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A paradigm shift from monoamine
hypothesis of depression to a
neuroplasticity hypothesis focused on
glutamate may represent a substantial
advancement. The unmet need for
improved pharmacotherapies for
treatment-resistant depression means
there is a large scale for the
development of new compounds with
novel mechanisms of action such as
glutamate transmission
(Sanacora 2012)
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Thinking about schizophrenia from glutamate
perspective versus dopamine perspective gives
us new receptor targets that we can think
about as being etiologic and in particular NMDA
receptors. It gives us new conceptual
opportunities in which we focus on sensory as
well as higher cortical dysfunction and on
bottom-up contributions to social cognition and
executive processing impairments in which
basic sensory processing contribute to social
cognition and executive dysfunction along with
deficit in the frontal brain regions that we’re
more used to thinking about impaired in
schizophrenia
(Javitt 2012)
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There is a strong body of preclinical evidence
arising over two decades of animal studies
suggesting a critical role for glutamate
transmission and glutamate receptors in drug
reward, reinforcement and relapse. There is
overwhelming evidence that all drugs of abuse
interact with glutamate transmission and can
cause long-lasting neuroadaptations of
glutamate systems in the brain. These
adaptations somehow lead in compulsive drug
use, loss of volitional control over drug intake
and hypersalience of drug-associated
environmental cues or contexts
(Olive 2012)
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•

Glutamate is packaged into synaptic vesicles in the presynaptic terminal
by vesicular glutamate transporters (vGluTs) using a proton gradient generated
by the hydrolysis of adenosine triphosphate (ATP)

•

Once released into the synaptic cleft, glutamate can bind to one of three different
types of ionotropic glutamate receptors (iGluRs) located on the head of the
postsynaptic spine: the N-methyl-D-aspartate (NMDA) receptor, the α-amino-3hydroxy-5-methylisoxazole-4-propionic acid (AMPA) receptor, and the kainic acid
(kainate, KAreceptor). iGluRs are ligand-gated ion channels that mediate fast
excitatory neurotransmission.

•

Glutamate can also bind to metabotropic glutamate receptors (mGluRs) located in
perisynaptic regions or on the presynaptic terminal
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mGluRs, G-protein coupled receptors (GPCRs) that mediate slower, modulatory
glutamatergic transmission
located either in the perisynaptic annulus or on presynaptic terminals
mGluRs can be divided into three distinct groups, based on their pharmacological
and signal transduction properties
Group I mGluR receptors (mGluR1 and mGluR5)
Group II (mGluR2 and mGluR3)
Group III (mGluR4, mGluR6, mGluR7, and mGluR8)
G-proteins and are negatively coupled to adenylyl cyclase (AC) activity, and upon
stimulation result in decreased intracellular levels of cyclic adenosine
monophosphate(cAMP)
Presynaptically localized Group II and Group III mGluRs, particularly mGluR2 and
mGluR3, are thought to represent the classical inhibitory autoreceptor
mechanism that suppresses excess glutamate release
mGluR3 and mGluR5 have been localized to glial cells
such as astrocytes
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• Together, the simultanous activation of iGluRs and
mGluRs activates a host of intracellular signaling
pathways that result in protein phosphorylation of
ion channels, other kinases, and transcription
factors and eventually leads to the molecular events
underlying neural plasticity
• Such events include initiation and/or regulation of
dendritic mRNA translation and de novo protein
synthesis, changes in gene expression in the nucleus,
and cytoskeletal remodeling
• neuroplasticity linked to long term potentiation (LTP),
long term depression (LTD)
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Regulation of Glutamate
Neurotransmission
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Dopamine and Glutamine
interconnections
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• Historically, research into the neurobiological
substrates that underlie the rewarding and
reinforcing effects of drugs of abuse has focused on
the mesolimbic dopamine reward circuitry,
comprised primarily of dopaminergic neurons in the
ventral tegmental area (VTA) that project rostrally
to forebrain and limbic regions such as the nucleus
accumbens
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• Dopaminergic cell bodies in the ventral tegmental area (VTA) and their
projections to the nucleus accumbens (NAc) and prefrontal cortex (PFC),
and glutamate (GLU) projections from the PFC to both the VTA and NAc,
generally define the fundamental circuitry of themesocorticolimbic reward
system.
• Other important brain structures associated with emotional memories and
drug taking and dependence include the amygdala, hippocampus and
hypothalamus
• VTA receives glutamatergic projections from the FC, Amyg,
pendunculopontine tegmentum (PPT), and laterodorsal tegmentum (LDT)
• The NAcc receives a convergence of glutamatergic input from the FC, Amyg,
hippocampal formation (Hipp), and various nuclei of the thalamic (Thal)
• The FC cortex receives glutamatergic input from the Hipp, Amyg and Thal
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Thus, there is a robust excitatory
glutamatergic innervation of the mesolimbic
dopamine reward circuitry which proves
and anatomical basis for dopamineglutamate interactions in regulating the
addictive properties of drugs of abuse as
well as synaptic plasticity
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Lamotrigine Reduces Craving
and
Depressive Symptoms in Cocaine Dependence

J Neuropsychiatry Clin Neurosci 23:1, Winter 2011
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• Recent preclinical studies reveal that GLU projections from
the PFC to the NAc are critical for cue-, stress- and cocaineprimed reinstatement of previously extinguished cocaine
self-administration in animals
• The GLU ionotropic receptor agonist AMPA (a-amino-3hydroxy-5-methyl-4-isoxazolepropionic acid) infused into
the NAc reinstates cocaine self-administration,whereas
blocking translation and expression of the AMPA receptor
subunit, GLuR1(by antisense oligonucleotides) attenuates
this behavioral effect
• Glutamate levels were also positively correlated with years of
cocaine use suggesting that the changes in GLU developed as
a result of exposure to cocaine
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• Repeated cocaine exposure can lead to a phenomenon called
“behavioral sensitization” (sometimes termed “reverse
tolerance”), which is a progressive increase in the behavioral
(i.e., locomotor) response to cocaine in response to repeated
exposure to the same dose
• Behavioral sensitization to cocaine is paralleled by adaptive
changes in mesolimbic dopamine system function as well as
the responsiveness of this system to glutamate
• In the primary target field of VTA DA neurons, the NAcc, it
has been demonstrated that multiple cocaine exposures
result in a sensitized increase in extracellular levels of
glutamate
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• A role for glutamatergic transmission in the
rewarding and reinforcing effects of cocaine has
been clearly demonstrated by pharmacological
studies utilizing iGluR antagonists. Systemic
administration of NMDA antagonists attenuate
cocaine reinforcement
• The ability of iGluR antagonists to reduce cocaine
reinforcement are likely mediated, at least in part,
by NMDA and/or AMPA receptors in the NAcc and
dorsal striatum
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• Dampening glutamate transmission via stimulation
of presynaptic mGluR2/3 receptors or activating
glutamate transporters attenuates cocaine
reinforcement , cue- and cocaine-induced
reinstatement , “incubation” of cocaine craving (i.e., a
progressive increase in the magnitude of cueinduced reinstatement over time following cocaine
self-administration)
• The NAcc and amygdala appear to be important
mediators of some of these effects
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Cocaine use and craving
• Administration of cocaine to human addicts during
abstinence can increase craving for the drug
• Cocaine-induced craving is important to understand
as it may be a critical factor in relapse and may
contribute to continued drug dependence
• Individuals with high levels of craving show a higher
probability of relapse upon discharge after
treatment
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Impulsivity and craving in cocaine users
• Craving appears to be closely related to certain
aspects of impulsivity
• The data show that craving before drug use was
significantly correlated with total impulsivity as well
as craving after use
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Cocaine-primed craving and its
relationship to depressive
symptomatology
• Depressive symptomatology affects
cocaine-primed craving and that this relationship
is relatively specific to symptoms defined by the
HRSD
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•

Three patients diagnosed with cocaine dependence according to the DSM-IV
criteria

•

They had used cocaine for an average of 5.4 years, and

•

They had made an average of 3.1 quit attempts in their lifetimes

•

Patients had used cocaine for an average of 12.10 days during the
30 days before completing the baseline assessment battery

•

Their average baseline Cocaine Craving Questionnaire—Brief10 score was 48

•

Beck Depression Inventory (BDI) score was 17
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• After 12 weeks on lamotrigine monotherapy,
200 mg/day, the respective scores decreased to
• 7 on the BDI and
• 21 on the Cocaine Craving Questionnaire,
with no reports of relapse

27

A Clear Difference

8-Sep-11

Long-Term Treatment and Relapse Prevention of
Alcohol and Benzodiazepine Dependence
with Lamotrigine
J Neuropsychiatry Clin Neurosci 22:2, Spring 2010
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Ethanol was long thought to exert its actions on the brain solely via potentiation
of GABAergic transmission and/or increases in plasma membrane fluidity.
However, in the late 1980’s and early 1990’s, a series of reports were published
indicating that ethanol also acts by inhibiting neuronal NMDA receptor function

•

Ethanol appears to inhibit NMDA receptor function via a non-competitive
mechanism and induces the phosphorylation and internalization of NR2 subunits

•

NMDA receptors in many brain regions are sensitive to inhibition by ethanol,
including the cerebral cortex , NAcc , amygdala, hippocampus,locus coeruleus,
VTA and cerebellum

•

As a result, ethanol inhibits the induction of several forms of neural plasticity
such as LTP in the hippocampus, dorsal striatum and bed nucleus of the stria
terminalis while enhancing LTD in the hippocampus
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• Chronic ethanol upregulates NR1 expression in the VTA and
amygdala, regions that are critical for the reinforcing effects
of ethanol
• Chronic ethanol also increases NMDA receptor functionality
(i.e., conductance, cation influx, etc.) and synaptic clustering
of the receptor
• Infusion of NMDA receptor antagonists systemically into the
cerebral ventricles or directly into regions such as the NAcc
or dorsal striatum attenuates oral ethanol consumption in
rats
• As a result of ethanol-induced up-regulation of NMDA
receptor expression, the central nervous system enters a
state of hyperexcitability upon acute withdrawal from
ethanol exposure
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• NMDA or AMPA/KA ligands also attenuate
sucrose or saccharin reinforcement indicating that
such compounds may not be selective for reducing
ethanol intake, but may rather attenuate general
appetitive responding
• Attenuation of glutamatergic transmission by mGluR
ligands also appears to reduce the rewarding and
reinforcing effects of ethanol as well as relapse-like
behaviors
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• Thus, a paradoxical effect of ethanol on
glutamatergic transmission exists, with acute
exposure to low doses of ethanol as well as
withdrawal from chronic exposure increasing
extracellular levels of this neurotransmitter, while
ethanol simultaneously acts to inhibit the function
of one of its primary cognate receptors (i.e., the
NMDA receptor).
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• Group I and II mGluRs are highly expressed in the
mesocorticolimbic system
• mGluR5s and mGluR2/3s are abundant in regions such as the
nucleus accumbens, lateral septum, striatum, amygdala, and
hippocampus
• mGluR1s show low expression in most but are highly
expressed in the cerebellum where they regulate motor
coordination
• Ethanol self-administration is modulated by activity of
specific brain regions, including the nucleus accumbens and
frontal cortex, that express high levels of mGluR5 and
mGluR2/3
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mGluR5 activity in the nucleus accumbens is required for the full expression of
ethanol's reinforcing effects in individuals with a genetic predisposition for heavy
alcohol-drinking
mGluR5 but not mGluR2/3 activity specifically in the nucleus accumbens reduces
the maintenance of ethanol-reinforced responding
Disrupting glutamate neurotransmission either through blockade of postsynaptic
ionotropic NMDA or metabotropic mGluR5 in the nucleus accumbens is sufficient
to prevent the full expression of ethanol's reinforcing properties.
mGluR5 regulate firing rate of mPFC neurons, which is a neural correlate of
reward prediction
mPFC sends glutamatergic projections to the nucleus accumbens, and inactivation
of them PFC reduces the firing rate of nucleus accumbens neurons in response to
reward-predictive cues
Inhibition of mGluR5 activity in the nucleus accumbens, a key component of the
brain's reward pathway, specifically reduces operant ethanol self administration.
The importance of mGluR5 activity in the nucleus accumbens in regulating drug
reinforcement might be translated in their therapeutic utility in individuals with
genetic risk for excessive drinking
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Mrs. N is a 45-year-old woman who was diagnosed with alcohol
and benzodiazepine dependence according to DSM-IV criteria
and had a 5-year history of alcohol and benzodiazepine
addiction at the time she was referred to our clinic.
She experienced nightly insomnia and, during the previous 2
weeks, persistent vomiting.
She presented with severe withdrawal symptoms, manifested
as constant nausea and vomiting, extensive sweating, tactile
disturbances on her scalp in the form of “electric cap,” and
severe tremor
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• Clinical Institute Withdrawal Assessment of Alcohol
Scale, Revised (CIWA)11 score 38
• Severity of Dependence score was 9 for alcohol
(cutoff for dependence is 3) and 12 for
benzodiazepines (cutoff 7)
• Alcohol craving score according to the Penn
Alcohol craving scale was 25 (maximum score 30)
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• Lamotrigine was uptitrated according to manufacturer’s instructions to a
final dose of 200 mg/day
• During the next 2 weeks of full dosage treatment, she reported moderate
improvements, which correlated with a decrease on her CIWAscore. The
symptoms continuously diminished during the following weeks, and
• After 16 weeks of active treatment, during the last assessment, she was
only mildly anxious, with moist palms and moderate tremor (CIWA score
10)
• Severity of Dependence score of 2 for alcohol and 4 for benzodiazepines
• Penn Alcohol craving score decreased to 12
• She also reported complete abstinence during the aforementioned period
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• Lamotrigine which was uptitrated according to manufacturer’s
instructions to a final dose of 200 mg/day
• During the next 2 weeks of full dosage treatment, she reported moderate
improvements, which correlated with a decrease on her CIWA score
• The symptoms continuously diminished during the following
weeks, and after 16 weeks of active treatment, during the
last assessment, she was only mildly anxious, with moist
palms and moderate tremor (CIWA score 10) and Severity of
Dependence score of 2 for alcohol and 4 for benzodiazepines
• She also reported complete abstinence during the aforementioned period,
while her Penn Alcohol craving score decreased to 12
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