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Abstract. Cannabis consumption may induce psychotic states in normal individuals, worsen

psychotic symptoms of schizophrenic patients, and may facilitate precipitation of schizophrenia

in vulnerable individuals. Recent studies provide additional biological and genetic evidence

for the cannabinoid hypothesis of schizophrenia. Examinations using [3H]CP-55940 or

[3H]SR141716A revealed that the density of CB1 receptors, a central type of cannabinoid

receptor, is increased in subregions of the prefrontal cortex in schizophrenia. Anandamide, an

endogenous cannabinoid, is also increased in the CSF in schizophrenia. A genetic study revealed

that the CNR1 gene, which encodes CB1 receptors, is associated with schizophrenia, especially

the hebephrenic type. Individuals with a 9-repeat allele of an AAT-repeat polymorphism of the

gene may have a 2.3-fold higher susceptibility to schizophrenia. Recent findings consistently

indicate that hyperactivity of the central cannabinoid system is involved in the pathogenesis of

schizophrenia or the neural mechanisms of negative symptoms.
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Introduction

Schizophrenia is the second most common mental

illness after depression. It typically begins in late

adolescence or early adulthood with characteristic

psychiatric symptoms, for example, delusions and /or

hallucinations, loose association, blunted or inappro-

priate affect, and distortions of perception. The disorder

is a chronic and severe mental illness with a lifetime

prevalence of about 1% worldwide. Behavior may be

seriously impaired, leading to adverse social conse-

quences. Recent development of typical and atypical

neuroleptics has produced great improvement in the

clinical symptoms of patients, but it is still inadequate,

and the overall prognosis for schizophrenia is still far

from satisfactory. Such unsuccessful treatment must

result, at least partly, from insufficient understanding

of the pathogenesis of schizophrenia. To date, various

hypotheses for the etiology of schizophrenia have been

proposed, for example, the classical dopamine hypo-

thesis, the NMDA-receptor hypothesis, and the current

neurodevelopmental hypothesis. Among them, the

“cannabinoid hypothesis”, which was originally based

on clinical findings in marijuana abusers, has been

developed as one of the pharmacological etiologies for

schizophrenia.

Cannabis consumption and schizophrenia

There have been a number of case reports indicating

that consumption of a relatively large amount of

cannabis could precipitate a psychotic state called

“cannabinoid psychosis”, with hallucinations, delusions,

and emotional liabilty, resembling schizophrenia (1 – 4).

An Indian study showed that the most potent cannabis

preparations produced psychotic symptoms after the

shortest period of consumption in cannabis abusers (5).

Administration of � 9-tetrahydrocannbinol (� 9-THC), a

major ingredient of cannabis, to normal volunteers

induced cognitive impairment in three-dimensions

closely resembling that of schizophrenia patients (6).

These clinical studies indicate that cannabis may have

psychotomimetic effects in previously non-psychotic

subjects.
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In schizophrenic patients, abuse of cannabis has

worsened positive symptoms of schizophrenia (7, 8),

even under a regular regimen of antipsychotics (9).

Cannabinoid consumption by schizophrenics results in

a poor outcome and liability to relapse (10, 11). A

prospective study over one year showed that psychotic

patients who used cannabis relapsed to a psychotic state

sooner and more frequently than patients who did not

use cannabis. A dose-response relationship in relapse

was also observed (12).

It is possible that cannabis use does not merely

precipitate cannabis psychosis or exacerabte schizo-

phrenic symptoms. It may also precipitate endogenous

psychosis of schizophrenia in individuals who are

vulnerable to the psychosis. Several clinical studies

showed high rates of cannabis consumption in schizo-

phrenic patients (13, 14). Schizophrenic patients with a

positive urine test for cannabis at admission had a

family history of psychosis more frequently than

patients with a negative urine test (15). The Edinburgh

high-risk study group showed that frequent cannabis use

was associated with a six-fold increase in the risk of

psychosis in high risk individuals who have a strong

family history of psychosis compared with patients

without a family history (16). The strongest epidemio-

logical evidence was provided by a Swedish cohort

study. Andreasson et al. found that cannabis use before

the age 18 years was associated with increased risk of

schizophrenia 15 years later (Fig. 1). The relative risk of

precipitation of schizophrenia was 2.4 times higher

than that of someone who did not use cannabis before

the age of 18 years (17). A dose-response relationship

was also demonstrated because heavy consumption

(more than 50 times by age 18) was associated with a

sixfold increase in the incidence of schizophrenia. These

findings indicate that enhancement of the cannabinoid

system by cannabis consumption produces de novo

psychosis in normal individuals, worsens psychotic

symptoms previously seen in schizophrenic patients,

and may facilitate precipitation of endogenous psychosis

of schizophrenia, especially in individuals who have

vulnerability to psychosis.

Postmortem study of brain cannabinoid receptors

In 1988, the existence of specific binding sites for

cannabinoids in the brain were discovered and desig-

nated as the central cannabinoid receptors or CB1 recep-

tors, which are coupled to G protein (18) (Table 1). A

second type of cannabinoid receptor, designated peri-

pheral cannabinoid receptors or CB2 receptors, was

subsequently found to exist in the spleen and immune

system. Therefore, the psychotomimetic effects of

cannabis and marijuana must be mediated via CB1

receptors. Two independent groups have measured CB1-

receptor densities in schizophrenic brains postmortem.

Fig. 1. Epidemiologic study of morbidity risk of cannabis use

before 18 year for development of schizophrenia. Bar graph is

based on the data of Andreasson et al. (1987) (Ref. 17). The vertical

axis indicates the odds ratio of schizophrenia.

Table 1. Subtypes of cannabinoid receptors

CB1 receptor CB2 receptor

Amino acids 472 AA 360 AA

Locus 6q14–q15 1p36.11

Gene name CNR1 CNR2

Endogenous ligand 2-Arachidonoylglycerol, Anadamide N-Palmitylethanolamine

Distribution

CNS Substantia nigra, Putamen, Hippocampus, 

Cerebellum, Cerebral cortex

none

Peripheral Testis, Uterus, Lung Spleen, Tonsile, Lymph Node

Physiology Spatial cognition, Mood elevation, Short-

term memory, Substance dependence

Inflammation, Immune function?
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Dean et al. (19) used in situ radioligand binding and

autoradiography to measure [3H]CP-55940, a non-

selective cannabinoid agonist, in the dorsolateral pre-

frontal cortex (Brodmann’s area 9), caudate-putamen,

and areas of the temporal lobe and found a significant

increase in [3H]CP-55940 binding in the dorsolateral

prefrontal cortex in subjects with schizophrenia that

was independent of recent cannabis ingestion. They

also found an increase in the density of CB1 receptors in

the caudate-putamen that was independent of diagnosis

in subjects who had recently ingested cannabis. They

speculated that changes in CB1 receptors in the dorso-

lateral prefrontal cortex may be associated with the

pathology of schizophrenia. Zavitsanou et al. (20) used

[3H]SR141716A as a radioligand for quantitative auto-

radiography of CB1 receptors because SR141716A is a

more potent and selective ligand for CB1 receptors

than CP-55940. They examined the anterior cingulate

cortex, which plays an important role in normal cogni-

tion, particularly in relation to motivation and attention,

and found a statistically significant 64% increase in

[3H]SR141716A-specific binding in the schizophrenia

group as compared to the control group. These two

independent postmortem studies showed an increase of

CB1 receptors in subregions of the prefrontal cortex,

dorsolateral and anterior cingulate regions in schizo-

phrenia. The major clinical symptoms observed in

schizophrenia are classified into three categories: posi-

tive, negative, and disorganized symptoms. Negative

symptoms consist of blunting of affect, poverty of

speech and thought, apathy, anhedonia, reduced social

drive, and loss of motivation. Such negative symptoms,

including cognitive impairment, may result from dys-

function of the prefrontal cortex. Because cannabinoids

disarrange cognition, attention, and motivation, it is

possible that the increased numbers of CB1 receptors

in the prefrontal cortex may be involved in the pathology

of schizophrenia particularly in relation to negative

symptoms.

Endocannabinoids in cerebrospinal fluid (CSF)

Following the discovery of cannabinoid receptors in

the brain, endogenous ligands for cannabinoid receptors

were found in mammalian tissues. These are arachidonic

acid derivatives. To date, two molecules have been

identified as endocannabinoids acting on CB1 receptors:

anandamide (N-arachidonyl-ethanolamine) (21) and 2-

AG (2-arachidonylglycerol) (22). They are able to

reproduce the most typical behavioral effects of � 9-

THC, such as inhibition of locomotor activity, analgesia

on a hot plate, and hypothermia, in rodents. Therefore,

they act as agonists in vivo for the cannabinoid systems.

Leweke et al. (23) examined CSF concentrations of

endocannabinoids in schizophrenia. They found that

CSF levels of anandamide and palmitylethanolamide,

another endocannabinoid acting mainly on CB2 recep-

tors, were increased by twofold in schizophrenic patients

compared to non-schizophrenic controls, and 2-AG in

the CSF was below detection in both groups. The

increase of the two endocannabinoids in the CSF of

schizophrenics was not affected by medication. Because

increases in the CSF levels of anandamide and

palmitylethanolamide should reflect increases in the

brain, hyperactivity of the endocannabinoid system in

the central nervous system may be involved in the

pathogenesis of schizophrenia.

Genetic studies

CB1 receptors are encoded by the CNR1 gene

(MIM114610), which was cloned by Matsuda et al. in

1992 (24). CB1 is located at 6q14 – q15, a site including

a schizophrenia susceptibility locus, 6q13 – q26, which

was designated as the Schizophrenia 5 locus (SCZ5,

OMIM 603175), as revealed by Cao et al. (25) using two

independent series of pedigrees. Two polymorphisms,

an AAT-repeat microsatellite in the 3' flanking region

and a 1359 G /A polymorphism at codon 453, a silent

mutation, in the coding exon of the CNR1 gene, were

reported previously. Additional screening of the pro-

moter and entire coding region of the CNR1 gene by

direct sequencing revealed two novel polymorphisms,

843G /C and L352S (26); however, their heterozy-

gosities were as low as 1%, and the estimated genetic

significance may be small. Therefore, the association

with schizophrenia was studied using the AAT repeat

and 1359 G /A polymorphisms of the CNR1 gene (27).

Although the genotypic and allelic distribution of the

1359 G /A polymorphism was not different in schizo-

phrenic and control subjects in a Japanese population,

which is consistent with a Caucasian study (28), allelic

distributions of the AAT-repeat polymorphism differed

significantly between them (Fig. 2). Schizophrenia is

usually divided into three subtypes by clinical features:

paranoid, hebephrenic, and catatonic types. The hebe-

phrenic subtype of schizophrenia, but not others, showed

a strong association with the CNR1 gene (P � 0.0028).

The 9-repeat allele of the AAT-repeat polymorphism

was a genetic risk factor for susceptibility to hebe-

phrenic schizophrenia (odds ratio � 2.3), and the 17-

repeat allele of it was a strong negative risk factor,

thus protecting against susceptibility to hebephrenic

schizophrenia (odds ratio � 0.21). Namely, an individual

with a 9- or 17-repeat allele should have a risk of

hebephrenic schizophrenia increased by about twice
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and decreased by one fifth, respectively, compared to an

individual without either allele. This finding was not

supported by a Chinese study (29), in which schizo-

phrenia was examined only in total rather than by

subtypes. Although further investigation in different

populations is needed to confirm the significance of the

CNR1 gene as a genetic risk factor for hebephrenic

schizophrenia, the relationship between hebephrenic

schizophrenia and the CNR1 gene is very intriguing.

Clinical studies have reported that long-term cannabis

use causes a combination of symptoms including

cognitive impairment, lack of motivation, and impaired

attention, the so-called “amotivational syndrome,”

which resembles the core negative symptoms of schizo-

phrenia (30). Hebephrenic schizophrenia is character-

ized by disorganized symptoms and also progressive

deterioration of negative symptoms such as blunted

affect and abulia. We have also consistently found that

the CNR1 gene is not associated with methamphetamine

psychosis, which shows resemblance to the paranoid

type but not the hebephrenic type of schizophrenia,

because it has few negative symptoms (unpublished

data). The genetic evidence indicates that enhanced

endocannabinoid activity may be involved in the nega-

tive symptoms of schizophrenia.

Fatty acid amide hydrolase (FAAH, MIM 602935)

serves as a primary and rapid catabolic regulator of

anandamide, 2-AG, and related fatty acid amide-signal-

ing molecules in vivo (31). FAAH knock-out mice

exhibit a 15-fold augmentation of endogenous brain

levels of anandamide and an array of intense CB1-

receptor-dependent behavioral responses, including

hypomotility, analgesia, catalepsy, and hypothermia

(32). Recently, the Pro129Thr missense and functional

mutation was identified in the FAAH gene. Sipe et al.

(33) found that its homozygous form is strongly

associated with both street-drug use and problem

drug /alcohol use. However, we have found that there is

no association between the Pro129Thr mutation of the

FAAH gene and susceptibility to schizophrenia in a

Japanese population (34). Possible involvement of the

gene in negative symptoms of schizophrenia including

cognitive function should be elucidated.

Fig. 2. Association of AAT-repeat polymorphism of the CNR1

gene with schizophrenia. *P�0.05. Data from Ref. 27.

Fig. 3. Cannabinoid system and schizophrenia.
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Conclusion

Several lines of biological and genetic evidence that

support the cannabinoid hypothesis for schizophrenia

are summarized in Fig. 3. Enhanced signaling of the

cannabinoid system due to heavy consumption of

exogenous cannabis, for example, marijuana, or in-

creased endocannabinoid anandamide, which is medi-

ated by CB1 receptors in the brain, could precipitate

schizophrenia. Increased CB1 receptor density in the

prefrontal cortex of schizophrenic patients should

facilitate neural transmission of cannabinoids. In

addition, genetic variants of the CNR1 gene, which

encodes CB1 receptors, could alter the efficiency of the

receptor function or expression rate of the receptor

molecules. All of the various findings observed in

schizophrenia could converge into hyperactivity of the

cannabinoid systems in the brain, which should play an

important role in the pathogenesis of schizophrenia.

Particularly, it is most significant clinically that the

possible involvement of the cannabinoid system in the

neural basis for the negative symptoms of schizophrenia.

The recent development of atypical neuroleptics, for

example, clozapine, olanzapine, and risperidone, is

greatly beneficial to schizophrenic patients because

they have been reported to improve not only positive

but also negative symptoms with fewer adverse effects

than conventional neuroleptics. However, the degree of

improvement is not sufficient, especially in negative

symptoms. More effective therapy for negative symp-

toms should be sought. The cannabinoid hypothesis of

schizophrenia could be a key to development of an

innovative therapy and comprehensive understanding of

the etiology of schizophrenia.
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