From the

Editor

Glutamate’s exciting
roles in body, brain, and
mind: A fertile future
pharmacotherapy target

All psychiatrists know that glutamate
(GLU) is an important neurotransmit-
ter.! But there is much more to GLU
not only in neurologic diseases and
psychiatric disorders but also in gen-
eral medicalillnesses, where GLU plays
vital roles in both health and disease.

GLU is now recognized as the most
in the

brain, and its excitatory properties are

abundant neurotransmitter

vital for brain structure and function.
Importantly, it also is the precursor of
y-aminobutyric acid, the ubiquitous
inhibitory neurotransmitter in the
brain. GLU is one of the first molecules
produced during fetal life and plays a
critical role in brain development and
in organ development because it is a
building block for protein synthesis
and for manufacturing muscle and
other body tissue. Therefore, aberra-
tions in GLU activity can have a major
impact on neurodevelopment—the
underpinning of most psychiatric dis-
orders due to genetic and environmen-
tal factors—and the general health of
the brain and body.

GLU is derived from glutamic acid,
which is not considered an essential
amino acid because it is synthesized
in the body via the citric acid cycle. It

is readily available from many food
items, including cheese, soy, and
tomatoes. Monosodium GLU? is used
as a food additive to enhance flavor
(Chinese food, anyone?). Incidentally,
GLU represents >50% of all amino acids
in breast milk, which underscores its
importance for a baby’s brain and body
development.

GLU’s many brain receptors

Amazingly, although it has been long
known that GLU is present in all body
tissues, the role of GLU in the CNS
and brain was not recognized until the
1980s. This was several decades after
the discovery of other neurotransmit-
ters, such as acetylcholine, norepi-
nephrine, and serotonin, which are
less widely distributed in the CNS.
Over the past 30 years, advances in
psychiatric research have elucidated
the numerous effects of GLU and its
receptors on neuropsychiatric disor-
ders. Multiple receptors of GLU have
been discovered, including 16 ion
channel receptors (7 for N-methyl-p-
aspartate [NMDA], 5 for kainate, and
4 for o-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid [AMPA]),
as well as 8 metabotropic G protein-
coupled receptors divided into groups
1, 2, and 3. The NMDA receptor ion
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From the

The association of glutamate toxicity with functions
and disorders of body, brain, and mind

Body Brain

Mind

Visual and neuropathic pain

- Aizheimer’s disease

Schizophrenia

Diabetes

Amyotrophic lateral sclerosis Depression

Systemic lupus erythematosus

- Multiple sclerosis

Bipolar disorder

Sjogren’s syndrome

- Parkinson’s disease

- Obsessive-compulsive

‘ - disorder
Glaucoma Huntington’s disease Attention-deficit/

| - hyperactivity disorder
Hyperprolinemia Stroke Anxiety
Mitochondrial abnormalities MELAS Alcohol abuse
Ischemia - MERRF  Autism
Produce glutathione (antioxidant) Essential tremor Memory
Protects stomach from Cerebellar ataxia Learning
Helicobacter pylori and NSAIDs f
Immunity role Traumatic brain injury Neurotransmission
May protect from osteoporosis Wernicke encephalopathy PCP psychosis

MELAS: Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes; MERRF: myoclonic
epilepsy with ragged red fibers; NSAID: nonsteroidal anti-inflammatory drug; PCP: phencyclidine

channel allows both sodium and cal-
cium when opened (not just sodium as
with AMPA and kainate). This is impor-
tant because calcium is associated with
cognition and neuroplasticity, both of
which are impaired in schizophrenia
and other major psychiatric disorders,
implicating NMDA receptor dysfunc-
tion in those disorders.

GLU and neurodegeneration

An excess of GLU activity can be neuro-
toxic and can lead to brain damage.’
Therefore, itis notsurprising that excess
GLU activity has been found in many
neurodegenerative disorders (Table).
Similar to other neurologic disorders
that are considered neurodegenerative,
such as amyotrophic lateral sclerosis
(ALS), multiple sclerosis, Alzheimer’s
disease (AD), Huntington’s disease,
and Parkinson’s disease, major psychi-
atric disorders, such as schizophrenia,
depression, and bipolar disorder, also
are neurodegenerative if left untreated

or if multiple relapses recur because
of treatment discontinuation (Table).
Several neuroimaging studies have
documented brain tissue loss in psy-
chotic and mood disorders after
repeated episodes. Therefore, targeting
GLU in psychotic and mood disorders
is legitimately a “hot” research area in
psychiatry.

GLU models of psychiatric
neurobiology

Advances in biological psychiatry have
moved GLU to the forefront of the
neurobiology and pathophysiology
of the most serious psychiatric disor-
ders. Overactivity or underactivity of
the GLU NMDA receptor has emerged
as scientifically plausible mechanisms
underlying psychotic and mood dis-
orders. The GLU hypothesis of schizo-
phrenia* grew out of the observation
that phencyclidine, a drug of abuse that
is a potent NMDA antagonist (50-fold
stronger than ketamine), can trigger in

continued on page 20
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Modulating glutamate
pathways is rapidly
emerging as a key
target for drug
development for
neuropsychiatric
disorders
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healthy individuals a severe psychosis
indistinguishable from schizophrenia,
with positive and negative symptoms,
cognitive impairment, thought disor-
der, catatonia, and agitation. Similarly,
the recently discovered paraneoplas-
tic encephalitis caused by an ovarian
teratoma that secretes antibodies to the
NMDA receptor produces acute psy-
chosis, seizures, delirium, dyskinesia,
headache, bizarre behavior, confusion,
paranoia, auditory and visual hallucina-
tions, and cognitive deficits.” This dem-
onstrates how the GLU NMDA receptor
and its 7 subunits are intimately associ-
ated with various psychotic symptoms
when genetic or non-genetic factors
(antagonists or antibodies) drastically
reduce its activity.

Ontheotherhand, thereisanimpres-
sive body of evidence that, unlike the
hypofunction of NMDA receptors in
schizophrenia, there appears to be
increased activity of NMDA receptors
in both unipolar and bipolar depres-
sion.® Several NMDA antagonists have
been shown in controlled clinical tri-
als to be highly effective in rapidly
reversing severe, chronic depression
that did not respond to standard
antidepressants.” A number of NMDA
antagonists have been reported to
rapidly reverse—within a few hours—
severe and chronic depression when
administered intravenously (ket-
amine, rapastinel, scopolamine), intra-
nasally (S-ketamine), or via inhalation
(nitrous oxide). NMDA antagonists
also show promise in other serious psy-
chiatric disorders such as obsessive-
compulsive disorder® Riluzole and
memantine reduce GLU activity and
both are FDA-approved for treating
neurodegenerative disorders, such as
ALS and AD, respectively.”'? Therefore,
antagonism of GLU is considered
neuroprotective and can be therapeuti-
cally beneficial in managing neurode-
generative brain disorders.

GLU and the future of
psychopharmacology

Based on the wealth of data gener-
ated over the past 2 decades regard-
ing the central role of GLU receptors
(NMDA, AMPA, kainate, and others)
in brain health and disease, modulat-
ing GLU pathways is rapidly emerging
as a key target for drug development
for neuropsychiatric disorders. This
approach could help with some medi-
cal comorbidities, such as diabetes!
and pain,” that co-occur frequently
with schizophrenia and depression.
GLU has been implicated in diabetes
via toxicity that destroys pancreatic
beta cells." It is possible that novel
drug development in the future could
exploit GLU signaling and pathways
to concurrently repair disorders of the
brain and body, such as schizophrenia
with comorbid diabetes or depression
with comorbid pain. It is worth noting
that glucose dysregulation has been
shown to exist at the onset of schizo-
phrenia before treatment is started.”®
This might be related to GLU toxicity
occurring simultaneously in the body
and the brain. Also worth noting is
that ketamine, an NMDA antagonist
which has emerged as an ultra-rapid
acting antidepressant, is an anesthetic,
suggesting that perhaps it may help
mitigate the pain symptoms that often
accompany major depression.

It is logical to conclude that GLU
pathways show exciting prospects for
therapeutic advances for the brain, body,
and mind. This merits intensive scien-
tific effort for novel drug development
in neuropsychiatric disorder that may
parsimoniously rectify co-occurring
GLU-related diseases of the brain, body,
and mind.
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