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Abstract. The relevance of detailed analysis of the available scientific research on the effects of cannabidiol on the human
body is determined by the growing popularity of the non-psychoactive substance in cannabis products as a medicine. The
research aimed to collect and systematise information about the positive and negative effects of cannabidiol, as well as the
possibilities of its use in medicine. An analysis of 3375 scientific articles, publications and reports was conducted, of which
68 were selected that best met the terms of the request. The collected data was summarised and presented in a structured
format. The results of the review indicate the remarkable pharmacological potential of cannabidiol, which can be used as
a promising therapeutic agent in various medical fields. In the studies reviewed, cannabidiol showed anticonvulsant and
antiepileptic effects, as well as a positive impact on drug substitution programmes. However, the possibility of negative
reactions and potentially harmful effects of cannabidiol was also noted: it can lead to the development of psychological
and physical dependence; increases the risk of physiological disorders, including the impact on spermatogenesis and dis-
ruption of the female microflora; affects behaviour and leads to developmental abnormalities. The effects of cannabidiol
on the human body are still not well understood, and its distribution in the absence of sufficient legal regulation may pose
a risk to the health and safety of consumers. Understanding all aspects of cannabidiol use will ensure proper management
of its use and development of the relevant legislative framework, as well as facilitate further research and development of
new drugs based on this plant extract
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Intfroduction

Cannabidiol, as one of the active cannabinoids in cannabis
plants, is finding more and more applications in medicine,
but its potential benefits and impact on various aspects of
human functioning remain a subject of debate in scientific
circles. Data on cannabinol is contradictory, and its legali-
ty and safety are being questioned globally. Understanding
the potential risks, side effects and interactions with other
medicines is critical to ensuring the safety and efficacy of
cannabidiol in clinical practice.

Many studies have already been conducted on the
effects of cannabidiol on the human body. Since 2018,
Ukrainian scientists have been actively working on this
issue and have reached certain conclusions. For example,

Suggest Citation:

G.V. Zaychenko & P.V. Simonov [1] investigated the pos-
itive properties of cannabinoids associated with the acti-
vation of CB2 receptors. Activation of CB2 receptors had
a cardioprotective effect, reduced cerebral ischaemia, sup-
pressed inflammation, oxidative-nitrosative stress and cell
death, slowed the progression of atherosclerosis and had a
nephroprotective effect. By contrast, activation of CB1 re-
ceptors in vascular and cardiac tissues contributed to the
development of cardiovascular disease through oxidative
and nitrosative stress and protein kinase activation. B. Hinz
& R. Ramer [2] also demonstrated the probable carcinogen-
ic properties of cannabinoids, which showed carcinogen-
ic effects both when used alone and in combination with
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other anticancer drugs. The authors noted that this area
required further study. O. Sulaieva et al. [3] also found that
CB2 receptors may be involved in the malignant transfor-
mation and progression of non-small cell lung cancer (NS-
CLC). However, some issues remained unexplored. For ex-
ample, data on the effects of cannabidiol on the nervous
system and its potential role in the treatment of mental
and neurological diseases are limited.

Regarding the market of cannabinoids, and cannabid-
iol in particular, in Ukraine, scientists N. Aliekperova et al.
have written [4]. Their study noted serious prospects for
the development of the cannabidiol market in Ukraine. The
authors pointed out that interest in cannabidiol products
was growing, and this could create new opportunities for
the development of the medical and pharmaceutical indus-
tries. According to the researchers, the Ukrainian market
had significant potential for the production and consump-
tion of cannabidiol-based products, including oils, creams,
and other medicines. The authors also stressed that the de-
velopment of the cannabidiol market could have a positive
impact on the country’s economy, providing new jobs, at-
tracting investment, and stimulating the development of in-
dustries related to the production of cannabidiol products.

N. Aliekperova et al. [5] also studied the attitudes of
Ukrainian pharmacists towards the legalisation of medi-
cal cannabis and cannabidiol-based products. The study
showed that only half of the professionals supported the
legalisation of these products. Other participants in the
experiment expressed some doubts and reservations relat-
ed to the safety, dosage, and quality of cannabidiol prod-
ucts. The safety of this plant extract has already been the
subject of debate, and in some cases, its effectiveness has
been questioned [6]. This indicated the need for further
research to determine the efficacy and safety of cannabidi-
ol in medicine. The purpose of this study was to review the
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pharmacological profile of cannabidiol and its effects on
various body systems, as well as to consider possible mech-
anisms of action of this compound, especially in the con-
text of the treatment of mental and neurological diseases.

In this study, a literature review of relevant scientific
sources and publications was conducted through a system-
atic analysis of scientific sources to identify trends, develop
key findings, and formulate scientific recommendations.
Scientific databases such as PubMed, Google Scholar, Scop-
us, and Cochrane Database of Systematic Reviews were
used to collect relevant scientific publications. The search
for scientific sources was conducted using keywords relat-

» «

ed to the research topic, such as “cannabidiol”, “cannabidiol

» «

toxicity”, “cannabidiol treatment”, “cannabidiol side effects”,

» « » <«

“cannabidiol pharmacy’, “cannabidiol prevalence”, “canna-
bidiol harm’, “cannabidiol therapeutic properties’, “canna-
bidiol marketing”, “cannabidiol legal status”

The selected scientific sources were read in detail, crit-
ically comprehended, and analysed to collect information
related to the research topic, and the quality of the sources
was assessed, including verification of the authors’ credibil-
ity, research methodology and availability of substantiated
evidence. Key aspects, conclusions and recommendations
related to the topic were identified. Data from scientific
sources were organised and summarised for further anal-
ysis. Information from the sources obtained was systema-
tised, summarised, and presented in the literature review.

Analysis of Chemical,

Pharmacodynamic and Pharmacokinetic
Features and Properties of Cannabidiol

Active research on cannabidiol began in 2016. The main
topics investigated included cannabidiol’s properties, its
interaction with various drugs, pharmacological profile,
health effects, etc (Fig. 1).
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Figure 1. Visualisation of research areas on the effects of cannabidiol

Source: compiled by the author based on [7]

The results showed that cannabidiol was a complex
research object that was studied concerning various as-
pects of health and disease. However, it was evident that
the harmful effects and toxicity of cannabidiol were not

sufficiently studied (only 3.21%), and therefore further
research was needed [7].

The cannabis plant, “marijuana’, or “cannabis” has
been used for many years as a medicine to relieve pain and
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seizures. Cannabis contains approximately 540 naturally
occurring compounds, including more than 100 that have
been identified as phytocannabinoids due to their com-
mon chemical structure [3]. The predominant psycho-
tropic component is A9-tetrahydrocannabinol (A9-THC),
while the main non-psychoactive ingredient is cannabidiol
(CBD). These compounds are partial agonists or antago-
nists of the prototypical cannabinoid receptors, CB1 and
CB2. A9-THC and CBD can act as analgesics, antiemetics,
anti-inflammatory agents, anticonvulsants, and as protec-
tive agents against neurodegeneration. However, there has
been a lack of well-controlled, randomised clinical trials to

a

provide evidence of the effectiveness of A9-THC or CBD
as therapeutic agents, as well as to fully understand their
effects on the human body. The legalisation of cannabis
for medicinal and recreational use in some regions would
allow for the necessary research on its pharmacokinetics
and pharmacology [8]. Particular attention has been paid
to the non-psychoactive substance in cannabis products -
CBD. CBD was first isolated from cannabis extracts by
R. Adams et al. in 1940 [9]. Cannabidiol is a cyclohexene
substituted with a methyl group at position 1, a 2.6-dihy-
droxy-4-pentylphenyl group at position 3, and a prop-1-
en-2-yl group at position 4 (Fig. 2).

Figure 2. Molecular structure of cannabidiol

Notes: a - structural model; b - 3D model of a structure
Source: [10]

At room temperature, cannabidiol is a colourless crys-
talline solid [11]. In the industry, cannabidiol can be pro-
duced in dry form, oil, capsules, and supplements. M. Pre-
moli et al. [12] report that cannabidiol has a low ability to
bind to the CB1 and CB2 cannabinoid receptors, although
it acts as an agonist/antagonist of these receptors. The main
effect of CB1 and CB2 receptor antagonism is to reduce
the binding capacity of tetrahydrocannabinol (THC) and
its related isomers [13]. T. Bosquez-Berger et al. [14] also
studied its ability to exhibit partially antagonistic proper-
ties to serotonin receptors. Cannabidiol is also an allosteric
opioid receptor modulator. The pharmacological effects of
CBD may include peroxisome proliferator-activated recep-
tor (PPARY) agonism, inhibition of voltage-dependent cat-
ion channels, and intracellular calcium release [15].

L.J. Martin et al. found [16] that cannabidiol has a
multifaceted pharmacology due to its ability to bind to
cholesterol on the cell membrane. The oral bioavailability
of cannabidiol in humans is approximately 6%, while its
inhalation bioavailability ranges from 11 to 45% (average
31%) [17]. The half-life of CBD is 18-32 hours [18]. Studies
conducted by G. della Rocca et al. [19] showed that when
CBD was taken in capsule form, the peak concentration
(Cmax) was reached 4-5 hours after ingestion. But if CBD
was consumed in the form of oil, the Cmax was reached
much faster - in 1-2 hours. At the same time, the use of
oil provided a higher bioavailability of CBD compared
to capsules. Cannabidiol was absorbed more rapidly by
inhalation than by ingestion (maximum concentration -
Tmax - was 5 minutes, respectively) [20]. Plasma CBD
concentrations showed a nonlinear increase with dose and

6.5% bioavailability at a dose of 3000 mg. The absorption
of CBD increased threefold with a high-fat meal, indicat-
ing the accumulation of CBD in body fat tissue. CBD is
not able to be absorbed in the oral epithelium or absorp-
tion is limited, instead, the main absorption of the sub-
stance occurs in the gastrointestinal tract [19]. Cannabid-
iol is metabolised in the liver and intestine by cytochrome
P450 enzymes CYP2B6, CYP2C19, CYP2D6, CYP2]2 and
CYP3A4, as well as by isoenzymes UGT1A7, UGT1A9 and
UGT2BY7, forming various metabolites [21]. CBD metab-
olism is very complex, especially in hepatocytes (Fig. 3).

6-OH-CBD

7-COOH-CBD

Figure 3. CBD metabolism in a liver
Notes: CBD - cannabidiol
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The main human metabolite is 7-carboxycanabidiol
(7-COOH-CBD; ~90% of all measured in plasma) [22], as
well as 6a- and 6P-hydroxyisomers and derivatives hydrox-
ylated on the alkyl side chain with subsequent glucuronida-
tion. In general, Q. Rao et al. [23] identified 24 CBD metab-
olites in the liver. The main concern with 7-COOH-CBD
was its reactive acyl glucuronide. CBD is excreted from the
body in faeces (84%) and also in urine (8%) [24]. This indi-
cates that the main route of elimination of CBD is through
the intestine, which may affect the efficiency of its pharma-
cokinetics and the possibility of accumulation in the body
with prolonged use.

Cannabidiol interacts with a variety of neurotrans-
mitter systems, including serotonin and opioid receptors,
which can affect a variety of aspects of neural activity and
body physiology. Regarding serotonin receptors, some stud-
ies indicate that CBD can interact with 5-HT1A receptors,
which are responsible for controlling mood, sleep, and other
mental functions [6, 12, 24]. This may partially explain the
anxiolytic (anti-anxiety) and antineuropathic properties of
CBD. Experiments [13, 15, 17] have demonstrated the ef-
fect of CBD on other serotonin receptors, which can affect
various aspects of mood and mental state. Regarding opioid
receptors, there is some evidence to suggest that CBD may
interact with the body’s opioid systems. Studies have shown
that CBD can affect the activity of opioid receptors, causing
a reduction and presentation of pain [17, 18]. However, the
mechanisms of this interaction are not yet fully understood
and require further study. In general, the interaction of can-
nabidiol with these neurotransmitter systems shows that
CBD can have a complex effect on nervous activity, mood,
pain, and other physiological processes in the body [6].

Allosteric modulation of opioid receptors opens up
interesting opportunities for the development of new ap-
proaches to the management of pain and other conditions
associated with the opioid system. This could lead to an in-
crease in the effectiveness of opioid therapy, providing more
intense analgesia with lower doses of opioids. As noted by
R.A. Vlad et al. [24], it is possible to reduce side effects as-
sociated with opioid therapy, such as constipation and res-
piratory depression. Allosteric modulators can slow down
the development of opioid tolerance, make opioid therapy
more individualised, and reduce the risk of psychological
and physiological dependence. Allosteric modulation of
opioid receptors can affect biological systems in various
ways. According to studies [23, 24], this process can lead
to an increase in the analgesic effect of opioid drugs and
provide more effective pain control. At the same time, it is
possible to reduce the dose of opioids, which can reduce
the risk of side effects and the development of drug toler-
ance. Another important aspect is the ability of allosteric
modulation to minimise the adverse effects associated with
opioid therapy, such as respiratory depression and consti-
pation. Additionally, the use of allosteric modulators may
reduce the risk of opioid dependence due to the ability to
achieve the desired effect at lower doses. Cannabidiol is one
of the main non-psychoactive components of cannabis. It

interacts with various receptors and neurotransmitter sys
tems, exhibiting potential therapeutic properties. Canna-
bidiol is metabolised in the liver to form various metabo-
lites and is primarily excreted in the faeces. Studies of the
pharmacokinetics and pharmacodynamics of cannabidiol
are important for understanding its effects and developing
optimal patterns of use.

Legal Status, Prevalence
and Potential Impacts of Cannabis
The legal status of CBD varies by country and jurisdiction.
In some countries, such as Canada and some US states,
legislation has allowed the use of marijuana and its con-
stituents, including CBD, as a medicinal product [25]. In
the European Union, CBD was classified as a “novel food
substance”, which meant that it had to be registered and ap-
proved before being used in food [26]. In many other coun-
tries, such as Australia, Japan, and Singapore, CBD has not
yet been legal, regardless of its use as a medicinal product
or in food [27]. Some countries only allow the use of CBD if
it contains less than 0.2-0.3% of the psychoactive substance
found in marijuana (THC) [25]. Internationally, CBD is
not under the control of the United Nations (UN) on Nar-
cotic Drugs and Psychotropic Substances because it has no
psychoactive properties and does not cause a narcotic ef-
fect [27]. On 7 April 2021, the Ukrainian government legal-
ised the use of isolated cannabidiol [28]. Thus, the legal status
of CBD has been constantly changing, and different coun-
tries have taken different approaches to regulating its use.
CBD-based products were distributed across Euro-
pean countries with different legal statuses. The expected
effect of CBD use depended on social status. For example,
people with lower incomes reported improved well-being
and reduced anxiety and stress [27]. At the same time, the
use of cannabidiol by people with a higher level of educa-
tion was associated with a desire for increased concentra-
tion and headache relief [27]. Thus, it could be argued that
CBD products were widespread among different segments
of the population. This was facilitated by the availability
and variety of products. The main way of distributing CBD
was through the Internet (64%), where it was easy to or-
der and deliver goods without proper age verification, and
the number of stationary sales shops and pharmacies was
also increasing, with a 17% share of sales, with the rest of
the turnover carried out by shadow and unregistered out-
lets [29]. In most countries, the laws governing the use of
CBD were not clear, thus turning it into an unregulated sec-
tor [30]. Despite a ruling by the Court of Justice of the Eu-
ropean Union stating that CBD was not a drug, its status re-
mained unclear [31]. Part of the reason for the tightness of
the legal framework was due to insufficient research on the
effects of CBD-based products on the human body, which
created room for further research and a phased study of
the effects of CBD in different population groups. The main
regions of distribution of cannabidiol were North America
and Europe, and to a lesser extent Latin America, Asia, the
Middle East, and Africa (Fig. 4).
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Figure 4. Global cannabis market outlook for 2024

Source: [32]

The first innovative companies for the industrial pro-
duction and distribution of cannabis products received a
total of $128.5 million in investment [32]. The investment
market in this sector continued to grow. A recent report by

the Centre for Medical Cannabis estimated that 8-11% of
European adults have tried CBD for various purposes [33].
The size of the global cannabidiol market in 2023 was esti-
mated at USD 9.4 billion (Fig. 5).

Global Cannabidiol Market
Market forecast to grow at CAGR of 35.7%

USD 9.4 billion

2023

USD 31.85 hillion

2027

Figure 5. Global market value
and revenue forecast for 2027

Source: [34]

The scientific community has shown interest in the
chemical compound cannabidiol due to its positive effects
and neuroprotective properties in several neurodegen-
erative diseases, including amyotrophic lateral sclerosis,
Parkinson’s disease, Huntington’s disease, and Alzheimer’s
disease [10]. According to the findings of R. Kaufmann et
al. [35], improved well-being was highlighted as the main
reason for CBD use among a relatively healthy popula-
tion. Reduced anxiety, improved sleep, and reduced stress
were also described as the most expected effects of CBD.
This study included a sample of 469 in patients who were
treated as inpatients. Overall, 33.3% of patients reported
using CBD, with the most common uses being to reduce

anxiety (52.4%), improve insomnia symptoms (33.3%),
and reduce pain (23.8%). The majority of patients (61.9%)
said that CBD use did not affect their substance depend-
ence, but some (16.7%) reported that CBD use helped
them reduce their use of other substances [36].

CBD has also been used in treatment programmes
for other drugs and alcohol addiction [37]. As CBD has
demonstrated many therapeutic effects in neural cir-
cuits involved in the development of drug addiction and
drug-seeking behaviour, it has become a promising can-
didate for the treatment of substance abuse disorders.
Studies have shown that CBD reduced the drive to ob-
tain amphetamine and prevented its recurrence in rats
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that had previously been trained to find amphetamine
independently [38]. In addition, it was found that CBD
modulated D1- and D2-receptor levels in the meso-
corticolimbic areas of the rat brain. This indicated that
CBD could be a potential treatment for drug addiction,
in particular, to prevent the recurrence of drug seeking
[39]. As a result of the experiment by K. Nouri et al. [40]
proved that cannabidiol reduced intrusive drug-seeking
thoughts using dopaminergic receptors in the nucle-
us accumbens. The results also indicated the potential
benefit of CBD to reduce inflammation in people with
cocaine use disorder. The interaction between cannabid-
iol and the CB1 receptor could be an important factor
in the treatment of cocaine dependence. A CB1 recep-
tor antagonist could reverse the effectiveness of CBD in
reducing cocaine seeking [41]. Y. Qian et al. [42] found
that cannabidiol reduced cocaine withdrawal symp-
toms and craving, and improved cognitive function and
mood in mice. The possibility of using cannabidiol and
its analogues as an alternative treatment for pain and
prevention of opioid abuse in rats [43], gambling and
behavioural addiction [44] has also been identified. A
recent double-blind, randomised study by R.M. Vitale et
al. [38] reported the effect of reducing cravings and
drug-induced anxiety in people with heroin use disor-
der. The legal status of cannabidiol varies in different
countries and jurisdictions. CBD-based products are
common among different segments of the population.
Cannabidiol is being researched as a potential remedy
for a variety of conditions, including anxiety, insomnia,
pain, and the treatment of drug and alcohol addiction.

Cannabidiol Toxicity and Side Effects:

A Review of Studies on the Effects on the Body

A significant claim is that cannabidiol can alter the liver
metabolism of other drugs, making them ineffective or
toxic [42]. Cannabidiol both metabolises and inhibits the
cytochrome P450 enzyme pathway, in particular CYP2C19
and CYP3A4. Cannabidiol has been reported to cause sig-
nificant increases in the serum levels of other drugs me-
tabolised through this pathway, such as macrolide antibi-
otics [39]. Given that other common medications are also
metabolised through this pathway, the greatest danger of
cannabidiol may not have been its direct side effects, but
rather the inhibition of metabolic pathways in the liver,
which could have caused significant drug interactions. The
concomitant use of cannabidiol and methadone led to a
marked increase in serum methadone levels, most likely
due to cannabidiol-induced inhibition of the CYP isoen-
zyme [45]. Studies have shown that the simultaneous use
of cannabidiol and antibiotics in rats increased the area
under the concentration-time curve (AUC) of the antibi-
otic, indicating an increase in its bioavailability [46]. In ad-
dition, cannabidiol reduces the excretion of the antibiotic
from the blood plasma, which could lead to an increase in
the toxicity of this drug.

In clinical trials of the only certified cannabidiol-based
drug (EPIDIOLEX), using the maximum recommended
maintenance doses, significant increases in liver to body
weight (LBW), plasma alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and total bilirubin were
observed. CBD increased the ratio of LBW, ALT, AST, and
total bilirubin [45]. Hepatotoxicity gene expression arrays
showed that CBD differentially regulated more than 50
genes, many of which were associated with oxidative stress
responses, lipid metabolism pathways, and drug-metab-
olising enzymes [46]. CBD has also shown clear signs of
hepatotoxicity, possibly of a cholestatic nature. The involve-
ment of numerous pathways related to lipid and xenobiot-
ic metabolism has raised serious concerns about potential
drug interactions as well as the safety of CBD itself [47].
Another study demonstrated an interaction between can-
nabidiol and plasma biological parameters [48], where the
average daily dose of CBD was 50.3 mg, and the prevalence
of elevated ALT was 9.1%, AST 4.0%, alkaline phosphatase
1.9%, and total bilirubin 1.7%.

Women might have a higher risk of side effects and
other responses to CBD therapy compared to men [49].
Subsequent studies have also noted an effect on spermat-
ogenesis. Thus, treatment with 0.5 uM CBD significantly
reduced sperm concentration [50]. Mice exposed to CBD
showed a decrease in the size of the seminiferous tubules,
a narrowing of the diameter of the tubular lumen in these
tubules, and a reduction in the height of the seminiferous
epithelium. In an experiment conducted by R.K. Carval-
ho et al. [51], sperm DNA damage worsened, the activity
of the antioxidant enzyme SOD in sperm decreased, the
percentage of motile elements decreased significantly, and
more abnormal shapes were found. Another study report-
ed that oral administration of 30-300 mg/kg body weight/
day of CBD for 90 days caused a decrease in testicular size
and inhibition of spermatogenesis [47]. 30 mg/kg body
weight/day of CBD administered orally for 34 consecu-
tive days, followed by a 35-day recovery period, caused
a decrease in Sertoli cells, abnormal sperm morphology,
and decreased plasma testosterone levels. Z. Pandelides et
al. [50] found the effect of CBD on the development of
Dario fish. It was noted that cannabidiol had a significant
effect on larval behaviour and developmental abnormali-
ties. During development, CBD caused significant adverse
effects at both the cellular and tissue levels of the organism.
Based on the molecular changes observed in this study,
the authors identified the main pathways of CBD toxici-
ty, such as binding of Cnrl, Cnr2 and/or PPAR receptors
and alteration of metabolic pathways (e.g., retinol) (Fig. 6).
The oral route of administration of CBD products is one
of the most common. CBD can transform in the acidic en-
vironment of the stomach to THC. This conversion was
found in studies with gastric fluid modelling (Fig. 7). CBD
is a compound rich in pharmacological interactions. The
most commonly reported results are neurological, car-
cinogenic and drug interactions (Fig. 8).
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Figure 6. Potential adverse effects of cannabinoid toxicity
Notes: continuous lines with arrows indicate known linkages, while dashed lines with arrows represent likely pathways
of adverse effects; CBD - cannabidiol; THC - tetrahydrocannabinol; CB1/CB2 - cannabinoid receptors; FABP - fatty-
acid-binding proteins; PPAR - peroxisome proliferator-activated receptors; FXR/RXR - farnesoid X receptor/retinoid
X receptor; UGT - UDP-glucuronosyltransferase; RETSAT - retinol saturate; CYP1A - cytochrome P450 1A; DHRS -
dehydrogenase; RDH - retinol dehydrogenase
Source: [52]

Simulated gastric fluid
—_—
37C

Cannabidiol

A9-Tetrahydrocannabinol A8-Tetrahydrocannabinol

Figure 7. Psychoactive products of acid-catalysed cyclisation
of cannabidiol in the presence of simulated gastric fluid at 37°C
Source: [53]
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Cannabinoids have been linked to multiple types of
cancer. The use of cannabidiol plant material and liquid ex-
tracts has been associated with an increased risk of prostate
cancer [55]. Testicular cancer was found to be most strong-
ly associated with cannabis exposure. The area under the
cumulative exponential E-Value curve for tobacco, alcohol
use disorders (AUD), cannabis, THC, cannabidiol, cannab-
ichromene, cannabinol, and cannabigerol was 34, 32, 13,
0, 103, 58, 25, 31, indicating that cannabidiol was most in-
volved in carcinogenesis [56]. Another effect of CBD was
observed in the excretory system. Participants without
chronic kidney disease (CKD) who consumed cannabidiol
had a faster decline in glomerular filtration rate [57]. Despite
its anti-inflammatory properties, B. Carmona-Hidalgo et
al. [58] found that CBD worsened diabetic nephropathy and
led to an earlier end-stage renal disease in a mouse model.

To exploit the full potential of cannabidiol’s therapeu-
tic value, pharmaceutical companies have been working to
create new forms of cannabinoids with reduced side effects
and toxicity. One of them was a method of producing a new
cannabinoid, 8.9-dihydrocannabidiol (8.9-DHCBD). The
antibacterial and antioxidant properties of the substance
were studied. The results of the study showed that 8.9-DH-
CBD had strong antibacterial activity against some strains
of bacteria that are pathogenic to humans, as well as signif-
icant antioxidant activity. The authors of the article argued
that 8.9-DHCBD could have potential applications as a new
natural antibiotic and antioxidant [59].

On the other hand, it is worth noting that most of the
statements about the positive and beneficial effects of using
CBD-based products have avoided the issue of the effects
on the body and the consequences of use. J.A. Crippa et
al. [60] have proposed CBD as a promising therapeutic tool
to overcome several clinical problems. Since 2001, more
than two hundred clinical trials have focused on the use of
CBD for the treatment of seizures, cancer, post-traumatic
stress disorder, and other health problems [61]. The evi-
dence of a positive effect on anxiety, depression, sleep dis-
orders or other psychological conditions is limited and con-
tradictory and was mostly based on subjective testimonies
of the subjects [62]. It is also worth noting that according to
the European Food Safety Authority (EFSA) statement on
the safety of cannabidiol as a novel product, based on an as-
sessment of the available data, there are uncertainties in the
data on the safety of cannabidiol as a novel product [63].

CBD and CBD-containing products have been grow-
ing quantitatively in markets around the world, yet despite
their high popularity among consumers, knowledge about
the negative effects of CBD-containing products remained
limited. Accumulating evidence indicated that CBD when
administered in clinically relevant doses or over a long
period, had a significant potential for hepatotoxicity, as
well as for interactions with various conventional medica-
tions [64]. The US Food and Drug Administration (FDA),
while acknowledging the potential benefits of CBD, also ar-
gued that questions remained about its safety, including the
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potential for liver damage [65]. Another significant claim
was that cannabidiol could alter the liver metabolism of
other drugs, making them ineffective or toxic [66].

Among natural extracts from cannabis plants, syn-
thetic analogues of CBD have also gained popularity on
the market and have been actively used in e-cigarettes.
Numerous cases in 2012 linked synthetic cannabinoids to
acute kidney injury [67, 68]. In particular, nephrotoxici-
ty could be associated with an effect on proximal tubular
mitochondrial function. Renal biopsies in such cases most
often demonstrated acute tubular necrosis, with some cases
of acute interstitial nephritis [67]. In the context of e-ciga-
rettes used to heat CBD oil, an important aspect is the prev-
alence of E-cigarette or Vaping Use-Associated Lung Injury
(EVALI). This syndrome has a significant association with
the use of vaping products with cannabidiol, in particular
CBD. The study selected seventeen international cases from
13 countries for analysis [68]. Countries outside the US had
more men in the cohorts (76% compared to 58-83%), and
the average age of patients from these countries was slightly
higher (31 years compared to 27, 19, and 27 years). The use
of nicotine/flavoured e-liquids was more common among
patients outside the US (100% vs. 58-67%), and the use of
cannabinoid-based products was less common (24% vs.
78-92%) [68]. Cannabidiol has potential side effects and
toxicity. It can interact with other drugs, inhibiting their
metabolism in the liver. Hepatotoxicity, nephrotoxicity, and
reproductive toxicity of cannabidiol have been observed.
Its conversion to psychoactive substances in the stomach
and its association with certain types of cancer is a concern.
However, evidence for positive effects is often contradicto-
ry and limited.

Conclusions

Cannabidiol, as one of the active cannabinoids contained in
cannabis plants, is gaining increasing recognition in med-
ical practice. However, its potential benefits and effects on
various aspects of human body functioning continue to be
the subject of debate in scientific circles. In this study, the
main focus was on a thorough analysis of the therapeutic
properties of cannabidiol, as well as the study of possible
negative effects and toxicity associated with its use. Addi-
tionally, the relevance of CBD as a chemical compound in
the modern global market was studied and the main areas
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Hasiuk

PapMako-MopdoAOriYHi 0COOAUBOCTI
TA COUIAABHO-€KOHOMIYHI acnekTU KAHABIAIOAY:
OrASIA AiTepaTypu

Onecp-IInmn Iroposuy I'acrok

AOKTOP MEAMLLUMHUN, CTAPLLMKM AQDOPAHT

ABBIBCbKMI HALLIOHOABHUM MEAMYHUM YHIBEPCUTET iMEHI AQHMAQ FAAMLLBKOTO
79010, ByA. MNekapcbka, 69, M. AbBiB, YKpaiHa
https://orcid.org/0009-0007-9456-4526

AHoOTaL,if. Yepes 3pocTardy IONYIAPHICT HENCUXOAKTUBHOI PEYOBVMHU IPOAYKTIB KOHOIUI 5K JiKYBaJIbHOTO
3aco0y, HeOOXiTHO OY/IO NMPOBeCTM AeTa/JbHMII aHaIi3 HasABHUX HAYKOBMX NOCTIIKeHb 3 TeMM) BIUIMBY KaHaOifiomy
Ha JIIOZICBKUIT opraHisM. MeTolo boro orAny 6y 36ip Ta cucreMarusanisa iHgopMalil Ipo MO3UTUBHI Ta HeTaTUBHI
BIUIMBM KaHabiniony, a TakoX PO MO>KIMBOCTI JIOr0 BUKOPUCTaHHSA B MeanuHi. IIpoBenenuit ananis 3375 HaykoBuX
cTaTell, MyOmiKalii i 3BiTiB, 3 AKUX BifibpaHo 68 Tux, 1o HaltbinblIe BifmoBigany ymoBaM 3anuty. 3ibpani fani 6ymm
y3arajbHeHi i IpefcTaBleHi B cTpykTypoBaHoMy ¢(opmari. OTpuMaHi pe3ynbraTy OIIAAY BKas3ylOTb Ha 3HAYHUI
(dhapMaKoIOriYHMil MOTeHLia/I KaHa0iioNy, AKWIT MOXKe BUKOPUCTOBYBATHUCSH, AK NePCIIeKTVBHUI TepalleBTIYHMII 3aci
y pisHMX MeAMYHMX cepax. B posIIAHYTHX HOCTIIKeHHAX KaHa61i0/ BUABIAB IPOTUCYTOMHMII, IPOTHEIeI TUYHNIA
edeKT, a TaKOX IIO3UTVBHMII BIUIMB B IIpOrpaMax 3aMiHM HapKOTMYHUX pe4yoBUH. ITpoTe Takox Oyno BifsHaueHO
MOXX/IMBICTb HETaTVBHMX peaKlliil Ta IOTEHIITHO IIKi//IMBOro BIUIMBY KaHabifjiony: Mo>ke IPU3BOJUTI BO PO3BUTKY
IICKXOJIOTiYHOI Ta (i3VYHOI 3a/JeKHOCTI; MiIBUIYE PU3UK PO3BUTKY (i3ionorivHNX IOpylleHb, 30KpeMa BIUIMB Ha
cllepMaroreHes3 Ta MOPYIICHHA >KiHOY0I MiKpo(IOpy; BIUIMBA€E Ha MOBENiHKY Ta IPU3BOAYTD [0 BiIXMIeHb Y PO3BUTKY.
Jis xaHabiniony Ha opraHisM JIOAVHM [OCi 3a/IMIIAEThCS HETOCTATHBO BYBYEHOIO, a JI0TO PO3IOBCIOMKEHHA B YMOBaX
HEJI0OCTaTHbOI'O 3aKOHOIaBYOI'0 PETY/IIOBAaHHA MOXKe YMHUTY PUSUK JyIA 3[0pOB'A Ta Oe3NeKy CIoXnBadiB. Po3yMiHHA
BCiX acIleKTiB BMKOPUCTaHHA KaHaOifiony 3abe3lednTb Ha/leXKHe YIPABIiHHA JIOT0 BUKOPUCTAaHHAM i PO3BUTKOM
BifIOBifHOI 3aKOHOAABYOI 6a3y, a TAaKOXX CHPUATVME IIOfA/IBIIOMY BVMBYEHHIO Ta PO3poOIi HOBUX IpemapariB Ha
OCHOBI JJaHOTO POC/IMHHOTO €KCTPAKTY

KAIO4OBI CAOBQ: KaHa6ic; TOKCUKOIIOTIsA; IIPABO; EMIENCis; XPOHIYHMUIL Gilb; FeHepai30BAHNIT TPUBOXKHUI POSNAL
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