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Cannabidiol (CBD), derived from Cannabis sativa, has gained remarkable attention for its potential therapeutic applications. This
thorough analysis explores the increasing significance of CBD in treating neurological conditions including epilepsy, multiple
sclerosis, Parkinson’s disease, and Alzheimer’s disease, which present major healthcare concerns on a worldwide scale. Despite
the lack of available therapies, CBD has been shown to possess a variety of pharmacological effects in preclinical and clinical
studies, making it an intriguing competitor. This review brings together the most recent findings on the endocannabinoid and
neurotransmitter systems, as well as anti-inflammatory pathways, that underlie CBD’s modes of action. Synthesized efficacy
and safety assessments for a range of neurological illnesses are included, covering human trials, in vitro studies, and animal
models. The investigation includes how CBD could protect neurons, control neuroinflammation, fend off oxidative stress, and
manage neuronal excitability. This study emphasizes existing clinical studies and future possibilities in CBD research,
addressing research issues such as regulatory complications and contradicting results, and advocates for further investigation of
therapeutic efficacy and ideal dose methodologies. By emphasizing CBD’s potential to improve patient well-being, this
investigation presents a revised viewpoint on its suitability as a therapeutic intervention for neurological illnesses.

1. Introduction

Neurological disorders encompass a wide range of condi-
tions that affect the nervous system, including the brain, spi-
nal cord, and peripheral nerves [1]. These disorders can be
debilitating, leading to significant impairments in motor
function, cognition, behaviour, and overall quality of life
[2]. Traditional treatment options for neurological disorders
often provide limited relief and are associated with various
side effects. In recent years, there has been growing interest
in the therapeutic potential of cannabidiol (CBD), a nonpsy-

choactive compound derived from the Cannabis sativa plant
[3]. CBD has shown promise in the treatment of various
neurological disorders, including epilepsy, multiple sclerosis,
Parkinson’s disease, Alzheimer’s disease, and neuropathic
pain [4]. The therapeutic effects of CBD are thought to be
mediated through its interaction with the endocannabinoid
system (ECS), a complex network of receptors [5], endocan-
nabinoids, and enzymes involved in regulating various phys-
iological processes [6]. CBD modulates the ECS, exerting
neuroprotective, anti-inflammatory, antioxidant, and anal-
gesic effects [4]. This comprehensive review is aimed at
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summarizing the emerging therapeutic potential of CBD in
neurological disorders. It will explore the existing preclinical
and clinical evidence, mechanisms of action, safety profile,
and potential challenges associated with CBD therapy [7].
By examining the current state of knowledge, this review is
aimed at providing insights into the potential use of CBD
as a novel treatment option for various neurological disor-
ders. Understanding the therapeutic potential of CBD in
neurological disorders is of paramount importance, as it
has the potential to revolutionize the field of neurology
and provide patients with effective and well-tolerated treat-
ment options [8]. However, further research is needed to
elucidate the optimal dosing regimens, long-term effects,
and potential drug interactions of CBD. By addressing these
knowledge gaps, we can pave the way for the development of
evidence-based guidelines for the clinical use of CBD in neu-
rological disorders [9]. Hence, in this review, we focused on
including past literature dealing with the use of cannabidiol
in the treatment of various neurological disorders.

2. Neurological Disorders and Their Impact

Neurological disorders refer to a wide range of conditions
that affect the nervous system, including the brain, spinal
cord, and nerves. These disorders can have a significant
impact on a person’s quality of life and functioning. They
may result in various symptoms such as pain, seizures,
movement difficulties, cognitive impairments, and mood
disturbances [10]. Some common neurological disorders
include epilepsy, multiple sclerosis, Parkinson’s disease, Alz-
heimer’s disease, neuropathic pain, and anxiety disorders.
The impact of neurological disorders can be substantial,
affecting individuals physically, mentally, and emotionally.
These conditions often lead to chronic pain, disability, and
a decreased ability to perform daily activities [11]. Addition-
ally, neurological disorders can have a significant impact on
mental health, leading to depression, anxiety, and social iso-
lation. Furthermore, the financial burden associated with the
treatment and management of these disorders can be sub-
stantial, placing a strain on individuals and their families.
In recent years, there has been growing interest in the poten-
tial therapeutic effects of cannabidiol (CBD) in the manage-
ment of neurological disorders [10]. CBD is one of the many
cannabinoids found in the cannabis plant, and it has gained
attention due to its potential therapeutic properties without
causing the psychoactive effects commonly associated with
another cannabinoid, tetrahydrocannabinol (THC) [12].
Research on the use of CBD in neurological disorders is still
emerging, but there is growing evidence to suggest that CBD
may have beneficial effects in various conditions [13]. For
example, in epilepsy, CBD has been found to have antisei-
zure properties and has been approved by the U.S. Food
and Drug Administration (FDA) as a treatment for certain
types of severe childhood epilepsy [12]. CBD may also have
neuroprotective effects, potentially reducing brain damage
and inflammation in conditions such as multiple sclerosis
and traumatic brain injury [14]. CBD’s potential anti-
inflammatory and antioxidant properties have also been
investigated in the context of neurodegenerative disorders

such as Parkinson’s and Alzheimer’s diseases [15]. While
more research is needed, preliminary studies suggest that
CBD may help alleviate symptoms such as motor impair-
ments, cognitive decline, and neuroinflammation associated
with these conditions [16]. Furthermore, CBD has shown
promise in managing neuropathic pain, which is often chal-
lenging to treat with conventional pain medications. It may
also have anxiolytic properties, making it a potential option
for individuals with anxiety disorders [16]. Despite the
promising findings, it is important to note that research on
CBD and neurological disorders is still in its early stages,
and more rigorous clinical trials are needed to establish its
safety and efficacy [17]. Additionally, the optimal dosages,
formulations, and long-term effects of CBD require further
investigation. It is crucial for individuals considering CBD
as a treatment option for neurological disorders to consult
with their healthcare professionals [18]. They can provide
personalized advice, weigh the potential benefits and risks,
and ensure that CBD does not interact with any other med-
ications the individual may be taking [19]. In conclusion,
neurological disorders can have a significant impact on indi-
viduals’ lives, and there is a growing interest in exploring
alternative treatment options such as CBD [13]. While
CBD shows promise in various neurological conditions, fur-
ther research is necessary to fully understand its therapeutic
potential, safety profile, and optimal use [20].

3. Cannabidiol (CBD): An Overview

Cannabidiol (CBD) is a naturally occurring compound
found in the cannabis plant. It is one of over 100 cannabi-
noids identified in cannabis, alongside tetrahydrocannabinol
(THC). However, unlike THC, CBD is nonpsychoactive,
meaning it does not produce the characteristic “high” associ-
ated with cannabis use [21] (Figure 1). CBD has gained sig-
nificant attention in recent years due to its potential
therapeutic benefits, particularly in neurological disorders.
In this overview, we will explore the emerging therapeutic
potential of CBD in neurological disorders [22]. CBD has
been found to interact with the body’s endocannabinoid sys-
tem (ECS) [23], which is involved in regulating various
physiological processes, including pain sensation, mood,
appetite, and immune function [24]. CBD’s interaction with
the ECS has been shown to have anti-inflammatory, neuro-
protective, and antioxidant effects, which could be beneficial
in treating neurological disorders [25]. One of the most well-
known neurological disorders in which CBD has shown
promise is epilepsy. Several clinical trials have demonstrated
that CBD can reduce the frequency and severity of seizures
in individuals with certain types of epilepsy, such as the Dra-
vet syndrome and Lennox-Gastaut syndrome [23]. In 2018,
the U.S. Food and Drug Administration (FDA) approved
Epidiolex, a medication based on CBD, for the treatment
of certain types of epilepsy. Apart from its epilepsy applica-
tions, CBD’s therapeutic possibilities extend to various neu-
rological conditions like multiple sclerosis (MS), PD, AD,
and neuropathic pain [26]. In MS, CBD has been studied
for its ability to reduce muscle spasticity and improve overall
quality of life. In Parkinson’s disease, CBD has shown
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promise in alleviating motor symptoms and improving sleep
quality. Additionally, CBD’s anti-inflammatory and antioxi-
dant properties may have neuroprotective effects, potentially
slowing the progression of neurodegenerative disorders like
Alzheimer’s disease [27]. Furthermore, CBD has been inves-
tigated for its potential to reduce anxiety and improve sleep
in individuals with various anxiety disorders, such as gener-
alized anxiety disorder (GAD), social anxiety disorder
(SAD), posttraumatic stress disorder (PTSD) [28], depres-
sion [29], and schizophrenia [30, 31]. The impact of CBD
on various conditions is believed to be influenced by its
interaction with serotonin receptors within the brain. It is
worth emphasizing that although preclinical and clinical
studies have exhibited encouraging results for CBD, addi-
tional research is imperative to comprehensively grasp its
modes of operation and therapeutic viability in neurological
ailments [32]. Additionally, the optimal dosages, formula-
tions, and long-term effects of CBD require further investi-
gation. In terms of safety, CBD is generally well-tolerated,
with mild side effects such as fatigue, diarrhoea, and changes
in appetite reported in some individuals [33]. However,
CBD can interact with certain medications, so it is important
to consult with a healthcare professional before starting CBD
treatment, especially if you are taking other medications. In
conclusion, CBD holds significant promise as a potential
therapeutic option for various neurological disorders [34].
Its anti-inflammatory, neuroprotective, and anxiolytic prop-
erties make it an intriguing compound for further research
and development. As our understanding of CBD and its
effects on the brain continues to grow, it has the potential
to become a valuable tool in the management of neurological
conditions [35].

4. Mechanisms of Action of CBD in
Neurological Disorders

The endocannabinoid system in the brain, which is the
body’s natural cannabis system, is one of the central nervous
system’s (CNS) pharmacological targets that is thought to
have a role in CBD’s activities in neurological disorders. In
the early 1990s, two primary cannabinoid (CB) receptors
were discovered [36]. CB1 receptors exist within the central
nervous system (CNS), spinal cord, and peripheral nervous

system, as well as in peripheral organs like the heart, endo-
crine glands, and systems related to reproduction, urination,
and digestion. Conversely, CB2 receptors are predominantly
located in immune system components such as white blood
cells, the spleen, and tonsils [37]. Anandamide and 2-
arachidonoylglycerol are examples of endogenous ligands
for CB1 and CB2 receptors (Table 1). Exogenous ligands
for these receptors include phytocannabinoids like THC
and CBD [38]. The absence of a psychotropic effect is due
to CBD’s poor affinity for CB receptors and the fact that it
does not activate CB1 and CB2 receptors. Despite its low
affinity, CBD is nevertheless an antagonist of CB1/CB2 ago-
nists and a negative allosteric modulator of CB receptors
[39]. Research indicates that CBD can elevate levels of anan-
damide within tissues through two potential mechanisms.
One involves restricting the transport process facilitated by
fatty acid binding proteins, while the other centers on inhi-
biting the action of fatty acid amide hydrolase, an enzyme
responsible for anandamide breakdown. Human clinical
studies have demonstrated CBD’s capability to increase
anandamide plasma concentrations [40]. CBD also interacts
with nonendocannabinoid receptors like G protein-coupled
receptors (GPR3, GPR6, GPR12, and GPR55), transient
receptor potential channels (TRPM8, TRPA1, TRPV1, and
TRPV2), serotonin receptors, mu- and delta-opioid recep-
tors, peroxisome proliferator-activated receptor gamma,
and glycine receptors [41]. CBD was shown to increase the
activity of inhibitory GABAA receptors, and its effects on
opening up this channel worked well with those of the ben-
zodiazepine and anticonvulsant clobazam [42]. The interac-
tions with numerous receptors make future research and
potential therapeutic applications of CBD in many CNS dis-
orders possible [43].

There is a growing body of data indicating that disrup-
tions in the function of the endocannabinoid system (ECS)
within the brain, specifically about dysregulation of CB1
receptors and/or changes in endocannabinoid levels, are
linked to the onset and progression of schizophrenia
(SCZ). The therapeutic potential of pharmacologically mod-
ulating the endocannabinoid system (ECS) has been seen as
a viable avenue [42]. Nevertheless, a significant portion of
research connecting the endocannabinoid system (ECS)
with schizophrenia (SCZ) is based on epidemiological data

OH

OH
2-[(1R, 6R)-6-Isopropenyl-3-methylcyclohex-2-en-1-yl]-5-pentylbenzene-1, 3-diol

Cannabidiol

Figure 1: Chemical structure of cannabidiol.
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[43]. It is important to note that such data may only imply a
correlation rather than a causative relationship between
early cannabis consumption and the subsequent onset of
mental disorders, including SCZ [44].

It is well known that the cannabinoid CB1 receptors are
present at very high levels on inhibitory (GABAergic inter-
neurons) [45] and at a lesser extent on excitatory (gluta-
matergic) terminals [46], as well as on neurons expressing
dopamine D1 receptors, playing a specific role in the reper-
toire of different emotional behaviours, which are affected in
psychiatric/anxiety disorders [47]. CBD may also interact
with the dopamine D2/D3 receptor; it may induce epigenetic
modifications of different gene targets as well as could inter-
act with the HPA axis [48]. These potential CBD targets
could at least underlie its potential efficacy for the treatment
of several psychopathologies.

5. Potential Benefits of CBD in
Neurological Disorders

Animal and human research was carried out to assess the
therapeutic potentials of CBD in various illnesses since
CBD may interact with a variety of CNS targets. It has been
examined for its potential to treat brain problems and has
been shown to have antiepileptic, analgesic, neuroprotective,
antidepressant, anxiolytic, antipsychotic, and sedative prop-
erties as well [49]. Cannabidiol (CBD), a nonpsychoactive
compound derived from the cannabis plant, has gained sig-
nificant attention in recent years due to its potential thera-

peutic effects on various neurological disorders. In this
short overview, we will highlight some of the potential ben-
efits of CBD for neurological disorders, as summarized in
Table 2 [50].

5.1. The Effect of Cannabidiol (CBD) on Epilepsy Condition.
Epilepsy is a condition where individuals frequently require
anticonvulsant medications to manage seizures. Neverthe-
less, a significant portion—over 30%—of patients do not
respond positively to conventional treatments and continue
to experience seizures. Consequently, several drug regulatory
bodies in countries like the United States, Europe, and Aus-
tralia have approved the utilization of CBD as an adjunctive
treatment alongside existing antiepileptic medications [51].
These suggestions are backed by robust randomized con-
trolled trials (RCTs) that provide evidence of CBD’s efficacy
in diminishing seizures among individuals with treatment-
resistant conditions like the Dravet syndrome, Lennox-
Gastaut syndrome, and tuberous sclerosis (TSC) syndrome
[52]. Patients afflicted with the Dravet and Lennox-Gastaut
syndromes were engaged in a pair of clinical investigations.
These studies encompassed the oral administration of
CBD, administered at 10 or 20mg/kg/day doses, alongside
one or multiple antiepileptic drugs (like clobazam, valproate,
lamotrigine, and/or levetiracetam), across a 14-week dura-
tion. Importantly, the frequency of convulsions and seizures
was significantly diminished (by around 37-42%) in the
group treated with CBD in comparison to the placebo group,
which experienced a reduction of less than 17.2% [53].

Table 1: CBD (cannabidiol) receptor interactions and their implications for neurological disorders [32].

Receptor target Activity Potential indications in neurological disorders

CB1 (cannabinoid receptor) Partial agonist Epilepsy, multiple sclerosis, Parkinson’s disease

CB2 (cannabinoid receptor) Agonist Neuroinflammation, Alzheimer’s disease, neuropathic pain

TRPV1 Agonist Migraine, neuropathic pain, multiple sclerosis

5-HT1A Agonist Anxiety, depression, posttraumatic stress disorder (PTSD)

GPR55 Antagonist Schizophrenia, neurodegenerative disorders

PPARγ Agonist Neuroinflammation, Alzheimer’s disease, stroke

Glycine Allosteric modulator Spinal cord injury, epilepsy, neuropathic pain

Adenosine Agonist Sleep disorders, anxiety, epilepsy

GABA-A Positive allosteric modulator Anxiety, seizure disorders, insomnia

NMDA Negative allosteric modulator Alzheimer’s disease, epilepsy, neurodegeneration

TRPM8 Agonist Migraine, neuropathic pain, multiple sclerosis

P2X7 Antagonist Neuroinflammation, multiple sclerosis, neuropathic pain

5-HT3 Antagonist Nausea and vomiting, migraine, anxiety

D2 Partial agonist Psychosis, schizophrenia, Parkinson’s disease

FAAH Inhibitor Anxiety, depression, pain

TRPA1 Agonist Migraine, neuropathic pain, multiple sclerosis

TRPV2 Agonist Neuropathic pain, multiple sclerosis

P2Y12 Antagonist Stroke, neuroinflammation, neurodegenerative disorders

5-HT2A Antagonist Depression, anxiety, posttraumatic stress disorder (PTSD)

CB1 and CB2 Modulation Epilepsy, multiple sclerosis, Parkinson’s disease

Abbreviation: FAAH: fatty acid amide hydrolase; GABAA: -aminobutyric acid type A receptor; GPR: G protein-coupled receptor; ND: not determined;
5-HT1A: serotonin receptor 1A; CB: cannabinoid receptor; PPAR-gamma: peroxisome proliferator-activated receptor; TRPM8: TRP channel of melastatin type
8; TRPV1: TRP channel of vanilloid type 1; TRPA1: TRP channel of ankyrin type 1.
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General health improved for more than 50% of patients. In
addition, two open-label studies showed that oral adminis-
tration of 20–30mg/kg daily CBD for 156 weeks reduced sei-
zures by 45-84%. General health also improves in most
patients (approximately 83%). In a recent study the use of
CBD is examined in the treatment of TSC-related seizures
[54]. TSC patients with epilepsy received doses of CBD
greater than 50mg/kg per day for three months. Compared
to baseline, weekly bouts dropped by almost half (48th
week). 8% was found. In a similar clinical study, Thiele
et al. found that giving TSC patients 25 or 50mg/kg of
CBD daily for 16 weeks reduced their seizures by 47–49%;
this is a 20% reduction compared to the reduction in the
control placebo (26.5%) [54, 55]. Following this, the investi-
gation was broadened to include this specific group of
patients. The results revealed that the application of an aver-
age dose of 27mg/kg/day resulted in a significant decrease in
seizures, varying between 54% and 68%. Particularly note-
worthy was the decrease of 53% to 61% in seizure occur-
rences within 48 weeks of the treatment regimen.
Additionally, the frequency of seizures diminished by 87%.
Every patient experienced a decline of at least 50% in the
number of seizures, paralleled by an overall improvement
in their well-being [56]. Some clinical studies involving
CBD use in epilepsy are mentioned in Table 3.

5.2. The Effect of CBD on Parkinson’s Disease. Parkinson’s
disease is a neurodegenerative disease that causes weakness
and motor loss. Many medications are needed to treat the
symptoms of the disease. Previous studies of CBD in animal
models of Parkinson’s disease have shown that it may have
neuroprotective and antioxidant properties [57]. In experi-
ments, mice were injected with 6-hydroxydopamine, which
causes dopamine depletion that mimics the symptoms of
Parkinson’s disease. Dopamine levels in the brain increased
after two weeks of treatment with CBD (3mg/kg). Since
studies on animals give positive results, clinical trials are car-
ried out [58]. As per findings from an open-label investiga-
tion, individuals diagnosed with Parkinson’s disease and
subjected to CBD treatment (at doses of 20–25mg/kg/day)
over 10–15 days exhibited a reduction in both symptom
severity (by 17.8%) and physical impairment (by 24.7%).
Notably, participants also reported enhancements in non-
motor functions like improved nighttime sleep (10.6%) and
a decline in emotional or behavioural dysregulation (such
as irritability and restlessness) [59]. Yet, outcomes from
double-blind trials involving individuals with Parkinson’s
disease have yielded incongruous findings. A six-week regi-
men of oral CBD therapy (at 300mg/day) exhibited
enhancements in daily tasks like personal hygiene, dressing,
fine motor skills (such as writing), and handling objects
without spilling, although no discernible impact on symp-
toms was observed in comparison to a placebo. However,
further extensive placebo-controlled investigations are indis-
pensable to accurately gauge the efficacy of CBD in manag-
ing Parkinson’s disease [60].

5.3. The Effect of CBD on Alzheimer’s Condition. Alzheimer’s
is another progressive neurodegenerative condition that

impairs cognition, which is brought on by the buildup of
amyloid (A) plaques and neurofibrillary tangles. Drugs that
are now on the market only treat symptoms; they do not
treat diseases [61]. CBD’s neuroprotective, antioxidant, and
anti-inflammatory attributes have demonstrated the ability
to alleviate clinical manifestations in various rodent models
of Alzheimer’s disease. These properties hold the potential
to delay the onset and advancement of the condition. Never-
theless, it is important to note that despite these findings, no
human trials have been conducted in this regard [62]. To
replicate the pathophysiological conditions of Alzheimer’s
disease, the researchers employed mice that underwent
intraventricular or intrahippocampal injections of Aβ. Sub-
sequently, administering intraperitoneal injections of CBD
(at doses of 2, 5, 10, or 20mg/kg i.p.) resulted in enhanced
cognitive performance. Notably, the research also revealed
a dose-dependent reduction in the expression of glial fibril-
lary acidic protein [63]. Nitric oxide levels were also
decreased, as were several proinflammatory cytokines (IL-1
and IL-6), which are often high in Alzheimer’s disease
[64]. Contrary to earlier animal experiments, the altered
two mouse genes known to be implicated in the pathogene-
sis of Alzheimer’s disease (presenilin 1 and the amyloid
precursor protein). Transgenic mice treated with intraperi-
toneal CBD had enhanced social and object memory [65].

5.4. The Effect of CBD on Huntington’s Disease.Huntington’s
disease, a hereditary neurological condition that mostly
impairs mobility, has been mentioned as a possible candi-
date for CBD therapy [66]. According to short clinical
research by Consroe et al. [65], individuals with Hunting-
ton’s disease did not see any improvement in chorea or other
symptoms after receiving oral CBD at a dose of 10mg/kg
[67]. The inadequate action observed might be attributed
to the low oral bioavailability and low oral dosage, leading
to diminished CBD plasma levels (ranging from 5.9 to
11.2 ng/mL). Further research is essential, necessitating
meticulous scrutiny of the study’s framework, particularly
in terms of dosage selection and administrationmethods [68].

5.5. The Effect of CBD on Anxiety. The anxiolytic properties
of CBD (cannabidiol) have been subject to thorough investi-
gation in diverse animal and human research. Numerous
experiments performed on rat models have consistently
shown that CBD effectively diminishes anxiety-linked reac-
tions and the corresponding cardiovascular responses in rats
exposed to stress-provoking situations. These effects have
been observed across a spectrum of dosages, commonly
administered intraperitoneally (i.p.), spanning from 1 to
30mg/kg [69]. Research involving individuals without med-
ical conditions involved the administration of a single dose
of CBD a few hours before assessments to gauge its potential
anxiolytic effects. Simulated public speaking assessments are
frequently employed to induce anxiety and physiological
responses, including heightened cortisol levels, blood pres-
sure, and heart rate, in volunteers without medical condi-
tions. Research conducted by Zarudi et al. showcased that
oral administration of CBD, at dosages of 300 or 600 mg,
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exhibited the ability to mitigate symptoms and decrease anx-
iety levels in individually regardless of preexisting medical
conditions. These effects were especially notable in instances
of generalized social anxiety disorder, particularly when
individuals were exposed to stress-inducing situations [70].

Additionally, CBD consumption demonstrated the
capacity to alleviate heightened arousal, discomfort, and
cognitive difficulties often associated with public speaking
scenarios [71]. In some studies, the anxiolytic response was
found to be dose-proportional [72]. Choosing the right dos-
age is crucial since it may have a big impact on effectiveness.
Before now, the majority of research used healthy volunteers
who underwent stress-induced experimental anxiety or
practiced public speaking [73]. To explore the anxiolytic
attributes of CBD, recent research encompassed examina-
tions of individuals diagnosed with anxiety. Among these,
a study involving young children diagnosed with social anx-
iety disorder utilized a 4-week regimen of oral CBD (300mg/
day), leading to a substantial reduction in anxiety levels
when contrasted with the outcomes observed in the
placebo-administered group [74]. Individuals grappling with
treatment-resistant anxiety witnessed amelioration in their
symptoms following supplementary CBD treatment (up to
800mg/day for 12 weeks), after unresponsiveness to conven-
tional therapies. While studies unveiled promising outcomes
concerning CBD’s anxiety-alleviating effects, no indications
of psychological or behavioural repercussions linked to
CBD were identified across various investigations [75].
According the the literature, pretreatment with a single
600mg dosage of oral CBD seems to make healthy partici-
pants with strong paranoid tendencies more anxious after
a virtual reality experience [76]. CBD’s effects on reducing
anxiety were still all over the place, and the differences in
how the trials turned out could be due to differences in the
experimental environment, the things that caused anxiety,
and the ways that psychological tests were done [77]. While
the majority of studies only employed a single dose, future
research should examine the effects of daily CBD dosage to
see if long-term administration of the substance has an anti-
anxiety effect.

5.6. The Effect of CBD on Depression. Animal studies are
where CBD’s antidepressant effects have been studied the
most. In the chronic moderate stress mouse paradigm, Xu
et al. gave CBD through two different routes over an
extended length of time [78, 79]. The findings indicated that
significant reductions in immobility time, akin to the effects
of an antidepressant, were achieved through the administra-
tion of high-dose oral CBD and low-dose intravenous (IV)
CBD. On the contrary, the minor dose of CBD administered
orally did not result in any changes in depressive-related
behaviours, potentially due to its restricted oral bioavailabil-
ity. Moreover, there is evidence suggesting that consistent
CBD use might have the capacity to counteract the impact
of chronic stress, a factor implicated in the development of
depression [80]. This supports the use of CBD for a long
time to maintain its antidepressant benefits. Anxiety disor-
ders and drug use disorders, for example, are often linked
to depressive disorders. It is often researched as a secondary

result of coexisting medical problems [81]. As the literature
evidenced that the chronic CBD treatemnt (200mg/day for
10 weeks) decreased depressive like symptoms in regular
cannabis users and enhanced cognitive symptoms such as
verbal learning, memory, and attentional switching. Addi-
tionally, Allsop et al. carried out a randomized controlled
experiment with cannabis addicts [81]. Nabiximols, a THC
and CBD combination, were employed as an agonist substi-
tution treatment in cannabis withdrawal nonetheless. Nabix-
imols dramatically decreased depression brought on by
withdrawal as well as other symptoms such as restlessness,
lack of appetite, and disturbed sleep [82]. These results sug-
gested a possible role for CBD in the treatment of depres-
sion, but additional research with a larger sample size and
CBD alone as the therapy group is needed to prove CBD’s
antidepressive effectiveness. Young adults with anxiety who
did not respond to conventional treatments, such as cogni-
tive behavioural therapy and/or pharmaceuticals, were the
subjects of a new open-label trial. Twelve weeks after ther-
apy, oral CBD coadministration (up to 800mg/day) substan-
tially decreased the intensity of comorbid depression
symptoms by 29.9% [27, 83].

Table 3 shows more studies related to the effectiveness of
CBD on different neurological disorders [62, 101].

6. Safety and Side Effects of CBD

Cannabidiol (CBD) has gained significant attention in recent
years for its potential therapeutic effects in various neurolog-
ical disorders. While CBD is generally considered safe, it is
essential to understand its safety profile and potential side
effects [85]. Here is a comprehensive overview of the safety
and side effects (Table 4) of CBD based on the available
research up until April 2023.

7. Challenges in CBD Research

Despite the promising findings, several challenges need to be
addressed for the effective utilization of CBD in neurological
disorders. Firstly, the regulatory landscape and legal con-
straints surrounding CBD vary across countries, hindering
consistent research and access to CBD-based therapies
[22]. Secondly, the lack of standardized dosing guidelines
and formulations makes it difficult to establish optimal treat-
ment protocols. Additionally, the limited understanding of
CBD’s mechanisms of action and potential drug interactions
necessitates further investigation [134].

8. Future Directions

Future research efforts should follow several crucial paths to
overcome obstacles and fully exploit CBD’s therapeutic
potential for neurological illnesses. These crucial directions
have the potential to fundamentally alter the medicinal use
of CBD and its life-changing effects on patients. Strategic
foresight and concerted effort are required for the following
future directions:

Robust Clinical Investigation. The organization of large-
scale randomized controlled studies is required for the
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expedition toward the full acceptance of CBD. These studies,
which include a range of demographics and neurological dis-
orders, are essential for building a solid basis of safety and
effectiveness profiles.

Precision in Formulation and Dosage. As the therapeutic
landscape develops, the development of CBD formulations
and dose recommendations becomes an important factor.
CBD’s effects can be amplified by creating standardized for-
mulations tailored to certain neurological conditions. Opti-
mized doses that are catered to each person’s demands
provide therapeutic accuracy while reducing any possible
negative effects.

Mechanistic Insights. Looking behind the surface and dis-
covering how CBD works is a fascinating endeavour. Under-
standing CBD’s medicinal potential more deeply requires
looking into the complex interactions that underlie its neuropro-
tective, anti-inflammatory, and neurotransmitter-modulating
properties. This mechanistic awakening could provide
brand-new paths for therapeutic intervention.

Synergistic Combinations. Investigating synergistic com-
binations with currently used therapies broadens the scope
of CBD’s usefulness. Enhancing therapeutic results may be
possible by examining CBD’s compatibility and enhance-
ment potential in combination with current treatments.
Synergy-driven strategies might change how neurological
illnesses are treated.

Regulatory Facilitation. A crucial step in the path ahead is
to make it easier for people to receive CBD-based therapies. It
is crucial to promote simplified regulatory frameworks that
encourage innovation and secure access to CBD medicines.
The timely addition of CBD to the therapeutic toolbox is
ensured by regulatory alignment with new research.

Overall, proactively pursuing these potential future
approaches is the key to maximizing CBD’s therapeutic effi-
cacy for neurological illnesses. Large-scale studies, precise
formulation, molecular explanation, synergy investigation,
and regulatory lobbying are the cornerstones of the coordi-
nated effort to uncover its therapeutic potential. The poten-
tial of CBD as a revolutionary therapeutic tool is set to be
realized via the combined efforts of researchers, doctors, pol-
icymakers, and patients, ushering in a new era of optimism
and enhanced brain health [87].

9. Conclusion

The growing therapeutic potential of CBD within the con-
text of neurological diseases emerges as a beacon of opti-
mism, capping the thorough analysis. Amid extensive
study, CBD, a nonpsychoactive component of cannabis,
has come to light, especially in the field of neurology. This
review summarizes the use of CBD in different neurological
disorders and explains the potential of CBD as an effective
therapeutic agent as mentioned in different studies included
in this review. CBD presents itself as a multidimensional role
by controlling neurotransmitter release, reducing oxidative
stress, and developing anti-inflammatory actions. With just
minor side effects including weariness, diarrhoea, and appe-
tite regulation, it admirably demonstrates these qualities
while keeping a great safety profile. Importantly, the fact that

CBD is not psychoactive like THC confirms that it is a
medicinal substance free from intoxication or brain fog. Illu-
mination is required on the mechanisms of CBD’s effect, the
best dose schedules, and the overall picture of its long-term
safety. The processes entail standardizing CBD formulations,
creating sophisticated preparations, and inviting rigorous
clinical evaluation to rise to the pedestal of medicinal valid-
ity. Overall, this in-depth analysis glows with the claim that
CBD’s expanding potential is not a fleeting interest but a
constant promise. CBD fills the role of a compelling rival
with its adaptable pharmacological toolkit and reassuring
safety façade.

Data Availability

All data used to support the findings of this study are
included in the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] V. Micale, V. Di Marzo, A. Sulcova, C. T. Wotjak, and
F. Drago, “Endocannabinoid system and mood disorders:
priming a target for new therapies,” Pharmacology & Thera-
peutics, vol. 138, no. 1, pp. 18–37, 2013.

[2] D. Borsook, “Neurological diseases and pain,” Brain, vol. 135,
no. 2, pp. 320–344, 2012.

[3] National Academies of Sciences E and M, Division H and M,
Practice B on PH and PH, and Agenda C on the HE of MAER
and R, Therapeutic effects of cannabis and cannabinoids,
2017, June 2023, https://www.ncbi.nlm.nih.gov/books/
NBK425767/.

[4] J. Kucerova, K. Tabiova, F. Drago, and V. Micale, “Therapeu-
tic potential of cannabinoids in schizophrenia,” Recent Pat-
ents on CNS Drug Discovery, vol. 9, no. 1, pp. 13–25, 2014.

[5] H. de Morais, C. P. de Souza, L. M. da Silva et al., “Ananda-
mide reverses depressive-like behavior, neurochemical
abnormalities and oxidative-stress parameters in
streptozotocin-diabetic rats: role of CB1 receptors,” European
Neuropsychopharmacology, vol. 26, no. 10, pp. 1590–1600,
2016.

[6] J. Maroon and J. Bost, “Review of the neurological benefits of
phytocannabinoids,” Surgical Neurology International, vol. 9,
no. 1, p. 91, 2018.

[7] F. Patricio, A. A. Morales-Andrade, A. Patricio-Martínez,
and I. D. Limón, “Cannabidiol as a therapeutic target: evi-
dence of its neuroprotective and neuromodulatory function
in Parkinson’s disease,” Frontiers in Pharmacology, vol. 11,
article 595635, 2020.

[8] F. Gado, M. Digiacomo, M. Macchia, S. Bertini, and
C. Manera, “Traditional uses of cannabinoids and new per-
spectives in the treatment of multiple sclerosis,” Medicines,
vol. 5, no. 3, p. 91, 2018.

[9] L. Rapin, R. Gamaoun, C. El Hage, M. F. Arboleda, and
E. Prosk, “Cannabidiol use and effectiveness: real-world evi-
dence from a Canadian medical cannabis clinic,” Journal of
Cannabis Research, vol. 3, no. 1, p. 19, 2021.

13Behavioural Neurology

https://www.ncbi.nlm.nih.gov/books/NBK425767/
https://www.ncbi.nlm.nih.gov/books/NBK425767/


[10] A. Sharma, T. Singh, D. Pathak, T. Virmani, G. Kumar, and
A. Alhalmi, “Antidepressive-like effect of Aegle marmelos
leaf extract in chronic unpredictable mild stress-induced
depression-like behaviour in rats,” BioMed Research Interna-
tional, vol. 2022, Article ID 6479953, 16 pages, 2022.

[11] (US) NI of H, Study BSC, Information about mental illness
and the brain, 2007, June 2023, https://www.ncbi.nlm.nih
.gov/books/NBK20369/.

[12] F. Pellati, V. Borgonetti, V. Brighenti, M. Biagi, S. Benvenuti,
and L. Corsi, “Cannabis sativa L. and Nonpsychoactive Can-
nabinoids: Their Chemistry and Role against Oxidative
Stress, Inflammation, and Cancer,” BioMed Research Interna-
tional, vol. 2018, Article ID 1691428, 15 pages, 2018.

[13] M. Alegría, A. NeMoyer, I. Falgàs Bagué, Y. Wang, and
K. Alvarez, “Social determinants of mental health: where we
are and where we need to go,” Current Psychiatry Reports,
vol. 20, no. 11, p. 95, 2018.

[14] S. Chayasirisobhon, “The role of cannabidiol in neurological
disorders,” The Permanente Journal, vol. 25, no. 2, p. 1, 2021.

[15] M. Ryan, “Cannabidiol in epilepsy: the indications and beyond,”
Mental Health Clinician, vol. 10, no. 6, pp. 317–325, 2020.

[16] M. M. Aychman, D. L. Goldman, and J. S. Kaplan, “Cannabi-
diol’s neuroprotective properties and potential treatment of
traumatic brain injuries,” Frontiers in Neurology, vol. 14,
p. 1087011, 2023.

[17] C. Ibeas Bih, T. Chen, A. V. W. Nunn et al., “Molecular tar-
gets of cannabidiol in neurological disorders,” Neurothera-
peutics, vol. 12, no. 4, pp. 699–730, 2015.

[18] J. Fernández-Ruiz, O. Sagredo, M. R. Pazos et al., “Cannabi-
diol for neurodegenerative disorders: important new clinical
applications for this phytocannabinoid?,” British Journal of
Clinical Pharmacology, vol. 75, no. 2, pp. 323–333, 2013.

[19] H. J. VanDolah, B. A. Bauer, and K. F. Mauck, “Clinicians’
guide to cannabidiol and hemp oils,” Mayo Clinic Proceed-
ings, vol. 94, no. 9, pp. 1840–1851, 2019.

[20] J. D. Henson, L. Vitetta, and S. Hall, “Tetrahydrocannabinol
and cannabidiol medicines for chronic pain and mental
health conditions,” Inflammopharmacology, vol. 30, no. 4,
pp. 1167–1178, 2022.

[21] C. A. MacCallum, L. A. Lo, and M. Boivin, ““Is medical can-
nabis safe for my patients?” A practical review of cannabis
safety considerations,” European Journal of Internal Medi-
cine, vol. 89, pp. 10–18, 2021.

[22] A. Mazumder, A. Sharma, and M. A. Azad, “A comprehen-
sive review of the pharmacological importance of dietary fla-
vonoids as hepatoprotective agents,” Evidence-Based
Complementary and Alternative Medicine, vol. 2023, Article
ID 4139117, 17 pages, 2023.

[23] V. Micale and F. Drago, “Endocannabinoid system, stress and
HPA axis,” European Journal of Pharmacology, vol. 834,
pp. 230–239, 2018.

[24] A. Sharma, T. Virmani, A. Sharma et al., “Potential effect of
DPP-4 inhibitors towards hepatic diseases and associated glu-
cose intolerance,” Diabetes, Metabolic Syndrome and Obesity:
Targets and Therapy, vol. Volume 15, pp. 1845–1864, 2022.

[25] S. Bhunia, N. Kolishetti, A. Y. Arias, A. Vashist, and M. Nair,
“Cannabidiol for neurodegenerative disorders: a comprehen-
sive review,” Frontiers in Pharmacology, vol. 13, p. 989717,
2022.

[26] S. Zou and U. Kumar, “Cannabinoid receptors and the endo-
cannabinoid system: signaling and function in the central

nervous system,” International Journal of Molecular Sciences,
vol. 19, no. 3, p. 833, 2018.

[27] S. Silvestro, S. Mammana, E. Cavalli, P. Bramanti, and
E. Mazzon, “Use of cannabidiol in the treatment of epilepsy:
efficacy and security in clinical trials,” Molecules, vol. 24,
no. 8, p. 1459, 2019.

[28] R. Abu-Sawwa, B. Scutt, and Y. Park, “Emerging use of Epi-
diolex (cannabidiol) in epilepsy,” The Journal of Pediatric
Pharmacology and Therapeutics, vol. 25, no. 6, pp. 485–499,
2020.

[29] M. Wright, P. Di Ciano, and B. Brands, “Use of cannabidiol
for the treatment of anxiety: a short synthesis of pre-clinical
and clinical evidence,” Cannabis and Cannabinoid Research,
vol. 5, no. 3, pp. 191–196, 2020.

[30] J. Castillo-Arellano, A. Canseco-Alba, S. J. Cutler, and
F. León, “The polypharmacological effects of cannabidiol,”
Molecules, vol. 28, no. 7, p. 3271, 2023.

[31] C. Larsen and J. Shahinas, “Dosage, efficacy and safety of can-
nabidiol administration in adults: a systematic review of
human trials,” Journal of Clinical Medicine Research,
vol. 12, no. 3, pp. 129–141, 2020.

[32] C. Griffiths, J. Aikins, D. Warshal, and O. Ostrovsky, “Can
cannabidiol affect the efficacy of chemotherapy and epige-
netic treatments in cancer?,” Biomolecules, vol. 11, no. 5,
p. 766, 2021.

[33] M. Yousaf, D. Chang, Y. Liu, T. Liu, and X. Zhou, “Neuroprotec-
tion of cannabidiol, its synthetic derivatives and combination
preparations against microglia-mediated neuroinflammation
in neurological disorders,”Molecules, vol. 27, no. 15, p. 4961,
2022.

[34] S. D. Skaper and V. Di Marzo, “Endocannabinoids in nervous
system health and disease: the big picture in a nutshell,” Phil-
osophical Transactions of the Royal Society B: Biological Sci-
ences, vol. 367, no. 1607, pp. 3193–3200, 2012.

[35] S. Galiègue, S. Mary, J. Marchand et al., “Expression of central
and peripheral cannabinoid receptors in human immune tis-
sues and leukocyte subpopulations,” European Journal of Bio-
chemistry, vol. 232, no. 1, pp. 54–61, 1995.

[36] Z. Justinová, S. Yasar, G. H. Redhi, and S. R. Goldberg,
“The endogenous cannabinoid 2-arachidonoylglycerol is
intravenously self-administered by squirrel monkeys,” The
Journal of Neuroscience, vol. 31, no. 19, pp. 7043–7048,
2011.

[37] F. Shahbazi, V. Grandi, A. Banerjee, and J. F. Trant, “Canna-
binoids and cannabinoid receptors: the story so far,” iScience,
vol. 23, no. 7, p. 101301, 2020.

[38] D. G. Deutsch, “A personal retrospective: elevating ananda-
mide (AEA) by targeting fatty acid amide hydrolase (FAAH)
and the fatty acid binding proteins (FABPs),” Frontiers in
Pharmacology, vol. 7, 2016.

[39] G. T. Y. Yau, W. Tai, J. C. Arnold, H. K. Chan, P. C. L. Kwok,
and P. C. L. Kwok, “Cannabidiol for the treatment of brain
disorders: therapeutic potential and routes of administra-
tion,” Pharmaceutical Research, vol. 40, no. 5, pp. 1087–
1114, 2023.

[40] L. L. Anderson, N. L. Absalom, S. V. Abelev et al., “Coadmi-
nistered cannabidiol and clobazam: preclinical evidence for
both pharmacodynamic and pharmacokinetic interactions,”
Epilepsia, vol. 60, no. 11, pp. 2224–2234, 2019.

[41] J. Mlost, M. Bryk, and K. Starowicz, “Cannabidiol for pain
treatment: focus on pharmacology and mechanism of

14 Behavioural Neurology

https://www.ncbi.nlm.nih.gov/books/NBK20369/
https://www.ncbi.nlm.nih.gov/books/NBK20369/


action,” International Journal of Molecular Sciences, vol. 21,
no. 22, p. 8870, 2020.

[42] T. Stark, J. Ruda-Kucerova, F. A. Iannotti et al., “Peripubertal
cannabidiol treatment rescues behavioral and neurochemical
abnormalities in the MAM model of schizophrenia,” Neuro-
pharmacology, vol. 146, pp. 212–221, 2019.

[43] M. Di Bartolomeo, T. Stark, O. M. Maurel et al., “Crosstalk
between the transcriptional regulation of dopamine D2 and
cannabinoid CB1 receptors in schizophrenia: analyses in
patients and in perinatal Δ9-tetrahydrocannabinol-exposed
rats,” Pharmacological Research, vol. 164, p. 105357,
2021.

[44] F. C. Kong, C. L. Ma, and M. K. Zhong, “Epigenetic effects
mediated by antiepileptic drugs and their potential applica-
tion,” Current Neuropharmacology, vol. 18, no. 2, pp. 153–
166, 2020.

[45] A. L. B. Terzian, V. Micale, and C. T. Wotjak, “Cannabinoid
receptor type 1 receptors on GABAergic vs. glutamatergic
neurons differentially gate sex-dependent social interest in
mice,” European Journal of Neuroscience, vol. 40, no. 1,
pp. 2293–2298, 2014.

[46] A. L. Terzian, F. Drago, C. T. Wotjak, and V. Micale, “The
dopamine and cannabinoid interaction in the modulation
of emotions and cognition: assessing the role of cannabinoid
CB1 receptor in neurons expressing dopamine D1 receptors,”
Frontiers in Behavioral Neuroscience, vol. 5, 2011.

[47] A. Llorente-Berzal, A. L. B. Terzian, V. Di Marzo, V. Micale,
M. P. Viveros, and C. T. Wotjak, “2-AG promotes the expres-
sion of conditioned fear via cannabinoid receptor type 1 on
GABAergic neurons,” Psychopharmacology, vol. 232, no. 15,
pp. 2811–2825, 2015.

[48] P. Seeman, “Cannabidiol is a partial agonist at dopamine
D2High receptors, predicting its antipsychotic clinical dose,”
Translational Psychiatry, vol. 6, no. 10, p. e920, 2016.

[49] M. M. Goldenberg, “Overview of drugs used for epilepsy and
seizures: etiology, diagnosis, and treatment,” Pharmacy and
Therapeutics, vol. 35, no. 7, p. 392, 2010.

[50] F. Kühne, L. L. Becker, T. Bast et al., “Real-world data on
cannabidiol treatment of various epilepsy subtypes: a retro-
spective, multicenter study,” Epilepsia Open, vol. 8, no. 2,
pp. 360–370, 2023.

[51] B. Gunning, M. Mazurkiewicz-Bełdzińska, R. F. M. Chin
et al., “Cannabidiol in conjunction with clobazam: analysis
of four randomized controlled trials,” Acta Neurologica Scan-
dinavica, vol. 143, no. 2, pp. 154–163, 2021.

[52] J. P. Szaflarski, E. M. Bebin, G. Cutter et al., “Cannabidiol
improves frequency and severity of seizures and reduces
adverse events in an open-label add-on prospective study,”
Epilepsy & Behavior, vol. 87, pp. 131–136, 2018.

[53] E. A. Thiele, E. M. Bebin, F. Filloux et al., “Long-term canna-
bidiol treatment for seizures in patients with tuberous sclero-
sis complex: an open-label extension trial,” Epilepsia, vol. 63,
no. 2, pp. 426–439, 2022.

[54] E. A. Thiele, E. M. Bebin, H. Bhathal et al., “Add-on cannabi-
diol treatment for drug-resistant seizures in tuberous sclero-
sis complex,” JAMA Neurology, vol. 78, no. 3, pp. 285–292,
2021.

[55] C. Giuliano, M. Francavilla, G. Ongari et al., “Neuroprotec-
tive and symptomatic effects of cannabidiol in an animal
model of Parkinson’s disease,” International Journal of
Molecular Sciences, vol. 22, no. 16, p. 8920, 2021.

[56] S. Duty and P. Jenner, “Animal models of Parkinson’s dis-
ease: a source of novel treatments and clues to the cause of
the disease,” British Journal of Pharmacology, vol. 164,
no. 4, p. 1357, 2011.

[57] M. A. Leehey, Y. Liu, F. Hart et al., “Safety and tolerability of
cannabidiol in Parkinson disease: an open label, dose-
escalation study,” Cannabis and Cannabinoid Research,
vol. 5, no. 4, p. 326, 2020.

[58] D. J. Sholler, L. Schoene, and T. R. Spindle, “Therapeutic effi-
cacy of cannabidiol (CBD): a review of the evidence from
clinical trials and human laboratory studies,” Current Addic-
tion Reports, vol. 7, no. 3, p. 405, 2020.

[59] Z. Breijyeh, R. Karaman, D. Muñoz-Torrero, and
R. Dembinski, “Comprehensive review on Alzheimer’s dis-
ease: causes and treatment,” Molecules, vol. 25, no. 24,
p. 5789, 2020.

[60] M. Ożarowski, T. M. Karpiński, A. Zielińska, E. B. Souto, and
K. Wielgus, “Cannabidiol in neurological and neoplastic dis-
eases: latest developments on the molecular mechanism of
action,” International Journal of Molecular Sciences, vol. 22,
no. 9, p. 4294, 2021.

[61] G. Watt and T. Karl, “In vivo evidence for therapeutic prop-
erties of cannabidiol (CBD) for Alzheimer’s disease,” Fron-
tiers in Pharmacology, vol. 8, p. 20, 2017.

[62] V. Rani, R. Verma, K. Kumar, and R. Chawla, “Role of pro-
inflammatory cytokines in Alzheimer's disease and neuro-
protective effects of pegylated self-assembled nanoscaffolds,”
Current Research in Pharmacology and Drug Discovery,
vol. 4, p. 100149, 2023.

[63] Y. Wang, Y. Hong, J. Yan et al., “Low-dose delta-9-
tetrahydrocannabinol as beneficial treatment for aged APP/
PS1 mice,” International Journal of Molecular Sciences,
vol. 23, no. 5, p. 2757, 2022.

[64] R. A. C. Roos, “Huntington’s disease: a clinical review,”
Orphanet Journal of Rare Diseases, vol. 5, no. 1, p. 40, 2010.

[65] P. Consroe, J. Laguna, J. Allender et al., “Controlled clinical trial
of cannabidiol in Huntington's disease,” Pharmacology Bio-
chemistry and Behavior, vol. 40, no. 3, pp. 701–708, 1991.

[66] R. B. Child and M. J. Tallon, “Cannabidiol (CBD) dosing:
plasma pharmacokinetics and effects on accumulation in
skeletal muscle, liver and adipose tissue,” Nutrients, vol. 14,
no. 10, p. 2101, 2022.

[67] P. A. Melas, M. Scherma, W. Fratta, C. Cifani, and P. Fadda,
“Cannabidiol as a potential treatment for anxiety and mood
disorders: molecular targets and epigenetic insights from pre-
clinical research,” International Journal of Molecular Sciences,
vol. 22, no. 4, pp. 1–15, 2021.

[68] I. M. Linares, A. W. Zuardi, L. C. Pereira et al., “Cannabidiol
presents an inverted U-shaped dose-response curve in a sim-
ulated public speaking test,” Revista Brasileira de Psiquiatria,
vol. 41, no. 1, pp. 9–14, 2019.

[69] N. Masataka, “Anxiolytic effects of repeated cannabidiol
treatment in teenagers with social anxiety disorders,” Fron-
tiers in Psychology, vol. 10, p. 476036, 2019.

[70] A. W. Zuardi, N. P. Rodrigues, A. L. Silva et al., “Inverted
U-shaped dose-response curve of the anxiolytic effect of
cannabidiol during public speaking in real life,” Frontiers
in Pharmacology, vol. 8, 2017.

[71] S. C. Segerstrom and G. E. Miller, “Psychological stress and the
human immune system: a meta-analytic study of 30 years of
inquiry,” Psychological Bulletin, vol. 130, no. 4, p. 601, 2004.

15Behavioural Neurology



[72] N. Masataka, “Anxiolytic effects of repeated cannabidiol
treatment in teenagers with social anxiety disorders,” Psycho-
logical Bulletin, vol. 10, p. 2466, 2019.

[73] P. S. Fasinu, S. Phillips, M. A. ElSohly, and L. A. Walker,
“Current status and prospects for cannabidiol preparations
as new therapeutic agents,” Pharmacotherapy: The Journal
of Human Pharmacology and Drug Therapy, vol. 36, no. 7,
pp. 781–796, 2016.

[74] H. Hundal, R. Lister, N. Evans et al., “The effects of cannabi-
diol on persecutory ideation and anxiety in a high trait para-
noid group,” Journal of Psychopharmacology, vol. 32, no. 3,
pp. 276–282, 2018.

[75] E. W. Leen-Feldner, T. M. Bynion, R. Gournay, M. O. Bonn-
Miller, and M. T. Feldner, “Practical considerations for test-
ing the effects of cannabidiol on human anxiety,” Journal of
Anxiety Disorders, vol. 82, p. 102429, 2021.

[76] D. K. Fliegel and S. D. Lichenstein, “Systematic literature
review of human studies assessing the efficacy of cannabidiol
for social anxiety,” Psychiatry Research Communications,
vol. 2, no. 4, p. 100074, 2022.

[77] Z. Gáll, S. Farkas, Á. Albert et al., “Effects of chronic cannabi-
diol treatment in the rat chronic unpredictable mild stress
model of depression,” Biomolecules, vol. 10, no. 5, p. 801, 2020.

[78] C. Xu, T. Chang, Y. Du, C. Yu, X. Tan, and X. Li, “Pharmaco-
kinetics of oral and intravenous cannabidiol and its antide-
pressant- like effects in chronic mild stress mouse model,”
Environmental Toxicology and Pharmacology, vol. 70,
p. 103202, 2019.

[79] T. Oberbarnscheidt and N. S. Miller, “The impact of cannabi-
diol on psychiatric and medical conditions,” Journal of Clin-
ical Medicine Research, vol. 12, no. 7, p. 393, 2020.

[80] A. Batalla, H. Janssen, S. S. Gangadin, and M. G. Bossong,
“The potential of cannabidiol as a treatment for psychosis
and addiction: who benefits most? A systematic review,”
Journal of Clinical Medicine, vol. 8, no. 7, p. 1058, 2019.

[81] D. J. Allsop, J. Copeland, N. Lintzeris et al., “Nabiximols as an
agonist replacement therapy during cannabis withdrawal: a
randomized clinical trial,” JAMA Psychiatry, vol. 71, no. 3,
pp. 281–291, 2014.

[82] G. Wieckiewicz, I. Stokłosa, M. Stokłosa, P. Gorczyca, and
R. Pudlo, “Cannabidiol (CBD) in the self-treatment of
depression-exploratory study and a new phenomenon of
concern for psychiatrists,” Frontiers in Psychiatry, vol. 13,
p. 837946, 2022.

[83] C. Vaney, M. Heinzel-Gutenbrunner, P. Jobin et al., “Efficacy,
safety and tolerability of an orally administered cannabis
extract in the treatment of spasticity in patients with multiple
sclerosis: a randomized, double-blind, placebo-controlled,
crossover study,” Multiple Sclerosis Journal, vol. 10, no. 4,
pp. 417–424, 2004.

[84] H. Y. Li, S. J. Ward, S. Basavarajappa, E. Y. Laks, H. Li, and
S. J. Ward, “Non-psychoactive cannabinoid modulation of
nociception and inflammation associated with a rat model
of pulpitis,” Biomolecules, vol. 13, no. 5, p. 846, 2023.

[85] L. J. Rice, L. Cannon, N. Dadlani et al., “Efficacy of cannabi-
noids in neurodevelopmental and neuropsychiatric disorders
among children and adolescents: a systematic review,” Euro-
pean Child & Adolescent Psychiatry, vol. 1, pp. 1–22, 2023.

[86] T. S. Aladeen, A. G. Mattle, K. Zelen et al., “Medical cannabis
in the treatment of Parkinson’s disease,” Clinical Neurophar-
macology, vol. 46, no. 3, pp. 98–104, 2023.

[87] D. McCartney, M. J. Benson, B. Desbrow, C. Irwin, A. Suraev,
and I. S. Mcgregor, “Cannabidiol and sports performance: a
narrative review of relevant evidence and recommendations
for future research,” Sports Medicine-Open, vol. 6, no. 1,
pp. 1–18, 2020.

[88] S. Silvestro, G. Schepici, P. Bramanti, and E. Mazzon, “Molec-
ular targets of cannabidiol in experimental models of neuro-
logical disease,” Molecules, vol. 25, no. 21, p. 5186, 2020.

[89] N. Hange, S. Poudel, S. Ozair et al., “Managing chronic neu-
ropathic pain: recent advances and new challenges,” Neurol-
ogy Research International, vol. 2022, Article ID 8336561,
14 pages, 2022.

[90] C. Gao, M. Pielas, F. Jiao et al., “Epilepsy in Dravet syndro-
me—current and future therapeutic opportunities,” Journal
of Clinical Medicine, vol. 12, no. 7, p. 2532, 2023.

[91] M. Kwiatkoski, F. S. Guimarães, and E. Del-Bel, “Cannabi-
diol-treated rats exhibited higher motor score after cryogenic
spinal cord injury,” Neurotoxicity Research, vol. 21, no. 3,
pp. 271–280, 2012.

[92] S. Ahmed, R. M. Roth, C. N. Stanciu, and M. F. Brunette,
“The impact of THC and CBD in schizophrenia: a systematic
review,” Frontiers in Psychiatry, vol. 12, 2021.

[93] A. Di Salvo, M. B. Conti, and G. della Rocca, “Pharmacoki-
netics, efficacy, and safety of cannabidiol in dogs: an update
of current knowledge,” Frontiers in Veterinary Science,
vol. 10, article 1204526, 2023.

[94] B. Stella, F. Baratta, C. Della Pepa, S. Arpicco, D. Gastaldi,
and F. Dosio, “Cannabinoid formulations and delivery sys-
tems: current and future options to treat pain,” Drugs,
vol. 81, no. 13, pp. 1513–1557, 2021.

[95] C. M. Eddy, H. E. Rickards, and A. E. Cavanna, “Treatment
strategies for tics in Tourette syndrome,” Therapeutic
Advances in Neurological Disorders, vol. 4, no. 1, p. 25, 2011.

[96] J. Aviram, Y. Vysotski, P. Berman, G. M. Lewitus,
E. Eisenberg, and D. Meiri, “Migraine frequency decrease fol-
lowing prolonged medical cannabis treatment: a cross-
sectional study,” Brain Sciences, vol. 10, no. 6, pp. 1–15, 2020.

[97] D. Fron and K. Taylor, “Medicinal cannabis for paediatric
developmental, behavioural and mental health disorders,”
International Journal of Environmental Research and Public
Health, vol. 20, no. 8, p. 5430, 2023.

[98] J. Peng, M. Fan, C. An, F. Ni, W. Huang, and J. Luo, “A nar-
rative review of molecular mechanism and therapeutic effect
of cannabidiol (CBD),” Basic & Clinical Pharmacology &
Toxicology, vol. 130, no. 4, pp. 439–456, 2022.

[99] O. Flabeau, W. G. Meissner, and F. Tison, “Multiple system
atrophy: current and future approaches to management,”
Therapeutic Advances in Neurological Disorders, vol. 3,
no. 4, p. 249, 2010.

[100] M. S. García-Gutiérrez, F. Navarrete, A. Gasparyan,
A. Austrich-Olivares, F. Sala, and J. Manzanares, “Cannabi-
diol: a potential new alternative for the treatment of anxiety,
depression, and psychotic disorders,” Biomolecules, vol. 10,
no. 11, p. 1575, 2020.

[101] R. Nachnani, W. M. Raup-Konsavage, and K. E. Vrana, “The
pharmacological case for cannabigerol,” Journal of Pharma-
cology and Experimental Therapeutics, vol. 376, no. 2,
pp. 204–212, 2021.

[102] R. von Wrede, C. Helmstaedter, and R. Surges, “Cannabidiol
in the treatment of epilepsy,” Clinical Drug Investigation,
vol. 41, no. 3, p. 211, 2021.

16 Behavioural Neurology



[103] O. Devinsky, J. H. Cross, L. Laux et al., “Cannabidiol in
Dravet Syndrome Study Group. Trial of cannabidiol for
drug-resistant seizures in the Dravet syndrome,” New
England Journal of Medicine, vol. 376, no. 21, pp. 2011–
2020, 2017.

[104] A. W. Zuardi, J. A. S. Crippa, J. E. C. Hallak et al., “Cannabi-
diol for the treatment of psychosis in Parkinson’s disease,”
Journal of Psychopharmacology, vol. 23, no. 8, pp. 979–983,
2008.

[105] E. A. Thiele, E. D. Marsh, J. A. French et al., “Cannabidiol in
patients with seizures associated with Lennox-Gastaut syn-
drome (GWPCARE4): a randomised, double-blind, placebo-
controlled phase 3 trial,” Lancet, vol. 391, no. 10125,
pp. 1085–1096, 2018.

[106] E. M. Blessing, M. M. Steenkamp, J. Manzanares, and C. R.
Marmar, “Cannabidiol as a potential treatment for anxiety dis-
orders,” Neurotherapeutics, vol. 12, no. 4, pp. 825–836, 2015.

[107] E. H. Kaplan, E. A. Offermann, J. W. Sievers, and A. M. Comi,
“Cannabidiol treatment for refractory seizures in Sturge-
Weber syndrome,” Pediatric Neurology, vol. 71, pp. 18–
23.e2, 2017.

[108] S. Shannon, N. Lewis, H. Lee, and S. Hughes, “Cannabidiol in
anxiety and sleep: a large case series,” Permanente Journal,
vol. 23, no. 1, 2019.

[109] F. Navarrete, M. S. García-Gutiérrez, A. Gasparyan,
A. Austrich-Olivares, and J. Manzanares, “Role of cannabi-
diol in the therapeutic intervention for substance use disor-
ders,” Frontiers in Pharmacology, vol. 12, article 626010,
2021.

[110] C. J. A. Morgan, R. K. Das, A. Joye, H. V. Curran, and S. K.
Kamboj, “Cannabidiol reduces cigarette consumption in
tobacco smokers: preliminary findings,” Addictive Behaviors,
vol. 38, no. 9, pp. 2433–2436, 2013.

[111] M. C. Paolino, A. Ferretti, L. Papetti, M. P. Villa, and P. Parisi,
“Cannabidiol as potential treatment in refractory pediatric
epilepsy,” Expert Review of Neurotherapeutics, vol. 16, no. 1,
pp. 17–21, 2016.

[112] S. Pisanti, A.M.Malfitano, E. Ciaglia et al., “Cannabidiol: state
of the art and new challenges for therapeutic applications,”
Pharmacology & Therapeutics, vol. 175, pp. 133–150, 2017.

[113] R. Nabbout, A. Arzimanoglou, S. Auvin et al., “Retrospective
chart review study of use of cannabidiol (CBD) independent
of concomitant clobazam use in patients with Lennox-
Gastaut syndrome or Dravet syndrome,” Seizure: European
Journal of Epilepsy, vol. 110, pp. 78–85, 2023.

[114] P. McGuire, P. Robson, W. J. Cubala et al., “Cannabidiol
(CBD) as an adjunctive therapy in schizophrenia: a multicen-
ter randomized controlled trial,” American Journal of Psychi-
atry, vol. 175, no. 3, pp. 225–231, 2018.

[115] U. Raucci, N. Pietrafusa, M. C. Paolino et al., “Cannabidiol
treatment for refractory epilepsies in pediatrics,” Frontiers
in Pharmacology, vol. 11, no. 1, 2020.

[116] I. Dykukha, U. Essner, H. Schreiber, L. M. Raithel, and I. K.
Penner, “Effects of SativexⓇ on cognitive function in patients
with multiple sclerosis: a systematic review and meta-analy-
sis,” Multiple Sclerosis and Related Disorders, vol. 68, article
104173, 2022.

[117] A. Stasiulewicz, K. Znajdek, M. Grudzień, T. Pawiński, and
J. I. Sulkowska, “A guide to targeting the endocannabinoid
system in drug design,” International Journal of Molecular
Sciences, vol. 21, no. 8, p. 2778, 2020.

[118] J. Manzanares, M. Julian, and A. Carrascosa, “Role of the can-
nabinoid system in pain control and therapeutic implications
for the management of acute and chronic pain episodes,”
Current Neuropharmacology, vol. 4, no. 3, p. 239, 2006.

[119] H. Lowe, N. Toyang, B. Steele, J. Bryant, and W. Ngwa, “The
endocannabinoid system: a potential target for the treatment
of various diseases,” International Journal of Molecular Sci-
ences, vol. 22, no. 17, p. 9472, 2021.

[120] A. Vasincu, R. N. Rusu, D. C. Ababei et al., “Exploring the
therapeutic potential of cannabinoid receptor antagonists in
inflammation, diabetes mellitus, and obesity,” Biomedicines,
vol. 11, no. 6, p. 1667, 2023.

[121] B. M. Wiese, E. Liktor-Busa, S. A. Couture et al., “Brain pen-
etrant, but not peripherally restricted, synthetic cannabinoid
1 receptor agonists promote morphine-mediated respiratory
depression,” Cannabis and Cannabinoid Research, vol. 7,
no. 5, pp. 621–627, 2022.

[122] I. M. Tudorancea, M. Ciorpac, G. D. Stanciu et al., “The ther-
apeutic potential of the endocannabinoid system in age-
related diseases,” Biomedicines, vol. 10, no. 10, p. 2492, 2022.

[123] C. Ho, D. Martinusen, and C. Lo, “A review of cannabis in
chronic kidney disease symptom management,” Canadian
Journal of Kidney Health and Disease, vol. 6, 2019.

[124] P. Pacher and G. Kunos, “Modulating the endocannabinoid
system in human health and disease: successes and failures,”
FEBS Journal, vol. 280, no. 9, p. 1918, 2013.

[125] M. P. Viveros, E. M. Marco, and S. E. File, “Endocannabinoid
system and stress and anxiety responses,” Pharmacology Bio-
chemistry and Behavior, vol. 81, no. 2, pp. 331–342, 2005.

[126] S. B. Maggirwar and J. H. Khalsa, “The link between cannabis
use, immune system, and viral infections,” Viruses, vol. 13,
no. 6, p. 1099, 2021.

[127] D. De Gregorio, R. J. McLaughlin, L. Posa et al., “Cannabidiol
modulates serotonergic transmission and reverses both allo-
dynia and anxiety-like behavior in a model of neuropathic
pain,” Pain, vol. 160, no. 1, pp. 136–150, 2019.

[128] J. D. Henson, L. Vitetta, M. Quezada, and S. Hall, “Enhancing
endocannabinoid control of stress with cannabidiol,” Journal
of Clinical Medicine, vol. 10, no. 24, p. 5852, 2021.

[129] P. Pacher, S. Bátkai, and G. Kunos, “The endocannabinoid
system as an emerging target of pharmacotherapy,” Pharma-
cological Reviews, vol. 58, no. 3, p. 389, 2006.

[130] J. D. Brown and A. G. Winterstein, “Potential adverse drug
events and drug–drug interactions with medical and con-
sumer cannabidiol (CBD) use,” Journal of Clinical Medicine,
vol. 8, no. 7, p. 989, 2019.

[131] K. Iffland and F. Grotenhermen, “An update on safety and
side effects of cannabidiol: a review of clinical data and rele-
vant animal studies,” Cannabis and Cannabinoid Research,
vol. 2, no. 1, pp. 139–154, 2017.

[132] C. Broberger, “Brain regulation of food intake and appetite:
molecules and networks,” Journal of Internal Medicine,
vol. 258, no. 4, pp. 301–327, 2005.

[133] A. L. Haycraft, “Cannabis update: anxiety disorders and post-
traumatic stress disorder,” Journal of the American Associa-
tion of Nurse Practitioners, vol. 35, no. 5, pp. 276–280, 2023.

[134] S. Jugl, R. Sajdeya, E. J. Morris, A. J. Goodin, and J. D. Brown,
“Much ado about dosing: the needs and challenges of defin-
ing a standardized cannabis unit,” Medical Cannabis and
Cannabinoids, vol. 4, no. 2, p. 121, 2021.

17Behavioural Neurology


	Emerging Therapeutic Potential of Cannabidiol (CBD) in Neurological Disorders: A Comprehensive Review
	1. Introduction
	2. Neurological Disorders and Their Impact
	3. Cannabidiol (CBD): An Overview
	4. Mechanisms of Action of CBD in Neurological Disorders
	5. Potential Benefits of CBD in Neurological Disorders
	5.1. The Effect of Cannabidiol (CBD) on Epilepsy Condition
	5.2. The Effect of CBD on Parkinson’s Disease
	5.3. The Effect of CBD on Alzheimer’s Condition
	5.4. The Effect of CBD on Huntington’s Disease
	5.5. The Effect of CBD on Anxiety
	5.6. The Effect of CBD on Depression

	6. Safety and Side Effects of CBD
	7. Challenges in CBD Research
	8. Future Directions
	9. Conclusion
	Data Availability
	Conflicts of Interest



