
421

Braz J Med Biol Res 39(4) 2006

Cannabidiol as an antipsychotic drugBrazilian Journal of Medical and Biological Research (2006) 39: 421-429
ISSN 0100-879X Review

Cannabidiol, a Cannabis sativa
constituent, as an antipsychotic drug

1Departamento de Farmacologia,
2Departamento de Neurologia, Psiquiatria e Psicologia Médica,
Faculdade de Medicina de Ribeirão Preto,
Universidade de São Paulo, Ribeirão Preto, SP, Brasil

A.W. Zuardi2,
J.A.S. Crippa2,
J.E.C. Hallak2,

F.A. Moreira1 and
F.S. Guimarães1

Abstract

A high dose of ∆9-tetrahydrocannabinol, the main Cannabis sativa
(cannabis) component, induces anxiety and psychotic-like symptoms
in healthy volunteers. These effects of ∆9-tetrahydrocannabinol are
significantly reduced by cannabidiol (CBD), a cannabis constituent
which is devoid of the typical effects of the plant. This observation led
us to suspect that CBD could have anxiolytic and/or antipsychotic
actions. Studies in animal models and in healthy volunteers clearly
suggest an anxiolytic-like effect of CBD. The antipsychotic-like
properties of CBD have been investigated in animal models using
behavioral and neurochemical techniques which suggested that CBD
has a pharmacological profile similar to that of atypical antipsychotic
drugs. The results of two studies on healthy volunteers using percep-
tion of binocular depth inversion and ketamine-induced psychotic
symptoms supported the proposal of the antipsychotic-like properties
of CBD. In addition, open case reports of schizophrenic patients
treated with CBD and a preliminary report of a controlled clinical trial
comparing CBD with an atypical antipsychotic drug have confirmed
that this cannabinoid can be a safe and well-tolerated alternative
treatment for schizophrenia. Future studies of CBD in other psychotic
conditions such as bipolar disorder and comparative studies of its
antipsychotic effects with those produced by clozapine in schizo-
phrenic patients are clearly indicated.
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Introduction

The use Cannabis sativa (cannabis) ex-
tracts as medicine was described in China
and India (1) before the birth of Christ. The
therapeutic use of cannabis was introduced
in Western medicine in the first half of the
19th century and reached its climax in the
last two decades of the same century. At the
turn of the century, several pharmaceutical

companies were marketing cannabis extracts
and tinctures which were prescribed by doc-
tors for many different complaints including
pain, whooping cough and asthma, and as a
sedative/hypnotic agent (2). However, the
use of cannabis as a medicine almost com-
pletely disappeared at about the middle of
the 20th century. The main reasons for this
disappearance were the variable potency of
cannabis extracts, the erratic and unpredict-
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able individual responses, the introduction
of synthetic and more stable pharmaceutical
substitutes such as aspirin, chloral hydrate
and barbiturates, the recognition of impor-
tant adverse effects such as anxiety and cog-
nitive impairment, and the legal restrictions
to the use of cannabis-derived medicines (2).

Today this situation has changed consid-
erably. The main active psychotropic con-
stituent of cannabis, ∆9-tetrahydrocannabinol
(∆9-THC), was isolated, identified and syn-
thesized in the 1960’s. Almost three decades
later, cannabinoid receptors in the brain were
described and cloned and the endogenous
cannabinoids were isolated and identified
(3). As a result of these discoveries the inter-
est in cannabis research has remarkably in-
creased. For instance, the number of publi-
cations using the key word “brain”, com-
piled by the ISI Web of Knowledge, in-
creased 26 times from 1960-1964 to 2000-
2004, while the number of publications about
‘cannabis’ increased 78.5 times during the
same period. As a consequence, the research
on the use of cannabis as medicine has been
renewed.

Although ∆9-THC is commonly accepted
as the main factor responsible for the effects
of cannabis, several reports have demon-
strated that other components of the plant
influence its pharmacological activity (4).
One of these components is cannabidiol
(CBD), which may constitute up to 40% of
cannabis extracts (5) and is devoid of the
typical psychological effects of cannabis in
humans (6). Studies on the interaction be-
tween ∆9-THC and CBD have produced ap-
parently contradictory results (7). Although
potentiation of the effects of ∆9-THC has
been observed (8,9), this phenomenon prob-
ably involves pharmacokinetic interactions
since CBD is a potent inhibitor of hepatic
drug metabolism (10) and increases ∆9-THC
concentrations in the brain (11). Several stud-
ies, however, have reported antagonism of
the effects of ∆9-THC when both compounds
are administered simultaneously to animals

(12,13) or humans (6,14).
CBD (1 mg/kg) co-administered with ∆9-

THC (0.5 mg/kg) significantly reduced the
anxiety and the psychotomimetic symptoms
induced by the latter drug in healthy volun-
teers (6). Since the dose of CBD used in that
study did not change ∆9-THC levels in blood
(15), it was suggested that CBD blocked the
effects of ∆9-THC by some intrinsic pharma-
cological properties. Actually, when admin-
istered alone CBD produced its own effects,
including hypnotic (16), anticonvulsive (17),
neuroprotective (18), and hormonal (in-
creased corticosterone and cortisol levels)
effects (19,20). These effects led to the hy-
pothesis that CBD could have anxiolytic
and/or antipsychotic effects.

Anxiolytic effect of cannabidiol

The anxiolytic properties of CBD has
been demonstrated by several pre-clinical
studies that employed different paradigms
such as the conditioned emotional response
(21), the Vogel conflict test (22) and the
elevated plus-maze (23,24). In the later study
(24), the effective doses of CBD ranged
from 2.5 to 10 mg/kg, and the drug produced
an inverted U-shaped dose-response curve,
the higher doses being no longer effective in
rats. This could explain the negative results
obtained with high doses of CBD (above
100 mg/kg) in a previous study employing
the Geller-Seifter conflict test (25).

To evaluate a possible anxiolytic effect
of CBD in humans, a double-blind study was
conducted on healthy volunteers submitted
to a simulation of the public speaking test.
CBD (300 mg, po) was compared to ipsapir-
one (5 mg), diazepam (10 mg) or placebo.
The results showed that both CBD and the
two other anxiolytic compounds attenuated
the anxiety induced by the test (26). The
anxiolytic-like effect of CBD in healthy vol-
unteers was also observed in a more recent
double-blind study that investigated its ef-
fects on regional cerebral blood flow by
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single-photon emission computed tomogra-
phy. Because the procedure, by itself, can be
interpreted as an anxiogenic situation, it per-
mits the evaluation of anxiolytic drugs. CBD
induced a clear anxiolytic effect and a pat-
tern of cerebral activity compatible with an
anxiolytic activity (27). Therefore, similar
to the data obtained in animal models, re-
sults from studies on healthy volunteers have
strongly suggested an anxiolytic-like effect
of CBD.

Antipsychotic effect

Studies employing animal models

Animal models used for screening anti-
psychotic drugs are based on the neuro-
chemical hypothesis of schizophrenia, in-
volving mainly the neurotransmitters dopa-
mine and glutamate (28).

Antagonism of dopamine D2 receptors
may be a common feature of most clinically
effective antipsychotic drugs, especially
those active against hallucinations and delu-
sions (29). The dopamine-based models usu-
ally employ apomorphine, a direct agonist,
or amphetamine, a drug that increases the
release of this neurotransmitter and blocks
its re-uptake. Another common effect of an-
tipsychotic drugs is hyperprolactinemia that
results from the antagonism of D2 receptors
on anterior-pituitary mammotrophic cells.
These cells are tonically inhibited by dopa-
mine produced in the hypothalamic arcuate
nucleus (30). Conventional or typical anti-
psychotic drugs, especially those with high
affinity for D2 receptors (haloperidol being
the standard compound), induce motor side
effects characterized by a Parkinson-like
syndrome. On the contrary, atypical antipsy-
chotic drugs, of which clozapine is the pro-
totype, are therapeutically effective at doses
that induce fewer or no Parkinson-like ef-
fects (29). The probability of an antipsy-
chotic agent to induce Parkinson-like symp-
toms may be evaluated in the catalepsy test

(31). Atypical antipsychotics inhibit the ste-
reotypies and hyperlocomotion induced by
dopamine agonists at lower doses than those
that produce catalepsy.

As a first step in the investigation of
possible antipsychotic-like properties of
CBD, the drug was compared to haloperidol
in rats submitted to dopamine-based models
(32). However, blocking D2 receptors is not
necessarily the only mechanism for the anti-
psychotic activity. Several lines of evidence
suggest that the glutamatergic N-methyl-D-
aspartate (NMDA) receptor is involved in
the mechanism of action of clozapine (33).
The glutamate-based models of schizophre-
nia employ sub-anesthetic doses of keta-
mine, a glutamate NMDA receptor antago-
nist, or its related compound phencyclidine,
to induce psychotic symptoms. A more re-
cent study investigated the effects of CBD in
both dopamine and glutamate-based models
predictive of antipsychotic activity. The study
compared the ability of CBD, haloperidol
and clozapine to prevent the hyperlocomo-
tion induced by amphetamine or ketamine in
mice (34). The results of these two studies
are summarized in Table 1.

CBD (15-60 mg/kg), like haloperidol
(0.25-0.5 mg/kg), reduced the apomorphine-
induced stereotyped behavior in rats in a
dose-related manner. These drugs also in-
creased the plasma levels of prolactin. How-
ever, higher doses of CBD were needed (120
and 240 mg/kg) to obtain such effects. More-
over, in contrast to haloperidol, CBD did not
induce catalepsy, even at doses as high as
480 mg/kg. In agreement with the results
obtained in rats, CBD (15-60 mg/kg) inhib-
ited the hyperlocomotion induced by am-
phetamine in mice in a dose-related manner.
In addition, the drug also attenuated the
hyperlocomotion induced by ketamine, ex-
panding its antipsychotic-like effects to a
glutamate-based model. As expected, while
both haloperidol (0.15-0.6 mg/kg) and
clozapine (1.25-5.0 mg/kg) inhibited hyper-
locomotion, only haloperidol induced cata-
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Table 1. Summary of two studies employing animal models for the screening of antipsychotic drugs, which compared cannabidiol, haloperidol and
clozapine in rats (32) and mice (34).

Rats

Cannabidiol (mg/kg) 0 15 30 60 120 240 480

Apomorphine stereotypy (biting) [% of animals] 83.3 83.3 50.0 16.71* - - -
Prolactin levels (ng/mL) 4.1 11.1 12.2 13.5 29.8* 38.1* -

[mean (SEM)] (0.7) (1.0) (1.6) (2.6) (3.1) (13.5)
Catalepsy time (s) [median] 150 - - 365 214 626 646

Haloperidol (mg/kg) 0  0.06 0.125  0.15  0.25 0.3 0.5 0.5  1.0

Apomorphine stereotypy (biting) [% of animals] 83.3 - 83.3 - 50.0 - 0.0* - -
Prolactin levels (ng/mL) 3.0 14.3 28.3* - 33.3* - 39.5* - -

[mean (SEM)] (1.0) (4.2) (3.1) (3.0) (1.7)
Catalepsy time (s) [median] 150 - 713 - 1684* - 1408* - 4737*

Mice

Cannabidiol (mg/kg) 0 15 30 60 120 240 480

Amphetamine hyperlocomotion distance (cm) 5326 4838 2689* 1730* - - -
[mean (SEM)] (1160) (683) (383) (378)

Ketamine hyperlocomotion distance (cm) 5154 4191 3254+ 4127 - - -
[mean (SEM)] (235) (985) (506) (962)

Catalepsy time (s) 8.3 2.4 4.1 3.7 - - -
[mean (SEM)] (2.2) (0.4) (1.0) (1.3)

Haloperidol (mg/kg) 0 0.06 0.125 0.15 0.25 0.3 0.5 0.6 1.0

Amphetamine hyperlocomotion distance (cm) 4111 - - 1039* - 804* - 473* -
[mean (SEM)] (571) (90) (166) (134)

Ketamine hyperlocomotion distance (cm) 5218 - - 3277 - 1392* - 728* -
[mean (SEM)] (561) (513)  (376) (197)

Catalepsy time (s) 7.7 - - 109.4* - 108.3* - 241.4 -
[mean (SEM)] (4.1) - - (40.5) (29.6) (30.0)

Clozapine (mg/kg) 0 1.25 2.5 5

Amphetamine hyperlocomotion distance (cm) 6437 4964 3906 2883*
[mean (SEM)] (1858) (1079) (699) (938)

Ketamine hyperlocomotion distance (cm) 4852 620* 93* 148*
[mean (SEM)] (588) (200) (42) (77)

Catalepsy time (s) 5.3 30.1 21.7 12.6
[mean (SEM)] (1.3) (9.3) (6.1) (6.0)

N = 6 to 10 animals per group.
*P < 0.05 and +P < 0.10 compared to the baseline level (Kruskal-Wallis test or ANOVA followed by Duncan test).
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lepsy in this dose range. Therefore, similar
to clozapine, CBD did not induce catalepsy
at doses that inhibited hyperlocomotion in
mice. These results support the view that
CBD exhibits a profile similar to that of
atypical antipsychotic drugs.

In addition to being tested on behavioral
models, typical and atypical antipsychotics
may also be distinguished according to their
pattern of neural activation. This may be
detected by the expression of the proto-on-
cogene c-Fos. For example, haloperidol in-
duces Fos immunoreactivity in the dorsal
striatum, probably reflecting its motor side
effects, while clozapine induces Fos immu-
noreactivity in the prefrontal cortex but not
in the dorsal striatum (35). The Fos immu-
noreactivity pattern induced by CBD (120
mg/kg) was compared to that of haloperidol
(1 mg/kg) and clozapine (20 mg/kg) in rats.
Only haloperidol increased Fos immunore-
activity in the dorsal striatum, while both
CBD and clozapine, but not haloperidol,
induced Fos immunoreactivity in the pre-
frontal cortex (36,37). These results are con-
sistent with the behavioral data obtained
when comparing CBD with these prototype
antipsychotics.

In conclusion, animal models employing
behavioral as well as neurochemical tech-
niques suggest that CBD has a pharmacolo-
gical profile similar to that of an atypical
antipsychotic drug.

Safety studies

Safety studies of CBD were required be-
fore human tests. CBD was extensively in-
vestigated in laboratory animals to detect
possible side or toxic effects (17). Acute
CBD administration by the oral, inhalatory
or intravenous route did not induce any sig-
nificant toxic effect in humans (38). In addi-
tion, chronic administration of CBD for 30
days to healthy volunteers, at daily doses
ranging from 10 to 400 mg, failed to induce
any significant alteration in neurological,

psychiatric or clinical exams (17). Finally,
in patients suffering from Huntington’s dis-
ease, daily doses of CBD (700 mg) for 6
weeks did not induce any toxicity (39). There-
fore, confirming results from animal studies,
the available clinical data suggest that CBD
can be safely administered over a wide dose
range.

Clinical use

In 1848 the French psychiatrist Jacques-
Joseph Moreau de Tour began to investigate
the effects of cannabis. He proposed for the
first time the use of the plant as an experi-
mental psychotomimetic (40). Results from
a recent study, obtained with more appropri-
ate measurements and scales, agreed with
Moreau’s observation that ∆9-THC adminis-
tration induces subjective, cognitive and be-
havioral changes that resemble endogenous
psychosis, suggesting that ∆9-THC can, in-
deed, be used as an experimental psychoto-
mimetic drug (41).

In 1982, a study investigating a possible
interaction between ∆9-THC and CBD in
healthy volunteers demonstrated that the lat-
ter drug could inhibit ∆9-THC-induced sub-
jective changes that resembled symptoms of
psychotic diseases (6) (Figure 1). In the
same year, it was observed that patients ad-
mitted to a psychiatric hospital in South
Africa, after the use of a variety of cannabis
virtually devoid of CBD, showed much
higher frequency of acute psychotic epi-
sodes than in other countries (42). These
lines of evidence led to several investiga-
tions of a possible antipsychotic effect of
CBD.

In order to evaluate the antipsychotic
effects of new drugs in healthy volunteers, a
useful model is the perception of binocular
depth inversion. When a picture is presented
separately to each eye, with a slight differ-
ence in the angle, it induces a three-dimen-
sional perception. The inversion of this pic-
ture from one eye to the other normally
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lusory. Schizophrenic patients have diffi-
culty in perceiving this illusory image, re-
porting a more veridical judgment. During
antipsychotic treatment, the inverted faces
were seen as more illusionary (43). This
veridical judgment may also be obtained by
the administration of psychotomimetic drugs
such as nabilone, a ∆9-THC analogue. In this
model, impairment of the perception of the
illusory image induced by nabilone was at-
tenuated by CBD, suggesting an antipsy-
chotic-like effect of this compound (44).

Another important model used to evalu-
ate antipsychotic-like activity in healthy vol-
unteers is the administration of sub-anes-
thetic doses of ketamine. This glutamate-
based model induces a psychotic reaction
that mimics both positive and negative symp-
toms of schizophrenia (45). A double-blind
crossover procedure was performed to study
the effect of CBD in this model (46). Nine
healthy volunteers were assigned randomly
to the placebo or CBD (600 mg) groups in
two experimental sessions separated by a 1-
week interval. After being submitted to psy-
chiatric assessment scales, the volunteers
received placebo orally or the drug and rested
for 65 min. An infusion pump was then
installed and an intravenous bolus of S-keta-
mine (0.26 mg/kg) was administered during
1 min followed by a maintenance dose of
0.25 mg/kg for 30 min. A Clinician-Admin-
istered Dissociative States Scale (CADSS)
was applied at the beginning of the sessions
and 90 min after the bolus injection. The
volunteers were asked to respond the scale
according to the period during which they
felt most symptomatic. CBD attenuated the
effects of ketamine on the total score of the
CADSS and also on each of its factors sepa-
rately. This effect was significant for the
depersonalization factor, further reinforcing
the antipsychotic-like properties of CBD
(Figure 2).

In view of the safe profile of CBD admin-
istration in humans and in laboratory ani-
mals, we decided to perform open-label clini-

Figure 1. Percentage of healthy volunteers who exhibited psychotic-like effects after the
ingestion of 0.5 mg/kg ∆9-tetrahydrocannabinol (∆9-THC; lozenges) and a combination of
0.5 mg/kg ∆9-THC + 1 mg/kg cannabidiol (circles).

Figure 2. Depersonalization factor scores of the Clinician-Administered Dissociative States
Scale for each healthy volunteer (lines) during intravenous ketamine infusion, after oral
placebo or cannabidiol (CBD) (600 mg) administration. Bars indicate the mean ± SEM. *P <
0.05 compared to placebo (paired t-test) for 9 volunteers.

induces a change in convexity. This change
may not be perceived if familiar objects
(faces, for example) are presented, with the
expected image predominating, which is il-
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cal trials in a reduced number of patients. In
1995, CBD was tested in a case study with a
19-year-old schizophrenic female patient
who presented serious side effects after treat-
ment with conventional antipsychotics (47).
Following a wash-out period of 4 days this
patient received increasing oral doses of CBD
dissolved in oil, reaching 1500 mg/day, for 4
weeks. After this period, CBD administra-
tion was interrupted and placebo was admin-
istered for 4 days. Finally, the treatment was
shifted to increasing doses of haloperidol
that reached 12.5 mg/day. The psychiatric
interviews were video-recorded and the
symptoms were assessed by a blinded-psy-
chiatrist using the Brief Psychiatric Rating
Scale (BPRS). A significant improvement
was observed during CBD treatment, while
a worsening was observed when the admin-
istration was interrupted. The improvement
obtained with CBD was not increased by
haloperidol (Figure 3, patient A). Further
supporting the safe profile of CBD, no side
effects were observed, as assessed by the
Ugvalg for Kliniske Undersgelser (UKU)
scale (47).

More recently, CBD was administered to
three 22- or 23-year-old male patients with a
diagnosis of schizophrenia who had not re-
sponded to typical antipsychotic drugs (48).
They received placebo for 5 days in the
hospital followed by CBD from the 6th to
the 35th day. After this period, they received
placebo for an additional 5 days, followed
by olanzapine for at least 15 days. The dose
of CBD was increased from 40 up to 1280
mg/day. The patients were assessed by two
psychiatrists, who were blind to the doses
administered, using the BPRS and UKU
scales. No side effects were observed during
CBD treatment, even at the higher dose of
1280 mg/day. A partial improvement was
observed in one patient (Figure 3, patient B)
while slight or no improvement was ob-
served in the other two (Figure 3, patients C
and D). However, the patients (C and D)
were considered to be refractory, since they

did not even respond to clozapine, a fact that
may explain the lack of CBD effectiveness
(48). Figure 3 shows the results obtained
with the 4 schizophrenic patients treated so
far with CBD. These studies suggest, there-
fore, that CBD has an antipsychotic-like pro-
file in healthy volunteers and may possess
antipsychotic properties in schizophrenic
patients, but not in the resistant ones.

Confirming this suggestion, a prelimi-
nary report from a 4-week, double-blind
controlled clinical trial, using an adequate
number of patients and comparing the ef-
fects of CBD with amisulpride in acute
schizophrenic and schizophreniform psycho-
sis, showed that CBD significantly reduced
acute psychotic symptoms after 2 and 4 weeks
of treatment when compared to baseline. In
this trial CBD did not differ from amisulpride
except for a lower incidence of side effects
(49).

Figure 3. Brief Psychiatric Rating Scale (BPRS) scores for 4 schizophrenic patients
treated with cannabidiol (CBD). Patient A received up to 1500 mg/day CBD and patients
B, C, and D received up to 1280 mg/day. Bars indicate BPRS scores for each schizo-
phrenic patient at the end point after the oral administration of placebo, CBD and a
control antipsychotic drug (haloperidol for patient A and olanzapine for patients B, C
and D). Placebo was administered before and after CBD treatment. Patient A is a
woman who presented serious side effects with typical antipsychotics. Patients B, C,
and D are men previously treated with typical antipsychotics with no response.
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In conclusion, results from pre-clinical
and clinical studies suggest that CBD is an
effective, safe and well-tolerated alternative
treatment for schizophrenic patients. Future
trials of this cannabinoid in other psychotic

conditions such as bipolar disorder (50) and
comparative studies of its antipsychotic ef-
fects with those produced by clozapine in
schizophrenic patients are clearly needed.
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