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NEW TREND IN
PSYCHOPHARMACOLOGY

Hypotheses of schizophrenia have progressed
beyond the dopamine hypothesis of overactive
mesolimbic dopamine neurons, causing the
positive symptoms of psychosis and underac-
tive mesocortical dopamine neurons, causing the
negative, cognitive and affective symptoms of
schizophrenia. A major hypothesis of schizophre-
nia proposes that numerous genetic risk factors
converge on the N-methyl-p-aspartate (NMDA)
receptor for the neurotransmitter glutamate.
Theoretically, neurodevelopmental abnormali-
ties in glutamate synapse formation result in the
hypofunction of NMDA receptors. Since NMDA
receptors regulate dopamine neurons, the hypo-
function of NMDA receptors may be responsible
for the abnormal dopamine activity associated
with the symptoms of schizophrenia.

For more than 30 years, the dopamine hypoth-
esis has dominated theories of schizophrenia,
based initially upon observations that drugs that
increase dopamine, such as amphetamine and
cocaine, can cause psychosis, whereas antipsy-
chotic drugs that decrease dopamine by block-
ing dopamine D, receptors can treat psychosis.’
Overactivity in the mesolimbic dopamine path-
way is specifically proposed’? as the mediator
of positive symptoms of schizophrenia such as
delusions and hallucinations (Figure 1). More
recently, underactivity in the mesocortical dopa-
mine pathway is hypothesized'? to be the media-
tor of negative, cognitive, and affective symptoms
of schizophrenia (Figure 2).

THE NMDA RECEPTOR
HYPOFUNCTION HYPOTHESIS OF
SCHIZOPHRENIA

A major current hypothesis for schizo-
phrenia arises from observations that phen-
cyclidine (PCP) can produce a psychotic
condition very similar to the positive symp-
toms of schizophrenia, including hallucinations
and delusions.?* PCP does this by blocking a
type of glutamate receptor known as NMDA,

[ FIGURE 1.
The mesolimbic dopamine hypothesis
of positive symptoms of schizophrenia

Mesolimbic
dopamine

pathway Nucleus accumbens

- ”‘u

o
L E B
- l;!r |"F '\.".'l'-_q,.- a
e, | | f AAy
i - { o okel gl
@ | - Y _:-.
—_— L "? | 1 !'\._ ¥,
L h ., - Positive symptoms
Nucleus accumbens i

Mesolimbic overactivity
positive symptoms of schizophrenia

Stahl SM. Essential Psychopharmacology. 3rd ed. New York, NY: Cambridge
University Press. In press. Reproduced with permission. Copyright
Neuroscience Education Institute.

VTA=ventral tegmental area.

Stahl SM. CNS Spectr. Vol 12, No 4. 2007.

Dr. Stahl is adjunct professor of psychiatry in the Department of Psychiatry at the University of California-San Diego in La Jolla.

Disclosures: Dr. Stahl receives grant/research support from AstraZeneca, Biovail, Bristol-Myers Squibb, Cephalon, Cyberonics, Eli Lilly,
Forest, GlaxoSmithKline, Janssen, Neurocrine Bioscience, Organon, Pfizer, Seprqcor Shire, Somaxon, and Wyeth; is a consultant to Acadia,
Amylm Asahi, As'rraZeneca Biolaunch, Biovail, Boehrmgerlngelhelm Bristol- Myers SqU|bb Cepholon CSC Pharma, Cyberonics, Cypress
Bioscience, Eli Lilly, Epix, Fabre Kramer, Forest, GlaxoSmithKline, Jazz, Neurocrine Bioscience, Neuromolecular, Neuronetics, Nova Del
Pharma, Novartis, Organon, Otsuka, Pamlab, Pfizer, Pierre Fabre, Sanofi Synthelabo, Schering Plough, Sepracor, Shire, Solvay, Somaxon,

Takeda, Tetragenix, and Wyeth; and is on the speaker’s bureau of Pfizer.

If you would like to comment on this column or submit a suggestion for future columns, please E-mail vi@mblcommunications.com.

CNS Spectr 12:4

April 2007




Trends in Psychopharmacology

named for the agonist that binds there selec- tivity and the positive symptoms of psychosis
tively. This observation has led to the notion (Figure 3B, right panel).>®
that NMDA receptors may be pathologically What is so attractive about the NMDA recep-
hypofunctional in untreated schizophrenia, tor hypofunction hypothesis of schizophrenia
much like the condition produced by the inges- is that unlike amphetamine, which activates
tion of PCP26 only positive symptoms, PCP mimics the cog-
An important descending glutamater- nitive, negative and affective symptoms of

gic pathway projects from cortical pyramidal schizophrenia.?*That is, normal humans who
neurons to dopamine neurons in the ventral take PCP and render their NMDA receptors
tegemental area (Figure 3A, left panel). This hypofunctional not only experience positive
descending cortico-brainstem glutamate path- symptoms such as delusions and hallucina-
way normally acts as a brake on the mesolimbic tions but also affective symptoms, such as
dopamine pathway. It does this by communi- blunted affect, negative symptoms, such as
cating with these dopamine neurons through social withdrawal, and cognitive symptoms,
an inhibitory y-aminobutyric acid interneuron such as executive dysfunction.24These addi-
in the ventral tegmental area (VTA) (Figure 3A, tional clinical observations have led to the
left panel). This normally results in tonic inhibi- idea that NMDA receptors that regulate meso-
tion of dopamine release from the mesolimbic cortical dopamine pathways may be hypoac-
pathway. However, if NMDA receptors in the tive in schizophrenia.?®
VTA are hypoactive in untreated schizophre- What would be the clinical consequences of
nia, and thus cannot do their job of tonically hypofunction of NMDA receptors that regulate
inhibiting mesolimbic dopamine neurons, this mesocortical dopamine neurons? This could
would cause mesolimbic dopamine hyperac- possibly explain the negative, cognitive, and

FIGURE 2.

The mesolimbic dopamine hypothesis of cognitive, negative, and affective symp-

toms of schizophrenia™
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DLPFC=dorsolateral prefrontal cortex; vmPFC=ventromedial prefrontal cortex; VTA=ventral tegmental area.
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FIGURE 3.
NMDA receptor hypofunction hypothesis and positive symptoms of schizophrenia?
A. NMDA Receptor Regulation of Mesolimbic B. NMDA Receptor Hypofunction in
Dopamine Pathway: Tonic Inhibition Cortico Brainstream Projections: Hyperactivity
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NMDA=N-methyl-p-aspartate; DA=dopamine; GLU=glutamate; GABA=y-aminobuytric acid; VTA=ventral tegmental area.
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FIGURE 4.

NMDA receptor hypofunction hypothesis and negative, cognitive, and affective
symptoms of schizophrenia?
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affective symptoms of schizophrenia. That is, CONCLUSION

normally, descending cortico-brainstem gluta- The bottom line is that a powerful convergence
mate neurons act as accelerators to mesocor- of evidence suggests NMDA receptors are hypo-
tical dopamine neurons. Unlike the actions of functional in schizophrenia, and this may lead to
cortico-brainstem glutamate neurons on meso- abnormal dopamine activity in critical brain path-
limbic dopamine neurons shown in Figure 3A ways in order to mediate the symptoms of this
(left panel) where they act via an intermediary iliness.?’ Genes coding for connectivity, synap-
y-aminobutyric acid interneuron, cortico-brain- togenesis, and neurotransmission at glutamate
stem glutamate neurons synapse directly upon synapses and specifically at NMDA receptors may
those dopamine neurons in the VTA that project produce dysregulation at these synapses that
to the cortex, those so-called mesocortical dopa- results in hypofunctionality at NMDA receptors
mine neurons (Figure 4A, left panel). This means and thus the symptoms of schizophrenia (Figures
that cortico-brainstem glutamate neurons nor- 3 and 4).27 Several new drugs that target NMDA
mally function as accelerators of these meso- receptors are being tested as novel therapeutic
cortical dopamine neurons and, therefore, they agents for the treatment of schizophrenia.>*¢ CNS

tonically excite them (Figure 4A, left panel).
The consequence of this neuronal circuitry
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