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Highlights 

• CBD is clinically effective in severe treatment-resistant epilepsies, reducing seizure frequency 
and severity 

• The clinical evidence for the effectiveness of CBD in neuropathic pain, Alzheimer's and 
Parkinson’s disease is still limited 

• Robust, large-scale clinical studies are needed to establish the therapeutic value of CBD in 
neurological conditions while addressing safety considerations and the regulatory status of 
cannabis-based medicines 

Abstract 

Cannabidiol (CBD) is one of the most studied compounds of Cannabis sativa plant that gained much 
interest due to its therapeutic and beneficial properties, which have been confirmed in numerous 
preclinical and clinical studies over the last few years. A great advantage of CBD over the other 
widely known Cannabis sativa ingredient, Δ-9-tetrahydrocannabinol (THC), is that CBD does not exert 
intoxicating and psychoactive effects, making it an attractive candidate for therapeutic applications 
in neurological disorders. CBD has been proven to exert anti-oxidative, analgesic, anti-inflammatory, 
and neuroprotective effects that may serve as a therapeutic promise for various neurological 
conditions. To date, the only drug that consists solely of highly purified CBD is Epidiolex, which is 
used in the management of severe forms of epilepsy such as Dravet syndrome and Lennox-Gastaut 
syndrome. Another legal medication containing CBD (however with the addition of THC) is Sativex, 
used to alleviate spasticity in multiple sclerosis. Besides epilepsy, preclinical data suggest that CBD 
alone may be potentially beneficial in treating chronic pain, multiple sclerosis, Alzheimer's and 
Parkinson's diseases, or stroke. The safety profile of CBD is generally considered favorable, as the 
most commonly reported adverse effects are mild (e.g., somnolence, diarrhea). However, much 
attention should be paid as CBD-driven drug-drug interactions have been reported. This review 
article aims to assess the outcomes from already conducted preclinical and clinical research exploring 
CBD's effects in various neurological conditions, while also addressing potential risks and concerns 
related to its use. 

Keywords: cannabidiol (CBD); epilepsy; multiple sclerosis; neuropathic pain; Parkinson’s disease; 
Alzheimer's disease; stroke; traumatic brain injury; nabiximols; Epidiolex 
 

1. Introduction 

Cannabidiol (CBD) is a phytocannabinoid that naturally occurs in the Cannabis sativa plant. In 
recent years, CBD has been intensively studied in preclinical models and clinical trials to see its 
effectiveness in reducing symptoms of various diseases. These reports show that CBD is able to 
reduce pain, inflammation, and improve behavioral conditions in different pathological states. The 
other best-known component of Cannabis is Δ-9-tetrahydrocannabinol (THC). However, THC causes 
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psychoactive effects, which is why its use in the clinic is limited. In contrast to THC, CBD does not 
possess psychoactive properties and offers potential therapeutic benefits and is now extensively 
studied in other models of various disorders, both in vitro and in vivo. Preliminary studies show its 
effectiveness in diseases such as chronic pain, anxiety, and sleep disorders [1–4]. In the clinic, the 
most well-established and legally approved application of CBD is its use as an anticonvulsant in the 
treatment of epilepsy. The drug Epidiolex is approved in the United States to treat seizures associated 
with Lennox-Gastaut syndrome, Dravet syndrome, or tuberous sclerosis in patients 1 year of age and 
older, whereas in Europe (Epidyolex), it is approved from 2 years of age. The main aim of this article 
is to review the latest research on the effects of CBD in diseases such as epilepsy, multiple sclerosis, 
Alzheimer's disease, stroke, traumatic brain injury, Parkinson’s disease and chronic pain (Figure 1) 
and summarize the latest discoveries and future directions in scientific research. 

 

Figure 1. The application of cannabidiol in various neurological disorders reviewed in the article. Created in 
BioRender. Bialon, M. (2026) https://BioRender.com/t4plwbj. 

2. Pharmacological Profile of CBD 

The endocannabinoid system (ECS) consists of main endocannabinoids: anandamide (AEA) and 
2-arachidonoylglycerol (2-AG), cannabinoid receptors CB1 and CB2, and enzymes responsible for its 
synthesis and degradation. THC - the main psychoactive component of Cannabis sativa binds directly 
to the CB1 receptors in the central nervous system, and this profile of action is responsible for its 
psychoactive effects, such as anxiety, psychosis, impaired coordination, and cognition [5]. CBD’s 
mechanism of action is less direct: it does not directly bind to CB1 or CB2 receptors with high affinity, 
but modulates ECS activity and influences other non-cannabinoid receptors, such as serotonin 
receptors (mainly 5-HT1A), transient receptor potential (TRP) channels, and is an antagonist of G 
protein-coupled receptor 55 (GPR55) [6–8]. That is why it does not produce psychoactive effects like 
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THC. CBD also influences the ECS by inhibiting the enzyme FAAH, which is responsible for breaking 
down AEA. As a result, the level of AEA in the synapse is elevated, and its signal is prolonged. CBD 
also acts as an antagonist of FKBP5, a protein in the immunophilin family that promotes inflammation 
by activating NF-κB [9] and facilitating interactions of IκB kinase (IKK) subunits [10]. CBD directly 
binds to FKBP5, increases its stability, and inhibits the assembly of the IKK complex and the 
activation of NF-κB. This action prevents the production of pro-inflammatory factors, such as nitric 
oxide (NO), interleukin 1β (IL-1β), interleukin 6 (IL-6), and tumor necrosis factor α (TNF-α), which 
are normally triggered by LPS-induced NF-κB activity [11]. This broad spectrum of action forms the 
basis for its diverse therapeutic and neuroprotective effects. 

CBD may be administered through various routes. In preclinical studies, the most common are: 
intraperitoneal injection, oral gavage, inhalation, or subcutaneous injection. Clinically, CBD is usually 
administered orally in the form of oils, capsules, or edible products. CBD works the fastest when 
vaporized; this formula also offers the highest bioavailability, however may cause pulmonary 
problems. Topical and transdermal formulations are used for localized conditions. The method of 
CBD delivery plays a crucial role in determining its absorption, metabolism, and therapeutic 
effectiveness therefore, the selection of the appropriate route is essential for experimental studies and 
medical treatment. CBD is hydrophobic, which leads to poor absorption, and the portion that does 
get absorbed undergoes significant first-pass metabolism. The research shows that the bioavailability 
of CBD after oral administration is approximately 6%, but can be increased fourfold when CBD is 
administered with a high-fat meal [12]. Other studies indicate that the oral bioavailability of CBD 
fluctuates around 9-13%. Compared to other routes of administration, the onset of action for an oral 
dose is slower, generally occurring within 30 minutes to 2 hours [13]. The bioavailability following 
smoking is around 31% [14]. Moreover, the half-life is around 1.4-10.9 hours after oromucosal spray, 
2–5 days after chronic oral administration, 24 hours after i.v., and 31 hours after smoking [14]. In 
summary, CBD has low oral bioavailability, which can be improved by administration with high-fat 
food or by using alternative routes of administration [15]. First-pass metabolism in the liver and poor 
intestinal absorption are the main pharmacokinetic limitations of CBD. 

Despite rarely reported side effects and generally being perceived as a safe substance (in contrast 
to THC), CBD can sometimes cause side effects such as liver toxicity, drowsiness, gastrointestinal 
problems, or may interact with other drugs. Most of CBD’s adverse effects are mild; however, CBD 
can interact with other drugs the patient is taking. It was found that CBD co-administered with other 
classes of drugs, such as clobazam and valproate, can cause serious adverse effects [16]. A meta-
analysis of randomized clinical trials shows that most of CBD’s adverse effects occur in children. 
When studies in childhood epilepsy were excluded, the only adverse outcome associated with CBD 
treatment was diarrhoea [17]. This suggests CBD is, in general, well-tolerated and has relatively few 
serious side effects. The toxicity of CBD mostly depends on its dose; in doses higher than 
recommended for use in humans, it may cause developmental toxicity, embryo mortality, 
neurotoxicity, hepatotoxicity, male reproductive system changes, and spermatogenesis reduction, 
organ weight alterations, or hypotension [18]. Some meta-analyses show that CBD is highly effective 
in treating epilepsy; however, its effectiveness in other conditions is mixed or comparable to that of 
a placebo [19] (Table 1). These studies emphasize that the side effects of CBD are usually mild, but 
can be serious in interactions with medications (e.g., hepatotoxicity). 
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Table 1. Overview of clinical studies on CBD use in neurological disorders. 

Disease  Type of study Administered 
compounds and dosage  

Subjects Time  Endpoint/outcomes Results Reference 

DS 
 

multinational, 
randomized, placebo-

controlled double-blind 
trial 

CBD 20 mg/kg/day or 
placebo, in addition to 
standard antiepileptic 

treatment 

120 children and 
young adults 

4-week baseline period, a 14-
week treatment period (2 weeks 
of dose escalation and 12 weeks 
of dose maintenance), a 10-day 

taper period, and a 4-week 
safety follow-up period 

change in convulsive-seizure 
frequency over a 14-week 

treatment period, as compared 
with a 4-week baseline period 

positive 
 

 [20] 

LGS 
 

randomised, double-
blind, placebo-
controlled trial 

20 mg/kg oral CBD daily 
or matched placebo 

171 patients 
receiving CBD 

(n=86) or placebo 
(n=85) 

14 weeks 

percentage change from 
baseline in the monthly 

frequency of drop seizures 
during the treatment period 

positive [21] 

LGS 
double-blind, placebo-

controlled trial  
CBD 10 mg/kg, 20 mg/kg 

bw or placebo  

293 patients were 
assessed; 68 were 

excluded 

4-week baseline period + 14-
week treatment period (2 weeks 
of dose escalation, followed by 
12 weeks of stable dosing + a 

tapering period of up to 10 days 
+ a 4-week safety follow-up 

period  
 

The primary outcome was the 
percentage change from 

baseline in the frequency of 
drop seizures (average per 28 

days). 
 

positive [22] 

Drug-resistant 
focal epilepsy 

randomized, double-
blind, placebo-

controlled multicenter 
clinical trial 

195 mg 
(approximately 2.6 
mg/kg) or 390 mg 
(approximately 5.3 

mg/kg) transdermal CBD 
or placebo; twice daily 

188 patients (85 M; 
103 F), 18-70 years 

old 
12 weeks 

least squares mean difference in 
the log-transformed total 

seizure frequency per 28-day 
period, adjusted to a common 

baseline log seizure rate, during 
the 12-week treatment period 

negative [23] 

LGS 
open-label extension 

trial 

Epidiolex (100 mg/mL), 
titrated from 2.5 to 20 

mg/kg/day; addition to 
existing AEDs. 

treatment was 
ongoing in 299 

patients, 2-55 years 
old, 54% M; 46% F; 

208 patients had 

Median treatment duration was 
263 days (38 weeks; range 3-430 

days),  

to evaluate the long-term safety 
and tolerability of adjunctive 

CBD treatment 
positive [24] 
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completed 48 weeks 
of treatment 

Drug-resistant 
epilepsy 

prospective, open-label 
cohort study 

CBDl as an adjunct anti-
epileptic drug, titrated to 

a maximum of 25 
mg/kg/day 

22 boys and 18 girls 
were enrolled; their 
mean age was 8.4 
years (median, 8.5 
years; range, 1.6-

16.6 years; 36 
completed 12 

weeks’ therapy 

12 weeks  

evaluation tolerability and 
safety of CBD for treating drug-

resistant epilepsy in children, 
and to describe adverse events 
associated with such treatment 

positive [25] 

MS spasticity 
Randomized controlled 

trial 
 

Sativex® (cannabis based 
medicine - CBM); subjects 
were instructed to titrate 
their daily dose steadily 

as required over 2 weeks, 
to a maximum of 48 

sprays per day  

189 subjects were 
randomized (124 to 

CBM, and 65 to 
placebo); subjects 

over 18 years of age; 
75 M, 114 F 

6 weeks 

change from baseline in the 
severity of spasticity based on a 
daily diary assessment by the 
subject on a 0–10 numerical 

rating scale (NRS) 

positive [26] 

MS spasticity 

a double-blind, 
placebo-controlled, 
randomised clinical 

trial 
 

Sativex®; patients 
up-titrated the dosage of 

THC:CBD spray to a 
maximum of 12 

sprays/day or placebo 
 

≥18 yo; Phase B: 109 
patients; for placebo 

(n 
= 46), THC:CBD 

spray (n = 48) 

12 weeks phase B 

≥ 30% improvement of the 
numerical rating scale (NRS) of 

spasticity 
 

positive 
 

[27] 

MS spasticity 

phase 3, randomized, 
double-blind, placebo-

controlled crossover 
trial 

 

Nabiximols; 2 treatment 
periods. Treatment 

periods consisted of a 14-
day dose titration phase, 
in which patients were 
advised to titrate their 
dose beginning with 1 

spray/day to an 
individually optimized 
dose, up to a maximum 

of 12 sprays/day 

68 patients  21 + 21 days 

change in velocity-dependent 
muscle tone as measured by the 
MAS Lower Limb Muscle Tone-
6 from day 1 predose to day 21 

(period 1) and from day 31 
predose to day 51 (period 2) 

the 
primary 
endpoint 
was not 

met  

[28] 
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MS spasticity 
Randomized controlled 

trial, double-blind 
 

Sativex 
189 subjects with 
definite MS and 

spasticity 
6 weeks 

The change from baseline in the 
severity of spasticity based on a 
daily diary assessment by the 
subject on a 0–10 numerical 

rating scale (NRS) 

positive [29] 

MS spasticity 
double-blinded clinical 

trial  

CBD C2 oral drops; 
initially 5 mg/day, 

increasing to 70 mg/day 
over 2 weeks, and 80 

mg/day from the third 
week to the fourth week 

49 MS patients; CBD 
(n = 24) or a placebo 

(n = 25); the mean 
age was 40.65 ± 7.35 

years 

8 weeks (4 weeks of treatment 
and 4 weeks of follow-up) 

spasticity reduction measured 
in T25-FW test 

mixed [30] 

AD 

randomized, double-
blind, placebo-
controlled trial 

 

oral capsules of CBD (200 
mg) or placebo, starting 

with one capsule/day and 
titrated upwards to 3 

capsules/day;  

patients AD and 
BPSD; 15 received 

treatment (n = 8 
CBD and n = 7 

placebo); mean age 
of 77.91 years 

(±8.08) 

6 weeks 

the primary endpoints were 
acceptability, adherence to 

treatment, and retention rates 
from baseline to week 6, while 
secondary outcomes included 
safety/tolerability and clinical 

and cognitive measures  

according 
to 

primary 
endpoints: 

positive 

[31] 

AD 

randomised, double-
blind, placebo-

controlled feasibility 
trial 

 

Sativex®; The target dose 
was four sprays/day of 

nabiximols (10.8-mg 
THC/10-mg CBD) or 

placebo, titrated up from 
one spray per day for the 

first 3 days to a 
maximum dose of four 

sprays/day 

24 ineligible 
participants (14 to 

placebo, 15 to 
nabiximols 

8 weeks (4 weeks of treatment + 
4 weeks of observations) 

to assess the feasibility and 
safety of nabiximols as a 

potential treatment for agitation 
in AD, defined by meeting four 

prespecified thresholds for 
recruitment, retention, 

adherence, and estimating a 
minimum effect size (≥0.3) on 

the Cohen–Mansfield Agitation 
Inventory (CMAI) score at 

Week 4 

the 
clinical 

effect size 
for CMAI 

did not 
reach the 
desired 

threshold 
 

[32] 

Dementia 
randomized, double-

blind, placebo-
controlled trial 

“Avidekel,” cannabis oil 
(30% CBD and 1% THC: 
295 mg and 12.5 mg per 
ml, respectively); 3 times 

a day 

60 with a diagnosis 
of major 

neurocognitive 
disorder and 

associated 

16 weeks 

decrease, as compared to 
baseline, of four or more points 

on the Cohen-Mansfield 
Agitation Inventory score by 

week 16 

positive [33] 
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behavioral 
disturbances; mean 

age, 79.4 years; 
cannabis oil n=40; 

placebo n=20 

PD 
double-blind 

randomized controlled 
trial 

sublingual CBD-enriched 
product (101.9 mg/ml 

CBD, 4.8 mg/ml 
tetrahydrocannabinol 

[THC]) 

Sixty PD patients 
were randomized 

into CBD (n = 30) or 
placebo (n = 30) 

12 weeks 

CBD was safe (no adverse 
effects on motor, cognitive, or 

affective symptoms), improved 
Montreal Cognitive Assessment 

naming scores, but language 
scores increased in the placebo 

group but remained unchanged 
in the CBD group[34] 

equivocal [34] 

Persons with PD 
with ≥20 on 

motor 
Movement 

Disorder Society 
Unified 

Parkinson's 
Disease Rating 

Scale 

Randomized Trial 

cannabis extract oral 
sesame oil solution 

increasing to final dose of 
2.5 mg/kg/day 

CBD/THC (n = 31) 
or placebo (n = 30) 

2 weeks 
no benefit, worsened cognition 
and sleep, many mild adverse 

events, strong placebo response 
negative [35] 

PD 

randomised, double-
blinded, placebo-

controlled crossover 
clinical trial 

CBD at a dose of 300 mg 
24 individuals with 

PD, placebo 
two experimental sessions 

within a 15-day interval 

CBD attenuated the anxiety 
experimentally induced by the 
Simulated Public Speaking Test 

positive [36] 

Essential tremor 
randomized, controlled, 
double-blind, crossover 

study 

single oral dose of CBD 
(300 mg) or placebo 

19 patients, 10 
males, 9 females, 
mean 63 years of 

age 

two experimental sessions 
performed 2-weeks apart 

no significant differences in 
upper limb tremors score, 
specific motor task tremor 

scores (writing and 
drawing/pouring) or clinical 

impression of change 

negative [37] 
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PD 
exploratory double-

blind trial 

three groups of 7 subjects 
each, treated with 

placebo, cannabidiol 
(CBD) 75 mg/day or CBD 

300 mg/day 

21 PD patients 
without dementia or 

comorbid 
psychiatric 
conditions 

 

no statistically significant 
differences in general 

symptoms score, plasma BDNF 
levels or H1-MRS measures, 

CBD 300 mg/day had 
significantly different mean 
total scores in the well-being 

and quality of life 

positive [38] 

Peripheral 
neuropathy 

Randomized and 
placebo controlled trial 

Oil: 250 mg CBD/3 fl. oz 

29 patients with 
symptomatic 

peripheral 
neuropathy: 15 

CBD, 14 placebo 

4 weeks 

reduction in intense pain, sharp 
pain, cold and itchy sensations 

in the CBD group when 
compared to the placebo group 

positive [39] 

Chronic low 
back pain 

randomized, placebo-
controlled phase 3 trial 

VER-01: a standardized 
full-spectrum extract 

from the Cannabis sativa 
L. strain DKJ127, each 

dose unit (119 µl) 
contains 50 µl of the 
extract (2.5 mg THC, 

0.1 mg cannabigerol and 
0.02 mg CBD, sesame oil 

as excipient) 

820 participants 
randomly assigned 
to VER-01 (n = 394) 
or placebo (n = 426) 

2-week treatment phase (phase 
A), a 6-month open-label 

extension (phase B), followed 
by either a 6-month 

continuation (phase C) or 
randomized withdrawal (phase 

D) 

reduced pain compared to the 
placebo group; the compound 

was also well-tolerated with no 
signs of dependence or 

withdrawal 

positive [40] 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2025 doi:10.20944/preprints202512.1733.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.1733.v1
http://creativecommons.org/licenses/by/4.0/


 9 of 28 

 

3. Evidence in Specific Neurological Disorders 

3.1. Epilepsy 

Epilepsy is a neurological disorder defined by recurrent, spontaneous seizures and accompanied 
by a wide range of alterations, including molecular impairments as well as behavioral, psychological, 
and social disturbances [41]. ECS is known to regulate excitatory/inhibitory balance within neuronal 
circuits, and alterations of ECS markers have been reported in both epileptic patients [42,43] and 
animal models of the disease [44–47]. For that reason, targeting the ECS represents a promising target 
for the development of novel therapeutics with anticonvulsant properties. The first anticonvulsant 
effects of Cannabis were noted in the late nineteenth century by British neurologists who observed 
decreased seizure frequency in epileptic subjects treated with Cannabis [48,49]. However, since the 
70-80’ of the twentieth century, CBD has remained understudied in terms of its anticonvulsant action. 
The research paper by Chiu and coworkers [50] was among the first published papers to investigate 
the antiepileptic effects of CBD in a rat model of epilepsy. They demonstrated that CBD exhibits 
significant anticonvulsant activity and, importantly, even at high doses, does not exacerbate the 
symptoms of focal epilepsy. Within years, the body of preclinical and clinical research on the effects 
of CBD in epilepsy has expanded substantially over the past decades. Relying on this growing 
evidence, several experimental studies have explored the underlying cellular and molecular 
mechanisms through which CBD exerts its anticonvulsant and neuroprotective actions in the CNS.  

In in vitro kainate-induced seizure model, CBD has been shown to exert a neuroprotective effect, 
as it reverted phagocytosis of damaged neurons and blocked the M0 to M1 microglia transition via 
TRPV2 and 5-HT1A receptors mediated mechanisms [51]. In electrophysiological studies, CBD (10 
µM) was reported to reduce excitability between pyramidal cell synapses in a voltage-dependent 
manner and enhance inhibitory synaptic potentials (IPSPs), independently of CB1 receptor [52]. 
Similar results have been found by [53] showing that CBD is able to inhibit epileptiform activity in 
vitro, potentially in a CB1 receptor-independent manner. More recently, CBD has been shown to 
reduce seizure-like events (SLE) in neocortical mice slices by decreasing seizure amplitude and 
frequency [54]. Additionally, CBD reduces glutamate release from highly purified isolated nerve 
terminals [55], modulates synaptic transmission of the human cortex, and decreases the intrinsic 
excitability of human pyramidal neurons [56]. As CBD does not bind to NMDA or AMPA receptors 
[57], other indirect mechanisms are thought to mediate the decreased glutamatergic response. 
Interestingly, Song and coworkers proposed a novel, possible mechanism of anticonvulsant CBD’s 
action through the DEC2–SCN2A regulatory axis, a quite novel molecular pathway, by upregulating 
DEC2 expression and reinforcing its direct transcriptional inhibition of the sodium voltage-gated 
channel alpha subunit 2 (SCN2A), contributing to the suppression of excessive neuronal activity [58]. 
Noteworthy, DEC2 is reported to be upregulated in hippocampal tissue of the temporal lobe epilepsy 
(TLE) mice model [59], which points to its possible role in regulating neuronal excitability. 

Results from in vitro experiments have been further validated by in vivo preclinical studies and 
animal behavioral assessments. CBD demonstrates efficacy in various animal models, particularly 
those simulating drug-resistant pediatric epilepsies [60,61]. CBD displays both antiepileptiform and 
antiseizure properties in vivo, showing anticonvulsant effects in models of temporal lobe and partial 
seizures [62]. In the FeCl3-induced posttraumatic epilepsy rat model, Ma and coworkers reported 
reduced severity of seizures and brain damage in animals pretreated with CBD [63]. CBD treatment 
also led to a significant reduction of the atrophy and death of parvalbumin (PV) and cholecystokinin 
(CCK) expressing interneurons and improved morphological impairments of these cells observed in 
epileptic rats [52]. Chronic CBD administration induced anticonvulsant and antiepileptogenic effects 
also in the Wistar Audiogenic Rat strain, sensitive and susceptible to audiogenic seizures [60,64]. 
These results delivered by in vitro and in vivo preclinical studies find validation in the clinical setting, 
where CBD has demonstrated significant efficacy against epilepsy symptoms. CBD has been proven 
to exert beneficial effects as an adjunctive treatment for refractory seizures associated with Lennox-
Gastaut syndrome (LGS), a severe form of epilepsy occurring in children. Randomized controlled 
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trials have consistently demonstrated that highly purified, plant-derived CBD significantly reduces 
the frequency of drop seizures in LGS patients across all age groups, with retention rates showing 
efficacy is sustained over the long term [65–67]. What is also important, caregivers frequently report 
improvements in non-seizure outcomes, such as alertness and communication, suggesting much 
broader benefit beyond seizure control [67,68]. 

Years of research into the anticonvulsant effects of CBD culminated in the fast progress and 
development of the first - and, to date, the only - CBD-based drug for treatment-resistant epilepsy. 
The crucial results on CBD effectiveness and safety, in terms of seizures, have been published by 
Devinsky and coworkers [20,69,70], which resulted in delivering to the market Epidiolex, a plant-
derived CBD product, that was approved by the FDA in 2018 for the management of seizures 
associated with LGS and Dravet syndrome (DS). Randomized controlled trials and subsequent long-
term open-label extensions have consistently demonstrated that Epidiolex, as an adjunctive CBD 
treatment, significantly reduces the frequency of atonic seizures in LGS and convulsive seizures in 
DS, with median seizure reductions ranging from 37-50% compared to placebo (Devinsky et al. 2017; 
Specchio et al. 2025). Furthermore, it has been indicated that treatment not only provides sustained 
seizure control over several years but is also associated with improvements in non-seizure outcomes, 
such as alertness, cognition, and behavior, which are critical to the overall quality of life for these 
patients and their caregivers [67]. Along with the improvement of seizure control and the overall 
quality of patients’ life, adverse effects may be noted while Epidiolex pharmacotherapy, including 
somnolence, fatigue, skin rash and erythema, decreased appetite, diarrhea, and insomnia as the most 
common [71]. 

3.2. Multiple Sclerosis 

Multiple sclerosis (MS) is a chronic autoimmune disease of the CNS in which inflammatory focal 
lesions cause demyelination, axonal loss, and glial scarring of nerve fibers, gradually leading to 
chronic disability [72]. While evidence of cannabis use for MS symptoms dates back decades, the first 
controlled clinical studies evaluating the therapeutic effects of cannabinoids, including CBD alone, 
or CBD+THC combinations, for MS-related symptoms began to emerge in the early 2000s, based on 
previous observations from the 1980s. 

In preclinical in vitro models of MS, CBD has demonstrated significant neuroprotective, anti-
inflammatory, and remyelination-supporting properties [73,74]. Studies using glial and neuronal 
cultures have shown that CBD can attenuate microglial activation and oxidative stress, thereby 
reducing neuroinflammatory damage associated with demyelination [75]. Similarly, CBD derivatives 
have been shown to activate neuroprotective pathways, such as PP2A/B55α/HIF, contributing to cell 
survival and functional recovery in neural cells under inflammatory stress [76]. A broader review of 
cannabinoids in CNS pathological models confirms CBD’s capacity to modulate cytokine release, 
protect oligodendrocytes, and enhance remyelination supporting processes [77,78]. Collectively, 
these findings suggest that in vitro CBD exposure mitigates several cellular mechanisms underlying 
MS pathology, positioning it as a promising candidate for translational neurotherapeutic 
development that is further studied in in vivo animal research. 

In animal-modeled studies of the disease, CBD alone or in combination with THC has been 
evaluated on their efficacy in alleviating MS symptoms [79]. Line of evidence suggests that CBD 
administered at low dose (5-20 mg/kg) significantly improved the scores of MS clinical signs in 
Experimental Autoimmune Encephalomyelitis (EAE) murine model of the disease [80–83] and 
reduces demyelination and axonal damage [81–84]. This therapeutic effect is strongly linked to CBD's 
potent anti-inflammatory and immunosuppressive properties. Recent studies in EAE mice confirm 
that CBD mitigates neuroinflammation by reducing the recruitment of leukocytes to the spinal cord 
and decreasing the mRNA expression of adhesion molecules like ICAM-1 and VCAM-1 [85], proteins 
crucial for immune and inflammatory processes. Furthermore, CBD treatment attenuated EAE 
hallmarks by promoting the induction of immunosuppressive myeloid-derived suppressor cells 
(MDSCs) and suppressing pro-inflammatory T-cell responses, thereby decreasing the levels of 
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cytokines such as interleukin 17 (IL-17) and interferon ɣ (IFN-ɣ) [82,86]. While CBD alone shows 
significant promise, the combination of THC and CBD has also revealed synergistic effects. Al-Ghezi 
and co-workers demonstrated that THC+CBD combined therapy (10 mg/kg each) but not THC or 
CBD alone, attenuated murine EAE by reducing neuroinflammation and suppression of Th17 and 
Th1 cells, and these effects were mediated by CB1 and CB2 receptors [87]. Additionally, CBD 
attenuated EAE and suppressed neuroinflammation by preventing microbial dysbiosis observed 
during the course of the illness [88]. This demonstrated synergistic action between THC and CBD in 
preclinical models of MS provides a strong rationale for the use of combination therapies in patients, 
a strategy that has already translated into a widely used clinical product such as nabiximols 
(Sativex®), which is one of the first cannabis-based medicines that has been approved as a 
prescription medicine used to alleviate MS-related neuropathic pain and spasticity. Sativex contains 
a strictly defined quantity of THC and CBD (27 mg/ml and 25 mg/ml, respectively) [89]. Clinical trials 
have demonstrated its efficacy in reducing patient-reported spasticity scores compared to placebo, 
with generally mild to moderate adverse effects such as dizziness, fatigue, and somnolence [90,91]. 
Randomized, controlled clinical trials with Sativex have consistently demonstrated both short- and 
long-term efficacy in managing resistant spasticity associated with MS. Russo et al. [92] presented 
data that one-month continuous treatment with Sativex reduced pain, spasticity, and number of daily 
spasms episodes, and improved ambulation in MS patients. It has been hypothesized that the 
therapeutic action of nabiximols may be mediated through modulation of intracortical and spinal 
excitability [92]. Importantly, lines of evidence suggest that Sativex does not exert abuse potential in 
cannabis-naïve MS subjects [93]. These findings have been supported by a 48-week, double-blind, 
placebo-controlled study evaluating the effect of the drug on mood and cognitive functions in 
subjects experiencing spasticity related to MS [94]. However, Schoedel and coworkers [95] published 
a single-dose, randomized, double-blind, crossover study in which nabiximols exerted some 
addiction potential measured after a single administration but only in higher doses. It should be 
emphasised that prolonged administration of Sativex within therapeutic dosage ranges is not 
associated with dose escalation, misuse, or abuse in patients [96,97]. Importantly, Sativex does not 
exert the side effects usually associated with recreational cannabis use and does not present long-
term safety concerns, as it has not been associated with the development of drug tolerance or 
withdrawal, nor has evidence of misuse or abuse been reported. In the end, no evidence of THC or 
CBD accumulation in patients receiving self-titrated doses of combined cannabinoids has been 
reported [98]. 

3.3. Alzheimer’s Disease & Dementia 

Progressive cognitive decline represents a hallmark feature of Alzheimer’s disease (AD) and has 
been mechanistically linked to amyloid β-protein (Aβ) deposition, tau pathology, neuronal loss, and 
neuroinflammatory processes [99]. Robust inflammatory responses have been consistently 
documented in both animal models of AD and in post-mortem brain tissue from affected individuals 
[100–102]. Given the anti-inflammatory and neuroprotective properties of CBD, this compound has 
emerged as a promising candidate for therapeutic intervention in AD. As shown by Mello-Hortega 
and colleagues [103], studies focus mostly on amyloid-β pathology, behavioral evaluation, 
neuroinflammation, oxidative stress, and physiological changes that are observed in AD. 

As has been previously shown, neuronal death is linked to memory decline in the course of AD 
[104]. Therefore, the effects of CBD on cellular death in in vitro models have been evaluated to better 
understand its effect andthe mechanism responsible for its protective function. Raich and coworkers 
[105] reported that CBD stimulation resulted in decreased aggregation of pTau and amyloid-β, 
reducing IL-1β and increased interleukin 10 (IL-10) expression in mice microglial primary cultures. 
These results are consistent with other findings confirming CBD’s neuroprotective role, as it 
improved cell viability and decreased the level of lipid peroxidation and oxidative stress in 
hippocampal cells [106]. In a similar context, CBD reduced both inducible nitric oxide synthase 
(iNOS) protein expression and nitrite production triggered by amyloid-β (Aβ₁–₄₂) stimulation in P12 
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cells. This response occurred in a concentration-dependent manner and has been associated with the 
inhibition of phosphorylated p38 mitogen-activated protein kinase (MAPK) and the downregulation 
of nuclear factor-κB (NF-κB) activation [107]. Additionally, CBD prevents tau aggregation [108], 
enhances neurogenesis, and stabilizes redox balance through modulation of antioxidant enzymes 
such as superoxide dismutase (SOD) and catalase (CAT) [109]. Recent studies further support that 
CBD-loaded nanocarriers improve neuronal uptake and amplify their antioxidative efficacy in 
hippocampal cultures [110,111]. These findings underscore CBD’s promise as a multifaceted 
neuroprotective agent in AD pathophysiology, primarily by counteracting oxidative and 
inflammatory responses at the cellular level in hippocampal cells. Findings from in vitro models are 
further corroborated by animal studies, where CBD demonstrates comparable beneficial results, 
translating cellular mechanisms into improved cognitive and behavioral outcomes in AD animal 
models. These converging lines of evidence suggest that the molecular effects observed in cultured 
neurons are consistent with the systemic neuroprotective benefits seen in vivo. In a rat model of 
streptozotocin-induced AD features, chronic CBD treatment restored the behavioral deficits, reduced 
neuroinflammatory markers expression, and mitigated AD-associated changes [99] improved both 
short- and long-term memory parameters assessed in the novel object recognition (NOR) test, and 
this phenomenon was accompanied by improved glucose metabolism[112]. In mouse models of AD, 
CBD improved cognitive deficits, including memory and learning impairments [105,113–115]. 
Additionally, CBD has been reported to ameliorate anxiety symptoms in AD-modeled mice[113], 
which stands for another favourable effect of CBD in the course of the disease, as the anxiety 
symptoms occur in ~40% of AD patients [116]. These behaviorally beneficial outcomes may be related 
to several molecular effects. CBD reduced oxidative stress parameters (SOD1, SOD2, 4-HNE, and 
gp91pho) in the hippocampal region [113], and promoted microglia shift from pro- to anti-
inflammatory state [105,114]. Furthermore, CBD treatment upregulated interleukin-33 (IL-33) and 
triggering receptors expressed on myeloid cells 2 (TREM2), molecular factors that are likely 
associated with improvements in neurological function [117]. Interestingly, RNA sequencing of blood 
and brain samples of AD mice revealed that more than 75% markers linked to AD onset (of more 
than 1000) were shown to be eliminated or reversed as a response to exposure to dietary CBD [118]. 
However, previously published studies have shown contrary effects of CBD treatment on Aβ40 
concentrations, ranging from its ability to reduce the protein level or aggregation [105,119,120], to 
slight or no effect [115,121–123]. 

Given the demonstrated neuroprotective and antioxidative properties of CBD alone, which may 
be particularly advantageous in the context of AD progression, several studies have sought to 
evaluate the therapeutic potential of combined THC and CBD treatments as a more effective 
intervention. CBD and THC co-administration improved spatial memory, anxiety, depressive-
behavior [124], reduced basal excitability (but not synaptic plasticity), and reversed glutamate uptake 
deficit in the hippocampus of AD-modeled mice [125]. However, in the study of Aumer and 
colleagues [126], CBD combined with THC did not improve any of the analyzed parameters and 
disrupted performance in NORT and exerted opposite action in both AD-modeled and control mice, 
as measured inthe elevated plus maze, suggesting its genotype-dependent effects. While preclinical 
studies have demonstrated that CBD alone can reduce neuroinflammation and oxidative stress [127], 
CBD and THC combinations exert synergistic effects, improving cognitive function and modulating 
amyloid and glutamate pathways [128]. Recent findings suggest that dual cannabinoid formulations 
may offer superior neuroprotective and anti-amyloid benefits compared to single-compound 
treatments. 

Clinical trials investigating CBD for AD and dementia primarily focus on managing behavioral 
and psychological symptoms, with less emphasis on the disease-modifying effects observed in 
preclinical models [129,130]. Current evidence, derived from both randomized controlled trials and 
prospective open-label studies, suggests that CBD cannabis extracts are generally well-tolerated and 
offer a promising therapy for these symptoms [131,132]. A placebo-controlled randomized controlled 
trial found that a CBD-dominant oil significantly reduced agitation compared to placebo in patients 
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with dementia-related behavioral disturbances [133]. Furthermore, a recent open-label prospective 
cohort study showed that treatment with CBD-rich oil in AD patients resulted in a significant and 
sustained reduction in overall Neuropsychiatric Inventory-Questionnaire (NPI-Q) severity and 
caregiver distress scores over a 24-month follow-up period [134]. While these results are encouraging 
for symptomatic management, larger, long-term RCTs are still needed to establish optimal dosing, 
long-term safety, and any potential effects of CBD on cognitive decline or disease progression itself 
[130,131]. 

3.4. Parkinson’s Disease 

Parkinson's disease (PD) is a degenerative brain disorder involving the gradual destruction of 
dopamine-secreting cells in the substantia nigra pars compacta, causing reduced dopamine levels in 
the striatum. The disease presents clinically with four primary motor features: tremor at rest, 
slowness of movement, muscle stiffness, and balance difficulties, accompanied by various non-motor 
symptoms, including cognitive decline or sleep disorders. Despite advances in symptomatic 
pharmacotherapy, such as L-DOPA, the progression of neurodegeneration underscores the urgent 
need for disease-modifying interventions. 

Evidence for the efficacy of CBD in PD primarily comes from preclinical models, where CBD 
exhibits neuroprotective and symptomatic effects. Clinical studies are limited, yielding mixed results. 
Some studies indicate improvements in both motor and non-motor symptoms [135], while others do 
not confirm benefits over placebo [136]. In an in vitro study on the PC12 cell line exposed to 6-
hydroxydopamine (6-OHDA), CBD augmented cell viability and decreased apoptosis. CBD 
pretreatment also decreased ROS and malondialdehyde (MDA) contents, overexpressed Nrf2 and 
Bcl-2 genes, and prevented the upregulation of Bax and Casp3, which indicates its neuroprotective 
impact via the Nrf2 pathway [137]. In a rat model of PD, chronic treatment with CBD reduced 
nigrostriatal degeneration and neuroinflammation, while improving motor performance. The 
mechanism of CBD’s action was proven to be based on the activation of the astrocytic TRPV1 
receptors and enhancing the endogenous neuroprotective response of ciliary neurotrophic factor 
(CNTF) [138]. In a mouse model of PD, CBD (both acute and chronic treatment) reduced hyperalgesia 
and allodynia evoked by 6-OHDA. What is more, while CBD was administered with ineffective doses 
of either FAAH inhibitor or TRPV1 receptor antagonist, its effectiveness was potentiated [139]. In a 
reserpine-induced model of parkinsonism, CBD administration delayed the onset of reserpine-
induced motor deficits, attenuated catalepsy, and prevented the decrease in tyrosine hydroxylase 
labeling in the substantia nigra pars compacta [140]. In a rotenone-induced rat model of PD, CBD 
nanoemulsion formulation decreased α-synuclein accumulation in the striatum and duodenum, 
normalized GFAP, IBA1, and glutathione levels, and reduced oxidative stress markers [141]. A 
prolonged administration of L-DOPA (a gold standard in PD treatment) may lead to L-DOPA-
induced dyskinesia (LID). Nascimento et al. found that CBD and PECS-101 (a fluorinated CBD 
derivative) reduced abnormal involuntary movements without impairing the motor benefits of L-
DOPA, and the effect was prevented by CB1 and PPARγ receptors antagonists, while capsazepine 
(TRPV-1 antagonist) enhanced the antidyskinetic effects of CBD [142]. A promising new approach to 
the use of CBD in the treatment of PD is the use of cannabidiol lipid nanoparticles. Lapmanee et al. 
demonstrated that CBD lipid nanoparticles administered to PD rats reduced lipid profiles, enhanced 
insulin secretion, and restored dopamine levels compared to CBD in the natural form and had 
comparable effectiveness to L-DOPA in ameliorating motor deficits and memory impairment [143]. 

CBD in clinical trials yields equivocal conclusions. A double-blind randomized controlled trial 
on PD patients showed CBD safety for PD patients; however, no differences were found in the 
inflammatory markers; also, the naming score was improved in the CBD group, while language 
scores increased in the placebo group [144]. In another clinical trial, PD patients received high 
CBD/low THC extract, and the authors found no benefit, worsened cognition and sleep, and many 
mild adverse events in the treated group compared to placebo [136]. CBD had some positive effects 
in PD patients subjected to the simulated public speaking test - attenuated anxiety and decreased 
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tremor amplitude [145], however, in patients with essential tremor, the same single dose of CBD (300 
mg) did not reduce upper limb tremor [146]. Chronic CBD treatment did not change plasma BDNF 
level or motor and general symptoms score; however, an improvement in the quality of life measures 
in PD patients was found [147]. 

In summary, preclinical studies using CBD in in vitro and animal models have yielded 
promising results. However, clinical trials in PD patients show that CBD does not have such direct 
positive effects in the treatment of PD. However, clinical studies differ in terms of CBD dosage and 
duration of treatment, so more research is needed to clearly determine the effectiveness of CBD. 

3.5. Stroke and Traumatic Brain Injury 

A traumatic brain injury (TBI) is a complex type of injury that causes neuroinflammation, glial 
cell activation, and cell death. This is followed by the later onset of severe psychological symptoms 
and cognitive impairments. TBI most significantly and lastingly affects a person's neurological 
function, but it may also be associated with chronic pain, anxiety, and depression. Current 
therapeutic options to treat TBI and reverse its undesirable effects are limited. Similarly, treating 
stroke is a big challenge in medicine since there are no highly effective therapies available. The results 
of CBD's neuroprotective effects in stroke and traumatic brain injury are limited, but indicate the 
potential neuroprotective effects of CBD, mostly via modulation of neuroinflammation, including 
glial activation. 

Belardo et al. found that mice with a TBI developed chronic pain, anxious/aggressive behaviors, 
depressive-like behavior, and impaired social interaction. Moreover, TBI mice had altered 
neurotransmitter release at the cortical level. 10% CBD oil administered orally from day 1 to day 14 
and from day 50 to day 60 reversed the behavioral changes and partially normalized the cortical 
biochemical changes [148]. In stroke treatment, intraperitoneal CBD treatment prevented ischemia-
induced neurological impairment and reduced microglial activation and the neurological deficit 
score in mice, which indicates that the neuroprotective effects of CBD may occur in the subacute 
phase of ischemia [149]. In a mouse stroke model, CBD was proven to ameliorate mitochondrial 
dysfunction and attenuate neuronal injury in rats following cerebral ischemia [150]. Also, CBD 
reduces IL-1β and TNF-α production, microglia activation, ameliorates mitochondrial deficits, and 
decreases the phosphorylation of NFκB in BV-2 cells subjected to oxygen-glucose 
deprivation/reoxygenation. The effect was cyclin-dependent kinase regulatory subunit 1B (CKS1B)-
dependent, which suggests that CKS1B is a regulator of neuroinflammation and is involved in the 
anti-inflammatory effects of CBD [151]. Dong et al. showed that CBD ameliorated motor, memory, 
and cognitive functions in TBI mice and reduced the concentration of phosphorylated tau protein 
and amyloid-β [152]. CBD oral pretreatment before TBI reduced TBI-induced glutamate release 
(estimated by cortical microdialysis) and improved the sensorimotor function, facilitating the 
animal’s functional recovery [153]. 

3.6. Neuropathic Pain 

Recent experimental animal studies have confirmed that CBD (both in its pure form and as a 
component of hemp extracts) relieves neuropathic pain. Its effects are not limited to the 
endocannabinoid system. CBD has also been shown to have anti-inflammatory properties, alter nerve 
cell activity, and affect other, lesser-known pain pathways. For example, Wang et al. showed that oral 
CBD administration attenuates neuropathic pain and CCI-induced microglia activation and FKBP5 
overexpression in the lumbar spinal cord dorsal horn [11]. In the cisplatin-induced mouse model of 
neuropathic pain, pure CBD had little impact on mechanical hypersensitivity, in contrast to THC, 
which had an analgesic effect. Moreover, high CBD cannabis extract, at the same CBD dose as pure 
CBD, reduced neuropathic pain; however, not to the same level as high THC extract [154]. The 
treatment of neuropathic pain is difficult, and patients are often forced to take strong medications. 
Jesus et al. showed that CBD in combination with morphine can enhance the analgesic effect and thus 
reduce the dose of morphine required to achieve pain relief in CCI animals [155]. In another study, 
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mice that had undergone CCI surgery were given free access to gelatin containing CBD, THC, or 
morphine ad libitum. All three substances were shown to reduce allodynia, but morphine caused 
tolerance after one week, while CBD and THC had an effect for up to three weeks [156]. THC has an 
analgesic effect, but it also causes several side effects, while CBD does not cause any undesirable side 
effects, but has a weaker effect than THC in reducing allodynia. A combination of THC and CBD can 
produce a dose-dependent reduction in allodynia; however, it displays little to no synergy. Also, a 
combination of THC and CBD produces substantial, synergistic side-effects, which increase with the 
proportion of CBD [157]. In the paclitaxel-induced mechanical sensitivity, CBD and its analogue KLS-
13019 prevented the development of mechanical sensitivity. KLS-13019 also reversed established 
sensitivity, in contrast to CBD, which failed to reverse paclitaxel-induced pain [158]. CBD’s 
prevention of paclitaxel-induced neuropathy was blocked by AM630 (CB2 receptor antagonist). 
Moreover, CBD inhibits the spinal expression of TLR4 and Iba1, increases spinal levels of 2-AG and 
AEA, and reduces levels of cytokines in mice with neuropathic pain [159]. Boccella et al. proved that 
one-week CBD treatment can reverse changes triggered by SNI-induced neuropathic pain, such as 
allodynia, an increase in dynorphin peptide and its KOR receptors in the hippocampus' dentate gyrus 
(DG), memory deficits, LTP impairment in the entorhinal cortex-DG, downregulation of 2-AG, and 
upregulation of the cannabinoid CB1 receptors in the DG [160]. A clinical study on 29 patients with 
symptomatic peripheral neuropathy showed that four weeks of CBD treatment (50 mg CBD/3 fl. oz) 
significantly reduced intense pain, sharp pain, and cold and itchy sensations, with no adverse effects 
[161]. A systematic review of 927 studies showed that cannabis-based medicines may be effective in 
treating the pain and symptoms of peripheral neuropathy, compared to a placebo [162]. Other clinical 
trials tested the VER-01 product, which consisted of the unfragmented, dried C. sativa DKJ127 L. 
flowers. Chronic low back pain patients who took VER-01 for 12 weeks experienced reduced pain 
compared to the placebo group; the compound was also well-tolerated with no signs of dependence 
or withdrawal [163].  

However, there are also experimental studies that indicate no or limited efficacy of CBD in 
alleviating neuropathic pain in specific models or conditions, e.g., in the case of already developed 
allodynia or in specific models of neuropathy. As mentioned previously, CBD can prevent the 
development of mechanical sensitivity in chemotherapy-induced neuropathy, but may not reverse 
existing mechanical allodynia, indicating a lack of analgesic effect in established neuropathic pain 
[158]. Moreover, a clinical study of CBD’s effectiveness in patients with hand osteoarthritis or 
psoriatic arthritis showed that synthetic CBD 20 to 30 mg administered daily for 12 weeks did not 
cause a significant effect on pain intensity, sleep quality, depression, anxiety, or pain catastrophizing 
scores compared to placebo [164]. Also, 8-week treatment with CBD failed to reduce pain in patients 
with painful polyneuropathy, post-herpetic neuralgia, and peripheral nerve injury. In the same 
study, it was also proven that neither THC nor the THC:CBD combination had any effect [165]. These 
results indicate that despite positive reports from preclinical studies, the effectiveness of CBD is 
limited in the treatment of chronic pain. 

Clinical data for pure CBD in chronic pain are limited and in many cases negative, while more 
favorable results are proven for the THC or THC/CBD mixtures. However, this approach contrasts 
with the non-psychoactive profile of CBD. 

4. Challenges and Future Directions 

CBD has been tested in various diseases, but its effectiveness appears to be limited. The difficulty 
with using CBD is the variety of forms of administration and doses used. There are several delivery 
methods: inhalation (the fastest effects and highest absorption), oral route (the slowest, the lowest 
absorption), sublingual, topical, and transdermal routes. The legal status of therapeutic CBD 
products is not consistent globally and varies by country. Generally, products containing less than 
0,3 or 0,2 % THC are legal in most of the countries in Europe and in the US. Depending on the country, 
CBD sale must comply with local regulatory bodies and usually is classified as a medicine, 
food/dietary supplement, or cosmetic. It is worth noting that dietary supplements are not subject to 
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such strict restrictions and controls as medicines, so the quality and purity of the CBD sold should be 
taken into account. 

The CBD's effectiveness has been best researched and well-documented in the treatment of 
epilepsy. The drug Epidiolex is registered and successfully used in many countries around the world, 
including for children. However, the effectiveness of CBD in other disorders varies and depends on 
the dose and duration of use. For example, some promising reports suggest that CBD and THC might 
be effective in treating Huntington's disease [166,167]. However, other published studies on 
Huntington's disease indicate no or limited effectiveness of CBD [168,169]. Clinical studies showed 
that CBD (Sativex) is safe and well tolerated by patients with Huntington’s disease, with no 
worsening of symptoms, but no significant differences in motor or cognitive scales vs. placebo were 
found [170]. Also, as mentioned above, clinical trials of CBD for the treatment of PD have not yielded 
results as promising as preclinical studies on animal models. In cancer patients, no detectable effect 
of CBD on quality of life, depression, or anxiety was found, even if patients reported feeling better, 
similar improvement in well-being was seen in the placebo group [171,172]. In breast cancer patients 
with taxane-induced peripheral neuropathy, CBD was not effective in reducing pain and improving 
functional well-being, and in addition, worsened ratings of sleep [173]. 

Another important issue that should be emphasised is that CBD can interact with many drugs 
and substances [174], mainly by affecting cytochrome P450 (CYP450) enzymes in the liver, since CBD 
is metabolized by CYP3A4 and CYP2C19 enzymes [175]. Recent research has shown that CBD 
selectively inhibits CYP2C19 and CYP3A4 by competitive binding mechanisms, affecting the 
metabolism of drugs that are substrates for these enzymes (see review: [176]. Such interactions may 
modify the levels of drugs in the bloodstream, potentially amplifying the likelihood of side effects or 
compromising the drug's intended benefits. The effects depend on the CBD dose, route of 
administration, and the patient’s condition. Due to CBD's greatest effectiveness in treating epilepsy, 
it may interact with anticonvulsant drugs such as clobazam by increasing the concentration of drugs 
and their metabolites [177] and enhancing clobazam’s sedative effects. Therefore, when introducing 
CBD to patients already using clobazam, it is crucial to monitor symptoms of drug toxicity. CBD has 
also been reported to interact with another antiepileptic drug, valproate, leading to increased liver 
transaminase levels [178]. Regarding the pain pharmacotherapy, CBD may potentially inhibit 
UGT2B7 activity, thus enhancing the level and effect of morphine [179,180]. Moreover, CBD affects 
the metabolism of antidepressants such as citalopram, fluoxetine, amitriptyline, or mirtazapine by 
inhibiting the CYP enzyme family, leading to exacerbation of drugs’side effects [181]. CBD’s 
interaction with other therapeutics, such as anticoagulants or immunosuppressant drugs are also 
probable [175]. 

5. Conclusion and Future Directions 

CBD has established effectiveness in managing specific severe forms of epilepsy, such as Dravet 
and Lennox-Gastaut syndromes, and is successfully applied in medical practice for these disorders. 
However, for other diseases, including multiple sclerosis, Alzheimer’s Disease, Parkinson’s Disease, 
stroke or chronic pain, the evidence is still preliminary. Although encouraging findings have 
emerged from preclinical research, results from clinical trials are frequently mixed, inconclusive, or 
limited in scope. In conclusion, more rigorous, large-scale human research is critically needed to 
either confirm the effectiveness of CBD in these other areas or definitively exclude its therapeutic use. 

Moreover, CBD has experienced a significant increase in commercial popularity that currently 
far exceeds the robust data from large-scale randomized controlled trials for most of its proposed 
neurological and psychiatric indications. The largest current clinical interest surrounding CBD 
involves its use for anxiety disorders, insomnia, and pain management, however the strongest clinical 
evidence for CBD is currently restricted to its use in certain forms of epilepsy. A major issue is the 
regulatory status of many commercially available CBD products, which are often sold as dietary 
supplements. This status contributes to significant concerns regarding product quality and safety. A 
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major safety risk is the presence of THC at levels that exceed the declared limit, which can lead to 
unwanted psychoactive effects and legal issues. 

To sum up, there is an urgent need for robust translational research. The next critical step 
involves moving toward a precision medicine approach and seeking novel biomarkers, validating 
specific biomarkers that can predict a therapeutic response to CBD, and patient profiling to ensure 
that treatment is targeted, effective, and safe. 
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