
15© Springer International Publishing AG 2017 
R.T. Ngomba et al. (eds.), mGLU Receptors, The Receptors 31, 
DOI 10.1007/978-3-319-56170-7_2

Chapter 2
Supraspinal Metabotropic Glutamate 
Receptors: An Endogenous Substrate 
for Alleviating Chronic Pain and Related 
Affective Disorders

Francesca Guida, Enza Palazzo, Livio Luongo, Ida Marabese,  
Vito de Novellis, Sabatino Maione, and Francesco Rossi

Abstract  Metabotropic glutamate receptors (mGluRs) are key players in modulat-
ing excitatory transmission and important regulators of synaptic plasticity. mGluRs 
are G-protein-coupled receptors (GPCRs) that have been subdivided into three 
groups (mGluR1–mGluR8) based on sequence homology, intracellular pathways, 
and pharmacological profile. mGluRs are widely localized all along the nociceptive 
neuroaxis, including brain circuits controlling pain often overlapping those control-
ling affective/cognitive behaviors which prove deeply altered in several neurologi-
cal disorders including chronic pain.

This chapter summarizes current outcomes related to the supraspinal mGluRs in 
chronic pain states. Due to their wide expression within the pain descending system, 
a particular highlighting will be given to the pharmacological manipulation of 
mGluRs in PAG-RVM pathway, a key circuitry of the pain descending system. The 
current development of novel subtype-selective mGluR positive and negative allo-
steric modulators will allow a more stringent assessment of each mGluR subtype 
role in controlling chronic pain and pain-related affective cognitive behavior.
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Abbreviations

BLA	 basolateral amygdala
CeA	 central nucleus of the amygdala
CNS	 central nervous system
CPCCOEt	 7-(hydroxyimino)cyclopropa[b]chromen-1a-carboxylate ethyl ester
(S)-3,4-DCPG	 (S)-3,4-dicarboxyphenylglycine
GPCRs	 G-protein coupled receptors
iGluR	 ionotropic glutamate receptor
IL	 infra-limbic
mGluR	 metabotropic glutamate receptor
MPEP	 2-methyl-6-(phenylethynyl)pyridine
mPFC	 medial prefrontal cortex
NAAG	 N-acetylaspartylglutamate
NMDA	 N-methyl-D-aspartate
NTS	 nucleus tractus solitarius
PAG	 periaqueductal gray
PL	 pre-limbic
PLC	 phospholipase C
RVM	 rostral ventromedial medulla
TRPV1	 transient receptor potential vanilloid 1

2.1  �Introduction

As the most abundant excitatory neurotransmitter in the central nervous system 
(CNS), glutamate plays a pivotal role in main physiological brain functions. 
Glutamate exerts its effects through the activation of ligand-gated ionotropic gluta-
mate receptors (iGluRs) and metabotropic glutamate receptors (mGluRs). iGluRs 
are ion channel receptors, divided into N-methyl-D-aspartate (NMDA), α-amino-3-
hydroxy-5-methylisoxazole-4-propionic acid (AMPA), and kainate (KA) receptors, 
which mediate fast responses, associated with long-lasting modifications in synap-
tic transmission (Bleakman and Lodge 1998; Yamakura and Shimoji 1999), while 
mGluRs are G-protein-coupled receptors (GPCRs) subdivided into three groups 
(mGluR1–mGluR8) based on sequence homology, intracellular pathways, and 
pharmacological profile. Group I mGluRs, consisting of mGluR1 and mGluR5, are 
postsynaptically located and positively coupled to phospholipase C, and their acti-
vation leads to the intracellular calcium mobilization. Group II mGluRs, consisting 
of mGluR2 and mGluR3, and group III mGluRs, consisting of mGluR4, mGluR6, 
mGluR7, and mGluR8, are mainly presynaptic and coupled to the inhibition of 
adenylyl cyclase activity and to other signaling pathway, including the activation of 
mitogen-activated protein kinase cascade (Tian et al. 2010). mGluRs, by modulat-
ing ion channel activity and neurotransmitter release, play a modulatory role on 

F. Guida et al.



17

CNS synaptic excitability (Maione et al. 1998a; Cartmell and Schoepp 2000). Thus, 
signaling via these receptors is slower and longer-lasting driving to a fine-tuning of 
glutamate transmission.

Hyperexcitability of glutamatergic system is the main event occurring in central 
sensitization associated to chronic pain. Apart from classical symptoms, such as 
allodynia (pain experience following a not-painful stimulus) and hyperalgesia 
(increased pain perception from a painful stimulus), chronic pain presents comor-
bidity with affective and cognitive impairments. mGluRs are suitable pharmaco-
logical substrate for producing a fine modulation of glutamate transmission, whose 
hyperactivity or altered functioning is often associated with neurodegenerative, 
neurological, and psychiatric diseases. The effects of mGluRs stimulation in supra-
spinal areas of the pain pathway are summarized in Fig. 2.1. By this subject, mGluRs 
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Fig. 2.1  Scheme indicating the effect of mGluRs in supraspinal areas of the pain pathway. + indi-
cates a facilitatory effect on pain transmission, while − indicates an inhibitory effect on pain 
transmission. VBT ventrobasal thalamus
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pharmacological manipulation may represent an optimal strategy to treat chronic 
pain, including untreatable forms such as neuropathic pain, and associated affective 
and cognitive impairments.

2.2  �mGluRs and Pain Processing

Increasing evidence supports a crucial role of mGluRs in nociceptive transmission, 
given their extensive expression all along the nociceptive neuroaxis, such as the 
peripheral sensory terminals, dorsal root ganglia, spinal cord dorsal horn, rostral 
ventromedial medulla (RVM), periaqueductal gray (PAG), thalamus, amygdala, and 
cortex. The large variety and different synaptic distribution of mGluR subtypes 
determine their diverse role in pain transmission. Group I mGluRs are mainly 
expressed in the postsynaptic membrane, whereas group II and III mGluRs are 
localized presynaptically where they serve as auto- or hetero-receptors (Ohishi et al. 
1995). Generally, stimulation of group I mGlu receptors facilitates pain (Hama 
2003; Chiechio and Nicoletti 2012; Palazzo et al. 2014a, b). Conversely, activation 
of presynaptic mGluRs on glutamatergic terminals leads to a decrease in glutamate 
release (Attwell et al. 1995; Battaglia et al. 1997) correcting hyperactivity of gluta-
matergic system associated with chronic pain (Gerber et al. 2000). Within the pain 
descending pathway, high glutamate levels are associated with antinociception 
throughout a facilitation of the descending pain system functioning (Behbehani and 
Field 1979). In fact, the activation of group I or groups II and III mGluRs exerts 
antinociceptive or pronociceptive opposite effects (Marabese et al. 2005, 2007a, b) 
depending on the mGluR subtype signaling and its location on glutamatergic or 
GABAergic terminals.

Over the last decade, accumulating evidence has strengthened the evidence 
that dysfunction of the glutamate system is linked with the pathophysiological 
mechanisms responsible for chronic pain development (Neugebauer 2001). 
Neuropathic or inflammatory injury triggers structural and functional changes in 
the peripheral or central sensory circuits, resulting in altered nociceptive signal 
processes, such as spontaneous pain, allodynia, and hyperalgesia (Neugebauer 
et al. 2009; Goudet et al. 2008; Byrnes et al. 2009). Under neuropathic pain condi-
tions, enhanced glutamate release and overactivation of glutamate receptors have 
been observed in cortical areas involved in pain-related responses, including the 
anterior cingulate (ACC), insular, and prelimbic-infralimbic (PL-IL) cortex 
(Giordano et  al. 2012; Hung et  al. 2014). Furthermore, chronic pain interferes 
with specific limbic brain areas affecting neuropsychological processes which are 
glutamate-dependent, such as cognition, memory, and decision-making. mGluRs 
are supraspinally expressed within limbic system thus controlling negative affec-
tive disorders associated with chronic pain (Ferraguti and Shigemoto 2006; 
Latremoliere and Woolf 2009).
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2.3  �Group I mGluRs

The difficulty to develop selective agonists or antagonists for specific mGluR sub-
type arises from the sequence homology of mGluRs within the ligand binding site, 
which presents a hydrophilic moiety which makes the compound too hydrophilic to 
penetrate the blood-brain barrier for brain exposure. The identification, in the last 
years, of novel compounds acting as PAMs or NAMs, has guaranteed selectivity and 
lipophilicity since allosteric binding sites proved less conserved among the other 
mGluRs and do not require hydrophilic molecules. Activation of group I mGluRs 
generally facilitates nociception (Bhave et al. 2001) and mediates the development 
of inflammatory hyperalgesia (Walker et al. 2000; Palazzo et al. 2004). The role of 
supraspinal group I mGluRs in controlling pain responses has been investigated in 
the ventrobasal thalamus, periaqueductal gray, rostral ventromedial medulla, and 
amygdala.

Thalamus  Ventrobasal thalamus is a crucial relay point processing the somatosen-
sory information which from the spinal cord reach the cerebral cortex. At this level, 
mGluR1, mGluR5, and NMDA receptor stimulation enhances neuronal responses 
to nociceptive stimuli. Conversely, NMDA receptor, mGluR1, or mGluR5 blockade 
reduced the neuronal responses (Salt and Binns 2000).

Amygdala and Cortex  Basolateral (BLA) and central nucleus (CeA) of the amyg-
dala are deeply involved in the emotional consequences of pain, such as pain-related 
anxiety and depression-like behaviors. While the electrical manipulation of CeA 
activity does not modify the spontaneous nociceptive behaviors (Carrasquillo and 
Gereau 2008; Veinate et al. 2013), chronic pain leads to increased synaptic trans-
mission in the CeA, associated with the induction or maintenance of hypersensitiv-
ity observed in different pain models.

The activation of group I mGluRs in the amygdala is generally associated with 
pronociceptive effects (Neugebauer et al. 2003a, b; Kolber et al. 2010). Conversely, 
the blockade of mGluR1 inhibits pain stimuli-induced audible and ultrasonic vocal-
izations (Han and Neugebauer 2005) and decreases excitatory postsynaptic currents 
in neurons within the CeA in arthritic rats (Neugebauer et  al. 2003a; Ren and 
Neugebauer 2010). It has been recently shown that group I mGluRs are involved in 
the plastic changes that develop in the BLA and medial prefrontal cortex (mPFC) 
circuitry in chronic pain states (Ji and Neugebauer 2011; Guida et al. 2015). Later 
on, Luongo et  al. (2013) have showed that intra-BLA microinjection of (S)-3,5-
dihydroxyphenylglycine (DHPG), a group I mGluR agonist, reverted neuronal phe-
notypical changes occurring in the mPFC, under chronic pain condition. The 
7-(hydroxyimino)cyclopropa[b]chromen-1a-carboxylate ethyl ester, CPCOOEt, a 
selective mGluR1 antagonist, but not 2-methyl-6-(phenylethynyl)-pyridine, MPEP, 
a selective mGluR5 antagonist, prevented alteration in mPFC under chronic pain 
condition, suggesting that mGluR1, but not mGluR5, plays a role in the modulation 
of BLA-mPFC circuitry, which is thought to be a key substrate for affective/cogni-
tive impairments associated with chronic pain.
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Group I mGluRs may control inflammation and chronic pain state also through a 
functional cross talk with transient receptor potential vanilloid type 1, TRPV1 (Hu 
et al. 2002; Palazzo et al. 2002), a sort of a polymodal pain transducer, activated by 
chemical and thermal stimuli which open a cationic influx driving to action poten-
tials. mGluR5 activation sensitizes TRPV1 through the PLC activation and protein 
kinase A pathway (Hu et al. 2002). Reciprocally, brain TRPV1 stimulation induces 
glutamate release through depolarization and intracellular Ca2+ mobilization (Hu 
et al. 2002; Kim et al. 2009). The spared nerve injury (SNI) of the sciatic nerve, a 
model of neuropathic pain in rodents (Decosterd and Woolf 2000), increased extra-
cellular level of glutamate in the PL/IL portion of the mPFC. Blockade of mGluR5 
by MPEP microinjection in the PL/IL worsened mechanical allodynia in the SNI 
mice, possibly by braking the enhancement of the antinociceptive descending path-
way played by glutamate outflow, an effect which requires mGluR5 receptor stimu-
lation (Giordano et al. 2012).

Periaqueductal Gray (PAG)/Rostral Ventromedial Medulla (RVM)  The presence of 
mGluRs within the PAG has a strategic importance for modulating pain processing, 
since it is a key station in the pain descending pathway. Indeed, its electrical or 
chemical stimulation produces deep analgesia in rats (Reynolds 1969; Behbehani 
1995). The PAG-mediated analgesia is correlated with the modulation of neuron 
firing activity within the nucleus raphe magnus, the adjacent reticular formation, 
and the nucleus gigantocellularis, which constitute the RVM (Behbehani and Fields 
1979). RVM neurons, in turn, project to the spinal cord dorsal horn (Fields and 
Basbaum 1999), thus inhibiting the nociceptive neuronal response to noxious stim-
uli. Stimulation of group I mGluRs at the PAG level triggers glutamate-induced 
analgesia. It has been shown that selective activation of mGluR1 in the PAG pre-
vents nocifensive behavior in formalin-induced persistent pain (Maione et al. 2000). 
mGluR5, at supraspinal level, contributes to hypersensitivity following peripheral 
neuropathy. Indeed, shown that MPEP, the selective mGluR5 antagonist, dose-
dependently reduces the neuropathy-induced cold hypersensitivity, when microin-
jected directly into the RVM (Urban et  al. 2003). Conversely, groups II and III 
mGluR stimulation facilitated nociceptive responses by depressing PAG-RVM 
activity within the antinociceptive descending pathway (Maione et al. 1998b). The 
mechanism through which mGluRs mediate analgesia at the PAG level remains not 
fully understood. Activation of group I mGluRs produces antinociception via pre-
synaptic inhibition of GABA release (Maione et al.1998a, b, 2000), which in turn 
enhances pain descending system activity. Moreover, several studies have shown 
that activation of group I mGluR promotes the production of endocannabinoids, 
which in turn diffuse out of postsynaptic neurons in a retrograde way to presynaptic 
terminals. Endocannabinoids bind to cannabinoid type 1 receptor (CB1R) and 
reduce neurotransmitter release. A functional cross talk between CB1R and group I 
mGluRs in the PAG-RVM circuitry has also been shown in healthy (Palazzo et al. 
2001) and in neuropathic pain condition induced by chronic constriction injury 
(CCI) of the sciatic nerve. In this study, the effects of intra-ventrolateral (VL) PAG 
microinjection of WIN 55,212-2, a nonselective cannabinoid receptor agonist, 
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evaluated as behavioral analgesia and electrophysiological RVM neuronal responses, 
were prevented by MPEP, a selective mGluR5 antagonist (Palazzo et  al. 2012), 
supporting a role for mGluR5  in cannabinoid-induced analgesia at PAG level in 
neuropathic pain conditions.

2.4  �Group II mGluRs

Group II agents have shown being involved in a number of animal models of 
psychiatric, neurological, and neurodegenerative disorders, associated with gluta-
mate overexcitation. Group II mGluRs are located on the preterminal regions of 
primary afferent nerve endings and in supraspinal pain-regulatory centers such as 
the thalamus, amygdala, and PAG. They negatively regulate glutamate and other 
neurotransmitter release and inhibit TRPV1 and sodium channel activities (Yang 
and Gereau 2002, 2003; Carlton et al. 2009). mGluR2 agonists produce analgesia in 
models of inflammatory and neuropathic pain, but their use is limited by the devel-
opment of tolerance, usually occurring after 4–5 days of repeated doses (Jones et al. 
2005). Their supraspinal involvement in pain processing has been investigated in 
the amygdala, PAG, and ventrobasal and reticular thalamus.

Amygdala  In contrast to group I, group II mGluR stimulation inhibits nociceptive 
processing in CeA neurons. In anesthetized rats, the increased function and endog-
enous activation of group II mGluRs reduces the ongoing, as well as, evoked cell 
activity, in the knee-joint kaolin-/carrageenan-induced arthritis (Li and Neugebauer 
2006). Further and more recent studies have indicated that mGluR2 is more impor-
tant in controlling pain transmission than mGluR3 (Zammataro et al. 2011). In the 
amygdala, mGluR2 and mGluR3 stimulation inhibits GABA release at the BLA-
CeA synapse leading to an increased activity of GABAergic interneurons in the 
CeA which in turn reduces the output of the medial central amygdala to the brain 
regions mediating the autonomic, motor, and endocrine features of anxiety (Linden 
et al. 2005, 2006). By this subject group II mGluRs in the amygdala are well posi-
tioned to inhibit both pain responses and the pain-related anxiety behavior.

Ventrobasal Thalamus and Reticular Thalamus  Group II mGluRs in the ventro-
basal thalamus inhibit GABAergic interneuron responses evoked by sensory stimu-
lation in  vivo (Salt and Eaton 1995; Salt and Turner 1998). Conversely, their 
blockade in the reticular thalamic nucleus produced antinociception in monoar-
thritic rats, probably by disinhibiting local GABAergic inhibitory neurons (Neto 
and Castro-Lopes 2000; Neto et al. 2000).

PAG-RVM Circuitry  The effects of supraspinal group II mGluRs on pain responses 
have been recently carried out exploiting the compound ZJ43, a peptidase inhibitor 
degrading N-acetylaspartylglutamate (NAAG) which acts as a selective mGluR3 
agonist. The microinjection of ZJ43 into the PAG and RVM reduced both phases of 
the nocifensive reaction induced by the peripheral injection of formalin into the 
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hind paw. The effect of ZJ43 was antagonized by LY341495, a group II mGluR 
antagonist. However, ZJ43 did not affect the thermal withdrawal response in the hot 
plate test in healthy animals when microinjected into the same brain sites (Yamada 
et al. 2012). This study is consistent with previous studies showing that the intra-
PAG microinjection of a group II mGluR agonist, L-CCG-I, or the intracerebroven-
tricular administration of NAAG peptidase inhibitors reduced nocifensive behavior 
in the formalin test (Maione et  al. 2000; Yamamoto et  al. 2000) and with those 
which conversely show that intra-PAG L-CCG-I decreased the thermal threshold in 
the hot plate test, possibly by depressing the activity of the pain descending system 
at PAG level (Maione et  al. 1998b). These studies suggest that group II mGluR 
stimulation within the PAG produces analgesia in chronic pain conditions, but 
proved ineffective (or even facilitated pain responses) in acute pain conditions 
(Maione et al. 1998b; Palazzo et al. 2001).

2.5  �Group III mGluRs

Group III is the largest mGluR group which remains the less investigated due to the 
lack of selective ligands. Fortunately, selective compounds have been developed 
recently thus permitting a clarification of group III mGluR roles in the CNS diseases 
(Acher and Goudet 2015). Apart from mGluR6 which mediates responses of ON 
bipolar cells at retinal synapses (Vardi et al. 2000), mGluR4, mGluR7, and mGluR8 
are extensively distributed throughout the CNS. Group III mGluR activation in the 
presynaptic active zone of transmitter release leads to glutamate and GABA release 
inhibition (Niswender and Conn 2010). Low release of excitatory transmitters 
results in the presynaptic inhibition of transmission. On the other hand, the decrease 
of release of GABA may indirectly have excitatory effects on neuronal excitability 
(disinhibition). Thus, the overall effect of group III mGluR activity may be a bal-
ance between pain facilitation and inhibition. Moreover, glutamate shows high 
affinity for mGluR4 and mGluR8 and very low affinity for mGluR7 (Schoepp 2001) 
suggesting that mGluR7 may be recruited under pathological conditions character-
ized by excessive glutamate transmission activity. mGluR4 proved to be highly 
expressed in the cerebellum where it inhibits glutamate release at the synapses 
between granule cell axons and Purkinje cells. mGluR4 expression has been also 
found in the thalamus, basal ganglia, and olfactory bulb. mGluR7 is the most widely 
distributed among the presynaptic mGluRs. High expression of mGluR7 has been 
found in locus coeruleus, hippocampus, septum, frontal cortex, amygdala, cingulate 
cortex, bed nucleus of the stria terminalis, PAG, nucleus accumbens, thalamus, 
hypothalamus, and pituitary gland (Kinzie et al. 1995; Kinoshita et al. 1998). The 
mGluR8 is also widely distributed in brain areas such as the amygdala, pontine 
gray, lateral septum, lateral reticular nucleus of the thalamus, olfactory bulb, piri-
form cortex, cerebral cortex, hippocampus, hypothalamus, and cerebellum (Saugstat 
et al. 1997; Ferraguti et al. 2006). Notwithstanding the wide distribution informa-
tion regarding group III mGluR, the role and contribution to pain modulation has 

F. Guida et al.



23

only just started to emerge owing to the limitations of the ligands used until recently. 
The majority of the drugs which have been applied until the last years are nonselec-
tive among the group III mGluR subtypes and display scarce solubility or metabo-
lite instability. The recent progress in the selective ligand development has driven 
the investigations toward a better understanding of their modulatory function and 
their therapeutic potential in neurological and psychiatric disorders.

Thalamus  The thalamus shows a relevant expression for group III mGluRs (Neto 
and Castro-Lopes 2000). In the corticothalamic synapses, broad-spectrum group III 
mGluR agonists inhibited excitatory postsynaptic potentials, showing that gluta-
mate released at this level depresses cortical control of thalamic function (Turner 
and Salt 1999).

Amygdala  L-AP4 is a broad-spectrum group III mGluR agonist which does not 
discriminate between mGluR4 and mGluR8 and shows scarce affinity for mGluR7. 
In the CeA, L-AP4 inhibits neuron sensitization in chronic pain conditions induced 
by the knee-joint injection of kaolin/carrageen which develops in arthritic pain. The 
inhibition of neuron plasticity by L-AP4 within the CeA involves a presynaptic 
mechanism. L-AP4 slightly changed CeA neuronal responses under normal condi-
tions (Han et al. 2004). The N,N′-bis(diphenylmethyl)-1,2-ethanediamine dihydro-
chloride, AMN082, has been introduced as the first selective PAMs toward mGluR7 
(Mitsukawa et al. 2005). In the CeA, AMN082 perfusion throughout reverse micro-
dialysis facilitated nociception, whereas the selective activation of mGluR8 with 
(S)-3,4-DCPG (Thomas et al. 2001) produced the opposite effect driving to antino-
ciception (Palazzo et  al.). mGluR7 and mGluR8  in the CeA also changed pain-
related affective responses conversely. AMN082 increased audible and ultrasonic 
vocalizations, which reflect supraspinally organized nocifensive and affective 
responses to aversive stimuli (Borszcz and Leaton 2003) and reduced the open-arm 
preference, a positive indicator of anxiolytic-like effect, in the elevated plus maze in 
healthy rats, whereas it was devoid of activity in the model of arthritic inflammatory 
pain. In contrast, (S)-3,4-DCPG had no effect in normal animals, but inhibited audi-
ble and ultrasonic vocalizations and enhanced the open-arm access in the arthritic 
animals. It seems like under normal conditions, mGluR7, but not mGluR8, facili-
tates pain and anxiety responses, whereas mGluR8 can inhibit pain response and 
affective behavior in chronic pain conditions such as arthritic pain (Palazzo et al.). 
The effect of mGluR8 activation at CeA level in chronic pain condition only has 
also investigated in inflammatory pain conditions induced by the intraplantar injec-
tion of carrageenan (Palazzo et al.). Intra-CeA (S)-3,4-DCPG decreased GABA and 
simultaneously increased serotonin and glutamate release in carrageenan-given rats, 
while it did not change neurotransmitter levels in control animals. Intra-CeA 
(S)-3,4-DCPG also increased the thermoceptive threshold and modify the activity 
of RVM pain-responding neurons: the ON cells which are activated and the OFF 
cells which are inhibited by nociceptive stimuli (Fields et al. 1983; Heinricher et al. 
1989). Consistently with behavioral analgesia, intra-CeA (S)-3,4-DCPG inhibited 
the ON cell activity and enhanced the OFF cell activity in rats treated with carra-
geenan. (S)-3,4-DCPG was instead ineffective on pain responses and ON and OFF 
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cell activity in control rats. Thus, it seems like a pain-related plasticity in the CeA is 
required for mGluR8 stimulation being effective. An increase in mGluR8 expres-
sion on vesicular GABA transporter (vGAT)-positive profiles has been found in the 
CAA of carrageenan-given rats thus providing a functional target for inhibiting pain 
through the disinhibition of the descending facilitatory system (Maione et al. 2000; 
Berrino et al. 2001).

PAG/RVM  Being PAG a crucial area within the antinociceptive descending path-
way, whose stimulation induces analgesia (Reynolds et al. 1969; Behbehani 1995), 
mGluR expression at this level (Catania et al. 1994; Leyva et al. 1995) has a strate-
gic importance. First evidence that group III mGluRs at PAG level modulate pain 
threshold came from a study in which L-SOP, a phosphate analog of L-AP4 with 
the same group III mGluR agonist property, microinjected into the PAG facilitated 
pain response under normal conditions (Maione et al. 1998b) and in the late phase 
of the formalin pain test, possibly by inhibiting descending pain inhibition (disinhi-
bition) or by activating the descending facilitatory system (Maione et  al. 2000; 
Berrino et  al. 2001). Later on, by using more selective compounds, it has been 
shown that the individual roles of mGluR7 and mGluR8 in the regulation of pain 
threshold within the PAG were not univocal as in the CeA. The intra-PAG adminis-
tration of (S)-3,4-DCPG alleviated pain responses, an effect which proved to 
depend from the time of administration with respect to the peripheral injection of 
formalin and carrageenan. Interestingly, the intra-PAG microinjection of MSOP, a 
group III receptor antagonist, antagonized the analgesic response of systemically 
administered (S)-3,4-DCPG suggesting that the analgesic effect of systemic (S)-3,4-
DCPG requires mGuR8 within the PAG (Marabese et  al. 2007a). The analgesic 
effect of intra-PAG (S)-3,4-DCPG was also associated with simultaneous changes 
in the RVM activity (Marabese et al. 2007b). Indeed, it increased the ongoing and 
tail flick-related activity of OFF cells and reduced that of ON cells. Conversely, the 
mGluR7 stimulation in the PAG by AMN082 increased the activity of ON cells and 
reduced that of OFF cells and consistently decreased tail flick latency (Marabese 
et al. 2007b). mGluR7 and mGluR8 stimulation within the PAG produced opposite 
effect on GABA and glutamate release too. Indeed, intra-PAG (S)-3,4-DCPG 
increased glutamate and decreased the GABA levels, whereas AMN082 reduced 
the glutamate concentration and increased GABA release, conversely (Marabese 
et  al. 2007b). The role of mGluR7 at PAG level has been recently deepened by 
microinjecting into the PAG the novel selective negative allosteric modulator for 
mGluR7, the 6-(4-methoxyphenyl)-5-methyl-3-pyridin-4-ylisoxazolo[4,5-c]pyri-
din-4(5H)-one, MMPIP (Suzuki et al. 2007; Nakamura et al. 2010). Intra-VL PAG 
MMPIP inhibited pain responses in formalin and neuropathic pain models remain-
ing ineffective in healthy rats. MMPIP also modulated RVM cell activity by increas-
ing the activity of the antinociceptive OFF cells and decreased that of the 
pronociceptive ON cells, consistently with antinociception only in neuropathic rats 
and proved to be ineffective in healthy controls (Palazzo et al. 2012). The context-
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dependent MMPIP effect was later on confirmed in a recent study where systemic 
MMPIP has proved to revert pain and pain-related affective and cognitive responses 
in the SNI model of neuropathic while remaining ineffective in control mice 
(Palazzo et al. 2015).

Nucleus Tractus Solitarius (NTS)  Interestingly and accordingly to the opposite 
effects on pain modulation played by mGluR7 and mGluR8 stimulation in the PAG 
and amygdala, opposite roles of these receptors have also been reported in the 
NTS.  However, the function played by mGluR7 (pain facilitation) and mGluR8 
(pain inhibition) on cardiac somatic reflex induced by pericardial capsaicin was 
exactly the opposite to those played in the amygdala and PAG. Indeed, mGluR7 has 
an inhibitory, whereas mGluR8 has a facilitatory role in modulating cardiac noci-
ception in the NTS (Liu et al. 2012). The effects of intra-NTS stimulation of mGluR7 
and mGluR8 were antagonized by intra-NTS MSOP, a selective group III mGluR 
antagonist. The reason of the discrepancy among mGluR7 and mGluR8 stimulation 
effect within the NTS and PAG/amygdala may originate from the fact that NTS has 
a pronociceptive action and the stimulation of mGluR8 on GABAergic terminals by 
disinhibiting NTS-descending activity increases nociceptive information at the spi-
nal cord level. The stimulation of mGluR7 on glutamatergic terminals would have 
the opposite effect (Liu et al. 2012). It has been also recently shown that group III 
mGluR blockade in NTS prevents sensitization of neural firing response to intratra-
cheal application of capsaicin in both naïve- and allergen-sensitized rats (Spaziano 
et al. 2015).

Dorsal Striatum (DS)  The role of the mGluR8  in modulating pain responses in 
neuropathic pain conditions has been recently investigated also in the dorsal stria-
tum (DS). mGluR8 stimulation did not modify the nociceptive behavior and RVM 
neural activity in control rats but increased the mechanical withdrawal threshold 
and the activity of the OFF cells while decreasing that of the ON cells in the SNI 
model of neuropathic pain. The effect of mGluR8 manipulation (and of other group 
III mGluRs) being analgesic in chronic pain conditions only is consistent with pre-
vious reports (2011b, 2014a,b, 2015). AZ12216052, a mGluR8 PAM, has shown an 
effect similar to that of (S)-3,4-DCPG. An increase in tail flick latency and in the 
OFF cell activity and a decrease in the ON cell activity have been observed in SNI 
rats only. However, the effect of AZ12216052 was less potent than that of (S)-3,4-
DCPG. Differently from mGluR8, the mGluR4 stimulation by VU0155041, a selec-
tive mGluR4 PAM, was ineffective in changing pain responses in both shams and 
SNI rats thus confirming the specificity of (S)-3,4-DCPG effect was due by mGluR8 
stimulation (Thomas et al. 2001). mGluR8 protein expression was increased in the 
DS and associated with vesicular glutamate transporter vGAT-positive profiles in 
SNI rats suggesting that disinhibition of the DS inhibits pain transmission through-
out the descending pain pathway activation at RVM level in chronic pain condition 
(Rossi et al. 2014).

2  Supraspinal Metabotropic Glutamate Receptors…



26

2.6  �Conclusion

Altogether the potential and the variety of the effects which may be obtained by 
mGluR manipulation on CNS functioning are unlimited. A large number of neuro-
logical and psychiatric diseases are associated with glutamate transmission dys-
regulation; thus, its modulation by mGluR fine-tuning appears strategic. The 
mGluR-wide expression in nervous tissue of the pain pathway suggests that multi-
ple avenues exist to exploit mGluRs for designing pain-killers. In particular, pain-
controlling supraspinal sites often overlap those controlling affective and cognitive 
behaviors which are seriously compromised in chronic pain suffering subjects. 
Moreover, their expression in supraspinal structures such as those belonging to the 
endogenous antinociceptive descending pathway, including PAG and RVM, whose 
task is to counteract pain, offers an endogenous substrate for evoking analgesia. 
Taken as a whole, the mGluR ligand effects on pain and pain-related affective/cog-
nitive responses depend not only from their selectivity for a particular mGluR sub-
type and the transduction cascades to which they are coupled but also from the 
neuron type (glutamate or GABA) and the brain site which can be pronociceptive or 
antinociceptive on which they are located. The recent increasing development of 
NAMs and PAMs which have shown selectivity toward a specific mGluR subtype 
offers a large variety of pharmacological tools for investigating mGluR potential on 
psychiatric and neurological diseases including chronic pain and its emotional and 
cognitive consequences. Moreover, these allosteric modulators present better lipo-
philicity and selectivity than their orthosteric counterparts. While preliminary stud-
ies investigating the effect of mGluR8 PAMs and mGluR7 NAMs on chronic pain 
and related affective cognitive consequences appear encouraging, further studies 
will be needed to clarify the precise contribution of each mGluR subtype and its 
therapeutic potential.
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