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Abstract

Parkinson’s disease (PD) is a chronic neurodegenerative disorder characterized by motor symptoms such as bradykinesia,
rest tremor, postural disturbances, and rigidity. PD is also characterized by non-motor symptoms such as sleep disturbances,
cognitive deficits, and psychiatric disorders such as psychosis, depression, and anxiety. The pharmacological treatment for
these symptoms is limited in efficacy and induce significant adverse reactions, highlighting the need for better treatment
options. Cannabidiol (CBD) is a phytocannabinoid devoid of the euphoriant and cognitive effects of tetrahydrocannabinol,
and preclinical and preliminary clinical studies suggest that this compound has therapeutic effect in non-motor symptoms
of PD. In the present text, we review the clinical studies of cannabinoids in PD and the preclinical and clinical studies
specifically on CBD. We found four randomized controlled trials (RCTs) involving the administration of agonists/antago-
nists of the cannabinoid 1 receptor, showing that these compounds were well tolerated, but only one study found positive
results (reductions on levodopa-induced dyskinesia). We found seven preclinical models of PD using CBD, with six studies
showing a neuroprotective effect of CBD. We found three trials involving CBD and PD: an open-label study, a case series,
and an RCT. CBD was well tolerated, and all three studies reported significant therapeutic effects in non-motor symptoms
(psychosis, rapid eye movement sleep behaviour disorder, daily activities, and stigma). However, sample sizes were small
and CBD treatment was short (up to 6 weeks). Large-scale RCTs are needed to try to replicate these results and to assess
the long-term safety of CBD.
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Introduction

Parkinson’s disease (PD) is a chronic neurodegenerative
disorder with an incidence in the world population over
65 years of age of 1-2%. It is mainly characterized by clas-
sical motor symptoms such as bradykinesia, rest tremor,
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postural disturbances, and rigidity. PD patients often also
suffer with non-motor symptoms, including constipation,
urinary incontinence, sexual dysfunction, orthostatic hypo-
tension, sleep disturbances, cognitive deficits, and psychiat-
ric disorders such as psychosis, depression, and anxiety [1].
The pathophysiology of PD involves a progressive loss of
dopamine-containing neurons of the basal ganglia, specifi-
cally in the pars compacta region of the substantia nigra.
This neuron degeneration seems to be related to mitochon-
drial dysfunction, oxidative stress, and reduced protein deg-
radation, resulting in degeneration of the nigrostriatal tract
(possible responsible for mot motor symptoms) and accu-
mulation of Lewy bodies in surviving neurons (the hallmark
of PD) [1].

Pharmacological treatments for PD basically involve the
administration of dopamine precursors such as levodopa
(L-DOPA) and dopamine degradation inhibitors [dopa-
decarboxylase inhibitors, monoamine oxidase (MAQO)
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inhibitors, and catechol-O-methyl transferase (COMT)
inhibitors]. However, some patients do not respond to
L-DOPA, the main medication used to treat motor symp-
toms in PD. Moreover, L-DOPA produces important motor
effects after long-term use (dyskinesia), thus decreasing its
therapeutic effect over time. Moreover, PD patients also
use other medications to treat their non-motor symptoms,
including antidepressants, anxiolytics, sedatives, and antip-
sychotics, which also have limited efficacy and induce sig-
nificant adverse reactions. These non-motor symptoms do
not respond to dopaminergic drugs, and the handling of
these non-motor symptoms is one of the most difficult cur-
rent challenges in the pharmacological treatment of PD [1].

Cannabidiol (CBD) is one of the over 100 cannabinoids
identified in Cannabis sativa plant, being the second most
abundant constituent after A9-tetrahydrocannabinol (THC).
Unlike THC, CBD does not induce psychological effects;
however, several studies demonstrated that this cannabinoid
modulates the effects of different compounds of the plant.

Basic, pre-clinical and clinical studies have suggested
continuously to encouraging positive effects of CBD on the
treatment of movement disorders, such as dystonia, Hunting-
ton’s (HD), and Parkinson’s (PD) diseases. Moreover, CBD
presents multiple actions in the central nervous system that
may have an essential role in the pharmacotherapy of the
non-motor effects of PD, including anxiolytic, antipsychotic,
antidepressant, and sleep effects. Therefore, we review here
the clinical and pre-clinical data to the potential of the can-
nabinoids in the treatment of the non-motor effects of PD
with a greater emphasis on CBD.

PD and the endocannabinoid system (ECS)

Cannabinoid receptors (cannabinoid receptors 1 and 2 or
CB, and CB,), their ligands or endocannabinoids (N-ara-
chidonoyl ethanolamine or anandamide, and 2-aracdonoyl
glycerol or 2-AG), and the enzymes that synthetize and
metabolize them (fatty acid amide hydrolase or FAAH and
monoacylglycerol lipase or MAGL) form the endocannabi-
noid system (ECS) [2, 3]. Endocannabinoids are found in
large concentrations in brain areas involved in the processing
and execution of body movements, such as the basal ganglia.
Animal and human studies demonstrate that the endocan-
nabinoid system undergoes neurochemical changes during
the course of PD, including downregulation of CB, receptors
in the early stages of the disease and upregulation of these
receptors (as well as CB, receptors) and increased endocan-
nabinoid tone in the intermediate and more advanced phases
of the disease [2-9].

Pre-clinical studies performed in the last 20 years show
that, depending on the PD stage and the different sub-areas
of the basal ganglia involved, modulation of the ECS by
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cannabinoids (natural and synthetic) can regulate the neu-
rochemical changes in the glutamate and GABA (gamma-
aminobutyric acid) neural systems caused by reduced dopa-
mine levels through activation and/or inhibition of CB,,,
receptors [2, 3, 7, 9-22]. Moreover, these studies also show
the anatomical and functional complexity of the distribution
of CB, receptors and endocannabinoids in different subareas
of the basal ganglia. Both the expression of these receptors
and the endocannabinoid tone are modified in the different
phases of PD. In accordance, preclinical studies indicate that
CB, receptor agonists and antagonist and drugs modulating
endocannabinoid metabolism have a potential medicinal use
in this disorder [2, 3, 7, 9-22]. Several mechanisms have
been proposed to be responsible for the possible therapeutic
effect of cannabinoids in PD, including antioxidant, anti-
excitotoxic, and anti-inflammatory effects (mediated not
only by the activation of the CB, receptor, but also the CB,
receptor), inhibition of anandamide hydrolysis, and other
mechanisms of action that are independent of cannabi-
noid receptors, such as modulation of the receptor channel
TRPV1 (transient receptor potential vanilloid 1) and of the
G protein-coupled receptor 55 (GPRS5S5), among others [2,
3,7,9-22].

Clinical studies on the effects
of cannabinoids in Parkinson’s disease

Since 2014, several reviews on the possible therapeutic
effects of cannabinoids in neurological diseases in general
and in motor disorders specifically have been published
[2, 3, 23-27]. However, most of these reviews focused on
behavioral and neurochemical effects in preclinical models.
Indeed, a systematic review on the efficacy and safety of
medical cannabis in neurologic disorders from the Guideline
Development Subcommittee of the American Academy of
Neurology concluded, based on two randomized controlled
trials (RCTs) [28, 29] that “oral cannabis extract is prob-
ably ineffective for treating levodopa-induced dyskinesias
in patients with Parkinson disease” [24].

Since the publication of that 2014 review, other two RCTs
have evaluated the effects of cannabinoids in PD patients
[30, 31]. Thus, four RCTs with a total sample of 49 patients
assessed the effects of CB, receptor agonists/antagonists in
PD patients. These studies included 2 trials with the syn-
thetic THC analogue and CB, receptor agonist nabilone
[28, 30], 1 trial with a cannabis standardized extract (2.5 mg
THC/1.25 mg CBD) [29], and 1 trial with the synthetic CB,
receptor antagonist rimonabant [31].

The main information from each study is presented in
Table 1.

In a randomized, double-blind, placebo-controlled, cross-
over trial (n="7), oral administration of nabilone (single oral
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Table 1 RCT with CB, receptor agonists/antagonists in Parkinson’s disease (3) and dystonia (1)

Study design/drug (dose) Patients

Main results References

RCT, nabilone (single oral dose, 0.03 mg/kg) PD (n=7)

RCT, nabilone (single oral dose, 0.03 mg/kg) Generalized and segmen-

tal primary dystonia
(n=15)
RCT, cannabis extract (2.5 mg THC/1.25 mg PD (n=19)
CBD per capsule, twice daily for 4 weeks)

RCT, rimonabant (single oral dose, 20 mg)  PD (n=8)

Significant reductions on levodopa-induced Sieradzan et al. [28]
dyskinesia (RDDS)

Well tolerated

No significant reduction in dystonia (BFMDS)

Well tolerated

Fox et al. [30]

No significant reduction in dystonia (UPDRS
and secondary outcome measures®)
Well tolerated

No significant reduction in dystonia (UPDRS)
Well tolerated

Carroll et al. [29]

Mesnage et al. [31]

BFMDS Burke, Fahn, Marsden Dystonia Scale, PD Parkinson’s disease, RCT randomized controlled trial, RDDS Rush Dyskinesia Disability

Scale, UPDRS Unified Parkinson’s Disease Rating Scale

*Bain Dyskinesia Scale, Rush Dyskinesia Scale, Quality of life Parkinson’s Disease Questionnaire, McGill Pain Scale, sleep visual analogue
scale, activities of daily living, and pathophysiologic indicators of dyskinesia

dose, 0.03 mg/kg) significantly reduced levodopa-induced
dyskinesia in PD according to the Rush Dyskinesia Dis-
ability Scale [28]. Nabilone administration was safe. Both
nabilone and placebo induced a postural fall in systolic blood
(no significant difference between nabilone and placebo),
but two patients were withdrawn after nabilone treatment
due to vertigo (n=1) and symptomatic postural hypoten-
sion (n=1). Nabilone also induced other transient adverse
effects (n=35), including mild sedation, “floating sensation”,
dizziness, hyperacusis, partial disorientation, and visual
hallucinations.

In another double-blind, randomised, placebo-controlled,
crossover study (n=15), administration of nabilone (single
oral dose, 0.03 mg/kg) to patients with generalized and seg-
mental primary dystonia was not associated with significant
reductions in dystonia according to the Burke, Fahn, Mars-
den Dystonia Scale [29]. However, four patients described
subjective improvements in dystonia severity 2—3 days after
nabilone. Nabilone was well tolerated, but two patients were
withdrawn from the study due to significant postural hypo-
tension (n=1) and marked sedation, (n=1). No significant
difference was observed between placebo and nabilone in
postural fall in blood pressure, and no other adverse effects
were observed. It is important to consider that the patients
in this study had dystonia, which seems to have a different
physiology than L-DOPA-induce dyskinesia.

In another double-blind, randomised, placebo-con-
trolled, crossover study (n=19) with PD patients, placebo
capsules were compared to capsules of a standardized
ethanolic cannabis extract containing 2.5 mg THC and
1.25 mg CBD per capsule (maximum THC dose: 0.25 mg/
kg per day) [30]. No significant differences were observed
between cannabis extract capsules and placebo neither on
the primary outcome measure (Unified Parkinson’s Dis-
ease Rating Scale) nor on secondary outcome measures

(Bain Dyskinesia Scale, Rush Dyskinesia Scale, Quality
of life Parkinson’s Disease Questionnaire, McGill Pain
Scale, sleep visual analogue scale, activities of daily liv-
ing, and pathophysiologic indicators of dyskinesia). The
cannabis extract was well tolerated, and no serious adverse
events were reported. Both the cannabis extract and pla-
cebo produced transient and mild adverse effects, such
as feeling “drowsy/lethargic” and “dizzy/light-headed”,
musculoskeletal pain, and dry mouth, but the following
were associated only with the cannabis extract: nausea,
constipation, feeling “detached”, paranoia, vivid dreams/
nightmares, confusion, panic attacks, and poor concen-
tration. The incidence of adverse events increased with
higher cannabis extract doses, and all adverse effects were
ameliorated by dose reduction.

In a double-blind, randomised, placebo-controlled, paral-
lel-arm study (n=28), eight PD patients with motor fluctua-
tions and levodopa-induced dyskinesias for at least 6 months
received placebo or the CB, receptor antagonist rimona-
bant (single oral dose, 20 mg), but no significant difference
between treatments were observed on motor symptoms and
dyskinesia assessed with the Unified Parkinson’s Disease
Rating Scale [31]. Rimonabant was well tolerated, without
marked adverse events.

Regarding medicinal cannabis, since 2004 three obser-
vational studies involving surveys/interviews with patients
using cannabis to treat their PD symptoms reported that a
significant proportion of these patients described improve-
ments in general symptoms, bradykinesia, muscle stiffness,
tremors and dyskinesia, as well as improvements in mood
and sleep [32-34]. More recently, an open-label study with
22 PD patients using medical cannabis described significant
reductions in motor symptoms (bradykinesia, muscle stiff-
ness, and tremors), as well as decreased pain and improved
sleep [35]. In all four studies cannabis was well tolerated. To

@ Springer



124

European Archives of Psychiatry and Clinical Neuroscience (2019) 269:121-133

the best of our knowledge, there are no RCT with medical
cannabis in PD patients.

Taken together, the available clinical data from RCT
involving the direct modulation of the CB, receptor either
with agonists or antagonists do not provide a clear evidence
of efficacy or lack of it, since there are few studies, with
small samples, and with limited variety of doses (few stud-
ies with more than on dose of a cannabinoid). The data on
medical cannabis is mostly from observational and non-con-
trolled studies, thus causality assessment is difficult. Moreo-
ver, use of non-standardized cannabis products and unknown
doses of the different phytocannabinoids also make causality
assessment complicated. It is not clear if it is the combina-
tion of different phytocannabinoids that are producing both
the desired and undesired effects, or if one phytocannabinoid
is more effective and safer than the other.

CBD and PD: preclinical studies

To the best of our knowledge, the first preclinical study
investigating the antiparkinsonian properties of CBD was
published in 2005 [13]. Since then, at least eight new studies
were published [20, 21, 36—40]. The main characteristics of
these studies are shown in Table 2.

Four of the eight studies used a classic animal model
of motor symptoms of PD that consists of dopamine

Table 2 Preclinical studies of CBD in Parkinson’s disease

(DA) depletion using the neurotoxin 6-hydroxydopamine
(6-OHDA) [13, 21, 36, 39]. This toxin causes depletion
of DA content and reduction of tyrosine hydroxylase (TH)
activity in the striatum and of TH-mRNA levels in the sub-
stantia nigra, among other biochemical changes. The first
study showed that CBD (3 mg/kg) produced significant
reductions in 6-OHDA-induced neurotoxic effects in rats,
a neuroprotective effect probably mediated by cannabinoid
receptor-independent antioxidant and anti-inflammatory
potentials [13]. These findings were replicated by the same
group in a second study using the same model and the same
CBD dose [36]. This study also showed that the neuropro-
tective effects of CBD were associated with an upregula-
tion of mRNA levels of Cu, Zn-superoxide dismutase, an
enzyme that regulated oxidative stress, thus suggesting that
the effects of CBD were produced by cannabinoid receptor-
independent antioxidant properties.

Furthermore, a third study by the same group [21] repli-
cated these results with chronic (14 days) CBD administra-
tion using the same rat model but involving the adminis-
tration of a CBD-enriched cannabis extract (4.63 mg/kg).
According to the authors, this extract contains 64.8% CBD,
2.3% THC, 1.1% cannabigerol, 3.0% cannabichromene, and
1.5% other phytocannabinoids. The administered CBD dose
was equivalent to the 3 mg/kg dose of pure CBD used in the
previous studies of the group. A subsequent study by this
group used the same dose of this CBD-enriched cannabis

Model/species CBD dose Main results References

6-OHDA /rats 3 mg/kg Significant reductions in neurotoxic effects Lastres-Becker et al. [13]
6-OHDA/rats 3 mg/kg Significant reductions in neurotoxic effects Garcia-Arencibia et al. [36]
6-OHDA/rats 4.63 mg/kg® for 14 days Significant reductions in neurotoxic effects Garcia et al. [21]

MPP?, paraquat, lactacystin/human neuro- 0.01-1.0 uM Carroll et al. [20]

blastoma cells

Multisystemic neurological disease/mice  4.63 mg/kg? for 30 days

Haloperidol, NOS inhibitor, CB, receptor
agonist/mice

6-OHDA/L-DOPA/mice

5-60 mg/kg

15-60 mg/kg for 3 days

Reserpine/rats 0.5-5 mg/kg

Significant reductions in: stress, aggres-
sion, stereotypy, free radicals, gliosis,
iNOS, tau and amyloid deposition

Significant increases in: ratio of reduced/
oxidized glutathione, complex IV,
autophagy

Significant attenuation of catalepsy

CBD alone: NS

CBD + capsazepine: significant reduction
in involuntary movements and COX-2
and NF-kB expression

Significant reductions in catalepsy, chew-
ing movements, and memory/learning
deficits

Casarejos et al. [37]

Gomes et al. [38]

Dos Santos-Pereira et al. [39]

Peres et al. [40]

6-OHDA 6-hydroxydopamine, COX-2 cyclooxygenase-2, iNOS inducible nitric oxide synthase, L-DOPA levodopa, MPP" 1-methyl-4-phe-
nylpyridinium, NF-kB nuclear factor-kappa B, NOS nitric oxide synthase, NS nonsignificant effect

4CBD-enriched cannabis extract containing 64.8% CBD, 2.3% THC, 1.1% cannabigerol, 3.0% cannabichromene, and 1.5% other phytocannabi-

noids
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extract during a month in a rodent model of multisystemic
neurological disease (frontotemporal dementia, Parkinson-
ism, and amyotrophy/lower motor neuron disease) [37]. Ani-
mals receiving the extract showed significant reductions in
stress-related behaviors, auto- and hetero-aggression, ste-
reotypy, levels of free radicals in the limbic system, gliosis
in cortex and hippocampus, and in inducible nitric oxide
synthase (iNOS) levels in the cortex. CBD-treated mice also
showed significant increases in the ratio of reduced/oxidized
glutathione in the limbic system and in the cortical levels
of complex IV. Finally, this group of mice also showed a
significant reduction of tau and amyloid protein deposition
in the cortex and hippocampus and a significant increase in
autophagy. The improvements in oxidative stress are espe-
cially relevant for the pathophysiology of PD. Importantly,
these studies assessed the neuroprotector effect of CBD, not
its symptomatic/antiparkinsonian effects.

A recent study assessed the effects of CBD (15, 30 and
60 mg/kg, for 3 days) in L-DOPA-induced dyskinesia in
mice [39]. After 6-OHDA treatment, animals received
L-DOPA for 21 days. Although no significant effects were
observed with the administration of CBD alone, its combi-
nation with capsazepine (antagonist of the Transient Recep-
tor Potential Vanilloid-1 or TRPV-1) at the 30 mg/kg dose
induced a significant reduction in L-DOPA-induced invol-
untary movements. Moreover, this combination also signifi-
cantly reduced the expression of the pro-inflammatory mark-
ers cyclooxygenase-2 (COX-2) and nuclear factor-kappa B
(NF-xB). All these effects were blocked by antagonists of
CB, and PPARY (Peroxisome Proliferator-Activated type
gamma) receptors. Thus, this study suggests that the neu-
roprotective effects of CBD (in association with a TRPV-1
antagonist) are produced by anti-inflammatory properties
mediated by CB, and PPARY receptors.

In a cell culture model of PD, human neuroblastoma
cells were exposed to three toxins that model biochemical
abnormalities related to PD: reduced mitochondrial activity
(1-methyl-4-phenylpyridinium or MPP*), production of free
radical (paraquat), and ubiquitin proteasome system (UPS)
inhibition (lactacystin) [20]. Administration of MPP* and
lactacystin produced a significant up-regulation of CB;
receptors. No protective effects of CBD (0.01-1.0 uM) were
observed in this model.

Two studies have used the drug-induced catalepsy test,
commonly used to investigate motor impairments related to
changes in striatal function [38, 40]. The first one evaluated
the acute pretreatment with the CBD (5, 15, 30, or 60 mg/
kg) in the catalepsy induced in male Swiss mice by halop-
eridol (D, receptor antagonist), L-nitro-N-arginine (selective
nitric oxide synthase [NOS] inhibitor), and WINS55,212 (CB,
receptor agonist). The increased catalepsy time produced by
all three drugs was attenuated dose-dependently by CBD.
The second study involved the repeated administration of

reserpine (an irreversible inhibitor of vesicular monoamine
transporters 1 and 2 or VMAT],) to rats to induce motor
impairments and cognitive deficits to model both tardive
dyskinesia and PD [40]. Both CBD doses of 0.5 or 5 mg/kg
significantly reduced reserpine-related catalepsy and chew-
ing movements (but not locomotor activity), and the lowest
dose also significantly improved reserpine-induced memory/
learning deficits in the discriminative avoidance task.

Taken together, the preclinical data reviewed above sug-
gests that CBD improved PD-related symptoms in animal
models of motor, biochemical, and cognitive symptomatol-
ogy. However, most studies used a single model of motor
symptoms using 6-OHDA, with a limited number of studies
assessing other aspects of PD. Moreover, the total number
of studies is still limited, and their methodology is heteroge-
neous regarding both CBD doses and the presence of other
phytocannabinoids (when using the CBD-enriched cannabis
extract).

CBD and PD: clinical evidence

To the best of our knowledge, only three clinical trials
involving the administration of CBD specifically to PD
patients were published [41-43]. One study was published
in 2009 [41] and the other two studies were published in
2014 [42, 43]. All studies were performed by our research
group in the Ribeirdo Preto Medical School of the University
of Sao Paulo, Brazil. The main information of each study is
presented in Table 3:

The first of the trials was an open-label pilot study with
six PD patients (four men and two women) with psychotic
symptoms [41]. Inclusion criteria included patients with psy-
chotic symptoms for at least 3 months before study entry that
could not be controlled with reduction of antiparkinsonian
medications and that were in stable doses of antiparkinso-
nian drugs for at least 7 days. CBD was orally administered
at doses ranging from 150 mg in the first week to 400 mg
in the fourth and last week of treatment, according to the
patients’ clinical response. Patients were evaluated before
CBD intake and then weekly with the Brief Psychiatric Rat-
ing Scale, the Parkinson Psychosis Questionnaire, the Uni-
fied Parkinson’s Disease Rating Scale, the Clinical Global
Impression—Improvement scale, the Mini-Mental Status
Examination, and the Frontal Assessment Battery. CBD
administration was associated with significant improvements
in psychotic symptoms (assessed by the Brief Psychiatric
Rating Scale and the Parkinson Psychosis Questionnaire)
and in global functioning (assessed by the Unified Parkin-
son’s Disease Rating Scale and the Clinical Global Impres-
sion—-Improvement scale). No other significant effects were
observed, and no adverse effects were reported during the
study.
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Table 3 Clinical trials of CBD in Parkinson’s disease

Study design/dose Patients

Main results References

Open-label
150-400 mg/day for 4 weeks

RCT PD patients without dementia or comorbid

75 or 300 mg/day for 6 weeks  psychiatric conditions (n=21)

Case series
75 or 300 mg/day for 6 weeks

PD patients with RBD (n=4)

PD patients with psychotic symptoms (n=6)

Significant improvements in psychotic Zuardi et al. [41]
(BPRS, PPQ) and global (UPDRS, CGI-I)
symptoms

Well tolerated

Significant improvements on well-being and
quality of life, ADL, and stigma (PDQ-39)

Well tolerated

Significant improvements in sleep symptoms
Well tolerated

Chagas et al. [42]

Chagas et al. [43]

ADL activities of daily living, BPRS Brief Psychiatric Rating Scale, CGI-I Clinical Global Impression—Improvement scale, PD Parkinson’s
disease, PPQ Parkinson Psychosis Questionnaire, RBD rapid eye movement sleep behaviour disorder, RCT randomized controlled trial, REM,

UPDRS Unified Parkinson’s Disease Rating Scale

The second study was a randomized, double-blind,
placebo-controlled, parallel-group trial involving the oral
administration of placebo or CBD (75 or 300 mg) for
6 weeks to PD patients without dementia or comorbid psy-
chiatric conditions (n=21, seven volunteers per group) [42].
Motor and general PD symptoms and well-being and quality
of life were assessed in the week before the trial and in the
last week of the experiment with the Unified Parkinson’s
Disease Rating Scale and the Parkinson’s Disease Ques-
tionnaire—39, respectively. Moreover, the possible neuro-
protective effects of CBD were investigated by measuring
brain-derived neurotrophic factor (BDNF) plasma levels
and N-acetylaspartate to creatine ratios in bilateral basal
ganglia (putamen) through magnetic resonance spectros-
copy (H!'-MRS). Compared to placebo, 300 mg/day CBD
was associated with significant improvements in the Parkin-
son’s Disease Questionnaire-39 total score, and significant
improvements were also observed between placebo and both
CBD doses in the scale factors “activities of daily living”
and “stigma”. These results suggest the PD patients had a
significant improvement in their well-being and quality of
life. No significant effects were observed for other meas-
ures (including in the motor score of the Parkinson’s Disease
Questionnaire-39), and no adverse reactions were recorded.

The third and final study was a case series of four PD
patients with a diagnosis of rapid eye movement sleep
behaviour disorder that had participated in the previ-
ous RCT and received CBD treatment (75 or 300 mg for
6 weeks) [43]. The study was performed after breaking the
blind, and there were no patients at the placebo group with
this diagnosis. Inclusion criteria included a clinical assess-
ment by a neurologist specialized in sleep disorders and at
least two episodes of complex sleep-related behaviours per
week (nightmares and active behaviour during dreaming).
Two patients had symptoms and polysomnography results
confirmig the diagnosis, while the other two patients had
symptoms but no polysomnography results. Three patients
received the 75 mg/day CBD dose and the other received
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the 300 mg/day dose for 6 weeks. None of them had been
previously treated for this sleep disorder. CBD was well tol-
erated, and all patients had a rapid and persistent reduction
in the frequency of symptoms, which included swearing,
talking, yelling, pushing, kicking, punching, gesturing, etc.
Three patients had no symptoms at all after the 4-week CBD
treatment, and the other patient had only one symptom per
week. After the CBD treatment was interrupted, symptoms
returned to the same frequency and intensity of baseline.

CBD for non-motor symptoms of PD

Below, we will discuss the possible therapeutic uses of CBD
on neurological and neuropsychiatric non-motor symptoms
of PD including psychiatric disorders (psychosis, anxiety,
and depression), sleep disorders, cognitive decline, and in
quality of life.

Psychosis

Psychosis is common in PD, affecting nearly one-third of
patients, particularly in later stages of the disease [1, 41, 44].
The pathophysiology of psychosis in PD is poorly under-
stood, but seems to be multifactorial, involving antiparkin-
sonian medications, dopaminergic neurotoxicity, and Lewy
Body pathology. Treatment of psychosis in PD is difficult
and remains a clinical challenge, since it usually involves
reduction of dosage or complete elimination of antiparkin-
sonian medications (which could increase symptoms) and/or
add-on therapy with conventional antipsychotics (which can
worse motor symptoms). Treatment with atypical antipsy-
chotics such as clozapine is not associated with worsening of
motors symptoms, but can produce significant hematologi-
cal, cardiovascular, and neurological side-effects [1, 41, 44].
Thus, there is a need for safer and more effective pharmaco-
logical treatments for psychosis in PD.
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Several reviews published in the last 6 years [45-50]
showed that studies in animals and humans (including ran-
domized, controlled trials with psychotic patients [51, 52])
consistently demonstrate that CBD has antipsychotic effects.
Importantly, an open-label study with six PD with psychotic
symptoms showed that CBD administration (150—400 mg
for 4 weeks) was associated with significant improvements
in psychotic symptoms and in global functioning and was
well tolerated [41]. However, the number of clinical trials
with CBD administration to psychotic patients published so
far is small, and most studies had small sample sizes and
a short duration, focused on symptomatic or first episode
patients, and did not focus on negative/cognitive symptoms
specifically. Therefore, large-scale clinical trials are needed
to assess the long-term efficacy and safety of CBD.

The mechanisms of action behind the antipsychotic
effects of CBD are not completely understood, but CBD
showed a pattern of activation of Fos immunoreactive neu-
rons like that of clozapine (atypical antipsychotic) and dif-
ferent from haloperidol (typical antipsychotic), activating
limbic areas but not motor areas [50]. Moreover, CBD’s
antipsychotic effect seems to involve the endocannabinoid
system through inhibition of the enzyme fatty acid amide
hydrolase (FAAH) and subsequent increases in anandamide
levels, and/or activation of vanilloid TRPV1 and serotonin
5-HT, 5 receptors [51].

Anxiety and depression

Anxiety, depression, and apathy are among the most preva-
lent psychiatric symptoms in PD, being present in more than
30-40% of patients [1, 44]. Like psychosis, the pathophysi-
ology of depressive and anxiety symptoms in PD is also
not fully understood, but appears to involve neurochemical/
neurotoxic alterations in mood circuits rich in glutamatergic,
GABAergic, and serotonergic neurons caused by dopamin-
ergic neurotoxicity. The efficacy of first-line antidepressant
and anxiolytic medications (usually selective serotonin reup-
take inhibitors or SSRIs) is low in PD patients and may lead
to a worsening of motor symptoms [1, 44]. Therefore, there
is a critical need for new pharmacological treatments for
anxiety and depression in PD.

Several preclinical studies, modelling different anxiety
and depressive symptoms and disorders have shown that
CBD has anxiolytic, panicolytic, anticompulsive, and antide-
pressive effects [53-56]. Preclinical studies have shown that
CBD induces significant decreases in autonomic arousal,
conditioned fear expression, and long-term anxiogenic
effects related to stress, and significant enhancement of fear
extinction and reconsolidation blockade [53-56]. Regarding
human studies, the anxiolytic effects of single CBD doses
(300-600 mg) were demonstrated both in healthy volun-
teers [57-60] and in patients diagnosed with social anxiety

disorder [61, 62]. To the best of our knowledge, there is no
clinical trial that administered CBD to depressed patients
with or without PD.

Although the anxiolytic effects of CBD have been
reported in preclinical and clinical studies, the number
of clinical trials is small and limited to socially anxious
patients, and these studies have small sample sizes and a
short duration [63]. In the case of depression, no clinical
studies were performed. Therefore, large-scale trials are
needed both to assess the possible antidepressive effects of
CBD and the its long-term efficacy and safety.

The mechanisms of action involved in the anxiolytic and
antidepressive effects of CBD appear to involve mainly ago-
nism at serotonergic 5-HT , and cannabinoid CB, receptors
[53-56, 63]. A key feature of the CB, receptor-mediated
anxiolytic and antidepressive effects is its association with
hippocampal neurogenesis, which is hypothesized to depend
on elevation of anandamide levels. Moreover, other mecha-
nisms also seem to be involved, such as anti-inflammatory
and antioxidant actions mediated by the vanilloid TRPV1
receptor [53-56, 63].

Sleep disturbances

PD patients also have an increased incidence of sleep distur-
bances, such as reduced quality of sleep, insomnia, restless
legs syndrome, and rapid eye movement sleep behaviour dis-
order (RBP) [1, 43, 44]. As with other non-motor symptoms
in PD, the pathophysiology of sleep disturbances in PD is
not fully understood, but seems to be related to dopaminer-
gic neurotoxicity and subsequent neurochemical alterations
in brain areas involved in the regulation of the sleep-wake
cycle controlled by cholinergic, GABAergic, and seroton-
ergic neurons. The pharmacological management of sleep
disturbances in this population is limited, being handled
often with benzodiazepines and less frequently with mela-
tonin and cholinesterase inhibitors. Benzodiazepines are
associated with adverse reactions such as somnolence and
impaired motor coordination, which may worse sleep and
motor symptoms in PD patients, and they are also associated
with tolerance, abuse/dependence, and withdrawal symp-
toms. Melatonin administration may induce somnolence and
psychosis, which may lead to a worsening of sleep and psy-
chotic symptoms, while cholinesterase inhibitors may induce
gastrointestinal disturbances, anorexia, and bradycardia [1,
43, 44].

Recent preclinical studies in rodents show that CBD
administration can produce both sedative-hypnotic effects
and increases in wakefulness, depending on dose, route of
administration, and duration of the experiment [64—68].
For instance, moderate and high doses of CBD increased
the total percentage of sleep and REM sleep latency in rats,
while the moderate dose decreased REM sleep latency [64].
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Human studies investigating the effects of CBD on sleep are
scarce [43, 65, 69-72]. In healthy volunteers, CBD (600 mg)
induced sedative effects [69], but it did not produce any
effects on cognitive, subjective or polysomnography meas-
ures with a lower dose (300 mg) [70], while it increased
wakefulness when co-administered at a lower dose (15 mg/
day) with THC (15 mg/day) [71]. In subjects with insom-
nia, CBD (40-160 mg/day) reduced dream recall, and the
higher dose also increased total sleep time and reduced the
frequency of awakenings [71]. In the specific case of PD
patients, a case series of four PD patients with a diagnosis
of RBD that participated in an RCT involving the adminis-
tration of 75 or 300 mg CBD for 6 weeks showed that CBD
was well tolerated and induced a rapid and persistent (up
to 4 weeks) reduction in symptom frequency [43]. How-
ever, after interruption of the CBD treatment the symptoms
returned. Thus, large-scale trials are needed to assess the
efficacy of CBD on sleep disorders and its long-term safety.

The mechanisms of action involved in the effects of CBD
on the sleep-wake cycle appear to depend on the ECS, which
is involved in the regulation of the circadian cycle [64—69].
Indeed, preclinical evidence shows that the CB, receptor is
expressed in brain areas directly related to the regulation of
the sleep—wake cycle and that its activation by anandamide
and other antagonists increases the duration of slow-wave
and REM sleep and reduces wakefulness, while adminis-
tration of antagonists increases wakefulness and reduces
slow-wave and REM sleep [64—69]. Therefore, the CBD
effects on sleep could also depend on its interaction with the
CB, receptor, possibly by inhibition of anandamide uptake
and hydrolysis and subsequent activation of CB, receptors
(high doses, hypnotic-like effects), or by antagonism and this
receptor (low doses, wakefulness-like effects).

Cognitive dysfunction

Cognitive dysfunction—including deficits on attention,
information processing, verbal fluency, and episodic mem-
ory—and dementia are among the most significant non-
motor symptoms of PD, occurring in up to 40% of patients.
Neurocognitive dysfunction and dementia seem to be caused
by impaired cholinergic and glutamatergic activity after
dopaminergic neurotoxicity, especially at later stages of the
disease. Thus, cognitive symptoms are usually treated with
cholinesterase inhibitors and N-methyl-p-aspartate (NMDA)
receptor antagonists, respectively, which have limited effi-
cacy and may induce significant adverse reactions [1, 44].
The neuroprotective effects of CBD have been reported
in several animal models, including PD models [72, 73].
Indeed, it is relevant to highlight the fact that all preclinical
studies reviewed above involving CBD administration are
models of neurotoxic effects, induced by toxins (6-OHDA,
MPP™, paraquat, lactacystin, and reserpine) [13, 20, 21, 36,
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39, 40] or modeling a neurological disease [37]. Except for
one study [20], all the other studies showed a neuroprotec-
tive effect of CBD [13, 21, 36, 37, 39, 40]. The mechanisms
of action responsible for the neuroprotective effects of CBD
on nigrostriatal dopaminergic neurons seem to be related to
its anti-inflammatory and antioxidant actions and its capac-
ity to attenuate microglia activation in the substantia nigra
[63, 72—74]. In preclinical models of PD specifically, CBD
reduced free radicals, gliosis, iNOS, tau and amyloid deposi-
tion and increased complex IV, autophagy, and the ratio of
reduced/oxidized glutathione in mice [37], and co-adminis-
tration of CBD and capsazepine also in mice significantly
reduced COX-2 and NF-xB expression [39].

Moreover, CBD also has potential to improve cognitive
function such as learning and memory in animal models [40,
73], and these effects appear to me mediated by increases
in endocannabinoid (anandamide) tone, activation of CB,,
receptors, and subsequent hippocampal neurogenesis [63,
73]. Recent (unpublished) results from our group indicate
that facilitation of 5-HT1A-mediated neurotransmission
can also be involved. In humans, CBD does not seem to
affect psychomotor functions or cognition [41, 42, 52, 70,
75, 76]. This is especially relevant for PD patients, since
motor and cognitive symptoms have a central role in the dis-
ease. However, the neuroprotective effects of CBD have not
been clearly demonstrated in humans, especially in clinical
populations [41, 42, 52, 75-77]. In PD patients specifically,
none of the trials reviewed above showed evidence neither
of improvements in cognition [41, 42] nor in biomarkers
of neuroprotection [42]. Moreover, these trials share the
limitations of small number of volunteers and short dura-
tion. Thus, large-scale trials are needed to better investigate
the possible beneficial effects of CBD on cognition and
neuroprotection.

Pain

One of the most prevalent non-motor symptoms in patients
with PD is chronic pain, which affects between 60 and 80%
of patients [78-80]. A recent study of almost 2000 PD
patients suggests that this chronic pain cannot be explained
only by peripheral factors, but central causes seem to play
a much more important role than was previously believed
[81]. Several preclinical studies have demonstrated the effect
of CBD on pain relief [82—84]. A recent review did not find
double-blind studies in humans testing the effects of CBD
alone on pain relief [85], but a case study with seven patients
who had chronic pain after kidney transplantation showed
that CBD was well tolerated and showed an analgesic effect
[86]. It should be noteworthy that the best evidence for the
effects in chronic pain has been provided by THC rather than
CBD, although THC negative impact in cognition and motor
coordination may limit its use as a monotherapy in PD.
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Decline in quality of life

There is a direct relationship between the above mentioned
non-motor PD symptoms (psychosis, anxiety, depression,
sleep disorders, cognitive dysfunction, and pain) and the
quality of life (QOL) of PD patients. These symptoms are
major predictors in the decline of QOL [1, 42, 44]. Despite
this fact, few studies assessed the effects of pharmacological
treatments on the QOL of PD patients, and the results are
inconsistent.

As explained in detailed above, a RCT with PD patients
showed that, compared to placebo, CBD (300 mg/day)
administration was associated with significant improve-
ments in the QOL (as assessed by the Parkinson’s Disease
Questionnaire-39) [42]. Improvements were observed in the
questionnaire total score and in the individual factors “activ-
ities of daily living” and “stigma”. The authors suggested
that these effects could be related to the beneficial effects
of CBD on other non-motor symptoms (psychosis, anxiety,
depression, sleep disorders, and cognitive dysfunction).

L

6

MOTOR EFFECTS
- 5HT1A
- Antioxidant/anti-inflammatory
(involving PPAR-gamma and CB2?)

COGNITIVE DECLINE

- 5HT1A

- Antioxidant/anti-inflammatory
(involving PPAR-gamma and CB2?)
- Increase adult hippocampal
neurogenesis (CB1, CB2)

DYSKINESIA

- Antioxidant/anti-inflammatory
(involving PPAR-gamma and CB2?)

NEUROPROTECTION
- 5HT1A
- Antioxidant/anti-inflammatory
(involving PPAR-gamma and CB2?)
- Increase hippocampal neurogene-
sis (CB1, CB2)

Thus, CBD would be different from traditional pharmaco-
logical treatments that usually target specific sites of action
to treat particular symptoms, since this compound would act
more globally and simultaneously on several symptoms and
by different mechanisms of action that are not completely
understood [63, 73]. Apparently, because the pathogenesis
of PD (and other diseases in general) is often multi-factorial,
this multi-target characteristic of CBD is what could make
it more beneficial than other drugs in these patients. The
possible mechanisms of action involved in the therapeutic
effects of CBD in the non-motor symptoms of PD are illus-
trated in Fig. 1.

Safety, tolerability, and level of evidence

The literature on the human safety and tolerability of CBD
report few significant adverse reactions associated with
both the acute and chronic administration of CBD in a
wide range of doses (up to 1.500 mg/day) [41-43, 51, 52,

PSYCHOSIS

NS

- 5-HT1A
- TRPV1
- CB1 (inhibition of the reuptake
and metabol[sm of anandamide)
- (B2?
- Antioxidant/anti-inflammatory
- Neuroprotective effects
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- 5HT1A

- Antioxidant/anti-inflammatory
- Increase adult hippocampal
neurogenesis (CB1, CB2)

PAIN
- CB1
- (B2
- Anti-inflammatory

SLEEP DISORDERS

-2

Fig. 1 Non-motor Parkinson’s disease conditions and its possible related mechanisms
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57-62, 70, 75, 76]. The most common of these effects
are tiredness, diarrhea, and changes on appetite/weight,
and CBD does not seem to induce tolerance or signifi-
cant effects on cognition [41-43, 51, 52, 70, 75, 76]. In
the specific case of PD, in all trials reviewed, above CBD
was well tolerated and no adverse reactions were reported
[41-43].

Regarding the level of evidence for the possible thera-
peutic use of CBD on non-motor symptoms of PD, accord-
ing to the recommendations of the Oxford Centre for Evi-
dence-Based Medicine (OCEBM) [87], systematic reviews
of RCTs would provide the most reliable studies (Level
1), followed by individual RCTs (Level 2), cohort studies
(Level 3), case series (Level 4), and preclinical studies
(Level 5). In the case of CBD and non-motor symptoms
of PD, there are evidences of its possible efficacy from
preclinical studies (Level 5), case series (Level 4), and
individual RCTs (Level 2). However, it is important to note
that in the case of some of the non-motor symptoms (such
as anxiety), clinical trials were not performed specifically
in PD patients, and for some symptoms, no clinical tri-
als have been performed at all (depression). Moreover,
in those trials, where the non-motor symptoms have been
investigated in PD patients (for instance, psychosis, sleep
disturbances, cognitive dysfunction, and QOL), the num-
ber of studies and their sample sizes are small, and most
trials used single doses of CBD for short periods of time.
Therefore, although CBD seems to have a good safety and
tolerability profile for PD patients and the evidence for
its efficacy reaches the Level 2 of the OCEBM recom-
mendations, there is still insufficient data to recommend
CBD as a pharmacological treatment for these symptoms.
Large-scale clinical trials with longer duration are needed
to overcome the current limitations of the available studies
on CBD and non-motor symptoms of PD.

Importantly, in June 2018, the US Food and Drug
Administration has approved CBD for treating seizures
associated with Lennox-Gastaut and Dravet syndromes in
patients aged 2 years or older, and the European Medi-
cines Agency is also evaluating this possibility [88]. These
decisions confirm the safety of CBD and its therapeutic
potential and will open new possibilities for exploring
other therapeutic properties of CBD. Moreover, CBD is
sold as a dietary supplement in several countries, where it
is used for various medical conditions. An online survey
published in July 2018 with people who were regularly
using CBD showed that 1483 respondents (from a total of
2400) used CBD to treat at least one medical condition.
The four medical conditions most cited were: chronic pain,
anxiety, depression, and sleep disorders, and only 4.3%
reported no improvement with CBD treatment [89]. This
observation strongly suggests the utility of CBD for non-
motor symptoms of PD.
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Conclusions

Non-motor symptoms of PD are highly prevalent and debili-
tating, and available treatments have limited efficacy and
are associated with significant adverse reactions. The ECS
is involved in the pathophysiology of PD, suggesting that
cannabinoids could perhaps have therapeutic effects on PD
symptoms. However, to the best of our knowledge, there are
only four RCTs involving the administration of CB, receptor
agonists (nabilone, cannabis extract) or antagonists (rimona-
bant) to PD patients, and only one of them (n="7) reported
significant beneficial effects (significant reductions on lev-
odopa-induced dyskinesia). Importantly, all cannabinoids
were well tolerated.

At least seven preclinical studies investigated the effects
of CBD on basic models of PD, with one study reporting
non-significant results on the motor effects. Moreover, three
clinical studies in PD patients showed significant benefi-
cial effects of CBD administration, all involving non-motor
symptoms (psychosis, sleep disturbances, low QOL, prob-
lems with daily activities, and stigma). Preclinical studies
also show that CBD has antidepressant, anxiolytic, and
neuroprotective/pro-cognitive effects, and the sum of these
effects (together with positive the effects on psychosis and
sleep disturbances) seems to be responsible for improving
QOL and well-being. Thus, CBD is a multi-target and prom-
ising drug for treating non-motor symptoms of PD. How-
ever, from the three studies, only one was an RCT with a
small sample size (n=25) and with short duration (6 weeks).
Therefore, double-blind, placebo-controlled RCTs with
larger and different stage of the disease samples are neces-
sary to elucidate the efficacy and mechanisms involved in the
therapeutic potential of CBD on the motor and non-motor
symptoms of PD. Moreover, it is still required to investigate
CBD safety, interaction with antiparkinsonian drugs, long-
term effects and to determinate its adequate therapeutic win-
dow for each comorbid condition. Finally, it is crucial that
clinical studies involving CBD administration use a pure and
pharmaceutical-grade compound, and the population should
be advised about the possible hazards of consuming unregu-
lated products labeled as CBD. Between October 2017 and
January 2018, more than 50 people in Utah were intoxicated
by a synthetic cannabinoid labeled as CBD [90]. The main
symptoms were altered mental status, nausea, vomiting, sei-
zures, and shaking. This report shows that products labeled
as CBD need to be regulated to minimize possible risks [91,
92].
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