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EMRICH, H. M., F. M. LEWEKE AND U. SCHNEIDER. Towards a cannabinoid hypothesis of schizophrenia: Cogni-
tive impairments due to dysregulation of the endogenous cannabinoid system. PHARMACOL BIOCHEM BEHAV 56(4)
803–807, 1997.—Cognitive impairments during psychotic episodes are assumed to be caused not only by one single putative
classical neurotransmitter dysfunction but also by an impaired equilibrium of the interaction between different neurobiological
generators of cognitive processes. Herein, the perceptual abnormalities induced by psychotogenic agents play a major role
as tools for the understanding of model psychoses. The recently discovered cannabinoid receptor system with its endogenous
ligand anandamide can be regarded as an extremely relevant regulator system, a dysfunctionality of which may explain at
least one subtype of endogenous psychoses. Neuropsychological results (three-dimensional inversion illusion) in D9-tetra-
hydrocannabinol-intoxicated normal volunteers exhibit strong similarities with data acquired from patients suffering from
productive schizophrenic psychoses, regarding disturbances in internal regulation of perceptual processes. The relevance of this
finding to a general cognitive dysfunction concept of schizophrenic psychosis is discussed.  1997 Elsevier Science Inc.
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ACCORDING to the current view, schizophrenia pathogenet- GABAergic, and peptidergic transmission (31). With in-
creased sophistication of biological investigation and pharma-ically cannot be attributed to only a single causative factor,

but rather arises from a complex pattern of pathogenetic con- cological treatment, it becomes more important to differenti-
ate between subcategories of schizophrenia that may requireditions. Psychiatric genetics demonstrates the existence of ge-

netic conditions, but nonetheless the inheritance of schizo- special therapeutic regimens.
Cannabis sativa is one of the oldest and most widely usedphrenia does not fit simple Mendelian models (3).

Additionally, gender differences, neurostructural abnor- drugs in cultural history. D9-Tetrahydrocannabinol (D9-THC)
has been identified as the major psychoactive constituent ofmalities, and psychosocial deficiencies have also been pro-

posed to play an important part in the etiology of schizo- Cannabis sativa (8). D9-THC and agonistic synthetic cannabin-
oids produce characteristic behavioral, cognitive, and motorphrenic psychoses. The search for neurochemical correlates

of schizophrenia has shifted in recent years from the classical effects.
The subjective effects of cannabinoids in humans vary todopamine hypothesis to an increased set of various neuro-

transmitter imbalance models involving not only the dopami- some extent and are mainly dose related. Following mild can-
nabis intoxication, drowsiness, euphoria, heightened sensorynergic system but also glutamatergic, serotonergic, cholinergic,
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awareness, and altered time perception are reported. Symp- Due to the fact that the endogenous cannabinoid system
has been discovered only recently, there is only limited knowl-toms of moderate intoxication include memory impairment,

depersonalization, and mood alteration. Severe intoxications edge on its physiological role. On the other hand, through
previous research, promising biological markers for schizo-are characterized by decreased motor coordination, lethargy,

slurred speech, and postural hypotension. Among the most phrenia have been identified. Abnormalities in eye movement,
electrodermal activity, event-related brain potentials, atten-frequent adverse reactions of cannabis use are acute panic

reactions and acute paranoid psychosis. Meanwhile, clinical tion and informational processing, and brain imaging have
been reported. Studies of potential trait markers suffer fromsigns of chronic cannabis consumption may also resemble neg-

ative symptoms of schizophrenic disorders (18). The existence the lack of a standardized methodology, which makes compari-
sons of their results difficult. Because of the heterogeneity ofof a specific cannabis-induced psychosis, postulated in the

1970s and early 1980s (11,26), is still not established. The fact the disease, it does not come as a surprise to us that no one
possible marker appears specific for schizophrenia (27).that users of cannabis have higher levels of different types of

psychopathology does not prove a causal relationship (30). Nevertheless, patterns of neuropsychological disturbances
may point to specific cognitive disturbances associated withChopra et al. (2) reported psychotic reactions following

the use of cannabis in a group of East Indian marihuana users. subgroups of schizophrenia. Therefore, it has become part of
our approach to psychotic disturbances to investigate visualThose who had “schizoid” features became overtly schizo-

phrenic during the period of intoxication. In 1976, theparanoid illusionary perception under various conditions. The investiga-
tion of visual illusions has already been established in schizo-psychosis associated with long-term cannabis use was com-

pared with paranoid schizophrenia in 25 psychiatric patients phrenic patients, as well as in various psychiatric syndromes
(7,23). Binocular depth inversion represents an illusion ofby Thacore and Shukla (29). In these cases, the cannabis

psychosis was characterized by more bizarre behavior, more visual perception. Under certain conditions, stereoscopically
presented objects with concave depth information are per-violence, and panic. Peralta and Cuesta (20) and Rottanburgh

et al. (21) found no differences in psychotic symptoms in com- ceived by the observer as convex. Such an illusionary inversion
of visual perception does not occur in all cases, but does occurparison with non-cannabis-abusing schizophrenic patients, but

a decrease in negative symptoms. Andreasson et al. (32) inves- especially when objects with a higher degree of contextual
tigated the association between the level of cannabis intake relevance (e.g., photographs of faces) are displayed. In these
and the development of schizophrenia during a 15-year follow- cases, the plausibility control mechanisms of the perceptual
up study. The relative risk for schizophrenia among high con- processes are assumed to override the binocular disparity cues
sumers of cannabis was 6.0 compared with nonusers. In 1983, of stereopsis. This causes a correction of implausible percep-
Täschner compared 219 schizophrenic patients with 50 pa- tual hypotheses.
tientsexhibiting cannabis psychoses (28). He foundno relevant We used this already established model of perceptual dis-
psychopathological differences between these two groups, and turbance to search for further similarities between cannabis-
suggested that he had observed the final stage of the same induced psychedelic states and psychotic conditions.
underlying pathological process in both.

The molecular basis of the pharmacological activity of can- METHODS
nabis remained an enigma for several decades, until in 1988

Seven healthy male volunteers (aged 26–42 years) intoxi-a radiolabelled, potent synthetic derivative of D9-THC was
cated with cannabis resin, 13 schizophrenic patients (ageddemonstrated to bind to brain membranes in a highly selective
21–52 years, 8 females and 5 males), and 20 healthy volunteersand specific manner (5). In rats, monkeys, and humans, the
(control group; aged 20–48 years, 13 females and 7 males)highest density of cannabinoid receptors characterized this
participated in the study. The control group was recruitedway is observed in the basal ganglia (globus pallidus, substantia
from hospital medical staff or related volunteers. The volun-nigra pars reticulata), the molecular layer of the dentate gyrus
teers were asked about intake of psychopharmacological med-of the hippocampus, and the cerebellar molecular layer. Re-
ication and their history of psychiatric problems, and wereceptors are also dense in the neostriatum, the remainder of
excluded from the study if there was a positive response. Thethe hippocampal formation, and the cerebral cortex. Only a
patients had received a diagnosis of schizophrenia accordinglittle binding is observed in the spinal cord and the brain
to DSM IV and ICD 10 criteria. Mean scores on the Briefstem (14,15).
Psychiatric Rating Scale (BPRS) were 39. The schizophrenicThe existence of a central cannabinoid receptor suggested
patients had been consecutively admitted to the psychiatricthe presence of endogenous cannabimimetic ligands. In 1992,
unit at the Medical School, Hannover. All had vivid productivethe first endogenous ligand was discovered (6). Anandamide,
symptoms (auditory hallucinations and acute delusions, e.g.,an ethanolamide of arachidonic acid, behaves as a typical
depersonalization and derealisation experience, etc.). Addi-cannabimimetic compound in several in vitro and in vivo tests.
tionally, the Positive and Negative Symptoms Scale (PANSS)At present, there are three anandamide type mediators, but
was used.the physiological role of the anandamide/cannabinoid system

Before starting the investigation, stereopsis of the partici-remains unknown still (12).
pants was tested using the TNO test for stereoscopic visionThehigh receptor levels of the cannabinoid system in limbic
(Lameris, Utrecht) and had to amount to at least 60 secondssystem strongly suggest that the cannabinoid/anandamide sys-
of arc in each object. Different stereoscopically taken slidestem may be involved in higher cognitive and emotional func-
were displayed in random order by a device with two slidetions. Furthermore, the receptor distribution in the basal gan-
projectors using cross-oriented linearly polarized light andglia and cerebellum points to a role of this endogenous system
glasses with corresponding filters for the patients and thein motor control as well.
healthy volunteers. Pseudoscopy was induced by exchangingInterestingly, neurological disturbances have been found
the slides in the projectors from right to left and vice versa,to a moderate extent in patients with acute schizophrenic
as more briefly described elsewhere (23). Every slide set waspsychoses (13,24). These neurological soft signs are not related

to any drug-induced dyskinetic disturbances (13,17). displayed for 30 s. As a control paradigm to exclude response
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bias effects, slide sets were displayed either reversed from left
to right or not reversed in random order. Only slides with
different natural images were used (e.g., faces, houses, flow-
ers). All subjects underwent a physical examination before
starting the investigation and gave their informed consent
prior to their inclusion in the study. All volunteers included
in the cannabis experiment were trained physicians who were
informed about possible actions of cannabinoids and partici-
pated in the sense of a self-experiment according to the Decla-
ration of Helsinki.

Patients and volunteers described their visual experience
during pseudoscopic projection by the following procedure.
Score 1 is constituted from the data from slides of objects
exhibiting a high degree of familiarity and contextual rele-
vance in daily life (e.g., human face, house, chair, teddy mask).
A description of three criteria within every slide was given
that characterized binocular depth perception of special parts
of the object (i.e., description of depth perception of, e.g.,
nose, eyes, cheeks, roof, etc.). A maximal score of two points
was reached on every slide if the three criteria were fulfilled
within 30 s. A similar procedure was used to constitute score
2 (i.e., brushwood, flowers), in which objects contextually less
relevant in daily life and with a lower degree of familiarity
were visualized. In score 1, a maximum of 8 points (5 100%)
and in score 2 a maximum of 4 points (5 100%) could be at-
tained.

After initial determination of the initial scores, the seven
healthy volunteers took about 300 mg of cannabis resin (222–
373 mg) and after 1, 2, 3, 5, 7, 24, and 192 h the inversion
score was measured. Additionally, plasma levels of D9-THC
were measured every hour.

For statistical analysis between the schizophrenic patients
and the control groups the Mann–Whitney U-test and between
the inversion scores of the volunteers before and after intake
of cannabis resin the Wilcoxon test was applied. Differences
were considered significant if the probability of error was
p , 0.05. Data were analyzed using SPSS (Statistical Package
for the Social Sciences) Version 6.1 for the Apple Macintosh.

The standardized cannabis resin used in these experiments
was provided by the Institute of Forensic Medicine of the
University of Munich.

RESULTS

The results for the schizophrenic patients are shown in Fig.
1A. Score 1 (pictures with a high degree of familiarity) was
highly elevated in patients with productive psychotic symp-
toms [68.7 6 5.43% (mean 6 SEM), n 5 13] in comparison
with the healthy volunteers (8.7 6 2.18%, n 5 20). The differ-
ence is statistically highly significant (p , 0.001, Mann–
Whitney test, two-tailed). In score 2 (pictures with a lower
degree of familiarity), the results are analogous, but the differ-
ences are less pronounced (p , 0.05). When visual information
was displayed to the correct eye, there were no significant
differences between the scores of the patients and the controls.

The time course of the inversion scores of the volunteers
after intake of cannabis resin is illustrated in Fig. 1B. Score
1 for presented objects exhibiting a high degree of familiarity
and contextual relevance in daily life was significantly elevated
from a baseline of 12.5 6 4.31% (n 5 7) to a maximum ofFIG. 1. (A) Inversion scores in schizophrenic patients (mean 6 SEM,

n 5 13) and healthy control subjects (n 5 20) after presentation of
objects with a higher degree of familiarity and contextual relevance
in daily life (score 1) and with a lower degree of these characteristics
(score 2). (B) Time course of inversion scores as in A ( n 5 7) before values of score 2. The average plasma level of D9-tetrahydrocannabinol
and at several points after oral intake of a defined dosage of cannabis is indicated by cross symbols and belongs to the ordinate on the right
resin. Filled dots represent values of score 1; open squares indicate (n 5 7).
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47.77 6 11.14% (n 5 7, p , 0.02, Wilcoxon test, two-tailed) interaction still remains unclear (22). The dopamine hypothe-
sis of schizophrenia postulates that increased brain dopami-3 h after cannabis intake. Score 2 for objects with a lower
nergic activity causes psychotic symptoms of schizophrenia (4).degree of familiarity and contextual relevance in daily life was
This hypothesis is supported by the capacity of dopaminergicalso significantly elevated. The initial score 2 started with a
drugs to cause paranoid psychoses and pharmacological stud-significantly higher value than score 1 (p , 0.05, Wilcoxon
ies showing that antipsychotic drugs antagonize postsynaptictest, two-tailed), which has been related to the previously
D2-receptors (25). In many studies, the intensity of cannabismentioned degree of contextual relevance in daily life (23).
abuse was correlated with an increase of psychotic relapses.Again, the maximum was reached after 2–3 h (p , 0.03,
According to this model, an increased D9-THC level, actingWilcoxon test, two-tailed). This correlates very well with
as a dopamine agonist, leads to an increased dopaminergicplasma levels of D9-THC (Fig. 1B).
tone in the projections of the medial forebrain.There was a moderate recovery of the initial scores 24 h

Third, Mailleux and Vanderhaeghen reported on the up-after cannabis intake. The difference between the initial and
regulation of cannabinoid receptor gene expression in the ratthe postintoxication score may be attributed to a kind of learn-
caudate putamen by glutamate through the N-methyl-d-aspar-ing effect. This possible learning effect will be the subject of
tate (NMDA) receptor subtype (19). These findings indicatefurther investigation.
a tight link of the endogenous cannabinoid system not only
to the dopaminergic system but also to the glutamatergic sys-

DISCUSSION tem, and may point to another interactional linkage between
these receptor systems already discussed in relation to psy-In the context of various clinical reports of the last decades
chotic conditions (1).thathave noted cannabis-induced schizophrenia-like psychotic

Neurological soft signs, especially motor deficiencies, werestates, the reduced internal censorship processes in schizo-
described before the neuroleptical treatment started in thephrenic patients as well as in cannabis- or D9-THC-intoxicated
1940s, and they frequently occur in the clinical course of en-healthy volunteers yield further evidence regarding a role of
dogenous psychoses. Autoradiographic localization of brainthe endogenous cannabinoid/anandamide system in schizo-
cannabinoid receptors has revealed a unique distribution, withphrenic psychoses.
the greatest density in the basal ganglia, the hippocampus,There is still a lag between the current knowledge of the
and the cerebellum. The basal ganglia and the cerebellum arebasic mechanisms of endogenous cannabinoid function, but
regions that coordinate motor functions. In humans, impairedthere are three especially interesting findings with regard to
coordination and balance, decreased muscle tone, and tremorother neurobiological mechanisms possibly involved in the
are frequently observed after cannabis intake (16). Thisetiology of psychoses. strongly suggests that the cannabinoid/anandamide system isFirst, there is the possible direct role of cannabinoid func- involved in this activity, and an impairment of this systemtion in the process of psychotic experience that is suggested could also explain the neurological soft signs during endoge-

to be mimicked by the intake of psychedelic cannabinoid re- nous psychosis.
ceptor ligands such as D9-THC. Our results point to some In our concept, cannabis abuse is at least not merely a
extent to similar disturbances of perceptual processes in stressor for psychotic relapse and exacerbation of schizo-
schizophrenic patients and cannabis-intoxicated healthy vol- phrenic syndromes. Moreover, a subgroup of schizophrenic
unteers. Whether these disturbances underlie other symptoms syndromes may pathogenetically be related to a functional
occurring in psychoses remains to be investigated. disturbance of the endogenous cannabinoid/anandamide sys-

Second, Gardner et al. studied the pharmacological relation tem. At present, this hypothesis needs to be evaluated further
between the psychotic symptoms of schizophrenic patients by studies on the basic mechanisms of the endogenous canna-
and cannabis abuse (9,10). They found that D9-THC acts as a binoid system and integration of new investigational tools like
dopamine agonist in dopaminergic projections of the medial selective cannabinoid receptor antagonists into clinical studies.
forebrain bundles. Also, there are further reports of dopami- From our point of view, it may lead to some new approaches

in the treatment of schizophrenic psychoses.nergic interactions of cannabinoids, though the mechanism of
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