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Schizophrenia: Mechanism of Action
of Current and Novel Treatments

Christoph U. Correll, MD, and John M. Kane, MD

A ntipsychotics are effective for managing the positive symptoms of
schizophrenia, but no medications are approved for treating the
negative and cognitive symptoms that can persist, despite an adequate
treatment response. This Commentary series explains the neuroscience
behind schizophrenia in order to identify novel treatment targets that
may address the wide range of symptoms in schizophrenia. This conclud-
ing section focuses on the mechanism of action of currently available
antipsychotics and how targeting N-methyl-p-aspartate (NMDA) recep-
tors may address currently less-treatable aspects of this condition.

MECHANISM OF ACTION OF ANTIPSYCHOTICS

When prescribing any medication, clinicians should consider 3 aspects
of pharmacology that affect the patient’s response to the drug:

o pharmacokinetics—the activity that the body has on the drug

o pharmacodynamics—the activity that the drug has on the body

« the interaction between the drug and the individual patient’s

unique genetics, age, disease variables, and environment.!

Unfortunately, predicting individual pharmacokinetic and phar-
macodynamic reactions to a certain drug remains difficult. However,
knowledge of the pharmacology of antipsychotics can help clinicians
anticipate their clinical effectiveness and optimize patient outcomes by
balancing efficacy and side effects.

Each one of these 3 pharmacologic aspects can be broken down further
to help explain the mechanism of action of antipsychotic medications.
Pharmacokinetic parameters include absorption/elimination, concentra-
tion, and half life, among others. The amount of plasma concentration
needed for drug efficacy varies from patient to patient. In addition, even
though the same dosage might be given to 2 patients, the amount of drug
absorbed and available at the neurotransmitter target might be different.
Knowing the half life can help clinicians determine how many doses or
days are needed to reach a steady state of medication concentration. Once
the steady state is reached, clinicians can ascertain whether the patient
has side effects or efficacy at the dose and take further action.

Pharmacodynamic considerations include:

« affinity—how well the drug binds to the receptor

o relative binding affinity—how well the drug binds to a secondary

receptor relative to the primary target receptor

o intrinsic activity—what the medication does at the receptor.!

Intrinsic activity can be (partial) agonism (stimulation = increasing
transmission above basal tone), inverse agonism (decreasing transmis-
sion below basal tone), or antagonism (blockade = preventing stimulation
or reduction of transmission). All but one currently approved anti-
psychotics are D, receptor-antagonists. The only current exception is
aripiprazole, which is a partial D, agonist (with 2 others, cariprazine and
brexpiprazole, being evaluated by the US Food and Drug Administration
[FDA] or in development). However, according to present knowledge,
only 1 of the 6 pertinent dopamine pathways in the brain is implicated
in psychosis. Dopamine blockade in the other pathways can cause a
wide range of adverse effects, such as extrapyramidal side effects (EPS),
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secondary negative symptoms, secondary cognitive symptoms,
and hyperprolactinemia.>? In fact, a high level of D, occu-
pancy predicts EPS.* Unfortunately, a medication cannot target
only 1 dopamine pathway, so other strategies must be used to
balance D, blockade in the other 5 pathways.

One strategy to counter undesired D, blockade is to target
other neurotransmitters. The typical, first-generation anti-
psychotics have a higher affinity for dopamine receptors than
for any other type of receptor, as does aripiprazole, which has
intrinsic D, partial agonism to counter excessive D, antago-
nism. Some atypical antipsychotics have a higher affinity for
certain serotonergic and a-adrenergic receptors than dopa-
mine receptors, and other atypicals also have higher affinity for
muscarinic and histaminergic receptors.! These differences in
binding affinity relative to D, blockade can help reduce adverse
effects of pure dopamine antagonism, but also explain various
side effect profiles related to the extradopaminergic activity.

Another strategy to avoid unwanted D, blockade-related
side effects that may also address other schizophrenia symp-
toms relies on the glutamate hypothesis of the disorder and
involves targeting NMDA receptors.

NMDA RECEPTORS AS A NOVEL TREATMENT TARGET

Noncompetitive NMDA receptor antagonists, such as keta-
mine and phencyclidine (PCP), have been shown to induce
schizophrenia-like psychosis as well as negative and cognitive
symptoms.>® Therefore, the glutamate hypothesis proposes
that dysfunctional NMDA receptor-mediated neurotrans-
mission in the glutamate pathway is at least one relevant aspect
of the pathogenesis of schizophrenia.”

Glutamate is the most prominent neurotransmitter in the
brain.® NMDA is an ionotropic glutamate receptor that plays
a large role in memory formation, synaptic plasticity, and
circuit formation and maturation during brain development.
During the maturation process, NMDA receptors are par-
ticularly vulnerable to genetic and environmental risk factors
(eg, altered glycine and D-serine levels, glutathione depletion,
developmental neurotoxicity, metabolic variations), both of
which can cause low NMDA functioning.® As a result, NMDA
receptor hypofunction can lead to sensory deficits, generalized
cognitive deficits, impaired learning and memory, thought
disorder, negative symptoms, positive symptoms, gating defi-
cits, executive dysfunction, and dopamine dysregulation, an
established mechanism implicated in the symptoms of psy-
chosis.® In addition to dopamine, NMDA also regulates the
downstream release of other common neurotransmitters,
including glutamate and y-aminobutyric acid (GABA), which
are thought to be involved in the pathophysiology of schizo-
phrenia.® Because glutamate, glycine, and p-serine are required
for NMDA receptors to properly function, disturbances in any
of these modulatory systems could potentially lead to specific
NMDA receptor-related impairments or NMDA-mediated
neurotransmitter impairments seen in schizophrenia.

Thus, NMDA receptor hypofunction provides a potential
explanation for the constellation of symptoms of schizophre-
nia, including positive, negative, and cognitive symptoms,
as well as neuropsychological dysfunction. Targeting this
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= Antipsychotics cannot selectively affect the specific
dopamine (D,) pathways; therefore, novel treatments are
needed that target other neurotransmitter systems that can
counter undesired dopamine pathway blocking effects.

® N-methyl-p-aspartate (NMDA) hypofunction affects
several neurotransmitter systems, such as glutamate,
y-aminobutyric acid (GABA), and dopamine, and may
provide a potential therapeutic target to address the positive,
negative, and cognitive symptoms of schizophrenia.

neurotransmitter system with pharmacotherapy may help to
mediate the downstream release of other neurotransmitters,
such as glutamate, GABA, and dopamine, which in turn may
moderate the symptoms of schizophrenia.

Drug names: aripiprazole (Abilify), ketamine (Ketalar and others).
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To obtain credit, go to PSYCHIATRIST.COM (Keyword: April)
to take this Posttest and complete the Evaluation.
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POSTTEST

1. In the brain, almost all currently available antipsychotic
medications have which of the following actions on
dopamine pathways in the brain:

a. Block only 1 of 6 pathways

b. Block all 6 pathways

c. Stimulate only 1 of 6 pathways
d. Stimulate all 6 pathways
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