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Abstract

Schizophrenia is a mental disorder that affects close to 1% of the population. Individuals with
this disorder often present signs such as hallucination, anxiety, reduced attention, and social
withdrawal. Although antipsychotic drugs remain the cornerstone of schizophrenia treatment,
they are associated with severe side effects. Recently, the endocannabinoid system (ECS) has
emerged as a potential therapeutic target for pharmacotherapy that is involved in a wide range of
disorders, including schizophrenia. Since its discovery, a lot of effort has been devoted to the
study of compounds that can modulate its activity for therapeutic purposes. Among them,
cannabidiol (CBD), a non-psychoactive component of cannabis, shows great promise for the
treatment of psychosis, and is associated with fewer extrapyramidal side effects than
conventional antipsychotic drugs. The overarching goal of this review is to provide current
available knowledge on the roles of the dopamine system and the ECS in schizophrenia, and to
discuss key findings from anima studies and clinical trids investigating the antipsychotic
potentia of CBD.
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1. Introduction

Schizophrenia is a complex mental health disortiat poses serious complications to the
individual and to the society in terms of healtlmecaosts. This disease typically leads to low
quality of life, long term disability, and reducedbility to work (Makinen et al., 2008). The
median lifetime prevalence and incidence of schizepia are estimated at 0.72% and 15.2 per
100000 individuals a year respectively (McGrath et 2008). However, the relative risk of this
disease varies greatly across different locationd athnicity, and has been shown to be
particularly elevated among migrant group (Bhu@@04; Bhugra and Becker, 2005). Symptoms
of schizophrenia usually emerge during adolescanckearly adulthood, and are clustered into
tree main categories; negative, positive, and ¢ogniNegative symptoms, which are some of
the most difficult to diagnose, refer to reducedoganal and behavioral response (Patel et al.,
2014). Among them, blunted affect and anhedonia taee most strongly manifested in
schizophrenic patients, but other symptoms sualedisced motivation and social interaction are
also commonly observed (Makinen et al., 2008). dntast to negative symptoms, positive
symptoms are generally more easily identified. Thag characterized by hallucinations,
delusion, disorganized thinking and movement dostnces (Patel et al.,, 2014). Finally,
cognitive deficits in schizophrenia include reducegisodic memory, poor executive
functioning, low processing speed and disorgangseech, ultimately impairing the ability of
the individual to properly think and communicatat@? et al., 2014; Sheffield et al., 2014).

One of the most studied and recognized modekbizephrenia is the dopamine hypothesis
(Howes and Kapur, 2009). This model attributessyraptoms of the disease to a hyperfunction
of dopaminergic signaling in the mesolimbic systéndraws evidence from the observation that
a large number of antipsychotics have the abibtyplock dopamine D2 receptors (Seeman and
Lee, 1975; Howes and Kapur, 2009). Antipsychotiesdavided into two classes: the typical (or
first generation) and the atypical (or second gatien). Although being efficient in managing
some symptoms of schizophrenia, treatment withcglpiantipsychotics usually results in
extrapyramidal side effects such as spasticitytartive dyskinesia (Tandon and Jibson, 2002),
whereas treatment with atypical antipsychotics dedsevere complications including weight
gain, sedation and hyperlipidemia (Ucok and Ga€eti#)g).

Besides the dopamine hypothesis, evidence alspost the notion that a dysregulation of the
endocannabinoid system (ECS) may be linked to #itlegphysiology of schizophrenia. The ECS
is a signalling system that is mainly composedhef ¢tannabinoid receptors types 1 (CBnd
type 2 (CB), the endogeneous ligandsl-arachidonoylethanolamine (AEA) and 2-
arachidonoylglycerol (2-AG), as well as the hydtmlyenzymes fatty acid amide hydrolase
(FAAH) and monoacylglycerol lipase (MAGL) (Parsamsd Hurd, 2015). Evidence supporting
the role of the ECS in schizophrenia comes in gestn post-mortem, imaging, and
neurochemical studies showing abnormal brain levefs cannabinoid receptors and
endocannabinoid ligands during the course of sghimnia (Vigano et al., 2009; Dalton et al.,
2011; Muguruza et al.,, 2013). Namely, some studiese shown that patients with
schizophrenia-like symptoms have increased endatamoid signaling as a result of higher
cannabinoid receptor density in certain brain a@smdton et al., 2011; Jenko et al., 2012). In
addition, chronic administration of delta-9-tetrdhycannabinol (THC), which acts as an agonist
to cannabinoid receptor, was shown to precipitdte occurrence of schizophrenia-like
symptoms in healthy subjects (D'Souza et al., 208431 exacerbate the core psychotic and
cognitive deficits in antipsychotic-treated schiaognic patients (D'Souza et al., 2005). These
findings led to the formulation of the “cannabinoiypothesis of schizophrenia”, which

1



speculates that a hyperactivity of the ECS mayrdumute to the development of schizophrenia-
like symptoms. As such, the use of compounds thatlulate its activity could have a
tremendous potential for therapeutic interventiddse such compound is cannabidiol (CBD), a
non-psychotropic component of cannabis. CBD waseni¢ suggested as a promising
antipsychotic agent because of its ability to prevbe actions of THC, the main constituent of
cannabis (Niesink and van Laar, 2013). Howeverpitlesrecent advances in research, the
antipsychotic effects of CBD are not fully undemtpand there are still debates as to whether
this compound should be used as a treatment faagatrenic patients.

The aim of this review is to provide a bettederstanding of the current treatment approaches
used for schizophrenia, and to discuss whether @€Blld be used as an effective line of
treatment for this debilitating disease. This rewvfest starts by describing evidences supporting
a role for dopamine and endocannabinoids in schiaypa, and provides an overview of the
most commonly encountered side effects associafdd aurrently used antipsychotics. This
paper also draws on findings of animal studiesaimital trials exploring the therapeutic profile
of CBD in schizophrenia, and discusses whetherdabimspound could be used as an alternative
to antipsychotics.

2. Dopaminein schizophrenia

The two dopaminergic pathways that are implicatethe onset of schizophrenia-like symptoms
are the mesolimbic and mesocortical pathways. Tksoirmbic pathway is comprised of
dopaminergic projections that originate from thentval tegmental area (VTA), and that
innervate regions of the brain like the nucleusuadeens (NAc), which plays a key role in
regulating the positive symptoms of schizophrer@n the other hand, the mesocortical
dopaminergic pathway is involved in emotional amgrative responses, and is composed of
dopaminergic neurons that project from the VTA ke tprefrontal cortex (PFC). Excessive
subcortical release of dopamine causes positiveoyms by augmenting D2 dopamine receptor
function, whereas reduced dopamine activity in #EC causes negative symptoms and
cognitive impairment mainly as a result of decrdad®l dopamine receptor function
(Lieberman, 2004; Brisch et al., 2014).

Most of the evidence supporting the role of dope in schizophrenia comes from studies
employing animal models. Social isolation rearing fats, which is regarded as a
neurodevelopmental model of schizophrenia, leadedaced and increased level of dopamine
in the PFC and striatum respectively (Moller et, &013). Similarly, rats treated with
phencyclidine (PCP), a pharmacological model ofizgihrenia, display increased striatal
dopamine release following an amphetamine challéBgdla et al., 2001). Increased level of
dopamine in the brain was shown to correlate wrthfqund behavioral changes reminiscent of
schizophrenia, including deficits in sensorimotatigg (Kwek and van den Buuse, 2013).

Of further relevance, dopamine interact with idewariety of neurotransmitters in the brain
that are also involved in schizophrenia. For insggameurotransmitter pathways such as those of
glutamate and gamma-aminobutyric acid (GABA) apgednave a significant influence on the
regulation of dopamine level in the brain (Bris¢hak, 2014). Both preclinical and clinical data
have supported the notion that reduced glutamatepter functioning may represent a
predominant cause for dopamine dysfunction in sgiiizenia (Kegeles et al., 2000; Balla et al.,
2001). The existence of regulatory feedback loopswéen serotonin and dopaminergic
neurotransmitters is also relevant to the pathaplygy of schizophrenia, and has been



described in details in previous papers (Bhattagfzaet al., 2006; Alex and Pehek, 2007; Di
Pietro and Seamans, 2007; Remington, 2008).

3. Typical and atypical antipsychotics: the end of an era?

Typical and atypical antipsychotics are currentig two main types of medication used for the
treatment of schizophrenia. They both have a ssbdesack record in treating hallucinations,
paranoia, and other symptoms of schizophrenia. ié&y@ntipsychotics are currently considered
a better option than conventional drugs becausg dhe less prone to induce secondary motor
effects, and are associated with overall improvaeljective experience and compliance to
treatment regimen (Lambert et al., 2011; Ginovand &apur, 2012). However, despite the
additional benefits of the second generation antipstics, approximately half of patients with
schizophrenia are non-adherent to pharmacologieatrhent (Caspi et al., 2004; Morken et al.,
2008).

Chlorpromazine, the first typical antipsychotloug, was discovered serendipitously in the
early 1950s, and was soon found to produce extaapigal side effects reminiscent of
Parkinson’s disease (Miller, 2009). The concomifzesence of antipsychotic and motor effects
led to this group of drugs being called “neurolepdrugs” (Miller, 2009). Their therapeutic
efficiency is explained by their ability to redudepaminergic transmission in the brain through
blockade of dopamine D2 receptors. After the advehtchlorpromazine, other typical
antipsychotics including haloperidol, trifluperagjn thioridazine and fluphenazine were
introduced, but were all found to exhibit serioigeseffects when administered to schizophrenic
patients (Ramachandraiah et al., 2009). In padrcuhotor effects such as tremors, spasticity,
akathisia and tardive dyskinesia were very commoblyerved, and were mainly due to striatal
dopamine reduction in the brain following antipsytib treatment (Mathews et al., 2005; Dold et
al., 2015). Long term use of typical antipsychottso leads to dopamine supersensitivity as a
result of increased level of D2 receptors in a hadfinity state (D29") (Seeman et al., 2005;
Seeman, 2011). At the clinical level, antipsychatiduced dopamine supersensitivity is
associated with worsened positive symptoms, magamigzophrenic patients less compliant with
their treatment regimen.

Several years following the introduction of tygli antipsychotics, Clozapine, the first atypical
antipsychotic drug, was discovered and releasedtird European market. In contrast to typical
antipsychotics, this type of drug is associatedhwotver risk of extrapyramidal side effects due
to its low binding affinity to dopamine Dreceptors (Kapur and Seeman, 2001). Atypical
antipsychotics like clozapine also exhibit supeedfiect on cognitive functions, and a greater
ability to treat mood symptoms related to schizepia owing to their ability to act as
antagonists to serotonin type-2A receptor (5:4)JT(Celada et al., 2004). However, although
being exempt of motor side effects, they are oHiesociated with serious complications. For
instance, sedation and weight gain are frequentlserved in patients treated with atypical
antipsychotics, especially with the onset of treattmand when high drug concentrations are
used (Leo and Regno, 2000; Crossley et al., 2040apid onset psychosis might also occur
after treatment with atypical antipsychotics beeao$ their relatively fast dissociation from
dopamine D2 receptors (Moncrieff, 2006). This phmaoon, termed ‘rebound psychosis’, has
already been demonstrated and observed in sevenahleand human studies (Durst et al., 1999;
Goudie et al.,, 1999), and is often associated wgichotic exacerbation and serious mental
health deterioration.



In summary, although blockade of dopamine D2p&ars through the use of antipsychotics
offers improvement in psychotic symptoms, sevdraftdpeutic needs remain unmet; all current
antipsychotics have side effects and effort to mise these should be encouraged.

4. The ECSin schizophrenia

Because of major issues related to the use of symfiptics, several studies have explored
neurotransmitter systems outside of the standapardme hypothesis that could have potential
implications in schizophrenia. One such systenhé&s ECS. The belief that the ECS might be
implicated in schizophrenia symptomatology comesnfriongitudinal studies suggesting that
chronic exposure to cannabis, especially duringesdence, increases the risk of psychotic and
schizophrenia-like symptoms later in life (Andremsset al., 1987; Arseneault et al., 2002;
Fergusson et al., 2003). Repeated use of canrehifts in the process of sensitization, whereby
the behavioral and neurochemical effects of thegdawme enhanced, leading to increased
activation of the mesolimbic dopamine pathway (Myret al., 2002; Pierce and Kumaresan,
2006). In schizophrenic patients, frequent cannalsied is associated with reduced AEA
signalling, suggesting that alterations in the EQ§ht constitute an important risk factor for the
development of schizophrenia-like symptoms (Lewekal., 2007). Most of the psychomimetic
effects of cannabis are due to the pharmacologidadns of THC, which acts as a partial agonist
of CB; and CB receptors. Recent evidence has shown that THC astraition in rats induces
alterations in dopamine neurotransmission and as&e psychomotor response to amphetamine
(Ginovart et al., 2012). In addition, human neumultal imaging studies reported increased
striatal dopamine transmission after administrabdérifHC to healthy participants, suggesting
that cannabis use could constitute a primary bioddgnechanism underlying the associated
higher risk of psychotic symptoms (Bossong etZ4lQ9; Bossong et al., 2015).

The notion that THC induces psychosis has rateedquestion as to whether cannabinoid
receptors CB and CB are involved in the pathophysiology of schizoplaerCB;, and CB
receptorsare G-protein coupled receptors that exert importarysiological and behavioral
functions. CB receptors are located on central and peripheraionsuncluding glutamatergic
projections to the hippocampus, the hypothalanhescortex and the cerebellum, whereas CB
receptors are primarily expressed by endothelidl immmune cells (Pertwee, 2008; Schubart et
al., 2014). AEA and 2-AG are the main endogenagamlils that bind to and activate cannabinoid
receptors at specific synapses. Although beinglarpidistributed throughout the brain, they are
found in relatively different concentrations. Bratoncentrations of 2-AG are approximately
200-fold higher than those of AEA, with the highéstel observed at the brainstem, medulla,
limbic forebrain, striatum, and hippocampus (Basapgpa, 2007). The main enzymes
responsible for the degradation of AEA and 2-AGRB#&\H and MAGL respectively. Although
FAAH’s mediated activity predominantly takes plaoepost-synaptic cells, MAGL-mediated
degradation of 2-AG mainly occurs in pre-synapetsc(Parsons and Hurd, 2015). 2-AG can
also be catabolized by post-synaptic enzymes &ssel extent, which includep@hydrolase 6
(ABHD®6), and ABHD12 (Blankman et al., 2007). Duetheir unique role in regulating the level
of endogenous ligands, these enzymes have beearsmey studied over the past few years, and
are being exploited as potential therapeutic targmt the treatment of schizophrenia (Petrosino
and Di Marzo, 2010; Seillier et al., 2010).

Mounting evidence indicates that the ECS is iBgmtly altered during the course of
schizophrenia (Zamberletti et al., 2012; Fakho@64,6). Findings from neuroimaging and post-
mortem studies have reported increased @Beptor levels in the dorsolateral PFC (Dalton et
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al.,, 2011; Jenko et al.,, 2012) and the posterioguate cortex (Newell et al., 2006) of
schizophrenic patients. Increased;@&eptor activation inhibits the release of neamdmitters
such as glutamate and GABA, which are known to teaerinhibitory effect on the firing of
dopaminergic neurons in the nucleus accumbenswPert2008). On the other hand, post-
mortem brain tissue analysis of schizophrenic p&tigevealed decreased AEA level in the
hippocampus and cerebellum, and increased 2-AQ lavihe PFC (Muguruza et al., 2013).
Similar findings were observed in the PFC of PQdatied rats, a pharmacological-based animal
model of schizophrenia (Vigano et al., 2009; Guieéalal., 2011). However, other studies have
revealed an opposite phenomenon in schizophretienpe. Namely, AEA levels were shown to
be elevated in the peripheral blood (De Marchi bt 2003; Leweke et al., 2012) and
cerebrospinal fluid (CSF) (Leweke et al., 1999; f@ida et al., 2004; Leweke et al., 2007;
Koethe et al., 2009) of schizophrenic patients. Possible explanation for such discrepancies is
that the elevated AEA level in the blood and CSR,rot in the brain, of schizophrenic patients
might occur as a result of adaptive changes to teoact the over-activation of dopamine D2
receptors (Leweke et al., 2012). Consistent wieh tiotion, the increased peripheral level of
AEA was shown to be reversed in schizophrenic pttigzho achieved clinical remission after
antipsychotics therapy (De Marchi et al., 2003hwever, despite the wide arrays of studies
investigating the role of the ECS in schizophrertize neural circuit underpinning such
relationship is far from being understood and ndedber investigations.

5. CBD: a promising antipsychotic medication?

Since the discovery of cannabinoid receptors ardbgenous ligands, there has been growing
interest in exploring the ECS as a new target fbarmacotherapy. Knowing that brain
alterations in cannabinoid receptors and endocanoias are strongly associated with the
development of psychotic symptoms, the use of 8ekecompounds that regulate their levels
may represent a promising avenue for schizophmasi@arch (Kucerova et al., 2014; Fakhoury,
2016). As it turned out, modulating the activitytbé ECS holds great promise in the treatment
of psychiatric disorders such as schizophrenia,atsed in a wide range of other diseases and
pathological conditions ranging from mood and moegetndisorders to cancer and metabolic
syndromes (Pacher et al., 2006).

Evidence has shown that CBD exerts antipsyclpotperties that could effectively be used in
the treatment of schizophrenia (Zuardi et al., 20%8ger and Bossong, 2015). Compared to
other known cannabinoids, CBD exhibits superiompaychotic efficiency and is associated with
limited side effects and low toxicity in humans amimals (Bergamaschi et al., 2011). CBD
has been shown to behave as an inverse agoni®;cér@@ CB receptors (Thomas et al., 2007;
Pertwee, 2008), therefore providing a possible angion for its ability to block THC-induced
psychosis (Bhattacharyya et al., 2010; NiesinkandLaar, 2013). In addition, CBD was shown
efficacious in reversing sensorimotor gating dédian schizophrenia by acting as an agonist to
the vanilloid 1 channel in the transient receptoteptial family (TRPV1) (Long et al., 2006).
CBD'’s antipsychotic properties are also largelylaxy@d by its ability to enhance AEA level
through the inhibition of FAAH (Leweke et al., 2012ndeed, FAAH inhibition, which could
also be achieved with enzymes like URB597 or PFe3&lconsidered as an attractive approach
for ameliorating schizophrenia-like symptoms in ents (Seillier et al., 2010; Seillier et al.,
2013). Finally, CBD possesses anxiolytic and aptidesant-like effects owing to its ability to
act as an agonist of 5-HJ receptors (Zanelati et al., 2010; Gomes et all120hus making it
efficient in treating mood symptoms related to sophrenia.



Despite the increasing number of studies expdpthe antipsychotic properties of CBD, there
are still debates as to whether it should be usdta treatment of schizophrenia. Therefore, to
review the current state of knowledge of CBD inizgphrenia, the following sections provide a
summary of findings from animal studies and clihit@als investigating the antipsychotic
properties and side-effect profile of this plantided cannabinoid.

5.1 Evidence from animal models

A wide array of studies, summarizedTiable 1, have investigated the antipsychotic effects of
CBD in animal models of schizophrenia-like sympto@se of the most widely used model for
the positive symptoms of schizophrenia is drug-eetulocomotor hyperactivity (van den Buuse,
2010). An increased response to psychomotor stimsjlesuch as D-amphetamine, is often
observed in rodent models of schizophrenia, anddgative of changes in impulse-dependent
dopamine neuron activity (Gill et al., 2011; Pee¢al., 2013). Unlike haloperidol but similar to
clozapine, CBD reverses the hyperlocomotion indumgd-amphetamine or ketamine in mice
without causing catalepsy (Moreira and Guimara@95® CBD also presents a lower risk of
developing unwanted side effects such as high lefvprolactin when compared to haloperidol
(Zuardi et al., 1991), suggesting that it mightreha similar therapeutic profile with atypical
antipsychotics.

Although several studies were able to furtheeneplify the potential of CBD in reversing
drug-induced hyperlocomotion in rodents (Malonelet 2009; Long et al., 2010), others have
failed to observe such an effect (Gururajan et28l1,1; Valvassori et al., 2011). For instance, the
increase in locomotor activity triggered by MK-8Gdn NMDA receptor antagonist, remained
unchanged following CBD administration (Gururajanaé, 2011). In addition, acute but not
chronic treatment of CBD failed to reduce Dexamahmehe-induced hyperlocomotion in mice
(Long et al., 2010). Although the bases for theaapptly different results may in part be
explained by differences in rodent species and deggnen, these discrepancies raise question
of methodological accuracy and indicate a prionigd for more research.

Contradictory results were also observed witlpards to the effect of CBD on the prepulse
inhibition (PPI) of the startle response. PPI isaurological measure reflecting sensorimotor
gating, and is defined as a reduction of the stadflex when the intense startling stimulus is
preceded by a weaker nonstartling prepulse (Lilet2809). Impairments in PPI are often
observed in animal models of schizophrenia as aglh patients with psychotic-like symptoms,
and reflect the reduced ability to filter out naevant sensory stimuli (Geyer et al., 2001;
Swerdlow et al., 2006; Lodge and Grace, 2009). icenCBD was successfully able to reverse
the deficits in PPI induced by MK-801 (Long et &Q06). However, these results failed to be
replicated in a MK-801-induced rat model of schiz@mia (Gururajan et al., 2011), suggesting
that the effect of CBD may vary between differesdent species.

CBD treatment was also shown to attenuate psyicholant-induced social withdrawal, a
parameter that mirrors well the negative symptorhsahizophrenia (Malone et al., 2009;
Gururajan et al., 2011). Although no effect wasenbsd in Spontaneously Hypertensive Rats
(SHRs), CBD was still able to increase passive todl social interaction in control rats,
supporting an anxiolytic profile of this compoundirfeida et al., 2013). In addition, CBD
shows great potential in ameliorating the cognitieéicits related to schizophrenia, as evidenced
by its ability to reverse THC-induced impairments/isuospatial associative memory in rhesus
monkeys (Wright et al., 2013). However, despite pheven efficacy of CBD in alleviating
psychostimulant-induced cognitive deficits, addiabstudies using animal models of complex



cognitive functions are needed prior to drawing eliable conclusions regarding its therapeutic
use.

5.2 Evidencefrom clinical trials

A summary of clinical trials that have investigatbe antipsychotic effects of CBD in patients
with psychotic symptoms is illustrated irable 2. Due to ethical issues related to the use of
cannabis-derived compounds, the first few clintcials with CBD consisted of open trials with
a small number of patients. In 1995, Zuardi e{E95) reported on a case report evaluating the
antipsychotic effects of CBD in a 19-year old feenglatient with schizophrenia, who was
previously experiencing severe side effects wittipagchotic medications. The main finding of
this study was that CBD mothotherapy (up to 1500dang for 4 weeks) was able to significantly
reduce the scores of the Brief Psychiatric Ratic@le&S(BPRS) (Zuardi et al., 1995). Although no
side effects were observed during the treatmermdettwas a worsening of the symptoms
following CBD discontinuation (Zuardi et al., 1999h a subsequent open-label trial of three
treatment-resistant schizophrenic patients, CBDiadimation (from 40 to 1280 mg/day for 30
days) resulted in improved symptomatology in ongecanly (Zuardi et al., 2006), whereas in
another study, oral administration of CBD was shdwrsuccessfully reduce the symptoms of
psychosis in all six out-patients with Parkinsotisease (PD) (Zuardi et al., 2009).

The first double-blind trial with CBD was aimetd investigating its effects on selective
attention and psychotic symptoms in 28 patients withizophrenia (Hallak et al., 2010). In this
study, patients were evaluated with the BPRS ardPibsitive And Negative Syndrome Scale
(PANSS), and submitted to the Stroop Color Wordt TEE€WT). They were then divided into
three groups that would receive a single dosetbéeplacebo, CBD (300mg) or CBD (600mg).
Although CBD at a dose of 300mg improved the resalitained in the SCWT, no differences
were observed compared to patients who receivertipta(Hallak et al., 2010). In addition, the
single, acute administration of the highest dos€BD failed to have a significant effect on the
performance of patients in the SCWT, and no effe¢t€BD administration were found on
symptomatology (Hallak et al., 2010).

In another double-blind study, Leweke et alQ1P) performed a cross-over clinical trial
evaluating the efficacy of CBD in the treatment ahtipsychotic-naive, first-episode
schizophrenic patients. All patients receivedraylei dose of either CBD (600 mg) or placebo
for 14 days, and were then switched to the cormedipg cross-over condition (Leweke et al.,
2011). Among the 29 patients who were initiallyaled in the study, 18 patients completed the
28 days of treatment with significant reductionspsychotic symptoms (Leweke et al., 2011).
The same group has also conducted a double-blndlomized clinical trial of CBD versus the
atypical antipsychotic amilsulpride in 42 patiemdth schizophrenia or schizophreniform
disorder for 4 weeks (Leweke et al., 2012). Althoumpth CBD and amisulpride (up to 800
mg/day, oral) resulted in a distinct attenuationpsichotic symptoms, CBD treatment was
accompanied by smaller changes in extrapyramidig siffects including weight gain and
increased prolactin level (Leweke et al., 2012).

Taken together, these clinical trials yieldedgeneral positive results, in that the majority of
patients treated with CBD displayed notable reduncin psychotic symptoms. However, one
limitation of these studies is that the duratiortte# trials were relatively short (up to 30 days)
and insufficient to determine the long-term antgsytic effect of the treatment. Clinical trials of
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longer duration need to be conducted to evaluage shfety and tolerability of CBD in
schizophrenic patients, and to determine whethgsrcdmnabinoid could be used as an alternative
for current antipsychotic treatment.

6. Conclusion

Despite significant progress in research, schizemhr remains a debilitating disorder that
presents a serious challenge to clinical therapgutAs antipsychotics failed to meet
expectations, the search for more effective thesapi still under way. The studies presented in
this paper have shown that CBD could effectivelyerse the positive, negative and cognitive
symptoms of schizophrenia in animal models of tiseabse. In addition, findings from clinical
trials suggest that CBD is safe to use in patiertis schizophrenia, even at high doses, and that
it offers a more appealing side-effect profile camgul to antipsychotic drugs. However,
although recent research have shaped our underggaofithe therapeutic profile of CBD in
schizophrenia, there are still missing gaps in lttexature that need to be addressed. More
particularly, all of the animal studies investigatithe antipsychotic effects of CBD have used
drug-induced models of schizophrenia instead ofrosvelopmental models, which seem to
better reflect the behavioral and functional défi@bserved in individuals with schizophrenia
(Wilson and Terry, 2010). Future studies shouldrefe focus on using appropriate
neurodevelopmental animal models of schizophremiavestigate the antipsychotic effect of
CBBD. Clinical trials of longer duration are alsceded to provide a more reliable comparison of
the therapeutic profile of CBD with those of cuttgnused medications. This will help
determine whether CBD could be used as a firstdirteeatment in patients with schizophrenia.
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Animal M odel Drug (doses mg/kg) Effectivedoses  References

L ocomotor activity

Male Swiss mice D-amphetamine-induced CBD (15, 30, 60, i.p.) 30, 60 Moreira and
hyperlocomotion Haloperidol (0.15, 0.3, 0.6, i.p.) 0.15,0.3,0.6 Guimaraes, 2005
Clozapine (1.25, 2.5, 5, s.c.) 5
ketamine-induced CBD (15, 30, 60 i.p.) 30
hyperlocomotion Haloperidol (0.15, 0.3, 0.6, i.p.) 0.3,0.6
Clozapine (1.25, 2.5, 5, s.c.) 1.25,25,5
Male Sprague—Dawley rat THC-induced hyperlocomotion CBD (5, 20, i.p.) 20 Malone et al., 2009
Male C57BL/6JArc mice Dexamphetamine-induced CBD (1, 50, i.p) acute - Long et al., 2010
hyperlocomotion CBD (1, 5, 10, 50) for 21 days 50
Male Wistar rats D-amphetamine-induced CBD (15, 30, 60, i.p.) twice a day - Valvassori et al.,
hyperlocomotion for 7 or 14 days 2011
Male Sprague-Dawley rats MK-801-induced CBD (3, 10, 30, i.p.) - Gurujan et al., 2011
hyperlocomotion Clozapine (1, 3, 10, i.p) 3,10
PPI disruption
Male Swiss mice MK-801-induced PPI disruptior CBD (5, i.p.) 5 Long et al., 2006
Clozapine (4, i.p.) 4
Male Sprague-Dawley rats MK-801-induced PPI disruptior CBD (3, 10, 30, ip) - Gurujan et al., 2011

Clozapine (1, 3, 10, ip) .

Social interaction

Male Sprague—Dawley rat THC-induced social withdrawal CBD (5, 20, i.p.) 20 Malone et al., 2009
Male Sprague-Dawley rats MK-801-induced social CBD (3, 10, 30, i.p.) 3,10 Gurujan et al., 2011
withdrawal Clozapine (1, 3, 10, i.p) 1,3
Spontaneously Social withdrawal CBD (1-60, i.p.) - Almeida et al.,

Hypertensive Rats (SHRS 2013

Cognitive functions

Male rhesus monkeys THC-induced cognitive CBD (0.5, i.m.) 0.5 Wright et al., 2013
impairments
Side effects
Rats Catalepsy CBD (60, 120, 240, 480) - Zuardi et al., 1991
Haloperidol (0.125, 0.25, 0.5, 1.0)  0.25,0.5, 1.0
Increased prolactin levels CBD (15, 30, 60, 120, 240) 240

Haloperidol (0.06, 0.125, 0.25, 0.5 0.125, 0.25, 0.5

Male Swiss mice Catalepsy CBD (15, 30, 60 i.p.) - Moreira and
Haloperidol (0.15, 0.3, 0.6, i.p.) 0.15,0.3,0.6 Guimaraes, 2005
Clozapine (1.25, 2.5, 5, s.c.) -

Table 1: Animal studies evaluating the antipsychotic profile and side effects of CBiresiations: i.p. intraperitoneal;
S.C. subcutaneous; i.m. intramuscular



Patients Typeof study Drug regimen (dose, route) Assessment  Main findings References
19-year old female patient Open trial CBD (up to 1500 mg/day, oral) for 4 BPRS Improvement of symptomatology with no  Zuardi et al.,
with schizophrenia weeks side effects 1995
3 treatment-resistant patientsOpen trial CBD (up to 1280 mg/day, oral) for 30 BPRS Improvement of symptomatology in one  Zuardi et al.,
with schizophrenia days patient 2006
6 Parkinson’s disease Open trial CBD (150 to 400 mg/day, oral) for 4 BPRS, PPQ Improvement of symptomatology with no  Zuardi et al.,
patients with psychotic weeks in combination with side effects 2009
symptoms antiparkinsonian drug
28 schizophrenic patients  Double-blind  Single doses of CBD (300 or 600 mg, SCWT, Increased performance in the SCWT after Hallak et al.,

oral) or placebo BPRS, placebo and CBD (300 mg); No 2010

PANSS improvement of symptomatology
29 first-episode Double-blind  CBD (600 mg/day, oral) versus placebo BPRS, 18 patients completed the trial with a Leweke et al.,
onset schizophrenia patients Cross-over for 28 days PANSS significant improvement in psychotic 2011
symptoms

42 patients with Double-blind  CBD versus amisulpride (up to 800 BPRS, Improvement of symptomatology with both Leweke et al.,
schizophrenia or mg/day, oral) for 4 weeks PANSS CBD or amisulpride; Less side effects with 2012

schizophreniform disorder

CBD

Table 2: Clinical trials evaluating the effect of CBD in patients with psychotiegpms. Abbreviations: BPRS: Brief Psychiatric Rating Scale;

PPQ: Parkinson Psychosis Questionnaire; SCWT: Stroop Color-Word Test; PRdSE/e And Negative Syndrome Scale



Antipsychotics failed to meet expectations because of their severe side effects

The endocannabinoid system is increasingly recognized as having arole in schizophrenia
Herein, | review the antipsychotic effects of CBD in clinical trials and animal models of
schizophrenia

CBD exhibits potent antipsychotic properties and a superior side-effect profile
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