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The glutamatergic system and the mGlu5 receptor  

Glutamate, the most important excitatory neurotransmitter in the CNS of 

mammals, modulates several neural events, including development and cognition, as 

well as neurological pathogenesis.  Glutamate exerts its actions by binding and 

activating glutamatergic receptors, which are classified into two distinct groups: 

ionotropic (iGluRs) and metabotropic (mGluRs) receptors.  The iGluRs are ligand-gated 

ion channels and are subdivided into three types: N-methyl-D-aspartate (NMDA), α-

amino-3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA) and kainate receptors 

(Karakas et al., 2015).  mGluRs are G-protein coupled receptors (GPCRs) that can 

trigger cell signaling transduction pathways through intracellular second messengers to 

modulate synaptic activity.  Eight different mGluRs are subdivided into three groups (I, 

II, and III) based on signal transduction, sequence homology, and pharmacological 

properties (Nakanishi, 1992).  Group I includes the mGlu1 and mGlu5 receptors, which 

mediate excitatory responses through the activation of phosphoinositide signaling 

pathways, and group II and III receptors, which inhibit the cyclic adenosine 

monophosphate (cAMP) signaling pathway (Nakanishi, 1992).   

 

mGlu5 receptor: Pharmacology and cell signaling pathways 

Several studies indicate that the mGlu5 receptor is central in various brain 

processes, including long term potentiation (LTP) and long term depression (LTD), 

mechanims important for memory acquisition and learning (Bliss and Collingridge, 

1993; Hou and Klann, 2004; Hullinger et al., 2015; Sung et al., 2001).  Moreover, 

relevant neuronal processes such as cell differentiation, plastic alterations, and cell 

death are also modulated by mGluRs (Erichsen et al., 2015; Sheng and Kim, 2002).  
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As in the case of the PAG, a functional interaction between mGlu5 and CB1 

receptors to modulate nociception takes place at the spinal cord and amygdala.  It has 

been shown that the antihyperalgesic effect of WIN55,212-2 in rats submitted to 

unilateral loose ligation of a sciatic nerve is mediated through an interaction between 

CB1 and mGlu5 receptors in the spinal cord dorsal horn (Hama and Urban, 2004).  

Further studies demonstrated that DGL-α colocalizes with the mGlu5 receptor at the 

postsynaptic sites of nociceptive spinal synapses and also that the CB1 receptor is 

present at the presynaptic excitatory axon terminals (Nyilas et al., 2009).  Moreover, 

intrathecal activation of mGlu5 receptor at the lumbar level evoked endocannabinoid-

mediated stress-induced analgesia through 2-AG mobilization, suggesting a key role for 

2-AG-mediated retrograde suppression of nociceptive transmission at the spinal level 

(Nyilas et al., 2009).  mGlu5 and CB1 receptors also work cooperatively to promote 

analgesia in an arthritis pain model through a mechanism that involves CB1-mediated 

increase in mGlu5 receptor function in the medial prefrontal cortex with consequent 

inhibition of abnormally enhanced amygdala output in pain (Ji and Neugebauer, 2014).  

In addition, fear conditioning analgesia is facilitated by CB1 receptor activation in the 

basolateral amygdala via a mechanism that involves the modulation of mGlu5 and 

GABA receptors signaling (Rea et al., 2013).  Thus, mGlu5 and CB1 receptors work 

cooperatively in various brain substrates to modulate nociception. 

 

Conclusion  

The crosstalk between mGlu5 and CB1 receptors is important to regulate several 

physiological events, including LTD and neurotransmitters release.  Furthermore, the 

mGlu5/CB1 signalosome complex appears to play a major role in some conditions, such 

as nociception and FXS, which indicates that these GPCRs are potential therapeutic 
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targets.  After the discovery of the functional interaction between mGlu5 and CB1 

receptors, several studies have emerged aiming to elucidate the mechanisms involved in 

this process.  While it is clear that the formation of the signalosome containing mGlu5-

Homer-PLC-β-DGL-α is a key factor contributing to mGlu5-dependent mobilization of 

2-AG and to the regulation of neurotransmission, more studies are needed to clarify the 

mechanisms and signaling pathways involved in this interaction. 
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