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Toxic Psychoses as Pharmacological Models of Schizophrenia
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Abstract: To simplify the understanding of schizophrenia, psychiatry has invested important efforts into the
modelling of the disease. For obvious ethical reasons, sleep deprivation and sensory deprivation models have
been rejected in the last decades. Thus, the psychotic disorders induced by psychoactive substances remain the
main heuristic models of schizophrenia. Most of the work in the pharmacological modelling of schizophrenia
has occurred in the sixties and seventies. Still, some observations retain their interest: 1) lasting up to six
months, the amphetamine psychosis remains the best model of the positive symptoms of paranoid
schizophrenia; 2) hallucinogens such as LSD or psilocybine reproduce, at best, the psychotic phenomenology
observed during the first episodes of schizophrenia; 3) anesthetic dissociatives (PCP & ketamine) faithfully
reproduce thought disorder, as well as the frontal cognitive deficits and certain negative symptoms of
schizophrenia; 4) cannabis reproduces with fidelity the depersonalization states observed among
schizophrenics; 5) alcohol hallucinosis could be the best model of the patients’ hallucinations; 6) the
psychotic disorder induced by muscarinic antagonists is not usually considered as a schizophrenia model, but
its occurrence signals that cholinergic dysfunctions could be associated with the cognitive symptoms of the
disease. As such, these observations go hand in hand with the common view of schizophrenia as a pathology of

general cerebral disconnectivity that would affect a plurality of neurotransmitter systems.
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TOXIC PSYCHOSES AS PHARMACOLOGICAL
MODELS OF SCHIZOPHRENIA

The heterogeneity of the symptoms of schizophrenia
represents a challenge to the clinician or the researcher
interested in this psychological disorder. Apart from the
classical ~ positive/negative symptoms dichotomy,
schizophrenia is associated with distinctive cognitive
deficits, mood disturbances and motor dysfunctions.

To simplify the understanding of that complex
psychopathology, psychiatry has invested important efforts
into the modelling of the disease, since the beginning of the
20th century. For obvious ethical reasons, sleep deprivation
and sensory deprivation models have been rejected in the last
decades. Thus, the psychotic disorders induced by certain
psychoactive substances remain the main heuristic models of
schizophrenia. Among drugs of abuse, the psychotic
disorders induced by amphetamines, cannabis, anesthetic
dissociatives and alcohol still retain the attention of both
clinicians and researchers. As we will see, most of the work
in the pharmacological modelling of schizophrenia has
occurred in the sixties and seventies. However, that work
keeps influencing deeply our conceptualization of the
biological bases of the psychopathology. Therefore, it
appeared relevant to evaluate the strengths and the
weaknesses of those pharmacological models, in the light of
the current knowledge on neurotransmission.
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1- Amphetamine Sensitization Model

In their acute effects, psychostimulants (amphetamines
and cocaine) induce a general state of vigilance (euphoria,
sustained attention, hyperactivity, etc.) that is not similar to
schizophrenia. In fact, the acute effects of psychostimulants
are in sharp contrast with the negative symptoms of the
pathology (flat affect, anhedonia, apathy, etc.) However, after
a sensitization period (increased effects for a same dose),
psychostimulants can induce an authentic psychatic disorder,
a phenomenon first reported by Young and Scoville in 1938
with amphetamines [1]. Following that observation,
experimental studies have been undertaken in the sixties and
seventies, in order to reproduce the amphetamine psychosis
[2, 3]. Being succesful, those studies have encouraged
researchers, at the time, to espouse amphetamine psychosis
as the best pharmacological model of schizophrenia.

Years later, a detailed characterization of the
phenomenology of amphetamine psychosis shows that the
model has both strengths and weaknesses. In general,
amphetamine psychosis reproduces fairly well the positive
symptoms of schizophrenia (shneiderian symptoms,
paranoia, auditory hallucinations, etc.), but it mimics poorly
the negative symptoms as well as the cognitive deficits
associated with the disorder (Table 1). Above all,
amphetamine psychosis mimics closely the paranoid
symptoms of schizophrenia. For instance, when
methamphetamines (« ice », « crystal », etc.) are injected
intravenously, they can induce a psychotic disorder lasting
up to six months [4] that the clinician can easily confound
with paranoid schizophrenia. However, the psychotic
disorder induced by (meth) amphetamines is regularly
associated with manic symptoms (hyperkinesia, sexual
compulsions, etc.), whereas schizophrenia is not frequently
asociated with those symptoms.

© 2005 Bentham Science Publishers Ltd.



24 Current Psychiatry Reviews, 2005, Vol. 1, No. 1

Table 1. The Schizophrenia Symptoms Reproduced by the Psychotic Disorders Induced by Alcohol, Amphetamines, Cannabis

Potvin et al.

and PCP
Alcohol® -8 Amphetamines®~ 14 Cannabis!®~ 18 pCcp1o-2t
Hallucinations Salient Yes Unfrequent Yes
Predominantly Yes Yes auditive ?
auditive? = visual
Paranoia Yes Yes Yes Yes
(severe)
Systematized Yes Yes Yes Not really
delusions (clearly)
Schneiderian Rare Yes Yes ?
symptoms
Disorganized thinking Weakly Weakly Weakly Yes
(clearly)
Agitation Mild Yes Yes Yes
(severe)
Hostility Yes Yes Mild Yes
(severe)
Dissociation Mild No Yes (deperson Yes
-nalization)
Negative Mild Mild Mild Yes
symptoms (apathy)
Motor ? Extrapyramidal Yes (motor ?
disturbances symptoms retardation)

Maximal length A few months? 6 months A few weeks A few weeks
In vulnerable No? No Yes No
subjects only?

Differences 1) visual 1) visual & tactile 1) visual 1) visual
hallucinations hallucinations hallucinations hallucinations
2) compulsive 2) panic attacks 2) delusions of
sexuality physical power

Coupled with the fact the antipsychotic drugs share a
common antagonist action at the dopamine D, receptors
[22], the observation of an amphetamine psychosis has
paved the way to the dopaminergic hypothesis of
schizophrenia. According to the hypothesis, schizophrenia
would be characterized by a general dopaminergic
dysfunction of the mesocorticolimbic system [23]. In
rodents, the acute administration of amphetamines increases
dopamine release in the mesolimbic reward system, whose
dopaminergic neurons project from the ventral tegmental area
(VTA) to the nucleus accumbens (NAc) [24]. After a
sensitization period to the effects of amphetamines, a
hyperdopaminergic state is observed in the brain reward
system, that would be secondary to a hypodopaminergic
state in the mesocortical system, whose neurons project from
the VTA to the (medial) prefrontal cortex (Fig. 1).
Following those observations from basic science, it was
hypothesized that the mesocortical hypodopaminergic state
would underscore the negative symptoms and the frontal
cognitive deficits of schizophrenia, whereas the mesolimbic
hyperdopaminergic would be associated with the positive
symptoms.

Since then, both experimental and neurochemical data
have confirmed the second part of the dopaminergic
hypothesis. First of all, studies in the laboratory have been
undertaken in the sixties, seventies and eighties, showing
that the experimental administration of sub-psychogenic
doses of amphetamines induces a psychotic relapse among
40 % of schizophrenia patients [26]. Following those
clinical results, studies have been carried in the beginning of
the nineties in order to assess the in vivo functioning of
dopamine in the schizophrenia brain. Using both positron
emission tomography (PET) and single-photon emission
computed tomography (SPECT), researchers have targeted
the binding of radiotracers like raclopride (PET) and IBZM
(SPECT) to the D, receptors, in response to the
administration of amphetamines. Using those procedures,
the scientific community has been able to demonstrate that
the striatal release of dopamine (eg. the decrease in the
binding of D, receptors) is almost two times superior among
schizophrenics, compared to healthy volunteers, mainly
when patients are experiencing the acute phase of psychosis
[27, 28]. Neuroimaging researchers were therefore confirming
what clinicians were suspecting since decades, namely that
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the dopaminergic hypothesis seems to chiefly explain the
positive symptoms of schizophrenia.
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Fig. (1). Mesocorticolimbic dysfunctions induced after

amphetamine sensitization.

A: Normal functioning of the mesocorticolimbic system.
Dopaminergic neurons project from the ventral tegmental area
(VTA) to the nucleus accumbens (NAc) (reward system) and to
the prefrontal cortex (PFC) (mesocortical system). Glutamatergic
neurons project from the PFC to the NAc and the VTA.
GABAergic neurons project from the NAc to the ventral
pallidum (VP), and from the VP to the VTA.

B: The mesocorticolimbic system after amphetamine
sensitization. A hypodopaminergic state is observed in the
mesocortical system. Glutamatergic and GABAergic systems
collapse. The reward system is therefore disinhibited [25].

Regarding the notion that a mesocortical hypodaminergic
state would underscore the negative and the cognitive
symptoms of schizophrenia, data collected so far are less
convincing. In rats, the acute administration of
amphetamines is known to increase dopamine release in the
(medial) prefrontal cortex. Accordingly, experimental studies
show that the administration of amphetamines in laboratory
partially relieves the negative symptoms of schizophrenia
[29]. In addition, recent results from brain imaging studies
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show that the D; receptors are up regulated in the
dorsolateral prefrontal cortex (DLPFC) of schizophrenics.
That up regulation is thought to reflect a neuroadaptation to
a decreased dopaminergic activity. Interestingly, the up
regulation of Dy receptors in the DLPFC seems to be
negatively correlated to the performance of patients on a
working memory task [30]. Finally, genetic studies suggest
that there would be an association between the COMT
(catechol-O-methyltransferase) gene polymorphism and the
frontal cognitive deficits of schizophrenia. COMT is a
catabolic enzyme of catecholamines (dopamine &
norepinephrine), mainly localized in the prefrontal cortex.
However, a recent meta-analysis shows that the supected
association between the COMT gene polymorphism and the
cognitive deficits of schizophrenia would be modest, at best
[31].

1.1. Scope of the Amphetamine Psychosis Model

Up to now, the global fonction of dopamine in the brain
remains a matter of debate. In 1985, Wise hypothesized that
dopamine was involved in the hedonic component of reward
[32]. Since then, it has been demonstrated, in animals, that
the firing of dopamine neurons show a habituation to reward
consumption, but not to the anticipation of reward. In
addition, it appears that dopamine also responds to aversive
stimuli, like stress [33]. Thus, a majority of researchers
prefer to think, like Robinson and Berridge [34], that
dopamine would be involved in the motivational, but not
the hedonic, component of reward. The global function of
dopamine would be to signal the “maotivational salience” of
environmental stimuli that are necessary to our survival.
Following that functional hypothesis, one could expect that
after a sensitization period, dopamine would confer
motivational salience, in a chaotical way, to stimuli with no
or little biological significance. According to Kapur [35],
psychosis would correspond to a cognitive contruction,
elaborated from aberrant salient informations.

The scope of the amphetamine sensitization model is not
restricted to the wunderstanding of the positive
symptomatology of schizophrenia. The model also seems to
be relevant to the understanding of the biological
underpinnings of the 47 % lifetime prevalence of substance
use disorders among schizophrenia patients [36]. Indeed,
most drugs of abuse increase dopamine release in the brain
reward system, both in animals and in humans [37]. When
amphetamine sensitization occurs, a hyperdopaminergic state
is observed in that very system [25]. If psychosis
corresponds to a state of endogenous senstiziation, then,
schizophrenia patients should be vulnerbale to the rewarding
properties of psychoactive substances.

The amphetamine sensitization model is also useful to
the validation of more complex animal models of
schizophrenia, such as the neonatal ventral hippocampus
lesion (NVHL) model, developed by Lipska and Weinberger
in 1993 [38]. When rats are neonatally lesioned to the
ventral hippocampus, lesioned rodents show, once adult, an
increased responsiveness to the locomotor effects of
amphetamines. Furthermore, recent studies demonstrate,
more specifically, that lesioned rodents are more proned to
self-administer cocaine, compared to sham rodents [39].
Those results tend to support the idea that patients with
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schizophrenia would be vulnerable to the rewarding effects of
drugs of abuse.

However fruitful, the amphetamine psychosis model does
not consitute, per se, a model of schizophrenia, but rather
represents a model of the positive symptoms of the disorder.
Because of their transient nature, the positive symptoms do
not form the core symptoms of the disease. In that respect,
longitudinal studies show that the negative symptoms and
the cognitive deficits are more stable in time. In addition,
they are better precursors of the psychopathology, and they
are better predictors of social integration [40]. Still, the
dopaminergic hypothesis, historically derived form the
observation of the amphetamine psychosis, remains up to
now the most robust pathophysiological hypothesis of
schizophrenia. But genetic studies targetting the
dopaminergic system among schizophrenics have failed to
produce positive results, even though those studies have
targeted the dopamine receptors, the dopamine transporters,
as well as the metabolic enzymes of dopamine [41]. Still, a
recent meta-analysis of the studies assessing the D, receptor
gene (DRD2) has shown that the odds ratio of the frequency
of the DRD2 Cys311 Ser allele is 1.3 (p = 0.007) among
schizophrenia patients, compared to healthy volunteers [42].
Among the dopaminergic receptors, D4 has also attracted
interest from researchers, although to a lesser extent. An
involvement of D4 in the physiopathology of schizophrenia
has been suspected based on the neuropharmacology of
clozapine. It was hypothesized that clozapine’s superior
efficacy in refractory schizophrenia [43] would depend on its
greater affinity for D4 than for D, [44]. However, the
selective D4 antagonist sonepiprazole has been tested
recently in a double-blind placebo-controlled clinical trial,
with no efficacy [45].

2- The Rise and Fall of the LSD Model

Since the beginning of the 20t century, researchers have
been struck by the similarities between the pharmacological
effects of hallucinogens and the psychotic phenomenology,
especially schizophrenia. Already in 1940, Stockings
initiated experimental studies, where mescaline was
administered to healthy volunteers in order to characterize
the effects produced by the substance [46]. Mescaline is
chemically similar to amphetamines — a fact that Stockings
could not be aware of —, even though they differ in their
pharmacodynamic mechanisms of action, as we will see.

In the sixties and seventies, research intensifies, inspired
by the hippie movement. On that basis, an increasing
number of authors show an interest in the psychedelic model
of psychosis. But now, research focuses on LSD (lysergic
acid diethylamide) as an experimental model, not on
mescaline anymore. Despite the efforts invested, research in
the domain has lead to a rejection of LSD as a
pharmacological model of schizophrenia, because of five
main weaknesses, anticipated in great part by Hollister
already in the begininning of the sixities [47]:

Hallucinogens do not produce a real disorganisation
of thinking;

They induce only mild negative symptoms;
They do not induce real delusions;
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They produce psychedelic effects that are not
frequently observed among schizophrenia patients
(example: synesthesia);

Lastly, they engender, in their acute -effects,
perceptual distorsions, not frank hallucinations.
Indeed, those distorsions are not mistaken with the
reality. Furthermore, those distorsions are mainly
visual, not auditory.

More than forty years later, it appears that the critics first
adressed by Hollister to the psychedelic model keep their
general validity [48, 49]. Despite those limits, the
psychedelic model is currently the center of a renewed
interest. Authors working in that domain are conscious that
the validity of the model is probably limited to the
modelling of the first episodes of schizophrenia, which are
associated with psychedelic experiences [50]. In support of
the model, hallucinogens can induce, under particular
circumstances, toxic psychoses that can be associated with
authentic hallucinations (mainy visual, again). In addition,
hallucinogens would be agonists at the 5-HT,,; serotonin
receptor, precisely the receptor on which atypical
antipsychotic drugs exert an antagonist action [51]. Most
post mortem studies suggest that the number of 5-HT,
receptors would be diminished in the prefrontal cortex of
schizophrenia patients. But the only in vivo study
undertaken so far did not confirm that observation [52].
Without being directly involved in the pathophysiology of
schizophrenia, the 5-HTo, receptors could still play a
modulatory role in antipsychotic therapeutics. In animals,
serotonin and dopamine have opposing effects. For instance,
it is established that selective serotonin reuptake inhibitors
(SSRI) and 5-HTy, receptor agonists inhibit dopamine
release in the basal ganglia. Conversely, 5-HTo, antagonists
stimulate dopamine release in the basal ganglia and more
importantly, in the prefrontal cortex. As mentioned
previously, a dopaminergic hypoactivity seems to be
associated with the negative and cognitive symptoms of
schizophrenia. Because of their 5-HT, antagonism, atypical
antipsychotic drugs disinhibit dopaminergic neurons in the
prefrontal cortex. Thus, their presumed positive impact on
negative and cognitive symptoms [53]. Meta-analytic studies
have provided partial support to the hypothesis of a greater
efficacy of atypical antipsychotic drugs in the treatment of
those symptoms [54, 55, 56]. Also, preliminary evidence
from human imaging studies suggest that atypical
antipsychotics would (partially) restore prefrontal activity in
schizophrenia [57, 58]. Further, SR46349B, a 5-HToyoc
antagonist, has been recently investigated as a monotherapy
in schizophrenia in a double-blind study, and it has shown
efficacy against depressive, but also negative symptoms
[59]. However, a meta-analysis has demonstrated that the
antipsychotic amisulpride, a selective Do/D3 antagonist, has
a greater efficacy against negative symptoms compared to
conventional antipsychotic drugs, despite its lack of affinity
for 5-HT>, [60].

In then end, the link between serotonin and schizophrenia
appears paradoxical. While the LSD model of schizophrenia
seems to mimic the psychedelic experiences associated the
first episodes of psychosis, the study of the pharmacological
mechanisms of action of atypical antipsychotics suggests a
modulatory role of serotonin in the negative (and cognitive)
symptoms.
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2.1. The Dissociative Model

Around the end of the fifties, the scientific community
becomes aware that phencyclidine (PCP), a medication
prescribed in general anesthesia, has nocive effects. After
anesthesia, an important number of patients treated with
PCP  experience  psychotic phenomenons. The
phenomenology of PCP psychosis is higly unpredictable.
The mood of patients can vary from apathy to agressivity or
violence. Their thinking is disorganized. They experience
dissociative symptoms. The perception of their body is
markedly impaired. Some consumers have the impression
that they can fly. Moreover, patients report hallucinations,
and they can become quite paranoid. However, PCP
psychosis does not seem to reproduce the different types of
delusions associated with schizophrenia (Table I), apart from
paranoia.

Those first observations are rapidly forgotten, since the
mechanism of action remains unknown at the time. In 1979,
with discovery of the PCP site inside the ion channel of the
N-methyl-D-aspartate (NMDA) receptor of glutamate [61],
the scientific community begins to seriously re-consider the
PCP psychosis as a potential and promising model of
schizophrenia. That regained interest towards anesthetic
dissociatives paves the way, in the nineties, to the
experimental studies assessing the psychological impact of
the administration of ketamine to healthy volunteers, since
ketamine is a synthetic derivative less toxic than PCP. In
those studies carried in the laboratory, ketamine is shown to
induce, at sub-anesthetic doses, pharmacological effects
similar to the schizophrenia phenomenology [62, 63, 64,
65]. First of all, ketamine produces dissociative states
(depersonnalization, derealization, etc.). In addition, it alters
cognition and thought in a fashion similar to what is
observed among schizophrenics. Research establishes that
ketamine disorganizes thought, that it impairs abstract
thinking and attentional vigilance, and that it engenders
perseverative errors. Under ketamine, the thinking of
subjects becomes incoherent and tangential. In sum,
ketamine reproduces, among healthy volunteers, the frontal
cognitive deficits typical of schizophrenia. Lastly, ketamine
engenders emotional blunting and social withdrawal. It
therefore seems to represent a better model of the negative
symptoms of schizophrenia than the amphetamine
psychosis.

Challenge studies with ketamine have elicited
enthousiasm. However, some researchers doubt that
anesthetic dissociatives can closely mimic the positive
symptoms of schizophrenia [66]. Indeed, anesthetic
dissociatives generally induce pseudo-delusions, not frank
delusions, apart from paranoia. Further, at sub-anesthetic
doses, ketamine produces visual illusions, not auditory
hallucinations.

Thus, it appears that the anesthetic dissociatives mainly
model the frontal cognitive deficits and certain negative
symptoms of schizophrenia. Since PCP and ketamine are
NMDA antagonists, the previous observations suggest that
the glutamatergic hypothesis of schizophrenia [67] would
chiefly explain those symptoms. If true, that hypothesis
would have consequences on the pharmacological treatment
of schizophrenia. However, the clinical studies carried so far
in that perspective has lead to only modest results. Indeed,
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glycine (a NMDA co-agonist), D-cycloserine (a partial
agonist at the glycine site of the NMDA receptor), and D-
serine (an agonist at the NMDA glycine site) have all been
investigated among schizophrenia patients, in double-blind
studies, as adjunctive medications. Generally, those studies
suggest that the facilitation of glutamatergic activity via the
NMDA receptor offers, at best, a partial relief of the negative
and/or cognitive symptoms of schizophrenia [68].

On the pathophysiological level, the conclusions that can
be reached regarding the PCP psychosis remain uncertain. At
first glance, the observation of a PCP psychosis and the
challenge studies with ketamine suggest that schizophrenia
would be associated with NMDA receptor alterations. But
the complexity of the neuropharmacology of PCP and
ketamine confounds such an inference. Apart from being
NMDA antagonists, PCP and ketamine are also dopamine
and serotonin re-uptake inhibitors. Further, they have an
affinity for D, and 5-HT, receptors similar to their affinity
for NMDA receptors, and they seem to act as partial Dy
agonists [69]. Also of concern, the studies in brain imaging
have shown that the most prominent alterations observed in
schizophrenia affect the AMPA (amino-methyl-propionic
acid) receptors, not the NMDA receptors, of glutamate [70].

3- The Cannabinoid Model

The idea of a link between the effects of cannabis and
mental health, especially psychosis, is not a novel one. It
can be traced back to the work of Moreau de Tours in the
19t century [71]. In its acute effects, cannabis can produce,
among healthy volunteers, effects similar to the psychosis
phenomenology in general, and schizophrenia in particular.
For once, cannabis impairs short-term working memory
[72], a cognitive function disturbed among schizophrenics.
Moreover, cannabis produces perceptual illusions (binocular
depth inversion paradigm) similar to those observed among
patients with schizophrenia [73]. At certain doses, cannabis
can also induce depersonalization states [74], a symptom
more frequently present in schizophrenia than usually
thought.

Among consumers who show a psychotic vulnerability
(exemple: schizotypic traits), cannabis can induce, in rare
occasions, transient toxic psychoses that mimic the
schizophrenia phenomenology (Table 1). The psychotic
disorder induced by cannabis is characterized by
depersonalization, paranoia and delusions (such as
grandiosity). Hallucinations are not frequent, and they occur
in both visual and auditory modalities. Thinking is partially
disorganized, and the negative symptoms are only of mild
intensity (example: flat affect). Based on those similarities
and differences, the diagnostic statue of the cannabis-induced
psychotic disorder remains the topic of a debate among
clinicians, who are still unable to determine whether the
cannabinoid psychosis is a diagnostic entity distinct from
the endogenous psychoses, including schizophrenia [75, 76].

In its chronic effects, cannabis can provoke an
amotivational syndrome that mimics closely the negative
symptoms of schizophrenia, especially anhedonia. But it
remains to be proved that the syndrome is the direct product
of the long-term effects of cannabis, not the product of the
idleness of counter-culture [77].
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Naturalistic studies carried among regular consumers
show that there is a relationship between cannabis intake and
schizotypy [78, 79]. In general, the more a subject consumes
regularly cannabis, the more he will show a group of traits
typically associated with schizophrenia, such as perceptive
aberrations, anhedonia, magical thinking and social
withdrawal. Relying on correlationnal statistics, those
studies do not allow to conclude, however, if the schizotypic
traits observed are primary or secondary to cannabis intake.
It remains possible, indeed, that those subjects would be
predisposed to smoke cannabis, because their personality
would be marked by premorbid schizotypic traits.

The odds ratio that schizophrenia patients will develop a
cannabis use disorder (abuse/dependence) is six times higher
than the relative risk of the general population [36]. Still,
the reasons that motivate schizophrenics to consume
cannabis remain unclear. Prospective research indicates that
the frequency of psychotic relapses and hospitalizations is
increased among the schizophrenia patients who use
cannabis, compared to those who are abstinent [80]. Since
the publication of the classic populational study of
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Andreasson of 1987 [81], it is further suspected that chronic
cannabis smoking would also increase the incidence of
schizophrenia. Carried among 45 570 Swedish conscripts,
the study showed that heavy cannabis smoking was
associated with an increased risk for schizophrenia (2.9
times). But the study had methodological flaws [82]: 1) the
consumption of other psychomimetic drugs was not
documented; 2) schizophrenia diagnosis were based on
medical files; 3) premobid personality traits were not
controlled. Since then, studies of better methodological
quality have been published, and they hardly confirmed
Andreasson’s hypothesis (Table I1). While one study has
validated the postulated link between schizophrenia and
cannabis smoking [83], three other studies showed that
chronic cannabis smoking increased the incidence of
psychotic symptoms in schizophrenia without increasing the
incidence of schizophrenia diagnoses [84, 85, 86].
Moreover, two other studies have produced negative results
[87, 88].

Apart from those clinical and experimental observations,
neuroscientific data seem to support the idea of a kinship

Table 2. Cannabis Consumption as a Risk Factor for Schizophrenia
Authors Type of study Population Control(s) Results
Allebeck et al. Prospective 229 cannabis Cannabis smoking
1993 [89] & longitudinal * -dependent psychotic subjects precedes the first psychotic symptoms
in 69 % of cases
Andreasson et al. Prospective 45 570 Swedish military conscripts Other drugs Cannabis smoking -
1989 [90] & longitudinal * higher risk for
schizophrenia
Andreasson et al. Prospective 45 570 Swedish Heavy cannabis
1987 [81] & longitudinal military conscripts smoking > higher
(15 years) risk for schizophrenia
(2.9 times)
Arseneault et al. Prospective Cohort of 759 Psychotic Cannabis smoking >
2002 [84] & longitudinal new-borns symptoms more psychotic
(0 — 26 years) preceding symptoms, but not
cannabis more psychosis
smoking diagnoses
Degenhardt et al. Prospective 8 cohorts of new borns Cannabis smoking
2003 [87] & longitudinal (Australia) does not increase schizophrenia incidence
Fergusson et al. Prospective Cohort of 1265 Cannabis dependence
2003 [85] & longitudinal new-borns - more frequent
(0 -21 ans) psychotic symptoms
(1.8 times)
Kwapil et al. Prospective 534 étudiants Other drugs Schizotypy predicts
1996 [91] & longitudinal universitaires later cannabis
(10 years) smoking
Phillips et al. Prospective 100 « high-risk » Other drugs Past cannabis smoking
2002 [88] & longitudinal psychosis subjects / anti- does not increase risk
(12 months) psychotics for psychosis
Tien et al. Epidemiology 4994 adults Cannabis smoking >
1990 [86] (12 months) more psychotic
experiences (2 times)
Van Os et al. Prospective 4045 healthy Cannabis smoking =
2002 [83] & longitudinal volunteers increased risk for
(3 years) 59 psychotics psychosis
Zammit et al. Prospective 45 570 Swedish Premorbid Cannabis smoking =
2002 [92] & longitudinal * military conscripts personality higher risk for
traits schizophrenia

*Follow-up of Andreasson et al. 1987.
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between cannabinoid pharmacology and the pathophysiology
of schizophrenia. First, a reduction in the P300 evoked
potentials is observed among chronic cannabis consumers,
analog to the reduction that has regularly been reported
among schizophrenics [93]. Moreover, the endogenous
cannabinoid system, composed of at least three natural
ligands (anandamide, palmitylethanolamide and
oleylethanolamide) and at least two receptors (CB; and
CBy), is localized in brain regions known to be impaired in
schizophrenia, such as the prefrontal cortex, the
hippocampus, and the basal ganglia [94]. The
endocannabinoid levels (namely anandamide), measured in
the cerebrospinal fluid, are abnormally elevated among
schizophrenia patients [95]. Using positron emission
tomography (PET), a post mortem study shows that the CB4
receptor density is altered in the dorsolateral prefrontal cortex
of schizophrenics [96]. Lastly, there would be an association
between CB; receptor gene polymorphism and schizophrenia
[97]. Taken together, those results fit with the gain in
popularity of cannabis as an experimental model of
schizophrenia [98]. However, the CB; antagonist rimonabant
has been investigated in schizophrenia, with no success [59].
As an alternative, cannabidiol is currently under
investigation in schizophrenia. A natural compound of
marijuana, cannabidiol acts as a CB; antagonist and also as
an inhibitor of the anandamide transporter. Case reports
suggest its efficacy in the treatment of psychosis [99].

4- Alcohol hallucinosis

In the history of the pharmacological modelling of
schizophrenia, alcohol psychosis has always been singular.
Being proposed as a schizophrenia model decades ago,
alcohol psychosis has remained unpopular since then,
possibly because alcohol can only induce a psychotic
disorder among patients who have abused the substance for
many years. In its acute effects (anxiolysis, analgesia,
disnhibition, etc.), alcohol does not mimic at all the
schizophrenia phenomenology. However, among consumers
gnerally older than forty years old, alcohol can induce,
mainly during withdrawal, psychotic symptoms. In those
circumstances, alcohol can provoke two types of psychoses:
delirium tremens and alcohol hallucinosis, which can be
hard to differentiate from one another. Delirium tremens
usually occurs a few days after the beginning of abstinence.
The sensorium of patients is altered, hallucinations are
salient and mainly visual (example: animals), delusions are
not systematized, and agitation as well as anxiety symptoms
are quite severe. During alcohol hallucinosis, which
generally occurs following delirium tremens, the patients’
sensorium regains normalcy, their hallucinations, still
salient, are now mainly auditive (example: voices),
delusions are now systematized, and anxiety remains severe
(Tablel).

Difficult to differentiate from delirium tremens, alcohol
hallucinosis can easily be mistaken with schizophrenia. Even
though alcohol hallucinosis is rarely mentioned as a
schizophrenia model, a careful examination of its
phenomenology leads to think that it could represent an
excellent model of the hallucinations of schizophrenia.
However, it must be reminded that alcohol hallucinosis
occurs after many years of consumption. Furthermore, it is
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hard to identify the neurotransmitters by which alcohol
would produce hallucinations, since ethanol exerts a
modulatory action on many neurotransmitters, namely
GABA (gamma-aminobutyric acid), glutamate, dopamine,
serotonin, the endogenous opioids [100], as well as the
endogenous cannabinoids [101]. Interestingly, brain imaging
case reports carried among patients suffering from alcohol
hallucinosis does not reveal dopaminergic disturbances, but
decreased frontal and thalamic functioning [102, 103]. Thus,
the alcohol hallucinosis model does not seem to be
compatible with the amphetamine sensitization model.

5- The Cholinergic Hypothesis

Historically, antagonists of the muscarinic receptors of
acetylcholine (like atropine and scopolamine) have been used
in the treatment of Parkinson’s disease and of the
extrapyramidal signs induced by neuroleptics, before it was
discovered that those medications increase dopamine release
in the basal ganglia. Exerting a pro-dopaminergic action,
anticholinergics are sometimes abused as street drugs. At
weak doses, those psychoactives substances relieve
parkinsonian signs, but at higer doses, they produce
euphoric effects as well as perceptual and cognitive
distorsions. Even if the phenomenon has not been reported
regularly in the literature, anticholinergics can provoke
delusions and hallucinations among healthy volunteers
[104]. The psychotic disorder induced by anticholinergic
drugs is usually not considered as a schizophrenia model.
But its occurrence suggests that the psychopathology could
be associated with cholinergic dysfunctions, notably
affecting cognition. Some data give support to that
hypothesis. First, neuropsychological research identifies,
among elder schizophrenics, cognitive dysfunctions similar
to those observed among patients suffering from Alzheimer’s
disease [105], a disease associated with cholinergic
impairments. Moreover, muscarinic antagonists, which are
prescribed to treat the extrapyramidal symptoms of
schizophrenia patients, are known to exert a negative impact
on the cognition of those patients. Inversely, perliminary
data suggests that medications increasing cholinergic activity
would improve the cognitive functions of schizophrenics. It
would be the case of the inhibitors of acetylcholinesterase,
the enzyme that degrades acetylcholine [106]. Following that
line of thought, the beneficial impact of clozapine and
olanzapine has been attributed to their muscarinic activity:
not only do these atypical antipsychotic drugs possess a
noticeable affinity for muscarinic receptors, but they also
seem to act as partial agonists at the My muscarinic receptor
[107]. Further strengthening the association between
schizophrenia and acetylcholine, clinical studies show that
80 to 90 % of patients with schizophrenia consume tobacco,
whose main psychoactive substance, nicotine, is an agonist
at nicotinic cholinergic receptors. Clinical research
demonstrates that tobacco smoking seems to improve the
attentional vigilance, to relieve the anhedonia, and to
diminish the intensity of the parkisonian symptoms of
schizophrenia [108]. More precisely, experimental studies
show that nicotine normalizes the auditory sensory gating
deficits of schizophrenics and of their relatives. Lastly,
linkage analyses involve the locus 14, located on the
chromosome 15, in the auditory gating deficits of
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schizophrenia patients. Of interest, that locus corresponds to
the localization of the gene coding for the a; nicotinic
receptor of acetylcholine, a receptor deeply expressed in the
hippocampus [109]. Accordingly, post mortem studies show
that the number of nicotinic receptors is diminished in the
hippocampus of schizophrenics [110].

6- Heterogenous Models for a Heterogenous Disorder

The brief historical overview of the pharmacological
models of schizophrenia leads to two general conclusions.
The first one is that psychoactive substances provoke, most
of the time, delusional disorders or hallucinoses, but less
frequently frank psychoses. The second one, and also the
most important, is that schizophrenia can not be easily
explained by reductionist models. Most drugs of abuse can
induce manifestations associated with the psychopathology,
but none of them actually reproduces schizophrenia in its
integral phenomenology.

Still, some observations keep their interest: 1) Lasting
up to six months, the amphetamine psychosis remains the
best model of the positive symptoms of paranoid
schizophrenia; 2) Hallucinogens suchas LSD or psilocybine
reproduce, at best, the psychotic phenomenology observed
during the first episodes of schizophrenia; 3) Anesthetic
dissociatives (PCP & ketamine) faithfully reproduce thought
disorder, as well as the frontal cognitive deficits and certain
negative symptoms of schizophrenia; 4) Cannabis reproduces
with fidelity the depersonalization states observed among
schizophrenics. Neurobiological data suggest, however, that
the cannabis — schizophrenia link would be closer; 5)
Hallucinogens (including cannabis, LSD and PCP) might be
better models of dissociative disorders than of schizophrenia;
6) Since alcohol hallucinosis is associated with salient
hallucinations, predominantly auditive, it could be the best
model of the patients’ hallucinations. We still ignore,
however, what neurotransmitter(s) could relay these
hallucinations in the brain; 7) The psychotic disorder
induced by muscarinic antagonists is not usually considered
as a schizophrenia model, but its occurrence signals that
cholinergic dysfunctions could be associated with the
cognitive symptoms of the disease; 8) The toxic psychoses
induced by alcohol, amphetamines, cannabis and PCP are
experienced, more often than not, as euphoric. However,
anhedonia seems to be one of the most chronic symptoms
of schizophrenia, as it is suggested by the works of Loas
[111].

In the end, the pharmacological models studied so far,
although reliable, never reproduce more than a part of the
complex schizophrenia phenomenology. As such, that
observation goes hand in hand with the common view of

schizophrenia as a pathology of general cerebral
disconnectivity that would affect a plurality of
neurotransmitter systems.
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