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Abstract: Recently, several studies have indicated an increased interest in the scientific community re-
garding the application of Cannabis sativa plants, and their extracts, for medicinal purposes. This plant
of enormous medicinal potential has been legalised in an increasing number of countries globally.
Due to the recent changes in therapeutic and recreational legislation, cannabis and cannabinoids are
now frequently permitted for use in clinical settings. However, with their highly lipophilic features
and very low aqueous solubility, cannabinoids are prone to degradation, specifically in solution,
as they are light-, temperature-, and auto-oxidation-sensitive. Thus, plant-derived cannabinoids
have been developed for oral, nasal-inhalation, intranasal, mucosal (sublingual and buccal), tran-
scutaneous (transdermal), local (topical), and parenteral deliveries. Among these administrations
routes, topical and transdermal products usually have a higher bioavailability rate with a prolonged
steady-state plasma concentration. Additionally, these administrations have the potential to eliminate
the psychotropic impacts of the drug by its diffusion into a nonreactive, dead stratum corneum.
This modality avoids oral administration and, thus, the first-pass metabolism, leading to constant
cannabinoid plasma levels. This review article investigates the practicality of delivering therapeutic
cannabinoids via skin in accordance with existing literature.
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1. Introduction

For many years, cannabis has been used both as a fibre source and as an edible
seed [1,2]. Most notably, it produces a distinctive category of terpenophenolic compounds
known as cannabinoids [2]. Cannabinoids are the principal bioactive components of this
plant; however, other compounds of interest, such as terpenoids and flavonoids, have also
been reported [3]. In recent years, the pharmacological characteristics of cannabinoids have
been widely studied, and new applications of cannabis extracts have been proposed [4].
Due to the medicinal and recreational value of cannabinoids, cannabis agribioculture is a
flourishing industry. Countries that lead investments in this marketplace include the USA,
Canada, and Australia, with signifigant investments in both cultivation and manufacturing
facilities [5].

Based on the production source, cannabinoids have been categorised into three groups:
(i) phytocannabinoids; (ii) endogenous cannabinoids; and (iii) synthetic cannabinoids [6–9]
(Table 1). This review mainly focuses on the plant-derived cannabinoids. Resources have
reported nearly 565 cannabis constituents in C. sativa; 120 are phytocannabinoids, some
of which have been extensively explored for their therapeutic potential. The predominant
cannabinoids in plant material are delta-9-tetrahydro-cannabinol [10], cannabidiol (CBD),
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and cannabichromone (CBC) [4]. Table 2 depicts the significant therapeutic effects of
various phytocannabinoids [11,12].

Table 1. Cannabinoid categories.

Cannabinoids Compounds

Plant-derived cannabinoids
(phytocannabinoids) THC, CBC, CBD, CBG, CBDV, THCV, THCAV, ∆-8-THC

Endocannabinoids AEA, 2-AG, PEA, O-AEA, 2-AGE, 9-Octadecenamide

Synthetic cannabinoids JWH-015, Dronabinol, Nabilone, WIN-55, 212-2, Rimonabant,
CP55940, ACEA, Hu-308, AjA, (R)-methanandamide (MET)

Table 2. The therapeutic effects of phytocannabinoids.

Phytocannabinoids Therapeutic Effects Citations

THC
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Table 2. Cont.

Phytocannabinoids Therapeutic Effects Citations
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To date, investigations into medicinal cannabinoid applications for cancer have demon-
strated significant promise, both as a supportive chemotherapeutic adjunct and from a
direct anticancer perspective [12,22,23]. In the scope of palliative care, cannabinoids have
demonstrated significant benefits for the management of chemo- or radiotherapy that
is associated with pain, nausea and a loss of appetite [24,25]. The anticancer capacity
of cannabinoids has been shown to involve multiple steps in the carcinogenesis process,
including its initiation, promotion, and progression [26]. Cannabinoids act as blocking
or suppressing agents in these mechanistic pathways against various cancer types, in-
cluding breast, ovarian, cervical, lung, skin, colon, prostate, and brain cancers, as well
as leukaemia [23,27]. Furthermore, studies since the late 1990s indicated that multiple
cannabinoids, especially CBD and THC, initiate antitumour impacts in a vast range of
in vitro to in vivo experiments on various cancer cells, individually, but also in combined
administrations [18,28].
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Cannabinoid’s Receptors

The medicinal and psychoactive effects of phytocannabinoids are mediated via the
endocannabinoid system (ECS) present in all tissues. In health and disease, the ECS
involves several regulatory mechanisms via G protein-linked receptor-mediated signalling
pathways [29]. The two famous subtypes of G protein-coupled receptors (GPCRs) are
CB1, which is mainly expressed in the nervous and immunological systems, and CB2,
which is incorporated in cytokine release in immune cells [30,31]. Most investigations
show that ∆9-THC has an affinity to cannabinoid receptor (CBR)-dependent pathways
(CB1 and CB2 receptors) [32,33]; on the other hand, non-psychoactive cannabinoids, such
as CBD, regulate the activity of other deorphan and orphan G protein receptors (GPCRs)
and non-GPCRs [34,35]. In 1999, GPR55 was identified as an orphan GPCR [36]. Several
other orphan receptors are GPR23, GPR18, GPR120, and GPR84. The transient receptor
potential (TRP) family of the cation channels are another sort of receptor that consists of
six subfamilies: TRPML, TRPP, TRPC, TRPV, TRPM, and TRPA. TRPs are triggered in
various stimulus transductions, including light, flavour, electrical charge, temperature,
mechanical, and osmotic stimuli [37]. All types of cannabinoids may activate or suppress
different members of TRPs. From the abovementioned TRP channels, five of them have
been proposed to interact with cannabinoids: TRPV1 (CBD), TRPV2 (∆9-THC, CBD, CBN),
TRPV4 (CBDV, THCV, cannabigerolic acid, CBD, and CBG), TRPM8 (CBG), and TRPA1
(∆9-THC, CBDA, CBG, and CBC) [38].

Cannabinoids are lipophilic agents that bind to previously mentioned endocannabi-
noid receptors that regulate numerous signalling pathways in many tissues and organs, in-
cluding skin, blood vessels, immune cells, lungs, liver, and the brain for the re-establishment
of homeostasis following multiple disorders [25,39], for instance, pain and inflammatory
management [40], Alzheimer’s disease [41], and cancer [18,27,42,43]. Figure 1 shows
the cannabinoid receptor expression across skin cell types, leading to their proliferation,
growth, differentiation, apoptosis, and cytokine activity [29,44,45]. CB1 is expressed in
keratinocytes within the more differentiated epidermal layers, hair follicle cells, sebaceous
glands, sensory neurons, melanocytes, and immune cells in human skin. CB2 is expressed
in keratinocytes, sebaceous glands, sensory neurons, and immune cells. TRP channels
express skin cell types [38,46,47]. The expression of all the above mentioned receptors
makes the skin a tremendous potential target to deliver phytocannabinoids to treat a multi-
tude of dermatological diseases affecting human health, e.g., eczematous eruptions, acne
and seborrhoea, fibrotic skin disease, psoriasis, and skin cancer [45,48]. In terms of skin
cancer, several key signalling pathways and cellular processes crucial to tumour devel-
opment are targeted by endogenous cannabinoids and phytocannabinoids [39,42,49]. For
example, cannabinoids promote the cell cycle arrest and apoptosis, as well as preventing
proliferation, migration, and angiogenesis in cancer cells [43,49]. The impact of THC on
CB1/CB2-receptor-deficient mice (Cnr1/2−/−) was evaluated. These mice were crossed
to reproduce mice with a dark skin phenotype with a deficiency in CB1 and CB2 receptors.
This study evaluated the effect of phytocannabinoid THC on the growth of the murine
melanoma cell lines, HCmel12 and B16. THC can bind to both of the receptors. CB1 and
CB2 receptors might be detected on these cell lines even with low expression levels. The
THC treatment had zero impact on the cell proliferation of HCmel12 or B16 cells in vitro. In
their transplantable mouse tumour model, the systemic administration of THC significantly
decreased the growth of HCmel12 melanomas compared to the vehicle-treated controls.
THC seems to have zero impact on mice with no CB1 and CB2 receptors (Cnr1/2−/−).
Therefore, it was clear that the anti-tumour effect of THC on melanoma cells was linked to
the cannabinoid receptors [50]. The presence of cannabinoid receptors in various skin cells
show the value of the multiple efforts made to formulate cannabinoids to take advantage
of this high potential route of delivery, due to its large surface area (nearly 20 square
feet) to manage some dermatological conditions [51]. Moreover, b improving cannabinoid
permeability through the skin into deeper layers and into blood circulation [52] may result
in the sustained delivery of phytocannabinoids to targeted organs and tissues.
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2. Delivery Routes and Bioavailability of Cannabinoids

The vital characteristics that impact a drug’s capacity for binding at target sites of
action are its physiology; dissolution; stability; permeability; and metabolism. These
factors contribute to the bioavailability of drugs, resulting in a proper or an insufficient
treatment efficacy and high interindividual variability of drug efficacy in pharmacokinetic
response parameters [53–55].. Various cannabinoids have shown similar pharmacokinetic
and physicochemical properties. Furthermore, with high lipophilicity and low stability
characteristics, the poor bioavailability of these agents was confirmed after some different
routes of administration [53,56]. Cannabinoids demonstrated high hydrophobic specifica-
tions, with a log p-value ranging from 6 to 7, with a slight miscibility in water (2–5 µg/mL).
They are significantly light- and temperature-sensitive. Mazzetti et al. demonstrated that
13% of CBD samples kept at ambient temperatures succumb to auto-oxidation within
30 days; this was especially prevalent in solutions and in exposure to light [15,57,58]. Thus,
the plant-derived cannabinoids require enviro-protective engineering solutions to reduce
the degradation of the bioactive components during the storage and administration of these
drugs to patients. Several such solutions have been developed for oral, nasal-inhalation,
intranasal, mucosal (sublingual and buccal), transcutaneous (transdermal), local (topical),
and parenteral routes of drug delivery [56].

On the other hand, the bioavailability, pharmacokinetics, time course, and efficacy of
cannabinoids differ significantly depending on the methodology of administration [15,53].
The most explored administration route, the oral delivery of cannabinoids, has signifi-
cant drawbacks due to the extensive inactivation via the hepatic first-pass metabolism
(over 95%), and its slow absorption, which, remarkably, affects the overall therapeutic
efficacy [59,60]. Additionally, the time course duration and the subsequent difficulty pre-
dicting the administrative dosage further contributes to oral administration’s inefficacy.
Systematic bioavailability data for the oral administration of THC and CBD have been
reported at 10 to 20% [35] and 6 to 19% [53,60,61], respectively. The plasma concentration
of CBD was found to peak 1 to 4 h post-administration in a dose-dependent manner, and
decreased significantly after 6 h [35,55,56]. Additionally, the oral administration of CBD has
been shown to degrade into THC [10] and other psychoactive cannabinoids when exposed
to a highly acidic stomach environment [62]. In a dog model study, the pharmacokinetics of
CBD were assessed for oral administration; the hepatic metabolism of CBD was implicated
in a lack of detected CBD in blood plasma [60]. Following oral administration for cancer
therapy, absorption may be limited by CBD degradation by the stomach acids and hepatic
influences, leading to frequent dosing requirements, which are often not feasible in nause-
ated patients [56,63]. The bioavailability of cannabinoids through smoking has previously
been reported to be between 2 and 56%, due to a variability in smoking dynamics, which



Pharmaceutics 2022, 14, 438 6 of 16

causes uncertainty in dosage delivery [64,65]. The vaporisation of CBD was found to
reach blood plasma concentrations of up to 50% [59,60]. During THC’s inhaled adminis-
tration, the highest time course was evident after a duration of 3 to 10 min, and this effect
was shown to diminish in a dose-dependent response between 4 to 12 h [66,67]. Inhaled
cannabinoids expose valid concerns about the unfavourable pulmonary impacts and the
limited effectiveness when the intended impact is not well-targeted [56,68]. Additionally,
the model with which cannabinoids are inhaled has dramatically variable effects depending
on the length and the volume of inhalation, the held inhalation duration, and rate at which
these inhalations occur [56,69].

Other methods of cannabinoid administration include intranasal, rectal, and intra-
venous [15,70]. The rectal administration of THC demonstrated approximately doubled
rates of bioavailability compared to oral routes. This is attributed to reduced rates of
hepatic enzyme metabolism, the lack of acidic degradation, and higher absorption via rectal
tissues [71]. Intranasal administration has been assessed for a variety of cannabinoid formu-
lations. Due to the high prevalence of vascular structures in the nasal cavity, absorption is
rapid [15], and blood plasma levels achieve a moderate bioavailability range of 34–46% [72].
Additionally, nasal administration circumvents the hepatic degradation of cannabinoids,
avoiding this metabolic hurdle [15,72,73]. Intravenous administration is challenging due
to the poor water solubility of cannabinoids [56]. Moreover, injection-based drug admin-
istration is undesirable due to its invasive nature, the increased risk of infection, and the
lack of compliance in patients [15]. The topical and transdermal application of cannabinoid
products has shown higher bioavailability rates in the presence of enhancers and has also
prolonged steady plasma concentration compared to other routes of delivery [72,74,75].
Additionally, the acidic degradation of CBD to THC, with the consequent psychotropic
effects, is effectively mediated via its transdermal application due to the exclusion of di-
gestive processes and a neutral skin environment [62]. Transdermal patches imbued with
∆8-THC induced a steady-state plasma concentration within 1.4 h post-administration,
which was preserved in subjects for at least 48 h [63]. In a murine model, CBD was applied
via an ethosomal system transcutaneously; this treatment resulted in steady CBD plasma
levels for 72 h, suggesting that this is a promising future delivery method for cannabi-
noids in a clinical setting [52,63]. In terms of the cannabinoids’ preferred prescribing route,
topical administration has additional promises in its prescribability. A systematic review
published by Yeroushalmi et al. performed a pilot survey to determine the willingness of
dermatologists to recommend medical cannabis, and 75% of dermatologists recommended
topical formulations [76]. This route is likely preferred due to its convenience, without
the concerns of the psychoactive impacts of systemic absorption, as well as the high safety
profile of topical administration routes [77].

3. Transdermal Delivery of Cannabinoids
3.1. Skin as a Potential Route

Skin is the largest organ of the human body. In terms of its immunological function, it
is a barrier between the body and the neighbouring environment [78,79], consisting of three
layers: dermis, epidermis and Stratum corneum (SC) [80,81]. Skin unique characteristics
make it permeable to the surrounding environment and allow the diffusion of air, heat,
fluids and low molecular weight molecules [78]. Skin diffusion can occur by (a) the intercel-
lular way, through the gaps between the corneocytes or (b) the transcellular way, through
the corneocytes and neighbouring lipid matrix or (c) the appendageal way; via the sweat
glands and hair follicles [82]. This attribute can be used as an alternative means for drug
delivery, especially for transdermal application into the blood circulation, and it is easier
for patience than oral and parenteral administration [51,83]. Transdermal administration
is mainly to effect locally, where it can (i) get rid of the necessity for systematic drug
therapies, (ii) lessen the total dosage needed to reach the targeted site, and (iii) decrease
side effects [84].
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3.2. Importance of Transdermal Drug Delivery Studies

Transdermal drug delivery systems (TDDS) have gained significant attention recently
due to a vast range of advantages linked to self-administration, preferred patient compli-
ance, bypassing of the first-pass effect, and immune-surveillance functions [85,86]. TDDS
can increase medical efficacy and reduce adverse effects, especially cancer treatment [87,88].
It can efficiently avoid poor absorption caused by gastrointestinal pH and first-pass
metabolism, maintaining a continuous and lengthy drug plasma concentration [89,90],
improving patient compliance and reducing side effects [85,91]. Additionally, drug therapy
may be aborted abruptly by dismissing the application from the skin’s surface [92].

3.3. Transdermal Delivery of Cannabinoids and Challenges

All advantages mentioned above of transdermal drug delivery over other formulations
and considering dermatologists are interested in recommending topical formulations of
cannabinoids to patients [93]. In addition, different ways of transcutaneous formulations
are promising to produce local pharmacological and systematical effects [94].

On the other hand, some criteria should be considered to have successful transdermal
delivery in terms of drug physicochemical properties. FDA-approved molecules for tran-
scutaneous drug delivery are those with low molecular weight (<500 Da) with balanced
lipophilicity and hydrophilicity balance (log P = 1–3) as transdermal drug delivery systems
require to pass through the hydrophobic Stratum corneum lipid matrix and followed by
absorption into the deeper aqueous layers of skin and the systemic circulation [51,95].
Despite the desired range of molecular weight of cannabinoids, with log p between 6–7
and low water solubility, their transdermal delivery is a challenge. Thus, enhancing the
cannabinoid permeation via the skin has been performed by applying different strategies
such as the use of chemical penetration enhancers (oleic acid, ethanol, methanol leading
to improve cannabinoids diffusion through the skin), microemulsions, physical enhancer
(including microneedles, electroporation iontophoresis, ultrasound, magnetophoresis to
gain proper levels of skin permeation), encapsulation in micro/nano gels, nanoparticles and
nano-carriers [15,45,51]. Additionally, the potential promising benefits of applying nanofor-
mulation and nanoencapsulation systems can be improving the effective doses delivery
of highly lipophilic drugs (e.g., cannabinoids), protecting poor stable therapeutic agents
from aggressive environments, and targeted and controlled delivery [96]. Hence, consid-
ering cannabinoids physicochemical limitations, they may benefit from nanotechnology
approaches to overcome the Stratum corneum barrier [97,98].

Table 3 depicts several reports of the transcutaneous application of cannabinoids for
various purposes like reaching a steady-state plasma cannabinoids concentration by using
patches and gels, applying different techniques to enhance cannabinoids permeability
through the skin, and also devising different formulations to encapsulate these therapeutic
agents to improve physicochemical properties and penetration via skin layers.

Sustained drug delivery benefits of TDDS provides a steady-plasma concentration
of therapeutic agents (especially with limited half-life) and not cause of peaks in plasma
levels compared to other delivery routes of [74] cannabinoids, like 1.4–10 h and 24 h after
oromucosal spray and intravenous administration of CBD, respectively [55]. In vitro and
in vivo permeability studies of ∆8-THC, an isomer of ∆9-THC with lower psychotropic
side effects in hairless guinea pig skin and human skin was tested [99,100]. This isomer
has been administrated to cancer patients before chemotherapy to control vomiting [99].
Two relevant results were reported; First, the diffusion ratio of ∆8-THC in guinea pig
and human skin was nearly the same regardless of membrane composite in vitro. Second,
applying the transdermal patch revealed ∆8-THC concentrations increased gradually in
the plasma and perceived an average steady-state plasma concentration of 4.4 ng/mL for
more than 48 h. In addition, the steady-state levels did not change after removing the patch
for another 24 h [101].

Significant cumulation of the CBD in the skin (a murine model) was reported when
a patch contained ethosomal systems containing CBD (40% w/w ethanol, 3% w/w CBD
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in a carbomer gel), with 200–400 nm in diameter, used to chronic inflammatory diseases.
24 h after administration of the formulated ethosomal CBD to the skin of nude mice
with rheumatoid Arthritis (RA) showed a significant CBD accumulation not only in the
abdominal skin, abdominal muscle and hip skin but also in the liver, pancreas and hip
muscle. Furthermore, the CBD plasma concentration after 12 h was around 23% of the
initial dose, and the steady-state CBD plasma levels reached about 24 h and lasted for 72 h
(~44% of initial dose). This study proved that the CBD was delivered efficiently to the
inflammatory organ through ethosomal carriers and able to maintain the therapeutically
steady-state levels at the site [52].

The protective effect of CBD (gel formulation) for alcohol-induced neurodegeneration
was investigated in a rodent model [102]. Two experiments were devised to evaluate the
neuroprotection of the CBD gels. The 5.0% CBD gel in the first experiment and 2.5% CBD
gel in the second experiment resulted in a 48.8% and 56.1% of reduction in neurodegenera-
tion in the entorhinal cortex. Furthermore, 2.5 g CBD formulated per 100g gel (containing
Transcutol®HP as a permeation enhancer) proofread the medicinal advantages of cannabi-
noids in preventing relapse to drug use in a rat model. In another study, the anti-relapse
effect of transdermal CBD formulation was investigated in rat models of anxiety, drug
seeking and impulsivity. In this study, CBD was administered to rats with histories of
cocaine or alcohol self-administration for seven days with 24 h intervals and was observed
for experimental anxiety and stress-induced reinstatement. Transdermal application of
CBD showed anti-anxiety activity in rats with cocaine and alcohol dependence history
and prevented the devolvement of impulsivity in rats with alcohol dependence histories.
Interestingly, after the termination of treatment, reinstatement remained reduced for five
months, although concentrations of CBD in the brain and plasma were detectable for only
three days [20].

Another study illustrated that the transcutaneous delivery of CBD via gel (0.6, 3.1, 6.2
or 62.3 mg/day) administered four consecutive days onto the skin resulted in a significant
reduction of proinflammatory markers (CGRP, OX42 and TNFα) joint swelling and immune
infiltration in a rat model of Arthritis and thickening of the synovial membrane in a rat
model of Arthritis without psychoactive side-effects. With long-lasting therapeutic effects
and without apparent adverse effects, transdermal gel with 6.2 and 62 mg/day doses of
CBD indicated effective doses with long-lasting therapeutic effects. Furthermore, the linear
plasma CBD concentration was revealed in three lower doses [40].

Moreover, these results closely resemble another in vitro experiment performed on
rat skin using oleic as a permeation enhancer in a transdermal formulation containing
THC. Application of formulation to the rat skin resulted in steady plasma concentrations
for about 24 h, suggesting a sustained THC delivery to the bloodstream [103]. Hence,
remaining net cannabinoids molecules at a steady level in plasma for prolonged periods
confirmed the advantages of transdermal delivery as a potential route of consistent delivery
of efficient cannabinoids doses needs to be studied more.

The topical administration of CBD ointment improved the quality of life in patients
with skin problems (psoriasis, dermatitis and scars) [19]. Interestingly, a hydrophilic gel
with 79% w/w propylene glycol showed the best performance for topical administration of
CBD [104].

As is summarised in Table 3, to improve physicochemical properties and the skin per-
meability of cannabinoids, various methods were proposed to encapsulate phytocannabi-
noids for different purposes. THCA and CBDA were specifically studied recently to
formulate a stable microemulsion (a nanosized drug delivery system) to deliver them
transdermally, and permeation of cannabinoids-loaded microemulsion was also examined
concerning pH. Results confirmed formulation with 1.0% (w/w) of cannabinoids showed
a significant improvement of THCA and CBDA permeation rates and amounts at pH
values of 5.17 (17.13-folds increase) and 5.25 (11.63-folds increase), respectively in in vitro
skin models. This report shows that after six months of storing cannabinoids-loaded mi-
croemulsion at 4 °C and 25 °C, over 95% stable acidic cannabinoids content was maintained,
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indicating microemulsion system is a promising strategy for improving the stability and
permeability of cannabinoids [105].

For controlled transdermal delivery of CBD, patches based on stimuli-responsive
chitosan and Zinc oxide [106] nanoparticles are developed and tested on L929 mouse
fibroblasts [107]. The results showed higher drug loading efficiencies, the prolonged
release of CBD within six days, and greater biocompatibility [106]. A clinical trial study on
48 patients aged 3–18 years demonstrated that transdermal administration of a CBD-loaded
gel was safe, well-tolerated during the 6.5 months treatment period. In addition, reduction
in complex partial seizures (FIAS) and tonic-clonic seizures (TCS) frequency by 44.5% and
22.7%, respectively, were observed, resulting in an improved quality of life [108].

A super-macroporous cryogels containing CBD was fabricated using 2-hydroxyethyl
cellulose and β-cyclodextrin for the treatment of various skin malignancies. The fabricated
matrixes showed high drug encapsulation efficiency (100%), with bi-phasic release profiles
(immediate release within 3 h followed by sustained CBD release over 24 h. The formu-
lated CBD showed concentration-dependent cytotoxicity against two human tumour cell
lines, MJ (cutaneous T-cell lymphoma) and HUT-78 (Sezary Syndrome) [109]. In another
study by this group, CBD-loaded polymeric micelles were embedded into biodegradable
2-hydroxyethyl cellulose (HEC), which showed sustained CBD released profiles in vitro
and preserved the anticancer activity the drug [110].

Other recent findings on using eco-friendly and surfactant-free techniques of applying
Pickering emulsion stabilised by chitosan/collagen peptide (CH/CP) nanoparticles loaded
with CBD demonstrated significant long-lasting stability after five months with high CBD
content (99.45% of the initial loaded amount) and also non-toxic to skin keratinocytes [111].
Furthermore, an ex-vivo skin study on Porcine skin samples confirmed that after 24 h of
topical administration, these CBD-loaded CH/CP nanoparticles had low permeability into
the deeper layers of skin, and CBD was kept in high concentration in the Stratum corneum.
Thus, stabilising the biocompatible and biodegradable CH/CP nanoparticles by Pickering
emulsions overcome the Stratum corneum barrier and make this green developed vehicle
suitable for topical the highly lipophilic unstable CBD [112].

The potential of CBD-loaded oleic acid microemulsion formulated as microemulgel
was investigated to treat various cutaneous diseases, including psoriasis, eczema, pruritus,
and inflammatory conditions. Encapsulation of CBD in microemulgel improved the solubil-
ity and stability of CBD, with a controlled release profile over 24 h in vitro. The formulation
demonstrated suitable viscosity with good skin adherence. In addition, the permeability of
CBD through rabbit ear skin showed good retention in the skin layers indicating the great
potential of this carrier for topical delivery of CBD [113].

Table 3. Some studies on cutaneous delivery of cannabinoids.

Citations Formulation Active Substance Concentrate Applications Result

[19] Ointment Cannabidiol (CBD) -

Inflammatory skin
diseases and cutaneous
scars (psoriasis, atopic
dermatitis, and scars)

Improved skin
parameters such as

hydration,
transepidermal water
loss, and elasticity in

humans

[20] Hydroalcoholic
proprietary gel Cannabidiol (CBD)

2.5 g CBD/100 g gel
permeation enhancer

(Transcutol® HP)

The prevention of relapse
to drug use (alcohol or

cocaine)

CBD has potential in
relapse prevention in

the rat model

[40] Gel Cannabidiol (CBD) 6.2 and 62 mg/day Inflammation and pain

Reduction of
proinflammatory

markers,
joint swelling, and

immune infiltration
in rat model of

arthritis
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Table 3. Cont.

Citations Formulation Active Substance Concentrate Applications Result

[63] Patches ∆8-THC
16 mg/mL D8 -THC in

1:1:1 (v/v/v) of propylene
glycol:water:ethanol

Making a transcutaneous
drug system (TTS) for

∆8-THC

Gradually enhanced
∆8-THC plasma

concentration and
preserved

steady-state plasma
levels 24 h after

removing the patch

[52] Patches Cannabidiol (CBD) 3% w/w CBD and 40%
w/w EtOH

Chronic inflammatory
diseases

Significant
cumulation of CBD

in the skin of murine
models

[102] Gel Cannabidiol (CBD) The 1%, 2.5%, and 5%
(w/w) CBD gels

Alcohol-induced
neurodegeneration

Neuroprotection and
reduction of

alcohol-induced
neurodegeneration in

rodent models

[105] Microemulsion Acidic cannabinoids
(THCA and CBDA)

1.0% (w/w) of
cannabinoids, 5% (w/w)

of Capryol® 90, 44%
(w/w) Surfactant mixture
(2:1, Procetyl® AWS and
Ethanol) and 50.0% (w/w)

distilled water

Permeation enhancement

A significant
improvement of the

permeation of THCA
and CBDA in vitro.

[106] Stimuli-responsive
chitosan/ZnO NPs CBD - Treatment-resistant

epilepsy patient

Carrier showed
superior drug

loading capacity with
the prolonged release
of CBD for six days
and great biosafety

tforL929 mouse
fibroblasts (the

connective tissue
cells)

[109]
Polysaccharide

cryogels containing
β-cyclodextrin

CBD - Skin malignancies

The designed
platform showed a
high drug loading

efficiency with
biocompatibility and

bi-phasic drug
release with an initial
burst and a later slow

release. Showed
dose-dependent

cytotoxicity on two
cancer cell lines (MJ

and HUT-78)

[110] Nanocomposite
HEC/PM cryogel CBD -

Cutaneous lesions due to
CTCL (cutaneous T-cell

lymphoma)

Sustained topical
CBD delivery

[112]

Emulsions stabilized
with

chitosan/collagen
peptides

nanoparticles

CBD
0.6 g CBD in olive oil and
liquid paraffin mixture to

make 6 mg/mL
Cosmetic purposes

Effective penetration
of nanoparticles

through deeper skin
layers

[113] Microemulgel CBD

1% w/w CBD
Solutol HS 15 (20%,

surfactant), Transcutol P
(9%, cosolvent), isopropyl
myristate (5%, oil phase),

water (66%)

Skin diseases

Highly stable
formulation,

controlled drug
release, retention in

the skin layers
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Table 3. Cont.

Citations Formulation Active Substance Concentrate Applications Result

[114]

Prodrug (D9-
tetrahydrocannabinol

amino acid
dicarboxylate

prodrug)

THC analogue - Glaucoma treatment Reduced intraocular
pressure

[115] Topical CBD (oil,
cream, and spray) Cannabidiol (CBD) Epidermolysis bullosa

Decrease in pain and
blistering;

fast wound healing;
no effects reported

[116] Topical MC oil CBD and THC THC 5 mg/mL CBD 6
mg/mL

Patients with pyoderma
gangrenosum

Improve pain
management and
improve baseline

pain levels

[117] Cream Cannabidiol (CBD)
CBD-infused oil
(75 mg/mL or
150 mg/mL)

Pharmacokinetics

Probable incomplete
transdermal

absorption in
healthy dogs

4. Conclusions

Considering the several advantages of topical/transdermal cannabinoids, includ-
ing the fact that it is the most preferred administration route among dermatologists and
patients, there is much room for improvement in the transcutaneous delivery of thera-
peutic cannabinoids with high lipophilicity and low bioavailability features. The aqueous
layers of the skin’s tissue beneath the stratum corneum present a rate-limiting step for
hydrophobic cannabinoid diffusion [118,119]. Thus, in recent years, several nano-systems
were proposed for the topical- and systemic-controlled delivery of cannabinoids, includ-
ing micellar, liposomal, and nanosized formulations [120], as well as microemulgel [113],
nano-emulsions [105,113], dendrimers, and polymeric nanoparticles [96,109,110,112]. Nano-
conjugation or nano-encapsulation, as passive strategies, showed a promising potential in
the transdermal delivery of cannabinoids to enhance their bioavailability, safety, stability,
efficacy, and also to avoid the fluctuation of plasma cannabinoid concentrations during the
treatment period, which is encountered in conventional routs of delivery [52,63,121,122].
Furthermore, physical enhancers, such as microneedles, showed a promising ability to
deliver formulated lipophilic drugs to action sites [123]. Hence, more studies on the appli-
cation of microneedle platforms, to enhance the efficacy of cannabinoids’ transcutaneous
delivery in future, would be valuable. In conclusion, transdermal delivery products con-
tinue to be of real therapeutic benefit to patients worldwide, with a positive trend that is
expected to continue in the foreseeable future [124]. In terms of the transdermal cannabi-
noid delivery system, a broader scope of knowledge is needed due to the limited published
studies on this topic.
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Abbreviations

2-AGE 2-arachidonylglyceryl ether (Noladin ether)
2-AG 2-arachidonoylglycerol
AEA Anandamide (N-arachidonoylethanolamine)
AjA Ajulemic acid
CBC Cannabichromene
CBD Cannabidiol
CBDV Cannabigerovarin
CBG Cannabigerol
CBN Cannabinol
MET (R)-methanandamid
MRSA Methicillin-resistant Staphylococcus aureus
O-AEA O-arachidonoyl ethanolamine
PEA Palmidrol
THC Delta-9-tetrahydrocannabinol
THCA-A Tetrahydrocannabinolic acid
THCVA Delta 9—tetrahydrocannabivarin carboxylic acid
THCV Delta 9—tetrahydrocannabivarin
TRPA Transient receptor potential Ankyrin
TRPC Transient receptor potential canonical
TRPM Transient receptor potential melastatin
TRPML Transient receptor potential mucolipin
TRPP Transient receptor potential polycystin
TRPV Transient receptor potential vanilloid
∆-8-THC Delta-8-tetrahydrocannabinol

References
1. Thomas, B.; El Sohly, M.A. The botany of Cannabis sativa L. In The Analytical Chemistry of Cannabis; Elsevier: Waltham, MA, USA,

2016; pp. 1–26.
2. Chandra, S.; Lata, H.; El Sohly, M.A. Cannabis Sativa L.-Botany and Biotechnology; Springer: Berlin/Heidelberg, Germany, 2017.
3. Josefina, F.-S.I.; Robert, V. Secondary metabolism in cannabis. Phytochem. Rev. 2008, 3, 615.
4. Wróbel, T.; Dreger, M.; Wielgus, K.; Słomski, R. The application of plant in vitro cultures in cannabinoid production. Biotechnol.

Lett. 2018, 40, 445–454. [CrossRef] [PubMed]
5. Pacula, R.L.; Smart, R. Medical marijuana and marijuana legalization. Annu. Rev. Clin. Psychol. 2017, 13, 397–419. [CrossRef]

[PubMed]
6. Roberto, D. The Use of Endogenous and Synthetic Cannabinoids in Prostate Cancer Therapy; University of Toronto: Toronto, QC,

Canada, 2018.
7. Kovalchuk, O.; Kovalchuk, I. Cannabinoids as anticancer therapeutic agents. Cell Cycle 2020, 19, 961–989. [CrossRef]
8. Marks, D.H.; Friedman, A. The therapeutic potential of cannabinoids in dermatology. Skin Ther. Lett. 2018, 23, 1–5.
9. Sarfaraz, S.; Adhami, V.M.; Syed, D.N.; Afaq, F.; Mukhtar, H. Cannabinoids for cancer treatment: Progress and promise. Cancer

Res. 2008, 68, 339–342. [CrossRef]
10. Von Bayern, A.M.P.; Heathcote, R.J.P.; Rutz, C.; Kacelnik, A. The role of experience in problem solving and innovative tool use in

crows. Curr. Biol. 2009, 19, 1965–1968. [CrossRef]
11. Russo, E.B. Taming THC: Potential cannabis synergy and phytocannabinoid-terpenoid entourage effects. Br. J. Pharmacol. 2011,

163, 1344–1364. [CrossRef]
12. Russo, E.B.; Marcu, J. Cannabis pharmacology: The usual suspects and a few promising leads, in Advances in pharmacology.

Adv. Pharmacol. 2017, 80, 67–134.
13. Carlini, E.A. The good and the bad effects of (-) trans-delta-9-tetrahydrocannabinol (Delta 9-THC) on humans. Toxicon 2004, 44,

461–467. [CrossRef]
14. Explore Chemistry. Quickly Find Chemical Information from Authoritative Sources. Available online: https://pubchem.ncbi.

nlm.nih.gov (accessed on 1 December 2021).
15. Bruni, N.; Della Pepa, C.; Oliaro-Bosso, S.; Pessione, E.; Gastaldi, D.; Dosio, F. Cannabinoid Delivery Systems for Pain and

Inflammation Treatment. Molecules 2018, 23, 2478. [CrossRef]
16. Adelli, G.R.; Bhagav, P.; Taskar, P.; Hingorani, T.; Pettaway, S.; Gul, W.; El Sohly, M.A.; Repka, M.A.; Majumdar, S. Development of

a Delta9-Tetrahydrocannabinol Amino Acid-Dicarboxylate Prodrug with Improved Ocular Bioavailability. Investig. Ophthalmol.
Vis. Sci. 2017, 58, 2167–2179. [CrossRef]

http://doi.org/10.1007/s10529-017-2492-1
http://www.ncbi.nlm.nih.gov/pubmed/29249063
http://doi.org/10.1146/annurev-clinpsy-032816-045128
http://www.ncbi.nlm.nih.gov/pubmed/28482686
http://doi.org/10.1080/15384101.2020.1742952
http://doi.org/10.1158/0008-5472.CAN-07-2785
http://doi.org/10.1016/j.cub.2009.10.037
http://doi.org/10.1111/j.1476-5381.2011.01238.x
http://doi.org/10.1016/j.toxicon.2004.05.009
https://pubchem.ncbi.nlm.nih.gov
https://pubchem.ncbi.nlm.nih.gov
http://doi.org/10.3390/molecules23102478
http://doi.org/10.1167/iovs.16-20757


Pharmaceutics 2022, 14, 438 13 of 16

17. Wassmann, C.S.; Højrup, P.; Klitgaard, J.K. Cannabidiol is an effective helper compound in combination with bacitracin to kill
Gram-positive bacteria. Sci. Rep. 2020, 10, 4112. [CrossRef]

18. Velasco, G.; Sánchez, C.; Guzmán, M. Towards the use of cannabinoids as antitumour agents. Nat. Rev. Cancer 2012, 12, 436–444.
[CrossRef]

19. Palmieri, B.; Laurino, C.; Vadalà, M. A therapeutic effect of cbd-enriched ointment in inflammatory skin diseases and cutaneous
scars. Clin. Ter. 2019, 170, e93–e99.

20. Gonzalez-Cuevas, G.; Martin-Fardon, R.; Kerr, T.M.; Stouffer, D.G.; Parsons, L.H.; Hammell, D.C.; Banks, S.L.; Stinchcomb, A.L.;
Weiss, F. Unique treatment potential of cannabidiol for the prevention of relapse to drug use: Preclinical proof of principle.
Neuropsychopharmacology 2018, 43, 2036–2045. [CrossRef]

21. Koch, N.; Nassar, N.; Bachari, A.; Schanknecht, E.; Telukutla, S.; Zomer, R.; Piva, T.J.; Mantri, N. Cannabidiol aqueous solubility
enhancement: Comparison of three amorphous formulations strategies using different type of polymers. Int. J. Pharm. 2020,
589, 119812. [CrossRef]

22. Singh, K.; Nassar, N.; Bachari, A.; Schanknecht, E.; Telukutla, S.; Zomer, R.; Piva, T.J.; Mantri, N. The Pathophysiology and the
Therapeutic Potential of Cannabinoids in Prostate Cancer. Cancers 2021, 13, 4107. [CrossRef]

23. Bachari, A.; Piva, T.J.; Salami, S.A.; Jamshidi, N.; Mantri, N. Roles of Cannabinoids in Melanoma: Evidence from In Vivo Studies.
Int. J. Mol. Sci. 2020, 21, 6040. [CrossRef]

24. Grotenhermen, F. Cannabinoids for therapeutic use. Am. J. Drug Deliv. 2004, 2, 229–240. [CrossRef]
25. Grotenhermen, F.; Müller-Vahl, K. The therapeutic potential of cannabis and cannabinoids. Dtsch. Arztebl. Int. 2012, 109, 495–501.

[CrossRef]
26. Iqbal, J.; Abbasi, B.A.; Ahmad, R.; Batool, R.; Mahmood, T.; Ali, B.; Khalil, A.T.; Kanwal, S.; Afzal Shah, S.; Alam, M.M.; et al.

Potential phytochemicals in the fight against skin cancer: Current landscape and future perspectives. Biomed. Pharmacother. 2019,
109, 1381–1393. [CrossRef]

27. Simmerman, E.; Qin, X.; Jack, C.Y.; Baban, B. Cannabinoids as a potential new and novel treatment for melanoma: A pilot study
in a murine model. J. Surg. Res. 2019, 235, 210–215. [CrossRef]

28. Malhotra, P.; Casari, I.; Falasca, M. Therapeutic potential of cannabinoids in combination cancer therapy. Adv. Biol. Regul. 2021,
79, 100774. [CrossRef]

29. Bíró, T.; Tóth, B.I.; Haskó, G.; Paus, R.; Pacher, P. The endocannabinoid system of the skin in health and disease: Novel perspectives
and therapeutic opportunities. Trends Pharmacol. Sci. 2009, 30, 411–420. [CrossRef]

30. Lu, Y.; Anderson, H.D. Cannabinoid signaling in health and disease. Can. J. Physiol. Pharmacol. 2017, 95, 311–327. [CrossRef]
31. Katz, J.; Costarides, A.P. Facts vs. Fiction: The Role of Cannabinoids in the Treatment of Glaucoma. Curr. Ophthalmol. Rep. 2019, 7,

177–181. [CrossRef]
32. McKallip, R.J.; Lombard, C.; Fisher, M.; Martin, B.R.; Ryu, S.; Grant, S.; Nagarkatti, P.S.; Nagarkatti, M.J.B. Targeting CB2

cannabinoid receptors as a novel therapy to treat malignant lymphoblastic disease. Blood 2002, 100, 627–634. [CrossRef]
33. Ramer, R.; Heinemann, K.; Merkord, J.; Rohde, H.; Salamon, A.; Linnebacher, M.; Hinz, B. COX-2 and PPAR-γ confer cannabidiol-

induced apoptosis of human lung cancer cells. Mol. Cancer Ther. 2013, 12, 69–82. [CrossRef]
34. Pertwee, R.G.; Howlett, A.; Abood, M.E.; Alexander, S.; Di Marzo, V.; Elphick, M.; Greasley, P.; Hansen, H.S.; Kunos, G.; Mackie,

K.J.P.r. International union of basic and clinical pharmacology. Lxxix. Cannabinoid receptors and their ligands: Beyond cb1 and
cb2. Pharmacol. Rev. 2010, 62, 588–631. [CrossRef]

35. Wall, M.E.; Sadler, B.M.; Brine, D.; Taylor, H.; Perez-Reyes, M. Metabolism, disposition, and kinetics of delta-9-tetrahydrocannabinol
in men and women. Clin. Pharmacol. Ther. 1983, 34, 352–363. [CrossRef]

36. Sawzdargo, M.; Nguyen, T.; Lee, D.K.; Lynch, K.R.; Cheng, R.; Heng, H.H.; George, S.R.; O’Dowd, B.F. Identification and cloning
of three novel human G protein-coupled receptor genes GPR52, ΨGPR53 and GPR55: GPR55 is extensively expressed in human
brain. Brain Res. Mol. Brain Res. 1999, 64, 193–198. [CrossRef]

37. Venkatachalam, K.; Montell, C. TRP channels. Annu. Rev. Biochem. 2007, 76, 387–417. [CrossRef]
38. Caterina, M.J. TRP Channel Cannabinoid Receptors in Skin Sensation, Homeostasis, and Inflammation. ACS Chem. Neurosci.

2014, 5, 1107–1116. [CrossRef]
39. An, D.; Peigneur, S.; Hendrickx, L.A.; Tytgat, J. Targeting Cannabinoid Receptors: Current Status and Prospects of Natural

Products. Int. J. Mol. Sci. 2020, 21, 5064. [CrossRef]
40. Hammell, D.; Zhang, L.; Ma, F.; Abshire, S.; McIlwrath, S.; Stinchcomb, A.; Westlund, K. Transdermal cannabidiol reduces

inflammation and pain-related behaviours in a rat model of arthritis. Eur. J. Pain 2016, 20, 936–948. [CrossRef]
41. Eubanks, L.M.; Rogers, C.J.; Beuscher; Koob, G.F.; Olson, A.J.; Dickerson, T.J.; Janda, K.D. A Molecular Link between the Active

Component of Marijuana and Alzheimer’s Disease Pathology. Mol. Pharm. 2006, 3, 773–777. [CrossRef]
42. Velasco, G.; Sánchez, C.; Guzmán, M. Endocannabinoids and cancer. Endocannabinoids 2015, 231, 449–472.
43. Velasco, G.; Sánchez, C.; Guzmán, M. Anticancer mechanisms of cannabinoids. Curr. Oncol. 2016, 23, S23. [CrossRef]
44. Eagleston, L.R.; Kalani, N.K.; Patel, R.R.; Flaten, H.K.; Dunnick, C.A.; Dellavalle, R.P. Cannabinoids in dermatology: A scoping

review. Dermatol. Online J. 2018, 24, 1. [CrossRef]
45. Tijani, A.O.; Thakur, D.; Mishra, D.; Frempong, D.; Chukwunyere, U.I.; Puri, A. Delivering therapeutic cannabinoids via skin:

Current state and future perspectives. J. Control. Release 2021, 334, 427–451. [CrossRef] [PubMed]

http://doi.org/10.1038/s41598-020-60952-0
http://doi.org/10.1038/nrc3247
http://doi.org/10.1038/s41386-018-0050-8
http://doi.org/10.1016/j.ijpharm.2020.119812
http://doi.org/10.3390/cancers13164107
http://doi.org/10.3390/ijms21176040
http://doi.org/10.2165/00137696-200402040-00003
http://doi.org/10.3238/arztebl.2012.0495
http://doi.org/10.1016/j.biopha.2018.10.107
http://doi.org/10.1016/j.jss.2018.08.055
http://doi.org/10.1016/j.jbior.2020.100774
http://doi.org/10.1016/j.tips.2009.05.004
http://doi.org/10.1139/cjpp-2016-0346
http://doi.org/10.1007/s40135-019-00214-z
http://doi.org/10.1182/blood-2002-01-0098
http://doi.org/10.1158/1535-7163.MCT-12-0335
http://doi.org/10.1124/pr.110.003004
http://doi.org/10.1038/clpt.1983.179
http://doi.org/10.1016/S0169-328X(98)00277-0
http://doi.org/10.1146/annurev.biochem.75.103004.142819
http://doi.org/10.1021/cn5000919
http://doi.org/10.3390/ijms21145064
http://doi.org/10.1002/ejp.818
http://doi.org/10.1021/mp060066m
http://doi.org/10.3747/co.23.3080
http://doi.org/10.5070/D3246040706
http://doi.org/10.1016/j.jconrel.2021.05.005
http://www.ncbi.nlm.nih.gov/pubmed/33964365


Pharmaceutics 2022, 14, 438 14 of 16

46. Pacher, P.; Bátkai, S.; Kunos, G. The endocannabinoid system as an emerging target of pharmacotherapy. Pharmacol. Rev. 2006, 58,
389–462. [CrossRef] [PubMed]

47. Pucci, M.; Pirazzi, V.; Pasquariello, N.; Maccarrone, M. Endocannabinoid signaling and epidermal differentiation. Eur. J. Dermatol.
2011, 21 (Suppl. S2), 29–34. [CrossRef] [PubMed]

48. Sheriff, T.; Lin, M.J.; Dubin, D.; Khorasani, H. The potential role of cannabinoids in dermatology. J. Dermatol. Treat. 2019, 31, 1–7.
[CrossRef]

49. Demuth, D.G.; Molleman, A. Cannabinoid signalling. Life Sci. 2006, 78, 549–563. [CrossRef]
50. Glodde, N.; Jakobs, M.; Bald, T.; Tüting, T.; Gaffal, E. Differential role of cannabinoids in the pathogenesis of skin cancer. Life Sci.

2015, 138, 35–40. [CrossRef]
51. Alkilani, A.Z.; McCrudden, M.T.; Donnelly, R.F. Transdermal drug delivery: Innovative pharmaceutical developments based on

disruption of the barrier properties of the stratum corneum. Pharmaceutics 2015, 7, 438–470. [CrossRef]
52. Lodzki, M.; Godin, B.; Rakou, L.; Mechoulam, R.; Gallily, R.; Touitou, E. Cannabidiol-transdermal delivery and anti-inflammatory

effect in a murine model. J. Control. Release 2003, 93, 377–387. [CrossRef]
53. Lucas, C.J.; Galettis, P.; Schneider, J. The pharmacokinetics and the pharmacodynamics of cannabinoids. Br. J. Clin. Pharm. 2018,

84, 2477–2482. [CrossRef]
54. Hellriegel, E.T.; Bjornsson, T.D.; Hauck, W.W. Interpatient variability in bioavailability is related to the extent of absorption:

Implications for bioavailability and bioequivalence studies. Clin. Pharmacol. Ther. 1996, 60, 601–607. [CrossRef]
55. Millar, S.A.; Stone, N.L.; Yates, A.S.; O’Sullivan, S.E. A Systematic Review on the Pharmacokinetics of Cannabidiol in Humans.

Front. Pharmacol. 2018, 9, 1365. [CrossRef]
56. Grotenhermen, F. Pharmacokinetics and Pharmacodynamics of Cannabinoids. Clin. Pharmacokinet. 2003, 42, 327–360. [CrossRef]

[PubMed]
57. Pacifici, R.; Marchei, E.; Salvatore, F.; Guandalini, L.; Busardò, F.P.; Pichini, S. Evaluation of long-term stability of cannabinoids

in standardized preparations of cannabis flowering tops and cannabis oil by ultra-high-performance liquid chromatography
tandem mass spectrometry. Clin. Chem. Lab. Med. (CCLM) 2018, 56, 94–96. [CrossRef] [PubMed]

58. Mazzetti, C.; Ferri, E.; Pozzi, M.; Labra, M. Quantification of the content of cannabinol in commercially available e-liquids and
studies on their thermal and photo-stability. Sci. Rep. 2020, 10, 3697. [CrossRef] [PubMed]

59. Ohlsson, A.; Lindgren, J.E.; Andersson, S.; Agurell, S.; Gillespie, H.; Hollister, L.E. Single-dose kinetics of deuterium-labelled
cannabidiol in man after smoking and intravenous administration. Biomed. Environ. Mass Spectrom. 1986, 13, 77–83. [CrossRef]
[PubMed]

60. Samara, E.; Bialer, M.; Mechoulam, R. Pharmacokinetics of cannabidiol in dogs. Drug Metab. 1988, 16, 469–472.
61. Mechoulam, R.; Parker, L.A.; Gallily, R. Cannabidiol: An overview of some pharmacological aspects. J. Clin. Pharmacol. 2002, 42,

11S–19S. [CrossRef]
62. Merrick, J.; Lane, B.; Sebree, T.; Yaksh, T.; O’Neill, C.; Banks, S.L. Identification of Psychoactive Degradants of Cannabidiol in

Simulated Gastric and Physiological Fluid. Cannabis Cannabinoid Res. 2016, 1, 102–112. [CrossRef]
63. Valiveti, S.; Hammell, D.C.; Earles, D.C.; Stinchcomb, A. Transdermal delivery of the synthetic cannabinoid WIN 55,212-2:

In vitro/in vivo correlation. Pharm. Res 2004, 21, 1137–1145. [CrossRef]
64. Ohlsson, A.; Lindgren, J.E.; Wahlén, A.; Agurell, S.; Hollister, L.E.; Gillespie, H.K. Single dose kinetics of deuterium labelled

∆1-tetrahydrocannabinol in heavy and light cannabis users. Biol. Mass Spectrom. 1982, 9, 6–10. [CrossRef]
65. Agurell, S.; Leander, K. Stability, transfer and absorption of cannabinoid constituents of cannabis (hashish) during smoking. Acta

Pharm. Suec. 1971, 8, 391. [PubMed]
66. Vandevenne, M.; Vandenbussche, H.; Verstraete, A. Detection time of drugs of abuse in urine. Acta Clin. Belg. 2000, 55, 323–333.

[CrossRef]
67. Widman, M.; Agurell, S.; Ehrnebo, M.; Jones, G. Binding of (+)- and (minus)-delta-1-tetrahydrocannabinols and (minus)-7-

hydroxy-delta-1-tetrahydrocannabinol to blood cells and plasma proteins in man. J. Pharm. Pharmacol. 1974, 26, 914–916.
[CrossRef] [PubMed]

68. Ngwa, W.; Kumar, R.; Moreau, M.; Dabney, R.; Herman, A. Nanoparticle Drones to Target Lung Cancer with Radiosensitizers and
Cannabinoids. Front. Oncol. 2017, 7, 208. [CrossRef] [PubMed]

69. Hollister, L.; Gillespie, H.; Ohlsson, A.; Lindgren, J.E.; Wahlen, A.; Agurell, S. Do plasma concentrations of δ9-tetrahydrocannabinol
reflect the degree of intoxication? J. Clin. Pharmacol. 1981, 21, 171S–177S. [CrossRef] [PubMed]

70. Stella, B.; Baratta, F.; Della Pepa, C.; Arpicco, S.; Gastaldi, D.; Dosio, F.J.D. Cannabinoid formulations and delivery sys-tems:
Current and future options to treat pain. Drugs 2021, 81, 1513–1557. [CrossRef]

71. Huestis, M.A. Human cannabinoid pharmacokinetics. Chem. Biodivers. 2007, 4, 1770–1804. [CrossRef]
72. Paudel, K.S.; Hammell, D.C.; Agu, R.U.; Valiveti, S.; Stinchcomb, A.L. Cannabidiol bioavailability after nasal and transdermal

application: Effect of permeation enhancers. Drug Dev. Ind. Pharm. 2010, 36, 1088–1097. [CrossRef]
73. Bryson, N.; Sharma, A. Nasal Cannabidiol Compositions. WO Patent WO2017208072A2, 7 December 2017.
74. Thomas, B.J.; Finnin, B.C. The transdermal revolution. Drug Discov. Today 2004, 9, 697–703. [CrossRef]
75. Stinchcomb, A.L.; Valiveti, S.; Hammell, D.C.; Ramsey, D.R. Human skin permeation of delta8-tetrahydrocannabinol, cannabidiol

and cannabinol. J. Pharm. Pharmacol. 2004, 56, 291–297. [CrossRef]

http://doi.org/10.1124/pr.58.3.2
http://www.ncbi.nlm.nih.gov/pubmed/16968947
http://doi.org/10.1684/ejd.2011.1266
http://www.ncbi.nlm.nih.gov/pubmed/21628127
http://doi.org/10.1080/09546634.2019.1675854
http://doi.org/10.1016/j.lfs.2005.05.055
http://doi.org/10.1016/j.lfs.2015.04.003
http://doi.org/10.3390/pharmaceutics7040438
http://doi.org/10.1016/j.jconrel.2003.09.001
http://doi.org/10.1111/bcp.13710
http://doi.org/10.1016/S0009-9236(96)90208-8
http://doi.org/10.3389/fphar.2018.01365
http://doi.org/10.2165/00003088-200342040-00003
http://www.ncbi.nlm.nih.gov/pubmed/12648025
http://doi.org/10.1515/cclm-2017-0758
http://www.ncbi.nlm.nih.gov/pubmed/29176009
http://doi.org/10.1038/s41598-020-60477-6
http://www.ncbi.nlm.nih.gov/pubmed/32111858
http://doi.org/10.1002/bms.1200130206
http://www.ncbi.nlm.nih.gov/pubmed/2937482
http://doi.org/10.1002/j.1552-4604.2002.tb05998.x
http://doi.org/10.1089/can.2015.0004
http://doi.org/10.1023/B:PHAM.0000032999.31948.2e
http://doi.org/10.1002/bms.1200090103
http://www.ncbi.nlm.nih.gov/pubmed/5135173
http://doi.org/10.1080/17843286.2000.11754319
http://doi.org/10.1111/j.2042-7158.1974.tb09207.x
http://www.ncbi.nlm.nih.gov/pubmed/4156569
http://doi.org/10.3389/fonc.2017.00208
http://www.ncbi.nlm.nih.gov/pubmed/28971063
http://doi.org/10.1002/j.1552-4604.1981.tb02593.x
http://www.ncbi.nlm.nih.gov/pubmed/6271822
http://doi.org/10.1007/s40265-021-01579-x
http://doi.org/10.1002/cbdv.200790152
http://doi.org/10.3109/03639041003657295
http://doi.org/10.1016/S1359-6446(04)03180-0
http://doi.org/10.1211/0022357022791


Pharmaceutics 2022, 14, 438 15 of 16

76. Yeroushalmi, S.; Nelson, K.; Sparks, A.; Friedman, A. Perceptions and recommendation behaviors of dermatologists for medical
cannabis: A pilot survey. Complement. Ther. Med. 2020, 55, 102552. [CrossRef] [PubMed]

77. Hess, C.; Krämer, M.; Madea, B. Topical application of THC containing products is not able to cause positive cannabinoid finding
in blood or urine. Forensic Sci. Int. 2017, 272, 68–71. [CrossRef] [PubMed]

78. Bolzinger, M.-A.; Briançon, S.; Pelletier, J.; Chevalier, Y. Penetration of drugs through skin, a complex rate-controlling membrane.
Curr. Opin. Colloid Interface Sci. 2012, 17, 156–165. [CrossRef]

79. Kong, M.; Chen, X.G.; Kweon, D.K.; Park, H.J. Investigations on skin permeation of hyaluronic acid based nanoemulsion as
transdermal carrier. Carbohydr. Polym. 2011, 86, 837–843. [CrossRef]

80. Filon, F.L.; Mauro, M.; Adami, G.; Bovenzi, M.; Crosera, M. Nanoparticles skin absorption: New aspects for a safety profile
evaluation. Regul. Toxicol. Pharmacol. 2015, 72, 310–322. [CrossRef]

81. Larraneta, E.; Lutton, R.E.; Woolfson, A.D.; Donnelly, R.F. Microneedle arrays as transdermal and intradermal drug delivery
systems: Materials science, manufacture and commercial development. Mater. Sci. Eng. 2016, 104, 1–32. [CrossRef]

82. Moser, K.; Kriwet, K.; Naik, A.; Kalia, Y.N.; Guy, R.H. Passive skin penetration enhancement and its quantification in vitro. Eur. J.
Pharm. Biopharm. 2001, 52, 103–112. [CrossRef]

83. Godin, B.; Touitou, E. Transdermal skin delivery: Predictions for humans from in vivo, ex vivo and animal models. Adv. Drug
Deliv. Rev. 2007, 59, 1152–1161. [CrossRef]

84. Goyal, R.; Macri, L.K.; Kaplan, H.M.; Kohn, J. Nanoparticles and nanofibers for topical drug delivery. J. Control. Release 2016, 240,
77–92. [CrossRef]

85. Prausnitz, M.R.; Langer, R. Transdermal drug delivery. Nat. Biotechnol. 2008, 26, 1261–1268. [CrossRef]
86. Di Meglio, P.; Perera, G.K.; Nestle, F.O. The multitasking organ: Recent insights into skin immune function. Immunity 2011, 35,

857–869. [CrossRef] [PubMed]
87. Ye, Y.; Wang, C.; Zhang, X.; Hu, Q.; Zhang, Y.; Liu, Q.; Wen, D.; Milligan, J.; Bellotti, A.; Huang, L. A melanin-mediated cancer

immunotherapy patch. Sci. Immunol. 2017, 2, eaan5692. [CrossRef]
88. Gu, Z.; Chen, X. Towards Enhancing Skin Drug Delivery. Adv. Drug Deliv. Rev. 2018, 127, 1–2. [CrossRef]
89. Al-Kassas, R.; Wen, J.; Cheng, A.E.-M.; Kim, A.M.-J.; Liu, S.S.M.; Yu, J. Transdermal delivery of propranolol hydrochloride

through chitosan nanoparticles dispersed in mucoadhesive gel. Carbohydr. Polym. 2016, 153, 176–186. [CrossRef] [PubMed]
90. Tanner, T.; Marks, R.J.S.R. Technology, Delivering drugs by the transdermal route: Review and comment. Skin Res. Technol. 2008,

14, 249–260. [CrossRef] [PubMed]
91. Ngo, H.V.; Tran, P.H.; Lee, B.-J.; Tran, T.T.J.N. Development of film-forming gel containing nanoparticles for transdermal drug

delivery. Nanotechnology 2019, 30, 415102. [CrossRef]
92. Mahato, R. Pharmaceutical Dosage Forms and Drug Delivery; CRS press: Boca Raton, FL, USA, 2002; Volume 6000, pp. 196–197.
93. Thomas, B.; El Sohly, M.J. Chapter 3-medical cannabis formulations. In The Analytical Chemistry of Cannabis: Quality Assessment,

Assurance, and Regulation of Medicinal Marijuana and Cannabinoid Preparations; Elsevier: Amsterdam, The Netherlands, 2016;
Volume 1, pp. 43–61.

94. Cichewicz, D.L.; Welch, S.P.; Smith, F.L. Enhancement of transdermal fentanyl and buprenorphine antinociception by transdermal
∆9-tetrahydrocannabinol. Eur. J. Pharmacol. 2005, 525, 74–82. [CrossRef]

95. Wiedersberg, S.; Guy, R.H. Transdermal drug delivery: 30+ years of war and still fighting! J. Control. Release 2014, 190, 150–156.
[CrossRef]

96. Dosio, F.; Arpicco, S.; Stella, B.; Fattal, E. Hyaluronic acid for anticancer drug and nucleic acid delivery. Adv. Drug Deliv. Rev.
2016, 97, 204–236. [CrossRef]

97. Fairbairn, J.; Liebmann, J.; Rowan, M.G. The stability of cannabis and its preparations on storage. J. Pharm. Pharmacol. Biochem.
Behav. 1976, 28, 1–7. [CrossRef]

98. Adusumilli, N.C.; Hazuka, E.L.; Friedman, A.J. Nanotechnology to deliver cannabinoids in dermatology. Precis. Nanomed. 2021, 4,
787–794. [CrossRef]

99. Abrahamov, A.; Abrahamov, A.; Mechoulam, R. An efficient new cannabinoid antiemetic in pediatric oncology. Life Sci. 1995, 56,
2097–2102. [CrossRef]

100. Razdan, R.K. Structure-activity relationships in cannabinoids. Pharmacol. Rev. 1986, 38, 75–149. [PubMed]
101. Valiveti, S.; Hammell, D.C.; Earles, D.C.; Stinchcomb, A.L. In vitro/in vivo correlation studies for transdermal ∆8-THC develop-

ment. J. Pharm. Sci. 2004, 93, 1154–1164. [CrossRef] [PubMed]
102. Liput, D.J.; Hammell, D.C.; Stinchcomb, A.L.; Nixon, K. Transdermal delivery of cannabidiol attenuates binge alcohol-induced

neurodegeneration in a rodent model of an alcohol use disorder. Pharmacol. Biochem. Behav. 2013, 111, 120–127. [CrossRef]
[PubMed]

103. Touitou, E.; Fabin, B.; Dany, S.; Almog, S. Transdermal delivery of tetrahydrocannabinol. Int. J. Pharm. 1988, 43, 9–15. [CrossRef]
104. Casiraghi, A.; Musazzi, U.M.; Centin, G.; Franzè, S.; Minghetti, P. Topical Administration of Cannabidiol: Influence of Vehicle-

Related Aspects on Skin Permeation Process. Pharmaceuticals 2020, 13, 337. [CrossRef]
105. Park, C.; Zuo, J.; Somayaji, V.; Lee, B.-J.; Löbenberg, R. Development of a novel cannabinoid-loaded microemulsion towards an

improved stability and transdermal delivery. Int. J. Pharm. 2021, 604, 120766. [CrossRef]

http://doi.org/10.1016/j.ctim.2020.102552
http://www.ncbi.nlm.nih.gov/pubmed/33220620
http://doi.org/10.1016/j.forsciint.2017.01.008
http://www.ncbi.nlm.nih.gov/pubmed/28122323
http://doi.org/10.1016/j.cocis.2012.02.001
http://doi.org/10.1016/j.carbpol.2011.05.027
http://doi.org/10.1016/j.yrtph.2015.05.005
http://doi.org/10.1016/j.mser.2016.03.001
http://doi.org/10.1016/S0939-6411(01)00166-7
http://doi.org/10.1016/j.addr.2007.07.004
http://doi.org/10.1016/j.jconrel.2015.10.049
http://doi.org/10.1038/nbt.1504
http://doi.org/10.1016/j.immuni.2011.12.003
http://www.ncbi.nlm.nih.gov/pubmed/22195743
http://doi.org/10.1126/sciimmunol.aan5692
http://doi.org/10.1016/j.addr.2018.05.004
http://doi.org/10.1016/j.carbpol.2016.06.096
http://www.ncbi.nlm.nih.gov/pubmed/27561485
http://doi.org/10.1111/j.1600-0846.2008.00316.x
http://www.ncbi.nlm.nih.gov/pubmed/19159369
http://doi.org/10.1088/1361-6528/ab2e29
http://doi.org/10.1016/j.ejphar.2005.09.039
http://doi.org/10.1016/j.jconrel.2014.05.022
http://doi.org/10.1016/j.addr.2015.11.011
http://doi.org/10.1111/j.2042-7158.1976.tb04014.x
http://doi.org/10.33218/001c.24597
http://doi.org/10.1016/0024-3205(95)00194-B
http://www.ncbi.nlm.nih.gov/pubmed/3018800
http://doi.org/10.1002/jps.20036
http://www.ncbi.nlm.nih.gov/pubmed/15067692
http://doi.org/10.1016/j.pbb.2013.08.013
http://www.ncbi.nlm.nih.gov/pubmed/24012796
http://doi.org/10.1016/0378-5173(88)90052-X
http://doi.org/10.3390/ph13110337
http://doi.org/10.1016/j.ijpharm.2021.120766


Pharmaceutics 2022, 14, 438 16 of 16
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