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Glutamate Receptors in Epilepsy
Group I mGluR-Mediated Epileptogenesis

Riccardo Bianchi,1 Robert K S Wong,1,2 and Lisa R Merlin1,2,3,*

Stimulation of group I mGluRs elicits ictal-like responses from normal quiescent hippocampal slices. Ictal-like 
responses once induced become persistent and show no fading even upon washout of the agonist. The 
conversion of normal neuronal activity to long-lasting epileptiform discharges resembles epileptogenesis and 
effects of group I mGluRs on hippocampal network provides a model for detailed studies of epileptogenesis. 
Experiments on the group I mGluR model reveal that epileptogenesis is sustained by specific long-lasting 
cellular responses (cellular plasticity). The latter include activation of a voltage-dependent cationic current and 
suppression of afterhyperpolarizations following action potentials. Induction of cellular plasticity (and 
epileptogenesis) requires synthesis of new proteins via local dendritic translation. The translation process is 
normally controlled by endogenous translation repressors including BC1 RNA and FMRP (fragile X mental 
retardation protein). Absence of FMRP causes fragile X syndrome (FXS) which is characterized by 
developmental mental retardation and enhanced susceptibility to epilepsy. Recent data indicate that group I 
mGluR-mediated translation is aberrantly enhanced in the absence of the repressor FMRP and that the 
enhanced translation constitutes a core co-morbidity mechanism of mental retardation and epilepsy observed in 
FXS. Thus, group I mGluRs represent a site of vulnerability and a potential therapeutic target against epilepsy.

In the early 1990’s the epileptogenic potential of metabotropic glutamate receptor (mGluR) activation in the 
hippocampus was first suggested by data using the then-newly-developed broad spectrum mGluR agonist 
(1S,3R)-1-aminocyclopentane-1,3-dicarboxylic acid (ACPD).1 These studies revealed that mGluR activation had 
the potent ability to recruit the hippocampal network to express robust synchronized discharges. These 
synchronized bursts had features suggestive of typical seizure discharges in that (1) their length was on the order 
of seconds, and (2) they were comprised of an intrinsic oscillatory series of discharges that began at a high 
frequency and gradually slowed. And indeed, work in other labs confirmed that ACPD application does elicit 
seizures in the intact organism.2 A hypothesis was developed proposing that the group I mGluRs, which are 
predominantly localized to the edges of synapses (“perisynaptic”),3 were likely to be activated at times of intense 
glutamate release, and this could result in the expression of acute seizures such as the impact seizure that occurs 
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acutely in the setting of head trauma. However, subsequent studies using the selective group I mGluR agonist 
(S)-3,5-dihydroxyphenylglycine (DHPG) revealed a potential additional consequence of group I mGluR 
activation: long-lasting changes in network excitability.4

THE mGluR MODEL OF EPILEPTOGENESIS
The impact of selective group I mGluR activation on the in vitro hippocampal network was profound. Not only 
did such activation result in the expression of ictal-like discharges, but removal of the mGluR agonist was 
insufficient to restore baseline network excitability; instead, ictal-like discharges continued to be expressed 
unabated for hours following agonist exposure and removal (Figure 1).4 This network plasticity was strongly 
suggestive of the initiation of an epileptogenic process, one in which normal neuronal cortex is converted into a 
persistently hyperexcitable state with a lowered threshold for the production of seizure discharges. It was 
proposed that this form of epileptogenesis was likely to be clinically relevant because the instigating agent was 
acting at glutamate receptors, and glutamate was long recognized as the key excitatory transmitter in the CNS 
underlying the expression of seizure discharges.

Numerous studies revealed that group I mGluR activation can induce long-lasting changes in cellular and 
synaptic properties (plasticity) in the CNS, including long-term potentiation and depression.5,6 As with all 
metabotropic receptors, a G-protein-coupled second-messenger signaling cascade is recruited upon stimulation, 
and the intracellular enzymes activated can have long-lasting consequences on cellular excitability. In the case of 
the group I mGluRs – receptors coupled to the Gq/11 protein and phospholipase C signaling pathway – two 
direct effects were well characterized early on: production of diacylglycerol, which would result in protein kinase 
C activation, and inositol triphosphate production, which would stimulate release of calcium from intracellular 
stores.7 Early studies attributed the synaptic long-lasting effects of group I mGluR activation to either or both of 
these intracellular pathways, and it was initially assumed that the network plasticity we observed was similarly 
mediated, but later studies revealed the additional involvement of a more complex set of proteins and enzymes, 
to be described later in this chapter.

Plasticity of any type has two critical components: the initiating factors necessary for induction of the 
modification, and the downstream effectors that underlie the sustained expression of the enhanced response. 
Experiments described below have delved into understanding the necessary contributors to each of these 
components.

KEY FEATURES RELEVANT TO INDUCTION OF GROUP I mGluR-
DEPENDENT EPILEPTOGENESIS
Most studies examining the in vitro model of mGluR-induced epileptogenesis have been performed on the 
hippocampal slice preparation. In many instances, slices were initially exposed to picrotoxin, an antagonist of 
GABAA receptor-mediated inhibition, to elicit baseline interictal activity in the CA3 network. While there were 
data to indicate that this additional agent was not necessary for the induction of persistent ictal-length activity, 
the picrotoxin model was useful for the following reasons: (1) It helped to confirm the baseline health of the slice 
by establishing the initial responsiveness of the network. (2) It reduced the inter-slice variability of the mGluR-
induced ictaform activity. (3) It made for easier interpretation of the site of action of the mGluR agonist: 
numerous studies had indicated that group I mGluRs are localized to principal neurons, interneurons, and glial 
cells,8 and mGluR activation could therefore potentially have direct suppressive effects on inhibitory responses. 
Nevertheless, elimination of GABAA receptor-mediated inhibition from the network activity in the mature 
hippocampal slice never elicited ictaform discharges; only interictal-length bursts (generally < 650 milliseconds 
in duration) were produced. Furthermore, additional suppression of GABAB receptor-mediated responses also 
failed to elicit ictal-length discharges.9
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Under conditions of suppressed GABA-mediated inhibition, exposure to selective group I mGluR agonist 
invariably induced ictaform discharges.4 It was therefore suggested that group I mGluR activation participated 
in the interictal-to-ictal transition, eliciting ictaform discharges via a direct excitatory effect on the hippocampal 
network. But the persistence of the ictal discharges following transient agonist exposure was the finding of 
greatest interest due to its relevance to epileptogenesis. A series of experiments using co-applied antagonists 
indicated that the agonist was truly washing out of the chamber, suggesting that the persistence of the effect was 
due to a true network modification and not a pharmacological artifact.4 But was group I mGluR activation truly 
necessary to induce this modification?

Silent Induction
When hippocampal slices are perfused with the GABAA antagonist picrotoxin, interictal bursts recur 
spontaneously and rhythmically approximately every 10 seconds for as long as the slice is exposed to the agent. 
When group I mGluR agonist is subsequently introduced, the burst frequency promptly increases to 2–3 times 
its original rate, then returns close to baseline frequency as the length of the bursts gradually increase to ictal 
length.10 In light of this, it was hypothesized that perhaps the persistence of the effect was merely a kindling-like 
phenomenon resulting from the bombardment of recurrent bursting rather than a direct effect of the mGluR 
activation itself. To address this question, experiments were performed in which, after demonstration of normal 
interictal activity in the presence of picrotoxin, all bursting activity in the slice was suppressed via the perfusion 
of ionotropic glutamate receptor antagonists. Then, in the presence of this pharmacological blockade, the slice 
was transiently exposed to 20–40 min of group I mGluR agonist (DHPG), an experimental protocol referred to 
as “silent induction.”11 Upon removal of all agents except picrotoxin, the synchronized discharges that emerged 
were markedly potentiated to ictal length. The data demonstrated that (i) induction of ictaform events in this 
model is independent of ionotropic glutamatergic activation, and (ii) group I mGluR activation itself has a 
powerful direct long-lasting effect of enhancing hippocampal network responsiveness.

Figure 1. Group I metabotropic glutamate receptor (mGluR) activation induces persistent ictal-like discharges in the 
hippocampus. A, Summary histogram of mean duration of synchronized bursts elicited by picrotoxin (control) and maximum 
duration of prolonged bursts during application of the selective group I mGluR agonist (S)-3-hydroxyphenylglycine ((S)3HPG, 250–
500 μM, n = 7 slices). Error bars: SEM. B, Intracellular recording from a CA3 pyramidal cell in a hippocampal slice before and during 
exposure to 250 μM (S)3HPG. C, Time course of synchronized burst prolongation; burst duration displayed before (1), during (bar), 
and after (2) group I mGluR stimulation with (R,S)-3,5-dihydroxyphenylglycine ((R,S)DHPG; 100 μM). Ictal-like discharges induced 
by (R,S)DHPG persisted for hours after washout of the agonist. Insets: Records before (1) and after (2) transient exposure to DHPG. 
(Modified from ref. 4.)
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Group I mGluR subtypes: mGluR1 and mGluR5
Experiments in which the group I mGluR agonist was applied in the presence of antagonist confirmed that the 
epileptogenic effect was indeed driven by activation of group I mGluRs. The group I mGluR family is comprised 
of two receptor members, mGluR1 and mGluR5. Were both receptor subtypes necessary for induction of this 
epileptogenic effect? Utilizing selective antagonists against either mGluR1 or mGluR5, it was demonstrated that 
mGluR5 activation alone was often both necessary and sufficient to induce a persistent ictogenic effect.12 This 
was evident from two sets of data: (1) If group I mGluR agonist was transiently applied in the presence of 
mGluR1-selective antagonist, persistent ictal-length discharges often appeared following subsequent removal of 
the mGluR1 antagonist, uncovering the epileptogenic effect that was induced by activation of mGluR5 alone. (2) 
If group I mGluR agonist was applied in the presence of mGluR5-selective antagonist, persistent ictal-length 
discharges were generally not elicited, revealing that mGluR5 activation was a necessary component of the 
induction process.

NMDA receptors
NMDA receptor activation has frequently been associated with the induction of long-term potentiation and/or 
depression of synaptic responses.13 It was therefore natural to consider the possibility that NMDA receptor 
activation may be necessary for the induction of the mGluR-driven long-lasting network effect. Nevertheless, 
experiments performed in the presence of NMDA receptor antagonist demonstrated that the group I mGluR 
agonist could still elicit its full epileptogenic effect, in regards to both enhanced burst length and persistence 
following agonist removal.14

Protein synthesis
Protein synthesis has been shown to play a key role in various forms of long-lasting synaptic modifications.15 

Experiments were performed to examine the protein synthesis dependence of the group I mGluR-induced 
epileptogenic effect. Utilizing anisomycin and cycloheximide, agents that suppress mRNA translation, it was 
shown that even prolonged group I mGluR agonist application failed to elicit burst prolongation in the presence 
of either protein synthesis inhibitor. By contrast, protein synthesis inhibitor had no effect on the expression of 
picrotoxin-induced interictal discharges.10 The dependence of group I mGluR-mediated induction of ictaform 
events on mRNA translation would turn out to be highly relevant to understanding the pathophysiology of 
seizures and other clinical features of fragile X syndrome, as will be discussed later in this chapter.

Protein synthesis inhibitors had no effect on the expression of ictal-length discharges elicited with the broad 
spectrum mGluR agonist ACPD, even though these discharges were shown to be group I mGluR-dependent.16 

Consistent with this finding, these ACPD-induced group I mGluR-driven but protein synthesis-independent 
ictal discharges were not persistent; rather, they readily disappeared upon removal of the broad spectrum 
agonist.4,16 Encouragingly, these data suggest that group I mGluR-mediated seizure discharges can be elicited 
without inducing an epileptogenic process, and further investigations clarifying the distinction between these 
two forms of mGluR activation may allow for the development of unique antiepileptogenic agents.

Phospholipase C
Group I mGluRs are coupled to intracellular signaling pathways via activation of phospholipase C (PLC);7 this 
PLC activation was shown to be a critical component of the epileptogenic process. Pharmacological inhibition of 
PLC prevented induction of ictal-like discharges by DHPG, and similarly, in slices prepared from PLCβ1 
knockout mice (mice lacking the major isoform of PLC expressed in the hippocampus), group I mGluR 
activation failed to elicit ictal-like discharges.17 These data revealed that PLC activation is necessary for group I 
mGluR-induced epileptogenesis.
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PLC activation stimulates two parallel signaling pathways: diacylglycerol-mediated protein kinase C activation, 
and inositol triphosphate-driven increases of intracellular Ca2+ via release from intracellular stores.7 Although 
protein kinase C (PKC) is a mediator of many group I mGluR-induced effects, experiments performed in the 
presence of chelerythrine, a PKC inhibitor, revealed no significant suppressive effect on the induction of 
persistent ictaform activity by group I mGluR agonist.18 On the other hand, agents that interfere with Ca2+ 

release from intracellular stores did prevent the expression of ictaform activity elicited by either DHPG19 or 
ACPD,20 suggesting that mGluR-induced epileptogenesis is dependent on intracellular Ca2+ mobilization.

Extracellular-signal-regulated kinase 1/2
Group I mGluR agonist elicits two phases of extracellular-signal-regulated kinase (ERK) 1/2 activation in 
hippocampal slices: an early response which is elicited directly by receptor activation and signaled via tyrosine 
kinase, and a later response driven by both neuronal firing and PKC activation. As indicated above, neither 
neuronal firing11 nor PKC activation18 is necessary for the mGluR-mediated induction of long-lasting ictaform 
activity. However, inhibition of either tyrosine kinase or of ERK 1/2 phosphorylation prevented DHPG from 
inducing ictal-like discharges, suggesting that the induction process is dependent on the early receptor-mediated 
ERK 1/2 response.21

Phospholipase D
Cysteine sulfinic acid (CSA) is an amino acid endogenous to the nervous system that is released in the 
hippocampus during periods of high-intensity activity22 and, among its many actions, activates PLD-coupled 
metabotropic receptors.23 CSA-mediated activation of PLD can be antagonized with the agent PCCG-13.24 

Through the use of these two agents, it was shown that PLD activation impedes the epileptogenic process 
induced by selective group I mGluR activation, while it has no suppressive effect on baseline interictal bursting 
or on fully-induced persistent ictal activity.25 PLD activation also had no effect on reversible ictal activity elicited 
with the broad spectrum mGluR agonist ACPD.16 As the CSA-mediated suppression of epileptogenesis was 
blocked by chelerythrine,18 it was proposed that CSA’s antiepileptogenic effect may be mediated by PLD-driven 
PKC activation, which could then feedback to inhibit group I mGluR-mediated responses.

The role of PKC in the antiepileptogenic effect of CSA was tested with experiments in which phorbol esters were 
used to activate PKC. Phorbol ester failed to inhibit mGluR-driven epileptogenesis; in fact, the ictal activity 
induced in the presence of phorbol ester was more robust than that elicited by DHPG alone. Additional 
experiments revealed that phorbol esters elicited a powerful epileptogenic effect of their own, accelerating the 
epileptogenic process and potentiating the ictal discharge duration.26 It is possible that the PKC activation 
responsible for PLD-mediated suppression of epileptogenesis may need to be subtype-specific and/or localized 
to specific synapses on the activated neurons to evoke its suppressive effect.

WHAT SUSTAINS THE ONGOING EXPRESSION OF THE GROUP I 
mGluR-INDUCED ICTAL DISCHARGES?
As NMDA receptor mediated responses can been enhanced by group I mGluR activation,27 and potentiated 
NMDA responses can sustain enhanced synchronized activity in hippocampal networks,28 it was hypothesized 
that mGluR-induced NMDA potentiation may underlie the sustained expression of the ictal bursts in our 
system. However, experiments revealed that this was not the case; the ictal discharges continued unabated in the 
presence of NMDA antagonist.1,14 What, then, was responsible for the sustained expression of the prolonged 
ictal discharges?
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Autopotentiation
The ictal-length persistent discharges that are expressed following the transient activation of group I mGluRs 
proved to be quite resistant to most of the agents described above that impede induction of the discharges: 
neither protein synthesis inhibitor10 nor cysteine sulfinic acid25 could suppress the ongoing ictal activity once it 
had been induced. However, there was one agent that could effectively suppress the sustained expression: group I 
mGluR antagonist.1,4,11 If introduced after induction had occurred and prolonged bursts were fully-expressed, 
the group I mGluR antagonist shortened the synchronized discharges to interictal length, but ictal bursts 
promptly reappeared upon removal of the antagonist. These data suggested that group I mGluRs undergo 
“autopotentiation,” i.e., transient agonist-mediated selective activation results in long-lasting enhanced 
responsiveness of group I mGluRs, allowing endogenous glutamate to now sustain the activation of the 
receptors. Experiments utilizing selective mGluR1 and mGluR5 antagonists revealed that both receptors 
participate in the expression of the prolonged bursts: either antagonist alone elicited significant reversible 
shortening of the sustained ictal-length bursts, although the mGluR1 antagonist was more effective, almost 
completely abbreviating the discharges back to their interictal length prior to agonist exposure.12

Although presynaptic enhancement of glutamate release remains a possible contributor to this observed 
potentiation of mGluR responses, it appears more likely that the primary site of modification is postsynaptic. In 
recent studies, postsynaptic long-lasting effects on intrinsic properties of CA3 pyramidal cells induced by group 
I mGluR activation have been identified.29,30 These cellular modifications may underlie epileptogenesis by way 
of inducing persistent changes in the cell firing pattern, thereby sustaining prolonged ictal-like discharges.

Persistent effects of group I mGluR activation
There are numerous reported cellular effects mediated by group I mGluR activation. Most have not been 
established as long-lasting, but even those that do persist (e.g. enhancement of NMDA responses27) do not 
necessarily contribute to the enduring nature of the epileptogenic effect.14 The following are two excitatory 
effects of group I mGluR activation that have been established as long-lasting and likely contribute to the 
ongoing expression of the persistent ictal discharges.

Induction of a voltage-dependent cationic current ImGluR(V)
A major response to group I mGluR stimulation in CA3 pyramidal cells is the appearance of a depolarization-
activated, voltage-dependent ionic current (ImGluR(V)) that has an activation threshold around −60 mV, a 
reversal potential of about −10 mV, and shows no inactivation (Figure 2).17,29,31 ImGluR(V) induces plateau 
potentials that sustain rhythmic periods of prolonged action potential firing of 2–7 seconds with intervals of 
similar durations.17 ImGluR(V) also promotes repetitive firing by eliciting spike afterdepolarizations (ADPs).32 

This intrinsic pattern of neuronal firing could drive synchronized ictaform activity via the recurrent 
glutamatergic collateral connections in the CA3 cell population.33 Indeed, pharmacological blockade of 
ImGluR(V)17,29 or its abolition in transgenic preparations17,34 prevents the expression of group I mGluR-
dependent ictal-like discharges, suggesting that ImGluR(V) underlies this mGluR-induced synchronized activity.

Suppression of action potential afterhyperpolarizations
DHPG-mediated activation of group I mGluRs elicits suppression of action potential afterhyperpolarizations 
(AHPs), an effect which enhances repetitive firing in CA3 pyramidal cells.32,35 This AHP suppression can be 
long-lasting,30 suggesting it may contribute to the prolonged neuronal firing during synchronized group I 
mGluR-mediated ictal activity.

Consistent with the persistent nature of these two cellular effects, DHPG cannot elicit ImGluR(V) or AHP 
suppression in the presence of protein synthesis inhibitors,29,30 lending support to the hypothesis that these 
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cellular effects may underlie the sustained expression of the protein synthesis-dependent persistent ictal 
bursts.10

ENDOGENOUS REGULATION OF GROUP I mGluR-DEPENDENT 
EPILEPTOGENESIS
Studies on the endogenous control of group I mGluR-dependent epileptogenesis were prompted by the 
observation that persistent ictaform discharges are elicited by selective activation of group I mGluRS with 
DHPG4,10 but not by the broad-spectrum mGluR agonist ACPD4,16 nor by synaptic stimulation of group I 
mGluRs,29,36,37 suggesting that group I mGluR-mediated epileptogenesis is normally prevented. Concurrent 
activation of group II mGluRs does not account for the reversibility of the ACPD-induced ictogenesis.4,16 Active 
protein synthesis is critical to the induction process underlying the mGluR-driven epileptogenic effect,10,16,21 

suggesting this to be a potential site of regulation.

Recent data reveal that there are multiple endogenous regulators of protein synthesis. Brain cytoplasmic 1 (BC1) 
RNA is a small non-protein-coding RNA expressed in neuronal dendrites,38 where it inhibits activity-dependent 
protein synthesis.39–41 Mice lacking BC1 RNA are susceptible to audiogenic seizures and their hippocampal 
CA3 neuronal network displays synaptic hyperexcitability leading to ictal discharges.37 These epileptogenic 
responses were shown to be protein synthesis dependent, and driven by enhanced activation of mGluR5 and 

Figure 2. Group I mGluR activation induces a long-lasting voltage-dependent cationic current: ImGluR(V). Aa, Current response to 
a depolarizing ramp from −70 mV to −5 mV obtained from a CA3 pyramidal cell in a solution containing low Ca2+ (0.2 mM), Mn2+ 

(1 mM), TTX (1 μM), and Cs+ (5 mM) to suppress Ca2+, Na+, and K+ currents (Control) superimposed on current response in the 
same cell after addition of (S)DHPG (50 μM). Ab, I–V plot showing the current induced by DHPG, ImGluR(V), obtained by subtracting 
the control current response from the response in DHPG. B, I–V plots (a) of currents recorded in a CA3 pyramidal cell before (i), 
during (ii), and after (iii) DHPG application, and time course of ImGluR(V) development and maintenance relative to DHPG exposure 
(b). (Modified from ref. 29.)
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ERK 1/2, as antagonism of either of these could suppress the epileptic effect.37 These data suggest that, in wild 
type mice, BC1 RNA is an endogenous translational repressor of group I mGluR-mediated epileptogenesis.37,42

The finding that group I mGluR-dependent LTD is abnormal in preparations lacking functional fragile X mental 
retardation protein (FMRP),43 an intracellular RNA-binding protein that represses mRNA translation,44 

pointed to this protein as another candidate for control of protein synthesis-dependent DHPG-induced 
epileptogenesis. Indeed, in experiments carried out on hippocampal slices from transgenic mice lacking FMRP, 
synaptic stimulation of group I mGluRs was able to elicit the DHPG-like persistent cellular and network 
excitatory effects previously seen only with DHPG application: both ImGluR(V) and persistent ictaform 
discharges were readily elicited, and these effects could be blocked with protein synthesis inhibitors.29,36 These 
data are consistent with an inhibitory role of FMRP on group I mGluR-induced, protein synthesis-dependent 
plasticity in the normal condition, and with the hypothesis that absence of FMRP-mediated inhibition results in 
exaggerated group I mGluR-dependent protein synthesis-dependent responses responsible for the seizures seen 
in patients with fragile X syndrome (Figure 3).45

FRAGILE X SYNDROME: A CLINICAL CONDITION IN WHICH 
HYPEREXCITABLE GROUP I mGluRs UNDERLIE A PHENOTYPE 
THAT INCLUDES SEIZURES
Group I mGluRs appear to play a central role in the pathophysiology of fragile X syndrome (FXS) in humans.45 

FXS is caused by a mutation that results in lack of expression of functional FMRP. The Fmr1 knockout mouse 
expresses the full phenotype associated with fragile X syndrome: memory deficits, learning disabilities, autism, 
epilepsy, altered body growth and macroorchidism are features common to both the knockout mouse and the 
human condition, and thus this mouse has become a useful model for studying the underlying pathophysiology 
of the disease.46 Studies have shown the efficacy of mGluR5 antagonist in suppressing audiogenic seizures in this 
model (Figure 3),47 and clinical trials in patients with FXS have been encouraging as well.48 But even more 
remarkably, in Fmr1 knockout mice crossbred to express 50% fewer mGluR5 receptors, a startling observation 
was made - all phenotypic anatomic and behavioral abnormalities usually seen in the fragile X mouse were 
normalized except for the macroorchidism.46 The implications are profound: excessive mGluR5-driven protein 
synthesis is responsible for much more than just epileptogenesis; it has a broad impact on memory, behavior, and 
even prepubescent body growth in fragile X syndrome. These data lead us to believe that the clinical importance 
of the group I mGluR system may be even more widespread than is currently realized.

ADDITIONAL CLINICAL CONDITIONS IN WHICH GROUP I mGluR 
HYPEREXCITABILITY MAY PLAY A KEY ROLE
The involvement of group I mGluR activation in the epileptogenesis may well extend beyond FXS. The following 
are some examples of neurological conditions that are associated with enhanced susceptibility to seizures and for 
which recent data raise the issue of possible roles of group I mGluRs in their pathogenesis.

Alzheimer’s disease and Down syndrome
A common feature of Alzheimer’s disease (AD) and Down syndrome (DS) is overexpression of amyloid 
precursor protein (APP) and accumulation of β-amyloid (Aβ) in brain plaques, with associated dementia.49,50 

AD and DS are both associated with an increased incidence of seizures,51 and recent data suggest that Aβ may 
be epileptogenic.52 Studies on AD and DS mouse models reveal increased susceptibility to audiogenic 
seizures53,54 and remarkably, mGluR5 antagonists reduce both the Aβ production and the expression of 
seizures.54,55 These data suggest that mGluR5 activation may underlie epileptogenesis in AD and DS, and one 
may speculate that mGluR5 hyperexcitability contributes to the cognitive deficits and growth abnormalities as 
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well. Interestingly, it appears that FMRP normally inhibits mGluR5-stimulated translation of APP and that Aβ is 
overexpressed in FXS,56 indicating exaggerated mGluR5-mediated translation as a common pathogenic initiator 
in these distinct neurological diseases.

Post-traumatic and post-stroke epilepsy
In patient who have sustained head trauma or stroke, there is an increased risk of developing epilepsy over the 
ensuing years.57 Although the mechanisms for this epileptogenic process have not been fully elucidated and are 
likely multifactorial, the earliest inciting factor in both trauma and stroke is acute massive glutamate release, 
which may initiate an injurious process similar to kindling and culminating in the expression of recurrent 
unprovoked seizures. During the latent period, one can envision subclinical synchronized activity percolating in 
the network, contributing to a kindling-like phenomenon. The glutamate that instigates this cascade likely 
activates perisynaptic group I mGluRs, which may be key contributors to the epileptogenic process.

Figure 3. Group I mGluR model of epileptogenesis. Activation of group I mGluRs induces local translation eliciting cellular plasticity. 
Cellular plasticity includes long-lasting ImGluR(V) and AHP suppression. Integrative expression of cellular plasticity causes long-lasting 
ictal-like discharges. This epileptogenic process is normally controlled by a number of translation repressors, such as FMRP and BC1 
RNA. De-repression of translation occurs in Fragile X Syndrome, which is characterized by a single genetic defect resulting in loss of 
FMRP function. In the absence of FMRP, synaptic activation of group I mGluRs elicits exaggerated translation causing 
neurodevelopmental disorders and epilepsy.
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Traumatic brain injury (TBI) has been reproduced with animal models to study the mechanisms of 
epileptogenesis.58 Chronic cellular modifications induced by TBI include loss of inhibitory interneurons, 
sprouting of excitatory connections, and increased excitability of pyramidal neurons.59,60 Interestingly, at least 
some of these changes are activity-dependent because they are prevented by tetrodotoxin.61 Contribution of 
group I mGluRs to post-traumatic neuronal injury is suggested by the findings in rat models that their activation 
exacerbates neuronal death in vitro while their pharmacological blockade decreases neuronal loss produced by 
traumatic brain injury in vivo.62,63 However, whether group I mGluR-dependent neuronal injury or activation 
of these receptors take any part in epileptogenic processes following TBI is unknown. To assess the therapeutic 
potential of group I mGluR antagonists in this context is of particular interest since most of the classical 
antiepileptic drugs tested so far are rather ineffective against post-traumatic epilepsy.64

It is clinically recognized that only a subpopulation of patients with strokes or head trauma develop epilepsy, and 
at present we do not have the means to predict accurately which patients will have this outcome. We can 
speculate, however, that any patient with hyperexcitable group I mGluRs, either due to direct mutations or lack 
of sufficient endogenous repression, will be more prone to the epileptogenic process and may benefit from 
treatments targeting this pathway during the latent period, before their first clinical seizure is experienced. 
Advances in genetic testing may someday allow us to identify these patients. It is interesting to note that animals 
deficient in the expression of group I mGluRs have been shown to be particularly resistant to developing epilepsy 
following an episode of status epilepticus.65 Although we are a long way from fully understanding the complex 
role of group I mGluRs in seizure expression and epileptogenesis, there are clear indications that such studies 
may have broad implications toward the development of new therapeutic strategies for a wide variety of 
neurological conditions associated with epilepsy.
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