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A key challenge in the treatment of drug addiction is that people
suffering from addiction are at continued risk of relapsing even
after long periods of successful abstinence. The persistent risk of
relapse is a central part of what makes addiction one of the most
deadly and devastating public health challenges. The gravity of this
existing public health crisis has only been intensified by the
emergence of the opioid epidemic. In many cases, relapse is
elicited by environmental cues and contexts that were previously
associated with drug availability or drug use. These cues can evoke
intense cravings, which may lead people to seek out drugs despite
a stated desire to abstain. In order to develop successful long-term
treatments for addiction, we need to address the biological
mechanisms by which cues evoke craving, long after patients have
stopped taking drugs of abuse.
Metabotropic glutamate receptors (mGluRs) have shown

promise as a potential target for the treatment of substance
abuse and the reduction of relapse rates. Drugs acting on
receptors in this family are reported to modulate drug-seeking
behaviors in preclinical models of drug self-administration and
relapse-like behavior [1]. Specifically, negative allosteric modula-
tors of type 5 mGluRs have been shown to attenuate to drug-
seeking behavior in multiple models of relapse [2, 3]. These
models include reinstatement of drug-seeking behavior that is
elicited or reinforced by drug-associated cues. Fenobam, a drug
that was recently revealed to act an mGluR5 negative allosteric
modulator [4], showed promise in clinical testing for the treatment
of anxiety in the early 1980s. Unfortunately, concerns have been
raised about the impact of these types of drugs on learning and
memory [5] and whether these off-target effects actually underly
their efficacy in reducing cue-induced reinstatement behaviors. A
major open question regarding the role of mGluR5s is the
behavioral mechanism by which they contribute to relapse elicited
by drug-associated cues. Do these receptors contribute to the
expression of Pavlovian-conditioned behaviors more generally?
And if so, is it possible to disentangle the role of mGluR5 signaling
in relapse-related behavior from the contributions of this signaling
to adaptive responses to Pavlovian reward cues? Answers to these
questions are critical for the future refinement of pharmacothera-
pies targeting these receptors for the treatment of addiction.
In their recent Neuropsychopharmacology article, Khoo and

colleagues [6] reported that mGluR5 signaling exerts distinct
effects on context discrimination and cue-elicited behavior,
depending on the brain site of action. The authors examined
the impact of a negative allosteric modulator of mGluR5, 3-((2-
methyl-4-thiazolyl)ethynyl)pyridine (MTEP), on cue-elicited beha-
vior after Pavlovian conditioning with an auditory cue that

predicted delivery of a fructose–glucose solution. Rats were tested
in both a reward-associated context, in which the cue had
previously predicted reward delivery, and in a neutral context, in
which rats had experienced an alternative cue that predicted no
reward. Systemic injections of MTEP reduced the ability of the
reward-associated cue to elicit entry to the reward port, regardless
of the context in which rats were tested. This result suggests that
reductions in cue-elicited relapse-like behavior following MTEP
could be related to more general disruptions in behavioral
responses to Pavlovian cues. If so, then brain-wide modulation
of mGluR5 signaling may have unintended consequences in the
form of reductions in adaptive cue-driven behavior. Importantly,
the authors next set out to determine whether mGluR5 signaling
impacts Pavlovian responses at the same sites where it has been
shown to impact cue-induced reinstatement.
Khoo et al. examined the impact of local infusion of MTEP in

either the nucleus accumbens (NAc) or basolateral amygdala (BLA),
two areas of the brain that have been shown to mediate mGluR5
effects in models of relapse to ethanol- or cocaine-seeking [2, 3],
and to mediate cue-driven behavior more generally [7, 8].
Intriguingly, local injection of MTEP in either site did not
recapitulate the effect pattern observed after systemic negative
allosteric modulation of mGluR5. Instead, NAc MTEP had no
discernable effect on cue-elicited port entry behavior, and the
impact of BLA MTEP depended both on the context in which rats
were tested and the anteroposterior location of the injection site.
When Khoo et al. first assessed the impact of MTEP infusion in BLA,
they saw no overall effect. But, when they analyzed the
topography of post-MTEP changes in behavior, their analysis
suggested that MTEP at more anterior BLA sites might suppress
cue-elicited port entry behavior across both contexts, much like
the impact of systemic MTEP. Instead, a follow-up experiment
revealed that anterior BLA MTEP potentiated the impact of context.
That is, when rats were tested in the reward-associated context,
MTEP increased their port entry behavior during the cue, but when
rats were tested in the neutral context, MTEP had the opposite
effect. Rather than disrupting Pavlovian cue-driven behavior,
anterior BLA MTEP appeared to make rats better at using
contextual cues to modulate this Pavlovian cue-driven behavior.
Overall, the authors demonstrate that mGluR5 signaling con-

tributes to reward-related behaviors elicited by Pavlovian cues,
but that these systemic effects are not mediated by mGluR5
actions in the BLA or NAc. This may seem surprising, given the
previously reported impact of BLA or NAc MTEP on cue-induced
reinstatement behavior. Yet, reward-associated cues can drive a
variety of distinct behaviors via dissociable neural (and
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psychological) mechanisms. Effectively treating addiction requires
that we are able to disentangle maladaptive cue-related behaviors
from those that are required for normal day-to-day functioning.
For instance, cue-induced reinstatement of drug seeking requires
that animals perform a previously trained operant response for
contingent presentations of a previously learned drug cue. Cues
that are able to reinforce responding in this type of test are said to
have incentive motivational value. This property of cues, which
requires mGluR5 signaling during acquisition [9], is biologically
dissociable from the ability of cues to provide predictive
information about upcoming reward delivery and to elicit
approach to the location of that reward delivery. It remains to
be seen whether mGluR5 signaling in any one brain region is
required for cue-driven port entry behavior. If mGluR5 signaling
effects on distinct cue-driven behaviors can be mapped onto
dissociable neural substrates, then this information can be used to
more selectively target mGluR5-based strategies for the treatment
of addiction or other disorders involving maladaptive responses to
reward-associated cues.
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