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(1) 175–181, 2000.—The phys-
iological and pathophysiological roles of the central nervous endogenous cannabinoid system are not completely understood,
but still represent a challenge in basic neurobiological, cognitive, and psychiatric research. The system has been implicated in
the pathogenesis of schizophrenia. Binocular depth inversion, an illusion of visual perception, provides a model of im-
paired perception during psychotic states. Using this model the effects of nabilone, a psychoactive synthetic 9-trans-keto-
cannabinoid, and of cannabidiol, the main natural component of herbal cannabis, and a combined application of both sub-
stances on binocular depth inversion and behavioural states were investigated in nine healthy male volunteers. The time
course of the effects of both substances on binocular depth inversion was analysed after oral administration using three differ-
ent groups of natural stimuli. A significant impairment of binocular depth perception was found when nabilone was adminis-
tered, but combined application with cannabidiol revealed somewhat reduced effects on binocular depth inversion. The influ-
ence of psychoactive cannabinoids on this perceptual model and the role of the endogenous cannabinoid system in visual
information processing are discussed. © 2000 Elsevier Science Inc.
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VARIOUS effects of 

 

D

 

9

 

-tetrahydrocannabinol (

 

D

 

9

 

-THC)
have been investigated over the last decades since it has been
identified as the major psychoactive compound of cannabis
resin (11). The recent identification of a central nervous can-
nabinoid receptor (4) and of the first endogenous cannab-
inoid receptor ligands, anandamide and 2-arachidonylglycerol
(5,39), gave rise to investigations of the specific actions of nat-
urally and synthetically obtained cannabinoids [for review see
(20)]. Previous studies on the effects of cannabis on visual
perception in man mainly used cannabis resin with specified
concentrations of 

 

D

 

9

 

-THC. However, from a psychopharma-
cological point of view, the effects and interactions of syn-
thetic and natural cannabinoid compounds with respect to
visual perception and higher cognitive function are not com-
pletely understood. The administration of a not well-defined
mixture of different genuine cannabinoids may cause a vari-
ety of neuropsychological effects that may not necessarily be
associated only with the action of 

 

D

 

9

 

-THC but show a com-
plex pharmacology (30). Furthermore, the physiological and

pathophysiological role of the endogenous cannabinoid sys-
tem in humans remains widely unknown. However, there is
clinical and experimental evidence for an implication of this
system in the pathogenesis of psychoses (7,24,31).

Binocular depth inversion is a well-known model of illu-
sionary perception. Binocular depth perception is influ-
enced by various factors (29,32). Out of those, binocular dis-
parity has been shown to be the most influential (42).
Interchanging the view of the left and right eye using a stereo-
scope leads to a reversed depth experience of most objects
(“pseudoscopic vision”) (43). Under certain circumstances
the individual perception of a pseudoscopically presented
three-dimensional object may differ from the physical in-
formation of an object (veridical view). Today, visual percep-
tion is understood as an interaction of bottom-up and top-
down processing resulting in the conscious experience of
an object. A process of generating hypotheses about the
three-dimensional shape of objects is thought to be basic
for binocular depth inversion. In this process, the visual infor-
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mation from the eyes (bottom-up) is interpreted using con-
ceptual and perceptual knowledge (top-down) as well as gen-
eral rules of perception, such as Gestalt laws of organisation
and perspective (13,16,45). Based on this concept, binocular
depth inversion results from a domination of top-down pro-
cessing of the presented objects (6,36). Thus, a reduction or
reversal of binocular depth inversion by psychotropic cannab-
inoids would be due to an impairment of top-down process-
ing. A reversal of this effect by additional administration of
the nonpsychotropic cannabidiol might point to a putative
effect of this natural cannabinoid in this model of impaired
visual perception.

It has been shown that binocular depth inversion is signifi-
cantly altered in patients with acute productive schizophrenic
psychosis (36). Furthermore, we recently reported on the ef-
fects of synthetic 

 

D

 

9

 

-THC on binocular depth inversion (25).
Our interest now was in the effects of other psychotropic can-
nabinoid compounds on this paradigm. Based on our previ-
ous findings, we tested the hypothesis that binocular depth in-
version is altered by psychotropic cannabinoids but not by
nonpsychotropic cannabinoid compounds like cannabidiol.
Moreover, we were interested in the effect of a combined ad-
ministration of both substances to get some insight into their
clinical interactions.

We, therefore, selected the synthetic 

 

D

 

9

 

-THC-analogon,
nabilone (CESAMET

 



 

), which has been approved for medi-
cal purposes in Germany (1983), and cannabidiol to study the
effects and interactions of cannabimimetic compounds on
binocular depth inversion. Nabilone reveals psychotropic ef-
fects that are very similar to 

 

D

 

9

 

-THC (23). Furthermore,
nabilone appears to act like an anxiolytic (9), and reveals re-
laxant and sedative effects at doses of 15 to 30 

 

m

 

g/kg body
weight as well as dose-dependent euphoria in humans (23).
Although cannabidiol has been found to have anxiolytic ef-
fects as well (49), cannabidiol is generally considered to be a
neutral nonpsychoactive cannabinoid (18).

Recently, it has been proposed that cannabidiol has an-
tipsychotic properties both in animal models predictive of
antipsychotic activity and in humans (47,48). We used a single
dosage of 200 mg cannabidiol. This dose is comparable to the
dosage used in previous studies on the effects and clinical use
of cannabidiol in humans (2).

 

METHODS

 

The local ethics committee approved the basic study pro-
tocol as outlined below. Nine healthy Caucasian males partic-
ipated in the study. All were trained physicians, or in one
case, a psychologist. The study was designed as a series of self
experiments of trained professionals according to the Decla-
ration of Helsinki. They signed an informed consent form,
and were allowed to withdraw from the study at any time
without disclosure of their reasons. The subjects were aged
between 26 and 35 years, with a mean age of 29.4 years. All
subjects reported normal health as well as normal or cor-
rected-to-normal vision. Stereoscopic vision was tested using
the Randot stereotests (Stereo Optical Co., Chicago, IL). Only
subjects showing unrestricted binocular depth perception in
this commercially available standard tests were included in
the study. Subjects with a positive history of recurrent abuse
of drugs other than cannabinoids, psychiatric, neurological, or
medical diseases or a positive history of consumption of opi-
ates, cocaine, amphetamines, or phencyclidine were not al-
lowed to participate in this series of self-experiments. They

were also excluded if they had consumed cannabinoids more
than 10 times in their lifetime so as to rule out any influence
from prior long-term cannabis use. No medication was al-
lowed for at least 10 days before participation in the study.

Experiments took place on 3 days with an interval of 8
days between the different stages of the experiment. On each
day, all subjects received a standardised breakfast 1 h prior to
the start of the experiments. Afterwards, they performed
baseline tests for binocular illusionary perception as well as
behavioural measures as described below.

All substances were administered orally. Purified natural
cannabidiol was generously supplied by Professor Raphael
Mechoulam (Israel), nabilone (CESAMET

 



 

) was commer-
cially acquired (Eli Lilly Company, Ltd.). On the first day of
the study, cannabidiol (200 mg) was given with an additional
placebo capsule resembling the nabilone capsule. On the sec-
ond day of the study, cannabidiol (200 mg) and nabilone (1 mg)
were administered. Finally, on the third day nabilone (1 mg)
was given together with another placebo capsule resembling
the cannabidiol capsule. The volunteers as well as the investi-
gators were informed that two different cannabinoids were
applied, but were blind to the order of administration and
pairing of the capsules.

The experimental technique for testing binocular depth in-
version has been described in detail elsewhere (25). Stereo-
scopic pictures from three groups of different natural objects—
flowers, ordinary objects such as a chair, and faces of male,
middle-age persons—were presented. Faces were photo-
graphed as frontal views, half of which were presented right
way up and half presented upside down. Depth information
of the pictures was manipulated by exchanging the left and
the right picture taken, thus resulting in a change in disparity
indicating an inverted object (“pseudoscopic vision”). The
corresponding pictures were presented on a computer moni-
tor with high resolution and color depth (16 bits) for a maxi-
mum of 60 seconds. A Wheatstone stereoscope (42) was used
to achieve stereoscopic vision.

The volunteers were instructed that depth perception of
each object might vary or not. They described their visual
perception of each object using an operationalised descrip-
tion coupled with a five-step rating scale. When depth percep-
tion was totally inverted, zero points were given. Complete
matching between depth perception and the physical infor-
mation of an object was rated four points. On each occasion,
two objects from each class were presented, and the ratings
were averaged and divided through the maximum possible
score. Thus, a maximum of one point was applicable for each
class of objects. This score is referred to as an “inversion
score.”

Behavioural measures were performed on each day of the
experiment. The general subjective mood was investigated us-
ing the Adjective Mood Scale [Bf-S, (46)], while the vividness
of imagery was tested by use of the Bett’s Questionnaire upon
Mental Imagery [QMI; (37)]. Additionally, the effects of both
substances on anxiety was repeatedly measured by use of the
State-Trait-Anxiety-Inventory [STAI X1; (38)]. All three of
these measures were completed prior to, 3 h, and 24 h after
administration of the respective substances. The Self-Rating
Anxiety-Scale [SAS, (50)] was also used on each experimental
day 2.5 h after administration of the compounds.

Statistical analysis of the data was performed using SPSS

 

™

 

(Statistical Package for the Social Sciences). A Friedman
two-way ANOVA was used for analysing group effects. Sub-
sequently, paired Wilcoxon-tests were performed where ap-
plicable.
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RESULTS

 

General Observations

 

Most of the volunteers were able to tell if they had received
a psychoactive cannabinoid. In general, clinical experience of
nabilone intoxication was slightly reduced when administered
along with cannabidiol. Cannabidiol itself produced some seda-
tive effects, but was not found to match previous cannabinoid
experience in our volunteers. Nabilone induced relaxant and
mild sedative effects in all subjects. Three volunteers described
very mild euphoria. All volunteers described negative effects
on concentration, which were noticed most intensely during the
experimental condition.

 

Behavioural Measures

 

The behavioural measures for each pharmacological con-
dition are given in Fig. 1. The Adjective Mood Scale reflects
an impairment of subjective mood by an alteration of its
score. Before application of the respective substances the ini-
tial scores of the Adjective Mood Scale (Bf-S; Fig. 1A) re-
mained within the normal range of a representative sample of
volunteers (46). Three hours after administration of canna-
bidiol alone, the Adjective Mood Scale reached a mean score
of 20.3 

 

6

 

 12.2 (mean value 

 

6

 

 standard deviation) and was sig-
nificantly altered compared to the initial score (

 

p

 

 

 

5

 

 0.0173,
Wilcoxon test). After administration of nabilone plus pla-
cebo, and nabilone plus cannabidiol, the subjective mood was
also significantly altered compared to the initial value (17.2 

 

6

 

6.8 and 19.1 

 

6

 

 9.7, respectively; 

 

p

 

 

 

5

 

 0.0077 in both cases).
There were no significant differences between the effects of
the different pharmacological treatments on subjective mood,
thus indicating a general but only medium effect of the differ-
ent pharmacological manipulations on subjective mood in our
experimental setting.

Neither the State-Trait-Anxiety-Inventory (STAI X1) as
shown in Fig. 1B nor the Self-Rating Anxiety-Scale (SAS, not
shown) revealed significant effects of cannabidiol, nabilone,
or their combination on anxiety in our study.

The Bett’s Questionnaire upon Mental Imagery (QMI) re-
vealed significant disturbances of the vividness of mental im-
agery under both conditions in which cannnabidiol was ad-
ministered (Fig. 1C). With cannabidiol alone, the initial score
of 81.8 

 

6

 

 19.0 was altered significantly to 108.9 

 

6

 

 51.8 (

 

p

 

 

 

5

 

0.0117), while the combined administration of cannabidiol
and nabilone significantly increased the score from 82.9 

 

6

 

20.3 to 107.2 

 

6

 

 35.6 (

 

p

 

 

 

5

 

 0.0382), indicating a less vivid experi-
ence of individual mental imagery. Interestingly, with nabilone
alone, no marked alteration of this score was detectable.

 

Binocular Depth Inversion

 

The depth inversion scores for each class of natural objects
and each pharmacological condition are illustrated in Fig. 2.
A lower score indicates a more pronounced depth inversion.
Initial scores on each experimental day showed no alteration
over the course of our experiments. Thus, no learning effect
was detectable. Interestingly, the average initial scores for
flowers, other ordinary objects, and faces showed no signifi-
cant paired differences.

After application of cannabidiol alone (Fig. 2, blank bars)
no significant alteration was found for binocular depth inver-
sion in all classes of objects investigated. In contrast, binocu-
lar depth inversion was significantly impaired after applica-
tion of nabilone alone (Fig. 2, lined bars). For the ordinary
objects and faces we found a significant impairment of binoc-

ular depth inversion in all measures after administration of
nabilone compared to the initial value (

 

p

 

 

 

<

 

 0.05, Wilcoxon
test). It was largest 3 h after administration, with a mean bi-
nocular depth inversion score of 0.54 

 

6

 

 0.14, starting from an
initial score of 0.36 

 

6

 

 0.11 for the ordinary objects and a re-
spective score of 0.50 

 

6

 

 0.08 increasing from an initial score of
0.32 

 

6

 

 0.10. With respect to the pharmacokinetics of nabilone,
which shows a blood plasma peak about 2 h after oral adminis-
tration (34), the effects were clearly dose dependent.

The combined administration of cannabidiol and nabilone
revealed an interesting pattern of effects on binocular depth

FIG. 1. Behavioural measures before and after oral administration
of cannabidiol (200 mg; open bars), cannabidiol (200 mg), and
nabilone (1 mg; dotted bars), and nabilone (1 mg; lined bars). Mean
values (6standard error of the mean, n 5 9) of the Adjective Mood
Scale are illustrated in A before, 3 and 24 h after administration of
the respective substances. (B) Shows mean values (6standard error
of the mean, n 5 9) of the State-Trait-Anxiety-Inventory before, 3
and 24 h after administration of the respective substances. The mean
values (6standard error of the mean, n 5 9) of the respective mea-
sures of the questionnaire upon mental imagery are given in C. A
Friedman two-way ANOVA was performed for each behavioural
measure and each pharmacological intervention. Asterisks indicate
the error probability revealed by respective Wilcoxon tests compar-
ing the subsequent values with the initial value where applicable due
to the ANOVA (*p < 0.05; **p < 0.01).
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inversion (Fig. 2, dotted bars). In general, there was an im-
pairment of binocular depth inversion when compared to the
administration of cannabidiol alone. Nonetheless, this impair-
ment did not reach the level of that induced by nabilone when
given alone. While there were significant alterations of binoc-
ular depth inversion of flowers on several occasions after ad-
ministration of cannabidiol and nabilone (Fig. 2A), the score
for the ordinary objects was only significantly altered 5 h after
administration of the substances compared to the initial value
(Fig. 2B). This was similar for the presentation of faces. where
a significant alteration was found 3 and 5 h after administra-
tion of both cannabinoids (Fig. 2C).

Comparing the different pharmacological interventions in
our series of experiments, we found significant differences be-
tween the respective binocular depth inversion scores on sev-
eral occasions following administration of the substances.
These are shown in Table 1. There were no significant differ-
ences in the effects of the different cannabinoids 1 and 24 h
after administration. While effects on the depth inversion of
flowers were significantly altered during the first part of the
respective experiments, similar effects were seen in the sec-
ond part of the experimental day for the ordinary objects. In
both cases there was not only a significant difference between
the conditions in which both cannabidiol and nabilone were
administered alone, but also between the cannabidiol and
cannabidiol plus nabilone condition at specified times after
administration (see Table 1). By contrast, the values for the
recognition of faces were significantly different between the
cannabidiol and nabilone conditions 3 and 5 h after adminis-
tration. Furthermore, there was a significant difference be-
tween the cannabidiol plus nabilone and the nabilone alone
condition in the early and the late phase after administration,
thus indicating a significant reduction of the nabilone-induced
impairment of binocular depth inversion by cannabidiol in
these cases.

 

DISCUSSION

 

The individual and interactive actions of cannabidiol and
nabilone on subjective effects and other behavioural mea-
sures found in our study correspond well with previous find-
ings in this field (3,19,22,49). Our findings concerning the sub-
jective mood of the volunteers are in line with previous
observations where an influence of cannabidiol on subjective
experience has been reported (49). However, the Adjective
Mood Scale mainly reflects influences on the general well-
being, and does not further differentiate the qualities of sub-
jective experience. With respect to the relatively low dosage
of nabilone administered, the subjective effects are in line
with previous observations that drowsiness and a moderate
“high” are common effects of nabilone in clinical use (41).

The absence of an effect of both cannabinoids on anxiety
confirms previous findings in healthy volunteers (28,49), even
with the much higher dosage of cannabidiol administered in
our study. Interestingly, the combined application of both
cannabinoids did not reveal any kind of combined effects on
anxiety that might have been expected. Although there are
some strong conceptual and methodological criticisms di-
rected at the Questionnaire upon Mental Imagery [for review,
see (44) and (33)], it is interesting to note that the vividness of
mental imagery seems to be reduced under the influence of
cannabidiol. On the other hand, we have not seen any effect
of nabilone thereon, although it has been reported that mari-
juana may facilitate imagery (27).

In summary, there is evidence from the behavioural data
that the clinical effects are comparable to previously reported
conditions. Therefore, our experimental setting provides a
valid basis for further analysis of the data on binocular depth
inversion.

The data presented here contribute to the question of
whether the effects of cannabinoids on binocular depth inver-
sion that have been shown for cannabis resin (8) and synthetic

 

D

 

9

 

-THC (25) are limited to psychotropic cannabinoids. The
data shows that this is indeed the case, because binocular
depth inversion is not significantly affected by the nonpsycho-
tropic cannabidiol but by the psychotropic nabilone. The time
course of the impairment of binocular depth inversion due to

FIG. 2. Depth inversion scores for different classes of objects pre-
sented. The mean values of the inversion scores (6standard error of
the mean, n 5 9) are given before and at various time points after the
oral administration of cannabidiol (200 mg; open bars), cannabidiol
(200 mg) and nabilone (1 mg; dotted bars), and nabilone (1 mg; lined
bars). They are shown for the following classes of objects presented:
flowers (A), ordinary objects (B), and faces (C). For each class of
objects the initial inversion score before drug application (0 h) as well
as subsequent inversion scores after oral administration of the respec-
tive drugs (1,2,3,5,6, and 24 h) are illustrated. A Friedman two-way
ANOVA was performed for each group of objects and each pharmaco-
logical intervention. Asterisks indicate the error probability revealed
by respective Wilcoxon tests comparing the subsequent values with the
initial value where applicable due to the ANOVA (*p < 0.05).
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nabilone is similar to the reported one for other psychotropic
cannabinoids, and appears to be dose dependent with respect
to the pharmacokinetics of nabilone (34). Concerning the rel-
ative potencies of cannabinoids in humans, the reported ef-
fects of synthetic 

 

D

 

9

 

-THC (up to 15 mg, oral administration)
on binocular depth inversion (25), which have been more pro-
nounced, are comparable to the effects of nabilone (1 mg,
oral administration) reported here. This is because nabilone
has been found to be five times more effective in humans than

 

D

 

9

 

-THC (15). The data confirms our previous observations
that binocular depth inversion shows a sensitive response to
psychotropic cannabinoids already at very low doses. Further-
more, our hypothesis that the central nervous endogenous
cannabinoid system is involved in perceptual processes on a
higher level of information processing is strengthened (25).

Although the underlying mechanisms of binocular depth
inversion have been recently revealed in more detail (13,16,45),
the basic neural mechanisms of binocular depth inversion still
remain an object of further research. So far, there is no indica-
tion for an underlying general disturbance of binocular depth
perception (45). Regularly, ordinary objects with a higher de-
gree of everyday familiarity (i.e., faces, chairs, or a house),
tend to evoke a more pronounced binocular depth inversion
(17,40,45). Although similarity of the initial depth inversion
scores for the ordinary objects and faces is in line with our pre-
vious findings (25,35,36), the initial score for flowers in this
study remains somewhat low compared to our previously re-
ported results (25). Nonetheless, we have seen a larger vari-
ability of the individual binocular depth inversion of these
stimuli when compared to the ordinary objects and faces.
Therefore, the latter seem to be more valid stimuli to gain a
more differentiated view of impaired binocular depth inver-
sion associated with behavioural or psychiatric disturbances.

As already touched on in the introduction, appealing
models and hypotheses regarding the mechanisms involved in
binocular depth inversion have been proposed. Gray and
Rawlins (12) suggested a comparator system that gauges
incoming sensory data (bottom-up) against conceptual
knowledge (top-down) This comparator determines the ulti-
mate conscious experience of the outer world. Gray and Raw-
lins suggested hippocampal structures as a possible site of the
comparator mechanism. It has been proposed that internal

correcting and adaptive systems may be deficient in psychotic
states, and that an imbalance in systems responsible for con-
cept formation occurs (10,26). The issue of whether other
structures of the temporal lobes and/or prefrontal cortical ar-
eas are involved in these processes is controversial (1,14).
Nonetheless, the top-down processing in a sense of correcting
(13) is apparently weakened under the influence of psycho-
tropic cannabinoids, resulting in an increase in veridicality for
the depth recognition of the ordinary objects and faces.

Interestingly, the combined application of cannabidiol and
nabilone revealed some kind of intermediate impairment of
binocular depth inversion. Although this impairment is statis-
tically significant compared to the initial value at some time
after administration of the substances in all groups of stimuli,
it fell far short of the effect of nabilone alone. For the ordi-
nary objects and faces, the early and late phase of the
nabilone effects on binocular depth inversion are affected,
which is statistically significant for the recognition of faces.
These findings correspond well with previous findings that
cannabidiol is able to diminish some effects of 

 

D

 

9

 

-THC effec-
tively (3,22). Although this has not been found to be the case
in general (19), it seems to be the case in our paradigm.

Concerning our model of impaired binocular depth inver-
sion in productive psychotic syndromes (6,36), it may be spec-
ulated that these findings are attributable to an antipsychotic
action of cannabidiol as it has been reported in animal models
(48) and in humans (47). With respect to the latter report, the
partial antagonistic action of cannabidiol in this model para-
digm might be due to the relatively small dosage of cannabi-
diol in our experiments compared to the dosage of 1,500 mg/
day given under clinical conditions or to a specific action of
cannabidiol itself (30). Unfortunately, pharmacokinetic data
on a possible interaction of orally administered cannabidiol
and nabilone is lacking. Therefore, it remains somewhat spec-
ulative to put the interactive effects down to pharmacody-
namic interactions of both substances only. Nevertheless,
there is no final proof for a pharmacokinetic interaction be-
tween at least cannabidiol and 

 

D

 

9

 

-THC (21).
Recently, it has been shown that cannabidiol exerts a par-

tial antagonistic activity on the cannabinoid CB

 

1

 

 receptor as
well (30). Furthermore, there is evidence from animal models
that other more potent antagonists on the recently described

TABLE 1

 

STATISTIC COMPARISONS BETWEEN BINOCULAR DEPTH INVERSION SCORES AFTER ORAL ADMINISTRATION OF CANNABIDIOL, 
NABILONE, AND COMBINED ADMINISTRATION OF BOTH SUBSTANCES WITH RESPECT TO THE OBJECT CATEGORIES AND

TIME AFTER ADMINISTRATION OF THE RESPECTIVE SUBSTANCES

2 hours 3 hours 5 hours 6 hours

 

Flowers
Cannabidiol vs. nabilone 0.0180 0.0431 n.s. n.s.
Cannabidiol vs. cannabidiol 

 

1

 

 nabilone n.s. 0.0180 n.s. n.s.
Cannabidol 

 

1

 

 nabilone vs. nabilone n.s. n.s. n.s. n.s.
Natural objects

Cannabidiol vs. nabilone n.s. n.s. 0.0425 n.s.
Cannabidiol vs. cannabidiol 

 

1

 

 nabilone n.s. n.s. 0.0330 n.s.
Cannabidol 

 

1

 

 nabilone vs. nabilone n.s. n.s. n.s. n.s.
Faces

Cannabidiol vs. nabilone n.s. 0.0117 0.0117 n.s.
Cannabidiol vs. cannabidiol 

 

1

 

 nabilone n.s. n.s. n.s. n.s.
Cannabidiol 

 

1

 

 nabilone vs. nabilone 0.0209 n.s. n.s. 0.0440

 

p

 

-Values for post hoc paired Wilcoxon tests are given where statistically relevant and applicable after Friedman two-way ANOVA. (n.s.: no
significant difference).
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cannabinoid CB

 

1

 

 receptor (4) like SR141716 show clinical
properties that are similar to the one of atypical neuroleptics
in these models (31).

In conclusion, the data presented here strengthen our pre-
vious findings on the effects of cannabis resin and 

 

D

 

9

 

-THC on
binocular depth inversion (6,7,25). The hypothesis that these
effects are limited to psychotropic cannabinoids was con-
firmed. Furthermore, a weak partial antagonistic effect of can-
nabidiol on the impairment of binocular depth inversion due
to nabilone has been shown, that is in line with previous find-
ings in this field (3,22), and may be explained by recent find-
ings on the actions of cannabinoid CB

 

1

 

 receptor antagonists in
animal models predictive of antipsychotic activity (31,48).

 

ACKNOWLEDGEMENTS

 

This research was supported by the Volkswagen-Stiftung. Canna-
bidiol was generously donated by Professor Raphael Mechoulam,
Hebrew University, Medical Faculty, Jerusalem, Israel. We gratefully
acknowledge that Dr. W. Niemczyk participated in the preparation of
the study protocol and conducting of the experiments. Thanks are
due to Detlef Beyer of Medienkonzepte, Ltd., Cologne, Germany, for
advanced technical support in developing the “PsychoVision” pre-
sentation unit. We are grateful to Dr. W. Burtscheidt for detailed dis-
cussion and providing a stimulating and supportive atmosphere dur-
ing the writing of this article. We gratefully acknowledge helpful
comments of Heidi Sumich, Ph.D., and Elizabeth Morgan, M.A., on
our manuscript.

 

REFERENCES

 

1. Crick, F.; Koch, C.: The problem of consciousness. Sci. Am.
267:152–150; 1992.

2. Cunha, J. M.; Carlini, E. A.; Pereira, A. E.; Ramos, O. L.; Pimen-
tel, C.; Gagliardi, R.; Sanvito, W. L.; Lander, N.; Mechoulam, R.:
Chronic administration of cannabidiol to healthy volunteers and
epileptic patients. Pharmacology 21:175–185; 1980.

3. Dalton, W. S.; Martz, R.; Lemberger, L; Rodda, B. E.; Forney,
R. B.: Influence of cannabidiol on delta-9-tetrahydrocannabinol
effects. Clin. Pharmacol. Ther. 19:300–309; 1976.

4. Devane, W. A.; Dysarz, F. A., III; Johnson, M. R.; Melvin, L.S.;
Howlett, A. C.: Determination and characterization of a cannab-
inoid receptor in rat brain. Mol. Pharmacol. 34:605–613;1988.

5. Devane, W. A.; Hanus, L.; Breuer, A.; Pertwee, R. G.; Steven-
son, L.A.; Griffin, G.; Gibson, D.; Mandelbaum, A.; Etinger, A.;
Mechoulam, R.: Isolation and structure of a brain constituent
that binds to the cannabinoid receptor. Science 258:1946–1949;
1992.

6. Emrich, H. M.: A three-component-system hypothesis of psycho-
sis. Impairment of binocular depth inversion as an indicator of a
functional dysequilibrium. Br. J. Psychiatry 155:S37–S39;1989.

7. Emrich, H. M.; Leweke, F. M.; Schneider, U.: Towards a cannab-
inoid hypothesis of schizophrenia: Cognitive impairments due to
a dysregulation of the endogenous cannabinoid system. Pharma-
col. Biochem. Behav. 56:803–807; 1997.

8. Emrich, H. M.; Weber, M. M.; Wendl, A.; Zihl, J.; Meyer, L. v.;
Hanisch, W.: Reduced binocular depth inversion as an indicator
of cannabis-induced censorship impairment. Pharmacol. Bio-
chem. Behav. 40:S689–S690; 1991.

9. Fabre, L. F.; McLendon, D.: The efficacy and safety of nabilone
(a synthetic cannabinoid) in the treatment of anxiety. J. Clin.
Pharmacol. 21:377S–382S; 1981.

10. Frith, C.; Done, D. J.: Experiences of alien control in schizophre-
nia reflect a disorder to the central monitoring of action. Psychol.
Med. 19:356–363; 1989.

11. Gaoni, Y.; Mechoulam, R.: Isolation, structure and partial syn-
thesis of an active constituent of hashish. J. Am. Chem. Soc.
86:1646–1647; 1964.

12. Gray, J. A.; Rawlins, J. N. P.: Comparator and buffer memory:
An attempt to integrate two models of hippocampal functions. In:
Isaacson, R. L.; Pribham, K. H., eds. The hippocampus, vol. 4.
New York: Plenum Press; 1986:159–201.

13. Gregory, R. L.: Eye and brain. The psychology of seeing. Oxford:
Oxford University Press; 1998.

14. Haxby, J. V.; Horwitz, B.; Ungerleider, L. V.; Maisog, J. M.;
Pietrini, P.; Grady, C. L.: The functional organization of human
extrastriate cortex: APET-rCBF study of selective attention to
faces and locations. J. Neurosci. 14:6336–6353; 1994.

15. Herkenham, M; Lynn, A. B.; Little, M. D.; Johnson, M. R.;
Melvin, L. S.; de Costa, B. R.; Rice, K. C.: Cannabinoid receptor
localization in brain. Proc. Natl. Acad. Sci. USA 87:1932–1936;
1990.

16. Hill, H.; Bruce, V.: Independent effects of lighting, orientation,
and stereopsis on the hollow-face illusion. Perception 22:887–
897; 1993.

17. Hill, H.; Bruce, V.: A Comparison between the hollow-face and
‘hollow-potato’ illusions. Perception 23:1335–1337; 1994.

18. Hollister, L. E.: Health aspects of cannabis. Pharmacol. Rev.
38:1–20; 1986.

19. Hollister, L. E.; Gillespie, H.: Interactions in man of delta-9-tet-
rahydrocannabinol. II. Cannabinol and cannabidiol. Clin. Phar-
macol. Ther. 18:80–83;1975.

20. Howlett, A. C: Pharmacology of cannabinoid receptors. Annu.
Rev. Pharmacol. Toxicol. 35:607–634; 1995.

21. Hunt, C. A.; Jones, R. T.; Herning, R. I.; Bachman, J.: Evidence
that cannabidiol does not significantly alter the pharmacokinetics
of tetrahydrocannabinol in man. J. Pharmacokinet. Biopharma-
col. 9:245–260; 1981.

22. Karniol, I. G.; Shirakawa, I.; Kasinski, N.; Pfeferman, A.; Carlini,
E. A.: Cannabidiol interferes with the effects of 

 

D

 

9-tetrahydro-
cannabinol in man. Eur. J. Pharmacol. 28: 172–177; 1974.

23. Lemberger, L.; Rowe, H.: Clinical pharmacology of nabilone, a
cannabinol derivative. Clin. Pharmacol. Ther. 18:720–726;1975.

24. Leweke, F. M.; Giuffrida, A.; Wurster, U.; Emrich, H. M.;
Piomelli, D.: Elevated endogenous cannabinoids in schizophre-
nia. Neuroreport 10:1665–1669; 1999.

25. Leweke, F. M.; Schneider, U.; Thies, M.; Münte, T. F.; Emrich,
H. M.: Effects of synthetic 

 

D

 

9

 

-tetrahydrocannabinol on binocular
depth inversion of natural and artificial objects in man. Psycho-
pharmacology (Berlin) 142:230–235; 1999.

26. Malenka, R. C.; Angel, R. W.; Hampton, B; Berger, P. A.:
Impaired central error-correcting behavior in schizophrenia.
Arch. Gen. Psychiatry 39:101–107;1982.

27. Miller, L. L.; McFarland, D. J.; Cornett, T. L.; Brightwell, D. R.;
Wikler, A.: Marijuana: Effects on free recall and subjective orga-
nization of pictures and words. Psychopharmacology (Berlin)
55:257–262;1977.

28. Nakano, S.; Gillespie, H. K.; Hollister, L. E.: A model for evalua-
tion of antianxiety drugs with the use of experimentally induced
stress: Comparison of nabilone and diazepam. Clin. Pharmacol.
Ther. 23:54–62; 1978.

29. Parker, A. J.; Cumming, B. G.; Johnston, E. B.; Hurlbert, A. C.:
Multiple cues for three-dimensional shape. In: Gazzaniga, M. S.,
ed. The cognitive neurosciences. Cambridge, MA: A Bradford
Book, The MIT press; 1995:351–364.

30. Petitet, F.; Jeantaud, B.; Reibaud, M.; Imperato, A.; Dubroeucq,
M.-C.: Complex pharmacology of natural cannabinoids: Evidence
for partial agonist activity of delta-8-tetrahydrocannabinol and
antagonist activity of cannabidiol on rat brain cannabinoid recep-
tors. Life Sci. 63:PL1–PL6; 1998.

31. Poncelet, M; Barnouin, M.-C.; Breliere, J.-C; Le Fur, G; Soubrie,
P.: Blockade of cannabinoid (CB1) receptors by SR 141716 selec-
tively antagonizes drug-induced reinstatement of exploratory



 

EFFECTS OF CANNABINOIDS ON PERCEPTION 181

 

behaviour in gerbils. Psychopharmacology (Berlin) 144:144–150;
1999.

32. Ramachandran, V. S.: Perception of shape from shading. Nature
331:163–166; 1988.

33. Richardson, J. T. E.: Mental imagery and Human memory. Lon-
don; Basingstoke: Macmillan; 1980.

34. Rubin, A.; Lemberger, L.; Warrick, P.; Crabtree, R. E.; Sullivan,
H.; Rowe, H.; Obermeyer, B. D.: Physiologic disposition of
nabilone, a cannabinol derivative, in man. Clin. Pharmacol. Ther.
22:85–91; 1977.

35. Schneider, U.; Leweke, F. M.; Niemczyk, W.; Sternemann, U.;
Bevilacqua, C. M.; Emrich, H. M.: Impaired binocular depth
inversion in patients with alcohol withdrawal. J. Psychiatr. Res.
30:469–474;1996.

36. Schneider, U.; Leweke, F. M.; Sternemann, U.; Weber, M. M.;
Emrich, H. M.: Visual 3D illusion: A systems—Theoretical
approach to psychosis. Eur. Arch. Psychiatr. Clin. Neurosci.
246:256–260; 1996.

37. Sheehan, P. W.: A shortened form of Bett’s questionnaire upon
mental imagery. J. Clin. Psychol. 23:386–389; 1967.

38. Spielberger, C. D.; Gorsuch, R. L.; Lushene, R. E.: STAI, manual
for the state-trait-anxiety-inventory. Palo Alto: Consulting Psy-
chologist Press; 1970.

39. Stella, N.; Schweitzer, P.; Piomelli, D.: A second endogenous can-
nabinoid that modulates young-term potentiation. Nature 388:
773–778; 1997.

40. van den Enden, A.; Spekreijse, H.: Binocular depth reversals
despite familiarity cues. Science 244:959–961; 1989.

41. Ward, A.; Holmes, B.: Nabilone. A preliminary review of its

pharmacological properties and therapeutic use. Drugs 30:127–
144; 1985.

42. Wheatstone, C.: Contributions to the physiology of vision: l. On
some remarkable, and hitherto unobserved, phenomena of binoc-
ular vision. Philos. Trans. R. Soc. Lond. 128:371–394; 1838.

43. Wheatstone, C.: Contributions to the physiology of vision: ll. On
some remarkable, and hitherto unobserved, phenomena of
binocular vision (continued). Philos. Trans. R. Soc. Lond. 142:1–
17; 1852.

44. White, K.; Sheehan, P. W.; Ashton, R.: Imagery assessment: A
survey of self-report measures. J. Mental Imagery 1:145–169; 1977.

45. Yellott, J. I. Jr.: Binocular depth inversion. Sci. Am. 245:118–125;
1981.

46. Zerssen, D. v.: Die Befindlichkeits-Skala. In: Klinische Selbst-
beurteilungs-Skalen (KSb-S) aus dem Müchner Psychiatrischen
Informations-System (PSYCHIS München). Weinheim: Beltz
Verlag; 1976.

47. Zuardi, A. W.; Morais, S. L.; Guimaraes, F. S.; Mechoulam, R.:
Antipsychotic effect of cannabidiol. J. Clin. Psychiatry 56:485–
486; 1995.

48. Zuardi, A. W.; Rodrigues, J. A.; Cunha, J. M.: Effects of canna-
bidiol in animal models predictive of antipsychotic activity. Psy-
chopharmacology (Berlin) 104:260–264; 1991.

49. Zuardi, A. W.; Shirakawa, I.; Finkelfarb, E.; Karniol, I. G.:
Action of cannabidiol on the anxiety and other effects produced
by delta 9-THC in normal subjects. Psychopharmacology (Berlin)
76:245–250; 1982.

50. Zung, W. W. K.: A rating instrument for anxiety disorders. Psy-
chosomatics 12:371–379; 1971.


