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ABSTRACT

Cannabidiol (CBD), one of the main actives from Cannabis sativa has been perpetually explored lately for its
therapeutic effects. Its main attributes, such as anti-inflammatory and antioxidant effects, snowball into pain
management, epilepsy and seizure alleviation, anxiety relief, as well as numerous other implications through the
entire metabolism. However, conventional administration routes challenge its therapeutic potential, with re-
ported poor water solubility, hepatic degradation, gastric instability and erratic bioavailability observed in oral
administration. As a result, the transdermal delivery systems have emerged as a promising alternative to oral or
inhaled routes, offering improved bioavailability and targeted effects. The medical use of CBD throughout
Europe, UK, USA or Australia is extensive and usually represented by pharmaceutical preparations recommended
after conventional treatment routs fail. The non-medical use is limited by each country’s own legislation, a wider
range of products being available, but the irregular regulatory landscape coupled with the growing market of
cannabinoid-infused products, emphasizes the need for standardized formulations and further clinical research.
The present work critically examines the transdermal administration of cannabidiol, explores the skin’s potential
as a route and the strategies involved in using it for systemic targeting. We highlighted key challenges and
provided insights into CBD's variable bioavailability based on different administration routes and methods, thus
compiling a literature-based absorption, distribution, metabolism, and excretion (ADME) study. We also explore
the role of the endocannabinoid system, its function in various medical conditions, and the therapeutic effects
associated with CBD, particularly in light of the varying legislation across countries. While the breadth of po-
tential benefits is compelling, it is essential to emphasize the ongoing nature of CBD research as individual re-
sponses to it can vary significantly.

1. Introduction

(EU)’s ‘Common Catalogue of Varieties of Agricultural Plant Species’
and their THC content does not exceed 0.2 % (w/w). Another bioactive

Cannabis (Cannabis sativa L.) has a long history of medicinal use,
dating back over 4000 years and recent research has attributed its
therapeutic potential to the bioactive compounds known as cannabi-
noids, which are found primarily in the resinous trichomes of the plant’s
flowers and leaves (Brand and Zhao, 2017). Among the more than 100
identified cannabinoids, tetrahydrocannabinol (THC) is well-known for
its psychoactive effects, thus cultivation of Cannabis sativa L. varieties in
Europe is allowed only if the seeds are registered in the European Union
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compound is cannabidiol (CBD), that is devoid of psychotomimetic ef-
fects, thus gaining significant attention for broad applications, reflected
in the infusion of either cosmeceuticals, alternative-medicine remedies,
supplements, foods, or beverages on the European market (Andre et al.,
2016). Plant-derived and synthetic CBD are not controlled under the
Single Convention on Narcotic Drugs and may therefore be used in
finished cosmetic products (Couteau and Coiffard, 2010; Shelley and
Metz, 2013).
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CBD has been explored for its anxiolytic, anti-inflammatory, neuro-
protective, and antiepileptic properties, an in-depth understanding
regarding its bioavailability in correlation with intake forms is not yet
clearly formed and due to gaps in available data regarding NOAEL (No
Observed Adverse Effect Level), safety concerns have been raised
(Hanus et al., 2016; Turck et al., 2022). In addition, its therapeutic use
has been limited by its poor water solubility and low oral bioavailability,
which can fluctuate between 6-20 % due to extensive first-pass meta-
bolism, requiring appropriate delivery methods. Among them, trans-
dermal drug delivery offers several advantages, including bypassing the
digestive system, with bioavailability rates higher than oral — gastric
ones and allowing for controlled, sustained release of the active com-
pound, leading to improved therapeutic outcomes, while alleviating
localized and systemic conditions associated with pain and inflamma-
tion (Lodzki et al., 2003; Varadi et al., 2023). Following the ban on
animal testing of cosmetic products in the EU, (as part of Reg.
1223/2009), there is little in vivo testing data available for cosmetic
products, therefore risks arising from dermal exposure to CBD need
further exploration and data gathering to help regulatory parties make
informed decisions and provide safe recommendations for proper usage.

Here we report on CBD’s therapeutic properties and challenges
associated with its various administration routes. This review examines
current findings on the transdermal delivery of CBD, a non-invasive
approach that addresses issues of bioavailability, efficacy and safety.
An overview of the available legislation, medical cannabis policies and
accessibility, the lack of standardized regulation for non-prescription
CBD products, as well as a lack of balance between accessibility and
rigorous scientific validation to ensure safety, efficacy, and equitable
access is included. Ultimately, it invites us to consider: is CBD a friend or
a foe?

2. The path of cannabidiol in the body: absorption, distribution,
metabolism & excretion insights for systemic delivery

CBD and A°-THC are both 21-carbon terpenophenolic compounds,
found in the plant, A°-THC in acid forms (THCA and CBDA) that
decompose slowly during storage to the corresponding chemically
neutral but pharmacologically potent THC and CBD (Andre et al., 2016;
Atakan, 2012). These compounds easily undergo decarboxylation dur-
ing the drying of the plant material, its combustion or its analysis (Wang
et al., 2016). CBD consists of a pale-yellow resin or crystals with the
molecular formula Cz;H3002 and a molecular weight of 314.46 g/mol.
CBD is almost insoluble in water (0.0122 mg/L at 25 °C), but has good
solubility in organic solvents, such as methanol, ethanol, diethyl ether,
benzene and chloroform. The octanol/water partition coefficient log
Ko/w is 8.01 (Cannabidiol, 2021). Animal studies indicate that CBD’s
oral bioavailability is low, and there is insufficient data from human
studies to fully understand its efficacy. To achieve systemic delivery,
cannabinoids need to be administered in a manner that allows distri-
bution throughout the entire body, influencing various physiological
processes. This contrasts with localized or topical methods, which target
specific areas like skin or muscles without widespread distribution.

Each of the delivery methods has its advantages and disadvantages,
and the choice of the method may depend on individual preferences, the
medical condition being treated, and the desired onset and duration of
effects. It is important to note that the pharmacokinetics of cannabinoids
can vary depending on the delivery method, that influence its
bioavailability, rate of absorption, and overall efficiency. Additionally,
the legality and availability of these delivery methods may vary
depending on the region and the specific cannabinoid products being
used.

2.1. Low bioavailability of CBD and the influence of administration routes
for systemic delivery

The bioavailability of CBD varies greatly with route and mode of
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administration. In clinical trials and research studies, CBD is generally
administered orally as either a capsule or dissolved in oil solutions. It
can also be administered through sublingual or intranasal routes.

A wide range of oral doses have been reported in the literature, with
most dosages ranging from 10 mg/day to 800 mg/day (in high dosages
cases) (Millar et al., 2020; Huestis, 2007; Fasinu et al., 2016). It is
generally accepted that CBD is less active on the endocannabinoid brain
receptors than THC. This has been used to explain the lack of psycho-
active effects of CBD even at high dose (Nelson et al., 2020).

Oral delivery of an oil-based capsule formulation of CBD has been
assessed in humans. Probably due to its poor aqueous solubility, the
absorption of CBD from the gastrointestinal tract is erratic, and the
resulting pharmacokinetic profile is variable. Bioavailability from oral
delivery was estimated to be 6 % due to significant first-pass metabolism
(Fasinu et al., 2016; Ujvary and Hanus, 2016).

In healthy male volunteers, the 12 mean + SD whole blood levels of
CBD at 1, 2 and 3 h after administration of 600 mg oral CBD were re-
ported to be 0.36 (0.64) ng/mL, 1.62 (2.98) ng/mL and 3.4 (6.42) ng/
mL, respectively (Brown and Winterstein, 2019). Aerosolized CBD has
been reported to yield rapid peak plasma concentrations in 5-10 mins
and higher bioavailability than oral administration. CBD is rapidly
distributed into the lung tissues with a high volume of distribution of
~32L/kg (Fasinu et al., 2016). In rats, analysis of blood and brain 21.5h
after intra-gastric administration of 23.4 mg/kg of CBD in olive oil so-
lution showed respective tissue concentrations of unchanged CBD of
20.2 ng/mL and 6.4 ng/g; the hepatic concentration was higher
throughout the experiment and 20.8 ng/g was recorded even 84 h after
administration. In other tests with rats, analysis of brain parts 5 mins
after administration of CBD (1 mg/kg intravenous) revealed an even
distribution of the radiolabel (CBD+ its unspecified metabolites) at
about 1 ng/mg as initial peak concentrations throughout all brain re-
gions examined.

After oral administration of chocolate cookies containing 40 mg of
CBD in healthy human subjects, mean plasma CBD levels ranged be-
tween 1.1 and 11 ng/mL (mean: 5.5 ng/mlL) after one hour and the
course of CBD in the plasma over six hours was in the same range as the
course after 20 mg of THC (Agurell et al., 1981). Oral intake of 5.4 mg of
CBD resulted in plasma CBD concentrations ranging between 0.2 and 2.6
ng/mL (mean: 0.95 ng/mL) after one hour (Nadulski et al., 2005).
Bioavailability through the oral route was estimated at 6 % (Agurell
et al., 1981; Zhornitsky and Potvin, 2012).

Differences in CBD bioavailability when administered orally may be
influenced by non-standardized CBD formulation, and/or the body size
and composition of the recipient. With regards to the former, differences
in formulation might include water vs. lipid solubility, administration as
a food vs. a beverage, co-administration with additional ingredients,
and/or preparation as a ready-made product vs. a powder to be mixed
with liquid by the consumer before ingestion. Once ingested, the
resultant circulating CBD concentration will be influenced by rates of
absorption from the gut, breakdown during first pass metabolism, and
potentially by the body size and composition of the consumer. For
example, lean mass is positively associated with total blood volume.
Adults with a higher lean mass may demonstrate lower circulating CBD
concentrations on account of a larger blood volume to dilute the CBD.
Fat mass may influence CBD absorption as CBD is lipid soluble and can
therefore potentially accumulate in adipose tissue in a manner similar to
A°-THC, a psychoactive component of Cannabis sativa L (Williams et al.,
2021).

In general, the plasma concentration of CBD is dose-dependent,
although this can be nonlinear, especially at high doses, CBD has low
fasting bioavailability (<10 %), kinetic parameters were noted to be
similar to those of A°-THC. The maximum concentration (Cmax) of CBD
can range between 0.9 ng/mL following a low dose and 192 ng/mL
following a high dose (Huestis, 2007).

In a study involving CBD oral administration in mice, 120 mg/kg
resulted in a range of maximum brain tissue concentrations of 4—21 pM.
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Another study looked at the concentration of CBD in the brain of mice
after subcutaneous administration at 10 mg/kg and reported a Cpax of
1-2 pM (Nelson et al., 2020). The concentration of CBD in brain tissue is
always measured as being lower than the correlating plasma concen-
tration. Therefore, CBD levels in human brain tissue are likely to be
lower than the reported plasma concentrations in humans (as presented
in the table below, human studies, <50 nM); however there appears to
be no significant barrier to brain penetration of CBD (Nelson et al.,
2020).

A recent study examined gastric and plasma concentrations of can-
nabinoids in mini pigs after repeated CBD administration (15 mg/kg/
day for 5 d). The results indicated no THC or THC metabolites in plasma
or gastric fluid matrices after CBD administration. There is no evidence
that this transformation occurs in humans after oral CBD administration.
One human study administered 600 mg of CBD to healthy participants
and detected no THC and trace concentrations of THC metabolites (11-
OH-THC, THC-COOH). In general, clinical studies have reported that
even high doses of oral CBD do not cause THC-like effects (e.g.,
impairment, increased heart rate/tachycardia, dry mouth). There is no
evidence that oral administration of CBD in humans results in clinically
relevant, subjective or physiological effects similar to those of THC, or
appreciable plasma concentrations of THC or its metabolites (WHO
2018).

2.2. Metabolism and cytochrome P450 interaction

CBD is absorbed in the body similarly to THC. It has been claimed
that CBD can be transformed to THC and other cannabinoids under
acidic conditions (Adams et al., 1940). The experimental conversion of
CBD to THC and delta8-THC in simulated gastric fluid (SGF) studied by
Merrick et al. (2016) based on the pioneering work done by Adams et. al.
suggests that soluble CBD converts in vitro to THC at 1.5:1 ratio in 120
min. Fortunately these results may remain valid only in vitro conditions,
as in the over 40 years of CBD research, in humans the conversion to
THD does not occur after oral administration of CBD, even at doses
exceeding 800 mg/mL (Nahler et al., 2017; Sholler et al., 2021). How-
ever, low levels of THC metabolites have been detected for more than
five weeks in the urine and faeces of cannabis users. CBD is rapidly
distributed into the tissues with a high volume of distribution of ~32
L/kg.

Like THC, CBD may preferentially accumulate in adipose tissues due
to its high lipophilicity (Fasinu et al., 2016; Fasinu et al., 2016; Jiang
et al., 2013). While cannabinoids are lipophilic and dissolve better in
fats and oils, the influence of various fats on cannabinoid absorption in
vivo has been poorly studied.

A pre-clinical study examined the effect of dietary fats on THC and
CBD absorption in rats with a dose of 12 mg/kg of THC or CBD in either
lipid-free formulation or lipid long-chain triglycerides (LCT)-based
formulation (sesame oil) that was administered to rats by oral gavage
showed the absolute bioavailability of THC of 2.5 times higher in the
lipid-based (Cpyax = 172 ng/mL; AUC = 1050 h.ng/mL) versus lipid-free
formulation (Cpax = 65 ng/mL; AUC = 414 h.ng/mL). The absolute
bioavailability of CBD was three times higher in the lipid-based (Cyax =
308 ng/mL; AUC = 932 h.ng/mL) versus lipid-free formulation (Cpax =
87 ng/mL; AUC = 327 h.ng/mlL). Furthermore, an in vitro lipolysis
model was used to assess the mechanism by which lipids could enhance
the bioavailability of THC and CBD. Results showed that 30 % of THC
and CBD was solubilized in the micellar layer and therefore was readily
available. Incubation studies suggested that cannabinoids have a 70 to
80 % association range with natural chylomicrons from rat and human.
Chylomicrons act as carriers in the intestine and potentially transfer
THC and CBD to the systemic circulation via the intestinal lymphatic
system and therefore avoid hepatic first-pass metabolism, which would
explain the increased bioavailability with the lipid-based formulation
(Hanan Abramovici et al., 2018).

Most cannabinoid metabolism occurs in the liver, and different
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metabolites predominate depending on the route of administration. CBD
has the ability to interact with CYPs (Cytochrome P450 enzymes). The
primary route is hydroxylation to 7-OH-CBD which is then metabolized
further in the liver, resulting in a number of metabolites that are
excreted in faeces and urine (Jiang et al., 2011).

A study in human liver microsomes (HLMs) demonstrated that CBD
was metabolized to eight monohydroxylated metabolites. Among these
metabolites, 6a-OH-, 6p-OH-, 7-OH-, and 4"-OH-CBDs were the major
ones. Seven recombinant human CYP enzymes were identified as
capable of metabolizing CBD: CYP1A1, CYP1A2, CYP2C9, CYP2C19,
CYP2D6, CYP3A4, and CYP3AS5, the two most active being the isoforms
CYP3A4 and CYP2C19 (Jiang et al., 2011). In other studies CBD has been
shown to inhibit CYP isozymes in vitro, but it is not clear that this occurs
at concentrations achieved with clinical doses (Nasrin et al., 2021; Jiang
et al., 2013; Yamaori et al., 2010).

The first CBD metabolites to be identified were isolated from rat liver
homogenate and their structures were determined as a primary alcohol
derived from the oxidation at the allylic C-7 methyl group on the
cyclohexene moiety (7-OH-CBD) and a secondary alcohol resulting from
the oxidation of the central (C-3") methylene group of the pentyl side
chain (3"-OH-CBD). Biotransformation studies in mammals, including
humans, using various types of CBD administration have indicated
considerable species variability.

The major safety concern associated with CBD is drug interaction
(Vazquez et al., 2021). Potential for adverse drug events (ADEs) and
drug-drug interactions (DDIs) is based on pharmacologic targets of CBD,
pharmacodynamic effects, and interactions between CBD and other
medications related to metabolism, absorption, and elimination.The
metabolism of CBD involves cytochromes, and UGT (uridine diphos-
phoglucuronosyltransferases) enzymes. Moreover, CBD can inhibit
various CYP and UGT enzymes, leading to potentially significant drug
interaction, notably with antiepileptic drugs (Brown and Winterstein,
2019; Landmark and Brandl, 2020) and antiseizure medications
(Gilmartin et al., 2021). CBD may notably inhibit CYP2C9, CYP1A1/2
and CYP1B1, but also CYP2D6, CYP2C19, CYP2B6, CYP2J2 (Bornheim
et al., 1981; Jiang et al., 2013; Bornheim et al., 1993; Qian et al., 2019;
Yamaori et al., 2010, 2012, 2015, Zendulka et al., 2016). CBD also
inhibit UGT1A9 and UGT2B7 (Qian et al., 2020). On the other side, a
2013 report (Stott et al., 2013) on a clinical trial using GW Pharma-
ceutical’s Sativex, a whole plant CBD-rich sublingual spray, found no
interactions with CYP enzymes when approximately 10 mg of CBD were
administered. A subsequent clinical trial, however, found that 25 mg of
orally administered CBD significantly blocked the metabolism of an
anti-epileptic drug (Geffrey et al., 2015).

It should be kept in mind that CBD is also administered in patients
with serious medical conditions that are treated with medications that
have their own side effect profiles. Co-administration increases the po-
tential of experiencing overlapping profiles even with direct DDIs via
metabolic or transport pathways (Brown and Winterstein, 2019).

The available data demonstrates the possible drug-interaction be-
tween CBD and several medications such as: Methadone (Madden et al.,
2020), Lithium (Singh et al., 2020), Carmazepine (Darweesh et al.,
2020), Anticonvulsant drugs such as Clobazam (Anderson et al., 2019;
Devinsky et al., 2020; Geffrey et al., 2015; Gunning et al., 2021; Van-
Landingham et al., 2020), Stiripentol (Ben-Menachem et al., 2020;
Morrison et al., 2019) or Brivaracetam (Klotz et al., 2019). However,
CBD has no effect on Valproate pharmacokinetics (Ben-Menachem et al.,
2020; Morrison et al., 2019), Warfarin (Grayson et al., 2017), Anaes-
thetic and sedative agents such as Hexobarbital (Bornheim et al., 1981;
Benowitz et al., 1980), Barbiturate (Karler et al., 1979), Hexobarbitone
(BORYS et al., 1979), or Pentobarbitone (Frizza et al., 1977), but has no
effect on Secobarbital pharmacokinetic parameters (Dalton et al., 1976).
CBD is also not associated with any side effect in case of Fentanyl
intravenous administration (Manini et al., 2015), Levothyroxine (Guido
et al., 2021).
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2.3. Excretion and half-life of CBD

In a controlled study involving 18 participants, 100 mg of CBD in
four types of formulations were administered orally or by vaporization.
After 58 h, from collected samples the urinary CBD concentrations (ng/
mL) were higher after oral (mean Cmax: 734; mean Tmax: 4.7 h,n = 18)
versus vaporized CBD (mean Cmax: 240; mean Tmax: 1.3 h, n = 18), and
oral dose formulation significantly impacted mean Cmax (Epidiolex =
1274 ng/mL, capsule = 776 ng/mL, syrup = 151 ng/mL, n = 6/group)
with little difference in Tmax. Overnight fasting had limited impact on
CBD excretion in urine, and there was no evidence of CBD conversion to
A8- or A9-THC in any route or formulation in which pure CBD was
administered (Sholler et al., 2021).

In another study focusing on administering medical cannabis and
pharmaceutical preparations, 13 healthy volunteers were administered
100 mL of cannabis decoction first and, after 15 d, 0.45 mL of oil. Urine
samples were collected at different time points. The most excreted CBD
metabolite was 7-OH-CBD (242.9 + 141.35 pg in the case of decoction
and 239.1 + 143.1 pg in the case of oil). The second most prevalent
metabolite, 7-COOH-CBD was about four time less concentrated than 7-
OH-CBD (65.9 + 46.2 pg and 42.7 + 20.3 g after decoction and oil
consumption, respectively). Additionally, 6-3-OH-CBD was detected in
urine samples at a concentration 30 times lower than that of the hydroxy
metabolite (8.7 + 4.9 ug for decoction vs. 7.6 + 5.0 ug for oil), and
finally, 6-a-OH-CBD was excreted in urine with concentrations two or-
ders of magnitude less (2.5 £ 2.0 ug after decoction intake and 0.7 £ 0.6
ug after oil intake) (Pérez-Acevedo et al., 2020).

Smoking one light cannabis cigarette containing 58 mg CBD and 1.6
mg THC (by 6 participants) lead to detection in urine of 7.9 & 2.1 ng/mL
CBD at 3 h, increasing to 18.6 + 4.0 ng/mL at 8 h post administration,
and then decreasing to 12.6 + 2.1 (12.4) ng/mL at 24 h; 0.2 ng/mL of
THC were also detected (Pacifici et al., 2020).

Plasma clearance of CBD is similar to that of THC, ranging from 58 to
94 L/h (i.e. 960 — 1560 mL/min). In a study (WALL and PEREZ-REYES,
1981) including healthy volunteers who were given 20 mg of CBD by
intravenous injection, 7-COOH-CBD was the most abundant metabolite
in the plasma, while 7-OH-CBD was only a minor biotransformation
product. In the urine, unchanged CBD and, to a lesser extent, conjugated
CBD were the main excretion products and about 16 % of the total
radioactivity was eliminated in 72 h by this route of excretion. It was
also observed that 33 % of the total radioactivity, again mostly un-
changed CBD accompanied by several metabolites.

A recent study reported that CBD, when given at doses of 5, 10 and
20 mg/kg/d to children ages 4-10 with Dravet syndrome, produced
dose-proportional increases in area-under-the curve plasma concentra-
tions for CBD and its metabolites, 6-OH-CBD, 7- OH-CBD, and 7-COOH-
CBD (Yamaori et al., 2012).

A significant portion of administered CBD is excreted either intact or
as its glucuronide conjugate. Within 72 h, 16 % of the administered CBD
dose was recovered in the urine as either intact or conjugated CBD,
while 33 % was recovered in the feces, predominantly unchanged, along
with several mono- and di-hydroxylated metabolites and mono-
carboxylic derivatives. The decline of CBD levels is also multi-phasic,
and the half-life of CBD in humans has been estimated at 2 — 5 days
after oral administration (Hanan Abramovici et al., 2018).

The half-life of elimination (t;,2) of CBD is variable and depends
especially on its route of administration. Generally, oral administration
(e.g. via oil) leads to a tj,» of about 2 h. The families of oxidized and
glucuronidased metabolites are largely excreted by the kidneys and can
be identified in the urine (Nelson et al., 2020).

2.4. Toxicological insights for systemic delivery
In January 2019, the World Health Organization (WHO) changed

position after 60 years and proposed rescheduling of cannabis and
cannabinoids for therapeutic purposes (Mayor, 2019; Forty-first meeting
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of the Expert Committee on Drug Dependence 2021). Three months after
FDA Epidiolex® approval, the U.S. Drug Enforcement Administration
(DEA) removed Epidiolex® from the most restricted Schedule 1 (no
approved medical use and high abuse liability) to Schedule V with low
abuse potential (D. of J. Drug Enforcement Administration 2018).

Assessment of in vitro genotoxicity of hemp extracts with high CBD
content by bacterial reverse mutation test (AMES) resulted in no sub-
stantial increases in revertant colony numbers (Huestis et al., 2019; de
Faria et al., 2020). Synthetic cannabinoid also did not induce gene
mutations (Russo et al., 2019; Zimmerman and Raj, 1980; Schleicher
et al., 2019).

Assessment using the chromosomal aberration test on a product
containing 25 % cannabinoids, including 96 % CBD and less than 1 %
THC did not induce an increase in the number of cells with aberrations
or rates of polyploidy or endoreduplicated metaphases at concentrations
ranging from 10 to 90 pg/mL (Huestis et al., 2019). There were no
statistically significant differences between treatment and the solvent
control groups, and no dose-response relationships were noted.

Despite positive genotoxicity results, CBD was found to induce DNA
damage in single cell gel electrophoresis (SCGE) experiments in a human
liver cell line (HepG2) and in buccal-derived cells (TR146) at low levels
(> 0.2 uM). Results of micronucleus (MN) cytome assays showed that
the damage leads to formation of micronuclei (MNi) which reflect
chromosomal aberrations and leads to nuclear buds and bridges which
are a consequence of gene amplifications and dicentric chromosomes.
Additional experiments indicate that these effects are caused by oxida-
tive base damage and that liver enzymes (S9) increase the genotoxic
activity (Marx et al., 2018).

There are a number of mouse and rat studies using the intravenous (i.
v) and intraperitoneal (i.p) route of CBD exposure which showed no
significant effects on the following: weight gain, locomotor activity,
blood glucose levels, catalepsy, antinociception, hypothermia, motor
changes, gastrointestinal motility, blood pH, rectal temperature, blood
pressure, cardiovascular parameters, respiratory parameters (Ewing
et al., 2019; Dziwenka et al., 2020; Bhattacharyya et al., 2010; Ober-
barnscheidt and Miller, 2020). The doses used ranged from 1-100
mg/kg/b.w.

The repeated oral dose studies on CBD extract in animals revealed
dose-related toxicity, including changes in organ weights (liver, thymus,
spleen, adrenal glands) and histopathological alterations (e.g., hepato-
cellular hypertrophy, adrenal vacuolation, and thymus involution)
(Huestis et al., 2019). Acute studies highlighted central nervous system
effects (sedation, tremors, convulsions), and significant impacts on
reproductive and metabolic parameters at higher doses, with lethality
observed in extreme cases (Ferk et al., 2016).

The 90-day repeated dose oral toxicity studies revealed dose-related
decreases in body weight and changes in organ weights, notably liver
hypertrophy, which were generally reversible after a recovery period.
The no-observed-adverse-effect level (NOAEL) varied by species and sex:
100 mg/kg/day for male rats and 360 mg/kg/day for females, while in
monkeys, significant impacts on organ weights and testicular size were
observed at higher doses, with inhibition of spermatogenesis persisting
post-recovery (Huestis et al., 2019; Ferk et al., 2016).

Chronic toxicity studies found liver effects (hepatocellular hyper-
trophy and increased liver enzymes) at all CBD doses in rats and dogs.
Reproductive and developmental studies showed fertility impacts, fetal
growth reduction, and delayed sexual maturation, with a NOAEL of 150
mg/kg/day. No carcinogenic effects were observed in a 104-week rat
study (Koller et al., 2015).

Human acute studies show that CBD is generally safe and well-
tolerated across a wide range of doses (20-1500 mg), with no evi-
dence of tolerance or significant adverse effects on psychomotor,
physiological, or psychological functions. Clinical trials, including those
in patients with type 2 diabetes, found no major effects on metabolic,
cardiovascular, or inflammatory markers, and adverse events were mild
to moderate (National Toxicology Program 1996; Russo, 2019; Riedel
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et al., 2009; El-Remessy et al., 2006; Resstel et al., 2009; Zanelati et al.,
2010). Chronic oral CBD administration has demonstrated safety across
multiple studies. Neurological, clinical, and psychiatric assessments of
doses ranging from 10 mg/day to 1500 mg/day showed no significant
adverse effects (Rosenkrantz et al., 1981; Lu and Mackie, 2021; Howlett
et al., 2002; Basu and Dittel, 2011). In epilepsy studies, including severe
cases like Dravet syndrome, CBD reduced seizures effectively, though
side effects like somnolence, diarrhea, and transaminase elevation
(noted primarily with valproate co-administration) were reported
(Cabral et al., 2015; Mecha et al., 2016). Studies in children and adults
with treatment-resistant epilepsy found CBD generally well-tolerated,
with common adverse events being mild to moderate and reversible
through dose adjustments (Atwood and MacKie, 2010; Irving et al.,
2017; Di Marzo, 2008; Health Effects, 2022). In patients with Parkin-
son’s psychosis and schizophrenia, CBD improved symptoms without
serious side effects . However, its immune-modulatory effects suggest
potential risks in certain contexts, such as HIV-1 progression (National
Toxicology Program 1996).
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Among the 100 orphan G-protein coupled receptors (GPCRs), three
have been linked to the cannabinoid system. GPR18, GPR55, and
GPR119 exhibit limited sequence homology with the established CB1
and CB2 cannabinoid receptors. However, the pharmacology of these
orphan receptors displays overlap with CB1 and CB2 receptors, partic-
ularly for GPR18 and GPR55. The linking of GPR119 to the cannabinoid
receptors is less convincing and emanates from structural similarities of
endogenous ligands active at these GPCRs, but which do not cross-react
(P et al., 1986).

It is now well established that endocannabinoids are synthesized and
released “on demand” and that this process can be regulated both
physiologically and under pathological conditions. Therefore, the
endocannabinoid signaling implications concerning pharmacological
mechanisms involve an intricate path from synthesis, to release, inter-
action with receptors, followed by cellular uptake and metabolism,
which may trigger critical therapeutic effects.

Studies that explored the endocannabinoid biology as new leads for
drug development and specific correlation with various conditions/

Section Highlights

administration.

therapeutic outcomes.

CBD’s poor water solubility and first-pass metabolism result in low oral bioavailability (~6 %). Lipid-based formulations enhance bioavail-
ability by bypassing first-pass metabolism. Routes like sublingual, aerosolized, and intranasal offer higher and faster absorption than oral forms.

CBD is metabolized by liver enzymes (CYP450 family) into hydroxylated and gluco- forms. CBD inhibits some CYP enzymes, potentially
affecting other drugs, especially antiepileptics, though it remains unclear whether this occurs at physiological concentrations.

CBD is eliminated in feces and urine as metabolites, with a half-life of 2-5 days. Similar to THC, with detectable levels in urine for days post-

Long half-life and extensive tissue distribution make CBD suitable for systemic applications, but variability remains a challenge for consistent

CBD is widely considered safe and well-tolerated across various doses and conditions, with mild and reversible side effects such as somnolence
and gastrointestinal issues; however, its immunomodulatory effects may pose risks in certain contexts, such as HIV-1 progression.

3. The endocannabinoid system — an overview of its functions
implication in various conditions with medicinal effects

The endocannabinoid system (ECS) is a widespread neuro-
modulatory network involved in both the developing of the central
nervous system (CNS) as well as playing a major role in tuning many
cognitive and physiological processes. The ECS is composed of endog-
enous cannabinoids, cannabinoid receptors and the enzymes responsible
for the synthesis and degradation of endocannabinoids. In addition to its
endogenous roles, cannabinoid receptors are the primary target of THC,
the intoxicating component of cannabis (Hampson et al., 1998). ECS is
far from being a discrete system, its presence and response being
influenced by a number of signaling pathways. The vastly well charac-
terized G-protein coupled receptors - CB1 and CB2 are considered pri-
mary switches of the system, being able to inhibit adenylyl cyclase and
certain voltage-sensitive calcium channels, stimulate mitogen-activated
proteins kinases (MAP kinases) and inwardly rectifying potassium
channels (GIRKs), and recruit beta-arrestins, among other actions
(Cheng et al., 2014). The diversity of CB1 signaling is enhanced by their
propensity to heterodimerize with other GPCRs, including D2 dopa-
mine, hypocretin/ orexin, and opioid receptors. CB1 receptors are
particularly enriched in the nervous system, but are also present in
diverse organs including liver, adipose tissue, or skin. While are pri-
marily expressed in cells of immune origin (Effects of 2022) including
microglia (Xiong and Lim, 2021), though they may also be expressed in
neurons (I et al., 2014), particularly in pathological states (Hammell
et al., 2016).

diseases have used several tools — or families of tools, in order to group in
a functional way the interactions (Divac et al., 2016). Therefore, there
are (i) “indirect” cannabinoid receptor agonists (i.e. inhibitors of
endocannabinoid inactivation), (ii) “direct” cannabinoid receptor ago-
nists, (iii) “indirect” antagonists of cannabinoid receptors (i.e. inhibitors
of endocannabinoid biosynthesis), (iv) cannabinoid receptor inverse
agonists and antagonists, and (v) cannabinoid receptor allosteric mod-
ulators. Each of these super-families can be divided into various families
of compounds, for twelve such families.

Regarding the medical cannabis, the current scientific literature
provides conclusive and substantial evidence that both cannabis and
cannabinoids have therapeutic effects: they are used to treat chronic
pain in adults, work as an antiemetic when treating nausea and vomiting
induced by chemotherapy and improve symptoms of muscle spasticity in
multiple sclerosis.

A 2017 meta-analysis on the benefits and side effects of cannabis
(performed by the National Academy of Sciences, Engineering, and
Medicine, USA, which analyzed more than 10,000 scientific abstracts)
showed that marijuana (or cannabinoid-containing products) is effective
in relieving chronic pain. Marijuana is not suitable for severe pain, such
as postoperative pain or a fracture, but can be used successfully in
neuralgia, fibromyalgia, endometriosis, interstitial cysts and any other
disease that is characterized by chronic pain (Holloman et al., 2021).

Most scientific studies have focused in the last 40 years on the po-
tential toxicity of THC, dealing less with other cannabinoids, which has
ironically led to the discovery that THC and other cannabinoids are
active lipophilic antioxidant compounds, which explains the therapeutic
potential traditionally associated with Cannabis species (Elliott et al.,
2018).
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CANABIDIOL SYSTEMIC BLUEPRINT OF BENEFICIAL EFFECTS
BRAIN

Alzheimer & Parkinson disease, MS, Depression,
Pain, Anxicty. Psycosis. Insomnia

LUNGS

Inflammation relief in
CODP & ARDS
Bronchial relaxation

LIVER

Hepatic encephalopathy
Prevention of liver

fibrosis. Reduction of fat

accumulation

STOMACH

Upper gastrointestinal
dysfunction (nausca
Reduced colitis-associated
hypermotility, decreased pain

INTESTINES

Inflammatory bowel & Crohn's
discases, Spasm reduction
Supporting the Gut Lining &
Microbiome
SKIN

Infection, Acne
Atopic dermatitis, Scar
reduction, Antioxidant

IMMUNE SYSTEM

Immunomodulation, Inflammation,
Infection, Chemoprotection

EYES

Diabetic retinopathy
Corneal pain & inflammation

HEART

Infarct, Ischaemia-reperfusion, Blood
pressure, Diabetic cardiomyopathy

PANCREAS
Improved insulin sensitivity, Reduction of
inflammation in pancreatitis, Protection
of P cells against free radical damage

REPRODUCTIVE SYSTEM

Reduced testosterone levels, Decreased
fertilization rates
Interference in placental development

BONES & JOINTS

Reumatoid arthritis, Osteoartritis

Enhanced healing and recovery
following bone injury

Fig. 1. Blueprint of CBD's therapeutic benefits across the human body. This figure illustrates CBD’s therapeutic potential across major body systems. It highlights
neuroprotective effects (e.g., Alzheimer’s, Parkinson’s, anxiety), anti-inflammatory actions in the lungs, cardiovascular, and immune systems, and its role in
improving liver, gut, and pancreatic health. Additionally, it shows benefits for skin conditions, bone and joint recovery, and reproductive health, underscoring CBD’s

systemic impact on inflammation, pain, and cellular protection. Original figure created using Biorender.

Table 1
Overview of therapeutic beneficial effects of CBD in association with various diseases.

Nr. Disease Effects References

Crt.

1 Alzheimer’s disease Anti-inflammatory, antioxidant, anti-apoptotic in vitro and in vivo models of ~ (Moreno-Martet et al., 2015; Nichols and Kaplan, 2020;
Ap-evoked neuro-inflammatory and neurodegenerative responses. Furgiuele et al., 2021)

2 Parkinson’s disease Attenuation of the dopaminergic impairment in vivo; neuroprotection; (Giacoppo et al., 2014; Coles et al., 2020; Fernandez-Ruiz
improvement of psychiatric rating and reduction of agitation, nightmare et al., 2013; Prakash and Carter, 2021)
and aggressive behaviour in patients.

3 Multiple sclerosis Improved signs of EAE in mice, anti-inflammatory and immunomodulatory (Valdeolivas et al., 2015; Valdeolivas et al., 2017; Mohsenpour
properties. et al., 2021; Kossatz De Mello et al., Lafuente et al., 2016)

4 Huntington’s disease Neuroprotective and antioxidant in mice transgenic models; no significant (Garberg et al., 2016; Pazos et al., 2012; Mlost et al., 2020;
clinically important differences in patients. Xiong et al., 2012; Campos et al., 2021; Bennici et al., 2021)

5 Hypoxia-ischemia Short-term neuroprotective effects; inhibition of cytotoxicity, oxidative (Davies and Bhattacharyya, 2019; Rodrigues da Silva et al.,

injury stress and inflammation in vitro and in rodent models. 2020; Gomes et al., May 2015; Blessing et al., 2015; Masataka,
2019)

6 Pain Analgesic effect in patients with neuropathic pain resistant to other (Bergamaschi et al., 2011; Linares et al., 2019; Gallego-Landin
treatments. et al., 2021; Silote et al., 2021)

7 Psychosis Attenuation of the behavioral and glial changes in animal models of (Garcia-Gutiérrez et al., 2020; Zanelati et al., 2010; Solinas
schizophrenia; anti-psychotic properties on ketamine-induced symptoms. et al., 2015)

8 Anxiety Reduction of muscular tension, restlessness, fatigue, problems in (Gross et al., 2021; Ladin et al., 2016; Zhelyazkova et al., 2020;
concentration, improvement of social interactions in rodent models of Tomko et al., 2020; Seltzer et al., 2020)
anxiety and stress; reduced social anxiety in patients.

9 Depression Anti-depressant effect in genetic rodent model of depression. (Massi et al., 2013; Parker et al., 2011; Rock and Parker, 2013;

Bolognini et al., 2013)

10 Cancer Antiproliferative and anti-invasive actions in a large range of cancer types; (Rock and Parker, 2013; Rock et al., 2013; Rock and Parker,
induction of autophagy-mediated cancer cell death; chemopreventive 2016; Lowin et al., 2020; Kozela et al., 2009; Suryavanshi
effects. et al., 2021; Atalay et al., 2020)

11 Nausea Suppression of nausea and conditioned gaping in rats (Nagarkatti et al., 2009; Mechoulam et al., 2007; Mechoulam

et al., 2002; Lowin et al., 2020, Peyravian et al., 2020; Klahn,
2020)

(continued on next page)
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Table 1 (continued)
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Nr. Disease Effects References
Crt.
12 Inflammatory diseases Anti-inflammatory properties in several in vitro and in vivo models; (Blaskovich et al., 2021; Wassmann et al., 2020; Martinenghi
inhibition of inflammatory cytokines and pathways. et al., 2020; Antimicrobial Studies of Cannabidiol 2022; Krohn
et al., 2016)
13 Rheumatoid arthritis Inhibition of TNF-« in an animal model. (Anil et al., 2022; Ambrose and Simmons, 2019; Hryhorowicz
et al., 2021; Kicman and Toczek, 2020)
14 Infection Activity against methicillin-resistant Staphylococcus aureus. (Cassano et al., 2020; Walsh et al., 2010; Stanley et al., 2013;
El-Azab et al., 2022; Rajesh et al., 2010)
15 Inflammatory bowel Inhibition of macrophage recruitment and TNF-« secretion in vivo and ex (Horvth et al., 2012; Stella et al., 2021; Bolzinger et al., 2012;
and Crohn’s diseases vivo; reduction in disease activity index in Crohn’s patients. Moser et al., 2001)
16 Cardiovascular diseases Reduction of infarct size through antioxidant and anti-inflammatory (Alkilani et al., 2015; Goyal et al., 2016; Soethoudt et al.,
properties demonstrated in vitro and in vivo. 2018; Stasiulewicz et al., 2022)
17 Diabetic complications Attenuation of fibrosis and myocardial dysfunction. (Robinson et al., 2017; Vincenzi and Tosti, 2020; Palmieri

et al., 2019)

The following Fig. 1 and Table 1 include the main therapeutical ef-
fects of CBD and a high number of references which refer to this subject.

Section Highlights

receptors (CB1, CB2).
function.

pain, anxiety, and epilepsy.

The endocannabinoid system (ECS) plays a crucial role in modulating cognitive and physiological processes via endogenous cannabinoids and
Cannabinoid receptors, especially CB1, interact with multiple signalling pathways, including dopamine and opioid systems, influencing CNS

CBD and THC have distinct therapeutic profiles, with CBD offering non-psychoactive benefits and potential in treating conditions like chronic

4. Transdermal delivery of CBD- bioavailability and formulation
challenges

4.1. Understanding skin involvement as a route for transdermal delivery
of CBD

The transdermal delivery of cannabidiol has garnered attention due
to its potential to provide steady, systemic release while bypassing first-
pass metabolism. However, achieving therapeutic levels through the
skin presents notable challenges in bioavailability and formulation.
CBD’s low bioavailability through transdermal delivery arises from
several factors such as the general skin structure (stratum corneum lim-
itations), the absorption variability and dose limitations. However,
other factors as well are likely to decrease absorption such as the pos-
sibility of local irritation and the low skin penetration of strongly lipo-
philic CBD, which is estimated to have a log Kow/log P value of
approximately 6 (Maghfour et al., 2020). Whereas in formulation,
challenges such as solubility and stability are encountered alongside
selection of suitable enhancers and delivery systems capable of sus-
tained release and generation of peak plasma concentration. Whilst
scalability and consistency still remain to be considered.

The skin’s unique characteristics make it permeable to the sur-
rounding environment, allowing the diffusion of air, heat, fluids, and
low molecular weight molecules (Samanta et al., 2018). Skin diffusion
can occur through three main pathways: (a) intracellularly, via gaps
between corneocytes; (b) transcellularly, through corneocytes and the
surrounding lipid matrix; or (c) through appendages, such as sweat
glands and hair follicles (Watanabe et al., 2003). These properties offer
an alternative method for drug delivery, particularly via transdermal
application into the bloodstream, which is often more convenient for

patients comfort and accessibility compared to oral or parenteral
administration (Baswan et al., 2020). Transdermal administration pri-
marily targets local effects, reducing the need for systemic drug thera-
pies, lowering the overall dosage required to treat specific sites, and
minimizing side effects (Sangiovanni et al., 2019) (Fig. 2).

In recent years, several discoveries have revealed how cannabinoids,
such as CBD, can benefit the skin and serve as an improved route of
administration for systemic conditions. In this realm, dermal formula-
tions can be categorized into two types: transdermal (for systemic ef-
fects) and topical (for localized effects on the skin). To advance the
development of cutaneous pharmaceutical delivery technologies for
cannabinoids, it is crucial to have a thorough understanding of the skin’s
intricate organization and the principles governing drug permeation
through it.

The affinity of endocannabinoids and exogenous cannabinoids for
cannabinoid receptors influences their potential therapeutic applica-
tions. Understanding the receptor affinity of cannabinoids helps in
tailoring transdermal formulations for specific therapeutic applications.
High receptor affinity ensures effectiveness at lower doses, while se-
lective targeting of CB1 or CB2 receptors enables precision in addressing
particular conditions such as pain, inflammation, or skin disorders
(Gupta and Talukder, 2021; Olah et al., 2014) (Fig. 3). For example,
localized CB2 activation helps in treating psoriasis, dermatitis, and
eczema (Wojcik et al., 2020; Maghfour et al., 2020; Perez et al., 2022;
Casares et al., 2020).

A series of studies (Baswan et al., 2020; Sangiovanni et al., 2019;
Gupta and Talukder, 2021) have shown that influencing the endo-
cannabinoid system through CBD gives the skin a bright and rejuvenated
appearance. The studies of Bir6 et al demonstrated the
anti-inflammatory effects of CBD, thus making it a very useful substance
in the treatment of acne, psoriasis and eczema (Oldh et al., 2014). Their
in vitro studies (on cellular models) demonstrated the inhibitory effect of
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Fig. 2. Topical vs. transdermal CBD - distinct mechanisms of action and therapeutic effects. Original figure created using Biorender.

CBD on sebum production and the normalization of hyperactive seba-
ceous glands. Studies on human subjects also highlighted a number of
beneficial effects of CBD on various skin diseases or conditions, at
cellular or molecular level (Wojcik et al., 2020; Maghfour et al., 2020;
Perez et al., 2022; Casares et al., 2020; Maghfour et al., 2021; Martins
et al., 2022; Gao et al., 2022).

Designing a topical and transdermal drug delivery system (TDDS)
requires careful consideration of the physicochemical properties of the
compounds involved. While cannabinoids (CBs) fall within the desired
molecular weight range (300-350 Da) and exhibit a suitable melting

CBD site of action
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point (66-67 °C), their highly lipophilic nature (logP 6-7) poses sig-
nificant challenges. They present poor aqueous solubility (2-10 pg/mL)
and are susceptible to degradation from light and heat, undergoing auto-
oxidation in solution (Tijani et al., 2021). One major challenge with
lipophilic compounds like cannabinoids is their tendency to preferen-
tially accumulate in the stratum corneum rather than penetrate deeper
skin layers or enter systemic circulation, limiting passive drug diffusion
and complicating formulation development. Researchers are addressing
this issue by using penetration enhancers, volatile oils, alcohols, and
solubilizers to improve topical delivery of cannabinoids. Various

Stratum corneum

Langerhans cells
1,CB2
PV1-4

Melanocytes

ox

RPMS Epidermis
RPA1
ibroblasts
CBY, CB2
PPARY
Dermis

Sebaceous gland

\ CB1, CB2
TRPMS 2-AG fi TRPVI
TRPA1 AEA Hair follicul
Nerve ' Sweat gland ?l({;;lo c;:zu ¢
. ! CBI1, CB2 2
endings TRPVI PPARY, TRPVL, 3

Fig. 3. Illustration of ECS components in skin layers: exploring CBD’s topical and transdermal therapeutic effects through its cannabinoid receptors (CB1 and CB2).
Transient receptor potential (TRP) channels are trans-membrane ion channels involved in transduction in response to CBD. From the TRP vanilloid (TRPV), TRP
ankyrin (TRPA), and TRP melastatin (TRPM) subfamilies, six TRP channels have been reported to mediate cannabinoid activity: TRPV1, TRPV2, TRPV3, TRPV4,
TRPA1 (Samanta et al., 2018). The first endogenous agonist of TRPV1 to be discovered was the endocannabinoid, anandamide (AEA). Endogenous ligands such as
AEA, 2-arachidonoylglycerol (2-AG) are able to activate TRPV4 (Watanabe et al., 2003).
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formulations may include essential oils, argan oil, non-genetically
modified sunflower oil, mineral oil, monohydric alcohol solutions, al-
dehydes, ketones, carboxylic acids, hydroxyl acids, and non-ionic
surfactants.

The absorption rates through cosmetics are summarized in the table
below: Table 2

This indicates a wide range of doses, from as low as 0.6 mg/day to as
high as 62.3 mg/day, highlighting the adaptability of CBD formulations
for various use cases. Dogs (pinnae application) showed low bioavail-
ability (8.6 %-9.9 %) relative to oral administration. This suggests that
the application site or species-specific absorption dynamics could play a
role in limited CBD uptake. While rodents (rats and mice) displayed
higher plasma concentrations, especially at higher doses. This could
imply that their thinner skin or metabolic differences facilitate
absorption.

In an endeavor to unravel the therapeutic possibilities inherent by
this delivery pathway, in 2021 the first human open-label pharmaco-
kinetic study conducted by Varadi et al (Hammell et al., 2016) aimed to
delve into the absorption dynamics and bioavailability of CBD and THC
as they’re introduced through the skin via transdermal means. In their
exploratory study, results obtained from 18 patients demonstrate that
CBD and THC successfully permeate through the skin and enter the
systemic circulation. These results are significant as several benefits can

European Journal of Pharmaceutical Sciences 208 (2025) 107036

be obtained for patients suffering from chronic conditions that require
treatment over longer periods of time.

Hammell et al evaluated the topical application of CBD as a thera-
peutic approach for inflammation and pain reduction in rat models of
arthritis. Their findings indicate that transdermal application of CBD gel
significantly reduced joint swelling, limb posture scores as a rating of
spontaneous pain, immune cell infiltration and thickening of the syno-
vial membrane in a dose-dependent manner. Paw withdrawal latency
(PWL) recovered to near baseline level. Inmunohistochemical analysis
of spinal cord (CGRP, 0X42) and dorsal root ganglia (TNF«) revealed
dose-dependent reductions of pro-inflammatory biomarkers. Results
showed 6.2 and 62 mg/day were effective doses. Exploratory behavior
was not altered by CBD indicating limited effect on higher brain function
(Hammell et al., 2016).

Paudel et al determined the cannabidiol transdermal bioavailability
in the presence of enhancers. Their results indicated that the steady-state
CBD concentration increased by 3.7-fold in the presence of enhancer.
The plasma concentration of CBD in guinea pigs after transdermal gel
application was 6.3 + 2.1 ng/mL, which was attained at 15.5 + 11.7 h.
The achievement of a significant steady-state plasma concentration in-
dicates that CBD is useful for chronic pain treatment through this route
of administration. Authors concluded that a good in vitro and in vivo
correlation existed for transdermal studies (Hammell et al., 2016).

Table 2
Absorption rate through cosmetic use of CBD.
CBD Cream/gel co- formulants Species AUC Cmax Other Bioavailability Study
content/ (application
dose site)
10 mg/kg/ N/A Dog (pinnae) 11.7 £ 74.3 +127 N/A 8.6 % (Bartner
bw 18.9 ng/mL 9.9 % et al., 2018)
20 mg/ min*pg/ 277.6 £ 476 (Relative
kg/bw mL ng/mL bioavailability
29.7 + compared with
29.6 -oral administration)
min* pg/
mL
0.6 mg/day Ethanol, nanopure water, isopropyl Rat (back) N/A N/A Plasma concentrations: N/A (Hammell
3.1 mg/ myristate, sodium hydroxide. 4.3 £+ 2.6 ng/mL et al., 2016)
day 18.8 + 2.6 ng/mL
6.2 mg/ 34.6 +£11.0 ng/mL
day 1470.1 + 260.7 ng/mL
62.3 mg/
day
6 mg/day CBD ethosome delivery system used in Mouse N/A N/A Plasma concentrations N/A (Lodzki
this study contained 3 % w/w CBD and 40 (abdomen) After 12 h: 1.37+ 0.72 et al., 2003)
% w/wW mg (22.83 £+ 12 % of
ethosome in a carbomer gel the initial dose)
After 72 h:
2.60 + 0.79 mg (43.33
+
13.16 % of the initial
dose)
1 % CBD Pure CBD solubilized Mouse (both N/A 83+21 Steady State plasma N/A (Giacoppo
Cream in propylene glycol and basic dense cream  hind legs) ng/mL concentration: 6.1 + et al., 2014)
O/A to a concentration of 1 % 1.9 ng/mL attained at
of CBD. 14.9 +
12.0 h (Tlag)(
1 % CBD gel CBD formulated with ethanol, propylene Rats (Dorsal) N/A N/A Plasma concentration: N/A (Liput et al.,
2.5% glycol, sterile water, Transcutol®, ~10 ng/mL 2013)
CBD gel preservatives and a crosslinked ~45 ng/mL
5.0 % polyacrylate polymer. ~100 ng/mL
CBD gel
18 mg/mL CBD formulated in a solution of 80:20 Guinea Pigs AUC0-48 CBD only = Tmax: N/A (Paudel
CBD propylene glycol: nanopure water, with (Dorsal) CBD only 8.6 £2.5 CBD only = 38.4 +19.2 et al., 2010)
solution Transcutol HP then added to 6 % v/v. =276 £93 ng/mL hours
ng/mL/h CBD + CBD + Transcutol =
CBD + Transcutol 312+
Transcutol =35.6 + 29.4h
=888 + 11.6 ng/mL
419
ng/mL/h
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Table 3
Completed or undergoing clinical studies of cosmetic products with CBD.
NCT Number Study Title Study Status Conditions Interventions
NCT05651607  Evaluation of the Efficacy of CANNABIDIOL on the Pruritusin =~ RECRUITING Hereditary Epidermolysis DRUG: Cannabidiol
Children With Hereditary Epidermolysis Bullosa Bullosa
NCT04045314 Effect of an Emollient Cream Containing 0.5 % Cannabidiol COMPLETED Cosmetics; Eczema OTHER: Topical moisturizer
and 1 % Hemp Oil in the Hydration and Erythema of the Skin
NCT05121506 A Study to Investigate the Bioavailability and Skin Absorption =~ COMPLETED Biological Availability| COMBINATION_PRODUCT: CBD and THC with
of CBD and THC From GT4 Technology in Healthy Adults Skin Absorption| CBD| GT4 technology
THC
NCT02976779 A Phase I, Double Blind, Randomized, Placebo Controlled, COMPLETED Safety Study for Future DRUG: OWC MGC cream| DRUG: OWC Control
Maximal Dose Study to Determine the Safety, Tolerability of Treatment of Psoriasis Cream
Topical Cream Containing MGC (Medical Grade Cannabis) in
Healthy Volunteers
NCT03824405  Study of the Safety, Tolerability and Efficacy of BTX 1204 in COMPLETED Atopic Dermatitis DRUG: BTX 1204|DRUG: Vehicle
Patients With Moderate Atopic Dermatitis
NCT05279495  Double-Blind Study Determining the Efficacy of CannaXR in COMPLETED Photoaging DEVICE: In a double-blinded fashion, 250 mg
Decreasing UVA Premutagenic and Photoaging Markers CANNAXR cream| DEVICE: Topical VEHICLE
cream
NCT04045119  Effect of a Facial Cream Containing Cannabidiol and Hemp Oil ~ COMPLETED Cosmetic Acne OTHER: Topical Moisturizer
on Skin Hydration and Acne-prone Skin
NCT03573518  Evaluation of BTX 1503 in Patients With Moderate to Severe COMPLETED Acne Vulgaris DRUG: BTX 1503|DRUG: Vehicle
Acne Vulgaris
NCT01663935  Vision Response to Dopamine Replacement TERMINATED  Albinism| DRUG: Levodopa/carbidopa
Oculocutaneous Albinism
NCT06022874  The Therapeutic Effects of Topical Cannabidiol (CBD) RECRUITING Atopic Dermatitis OTHER: Phoilex Releaf Gel

Products for Atopic Dermatitis

Olah et al findings suggested that due to the combined lipostatic,
antiproliferative, and anti-inflammatory effects, CBD has potential as a
promising therapeutic agent for the treatment of acne vulgaris. It was
observed the downregulation of nuclear receptor interacting protein-1
(NRIP1) and A2a adenosine receptor-dependent upregulation of trib-
bles homolog 3 (TRIB3) and inhibition of the NF-kB signaling, which
correlates with sebostatic and anti-inflammatory effects of CBD (Tijani
et al., 2021).

Liput et al showed that transdermal administration of 5 % CBD gel
decreased Fluoro-Jade B (FJB+) cells in the entorhinal cortex by 56.1 %
(p < 0.05), while intraperitoneal injection of CBD resulted in a 50.6 % (p
< 0.05) reduction in FJB+ cells. These results demonstrate the feasi-
bility of using CBD transdermal delivery systems for the treatment of
alcohol-induced neurodegeneration (Liput et al., 2013).

Current research suggests that CBD could play a part in enhancing
wound healing and reducing scar formation, as well as reducing
inflammation (Palmieri et al., 2019; Téth et al., 2019; Zurier and Bur-
stein, 2016), among other skin and wound related applications (Filipiuc
et al., 2023; Makhakhe, 2022; Ferreira et al., 2023; Baswan et al., 2020),
potentially being a noninvasive alternative for improving the quality of
life for patients with an inflammatory background.

According to the US National Library of Medicine — ClinicalTrials.
gov, several clinical trials are either completed or currently recruiting
for studying the effect of CBD on various skin conditions, from atopic
dermatitis to acne and psoriasis (Table 3).

4.2. Treatment strategies via transdermal delivery of CBD

4.2.1. CBD in skin therapy

The success of transdermal CBD treatment strategies depends on a
thorough understanding of its physicochemical properties. While sig-
nificant progress has been made in CBD research, particularly in Europe
where the European Medicines Agency (EMA) has authorized 75 clinical
trials, none focus specifically on skin applications. These trials instead
target conditions such as chronic migraines, neurological disorders,
muscular spasticity, epilepsy, and anxiety (Clinical Trials register 2023).

Transdermal CBD delivery has shown promise in addressing various
skin conditions (Millar et al., 2018; Millar et al., 2020). Its potential to
modulate inflammatory responses makes it suitable for treating
dermatological conditions such as psoriasis, atopic dermatitis, and acne
(Millar et al., 2020; Bruni et al., 2018; Sheriff et al., 2020). Additionally,
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Table 4
Key differences in topical vs transdermal applications of CBD.

Aspect CBD Topicals CBD Transdermals

Action Area Localized to the application

site

Systemic (enters bloodstream)

Skin Stays in surface layers Designed to penetrate deeply
Penetration
Onset/Duration Quick onset, shorter effects Slower onset, longer-lasting
effects
Best For Local pain, inflammation, Chronic pain, anxiety, systemic
skincare issues
Delivery Creams, balms, lotions Patches, specialized gels
Methods

it has been proposed for scar and wound management (Krohn et al.,
2016; Casares et al., 2020; Parikh et al., 2024; Sangiovanni et al., 2019),
offering benefits such as localized delivery, reduced first-pass meta-
bolism, and enhanced adherence. However, limitations such as skin
irritation, dryness, and failure to regenerate tissue can hinder its effi-
cacy. Among topical treatments currently available for scars caused by
injuries, acne, or surgery, non-CBD products such as Aldara® (Imiqui-
mod 5 %) and Mederma® (onion extract and allantoin) are commonly
used. However, transdermal CBD-based therapies could offer a viable
alternative, particularly given its advantages in pharmacokinetics
compared to oral routes (Table 4).

4.2.2. Pharmacokinetic advantages of transdermal delivery of CBD

Since EMA approved in 2019 the first CBD-based orphan medicine
Epidyolex® (GW Pharma International B.V., Amersfoort, the
Netherlands) as an oral solution (100 mg/mL) indicated for use as
adjunctive therapy of seizures associated with Lennox-Gastaut and
Dravet syndromes (European Medicines Agency (EMA) 2019), low
bioavailability of CBD (13-19 %) was observed due to its very-limited
water solubility in gastrointestinal fluids, other intake routs being now
studied (Bulbake et al., 2017). It has been observed that the (trans)
dermal administration of CBD is advantageous in terms of pharmaco-
kinetics in comparison to the gastroenteric one (Bruni et al., 2018).
Several studies evidenced that topical route of CBD administration
represents a significant therapeutic tool; plasma concentrations of CBD
were observed in animal models after the transdermal gel application.
According to FDA, to date, no CBD-containing drug has met applicable
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FDA requirements to be legally marketed for nonprescription use (U.S.
Food and Drug). In order to bridge the gap between science and clinical
treatment there is an unmet clinical need for effective treatments for
skin conditions, in particular to address inflammation, pruritus, dryness
and redness, commonly cited by patients as the factors which affect
them most (Sidgwick et al., 2015).

4.3. Novel approaches to transdermal delivery of CBD

The peculiar organisation of stratum corneum that creates the pro-
tective barrier with its overlapping layers of corneocytes embedded into
the lipid matrix ensures no molecules can passively diffuse. Although
this level of imperviousness is beneficial for homeostasis, thermoregu-
lation, and immunity shielding, it limits greatly the administration of
transdermal actives unless specific physico-chemical properties are met
(i.e. molecular weight, log Kow/log P value, daily dose vs. therapeutic
dose). CBD presents the desired molecular weight range (300-350 Da)
and exhibits a suitable melting point (66-67 °C), but it’s highly lipo-
philic nature (logP 6-7) poses significant challenges. Literature reports
several strategies for breaching the stratum corneum, among the most
sought-after being nano-based technologies. From various penetration
enhancers (Kovacik et al., 2020) either chemical of physical, to nano-
carriers (Partalis, 2022; Grifoni et al., 2022; Hasan et al., 2023; Morakul
et al., 2023), micro-nanoemulsions (Demisli et al., 2023; Nakano et al.,
2019; Muresan et al., 2023), patches and microneedles (Thota, 2019; Shi
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sustained concentration gradient and enhanced passive diffusion,
especially for highly lipophilic drugs. The skin permeation obtained
using this system peaked at 44.14 + 3.55 % (61.36 + 67.44 pg CBD)
after 8 h and remained at the site for at least 48 h. 80 % of CBD was
delivered under 24h, efficacy higher the similar TDDS (Shi et al., 2024).

In the first pharmacokinetic study in humans that demonstrated
systemic circulation entering of CBD (and THC) via transdermal
administration (Varadi et al., 2023), a novel Gefion GT4 technology
(Canada, 2020) comprised of an emulsion technology containing pene-
trating agents, basement membrane disruptors, and vasodilators was
utilized for transporting CBD into the dermis layer. After administering
100 mg of CBD emulsion topically a Cpax of 576.52 4+ 1016.18 pg/mL at
aprox. 8 h was obtained; with CBD being absorbed at a faster rate
compared with THC (123.36 + 530.97 versus 71.5 4+ 1142.19 h-1). The
study concluded that Cp,x of cannabinoids delivered transdermal appear
to be lower than that of inhaled or oral routes of administration, despite
a higher delivered dose. But, considering the low number on participants
(n = 18), as well as the variability between individuals, structure and
integrity of the skin, metabolisms, age, etc., the results must be
considered in the context of these limitations. It’s important to underline
that the majority of CBD transdermal applications target conditions
related to pain management (chronic) and inflammation (e.g. arthritis)
(Urits et al., 2020; Botea et al., 2024; Ferreira et al., 2023; Trial et al.,
Maida and Corban, 2017).

Section Highlights

localized effects while minimizing systemic side effects.

stability.

Skin as a Route for Delivery: The skin’s unique properties enable the transdermal delivery of CBD, facilitating diffusion through three main
pathways: intercellular, transcellular, and appendageal. This method offers a convenient alternative to oral administration, primarily targeting

Benefits of Cannabinoids: CBD demonstrates potential benefits for skin health, including anti-inflammatory effects and improved skin conditions
such as acne, psoriasis, and eczema. Recent studies have shown that CBD can normalize sebum production and rejuvenate the skin’s appearance.

Challenges in Delivery: The lipophilic nature of CBD (logP ~6) poses significant formulation challenges, including low aqueous solubility and
poor skin penetration. Effective penetration enhancers and innovative formulation techniques are crucial to improve CBD’s bioavailability and

Research Insights: Ongoing clinical trials are investigating CBD’s effects on various skin conditions, revealing promising therapeutic applica-
tions. Recent pharmacokinetic studies suggest that transdermal delivery systems may enhance CBD’s efficacy for chronic conditions.

et al., 2023; Bagde et al., 2024; Amato et al., 2024; Salau et al., 2022; Yu
et al., 2022), seems like every variant has been explored, and yet chal-
lenges still arise.

Novel strategies such as micelles-in-liposome systems proposed by
Franze et.al (Franze et al., 2023) provide enclosure of hydrophobics into
the inner core of the vesicles, resulting in an enhanced TDDS, namely a
drug-in-micelles-in-liposome system (DiMiL). The CBD permeation was
significantly improved in comparison to deformable liposomes DS (3-5
times increased permeation), thus justifying the DiMiL systems rationale
and utility. An interesting insight from these findings is the use of
pro-liposomes as starters or midway builders for preparation of other
deformable liposome-based cutaneous dosage systems, thus improving
their stability without compromising the overall performances.

Others explored nanosuspension-loaded dissolving microneedle
patches (Cheng et al., 2024) targeting intradermal delivery of high doses
of CBD and enhancing its solubility. According to authors, their
approach in using nanosuspensions aims to offer a high drug-loading
capacity with minimal use of surfactants (Aparicio-Blanco et al., 2019;
Kok et al., 2022; Rao et al., 2022). Although not being a novel strategy,
implementing it alongside dissolving microneedles (DMNs — improved
dissolution and mechanical strength by including hyaluronic acid (HA),
PVP, and trehalose) provides unwavering particle distribution and flow,
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5. Global overview of medical cannabis policies
5.1. Industrial Hemp vs. Marijuana

The global landscape of medical cannabis policies reflects diverse
approaches to regulation, access, and applications of cannabis-derived
products for therapeutic purposes. While some countries have
embraced widespread medical use, others maintain more restrictive
frameworks.

The difference between industrial hemp and marijuana lies in the
amount of THC they contain: in marijuana THC is the main active
compound and it is found in a proportion of over 20 %, while in hemp it
does not exceed 0.3 %, the dominant active being cannabidiol. From a
medical point of view, THC and CBD have many similar effects, but CBD
does not produce euphoria, that "high" associated with the drug, which
actually comes from THC (Controversatul Cannabis 2022). That is why
THC is considered a psychoactive molecular compound, while CBD is
classified as a phytocannabinoid devoid of psychotomimetic effects
(Martin-Santos et al.,, 2012) which could even be used as an
anti-psychoactive substance, because it seems to be able to modify the
effects of A9-THC by decreasing anxiety and antagonizing other
THC-effects (Nadulski et al., 2005).
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In addition, it should be mentioned the WHO Expert Committee on
Drug Dependence recommendation (a footnote to be added to Schedule I
of the 1961 Single Convention on Narcotic Drugs) mentions that
“Preparations containing predominantly cannabidiol and not more than
0.2 percent of delta-9-tetrahydrocannabinol are not under international
control.” The motivation was that cannabidiol is used to treat childhood
epilepsy. It is not intoxicating, not psychoactive and there is no evidence
of dependence or abuse, on the contrary, it is generally well tolerated
with no evidence of problematic use or associated public health con-
cerns (Drugs (psychoactive) 2022; UN Commission on Narcotic 2022).

5.2. Regional policies and access to medical cannabis

5.2.1. Europe

In Germany the access to non-psychotropic CBD for medical purposes
is extensive. Since 2017 Cannabis formulations were allowed to be
prescribed for any life-threatening illness and for improvement of the
quality of life of patients with severe diseases (Stover et al., 2019),
namely patients which have a serious medical conditions and where the
conventional means of treatments have been exhausted (The Germany
Cannabis Report 2022).

The cannabis policy is associated in Italy with the application of
pharmacologically active plant-origin compounds based on doctor pre-
scriptions for medical use, pain or cachexia due to cancer or HIV.

Croatia provide greater access to medical cannabinoids than Czechia,
but lesser than Germany or the Netherlands (Kirilov et al., 2020). All
drugs that contain any amount of THC used to be accepted as narcotics
since 2019 in Norway, when the common use of CBD oils with less than
0,3 % THC became available.

In Ireland was introduced a Medicinal Cannabis Access Scheme in
June 2019 that allows patients with specific conditions (MS spasticity,
chemotherapy-induced nausea and vomiting) to obtain as treatment of
last resort the medicinal cannabis. In the meantime, the prescription
CBD-containing products (Epidiolex™ and Sativex™) are not currently
marketed in Ireland, despite both having EU marketing approval. The
non-medical use of Cannabis remains illegal (Medical Cannabis Access
Programme 2023).

The recent survey research of Zobel et al (2019) indicates CBD use by
a range of people, with flower-based, light cannabis products used by
young groups (were often also consuming illegal cannabis), while the
major segment of users are older group, who use CBD oil for medical
purpose or well-being (Cannabidiol (CBD) 2023).

In Austria, the use of CBD was introduced in 2019 as an investiga-
tional new drug (IND) and its consumption has been considered
reasonable on the basis of extensive scientific data, while Finland and
Slovenia have limited CBD formulations - magistral preparations. Other
countries, such as Slovakia and Portugal have restricted CBD use.

In Bulgaria, magistral preparations of Cannabis are not allowed, and
a clear strategy do not exist for the use of medicinal cannabis or for the
use of CBD as an IND for medical conditions. Kirilov et al (2020) showed
that medical CBD is commonly used in Bulgaria for pain, cancer an
anxiety, as well as for sleep disorders, for relaxation and epilepsy and
more rarely for anorexia or prevention of unwanted effects related to
another therapy (Kirilov et al., 2020).

In Romania a law project regarding the regulation of medical
cannabis (which is currently regulated as narcotic) was submitted to the
Parliament in 2019 and is still under debate in the Chamber of Deputies
(PIx 631/2019 - Law project of the legal status/regime of Cannabis
plants, substances and preparations derived from Cannabis used for
medical purpose) (PL-x nr 2022).

5.2.2. North America

There is currently legal access in USA to medicinal cannabis products
(including THC and CBD-containing products) in 33 states and the
District of Columbia, while 15 states have medical programs permitting
access to CBD products only (Warning Letters and Test Results 2022).
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Non-prescription products are already available in drug stores in many
USA states and online purchases with home delivery are also widely
available. A well-known pharmacy chain — Walgreens, has CBD patches,
sprays and creams available in more than 1500 stores in 9 states across
the USA (Walgreens to sell CBD products 2023). Online products include
capsules, edibles, oils, CBD crystal, vaping oils and pet products. The
highest strength orally administered products tended to involve daily
CBD doses of less than 100 mg.

5.2.3. Latin America and Caribbean region

As of 2021, Mexico and Uruguay were the only two countries in Latin
America that had approved legislation related to the use of recreational
cannabis. Another nine Latin American countries, including Argentina,
Chile, and Colombia, had approved legislation related to the medicinal
use of cannabis. As of 2023, an estimated three million people were
considered users of medical cannabis in the region (Ransing et al.,
2022). Cultivation in this region is generally restricted to licensed or
medical purposes, with Uruguay and Jamaica allowing personal
cultivation.

In the Dominican Republic, cannabis is illegal for all type of uses,
with strict penalties for possession. Law 50-88, enacted in 1988, cate-
gorizes offenses based on the amount possessed, with penalties ranging
from six months to 20 years in prison (No, 1988). Here cannabis remains
classified as a dangerous drug. Alongside Dominican Republic,
Venezuela and Cuba also have a strict prohibition position for recrea-
tional and medical use of cannabis. As for the Cayman Islands, in
October 2024, plans were announced for holding a referendum to decide
whether possession of small amounts of marijuana should be treated as a
minor offense, similar to a traffic ticket (Cayman Islands 2025). Here
medical marijuana was legalized in May 2017, but recreational use re-
mains illegal pending the referendum’s outcome. Medical use is allowed
under license in Argentina, Colombia, Mexico, Brazil, Chile, Peru and
Ecuador, and its being decriminalized in Costa Rica and Jamaica. This
reflects the region’s progressive yet uneven approach to cannabis
reform.

5.2.4. United Kingdom

In UK, the legislative changes from November 2018 defined a new
category of "cannabis based products for medicinal use" allowing these
products to be prescribed by specialist doctors in cases of exceptional
needs (Home Office 2018). Recent analyses demonstrated that many
non-prescription CBD products, both OTC and via online purchase
contain concentration of THC higher than those legally permitted in UK
(Gibbs et al., 2019), making their sale and possession illegal (home of-
fice 2018).

5.2.5. Australia and New Zeeland

Australia introduced in 2016 the legal medicinal cannabis avail-
ability and allowed the cultivation and the manufacture of cannabis-
based medical products according to strict security and quality re-
quirements. A range of more than 100 unregistered products (oils,
capsules, cannabis flower and buccal sprays) with varying CBD/THC
content are available in Australia for prescription, preferentially
accessed by patients suffering from epilepsy, while other illegally sold
are used to self-medicate conditions such as chronic pain and anxiety
(Lintzeris et al., 2020).

Similar, in New Zeeland since 2018 the medical cannabis and
cannabis- based medicines are available, but sometimes their prescrip-
tion is requiring a written approval from the Ministry of Health. A new
Medicinal Cannabis Agency (MCA) became operational in April 2020,
aiming to improve the access to quality cannabis medicines for patients,
through a new Medicinal Cannabis Scheme. Remarkable health out-
comes were reported by the first 400 patients that have obtained CBD on
prescription, which have noted significant improvement in anxiety, pain
and quality of their life (Gulbransen et al., 2020).
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5.2.6. Asia and Pacific region

Excepting Australia, New Zealand, and Thailand where medical use
has been approved, in South Korea and Singapore it is still limited and
even illegal in other countries from this region. Except for Australia,
none of the Asia-Pacific region countries allow recreational use. China
and Japan are expected to approve medical use, whereas Australia and
New Zealand are working on decriminalization. Most cultivation is
limited and allowed under strictly regulated medical use. Cannabis
seizures have changed following these policies (Areesantichai et al.,
2020). Survey data from Australia, New Zealand, Japan, and Thailand
conducted in different years show that the use of cannabis among the
general population has increased.

In June 2022 cannabis was legalized in Thailand, making it the first
Southeast Asian country to do so (Yimsaard et al., 2023). India prohibits
the cultivation (large and home-based), possession, trafficking, and
consumption of all cannabis preparations except bhang (Balhara et al.,
2020) (with a maximum threshold of THC set between 0.2 - 0.5 %).
Cannabis is not being decriminalized, nor permitted for use other than
medicinal or research purposes. Nepal and Malaysia, on the other hand
do not even allow medicinal or research use. Turkey and Iran ban all
cannabis use with the exception of dronabinol capsules and Sativex®
sprays for some limited research projects (in Iran) and medical condi-
tions (in Turkey). The punishment methods that are being instated for
not obeying drug legislation are extremely high, including the death
penalty. China, Singapore, Malaysia, Vietnam, Indonesia, North Korea,
Iran, and Kuwait practice a high application of the death penalty for
drug offenses (The Death Penalty for Drug Offences 2025). Ninety-eight
percent of all the confirmed drug-related executions in 2023 took place
in Iran.

5.2.7. Africa and the Middle West

In 2018, the Constitutional Court of South Africa decriminalized the
private use and cultivation of cannabis for personal purposes by adults.
However, public consumption and commercial activities remain pro-
hibited (Cannabis law 2025). Lesotho was the first African country to
legalize the cultivation of cannabis for medical and scientific purposes in
2017 (Thetsane, 2024). The goal of this action was to boost economic
growth and draw in foreign investment. In 2018, Zimbabwe legalized
the cultivation of cannabis for medical and scientific use, issuing licenses
to both individuals and companies, followed by Zambia in 2019,
Malawi, Rwanda and Ghana in 2020. Recreational use remains illegal in
this region. In 2021, Morocco legalized the cultivation of cannabis for
medical and industrial uses in certain regions, aiming to improve
farmers’ incomes and curb illegal production (Morocco pardons 2025).

As for the Middle East, Israel has a well-established medical cannabis
program (since 1992 medical use being approved), with the Israeli
Agency on Medical Cannabis (IMCA) overseeing licensing for cultiva-
tion, extraction, packaging, and distribution (Aguilar et al., 2018).
Recreational use remains illegal, though enforcement is relatively
lenient. The United Arab Emirates (UAE) enforces stringent anti-drug
legislation, including harsh penalties for cannabis possession and con-
sumption. However, the law allows for the use of cannabis for medical
purposes, provided it is prescribed by a licensed physician in the UAE
(Aguilar et al., 2018).

These examples highlight how cannabis laws in Africa and the
Middle East are dynamic and diverse, with some nations adopting re-
form for industrial and medical uses while others uphold stringent bans,
particularly with regard to recreational use.

5.3. Cannabis based medication — prescription only

The prescription-only CBD medication - Epidiolex™, has received
marketing approval by regulatory agencies worldwide including Food
and Drug Administration (FDA) and European Medicines Agency (EMA),
in response to the urgent need expressed by parents of children with
intractable epilepsy. This is an oil containing 100 mg/ml CBD
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recommended for patients over 2 years of age in the treatment of certain
intractable epilepsies, namely rare forms of pediatric epilepsy (such as
Dravet and Lennox-Gastaut Syndrome) (Dos Santos et al., 2015).
Through the mutual recognition procedure, Epidiolex™ is already
marketed in 17 EU Member States. This medicine/drug is typically
administered at doses of 20 mg/kg/day (800 mg total daily dose of CBD
for a 40 kg child) (Thiele et al., 2018; Health Effects 2022).

There are also many countries that have on the market the buccal
spray Nabiximols - Sativex™ containing both THC and CBD in a 1:1 ratio
(27 mg/mL THC, respectively 25 mg/mL CBD) (Kirilov et al., 2020)
which is administered for moderate to severe spasticity treatment in
multiple sclerosis, using a dose of 8-16 spray per day, delivering around
20-40 mg CBD in total (Rice and Cameron, 2018) and as an adjunctive
analgesic treatment in cancer patients. As of September 2016, Nabix-
imols has been launched in 15 countries, including Canada, Germany,
Italy, Spain, the United Kingdom, and has been approved in a further 12,
but not in the United States. In some countries, such as Czech Republic,
Ireland, Netherlands, Slovakia and Slovenia there is the possibility for it
to be available for an individual patient through s special permit.

The U.S. Food and Drug Administration has licensed three drugs
based on cannabinoids, some are from natural derived compounds,
while others are synthetic. For example, Dronabinol, the generic name
for synthetic A°-THC, marketed under the trade name of Marinol® is
clinically indicated to counteract the nausea and vomiting associated
with chemotherapy and to stimulate appetite in AIDS patients affected
by wasting syndrome. Another substance, a synthetic analog of A°-THC,
nabilone (Cesamet®), is prescribed for similar indications. Both Dro-
nabinol and nabilone are given orally and have a slow onset of action. In
July 2016 the FDA approved Syndros®, a liquid formulation of Drona-
binol, for the treatment of patients experiencing chemotherapy-induced
nausea and vomiting who have not responded to conventional anti-
emetic therapies. The agent is also indicated for treating anorexia
associated with weight loss in patients with AIDS.

According to an extensive report emitted by of the Committee on the
Health Effects of Marijuana: An Evidence Review and Research Agenda
Board on Population Health and Public Health Practice Health and
Medicine Division Washington, DC, 2017, there is conclusive or sub-
stantial evidence that cannabis or cannabinoids are effective for the
treatment of chronic pain in adults (especially cannabis), that is an
effective antiemetic in the treatment of chemotherapy-induced nausea
and vomiting (oral cannabinoids), and helps in improving patient-
reported multiple sclerosis spasticity symptoms (oral cannabinoids).

There is moderate evidence that cannabis or cannabinoids are
effective for improving short-term sleep outcomes in individuals with
sleep disturbance associated with obstructive sleep apnea syndrome,
fibromyalgia, chronic pain, and multiple sclerosis (cannabinoids, pri-
marily nabiximols). There is limited evidence that cannabis or canna-
binoids are effective for increasing appetite and decreasing weight loss
associated with HIV/AIDS (cannabis and oral cannabinoids), improving
anxiety symptoms, as assessed by a public speaking test, in individuals
with social anxiety disorders (cannabidiol), improving symptoms of
posttraumatic stress disorder (nabilone; a single, small fair-quality trial).
There is currently insufficient evidence to conclusively support or refute
the use of cannabis or cannabinoids as an effective treatment for several
conditions. These include cancers such as glioma, cancer-associated
anorexia-cachexia syndrome, and anorexia nervosa. Similarly, evi-
dence is lacking for the efficacy of cannabinoids in treating symptoms of
irritable bowel syndrome (via dronabinol), spasticity in patients with
spinal cord injuries, and symptoms associated with amyotrophic lateral
sclerosis. Additionally, cannabinoids have shown limited evidence in
addressing motor symptoms in Parkinson’s disease, levodopa-induced
dyskinesia, dystonia (via nabilone and dronabinol), achieving absti-
nence from addictive substances, and mental health outcomes in in-
dividuals with schizophrenia or psychosis (via cannabidiol). As the
extensive report concluded, there is limited evidence of a statistical as-
sociation between cannabinoids and better outcomes (i.e., mortality,
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disability) (E and M National Academies of Sciences 2017).

5.4. Cannabis based medication — non-prescription

Non-prescription CBD products involve relatively low daily doses of
CBD, namely capsules containing 10-50 mg CBD or oils of 50-100 mg/
ml concentration, which are dosed at a few drops per day. Millar et al
(Millar et al., 2019) suggested that such doses are below those identified
as effective in clinical trials. Many countries now permit
over-the-counter (OTC) or online access to a variety of CBD products,
which are often extracts of the flowering heads of industrial hemp cul-
tivars that are grown for seeds and fibre. There are multiple forms of
presentation, such as CBD oils and tinctures, gel capsules, purified CBD
crystals as well as balms and lotions for topical applications (McGregor
et al., 2020). Accessible CBD products include also chewing gum, loz-
enges, gummy bears and sports drinks. High concentration of CBD vapes
oils (to be used in e-cigarettes devices) are available in some European
countries (such as Germany, Ireland, UK, Switzerland) or no-EU (such as
USA, Canada and Japan) and third countries.

Currently, CBD-based products are not subject to any mandatory
testing or regulatory framework to determine the indication of origin,
daily dosage, route of administration, maximum permitted dose, pack-
aging or product stability. There is an exception, namely magistral CBD
formulation prepared by pharmacists. In Germany, for example, the
German Drug Codex (DAC) suggests that the preparation of 5 % CBD in
medium chain triglyceride-containing oils requires detailed analytical
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control (DAC/NRF 2022). In Italy, galenic pharmacies are allowed to
prepare precise doses of cannabis for inhalation (vaping), herbal teas,
resins, micronized capsules and oils. The preparation of the oil requires
considerable attention since it is easy to adjust the individual recom-
mended doses and the duration of treatment, knowing that the
bioavailability of the active compounds significantly influence the effi-
cacy of the product. There are Dutch varieties of hemp (e.g. Bedrolite)
with a CBD content of 9 % and a THC below 1 % which are commonly
used in the preparation of CBD-based oil. It should be also emphasized
that in Italy pharmacists are allowed to distribute CBD oils obtained
from hemp, but they are declared as additives or aromatic preparations
(if they are produced in Italy) or as food supplements (if they are im-
ported from other EU countries) (Pavlovic et al., 2018).

The European Commission has updated the EU’s Cosmetic ingredient
database to include an entry for CBD derived from extracts, tinctures or
resin of Cannabis sativa L. The change means naturally derived CBD may
now be used in cosmetics in the EU. It follows a ruling in a French case
that went before the EU Court of Justice in late 2022 in which the high
court ruled that CBD cannot be regarded as a narcotic, and that CBD
products should enjoy the same free movement of goods between and
among member states as other legal products (CJEU landmark ruling
confirms 2024). That case eventually led the Commission to reset its
position, and establish that CBD should not be considered a drug
(International groups 2022) (Fig. 4).

| NETHERLANDS o
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Fig. 4. Access to medical cannabis across Europe varies widely due to differing national policies, but progress is evident in most countries. The landscape is dynamic,
with increasing public acceptance driving changes in both medical and recreational cannabis policies. Each country’s approach depends on cultural, legal, and
healthcare priorities, resulting in a diverse but evolving environment across the continent. Germany and Malta (blue) are the only EU countries that allow pre-
scription and recreational use of cannabis. Original figure created with mapchart.net.
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5.5. Cosmetic applications and market dynamics

For cosmetic products containing CBD, the European Commission
has updated the EU’s Cosmetic Ingredient Database to include CBD
derived from extracts, tinctures, or resin of Cannabis sativa L. This
change permits the use of naturally derived CBD in cosmetics across the
EU. Additionally, transdermal delivery targets conditions such as
chronic pain, epilepsy, and spasticity.

Dosing is a critical factor in the efficacy of CBD cosmetic products
and should not be constrained by economic considerations. Most skin-
care vendors advertise products in the 200 mg to 400 mg range, but, a
quick survey of common over-the-counter CBD products finds a tenfold
concentration range variance in the effective dose i.e., from 0.3 mg to
more than 10 mg of CBD per mL of the base product, especially since
cosmetic products are not regulated by FDA. Among commercially
available cosmetic products we enumerate: Herbivore Botanicals
Emerald CBD + Adaptogens Deep Moisture Glow Oil, Saint Jane Luxury
Beauty Serum, Cannuka Nourishing Body Cream, Kiehl’s Cannabis Sat-
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the growth of product innovations in the CBD skin-care market analysis
(CBD Skin Care Market Size 2022).

The list of the key players operating in the global CBD skin-care in-
dustry includes, but is not limited to, famous companies such as: Kiehl’s
LLC, Cannuka LLC, Leef Organics, Medical Marijuana Inc., Lord Jones,
Elixinol Global Ltd, Fab CBD Company, and Endoca LLC. Other CBD Skin
Care market players identified in the value chain are L’Oréal, Apoth-
ecanna, Kana Skincare, Josie Maran Cosmetics, Cronos Group, CBD
Biotech, and Estee Lauder. Among commercially available cosmetic
products could be mentioned: Herbivore Botanicals Emerald CBD +
Adaptogens Deep Moisture Glow Oil; Saint Jane Luxury Beauty Serum;
Cannuka Nourishing Body Cream; Kiehl’s Cannabis Sativa Seed Oil
Herbal Concentrate; Josie Maran Skin Dope CBD Argan Oil; Cannuka
CBD Cleansing Body Bar; Lord Jones High CBD Formula Body Lotion;
The CBD Skincare Co. Exfoliating Cleanser; CBD For Life Pure CBD Eye
Serum, etc.

Section Highlights

New Zealand.
sclerosis-related spasticity.

available, though some regulatory challenges remain.

available.

Global access to CBD-based products for medical purposes is expanding, with regulatory approvals in regions across EU, USA, Australia, and
Prescription-only CBD medications (e.g., Epidiolex®, Sativex®) have been approved for treating rare epileptic conditions and multiple
Studies show mixed evidence on CBD’s impact on the immune system and hormonal changes, while non-prescription CBD products are widely

Market Trends: The global CBD skincare market is projected to grow significantly, with increasing demand for CBD-infused products for skin
health. However, the regulatory landscape for CBD cosmetics varies by region, with no FDA-approved non-prescription CBD drugs currently

Product Variability: A wide range of CBD products is available on the market, including serums, creams, and cleansers, with significant
variability in CBD concentrations. Effective dosing remains critical for therapeutic outcomes, particularly in the cosmetic sector.

iva Seed Oil Herbal Concentrate, Josie Maran Skin Dope CBD Argan Oil,
Cannuka CBD Cleansing Body Bar, Lord Jones High CBD Formula Body
Lotion, The CBD Skincare Co. Exfoliating Cleanser, CBD For Life Pure
CBD Eye Serum, etc.

There are several CBD products on the market in the cosmetic sector
for topical use all around the world. These include but are not limited to
serums, creams, washes/rinse-off products (cleansers, shampoos, con-
ditioners, body washes, masks), bath products (capsules, oils, tablets and
salts), deodorants, balms and toothpastes.

5.5.1. Market growth and opportunities

The innovative positioning of CBD infused skin care products
coupled with effective distribution strategies are expected to boost the
CBD skin-care market growth during the forecast period (CBD Skin Care
Market Size 2022).

The global CBD skin-care market size was valued at $633.6 million in
2018 and is anticipated to reach $3484.00 million by 2026, with a CAGR
of 24.80 % during the forecast period. The CBD skin care market exhibits
an incremental revenue opportunity of $2747.4 million from 2019 to
2026 (CBD Skin Care Market Size 2022).

The North America and Europe regions have offer lucrative growth
opportunity for new entrants as well as established manufacturers owing
to increased spending on personal care and cosmetic products and rise in
incidences of skin diseases. The liberalization of hemp and marijuana
cultivation in Canada is expected to play an important role in the growth
of CBD based personal care products. In addition, the continuous efforts
in terms of R&D from leading cosmetic companies are expected to boost
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6. Challenges and perspectives

Several points challenges were identified due to inherent limitations
and variances in research findings, and due to the nature of the
compound.

[ Bioavailability and absorption limitations: Although transdermal
CBD delivery has the advantage of bypassing first-pass metabolism,
which may enhance bioavailability compared to oral routes, CBD’s
high lipophilicity and limited skin penetration present significant
challenges. Readers should note that bioavailability benefits may not
be universally applicable and are dependent on specific formulation
strategies, such as the use of penetration enhancers, which require
further clinical validation.

[0 Therapeutic vs. cosmetic efficacy: While CBD shows potential for
anti-inflammatory and analgesic effects, the therapeutic efficacy
observed in medical-grade formulations may not translate directly to
cosmetic-grade products, which often lack standardized dosages and
formulation guidelines. This distinction is important, as the potency,
stability, and bioavailability of CBD differ markedly between thera-
peutic and cosmetic applications, especially given the absence of
comprehensive regulatory oversight in some markets.

[J Immune system interactions: Research indicates that CBD may have
dual effects on the immune system, potentially suppressing immune
responses at high doses while stimulating it at lower concentrations.
However, these findings are predominantly derived from pre-
liminary in vitro and animal studies, and their relevance to human
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application remains uncertain. Readers are advised to interpret these
results with caution until more robust clinical data are available.

[0 Regulatory variability and market: The legal status and quality
standards for CBD products vary widely by region. While some ju-
risdictions have approved medical-grade products, many over-the-
counter CBD products lack regulatory consistency in potency, pu-
rity, and labeling accuracy. This disparity raises concerns about the
safety and efficacy of non-prescription CBD products, particularly for
consumers seeking therapeutic benefits.

Further research is essential to standardize formulations, optimize
bioavailability, and clarify the scope of transdermal CBD’s effects,
ensuring both efficacy and safety across applications.

7. Conclusions

The medicinal applications of CBD encompass a wide range of
therapeutic benefits, making it a compound of significant interest in
healthcare. Notably, CBD has demonstrated efficacy in pain manage-
ment, showcasing its analgesic properties and potential utility in
addressing chronic pain conditions. Its anti-inflammatory effects further
enhance its versatility, particularly for conditions like arthritis, where
inflammation plays a central role.

Beyond pain relief, CBD has shown promise as an anxiolytic, effec-
tively alleviating anxiety and stress-related disorders. This potential
extends to sleep disorders, as CBD’s calming effects may improve sleep
quality for individuals struggling with insomnia or related issues. In the
realm of neurological health, CBD has attracted attention for its neu-
roprotective properties, suggesting potential applications in treating
neurodegenerative disorders such as Alzheimer’s disease. Additionally,
its established role in managing certain forms of epilepsy—highlighted
by FDA-approved medications like Epidiolex™ underscores its efficacy
in reducing seizure frequency.

CBD’s influence is not limited to neurological and psychological
domains; it also extends to dermatological concerns. Its anti-
inflammatory attributes may aid in acne management by reducing
inflammation and regulating sebum production. Furthermore, pre-
liminary research is exploring the cardiovascular benefits of CBD, with
indications that it may help lower blood pressure and promote heart
health. Additionally, some studies suggest a role for CBD in substance
abuse treatment, potentially reducing cravings and alleviating with-
drawal symptoms.

While the breadth of potential benefits is compelling, it is essential to
emphasize the ongoing nature of CBD research. Individual responses to
CBD can vary significantly, so consulting with healthcare professionals
is advisable to ensure informed and safe use for specific medical
concerns.

Transdermal CBD delivery methods, such as patches, creams or
nano-based solutions, offer targeted and sustained relief for conditions
like joint pain and muscle soreness. These methods bypass the liver’s
first-pass metabolism, enhancing CBD’s bioavailability and ensuring a
more consistent therapeutic effect. The convenience of direct applica-
tion to the skin, coupled with a potential reduction in systemic side ef-
fects, makes transdermal CBD delivery an accessible and patient-friendly
option. This approach provides both localized efficacy and ease of use
for individuals seeking reliable and long-lasting solutions.

Funding

We acknowledge the support provided by the Unitatea Executiva
Pentru Finantarea Invatamantului Superior a Cercetarii Dezvoltarii si
Inovarii through the project HydroSCAR PD75/2022.

CRediT authorship contribution statement

Bianca - Maria Tihauan: Writing - original draft, Methodology,

16

European Journal of Pharmaceutical Sciences 208 (2025) 107036

Investigation, Funding acquisition, Data curation, Conceptualization.
Tatiana Onisei: Writing — review & editing, Writing — original draft,
Methodology, Funding acquisition, Formal analysis, Data curation,
Conceptualization. Walter Slootweg: Writing — review & editing,
Writing - original draft, Methodology, Data curation. Daniel Guna:
Resources. Ciprian Iliescu: Writing — review & editing, Supervision.
Mariana - Carmen Chifiriuc: Writing — review & editing, Supervision,
Funding acquisition.

Declaration of competing interest

Authors declare no competing interests.

Acknowledgements

We acknowledge the support provided by the Unitatea Executiva
Pentru Finantarea Invatamantului Superior a Cercetarii Dezvoltarii si
Inovarii through the project HydroSCAR PD75/2022. BMT and CI
acknowledge the European Union’s Horizon Europe Research and
Innovation framework programme 2021-2027, under the Coordination
and Support Actions, HORIZON-WIDERA-2022-TALENTS-01 (grant
agreement - 101087007 - eBio-hub). Funded by the European Union.
Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or European
Research Executive Agency (REA). Neither the European Union nor the
granting authority can be held responsible for them.

BMT and CI also acknowledge the support from the grant of the
Romanian Ministry of Research, Innovation and Digitalization, CCCDI-
—UEFISCDI, PN-IV-P8-8.1-PRE-HE-ORG-2023-0054 - Contract no
17PHE/2023.

TO and BMT acknowledge the support of MADR through ADER
16.1.1 “Research on the potential superior utilization of Cannabis sativa
species for food purposes”, approved by OM 146,/2023.

Data availability
Data will be made available on request.

References

Adams, R., Pease, D.C., Cain, C.K., Clark, J.H., 1940. Structure of cannabidiol. VI.
Isomerization of cannabidiol to tetrahydrocannabinol, a physiologically active
product. Conversion of cannabidiol to cannabinol. J. Am. Chem. Soc. 62 (9),
2402-2405. https://doi.org/10.1021/JA01866A040/ASSET/JA01866A040.FP.
PNG_V03. Sep.

Aguilar, S., Gutiérrez, V., Sanchez, L., Nougier, M., 2018. Medicinal cannabis policies and
practices around the world. Int. Drug Policy Consort (April), 32 [Online]. Available.
https://idpc.net/publications/2018/04/medicinal-cannabis-policies-and-practices-a
round-the-world.

Agurell, S., Carlsson, S., Lindgren, J.E., Ohlsson, A., Gillespie, H., Hollister, L., 1981.
Interactions of delta 1-tetrahydrocannabinol with cannabinol and cannabidiol
following oral administration in man. Assay of cannabinol and cannabidiol by mass
fragmentography. Experientia 37 (10), 1090-1092. https://doi.org/10.1007/
BF02085029.

Alkilani, A.Z., McCrudden, M.T.C., Donnelly, R.F., 2015. Transdermal drug delivery:
innovative pharmaceutical developments based on disruption of the barrier
properties of the stratum corneum. Pharm 7 (4), 438-470. https://doi.org/10.3390/
PHARMACEUTICS7040438. 2015, Vol. 7, Pages 438-4700ct.

Amato, C., Cermola, D., Vecchione, R., Langella, C., 2024. Design for optimisation of
drug administration. J. Heal. Des. 9 (1), 605-610. https://doi.org/10.21853/
jhd.2024.224.

Ambrose, T., Simmons, A., 2019. Cannabis, cannabinoids, and the endocannabinoid
system—Is there therapeutic potential for inflammatory bowel disease? J. Crohns.
Colitis 13 (4), 525. https://doi.org/10.1093/ECCO-JCC/JJY185. Mar.

Anderson, L.L., et al., 2019. Coadministered cannabidiol and clobazam: preclinical
evidence for both pharmacodynamic and pharmacokinetic interactions. Epilepsia 60
(11), 2224-2234. https://doi.org/10.1111/epi.16355. Nov.

Andre, C.M., Hausman, J.-F., Guerriero, G., 2016. Cannabis sativa: the plant of the
thousand and one molecules. Front. Plant Sci. 7 (6), 241-254. https://doi.org/
10.3389/1pls.2016.00019. Feb.

Anil, S.M., Peeri, H., Koltai, H., 2022. Medical cannabis activity against inflammation:
active compounds and modes of action. Front. Pharmacol. 0, 1500. https://doi.org/
10.3389/FPHAR.2022.908198. May.


https://doi.org/10.1021/JA01866A040/ASSET/JA01866A040.FP.PNG_V03
https://doi.org/10.1021/JA01866A040/ASSET/JA01866A040.FP.PNG_V03
https://idpc.net/publications/2018/04/medicinal-cannabis-policies-and-practices-around-the-world
https://idpc.net/publications/2018/04/medicinal-cannabis-policies-and-practices-around-the-world
https://doi.org/10.1007/BF02085029
https://doi.org/10.1007/BF02085029
https://doi.org/10.3390/PHARMACEUTICS7040438
https://doi.org/10.3390/PHARMACEUTICS7040438
https://doi.org/10.21853/jhd.2024.224
https://doi.org/10.21853/jhd.2024.224
https://doi.org/10.1093/ECCO-JCC/JJY185
https://doi.org/10.1111/epi.16355
https://doi.org/10.3389/fpls.2016.00019
https://doi.org/10.3389/fpls.2016.00019
https://doi.org/10.3389/FPHAR.2022.908198
https://doi.org/10.3389/FPHAR.2022.908198

B.M. Tihauan et al.

“Antimicrobial Studies of Cannabidiol as biomaterials against superbug MRSA | CMBES
proceedings.” https://proceedings.cmbes.ca/index.php/proceedings/article/view/
915 (accessed May 18, 2022).

Aparicio-Blanco, J., Sebastidn, V., Benoit, J.P., Torres-Sudrez, A.I., 2019. Lipid
nanocapsules decorated and loaded with cannabidiol as targeted prolonged release
carriers for glioma therapy: In vitro screening of critical parameters. Eur. J. Pharm.
Biopharm. 134, 126-137. https://doi.org/10.1016/J.EJPB.2018.11.020. Jan.

Areesantichai, C., Perngparn, U., Pilley, C., 2020. Current cannabis-related situation in
the Asia-Pacific region. Curr. Opin. Psychiatry 33 (4), 352-359. https://doi.org/
10.1097/YC0O.0000000000000616. Jul.

Atakan, Z., 2012. Cannabis, a complex plant: different compounds and different effects
on individuals. Ther. Adv. Psychopharmacol. 2 (6), 241-254. https://doi.org/
10.1177/2045125312457586. Dec.

Atalay, S., Jarocka-karpowicz, I., Skrzydlewskas, E., 2020. Antioxidative and anti-
inflammatory properties of cannabidiol. Antioxidants 9 (1). https://doi.org/
10.3390/ANTIOX9010021. Jan.

Atwood, B.K., MacKie, K., 2010. CB2: a cannabinoid receptor with an identity crisis. Br.
J. Pharmacol. 160 (3), 467-479. https://doi.org/10.1111/J.1476-5381.2010.00729.
X. Jun.

Bagde, A., Mosley-Kellum, K., Spencer, S., Singh, M., 2024. 3D DLP-printed cannabinoid
microneedles patch and its pharmacokinetic evaluation in rats. J. Pharm. Pharmacol.
76 (6), 616-626. https://doi.org/10.1093/jpp/rgae043. Jun.

Balhara, Y.P.S., Parmar, A., Modak, T., Vikram, V., 2020. From ‘Bhang shops’ to
‘Cannabis in Coffee shops’: time to debate the option? Indian J. Psychol. Med. 44 (3),
285. https://doi.org/10.1177/0253717620957501. May.

Bartner, L.R., McGrath, S., Rao, S., Hyatt, L.K., Wittenburg, L.A., 2018. Pharmacokinetics
of cannabidiol administered by 3 delivery methods at 2 different dosages to healthy
dogs. Can. J. Vet. Res. 82 (3), 178. Jul.Accessed: Aug. 26, 2022. [Online]. Available:
/pmc/articles/PMC6038832/.

Basu, S., Dittel, B.N., 2011. Unraveling the complexities of cannabinoid receptor 2 (CB2)
immune regulation in health and disease. Immunol. Res. 51 (1), 26. https://doi.org/
10.1007/S12026-011-8210-5. Oct.

Baswan, S.M., et al., 2020b. Therapeutic potential of cannabidiol (CBD) for skin health
and disorders. Clin. Cosmet. Investig. Dermatol. 13, 927. https://doi.org/10.2147/
CCID.S286411.

Baswan, S.M., et al., 2020a. Therapeutic potential of cannabidiol (CBD) for skin health
and disorders. Clin. Cosmet. Investig. Dermatol. 13, 927. https://doi.org/10.2147/
CCID.S286411.

Ben-Menachem, E., et al., 2020. A phase II randomized trial to explore the potential for
pharmacokinetic drug-Drug interactions with stiripentol or valproate when
combined with cannabidiol in patients with epilepsy. CNS Drugs 34 (6), 661-672.
https://doi.org/10.1007/540263-020-00726-4. Jun.

Bennici, A., et al., 2021. Safety of medical cannabis in neuropathic chronic pain
management. Molecules 26 (20), 1-17. https://doi.org/10.3390/
molecules26206257.

Benowitz, N.L., Nguyen, T.-L., Jones, R.T., Herning, R.I., Bachman, J., 1980. Metabolic
and psychophysiologic studies of cannabidiol-hexobarbital interaction. Clin.
Pharmacol. Ther. 28 (1), 115-120. https://doi.org/10.1038/clpt.1980.139. Jul.

Bergamaschi, M.M., et al., 2011. Cannabidiol reduces the anxiety induced by simulated
public speaking in treatment-naive social phobia patients.
Neuropsychopharmacology 36 (6), 1219-1226. https://doi.org/10.1038/
NPP.2011.6. May.

Bhattacharyya, S., et al., 2010. Opposite effects of 8-9-tetrahydrocannabinol and
cannabidiol on human brain function and psychopathology.
Neuropsychopharmacology 35 (3), 764-774. https://doi.org/10.1038/
npp.2009.184. Feb.

Blaskovich, M.A.T., et al., 2021. The antimicrobial potential of cannabidiol. Commun.
Biol. 4 (1), 1-18. https://doi.org/10.1038/542003-020-01530-y. 2021 41Jan.

Blessing, E.M., Steenkamp, M.M., Manzanares, J., Marmar, C.R., 2015. Cannabidiol as a
potential treatment for anxiety disorders. Neurotherapeutics 12 (4), 825-836.
https://doi.org/10.1007/513311-015-0387-1. Oct.

Bolognini, D., et al., 2013. Cannabidiolic acid prevents vomiting in Suncus murinus and
nausea-induced behaviour in rats by enhancing 5-HT1A receptor activation. Br. J.
Pharmacol. 168 (6), 1456. https://doi.org/10.1111/BPH.12043. Mar.

Bolzinger, M.A., Briancon, S., Pelletier, J., Chevalier, Y., 2012. Penetration of drugs
through skin, a complex rate-controlling membrane. Curr. Opin. Colloid. Interface
Sci. 17 (3), 156-165. https://doi.org/10.1016/J.COCIS.2012.02.001. Jun.

Bornheim, L.M., Borys, H.K., Karler, R., 1981. Effect of cannabidiol on cytochrome P-450
and hexobarbital sleep time. Biochem. Pharmacol. 30 (5), 503-507. https://doi.org/
10.1016/0006-2952(81)90636-5. Mar.

Bornheim, L.M., Everhart, E.T., Li, J., Correia, M.A., 1993. Characterization of
cannabidiol-mediated cytochrome P450 inactivation. Biochem. Pharmacol. 45 (6),
1323-1331. https://doi.org/10.1016/0006-2952(93)90286-6. Mar.

Borys, H.K., Ingall, G.B., Karler, R., 1979. Development of tolerance to the prolongation
of Hexobarbitone sleeping time caused by Cannabidiol. Br. J. Pharmacol. 67 (1),
93-101. hitps://doi.org/10.1111/j.1476-5381.1979.tb16111.x.

Botea, M.O., Andereggen, L., Urman, R.D., Luedi, M.M., Romero, C.S., 2024.
Cannabinoids for acute pain management: approaches and rationale. Curr. Pain
Headache Rep. 28 (7), 681-689. https://doi.org/10.1007/s11916-024-01252-4.

Brand, E.J., Zhao, Z., 2017. Cannabis in Chinese medicine: are some traditional
indications referenced in ancient literature related to cannabinoids? Front.
Pharmacol. 8 (MAR), 108. https://doi.org/10.3389/fphar.2017.00108. Mar.

Brown, J., Winterstein, A., 2019b. Potential adverse drug events and drug-Drug
interactions with medical and consumer cannabidiol (CBD) use. J. Clin. Med. 8 (7),
989. https://doi.org/10.3390/jcm8070989. Jul.

17

European Journal of Pharmaceutical Sciences 208 (2025) 107036

Brown, J., Winterstein, A., 2019a. Potential adverse drug events and drug-Drug
interactions with medical and consumer cannabidiol (CBD) use. J. Clin. Med. 8 (7),
989. https://doi.org/10.3390/jcm8070989. Jul.

Bruni, N., Della Pepa, C., Oliaro-Bosso, S., Pessione, E., Gastaldi, D., Dosio, F., 2018.
Cannabinoid delivery systems for pain and inflammation treatment. Molecules 23
(10). https://doi.org/10.3390/molecules23102478.

Bulbake, U., Doppalapudi, S., Kommineni, N., Khan, W., 2017. Liposomal formulations in
clinical use: an updated review. Pharmaceutics 9 (4), 12. https://doi.org/10.3390/
pharmaceutics9020012. Mar.

Cabral, G.A., Ferreira, G.A., Jamerson, M.J., 2015. Endocannabinoids and the immune
system in health and disease. Handb. Exp. Pharmacol. 231, 185-211. https://doi.
org/10.1007/978-3-319-20825-1_6. Sep.

Campos, R.M.P., et al., 2021. Cannabinoid therapeutics in chronic neuropathic pain:
from animal research to Human treatment. Front. Physiol. 12, 2180. https://doi.org/
10.3389/FPHYS.2021.785176/BIBTEX. Nov.

Canada, G., 2020. A-synaptic technologies for the delivery of cannabinoids. Technol.
Platform,. https://asynaptic.com/technology-platform/.

“Cannabidiol (CBD): Analyse de situation - International Drug Policy Consortium
(IDPC).” https://idpc.net/fr/publications/2019/02/cannabidiol-cbd-analyse-de-sit
uation (accessed Jan. 19, 2023).

“Cannabidiol | C21H3002 - PubChem.” https://pubchem.ncbi.nlm.nih.gov/comp
ound/Cannabidiol (accessed May 19, 2021).

“Cannabis law and legislation in South Africa | CMS Expert Guides.” https://cms.law/en/
int/expert-guides/cms-expert-guide-to-a-legal-roadmap-to-cannabis/south-africa?
utm_source=chatgpt.com (accessed Jan. 17, 2025).

Casares, L., et al., 2020. Cannabidiol induces antioxidant pathways in keratinocytes by
targeting BACH1. Redox Biol. 28. https://doi.org/10.1016/J.REDOX.2019.101321.
Jan.

Cassano, T., et al., 2020. From cannabis sativa to cannabidiol: promising therapeutic
candidate for the treatment of neurodegenerative diseases. Front. Pharmacol. 11,
124. https://doi.org/10.3389/FPHAR.2020.00124/BIBTEX. Mar.

“Cayman Islands to ask voters whether to ease marijuana laws | AP News.” https://apn
ews.com/article/cayman-islands-marijuana-decriminalize-possession-8b1leaa62bf
9bd850635a76f5a7484¢73 (accessed Jan. 17, 2025).

“CBD Skin Care Market Size, Share & trends | research report by 2026.” https://www.
alliedmarketresearch.com/cbd-skin-care-market (accessed Oct. 05, 2022).

Cheng, A., et al., 2024. Nanosuspension-loaded dissolving microneedle patches for
enhanced transdermal delivery of a highly lipophilic cannabidiol. Int. J. Nanomed.
19 (May), 4061-4079. https://doi.org/10.2147/IJN.S452207.

Cheng, D., Spiro, A.S., Jenner, A.M., Garner, B., Karl, T., 2014. Long-term cannabidiol
treatment prevents the development of social recognition memory deficits in
Alzheimer’s disease transgenic mice. J. Alzheimers. Dis. 42 (4), 1383-1396. https://
doi.org/10.3233/JAD-140921.

“CJEU landmark ruling confirms that CBD is not a narcotic drug and that member states
may not prohibit its marketing - A&O Shearman.” https://www.aoshearman.com
/en/insights/ao-shearman-on-life-sciences/cjeu-landmark-ruling-confirms-cbd-not-
narcotic-drug-and-member-states-may-not-prohibit-marketing (accessed Dec. 04,
2024).

“Clinical Trials register - Cannabidiol.” https://www.clinicaltrialsregister.eu/ctr-search/
search?query=Cannabidiol&status=completed&status=ongoing (accessed Nov. 22,
2023).

Coles, M., Watt, G., Kreilaus, F., Karl, T., 2020. Medium-dose chronic cannabidiol
treatment reverses object recognition memory deficits of APP swe /PS1AE9
transgenic female mice. Front. Pharmacol. 11, 1683. https://doi.org/10.3389/
FPHAR.2020.587604/BIBTEX. Dec.

“CONTROVERSATUL CANNABIS Riscuri si beneficii - Univers Farmaceutic.”
https://www.universfarmaceutic.ro/amfiteatru/controversatul-cannabis-riscuri-si-
beneficii (accessed Aug. 26, 2022).

Couteau, C., Coiffard, L., 2010. Regulation no 1223/2009 on cosmetic products. Nouv.
Dermatol. 29 (5 PART 1).

D. of J. Drug Enforcement Administration, 2018. Schedules of controlled substances:
placement in schedule V of certain FDA-approved drugs containing cannabidiol;
corresponding change to permit requirements. Final order. Fed. Regist. 83 (189),
48950-48953. Sep.[Online]. Available: http://www.ncbi.nlm.nih.gov/pubmed
/30272400.

“DAC/NRF: Rezepturtipp der Woche 51/2015.” https://dacnrf.pharmazeutische-zeitung.
de/fuer-abonnenten/rezepturtipp/rezepturtipps-2015/neu-in-dac/nrf-cannabidiol
(accessed Oct. 05, 2022).

Dalton, W.S., Martz, R., Lemberger, L., Rodda, B.E., Forney, R.B., 1976. Influence of
cannabidiol on delta-9-tetrahydrocannabinol effects. Clin. Pharmacol. Ther. 19 (3),
300-309. https://doi.org/10.1002/cpt1976193300. Mar.

Darweesh, R.S., Khamis, T.N., El-Elimat, T., 2020. The effect of cannabidiol on the
pharmacokinetics of carbamazepine in rats. Naunyn. Schmiedebergs. Arch.
Pharmacol. 393 (10), 1871-1886. https://doi.org/10.1007/s00210-020-01878-2.
Oct.

Davies, C., Bhattacharyya, S., 2019. Cannabidiol as a potential treatment for psychosis.
Ther. Adv. Psychopharmacol. 9, 204512531988191. https://doi.org/10.1177/
2045125319881916. Jan.

de Faria, S.M., et al., 2020. Effects of acute cannabidiol administration on anxiety and
tremors induced by a Simulated Public Speaking Test in patients with Parkinson’s
disease. J. Psychopharmacol. 34 (2), 189-196. https://doi.org/10.1177/
0269881119895536. Feb.

Demisli, S., et al., 2023. Encapsulation of cannabidiol in oil-in-water nanoemulsions and
nanoemulsion-filled hydrogels: A structure and biological assessment study.

J. Colloid Interface Sci. 634, 300-313. https://doi.org/10.1016/J.JCIS.2022.12.036.
Mar.


https://proceedings.cmbes.ca/index.php/proceedings/article/view/915
https://proceedings.cmbes.ca/index.php/proceedings/article/view/915
https://doi.org/10.1016/J.EJPB.2018.11.020
https://doi.org/10.1097/YCO.0000000000000616
https://doi.org/10.1097/YCO.0000000000000616
https://doi.org/10.1177/2045125312457586
https://doi.org/10.1177/2045125312457586
https://doi.org/10.3390/ANTIOX9010021
https://doi.org/10.3390/ANTIOX9010021
https://doi.org/10.1111/J.1476-5381.2010.00729.X
https://doi.org/10.1111/J.1476-5381.2010.00729.X
https://doi.org/10.1093/jpp/rgae043
https://doi.org/10.1177/0253717620957501
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0018
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0018
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0018
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0018
https://doi.org/10.1007/S12026-011-8210-5
https://doi.org/10.1007/S12026-011-8210-5
https://doi.org/10.2147/CCID.S286411
https://doi.org/10.2147/CCID.S286411
https://doi.org/10.2147/CCID.S286411
https://doi.org/10.2147/CCID.S286411
https://doi.org/10.1007/s40263-020-00726-4
https://doi.org/10.3390/molecules26206257
https://doi.org/10.3390/molecules26206257
https://doi.org/10.1038/clpt.1980.139
https://doi.org/10.1038/NPP.2011.6
https://doi.org/10.1038/NPP.2011.6
https://doi.org/10.1038/npp.2009.184
https://doi.org/10.1038/npp.2009.184
https://doi.org/10.1038/s42003-020-01530-y
https://doi.org/10.1007/S13311-015-0387-1
https://doi.org/10.1111/BPH.12043
https://doi.org/10.1016/J.COCIS.2012.02.001
https://doi.org/10.1016/0006-2952(81)90636-5
https://doi.org/10.1016/0006-2952(81)90636-5
https://doi.org/10.1016/0006-2952(93)90286-6
https://doi.org/10.1111/j.1476-5381.1979.tb16111.x
https://doi.org/10.1007/s11916-024-01252-4
https://doi.org/10.3389/fphar.2017.00108
https://doi.org/10.3390/jcm8070989
https://doi.org/10.3390/jcm8070989
https://doi.org/10.3390/molecules23102478
https://doi.org/10.3390/pharmaceutics9020012
https://doi.org/10.3390/pharmaceutics9020012
https://doi.org/10.1007/978-3-319-20825-1_6
https://doi.org/10.1007/978-3-319-20825-1_6
https://doi.org/10.3389/FPHYS.2021.785176/BIBTEX
https://doi.org/10.3389/FPHYS.2021.785176/BIBTEX
https://asynaptic.com/technology-platform/
https://idpc.net/fr/publications/2019/02/cannabidiol-cbd-analyse-de-situation
https://idpc.net/fr/publications/2019/02/cannabidiol-cbd-analyse-de-situation
https://pubchem.ncbi.nlm.nih.gov/compound/Cannabidiol
https://pubchem.ncbi.nlm.nih.gov/compound/Cannabidiol
https://cms.law/en/int/expert-guides/cms-expert-guide-to-a-legal-roadmap-to-cannabis/south-africa?utm_source=chatgpt.com
https://cms.law/en/int/expert-guides/cms-expert-guide-to-a-legal-roadmap-to-cannabis/south-africa?utm_source=chatgpt.com
https://cms.law/en/int/expert-guides/cms-expert-guide-to-a-legal-roadmap-to-cannabis/south-africa?utm_source=chatgpt.com
https://doi.org/10.1016/J.REDOX.2019.101321
https://doi.org/10.3389/FPHAR.2020.00124/BIBTEX
https://apnews.com/article/cayman-islands-marijuana-decriminalize-possession-8b1eaa62bf9bd850635a76f5a7484c73
https://apnews.com/article/cayman-islands-marijuana-decriminalize-possession-8b1eaa62bf9bd850635a76f5a7484c73
https://apnews.com/article/cayman-islands-marijuana-decriminalize-possession-8b1eaa62bf9bd850635a76f5a7484c73
https://www.alliedmarketresearch.com/cbd-skin-care-market
https://www.alliedmarketresearch.com/cbd-skin-care-market
https://doi.org/10.2147/IJN.S452207
https://doi.org/10.3233/JAD-140921
https://doi.org/10.3233/JAD-140921
https://www.aoshearman.com/en/insights/ao-shearman-on-life-sciences/cjeu-landmark-ruling-confirms-cbd-not-narcotic-drug-and-member-states-may-not-prohibit-marketing
https://www.aoshearman.com/en/insights/ao-shearman-on-life-sciences/cjeu-landmark-ruling-confirms-cbd-not-narcotic-drug-and-member-states-may-not-prohibit-marketing
https://www.aoshearman.com/en/insights/ao-shearman-on-life-sciences/cjeu-landmark-ruling-confirms-cbd-not-narcotic-drug-and-member-states-may-not-prohibit-marketing
https://www.clinicaltrialsregister.eu/ctr-search/search?query=Cannabidiol&tnqh_x0026;status=completed&tnqh_x0026;status=ongoing
https://www.clinicaltrialsregister.eu/ctr-search/search?query=Cannabidiol&tnqh_x0026;status=completed&tnqh_x0026;status=ongoing
https://doi.org/10.3389/FPHAR.2020.587604/BIBTEX
https://doi.org/10.3389/FPHAR.2020.587604/BIBTEX
https://www.universfarmaceutic.ro/amfiteatru/controversatul-cannabis-riscuri-si-beneficii
https://www.universfarmaceutic.ro/amfiteatru/controversatul-cannabis-riscuri-si-beneficii
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0056
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0056
http://www.ncbi.nlm.nih.gov/pubmed/30272400
http://www.ncbi.nlm.nih.gov/pubmed/30272400
https://dacnrf.pharmazeutische-zeitung.de/fuer-abonnenten/rezepturtipp/rezepturtipps-2015/neu-in-dac/nrf-cannabidiol
https://dacnrf.pharmazeutische-zeitung.de/fuer-abonnenten/rezepturtipp/rezepturtipps-2015/neu-in-dac/nrf-cannabidiol
https://doi.org/10.1002/cpt1976193300
https://doi.org/10.1007/s00210-020-01878-2
https://doi.org/10.1177/2045125319881916
https://doi.org/10.1177/2045125319881916
https://doi.org/10.1177/0269881119895536
https://doi.org/10.1177/0269881119895536
https://doi.org/10.1016/J.JCIS.2022.12.036

B.M. Tihauan et al.

Devinsky, O., et al., 2020. Cannabidiol efficacy independent of clobazam: meta-analysis
of four randomized controlled trials. Acta Neurol. Scand. 142 (6), 531-540. https://
doi.org/10.1111/ane.13305. Dec.

Di Marzo, V., 2008. Targeting the endocannabinoid system: to enhance or reduce? Nat.
Rev. Drug Discov. 7 (5), 438-455. https://doi.org/10.1038/nrd2553. 2008 75May.

Divac, N., Stojanovi¢, R., Savi¢ Vujovié, K., Medi¢, B., Damjanovié, A., Prostran, M.,
2016. The efficacy and safety of antipsychotic medications in the treatment of
psychosis in patients with Parkinson’s disease. Behav. Neurol. 2016. https://doi.org/
10.1155/2016/4938154.

Dos Santos, R.G., Hallak, J.E.C., Leite, J.P., Zuardi, A.W., Crippa, J.A.S., 2015.
Phytocannabinoids and epilepsy. J. Clin. Pharm. Ther. 40 (2), 135-143. https://doi.
org/10.1111/JCPT.12235. Apr.

“Drugs (psychoactive): Cannabidiol (compound of cannabis).” https://www.who.
int/news-room/questions-and-answers/item/cannabidiol-(compound-of-cannabis)
(accessed Aug. 27, 2022).

Dziwenka, M., Coppock, R., Alexander, M., Palumbo, E., Ramirez, C., Lermer, S., 2020.
Safety assessment of a hemp extract using genotoxicity and oral repeat-dose toxicity
studies in Sprague-Dawley rats. Toxicol. Rep. 7, 376-385. https://doi.org/10.1016/
j.toxrep.2020.02.014. Jan.

E. and M. National Academies of Sciences, H. and M. Division, B. on P. H., P. H. Practice,
C. on the H. E. of M. A. E. R, R. Agenda, 2017. The health effects of cannabis and
cannabinoids. Psychiatria 15 (2), 88-92. https://doi.org/10.17226/24625. Jan.

“Effects of THC-free CBD oil on agitation in patients with Alzheimer’s disease - full text
view - ClinicalTrials.Gov.” https://clinicaltrials.gov/ct2/show/NCT04436081
(accessed May 18, 2022).

M.F. El-Azab, A.E. Wakiel, Y.K. Nafea, and M.E. Youssef, “Role of cannabinoids and the
endocannabinoid system in modulation of diabetic cardiomyopathy,” http://www.
wijgnet.com/, vol. 13, no. 5, pp. 387-407, May 2022, doi: 10.4239/WJD.V13.15.387.

Elliott, D.M., Singh, N., Nagarkatti, M., Nagarkatti, P.S., 2018. Cannabidiol attenuates
experimental autoimmune encephalomyelitis model of multiple sclerosis through
induction of myeloid-derived suppressor cells. Front. Immunol. 9 (AUG), 1782.
https://doi.org/10.3389/FIMMU.2018.01782/BIBTEX. Aug.

El-Remessy, A.B., Al-Shabrawey, M., Khalifa, Y., Tsai, N.T., Caldwell, R.B., Liou, G.I.,
2006. Neuroprotective and blood-retinal barrier-preserving effects of cannabidiol in
experimental diabetes. Am. J. Pathol. 168 (1), 235-244. https://doi.org/10.2353/
ajpath.2006.050500.

European Medicines Agency (EMA), “Committee for Medicinal Products for Human Use
(CHMP) Assessment report,” 2019. [Online]. Available: www.ema.europa.
eu/contact.

Ewing, L.E,, et al., 2019. Hepatotoxicity of a cannabidiol-rich cannabis extract in the
mouse model. Molecules 24 (9). https://doi.org/10.3390/molecules24091694. Apr.

Fasinu, P.S., Phillips, S., ElSohly, M.A., Walker, L.A., 2016. Current status and prospects
for cannabidiol preparations as new therapeutic agents. Pharmacotherapy 36 (7),
781-796. https://doi.org/10.1002/phar.1780. Jul.

Ferk, F., et al., 2016. Genotoxic properties of XLR-11, a widely consumed synthetic
cannabinoid, and of the benzoyl indole RCS-4. Arch. Toxicol. 90 (12), 3111-3123.
https://doi.org/10.1007/500204-016-1664-4. Dec.

Fernandez-Ruiz, J., et al., 2013. Cannabidiol for neurodegenerative disorders: important
new clinical applications for this phytocannabinoid? Br. J. Clin. Pharmacol. 75 (2),
323. https://doi.org/10.1111/J.1365-2125.2012.04341.X. Feb.

Ferreira, B.P., et al., 2023b. Skin applications of cannabidiol: sources, effects, delivery
systems. Market.Formul. Saf. 22 (3).

Ferreira, B.P., et al., 2023a. Skin applications of cannabidiol: sources, effects, delivery
systems, marketed formulations and safety. Phytochem. Rev. 22 (3), 781-828.
https://doi.org/10.1007/511101-023-09860-5. 2023 223Mar.

Filipiuc, S.I., et al., 2023. The skin and natural cannabinoids-Topical and transdermal
applications. Pharm 16 (7), 1049. https://doi.org/10.3390/PH16071049. 2023, Vol.
16, Page 1049Jul.

“Forty-first meeting of the Expert Committee on Drug Dependence.” https://www.who.
int/news-room/events/detail/2018/11/12/default-calendar/forty-first-meeting-o
f-the-expert-committee-on-drug-dependence (accessed May 20, 2021).

Franze, S., Ricci, C., Del Favero, E., Rama, F., Casiraghi, A., Cilurzo, F., 2023. Micelles-in-
liposome systems obtained by proliposomal approach for cannabidiol delivery:
structural features and skin penetration. Mol. Pharm. 20 (7), 3393-3402. https://
doi.org/10.1021/acs.molpharmaceut.3c00044.

Frizza, J., Chesher, G.B., Jackson, D.M., Malor, R., Starmer, G.A., 1977. The effect of A9,
cannabidiol, and cannabinol on the anaesthesia induced by various anaesthetic
agents in mice. Psychopharmacology (Berl.) 55 (1), 103-107. https://doi.org/
10.1007/BF00432824. Jan.

Furgiuele, A., Cosentino, M., Ferrari, M., Marino, F., 2021. Immunomodulatory potential
of cannabidiol in multiple sclerosis: a systematic review. J. Neuroimmune
Pharmacol. 16 (2), 251. https://doi.org/10.1007/511481-021-09982-7. Jun.

Gallego-Landin, 1., Garcia-Baos, A., Castro-Zavala, A., Valverde, O., 2021. Reviewing the
role of the endocannabinoid system in the pathophysiology of depression. Front.
Pharmacol. 12, 3446. https://doi.org/10.3389/FPHAR.2021.762738/BIBTEX. Dec.

Gao, Y., et al., 2022. Novel cannabidiol aspartame combination treatment (JW-100)
significantly reduces ISGA score in atopic dermatitis: results from a randomized
double-blinded placebo-controlled interventional study. J. Cosmet. Dermatol. 21 (4),
1647-1650. https://doi.org/10.1111/JOCD.14263. Apr.

Garberg, H.T., et al., 2016. Short-term effects of cannabidiol after global hypoxia-
ischemia in newborn piglets. Pediatr. Res. 80 (5), 710-718. https://doi.org/
10.1038/pr.2016.149. 2016 805Jul.

Garcia-Gutiérrez, M.S., Navarrete, F., Gasparyan, A., Austrich-Olivares, A., Sala, F.,
Manzanares, J., 2020. Cannabidiol: A potential new alternative for the treatment of
Anxiety, Depression, and psychotic disorders. Biomolecules 10 (11), 1-34. https://
doi.org/10.3390/BIOM10111575. Nov.

18

European Journal of Pharmaceutical Sciences 208 (2025) 107036

Geffrey, A.L., Pollack, S.F., Bruno, P.L., Thiele, E.A., 2015b. Drug-drug interaction
between clobazam and cannabidiol in children with refractory epilepsy. Epilepsia 56
(8), 1246-1251. https://doi.org/10.1111/epi.13060. Aug.

Geffrey, A.L., Pollack, S.F., Bruno, P.L., Thiele, E.A., 2015a. Drug-drug interaction
between clobazam and cannabidiol in children with refractory epilepsy. Epilepsia 56
(8), 1246-1251. https://doi.org/10.1111/EPL1.13060. Aug.

Giacoppo, S., Molino, G., Galuppo, M., Mazzon, P.B.E., 2014. Cannabinoids: new
promising agents in the treatment of neurological diseases. Mol. 19 (11),
18781-18816. https://doi.org/10.3390/MOLECULES191118781. 2014, Vol. 19,
Pages 18781-18816Nov.

B. Gibbs, A. Yates, and J. Liebling, “Cbd in the Uk,” 2019.

Gilmartin, C.G.S., Dowd, Z., Parker, A.P.J., Harijan, P., 2021. Interaction of cannabidiol
with other antiseizure medications: A narrative review. Seizure 86, 189-196.
https://doi.org/10.1016/j.seizure.2020.09.010. Mar.

Gomes, F.V., Llorente, R., Del Bel, E.A., Viveros, M.P., Lopez-Gallardo, M., Guimaraes, F.
S., May 2015. Decreased glial reactivity could be involved in the antipsychotic-like
effect of cannabidiol. Schizophr. Res. 164 (1-3), 155-163. https://doi.org/10.1016/
J.SCHRES.2015.01.015.

Goyal, R., Macri, L.K., Kaplan, H.M., Kohn, J., 2016. Nanoparticles and nanofibers for
topical drug delivery. J. Control. Release 240, 77-92. https://doi.org/10.1016/J.
JCONREL.2015.10.049. Oct.

Grayson, L., Vines, B., Nichol, K., Szaflarski, J.P., 2017. An interaction between warfarin
and cannabidiol, a case report. Epilepsy Behav. Case Rep. 9, 10. https://doi.org/
10.1016/J.EBCR.2017.10.001.

Grifoni, L., Vanti, G., Donato, R., Sacco, C., Bilia, A.R., 2022. Promising nanocarriers to
enhance solubility and bioavailability of cannabidiol for a plethora of therapeutic
opportunities. Molecules 27 (18). https://doi.org/10.3390/molecules27186070.

Gross, C., Ramirez, D.A., McGrath, S., Gustafson, D.L., 2021. Cannabidiol induces
apoptosis and perturbs mitochondrial function in Human and canine glioma cells.
Front. Pharmacol. 12, 2081. https://doi.org/10.3389/FPHAR.2021.725136/
BIBTEX. Aug.

Guido, P.C,, et al., 2021. Pharmacokinetics of cannabidiol in children with refractory
epileptic encephalopathy. Epilepsia 62 (1), e7—el2. https://doi.org/10.1111/
epi.16781. Jan.

Gulbransen, G., Xu, W., Arroll, B., 2020. Cannabidiol prescription in clinical practice: an
audit on the first 400 patients in New Zealand. BJGP Open 4 (1). https://doi.org/
10.3399/BJGPOPEN20X101010. Apr.

Gunning, B., et al., 2021. Cannabidiol in conjunction with clobazam: analysis of four
randomized controlled trials. Acta Neurol. Scand. 143 (2), 154-163. https://doi.org/
10.1111/ane.13351. Feb.

Gupta, A.K., Talukder, M., 2021. Cannabinoids for skin diseases and hair regrowth.

J. Cosmet. Dermatol. 20 (9), 2703-2711. https://doi.org/10.1111/JOCD.14352.
Sep.

Hammell, D.C,, et al., 2016b. Transdermal cannabidiol reduces inflammation and pain-
related behaviours in a rat model of arthritis. Eur. J. Pain 20 (6), 936-948. https://
doi.org/10.1002/EJP.818. Jul.

Hammell, D.C., et al., 2016a. Transdermal cannabidiol reduces inflammation and pain-
related behaviours in a rat model of arthritis. Eur. J. Pain 20 (6), 936. https://doi.
org/10.1002/EJP.818.

Hampson, A.J., Grimaldi, M., Axelrod, J., Wink, D., 1998. Cannabidiol and (—)A9-
tetrahydrocannabinol are neuroprotective antioxidants. Proc. Natl. Acad. Sci. U. S.
A. 95 (14), 8268. https://doi.org/10.1073/PNAS.95.14.8268. Jul.

P.D. Hanan Abramovici and P.D. Sophie-Anne Lamour, Ph.D. and G. Mammen,
Information for Health Care. 2018.

Hanus, L.O., Meyer, S.M., Munoz, E., Taglialatela-Scafati, O., Appendino, G., 2016.
Phytocannabinoids: a unified critical inventory. Nat. Prod. Rep. 33 (12), 1357-1392.
https://doi.org/10.1039/C6NP0O0074F. Dec.

Hasan, N., et al., 2023. Advanced multifunctional nano-lipid carrier loaded gel for
targeted delivery of 5-flurouracil and cannabidiol against non-melanoma skin
cancer. Environ. Res. 233 (June), 116454. https://doi.org/10.1016/j.
envres.2023.116454.

“Health Effects of marijuana and cannabis-derived products presented in new report |
National Academies.” https://www.nationalacademies.org/news/2017/01/health-e
ffects-of-marijuana-and-cannabis-derived-products-presented-in-new-report
(accessed Aug. 27, 2022).

Holloman, B.L., Nagarkatti, M., Nagarkatti, P., 2021. Epigenetic regulation of
cannabinoid-mediated attenuation of inflammation and its impact on the use of
cannabinoids to treat autoimmune diseases. Int. J. Mol. Sci. 22 (14), 7302. https://
doi.org/10.3390/1JMS22147302. 2021, Vol. 22, Page 7302Jul.

home office, “Home Office Circular 2018: rescheduling of cannabis-based products for
medicinal use in humans,” 2018, Accessed: Oct. 05, 2022. [Online]. Available: htt
p://www.legislation.gov.uk/uksi/2018/1055/contents/made.

Horvth, B., Mukhopadhyay, P., Hask, G., Pacher, P., 2012. The endocannabinoid system
and plant-derived cannabinoids in diabetes and diabetic complications. Am. J.
Pathol. 180 (2), 432. https://doi.org/10.1016/J.AJPATH.2011.11.003. Feb.

Howlett, A.C., et al., 2002. Classification of cannabinoid receptors. Pharmacol. Rev. 54
(2), 161-202. https://doi.org/10.1124/PR.54.2.161.

Hryhorowicz, S., Kaczmarek-Rys, M., Zielinska, A., Scott, R.J., Stomski, R., Ptawski, A.,
2021. Endocannabinoid system as a promising therapeutic target in inflammatory
bowel disease — A systematic review. Front. Immunol. 12. https://doi.org/10.3389/
FIMMU.2021.790803. Dec.

Huestis, M.A., 2007. Human cannabinoid pharmacokinetics. Chem. Biodivers. 4 (8),
1770-1804. https://doi.org/10.1002/cbdv.200790152. Aug.

Huestis, M.A., Solimini, R., Pichini, S., Pacifici, R., Carlier, J., Busardo, F.P., 2019.
Cannabidiol adverse effects and toxicity. Curr. Neuropharmacol. 17 (10), 974-989.
https://doi.org/10.2174/1570159X17666190603171901. Sep.


https://doi.org/10.1111/ane.13305
https://doi.org/10.1111/ane.13305
https://doi.org/10.1038/nrd2553
https://doi.org/10.1155/2016/4938154
https://doi.org/10.1155/2016/4938154
https://doi.org/10.1111/JCPT.12235
https://doi.org/10.1111/JCPT.12235
https://www.who.int/news-room/questions-and-answers/item/cannabidiol-(compound-of-cannabis
https://www.who.int/news-room/questions-and-answers/item/cannabidiol-(compound-of-cannabis
https://doi.org/10.1016/j.toxrep.2020.02.014
https://doi.org/10.1016/j.toxrep.2020.02.014
https://doi.org/10.17226/24625
https://clinicaltrials.gov/ct2/show/NCT04436081
http://www.wjgnet.com/
http://www.wjgnet.com/
http://10.4239/WJD.V13.I5.387
https://doi.org/10.3389/FIMMU.2018.01782/BIBTEX
https://doi.org/10.2353/ajpath.2006.050500
https://doi.org/10.2353/ajpath.2006.050500
http://www.ema.europa.eu/contact
http://www.ema.europa.eu/contact
https://doi.org/10.3390/molecules24091694
https://doi.org/10.1002/phar.1780
https://doi.org/10.1007/s00204-016-1664-4
https://doi.org/10.1111/J.1365-2125.2012.04341.X
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0080
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0080
https://doi.org/10.1007/S11101-023-09860-5
https://doi.org/10.3390/PH16071049
https://www.who.int/news-room/events/detail/2018/11/12/default-calendar/forty-first-meeting-of-the-expert-committee-on-drug-dependence
https://www.who.int/news-room/events/detail/2018/11/12/default-calendar/forty-first-meeting-of-the-expert-committee-on-drug-dependence
https://www.who.int/news-room/events/detail/2018/11/12/default-calendar/forty-first-meeting-of-the-expert-committee-on-drug-dependence
https://doi.org/10.1021/acs.molpharmaceut.3c00044
https://doi.org/10.1021/acs.molpharmaceut.3c00044
https://doi.org/10.1007/BF00432824
https://doi.org/10.1007/BF00432824
https://doi.org/10.1007/S11481-021-09982-7
https://doi.org/10.3389/FPHAR.2021.762738/BIBTEX
https://doi.org/10.1111/JOCD.14263
https://doi.org/10.1038/pr.2016.149
https://doi.org/10.1038/pr.2016.149
https://doi.org/10.3390/BIOM10111575
https://doi.org/10.3390/BIOM10111575
https://doi.org/10.1111/epi.13060
https://doi.org/10.1111/EPI.13060
https://doi.org/10.3390/MOLECULES191118781
https://doi.org/10.1016/j.seizure.2020.09.010
https://doi.org/10.1016/J.SCHRES.2015.01.015
https://doi.org/10.1016/J.SCHRES.2015.01.015
https://doi.org/10.1016/J.JCONREL.2015.10.049
https://doi.org/10.1016/J.JCONREL.2015.10.049
https://doi.org/10.1016/J.EBCR.2017.10.001
https://doi.org/10.1016/J.EBCR.2017.10.001
https://doi.org/10.3390/molecules27186070
https://doi.org/10.3389/FPHAR.2021.725136/BIBTEX
https://doi.org/10.3389/FPHAR.2021.725136/BIBTEX
https://doi.org/10.1111/epi.16781
https://doi.org/10.1111/epi.16781
https://doi.org/10.3399/BJGPOPEN20X101010
https://doi.org/10.3399/BJGPOPEN20X101010
https://doi.org/10.1111/ane.13351
https://doi.org/10.1111/ane.13351
https://doi.org/10.1111/JOCD.14352
https://doi.org/10.1002/EJP.818
https://doi.org/10.1002/EJP.818
https://doi.org/10.1002/EJP.818
https://doi.org/10.1002/EJP.818
https://doi.org/10.1073/PNAS.95.14.8268
https://doi.org/10.1039/C6NP00074F
https://doi.org/10.1016/j.envres.2023.116454
https://doi.org/10.1016/j.envres.2023.116454
https://www.nationalacademies.org/news/2017/01/health-effects-of-marijuana-and-cannabis-derived-products-presented-in-new-report
https://www.nationalacademies.org/news/2017/01/health-effects-of-marijuana-and-cannabis-derived-products-presented-in-new-report
https://doi.org/10.3390/IJMS22147302
https://doi.org/10.3390/IJMS22147302
http://www.legislation.gov.uk/uksi/2018/1055/contents/made
http://www.legislation.gov.uk/uksi/2018/1055/contents/made
https://doi.org/10.1016/J.AJPATH.2011.11.003
https://doi.org/10.1124/PR.54.2.161
https://doi.org/10.3389/FIMMU.2021.790803
https://doi.org/10.3389/FIMMU.2021.790803
https://doi.org/10.1002/cbdv.200790152
https://doi.org/10.2174/1570159X17666190603171901

B.M. Tihauan et al.

I, L, TA, T, Y, R, R, D., 2014. Cannabis (medical marijuana) treatment for motor and
non-motor symptoms of Parkinson disease: an open-label observational study. Clin.
Neuropharmacol. 37 (2). https://doi.org/10.1097/WNFE.0000000000000016.

“International groups re-affirm hemp exempt from global drug rules.” https://hemptoda
y.net/international-groups-re-affirm-hemp-exempt-from-global-drug-rule
s/(accessed Aug. 26, 2022).

Irving, A., Abdulrazzaq, G., Chan, S.L.F., Penman, J., Harvey, J., Alexander, S.P.H., 2017.
Cannabinoid receptor-related orphan G protein-coupled receptors. Adv. Pharmacol.
80, 223-247. https://doi.org/10.1016/BS.APHA.2017.04.004. Jan.

Jiang, R., Yamaori, S., Okamoto, Y., Yamamoto, I., Watanabe, K., 2013b. Cannabidiol is a
potent inhibitor of the catalytic activity of cytochrome P450 2C19. Drug Metab.
Pharmacokinet. 28 (4), 332-338. https://doi.org/10.2133/DMPK.DMPK-12-RG-
129. Jan.

Jiang, R., Yamaori, S., Okamoto, Y., Yamamoto, 1., Watanabe, K., 2013a. Cannabidiol is a
potent inhibitor of the catalytic activity of cytochrome P450 2C19. Drug Metab.
Pharmacokinet. 28 (4), 332-338. https://doi.org/10.2133/dmpk.DMPK-12-RG-129.
Aug.

Jiang, R., Yamaori, S., Takeda, S., Yamamoto, I., Watanabe, K., 2011. Identification of
cytochrome P450 enzymes responsible for metabolism of cannabidiol by human
liver microsomes. Life Sci. 89 (5-6), 165-170. https://doi.org/10.1016/J.
LFS.2011.05.018. Aug.

Karler, R., Sangdee, P., Turkanis, S.A., Borys, H.K., 1979. The pharmacokinetic fate of
cannabidiol and its relationship to barbiturate sleep time. Biochem. Pharmacol. 28
(6), 777-784. https://doi.org/10.1016/0006-2952(79)90358-7. Mar.

Kicman, A., Toczek, M., 2020. The effects of cannabidiol, a non-intoxicating compound
of cannabis, on the cardiovascular system in health and disease. Int. J. Mol. Sci. 21
(18), 6740. https://doi.org/10.3390/1JMS21186740. 2020, Vol. 21, Page 6740Sep.

Kirilov, B., Zhelyazkova, M., Petkova-Gueorguieva, E., Momekov, G., 2020. Regulation
and marketing of cannabidiol-containing products in European countries.
Pharmacists’ knowledge in Bulgaria. Biotechnol. Biotechnol. Equip. 34 (1),
1158-1165. https://doi.org/10.1080,/13102818.2020.1824620.

Klahn, P., 2020. Cannabinoids-promising antimicrobial drugs or intoxicants with
benefits? Antibiot. 9 (6), 297. https://doi.org/10.3390/ANTIBIOTICS9060297.
2020, Vol. 9, Page 297Jun.

Klotz, K.A., Hirsch, M., Heers, M., Schulze-Bonhage, A., Jacobs, J., 2019. Effects of
cannabidiol on brivaracetam plasma levels. Epilepsia 60 (7), e74-e77. https://doi.
org/10.1111/epi.16071. Jul.

Kok, L.Y., et al., 2022. Development and pharmacokinetic evaluation of a self-
nanoemulsifying drug delivery system for the oral delivery of cannabidiol. Eur. J.
Pharm. Sci. 168. https://doi.org/10.1016/J.EJPS.2021.106058. Jan.

Koller, V.J., et al., 2015. Genotoxic properties of representatives of alkylindazoles and
aminoalkyl-indoles which are consumed as synthetic cannabinoids. Food Chem.
Toxicol. 80, 130-136. https://doi.org/10.1016/j.fct.2015.03.004. Jun.

E. Kossatz De Mello, D. Patricia, R. Montoya, and R. Maldonado Lépez, “Neuroprotective
mechanisms of CB2 cannabinoid receptors and PPAR-a in hypoxia/ischemia-induced
brain damage”.

Kovacik, A., Kopecnd, M., Vavrova, K., 2020. Permeation enhancers in transdermal drug
delivery: benefits and limitations. Expert Opin. Drug Deliv. 17 (2), 145-155. https://
doi.org/10.1080/17425247.2020.1713087. Feb.

E. Kozela et al., “Cannabinoids I”9-tetrahydrocannabinol and cannabidiol differentially
inhibit the lipopolysaccharide-activated NF-ioB and interferon-12/STAT
proinflammatory pathways in BV-2 microglial cells*,” 2009, doi: 10.1074/jbc.M1
09.069294.

Krohn, R.M,, et al., 2016. Abnormal cannabidiol attenuates experimental colitis in mice,
promotes wound healing and inhibits neutrophil recruitment. J. Inflamm. (United
Kingdom) 13 (1), 1-11. https://doi.org/10.1186/512950-016-0129-0/FIGURES/8.
Jul.

Ladin, D.A., Soliman, E., Griffin, L.T., Van Dross, R., 2016. Preclinical and clinical
assessment of cannabinoids as anti-cancer agents. Front. Pharmacol. 7 (OCT), 361.
https://doi.org/10.3389/FPHAR.2016.00361/BIBTEX. Oct.

Lafuente, H., et al., 2016. Effects of cannabidiol and hypothermia on short-term brain
damage in new-born piglets after acute hypoxia-ischemia. Front. Neurosci. 10, 323.
https://doi.org/10.3389/FNINS.2016.00323/BIBTEX. Jul.

Landmark, C.J., Brandl, U., 2020. Pharmacology and drug interactions of cannabinoids.
Epileptic Disord. 22 (S1), S16-S22. https://doi.org/10.1684/epd.2019.1123. Jan.

Linares, .M., et al., 2019. Cannabidiol presents an inverted U-shaped dose-response
curve in a simulated public speaking test. Rev. Bras. Psiquiatr. 41 (1), 9-14. https://
doi.org/10.1590/1516-4446-2017-0015. Jan.

Lintzeris, N., et al., 2020. Medical cannabis use in the Australian community following
introduction of legal access: the 2018-2019 Online Cross-sectional Cannabis as
medicine Survey (CAMS-18). Harm. Reduct. J. 17 (1). https://doi.org/10.1186/
$12954-020-00377-0. Jun.

Liput, D.J., Hammell, D.C., Stinchcomb, A.L., Nixon, K., 2013b. Transdermal delivery of
cannabidiol attenuates binge alcohol-induced neurodegeneration in a rodent model
of an alcohol use disorder. Pharmacol. Biochem. Behav. 111, 120-127. https://doi.
org/10.1016/J.PBB.2013.08.013.

Liput, D.J., Hammell, D.C., Stinchcomb, A.L., Nixon, K., 2013a. Transdermal delivery of
cannabidiol attenuates binge alcohol-induced neurodegeneration in a rodent model
of an alcohol use disorder. Pharmacol. Biochem. Behav. 111, 120-127. https://doi.
org/10.1016/j.pbb.2013.08.013.

Lodzki, M., Godin, B., Rakou, L., Mechoulam, R., Gallily, R., Touitou, E., 2003b.
Cannabidiol - transdermal delivery and anti-inflammatory effect in a murine model.
J. Control. Release 93 (3), 377-387. https://doi.org/10.1016/j.jconrel.2003.09.001.
Dec.

Lodzki, M., Godin, B., Rakou, L., Mechoulam, R., Gallily, R., Touitou, E., 2003a.
Cannabidiol—Transdermal delivery and anti-inflammatory effect in a murine model.

19

European Journal of Pharmaceutical Sciences 208 (2025) 107036

J. Control. Release 93 (3), 377-387. https://doi.org/10.1016/J.
JCONREL.2003.09.001. Dec.

Lowin, T., Tingting, R., Zurmahr, J., Classen, T., Schneider, M., Pongratz, G., 2020b.
Cannabidiol (CBD): a killer for inflammatory rheumatoid arthritis synovial
fibroblasts. Cell Death Dis. 11 (8). https://doi.org/10.1038/541419-020-02892-1.
Aug.

Lowin, T., Tingting, R., Zurmahr, J., Classen, T., Schneider, M., Pongratz, G., 2020a.
Cannabidiol (CBD): a killer for inflammatory rheumatoid arthritis synovial
fibroblasts. Cell Death Dis. 11 (8), 1-11. https://doi.org/10.1038/s41419-020-
02892-1. 2020 118Sep.

Lu, H.C., Mackie, K., 2021. Review of the endocannabinoid system. Biol. Psychiatry.
Cogn. Neurosci. Neuroimaging 6 (6), 607. https://doi.org/10.1016/J.
BPSC.2020.07.016. Jun.

Madden, K., Tanco, K., Bruera, E., 2020. Clinically significant drug-drug interaction
between methadone and cannabidiol. Pediatrics 145 (6). https://doi.org/10.1542/
peds.2019-3256.

Maghfour, J., et al., 2020b. An observational study of the application of a topical
cannabinoid gel on sensitive dry skin. J. Drugs Dermatol. 19 (12), 1204-1208.
https://doi.org/10.36849/JDD.2020.5464. Dec.

Maghfour, J., et al., 2020a. An observational study of the application of a topical
cannabinoid gel on sensitive dry skin. J. Drugs Dermatol. 19 (12), 1204-1208.
https://doi.org/10.36849/JDD.2020.5464. Dec.

Maghfour, J., et al., 2021. Tolerability profile of topical cannabidiol and
palmitoylethanolamide: a compilation of single-centre randomized evaluator-
blinded clinical and in vitro studies in normal skin. Clin. Exp. Dermatol. 46 (8),
1518-1529. https://doi.org/10.1111/CED.14749. Dec.

Maida, V., Corban, J., 2017. Topical medical cannabis: A new treatment for wound
pain—Three cases of Pyoderma gangrenosum. J. Pain Symptom. Manage. 54 (5),
732-736. https://doi.org/10.1016/j.jpainsymman.2017.06.005.

Makhakhe, L., 2022. Topical cannabidiol (CBD) in skin pathology — A comprehensive
review and prospects for new therapeutic opportunities. South Afr. Fam. Pract. 64
(1). https://doi.org/10.4102/SAFP.V6411.5493.

Manini, A.F., et al., May 2015. Safety and pharmacokinetics of oral cannabidiol when
administered concomitantly with intravenous Fentanyl in humans. J. Addict. Med. 9
(3), 204-210. https://doi.org/10.1097/ADM.0000000000000118.

Martinenghi, L.D., Jgnsson, R., Lund, T., Jenssen, H., 2020. Isolation, purification, and
antimicrobial characterization of cannabidiolic acid and cannabidiol from cannabis
sativa L. Biomolecules 10 (6), 1-16. https://doi.org/10.3390/BIOM10060900.

Martins, A.M., Gomes, A.L., Boas, 1.V., Marto, J., Ribeiro, H.M., 2022. Cannabis-based
products for the treatment of skin inflammatory diseases: A timely review.
Pharmaceuticals (Basel) 15 (2). https://doi.org/10.3390/PH15020210. Feb.

Martin-Santos, R., et al., 2012. Acute effects of a single, oral dose of d9-
tetrahydrocannabinol (THC) and cannabidiol (CBD) administration in healthy
volunteers. Curr. Pharm. Des. 18 (32), 4966-4979. https://doi.org/10.2174/
138161212802884780. Sep.

Marx, T.K., et al., 2018. An assessment of the genotoxicity and subchronic toxicity of a
supercritical fluid extract of the aerial parts of hemp. J. Toxicol. 2018, 1-26. https://
doi.org/10.1155/2018/8143582. Jun.

Masataka, N., 2019. Anxiolytic effects of repeated cannabidiol treatment in teenagers
with social anxiety disorders. Front. Psychol. 10, 2466. https://doi.org/10.3389/
FPSYG.2019.02466/BIBTEX. Nov.

Massi, P., Solinas, M., Cinquina, V., Parolaro, D., 2013. Cannabidiol as potential
anticancer drug. Br. J. Clin. Pharmacol. 75 (2), 303. https://doi.org/10.1111/
J.1365-2125.2012.04298.X. Feb.

Mayor, S., 2019. WHO proposes rescheduling cannabis to allow medical applications.
BMJ 364, 1574. https://doi.org/10.1136/bmj.1574. Feb.

McGregor, L.S., et al., 2020. Access to cannabidiol without a prescription: A cross-country
comparison and analysis. Int. J. Drug Policy 85, 102935. https://doi.org/10.1016/J.
DRUGPO0.2020.102935. Nov.

Mecha, M., Carrillo-Salinas, F.J., Felid, A., Mestre, L., Guaza, C., 2016. Microglia
activation states and cannabinoid system: therapeutic implications. Pharmacol.
Ther. 166, 40-55. https://doi.org/10.1016/J.PHARMTHERA.2016.06.011. Oct.

Mechoulam, R., Parker, L.A., Gallily, R., 2002. Cannabidiol: an overview of some
pharmacological aspects. J. Clin. Pharmacol. 42 (S1), 11S-19S. https://doi.org/
10.1002/J.1552-4604.2002.TB05998.X. Nov.

Mechoulam, R., Peters, M., Murillo-Rodriguez, E., Hanus, L.O., 2007. Cannabidiol —
Recent advances. Chem. Biodivers. 4 (8), 1678-1692. https://doi.org/10.1002/
CBDV.200790147. Aug.

“Medical Cannabis Access Programme launch enables compassionate access to cannabis
for medical reasons - MerrionStreet.” https://merrionstreet.ie/en/news-room
/releases/medical_cannabis_access_programme_launch_enables_compassionate_a
ccess_to_cannabis_for medical reasons.html (accessed Jan. 19, 2023).

Merrick, J., Lane, B., Sebree, T., Yaksh, T., O’Neill, C., Banks, S.L., 2016. Identification of
psychoactive degradants of cannabidiol in simulated gastric and physiological fluid.
Cannabis Cannabinoid Res. 1 (1), 102. https://doi.org/10.1089/CAN.2015.0004.
Jan.

Millar, S.A., Maguire, R.F., Yates, A.S., O’Sullivan, S.E., 2020b. Towards better delivery
of cannabidiol (CBD). Pharmaceuticals 13 (9), 219. https://doi.org/10.3390/
ph13090219. Aug.

Millar, S.A., Maguire, R.F., Yates, A.S., O’sullivan, S.E., 2020a. Towards better delivery
of cannabidiol (Cbd). Pharmaceuticals 13 (9), 1-15. https://doi.org/10.3390/
ph13090219. MDPI AGSep. 01.

Millar, S.A., Stone, N.L., Bellman, Z.D., Yates, A.S., England, T.J., O’Sullivan, S.E., 2019.
A systematic review of cannabidiol dosing in clinical populations. Br. J. Clin.
Pharmacol. 85 (9), 1888-1900. https://doi.org/10.1111/BCP.14038. Sep.


https://doi.org/10.1097/WNF.0000000000000016
https://hemptoday.net/international-groups-re-affirm-hemp-exempt-from-global-drug-rules/
https://hemptoday.net/international-groups-re-affirm-hemp-exempt-from-global-drug-rules/
https://hemptoday.net/international-groups-re-affirm-hemp-exempt-from-global-drug-rules/
https://doi.org/10.1016/BS.APHA.2017.04.004
https://doi.org/10.2133/DMPK.DMPK-12-RG-129
https://doi.org/10.2133/DMPK.DMPK-12-RG-129
https://doi.org/10.2133/dmpk.DMPK-12-RG-129
https://doi.org/10.1016/J.LFS.2011.05.018
https://doi.org/10.1016/J.LFS.2011.05.018
https://doi.org/10.1016/0006-2952(79)90358-7
https://doi.org/10.3390/IJMS21186740
https://doi.org/10.1080/13102818.2020.1824620
https://doi.org/10.3390/ANTIBIOTICS9060297
https://doi.org/10.1111/epi.16071
https://doi.org/10.1111/epi.16071
https://doi.org/10.1016/J.EJPS.2021.106058
https://doi.org/10.1016/j.fct.2015.03.004
https://doi.org/10.1080/17425247.2020.1713087
https://doi.org/10.1080/17425247.2020.1713087
http://10.1074/jbc.M109.069294
http://10.1074/jbc.M109.069294
https://doi.org/10.1186/S12950-016-0129-0/FIGURES/8
https://doi.org/10.3389/FPHAR.2016.00361/BIBTEX
https://doi.org/10.3389/FNINS.2016.00323/BIBTEX
https://doi.org/10.1684/epd.2019.1123
https://doi.org/10.1590/1516-4446-2017-0015
https://doi.org/10.1590/1516-4446-2017-0015
https://doi.org/10.1186/S12954-020-00377-0
https://doi.org/10.1186/S12954-020-00377-0
https://doi.org/10.1016/J.PBB.2013.08.013
https://doi.org/10.1016/J.PBB.2013.08.013
https://doi.org/10.1016/j.pbb.2013.08.013
https://doi.org/10.1016/j.pbb.2013.08.013
https://doi.org/10.1016/j.jconrel.2003.09.001
https://doi.org/10.1016/J.JCONREL.2003.09.001
https://doi.org/10.1016/J.JCONREL.2003.09.001
https://doi.org/10.1038/S41419-020-02892-1
https://doi.org/10.1038/s41419-020-02892-1
https://doi.org/10.1038/s41419-020-02892-1
https://doi.org/10.1016/J.BPSC.2020.07.016
https://doi.org/10.1016/J.BPSC.2020.07.016
https://doi.org/10.1542/peds.2019-3256
https://doi.org/10.1542/peds.2019-3256
https://doi.org/10.36849/JDD.2020.5464
https://doi.org/10.36849/JDD.2020.5464
https://doi.org/10.1111/CED.14749
https://doi.org/10.1016/j.jpainsymman.2017.06.005
https://doi.org/10.4102/SAFP.V64I1.5493
https://doi.org/10.1097/ADM.0000000000000118
https://doi.org/10.3390/BIOM10060900
https://doi.org/10.3390/PH15020210
https://doi.org/10.2174/138161212802884780
https://doi.org/10.2174/138161212802884780
https://doi.org/10.1155/2018/8143582
https://doi.org/10.1155/2018/8143582
https://doi.org/10.3389/FPSYG.2019.02466/BIBTEX
https://doi.org/10.3389/FPSYG.2019.02466/BIBTEX
https://doi.org/10.1111/J.1365-2125.2012.04298.X
https://doi.org/10.1111/J.1365-2125.2012.04298.X
https://doi.org/10.1136/bmj.l574
https://doi.org/10.1016/J.DRUGPO.2020.102935
https://doi.org/10.1016/J.DRUGPO.2020.102935
https://doi.org/10.1016/J.PHARMTHERA.2016.06.011
https://doi.org/10.1002/J.1552-4604.2002.TB05998.X
https://doi.org/10.1002/J.1552-4604.2002.TB05998.X
https://doi.org/10.1002/CBDV.200790147
https://doi.org/10.1002/CBDV.200790147
https://merrionstreet.ie/en/news-room/releases/medical_cannabis_access_programme_launch_enables_compassionate_access_to_cannabis_for_medical_reasons.html
https://merrionstreet.ie/en/news-room/releases/medical_cannabis_access_programme_launch_enables_compassionate_access_to_cannabis_for_medical_reasons.html
https://merrionstreet.ie/en/news-room/releases/medical_cannabis_access_programme_launch_enables_compassionate_access_to_cannabis_for_medical_reasons.html
https://doi.org/10.1089/CAN.2015.0004
https://doi.org/10.3390/ph13090219
https://doi.org/10.3390/ph13090219
https://doi.org/10.3390/ph13090219
https://doi.org/10.3390/ph13090219
https://doi.org/10.1111/BCP.14038

B.M. Tihauan et al.

Millar, S.A., Stone, N.L., Yates, A.S., O’Sullivan, S.E., 2018. A systematic review on the
pharmacokinetics of cannabidiol in humans. Front. Pharmacol. 9 (NOV), 1365.
https://doi.org/10.3389/fphar.2018.01365. Frontiers Media S.A.Nov. 26.

Mlost, J., Bryk, M., Starowicz, K., 2020. Cannabidiol for Pain treatment: focus on
pharmacology and mechanism of action. Int. J. Mol. Sci. 21 (22), 1-22. https://doi.
org/10.3390/1JMS21228870. Nov.

Mohsenpour, H., Pesce, M., Patruno, A., Bahrami, A., Pour, P.M., Farzaei, M.H., 2021.
A review of plant extracts and plant-derived natural compounds in the prevention/
treatment of neonatal hypoxic-ischemic brain injury. Int. J. Mol. Sci. 22 (2), 833.
https://doi.org/10.3390/1JMS22020833. 2021, Vol. 22, Page 833Jan.

Morakul, B., Junyaprasert, V.B., Sakchaisri, K., Teeranachaideekul, V., 2023.
Cannabidiol-loaded nanostructured lipid carriers (NLCs) for dermal delivery:
enhancement of photostability, cell viability, and anti-inflammatory activity.
Pharmaceutics 15 (2). https://doi.org/10.3390/pharmaceutics15020537.

Moreno-Martet, M., et al., 2015. The disease-modifying effects of a Sativex-like
combination of phytocannabinoids in mice with experimental autoimmune
encephalomyelitis are preferentially due to A9-tetrahydrocannabinol acting through
CB1 receptors. Mult. Scler. Relat. Disord. 4 (6), 505-511. https://doi.org/10.1016/J.
MSARD.2015.08.001. Nov.

“Morocco pardons 4,800 jailed for cultivating cannabis - so they can farm legally |
Middle East Eye.” https://www.middleeasteye.net/news/morocco-pardons-more-48
00-cannabis-farming-offenders?utm_source=chatgpt.com (accessed Jan. 17, 2025).

Morrison, G., Crockett, J., Blakey, G., Sommerville, K., 2019. A phase 1, open-label,
pharmacokinetic trial to investigate possible drug-drug interactions between
Clobazam, Stiripentol, or valproate and cannabidiol in healthy subjects. Clin.
Pharmacol. Drug Dev. 8 (8), 1009-1031. https://doi.org/10.1002/cpdd.665. Nov.

Moser, K., Kriwet, K., Naik, A., Kalia, Y.N., Guy, R.H., 2001. Passive skin penetration
enhancement and its quantification in vitro. Eur. J. Pharm. Biopharm. 52 (2),
103-112. https://doi.org/10.1016/50939-6411(01)00166-7. Sep.

Muresan, P., et al., 2023. Evaluation of cannabidiol nanoparticles and nanoemulsion
biodistribution in the central nervous system after intrathecal administration for the
treatment of pain. Nanomed. Nanotechnol. Biol. Med. 49, 102664. https://doi.org/
10.1016/j.nano.2023.102664.

Nadulski, T., et al., 2005b. Randomized, double-blind, placebo-controlled study about
the effects of cannabidiol (CBD) on the pharmacokinetics of Delta9-
tetrahydrocannabinol (THC) after oral application of THC verses standardized
cannabis extract. Ther. Drug Monit. 27 (6), 799-810. https://doi.org/10.1097/01.
FTD.0000177223.19294.5C. Dec.

Nadulski, T., et al., 2005a. Simultaneous and sensitive analysis of THC, 11-OH-THC,
THC-COOH, CBD, and CBN by GC-MS in plasma after oral application of small doses
of THC and cannabis extract. J. Anal. Toxicol. 29 (8), 782-789. https://doi.org/
10.1093/JAT/29.8.782.

Nagarkatti, P., Pandey, R., Rieder, S.A., Hegde, V.L., Nagarkatti, M., 2009. Cannabinoids
as novel anti-inflammatory drugs. Future Med. Chem. 1 (7), 1333. https://doi.org/
10.4155/FMC.09.93. Oct.

Nabhler, G., Grotenhermen, F., Zuardi, A.W., Crippa, J.A.S., 2017. A conversion of oral
cannabidiol to Delta9-tetrahydrocannabinol seems not to occur in humans. Cannabis
Cannabinoid Res. 2 (1), 81. https://doi.org/10.1089/CAN.2017.0009.

Nakano, Y., Tajima, M., Sugiyama, E., Sato, V.H., Sato, H., 2019. Development of a novel
nano-emulsion formulation to improve intestinal absorption of cannabidiol. Med.
Cannabis Cannabinoids 2 (1), 35-42. https://doi.org/10.1159/000497361.

Nasrin, S., Watson, C.J.W., Perez-Paramo, Y.X., Lazarus, P., 2021. Cannabinoid
metabolites as inhibitors of major hepatic CYP450 enzymes, with implications for
cannabis-drug interactions. Drug Metab. Dispos. 49 (12), 1070-1080. https://doi.
org/10.1124/DMD.121.000442. Dec.

National Toxicology Program, 1996. NTP toxicology and carcinogenesis studies of 1-
trans-delta(9)-tetrahydrocannabinol (CAS No. 1972-08-3) in F344 rats and B6C3F1
mice (Gavage Studies). Natl. Toxicol. Program Tech. Rep. Ser. 446, 1-317. Nov.
[Online]. Available: http://www.ncbi.nlm.nih.gov/pubmed/12594529.

Nelson, K.M., et al., 2020b. The essential medicinal chemistry of cannabidiol (CBD).

J. Med. Chem. 63 (21), 12137-12155. https://doi.org/10.1021/acs.
jmedchem.0c00724.

Nelson, K.M., et al., 2020a. The essential medicinal chemistry of cannabidiol (CBD).

J. Med. Chem. 63 (21), 12137-12155. https://doi.org/10.1021/acs.
jmedchem.0c00724. Nov.

Nichols, J.M., Kaplan, B.L.F., 2020. Immune responses regulated by cannabidiol.
Cannabis Cannabinoid Res. 5 (1), 12. https://doi.org/10.1089/CAN.2018.0073.
Mar.

L.A.W. No, “LAW No . 50-88 [OF 30 MAY 1988] On Drugs and Controlled Substances in
the Dominican Republic In the name of the Republic,” no. 50, 1988.

Oberbarnscheidt, T., Miller, N.S., 2020. The impact of cannabidiol on psychiatric and
medical conditions. J. Clin. Med. Res. 12 (7), 393-403. https://doi.org/10.14740/
jocmr4159.

Olah, A, et al., 2014. Cannabidiol exerts sebostatic and antiinflammatory effects on
human sebocytes. J. Clin. Invest. 124 (9), 3713-3724. https://doi.org/10.1172/
JCI64628. Sep.

P, C, R, S, SR, S., 1986. Open label evaluation of cannabidiol in dystonic movement
disorders. Int. J. Neurosci. 30 (4). https://doi.org/10.3109/00207458608985678.

Pacifici, R., et al., 2020. THC and CBD concentrations in blood, oral fluid and urine
following a single and repeated administration of ‘light cannabis. Clin. Chem. Lab.
Med. 58 (5), 682-689. https://doi.org/10.1515/CCLM-2019-0119. May.

Palmieri, B., Laurino, C., Vadala, M., 2019b. A therapeutic effect of cbd-enriched
ointment in inflammatory skin diseases and cutaneous scars. Clin. Ter. 170 (2),
E93-E99. https://doi.org/10.7417/CT.2019.2116. Mar.

20

European Journal of Pharmaceutical Sciences 208 (2025) 107036

Palmieri, B., Laurino, C., Vadala, M., 2019a. A therapeutic effect of cbd-enriched
ointment in inflammatory skin diseases and cutaneous scars. Clin. Ter. 170 (2),
€93-e99. https://doi.org/10.7417/CT.2019.2116. Mar.

Parikh, A.C., Jeffery, C.S., Sandhu, Z., Brownlee, B.P., Queimado, L., Mims, M.M., 2024.
The effect of cannabinoids on wound healing: A review. Heal. Sci. Reports 7 (2).
https://doi.org/10.1002/HSR2.1908. Feb.

Parker, L.A., Rock, E.M., Limebeer, C.L., 2011. Regulation of nausea and vomiting by
cannabinoids. Br. J. Pharmacol. 163 (7), 1411-1422. https://doi.org/10.1111/
j.1476-5381.2010.01176.x. Aug.

C. Partalis, “Development of silica nanoparticle transdermal delivery systems for
cannabidiol,” no. February, 2022, [Online]. Available: /articles/thesis/
Development_of_silica_nanoparticle_transdermal_delivery_systems_for_cannabidiol/
21555219/1.

Paudel, K.S., Hammell, D.C., Agu, R.U., Valiveti, S., Stinchcomb, A.L., 2010. Cannabidiol
bioavailability after nasal and transdermal application: effect of permeation
enhancers. Drug Dev. Ind. Pharm. 36 (9), 1088-1097. https://doi.org/10.3109/
03639041003657295. Sep.

Pavlovic, R., et al., 2018. Quality traits of ‘cannabidiol oils’: cannabinoids content,
terpene fingerprint and oxidation stability of European commercially available
preparations. Molecules 23 (5), 1230. https://doi.org/10.3390/
MOLECULES23051230. 2018, Vol. 23, Page 1230May.

Pazos, M.R., et al., 2012. Cannabidiol administration after hypoxia-ischemia to newborn
rats reduces long-term brain injury and restores neurobehavioral function.
Neuropharmacology 63 (5), 776-783. https://doi.org/10.1016/J.
NEUROPHARM.2012.05.034. Oct.

Perez, E., Fernandez, J.R., Fitzgerald, C., Rouzard, K., Tamura, M., Savile, C., 2022. In
vitro and clinical evaluation of cannabigerol (CBG) produced via yeast biosynthesis:
A cannabinoid with a broad range of anti-inflammatory and skin health-boosting
properties. Molecules 27 (2). https://doi.org/10.3390/MOLECULES27020491. Jan.

Pérez-Acevedo, A.P., et al., 2020. Disposition of cannabidiol metabolites in serum and
urine from healthy individuals treated with pharmaceutical preparations of medical
cannabis. Pharmaceuticals (Basel) 13 (12), 1-9. https://doi.org/10.3390/
PH13120459. Dec.

Peyravian, N., Deo, S., Daunert, S., Jimenez, J.J., 2020. Cannabidiol as a novel
therapeutic for immune modulation. ImmunoTargets Ther. 9, 131. https://doi.org/
10.2147/1TT.S263690. Aug.

“PL-x nr. 631/2019.” http://www.cdep.ro/pls/proiecte/upl_pck2015.proiect?
idp=18223 (accessed Oct. 05, 2022).

Prakash, S., Carter, W.G., 2021. The neuroprotective effects of cannabis-derived
phytocannabinoids and resveratrol in Parkinson’s Disease: A systematic literature
review of pre-clinical studies. Brain Sci. 11 (12). https://doi.org/10.3390/
BRAINSCI11121573/S1. Dec.

Qian, Y., Gilliland, T.K., Markowitz, J.S., 2020. The influence of carboxylesterase 1
polymorphism and cannabidiol on the hepatic metabolism of heroin. Chem. Biol.
Interact. 316. https://doi.org/10.1016/j.cbi.2019.108914. Jan.

Qian, Y., Gurley, B.J., Markowitz, J.S., 01, 2019. The potential for pharmacokinetic
interactions between cannabis products and conventional medications. J. Clin.
Psychopharmacol. 39 (5), 462-471. https://doi.org/10.1097/
JCP.0000000000001089. Lippincott Williams and WilkinsSep.

Rajesh, M., et al., 2010. Cannabidiol attenuates cardiac dysfunction, oxidative stress,
fibrosis, inflammatory and cell death signaling pathways in diabetic
cardiomyopathy. J. Am. Coll. Cardiol. 56 (25), 2115. https://doi.org/10.1016/J.
JACC.2010.07.033. Dec.

Ransing, R., et al., 2022. Current state of cannabis use, policies, and research across
sixteen countries: cross-country comparisons and international perspectives. Trends
Psychiatry Psychother 44 (Suppl 1), €20210263. https://doi.org/10.47626/2237-
6089-2021-0263.

Rao, Y., et al., 2022. Enhanced bioavailability and biosafety of cannabidiol nanomicelles
for effective anti-inflammatory therapy. Particuology 69, 1-9. https://doi.org/
10.1016/J.PARTIC.2021.11.010. Oct.

Resstel, L.B.M., Tavares, R.F., Lisboa, S.F.S., Joca, S.R.L., Corréa, F.M.A., Guimaraes, F.S.,
2009. 5-HT 1A receptors are involved in the cannabidiol-induced attenuation of
behavioural and cardiovascular responses to acute restraint stress in rats. Br. J.
Pharmacol. 156 (1), 181-188. https://doi.org/10.1111/j.1476-5381.2008.00046.x.
Jan.

Rice, J., Cameron, M., 2018. Cannabinoids for treatment of MS symptoms: State of the
evidence. Curr. Neurol. Neurosci. Rep. 18 (8). https://doi.org/10.1007/511910-018-
0859-X. Aug.

Riedel, G., Fadda, P., McKillop-Smith, S., Pertwee, R.G., Platt, B., Robinson, L., 2009.
Synthetic and plant-derived cannabinoid receptor antagonists show hypophagic
properties in fasted and non-fasted mice. Br. J. Pharmacol. 156 (7), 1154-1166.
https://doi.org/10.1111/j.1476-5381.2008.00107.x. Apr.

Robinson, E.S., Alves, P., Bashir, M.M., Zeidi, M., Feng, R., Werth, V.P., 2017.
Cannabinoid reduces inflammatory cytokines tumor necrosis factor alpha and type I
interferons in dermatomyositis in vitro. J. Invest. Dermatol. 137 (11), 2445. https://
doi.org/10.1016/J.J1D.2017.05.035. Nov.

Rock, E.M., Kopstick, R.L., Limebeer, C.L., Parker, L.A., 2013. Tetrahydrocannabinolic
acid reduces nausea-induced conditioned gaping in rats and vomiting in Suncus
murinus. Br. J. Pharmacol. 170 (3), 641-648. https://doi.org/10.1111/BPH.12316.
Oct.

Rock, E.M., Parker, L.A., 2013b. Suppression of lithium chloride-induced conditioned
gaping (a model of nausea-induced behaviour) in rats (using the taste reactivity test)
with metoclopramide is enhanced by cannabidiolic acid. Pharmacol. Biochem.
Behav. 111, 84-89. https://doi.org/10.1016/J.PBB.2013.08.012. Oct.

Rock, E.M., Parker, L.A., 2013a. Effect of low doses of cannabidiolic acid and
ondansetron on LiCl-induced conditioned gaping (a model of nausea-induced


https://doi.org/10.3389/fphar.2018.01365
https://doi.org/10.3390/IJMS21228870
https://doi.org/10.3390/IJMS21228870
https://doi.org/10.3390/IJMS22020833
https://doi.org/10.3390/pharmaceutics15020537
https://doi.org/10.1016/J.MSARD.2015.08.001
https://doi.org/10.1016/J.MSARD.2015.08.001
https://www.middleeasteye.net/news/morocco-pardons-more-4800-cannabis-farming-offenders?utm_source=chatgpt.com
https://www.middleeasteye.net/news/morocco-pardons-more-4800-cannabis-farming-offenders?utm_source=chatgpt.com
https://doi.org/10.1002/cpdd.665
https://doi.org/10.1016/S0939-6411(01)00166-7
https://doi.org/10.1016/j.nano.2023.102664
https://doi.org/10.1016/j.nano.2023.102664
https://doi.org/10.1097/01.FTD.0000177223.19294.5C
https://doi.org/10.1097/01.FTD.0000177223.19294.5C
https://doi.org/10.1093/JAT/29.8.782
https://doi.org/10.1093/JAT/29.8.782
https://doi.org/10.4155/FMC.09.93
https://doi.org/10.4155/FMC.09.93
https://doi.org/10.1089/CAN.2017.0009
https://doi.org/10.1159/000497361
https://doi.org/10.1124/DMD.121.000442
https://doi.org/10.1124/DMD.121.000442
http://www.ncbi.nlm.nih.gov/pubmed/12594529
https://doi.org/10.1021/acs.jmedchem.0c00724
https://doi.org/10.1021/acs.jmedchem.0c00724
https://doi.org/10.1021/acs.jmedchem.0c00724
https://doi.org/10.1021/acs.jmedchem.0c00724
https://doi.org/10.1089/CAN.2018.0073
https://doi.org/10.14740/jocmr4159
https://doi.org/10.14740/jocmr4159
https://doi.org/10.1172/JCI64628
https://doi.org/10.1172/JCI64628
https://doi.org/10.3109/00207458608985678
https://doi.org/10.1515/CCLM-2019-0119
https://doi.org/10.7417/CT.2019.2116
https://doi.org/10.7417/CT.2019.2116
https://doi.org/10.1002/HSR2.1908
https://doi.org/10.1111/j.1476-5381.2010.01176.x
https://doi.org/10.1111/j.1476-5381.2010.01176.x
https://doi.org/10.3109/03639041003657295
https://doi.org/10.3109/03639041003657295
https://doi.org/10.3390/MOLECULES23051230
https://doi.org/10.3390/MOLECULES23051230
https://doi.org/10.1016/J.NEUROPHARM.2012.05.034
https://doi.org/10.1016/J.NEUROPHARM.2012.05.034
https://doi.org/10.3390/MOLECULES27020491
https://doi.org/10.3390/PH13120459
https://doi.org/10.3390/PH13120459
https://doi.org/10.2147/ITT.S263690
https://doi.org/10.2147/ITT.S263690
http://www.cdep.ro/pls/proiecte/upl_pck2015.proiect?idp=18223
http://www.cdep.ro/pls/proiecte/upl_pck2015.proiect?idp=18223
https://doi.org/10.3390/BRAINSCI11121573/S1
https://doi.org/10.3390/BRAINSCI11121573/S1
https://doi.org/10.1016/j.cbi.2019.108914
https://doi.org/10.1097/JCP.0000000000001089
https://doi.org/10.1097/JCP.0000000000001089
https://doi.org/10.1016/J.JACC.2010.07.033
https://doi.org/10.1016/J.JACC.2010.07.033
https://doi.org/10.47626/2237-6089-2021-0263
https://doi.org/10.47626/2237-6089-2021-0263
https://doi.org/10.1016/J.PARTIC.2021.11.010
https://doi.org/10.1016/J.PARTIC.2021.11.010
https://doi.org/10.1111/j.1476-5381.2008.00046.x
https://doi.org/10.1007/S11910-018-0859-X
https://doi.org/10.1007/S11910-018-0859-X
https://doi.org/10.1111/j.1476-5381.2008.00107.x
https://doi.org/10.1016/J.JID.2017.05.035
https://doi.org/10.1016/J.JID.2017.05.035
https://doi.org/10.1111/BPH.12316
https://doi.org/10.1016/J.PBB.2013.08.012

B.M. Tihauan et al.

behaviour) in rats. Br. J. Pharmacol. 169 (3), 685. https://doi.org/10.1111/
BPH.12162. Jun.

Rock, E.M., Parker, L.A., 2016. Cannabinoids as potential treatment for chemotherapy-
induced nausea and vomiting. Front. Pharmacol. 7 (JUL), 221. https://doi.org/
10.3389/FPHAR.2016.00221/BIBTEX. Jul.

Rodrigues da Silva, N., Gomes, F.V., Sonego, A.B., da Silva, N.R., Guimaraes, F.S., 2020.
Cannabidiol attenuates behavioral changes in a rodent model of schizophrenia
through 5-HT1A, but not CB1 and CB2 receptors. Pharmacol. Res. 156, 104749.
https://doi.org/10.1016/J.PHRS.2020.104749. Jun.

Rosenkrantz, H., Fleischman, R.W., Grant, R.J., 1981. Toxicity of short-term
administration of cannabinoids to rhesus monkeys. Toxicol. Appl. Pharmacol. 58 (1),
118-131. https://doi.org/10.1016/0041-008X(81)90122-8. Mar.

Russo, C., et al., 2019. Low doses of widely consumed cannabinoids (cannabidiol and
cannabidivarin) cause DNA damage and chromosomal aberrations in human-derived
cells. Arch. Toxicol. 93 (1), 179-188. https://doi.org/10.1007/500204-018-2322-9.
Jan.

Russo, E.B., 2019. The case for the entourage effect and conventional breeding of clinical
cannabis: No ‘strain,” no gain. Front. Plant Sci. 9, 1969. https://doi.org/10.3389/
fpls.2018.01969. Jan.

Salau, O., Bagde, A., Kalvala, A., Singh, M., 2022. Enhancement of transdermal
permeation of cannabinoids and their pharmacodynamic evaluation in rats. Int. J.
Pharm. 624. https://doi.org/10.1016/j.ijpharm.2022.122016.

Samanta, A., Hughes, T.E.T., Moiseenkova-Bell, V.Y., 2018. Transient receptor potential
(TRP) channels. Subcell. Biochem. 87, 141-165. https://doi.org/10.1007/978-981-
10-7757-9_6.

Sangiovanni, E., et al., 2019b. Cannabis sativa L. extract and cannabidiol inhibit in vitro
mediators of skin inflammation and wound injury. Phyther. Res. 33 (8), 2083-2093.
https://doi.org/10.1002/PTR.6400. Aug.

Sangiovanni, E., et al., 2019a. Cannabis sativa L. extract and cannabidiol inhibit in vitro
mediators of skin inflammation and wound injury. Phytother. Res. 33 (8),
2083-2093. https://doi.org/10.1002/PTR.6400. Aug.

Schleicher, E.M., et al., 2019. Prolonged cannabidiol treatment lacks on detrimental
effects on memory, motor performance and anxiety in C57BL/6J mice. Front. Behav.
Neurosci. 13. https://doi.org/10.3389/fnbeh.2019.00094. May.

Seltzer, E.S., Watters, A.K., Mackenzie, D., Granat, L.M., Zhang, D., 2020. Cannabidiol
(CBD) as a promising anti-cancer drug. Cancers (Basel) 12 (11), 1-26. https://doi.
org/10.3390/CANCERS12113203. Nov.

Shelley, F.M., Metz, R., 2013. International Drug Control Conventions. United Nations
Off. Drugs Crime 305-310. https://doi.org/10.5040/9798400656385.0083.

Sheriff, T., Lin, M.J., Dubin, D., Khorasani, H., 2020. The potential role of cannabinoids
in dermatology. J. Dermatol. Treat. 31 (8), 839-845. https://doi.org/10.1080/
09546634.2019.1675854. Taylor and Francis Ltd.Nov. 16.

Shi, J., et al., 2023. Effervescent cannabidiol solid dispersion-doped dissolving
microneedles for boosted melanoma therapy via the ‘TRPV1-NFATc1-ATF3’ pathway
and tumor microenvironment engineering. Biomater. Res. 27 (1), 1-15. https://doi.
org/10.1186/s40824-023-00390-x.

Shi, L., et al., 2024. CFD simulation of cannabidiol delivery through microneedle
patches. Comput. Methods Biomech. Biomed. Engin. 0 (0), 1-13. https://doi.org/
10.1080/10255842.2024.2324881.

Sholler, D.J., et al., 2021. Urinary pharmacokinetic profile of cannabidiol (CBD), A9-
tetrahydrocannabinol (THC) and their metabolites following oral and vaporized CBD
and vaporized CBD-dominant Cannabis administration. J. Anal. Toxicol. 46 (5), 494.
https://doi.org/10.1093/JAT/BKABO059. Jun.

Sidgwick, G.P., McGeorge, D., Bayat, A., 2015. A comprehensive evidence-based review
on the role of topicals and dressings in the management of skin scarring. Arch.
Dermatol. Res. 307 (6), 461-477. https://doi.org/10.1007/500403-015-1572-0.
Springer VerlagAug. 28.

Silote, G.P., Gatto, M.C., Eskelund, A., Guimaraes, F.S., Wegener, G., Joca, S.R.L., 2021.
Strain-, sex-, and time-dependent antidepressant-like effects of cannabidiol. Pharm
14 (12), 1269. https://doi.org/10.3390/PH14121269. 2021, Vol. 14, Page 1269Dec.

Singh, S., Filion, K., Abenhaim, H., Eisenberg, M., 2020. Prevalence and outcomes of
prenatal recreational cannabis use in high-income countries: a scoping review. BJOG
Int. J. Obstet. Gynaecol. 127 (1), 8-16. https://doi.org/10.1111/1471-0528.15946.
Jan.

Soethoudt, M., et al., 2018. Selective photoaffinity probe that enables assessment of
cannabinoid CB2 receptor expression and ligand engagement in Human cells. J. Am.
Chem. Soc. 140 (19), 6067-6075. https://doi.org/10.1021/JACS.7B11281/ASSET/
IMAGES/LARGE/JA-2017-11281D_0005.JPEG. May.

Solinas, M., Cinquina, V., Parolaro, D., 2015. Cannabidiol and cancer — An overview of
the preclinical data. Mol. Consider. Evol. Surg. Manag. Issues Treat. Patients Brain
Tumor. https://doi.org/10.5772/59193. Mar.

Stanley, C.P., Hind, W.H., O’Sullivan, S.E., 2013. Is the cardiovascular system a
therapeutic target for cannabidiol? Br. J. Clin. Pharmacol. 75 (2), 313-322. https://
doi.org/10.1111/J.1365-2125.2012.04351.X. Feb.

Stasiulewicz, A., Lesniak, A., Setny, P., Bujalska-Zadrozny, M., Sulkowska, J.I., 2022.
Identification of CB1 ligands among drugs, phytochemicals and natural-like
compounds: virtual screening and In vitro verification. ACS Chem. Neurosci. 13 (20),
2991-3007. https://doi.org/10.1021/acschemneuro.2c00502. Oct.

Stella, B., Baratta, F., Della Pepa, C., Arpicco, S., Gastaldi, D., Dosio, F., 2021.
Cannabinoid formulations and delivery systems: current and future options to treat
pain. Drugs 81 (13), 1513-1557. https://doi.org/10.1007/540265-021-01579-X.
2021 8113Sep.

Stott, C., White, L., Wright, S., Wilbraham, D., Guy, G., 2013. A phase I, open-label,
randomized, crossover study in three parallel groups to evaluate the effect of
rifampicin, ketoconazole, and omeprazole on the pharmacokinetics of THC/CBD

21

European Journal of Pharmaceutical Sciences 208 (2025) 107036

oromucosal spray in healthy volunteers. Springerplus 2 (1), 1-15. https://doi.org/
10.1186/2193-1801-2-236/TABLES/5. May.

T. Stover, H., Michels, L.I., Werse,& B., Pfeiffer-Gerschel, “Cannabis regulation in Europe:
country report German,” 2019. Accessed: Oct. 05, 2022. [Online]. Available: htt
ps://www.tni.org/files/publication-downloads/cr_ned_def.pdf.

Suryavanshi, S.V., Kovalchuk, 1., Kovalchuk, O., 2021. Cannabinoids as key regulators of
inflammasome signaling: A current perspective. Front. Immunol. 11, 3638. https://
doi.org/10.3389/FIMMU.2020.613613/BIBTEX. Jan.

“The Death Penalty for Drug Offences: Global Overview 2023 - Harm Reduction
International.” https://hri.global/flagship-research/death-penalty/the-death-penalt
y-for-drug-offences-global-overview-2023/(accessed Jan. 16, 2025).

“The Germany Cannabis Report | Cannabis Markets | Prohibition Partners.” https://prohi
bitionpartners.com/reports/the-germany-cannabis-report/(accessed Oct. 05, 2022).

Thetsane, R.M., 2024. Envisaging challenges for the emerging medicinal cannabis sector
in Lesotho. J. Cannabis Res. 6 (1), 1-11. https://doi.org/10.1186,/542238-024-
00229-9/TABLES/1. Dec.

Thiele, E.A., et al., 2018. Cannabidiol in patients with seizures associated with Lennox-
Gastaut syndrome (GWPCARE4): a randomised, double-blind, placebo-controlled
phase 3 trial. Lancet 391 (10125), 1085-1096. https://doi.org/10.1016/50140-6736
(18)30136-3. Jan.

G. Thota, “Cannabidiol coated 3D printed microneedles for transdermal diffusion,” pp.
3-4, 2019.

Tijani, A.O., Thakur, D., Mishra, D., Frempong, D., Chukwunyere, U.L, Puri, A., 2021.
Delivering therapeutic cannabinoids via skin: current state and future perspectives.
J. Control. Release 334, 427-451. https://doi.org/10.1016/J.
JCONREL.2021.05.005. Jun.

Tomko, A.M., Whynot, E.G., Ellis, L.D., Dupré, D.J., 2020. Anti-cancer potential of
cannabinoids, terpenes, and flavonoids present in cannabis. Cancers 12 (7), 1985.
https://doi.org/10.3390/CANCERS12071985. 2020, Vol. 12, Page 1985Jul.

Téth, K., Addm, D., Biré, T., Olah, A., 2019. Cannabinoid signaling in the skin:
therapeutic potential of the ‘C(ut)annabinoid’ system. Molecules 24 (5), 918.
https://doi.org/10.3390/molecules24050918. Mar.

D. Trial, P. Olczyk, O. Batoryna, W. Kempa, and K. Walczy, “Myorelaxant E ff ect of
transdermal cannabidiol application in patients with TMD: A randomized,”.

Turck, D., et al., 2022. Statement on safety of cannabidiol as a novel food: data gaps and
uncertainties. EFSA J. 20 (6). https://doi.org/10.2903/J.EFSA.2022.7322, Jun.

“U.S. Food and Drug Administration.” https://www.fda.gov/.

Ujvary, L., Hanus, L., 2016. Human metabolites of cannabidiol: A review on their
formation, biological activity, and relevance in therapy. Cannabis Cannabinoid Res.
1 (1), 90-101. https://doi.org/10.1089/can.2015.0012. Jan.

“UN Commission on Narcotic Drugs reclassifies cannabis to recognize its therapeutic
uses.” https://www.who.int/news/item/04-12-2020-un-commission-on-narcotic-dr
ugs-reclassifies-cannabis-to-recognize-its-therapeutic-uses (accessed Aug. 27, 2022).

Urits, L., et al., 2020. Use of cannabidiol (CBD) for the treatment of chronic pain. Best
Pract. Res. Clin. Anaesthesiol. 34 (3), 463-477. https://doi.org/10.1016/].
bpa.2020.06.004.

Valdeolivas, S., Navarrete, C., Cantarero, ., Bellido, M.L., Munoz, E., Sagredo, O., 2015.
Neuroprotective properties of cannabigerol in Huntington’s Disease: studies in R6/2
mice and 3-nitropropionate-lesioned mice. Neurotherapeutics 12 (1), 185. https://
doi.org/10.1007/S13311-014-0304-Z. Jan.

Valdeolivas, S., Sagredo, O., Delgado, M., Pozo, M.A., Ferndndez-Ruiz, J., 2017. Effects of
a sativex-like combination of phytocannabinoids on disease progression in R6/2
mice, an experimental model of Huntington’s disease. Int. J. Mol. Sci. 18 (4), 684.
https://doi.org/10.3390/1JMS18040684. Apr.

VanLandingham, K.E., Crockett, J., Taylor, L., Morrison, G., 2020. A phase 2, double-
blind, placebo-controlled trial to investigate potential drug-drug interactions
between cannabidiol and clobazam. J. Clin. Pharmacol. 60 (10), 1304-1313.
https://doi.org/10.1002/jcph.1634. Oct.

Varadi, G., et al., 2023b. Examining the systemic bioavailability of cannabidiol and
tetrahydrocannabinol from a novel transdermal delivery system in healthy adults: A
single-arm, open-label, exploratory study. Adv. Ther. 40 (1), 282. https://doi.org/
10.1007/512325-022-02345-5. Jan.

Varadi, G., et al., 2023a. Examining the systemic bioavailability of cannabidiol and
tetrahydrocannabinol from a novel transdermal delivery system in healthy adults: A
single-arm, open-label, exploratory study. Adv. Ther. 40 (1), 282-293. https://doi.
org/10.1007/512325-022-02345-5/FIGURES/2. Jan.

Vazquez, M., Garcia-Carnelli, C., Maldonado, C., Fagiolino, P., 2021. Clinical
pharmacokinetics of cannabinoids and potential drug-drug interactions. Advances in
Experimental Medicine and Biology. Springer, pp. 27-42 vol. 1297.

Vincenzi, C., Tosti, A., 2020. Efficacy and tolerability of a shampoo containing broad-
spectrum cannabidiol in the treatment of scalp inflammation in patients with mild to
moderate scalp psoriasis or seborrheic dermatitis. Ski. Appendage Disord. 6 (6),
355-361. https://doi.org/10.1159/000510896. Nov.

“Walgreens to sell CBD products in 1,500 stores.” https://www.cnbc.com/2019/0
3/27 /walgreens-to-sell-cbd-products-in-some-stores.html (accessed Jan. 19, 2023).

Wall, M.E., Perez-Reyes, M., 1981. The metabolism of A9-tetrahydrocannabinol and
related cannabinoids in man. J. Clin. Pharmacol. 21 (S1), 1785-189S. https://doi.
org/10.1002/J.1552-4604.1981.TB02594.X. Aug.

Walsh, S.K., Hepburn, C.Y., Kane, K.A., Wainwright, C.L., 2010. Acute administration of
cannabidiol in vivo suppresses ischaemia-induced cardiac arrhythmias and reduces
infarct size when given at reperfusion. Br. J. Pharmacol. 160 (5), 1234. https://doi.
org/10.1111/J.1476-5381.2010.00755.X.

Wang, M., et al., 2016. Decarboxylation study of acidic cannabinoids: A novel approach
using ultra-high-performance supercritical fluid chromatography/photodiode array-
mass spectrometry. Cannabis Cannabinoid Res. 1 (1), 262-271. https://doi.org/
10.1089/can.2016.0020. Dec.


https://doi.org/10.1111/BPH.12162
https://doi.org/10.1111/BPH.12162
https://doi.org/10.3389/FPHAR.2016.00221/BIBTEX
https://doi.org/10.3389/FPHAR.2016.00221/BIBTEX
https://doi.org/10.1016/J.PHRS.2020.104749
https://doi.org/10.1016/0041-008X(81)90122-8
https://doi.org/10.1007/S00204-018-2322-9
https://doi.org/10.3389/fpls.2018.01969
https://doi.org/10.3389/fpls.2018.01969
https://doi.org/10.1016/j.ijpharm.2022.122016
https://doi.org/10.1007/978-981-10-7757-9_6
https://doi.org/10.1007/978-981-10-7757-9_6
https://doi.org/10.1002/PTR.6400
https://doi.org/10.1002/PTR.6400
https://doi.org/10.3389/fnbeh.2019.00094
https://doi.org/10.3390/CANCERS12113203
https://doi.org/10.3390/CANCERS12113203
https://doi.org/10.5040/9798400656385.0083
https://doi.org/10.1080/09546634.2019.1675854
https://doi.org/10.1080/09546634.2019.1675854
https://doi.org/10.1186/s40824-023-00390-x
https://doi.org/10.1186/s40824-023-00390-x
https://doi.org/10.1080/10255842.2024.2324881
https://doi.org/10.1080/10255842.2024.2324881
https://doi.org/10.1093/JAT/BKAB059
https://doi.org/10.1007/s00403-015-1572-0
https://doi.org/10.3390/PH14121269
https://doi.org/10.1111/1471-0528.15946
https://doi.org/10.1021/JACS.7B11281/ASSET/IMAGES/LARGE/JA-2017-11281D_0005.JPEG
https://doi.org/10.1021/JACS.7B11281/ASSET/IMAGES/LARGE/JA-2017-11281D_0005.JPEG
https://doi.org/10.5772/59193
https://doi.org/10.1111/J.1365-2125.2012.04351.X
https://doi.org/10.1111/J.1365-2125.2012.04351.X
https://doi.org/10.1021/acschemneuro.2c00502
https://doi.org/10.1007/S40265-021-01579-X
https://doi.org/10.1186/2193-1801-2-236/TABLES/5
https://doi.org/10.1186/2193-1801-2-236/TABLES/5
https://www.tni.org/files/publication-downloads/cr_ned_def.pdf
https://www.tni.org/files/publication-downloads/cr_ned_def.pdf
https://doi.org/10.3389/FIMMU.2020.613613/BIBTEX
https://doi.org/10.3389/FIMMU.2020.613613/BIBTEX
https://hri.global/flagship-research/death-penalty/the-death-penalty-for-drug-offences-global-overview-2023/
https://hri.global/flagship-research/death-penalty/the-death-penalty-for-drug-offences-global-overview-2023/
https://prohibitionpartners.com/reports/the-germany-cannabis-report/
https://prohibitionpartners.com/reports/the-germany-cannabis-report/
https://doi.org/10.1186/S42238-024-00229-9/TABLES/1
https://doi.org/10.1186/S42238-024-00229-9/TABLES/1
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1016/J.JCONREL.2021.05.005
https://doi.org/10.1016/J.JCONREL.2021.05.005
https://doi.org/10.3390/CANCERS12071985
https://doi.org/10.3390/molecules24050918
https://doi.org/10.2903/J.EFSA.2022.7322
https://www.fda.gov/
https://doi.org/10.1089/can.2015.0012
https://www.who.int/news/item/04-12-2020-un-commission-on-narcotic-drugs-reclassifies-cannabis-to-recognize-its-therapeutic-uses
https://www.who.int/news/item/04-12-2020-un-commission-on-narcotic-drugs-reclassifies-cannabis-to-recognize-its-therapeutic-uses
https://doi.org/10.1016/j.bpa.2020.06.004
https://doi.org/10.1016/j.bpa.2020.06.004
https://doi.org/10.1007/S13311-014-0304-Z
https://doi.org/10.1007/S13311-014-0304-Z
https://doi.org/10.3390/IJMS18040684
https://doi.org/10.1002/jcph.1634
https://doi.org/10.1007/S12325-022-02345-5
https://doi.org/10.1007/S12325-022-02345-5
https://doi.org/10.1007/S12325-022-02345-5/FIGURES/2
https://doi.org/10.1007/S12325-022-02345-5/FIGURES/2
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0266
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0266
http://refhub.elsevier.com/S0928-0987(25)00035-1/sbref0266
https://doi.org/10.1159/000510896
https://www.cnbc.com/2019/03/27/walgreens-to-sell-cbd-products-in-some-stores.html
https://www.cnbc.com/2019/03/27/walgreens-to-sell-cbd-products-in-some-stores.html
https://doi.org/10.1002/J.1552-4604.1981.TB02594.X
https://doi.org/10.1002/J.1552-4604.1981.TB02594.X
https://doi.org/10.1111/J.1476-5381.2010.00755.X
https://doi.org/10.1111/J.1476-5381.2010.00755.X
https://doi.org/10.1089/can.2016.0020
https://doi.org/10.1089/can.2016.0020

B.M. Tihauan et al.

“Warning Letters and Test Results for cannabidiol-related products | FDA.” https://www.
fda.gov/news-events/public-health-focus/warning-letters-and-test-results-cannabidi
ol-related-products (accessed Oct. 05, 2022).

Wassmann, C.S., Hgjrup, P., Klitgaard, J.K., 2020. Cannabidiol is an effective helper
compound in combination with bacitracin to kill gram-positive bacteria. Sci. Rep. 10
(1). https://doi.org/10.1038/541598-020-60952-0. Dec.

Watanabe, H., Vriens, J., Prenen, J., Droogmans, G., Voets, T., Nillus, B., 2003.
Anandamide and arachidonic acid use epoxyeicosatrienoic acids to activate TRPV4
channels. Nature 424 (6947), 434-438. https://doi.org/10.1038/NATURE01807.
Jul.

WHO, 2018. Cannabidiol (CBD) Critical Review Report. Expert. Comm. Drug Depend.
(June), 4-7 [Online]. Available: https://www.who.int/medicines/access/controll
ed-substances/WHOCBDReportMay2018-2.pdf.

Williams, N.N.B., et al., 2021. Comparison of five oral cannabidiol preparations in adult
humans: pharmacokinetics, body composition, and heart rate variability.
Pharmaceuticals 14 (1), 1-14. https://doi.org/10.3390/ph14010035.

Wojcik, P., Garley, M., Wroniski, A., Jabtoniska, E., Skrzydlewska, E., 2020. Cannabidiol
modifies the formation of NETs in neutrophils of psoriatic patients. Int. J. Mol. Sci.
21 (18), 1-15. https://doi.org/10.3390/1JMS21186795. Sep.

Xiong, W., et al., 2012. Cannabinoids suppress inflammatory and neuropathic pain by
targeting o3 glycine receptors. J. Exp. Med. 209 (6), 1121. https://doi.org/10.1084/
JEM.20120242. Jun.

Xiong, Y., Lim, C.S., 2021. Understanding the modulatory effects of cannabidiol on
Alzheimer’s disease. Brain Sci. 11 (9). https://doi.org/10.3390/
BRAINSCI11091211. Sep.

Yamaori, S., Kinugasa, Y., Jiang, R., Takeda, S., Yamamoto, I., Watanabe, K., 2015.
Cannabidiol induces expression of human cytochrome P450 1A1 that is possibly
mediated through aryl hydrocarbon receptor signaling in HepG2 cells. Life Sci. 136,
87-93. https://doi.org/10.1016/j.1fs.2015.07.007. Jul.

Yamaori, S., Koeda, K., Kushihara, M., Hada, Y., Yamamoto, 1., Watanabe, K., 2012.
Comparison in the in vitro inhibitory effects of major phytocannabinoids and
polycyclic aromatic hydrocarbons contained in marijuana smoke on cytochrome
P450 2C9 activity. Drug Metab. Pharmacokinet. 27 (3), 294-300. https://doi.org/
10.2133/dmpk.DMPK-11-RG-107.

Yamaori, S., Kushihara, M., Yamamoto, 1., Watanabe, K., 2010b. Characterization of
major phytocannabinoids, cannabidiol and cannabinol, as isoform-selective and

22

European Journal of Pharmaceutical Sciences 208 (2025) 107036

potent inhibitors of human CYP1 enzymes. Biochem. Pharmacol. 79 (11),
1691-1698. https://doi.org/10.1016/j.bep.2010.01.028. Jun.

Yamaori, S., Kushihara, M., Yamamoto, 1., Watanabe, K., 2010a. Characterization of
major phytocannabinoids, cannabidiol and cannabinol, as isoform-selective and
potent inhibitors of human CYP1 enzymes. Biochem. Pharmacol. 79 (11),
1691-1698. https://doi.org/10.1016/J.BCP.2010.01.028. Jun.

Yimsaard, P., Lancaster, K.E., Sohn, A.H., 2023. Potential impact of Thailand’s cannabis
policy on the health of young adults: current status and future landscape. Lancet Reg.
Heal. - Southeast Asia 10, 100145. https://doi.org/10.1016/J.
LANSEA.2023.100145. Mar.

Yu, L., Madsen, F.B., Eriksen, S.H., Andersen, A.J.C., Skov, A.L., 2022. A reliable
quantitative method for determining CBD content and release from transdermal
patches in Franz cells. Phytochem. Anal. 33 (8), 1257-1265. https://doi.org/
10.1002/pca.3188.

Zanelati, T.V., Biojone, C., Moreira, F.A., Guimaraes, F.S., Joca, S.R.L., 2010b.
Antidepressant-like effects of cannabidiol in mice: possible involvement of 5-HT1A
receptors. Br. J. Pharmacol. 159 (1), 122. https://doi.org/10.1111/J.1476-
5381.2009.00521.X. Jan.

Zanelati, T.V., Biojone, C., Moreira, F.A., Guimaraes, F.S., Joca, S.R.L., 2010a.
Antidepressant-like effects of cannabidiol in mice: possible involvement of 5-HT 1A
receptors. Br. J. Pharmacol. 159 (1), 122-128. https://doi.org/10.1111/j.1476-
5381.2009.00521.x. Jan.

Zendulka, O., et al., 2016. Cannabinoids and cytochrome P450 interactions. Curr. Drug
Metab. 17 (3), 206-226. https://doi.org/10.2174/1389200217666151210142051.
Jan.

Zhelyazkova, M., Kirilov, B., Momekov, G., 2020. The pharmacological basis for
application of cannabidiol in cancer chemotherapy. Pharm 67 (4), 239-252. https://
doi.org/10.3897/PHARMACIA.67.E51304. 67(4) 239-252.

Zhornitsky, S., Potvin, S., 2012. Cannabidiol in humans—The quest for therapeutic
targets. Pharmaceuticals 5 (5), 529. https://doi.org/10.3390/PH5050529.

Zimmerman, A.M., Raj, A.Y., 1980. Influence of cannabinoids on somatic cells in vivo.
Pharmacology 21 (4), 277-287. https://doi.org/10.1159/000137442.

Zurier, R.B., Burstein, S.H., 2016. Cannabinoids, inflammation, and fibrosis. FASEB J. 30
(11), 3682-3689. https://doi.org/10.1096/1j.201600646R. Nov.


https://www.fda.gov/news-events/public-health-focus/warning-letters-and-test-results-cannabidiol-related-products
https://www.fda.gov/news-events/public-health-focus/warning-letters-and-test-results-cannabidiol-related-products
https://www.fda.gov/news-events/public-health-focus/warning-letters-and-test-results-cannabidiol-related-products
https://doi.org/10.1038/S41598-020-60952-0
https://doi.org/10.1038/NATURE01807
https://www.who.int/medicines/access/controlled-substances/WHOCBDReportMay2018-2.pdf
https://www.who.int/medicines/access/controlled-substances/WHOCBDReportMay2018-2.pdf
https://doi.org/10.3390/ph14010035
https://doi.org/10.3390/IJMS21186795
https://doi.org/10.1084/JEM.20120242
https://doi.org/10.1084/JEM.20120242
https://doi.org/10.3390/BRAINSCI11091211
https://doi.org/10.3390/BRAINSCI11091211
https://doi.org/10.1016/j.lfs.2015.07.007
https://doi.org/10.2133/dmpk.DMPK-11-RG-107
https://doi.org/10.2133/dmpk.DMPK-11-RG-107
https://doi.org/10.1016/j.bcp.2010.01.028
https://doi.org/10.1016/J.BCP.2010.01.028
https://doi.org/10.1016/J.LANSEA.2023.100145
https://doi.org/10.1016/J.LANSEA.2023.100145
https://doi.org/10.1002/pca.3188
https://doi.org/10.1002/pca.3188
https://doi.org/10.1111/J.1476-5381.2009.00521.X
https://doi.org/10.1111/J.1476-5381.2009.00521.X
https://doi.org/10.1111/j.1476-5381.2009.00521.x
https://doi.org/10.1111/j.1476-5381.2009.00521.x
https://doi.org/10.2174/1389200217666151210142051
https://doi.org/10.3897/PHARMACIA.67.E51304
https://doi.org/10.3897/PHARMACIA.67.E51304
https://doi.org/10.3390/PH5050529
https://doi.org/10.1159/000137442
https://doi.org/10.1096/fj.201600646R

	Cannabidiol—A friend or a foe?
	1 Introduction
	2 The path of cannabidiol in the body: absorption, distribution, metabolism & excretion insights for systemic delivery
	2.1 Low bioavailability of CBD and the influence of administration routes for systemic delivery
	2.2 Metabolism and cytochrome P450 interaction
	2.3 Excretion and half-life of CBD
	2.4 Toxicological insights for systemic delivery

	3 The endocannabinoid system – an overview of its functions implication in various conditions with medicinal effects
	4 Transdermal delivery of CBD- bioavailability and formulation challenges
	4.1 Understanding skin involvement as a route for transdermal delivery of CBD
	4.2 Treatment strategies via transdermal delivery of CBD
	4.2.1 CBD in skin therapy
	4.2.2 Pharmacokinetic advantages of transdermal delivery of CBD

	4.3 Novel approaches to transdermal delivery of CBD

	5 Global overview of medical cannabis policies
	5.1 Industrial Hemp vs. Marijuana
	5.2 Regional policies and access to medical cannabis
	5.2.1 Europe
	5.2.2 North America
	5.2.3 Latin America and Caribbean region
	5.2.4 United Kingdom
	5.2.5 Australia and New Zeeland
	5.2.6 Asia and Pacific region
	5.2.7 Africa and the Middle West

	5.3 Cannabis based medication – prescription only
	5.4 Cannabis based medication – non-prescription
	5.5 Cosmetic applications and market dynamics
	5.5.1 Market growth and opportunities


	6 Challenges and perspectives
	7 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


