364770 (Vanderbilt University, TN, USA)
and is highly potent and systemically active. Systemic administration of VU0364770 has
antiparkinsonian activity in haloperidol-induced catalepsy and in the 6-OHDA model of PD
[93]. While the stand-alone efficacy of VU0364770 against 6-OHDA motor dysfunction was
modest, VU0364770 significantly potentiated a subthreshold dose of L-DOPA, indicating
that this mGlu4 PAM could be an adjunct therapy, thereby reducing the need for L-DOPA
[93]. The cellular localization within the striatopallidal synapse of mGlu4 and adenosine
A2A receptors, and the individual anti-parkinsonian activity of adenosine A2A receptor
antagonists and mGlu4 PAMs make them exciting targets for a combination therapy. An
early study raised the possibility that coadministration of A2A antagonists and group III
mGluR agonists further reduce catalepsy after haloperidol treatment, suggesting that
combination therapy with these agents may provide more robust efficacy than either
approach alone [95]. Similarly, administration of VU0364770 significantly potentiates the
anticataleptic effects of an A2A antagonist (preladenant) in the haloperidol-induced catalepsy
model of preclinical PD [93]. Thus, mGlu4 PAMs have standalone symptomatic effects for
PD and may potentiate the effects of L-DOPA or A2A antagonists as an adjunct therapy for
PD. Recent data indicate activation of mGlu7 may also have antiparkinsonian activity in
vivo. Systemic administration of the mGlu7 agonist, AMN082 (Novartis, Basel,
Switzerland), attenuates haloperidol-induced catalepsy and akinetic deficits in 6-OHDA-
lesioned rats [96]. These effects are likely mediated by the SNr as demonstrated by reduced
reserpine-induced akinesia following intranigral AMN082 injections [97]. Interestingly,
intranigral infusion of the selective mGlu8 agonist (S)-3,4-dicarboxyphenylglycine induces
catalepsy, suggesting that mGlu8 activation could counteract antiparkinsonian effects of
mGlu4 activation [98]. Thus, highly selective activators of mGlu4 could be preferable to less
selective group III mGluR agonists for treating PD symptoms. Similar to mGlu5 antagonists
and group II agonists, group III agonists may also have anxiolytic/antidepressant properties
[58].

There are several lines of evidence based on cellular and physiological data that predict that
group III mGluR agonists or PAMs may also have neuroprotective effects for PD patients.
Activation of mGlu4 at the striatopallidal synapse reduces the activity of the indirect
pathway, which should reduce subsequent excitotoxicity of the SNc due to STN
overactivation [81]. In addition, activation of mGlu4 decreases transmission at synapses
from the STN on to dopaminergic neurons in the SNc [99]. This could further reduce
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excitatory drive and any component of dopamine cell death that involves excitotoxicity. In
addition to the potential protection against excitotoxicity, mGlu4 activation may reduce
neuroinflammation and thus participate in multiple potential mechanisms of neuroprotection
[100]. For instance, activation of mGlu4 reduces cytokine release from reactive astrocytes
[101]. Also, activation of mGlu4 and mGlu4 PAMs reduces neuroinflammation by actions
on peripheral immune cells [102]. In animal models of PD, both acute and subchronic
intranigral infusions of L-AP4 reduce the extent of 6-OHDA toxicity in the rat SNc
[55,103]. Moreover, systemic or intrapallidal PHCCC administration protects the
dopaminergic nigrostriatal system against MPTP toxicity in mice [87]. The neuroprotective
effects of PHCCC are lost in mice lacking mGluR4, thus supporting the selective activation
of mGlu4 as a strategy for neuroprotection in PD [87]. Recently, a study demonstrated that
chronic coadministration of MPEP with L-AP4 was significantly more neuroprotective than
either compound alone, indicating that combination therapy targeting multiple mGluRs as a
potential disease-modifying therapy for the treatment of PD [104]. Overall, these data show
that mGlu4 activation may be utilized as a symptomatic and disease-modifying treatment for
PD.

Conclusion & future perspective
Preclinical evidence has validated mGluRs as pharmacological targets for the treatment of
parkinsonian motor symptoms. Most notably, mGlu5 antagonism and mGlu4 activation
appear to have promise as potential treatments for PD patients. Antagonists of mGlu5
reverse some motor dysfunction and have neuroprotective effects in animal models of PD.
The use of mGlu5 antagonists may be most beneficial at attenuating LIDs in PD patients.
Activation of group III mGluRs (with particular interest in mGlu4) reduces activity of the
indirect pathway and reverses motor symptoms in several animal models of PD. Activation
of mGlu4 has also been shown to be neuroprotective in animal models of PD. Thus, mGlu4
PAMs are being developed to target the motor symptoms associated with PD. Data are now
emerging that indicate mGlu5 antagonists or mGlu4 PAMs interact with adenosine A2A
antagonists, potentiating their anti-parkinsonian effects. Thus, combined pharmacological
therapy with modulators of mGluRs and adenosine receptors may be necessary to normalize
the aberrant indirect pathway in PD patients. This type of treatment could reduce the need
for dopamine replacement therapy and significantly modify the current therapeutic strategy
for the treatment of PD.
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Practice Points

• Reducing the activation of the indirect pathway within the basal ganglia
represents a potential therapeutic strategy for Parkinson’s disease (PD) that is
not dependent on dopamine replacement.

• Antagonism of metabotropic glutamate receptor subtype 5 reduces motor
dysfunction and attenuates levodopa-induced dyskinesias in animal models of
PD.

• Group III metabotropic glutamate receptor activation reduces striatopallidal
activation and has antiparkinsonian activity in vivo.

• Chronic administration of group I, II or III metabotropic glutamate receptor
modulators demonstrates neuroprotection for the dopaminergic nigrostriatal
system.

• Agonists of group III metabotropic glutamate receptors or metabotropic
glutamate receptor subtype 5 antagonists are even more efficacious when
coadministered with adenosine A2A antagonists in animal models of PD.

• Modulation of metabotropic glutamate receptors may also be beneficial for
psychiatric nonmotor symptoms associated with PD.
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Figure 1. Potential targets for metabotropic glutamate receptor modulation within the basal
ganglia
Group I mGluRs are widely distributed throughout the basal ganglia. When activated, group
I mGluRs counteract the response of the basal ganglia to dopamine (both directly in medium
spiny neurons and indirectly via other nuclei within the basal ganglia). Antagonists of group
I mGluRs (specifically mGlu5) have antiparkinsonian effects in animal models of
Parkinson’s disease, which is thought to be due to reduced output from the STN and/or
activity of the striatopallidal synapse. Group II mGluRs are localized presynaptically to
corticostriatal terminals, STN–SNr synapses and STN–SNc synapses. Agonists of group II
mGluRs may have antiparkinsonian effects due to reduced corticostriatal glutamate release
and reduced activation of the STN. Group III mGluRs are also expressed in multiple basal
ganglia nuclei. Electrophysiological and behavioral studies have revealed that activation of
mGlu4 at the striatopallidal synapse has profound antiparkinsonian effects. Activation of
mGlu4 also modulates the corticostriatal, STN–SNr and intrastriatal GABAergic synapses.
While mGlu7 is expressed in many of the same nuclei as mGlu4, current data only support
effects of mGlu7 at SNr synapses. Red neuron: GABAergic; green neuron: glutamatergic;
blue neuron: dopaminergic.
GPe: Globus pallidus pars externa; GPi: Globus pallidus pars interna; mGluR: Metabotropic
glutamate receptor; SNc: Substantia nigra pars compacta; SNr: Substantia nigra pars
reticulata; STN: Subthalamic nucleus.
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