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Abstract In recent decades, the therapeutic potential

of cannabinoids and analogous compounds has been

intensively investigated. The endocannabinoid system

has already been identified in the skin and, although

much remains to be discovered about its contribution

and importance for the maintenance of skin

homeostasis, it has been increasingly associated as

promising for dermatological disorders’ management.

Cannabidiol (CBD), the main non-intoxicating phy-

tocannabinoid in cannabis, has been shown to have

hydrating, sebostatic, antipruritic, antimicrobial, anti-

inflammatory, antioxidant, wound healing, photopro-

tective, anti-fibrotic and antitumoral, as well as
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modulating hair growth. Thus, CBD has gained

attention concerning its application in cutaneous

pathologies such as atopic dermatitis, psoriasis, acne,

epidermolysis bullosa, systemic sclerosis, seborrheic

dermatitis, androgenetic alopecia and cutaneous

melanoma, although its bioactivities still lack scien-

tific evidence and some of its mechanisms of action

remain to be elucidated. Given its physicochemical

characteristics, its topical administration becomes

challenging, and it is necessary to develop new

technological strategies to overcome the skin intact

barrier. This review describes the latest evidence that

exists on the application of CBD to the skin, the

problems inherent to its chemical structure and that

compromise its cutaneous administration, and the

different strategies and formulations that have been

studied to improve it, also clarifying some CBD-

containing cosmetics products that are already avail-

able on the market.

Graphical Abstract

Keywords Cannabidiol � Skin � Topical � Delivery
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Abbreviations

2-AG 2-Arachidonoylglycerol

4-HNE 4-Hydroxy-2-nonenal

ADR Adenosine receptor

AEA Arachidonoylethanolamine

AQP3 Aquaporin-3

ATD Atopic dermatitis

bCD Beta-cyclodextrin

CB1R Cannabidiol receptor type-1

CB2R Cannabidiol receptor type-2

CBD Cannabidiol

CBDA Cannabidiolic acid

CH/CL Chitosan and collagen

CI Creaming index

CYP Cytochrome P450

DL Drug loading

DMSO Dimethyl sulfoxide

DOD Degree of deacetylation

DWC Dermal water content

ECS Endocannabinoid system

EC Endocannabinoid

EE Encapsulation efficiency

EMA European medicines agency

ESKAPE Enterococcus faecium, Staphylococcus

aureus; Klebsiella pneumoniae,

Acinetobacter baumannii, Pseudomonas

aeruginosa, and Enterobacter Spp

FDA Food and drug administration

GPR55 G protein-coupled receptor 55

Gram- Gram-negative

Gram ? Gram-positive

HEC 2-Hydroxyethyl cellulose

HFL Hair follicle

IL Interleukine

LA Lactic acid
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MDA Malondialdehyde

N/A Not available

NEG Nanoemulgel

NF-jB Nuclear factor-kappa B

NMP N-Methyl-2-pyrrolidone

NP Nanoparticle

NRF2 Nuclear factor erythroid-2 related factor

O/W Oil-in-water

ORS Outer root sheath

OA Olivetolic acid

PEG Polyethylene glycol

PMB Polymyxin B

PPAR-c Peroxisome proliferator-activated

receptor gamma

PPG Propylene glycol

ROS Reactive oxygen species

SGM Sphingomyelin

TGF-b1 Transforming growth factor beta1

THC Delta-9-Tetrahydrocannabinol

TNF-a Tumor necrosis factor-alpha

TRP Transient receptor potential channel

TRPAI Transient receptor potential channel

ankyrin 1 subtype

TRPM Transient receptor potential channel

melastatin subtype

TRPM8 Transient receptor potential channel

subfamily melastin member 8

TRPV Transient receptor potential channel,

vanilloid subtype

UV Ultraviolet

ZnO Zinc oxide

Introduction

Cannabis sativa L. plant is a member of the

Cannabaceae family (Muscara et al. 2021) that has

been used since the beginning of human species

evolution (Gallily et al. 2018; Russo 2007). It has

several applications, for example, for recreational

purposes (Petrocellis et al. 2011), in religious tradi-

tions (Pattnaik et al. 2022), as nutrients and other

compounds source, and as a natural fiber for textiles

(Muscara et al. 2021). Nevertheless, cannabis stands

out by its therapeutical applications, mainly for pain

relief and in different autoimmune and inflammatory

diseases (Gallily et al. 2018). It is also known by its

topical uses in skin disorders, such as atopic dermatitis

(ATD) (Zeng et al. 2021), psoriasis (Yeroushalmi et al.

2020), eczema, pruritus (Biernacki et al. 2021), skin

cancer (Rio et al. 2018a), acne (Olah et al. 2014), skin

inflammatory disease (Mugnaini et al. 2019), amongst

others. Although delta-9-tetrahydrocannabinol (THC)

is the main phytocannabinoid with psychotropic

activity (Walsh et al. 2021) cannabidiol (CBD) is the

major non-psychoactive one (Blaskovich et al. 2021)

found in cannabis. CBD has numerous pharmacolog-

ical activities and, as it is considered to be safer

(Junaid et al. 2022) and to have less potential to induce

dependence (Petrocellis et al. 2011), it has been the

aim of many pharmaceutical studies for a great

number of diseases, including skin-related ones

(Blaskovich et al. 2021).

The skin is the largest (Gegotek et al. 2021a) and

most external organ of the human body forming the

first barrier against chemical, physical and biological

agents (Gegotek et al. 2021b). Furthermore, it pro-

duces a wide range of molecules like growth factors,

neuropeptides, steroids, cytokines, and endocannabi-

noids (ECs). It also has a complex structure with a

developed neuroendocrine (Gegotek et al. 2021a),

endocannabinoid (Zakany et al. 2018) and antioxidant

systems that contribute to the whole body (Gegotek

et al. 2021b) and skin homeostasis (Rio et al. 2018a).

The endocannabinoid system (ECS) is a vast signaling

system (Bow and Rimoldi 2016) distributed through-

out the body, including skin cells and appendages. It

comprises the cannabinoid receptor type-1 (CB1R)

and cannabinoid receptor type-2 (CB2R), their

endogenous ligands (the EC 2-arachidonoylglycerol

(2-AG) and N-arachidonoylethanolamine (AEA)) and

a variety of enzymes responsible for EC synthesis and

degradation (Zakany et al. 2018). It plays an important

role in the different cutaneous functions, such as

regulation of melanogenesis, immunity responses

(Correia-Sa et al. 2020), cell growth and differentia-

tion (Olah et al. 2014), hair growth (Szabo et al. 2020),

sebaceous glands production (Zakany et al. 2018), and

tissue repair (Ruhl et al. 2021). Hence, any dysregu-

lation or alteration in one or more of its components

may trigger a skin condition.

In recent years, CBD has shown excellent results

when used in the treatment of several pathologies due

to its various biological properties. Additionally, there

are already CBD-containing products approved by the

Food and Drug Administration (FDA) and European
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Medicines Agency (EMA) (McGregor et al. 2020).

Regarding its application in the skin, several chal-

lenges have to be overcome due to its physicochemical

characteristics, mainly its high lipophilicity (Mome-

kova et al. 2021).

This review article will describe the different skin

biological properties of CBD and the several benefits it

has already shown in several emerging skin patholo-

gies. Additionally, different CBD delivery systems

and formulation strategies that have been developed,

studied, and implemented to improve the delivery of

CBD in the skin. Thus, the outcome improvement of

its application in different skin diseases will also be

discussed.

Cannabidiol

Physicochemical characteristics

CBD is a natural phytocannabinoid whose structure

consists of a meroterpenoid of twenty-one carbon

atoms (Walsh et al. 2021) with a pentylresorcinol

group (Fig. 1). Although its small molecular weight of

3.14 Da is quite favorable, especially for topical

administration, its transdermal delivery is compro-

mised and thus poses a challenge due to its extreme

lipophilicity characterized by a logP of 5.79 (Junaid

et al. 2022). Furthermore, its bioavailability varies not

only according to the route of administration, but also

to the characteristics of the formulation (Martin et al.

2018). However, it is known that when orally admin-

istrated, it exhibits a very low bioavailability since it is

highly metabolized by cytochrome P450 (CYP),

mostly by CYP3A4 and CYP2C19, in its hydroxylated

metabolites (Jiang et al. 2011). Additionally, it shows

a high plasma protein binding ([ 94%). Altogether,

these factors make it a poorly absorbed compound and

thus with very low bioavailability (Momekova et al.

2021).

As a cannabinoid, CBD has the ability to not only

interact and modulate the ECS in a similar way to EC

by binding to its receptors, but it has also been shown

that it interacts with several non-CB1R/ non-CB2R

(Table 1) (Pattnaik et al. 2022). Generally, but mainly

in the skin, CBD shows a negligible binding affinity

for both CB1R and CB2R, for which it has proved to be

a negative allosteric modulator and an inverse agonist,

respectively (Laprairie et al. 2015; Russo et al. 2021).

Also, it has been described as a G protein-coupled

receptor 55 (GPR55) antagonist (Olah et al. 2014) and

an agonist either of both adenosine receptor (ADR) 2A

(Liou et al. 2008), and of all members of the transient

receptor potential channels (TRP) [except for TRP

melastatin subtype (TRPM) 8, for which exhibits

antagonization effects] (Petrocellis et al. 2011; Ham-

mell et al. 2016). Additionally, CBD also interacts

with Peroxisome Proliferator-Activated Receptor

gamma (PPAR-c) (Gegotek et al. 2019). Finally,

CBD is also capable of binding to 5-HT1a receptors

and playing a significant role as agonist (Chiocchetti

et al. 2022; Almeida and Devi 2020).

Natural sources and chemical synthesis

Phytocannabinoids are non-nitrogen terpenophenols

(Russo et al. 2021)) mainly produced and stored within

the glandular trichomes of female flowers of C. sativa

L. (Gagne et al. 2012). In fact, despite the complexity

of cannabinoid synthesis pathways is not yet entirely

elucidated (Luo et al. 2019), there is already some

knowledge about its main stages. In a first step, to form

olivetolic acid (OA), consecutive condensations occur

between hexanoyl-CoA and malonyl-CoA followed

by a cyclization (Gagne et al. 2012). Subsequently, a

Friedel–crafts-like alkylation between the synthesized

OA and geranyl phosphate takes place to produce

cannabigerolic acid (Happyana et al. 2013). Cannabi-

gerolic acid is later converted into cannabidiolic acid

(CBDA) (Gagne et al. 2012), the most abundant

cannabinoid in this plant (Hanus et al. 2005). CBDA

further undergoes a non-enzymatic decarboxylation to

form CBD (Wang et al. 2016).

Nowadays, most of the CBD used for pharmaceu-

tical purposes is extracted from C. sativa. Neverthe-

less, it requires a lot and rigorous purification to avoid

contaminations with heavy metals and pesticides.

Additionally, as in nature there are no stereoisomers,

CBDs chemical synthesis has been the focus of many

studies (Pirrung 2020). Although CBD is commonly

synthesized using olivetol or its derivatives, different

strategies for its chemical synthesis and to increase

their yield had been and are still being investigated.

These include Friedel–Crafts alkylation’s, biotechnol-

ogy-based synthesis, Diels–Alder reactions (Aguillon

et al. 2021), cyclohexenyl monoacetate alkenylation

(Kobayashi et al. 2006) and enantiospecific synthesis

(Shultz et al. 2018).
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The demand and consumption of CBD in different

sectors, and more impactfully in the pharmaceutical

sector, has increased exponentially in the last decades.

Hence, it is of utmost importance to develop more

effective purification, extraction, and synthesis tech-

niques, and procedures to meet all the necessities of

this actual reality.

Dermatological biological activities

Ancient medical patterns in the literature describe that

cannabis has been used in different dermatological

conditions for centuries. In this way, also studies, pre-

clinical and clinical evidence about CBDs applications

and benefits have already begun to exist to treat several

skin conditions.

One of them is ATD, a chronic inflammatory skin

disorder in which skin integrity and immune system

are compromised, characterized by skin intense pru-

ritus, itching, skin inflammation (Zeng et al. 2021) and

skin dryness. There is not only a dysregulation of

sebaceous glands (Zakany et al. 2018) and an

overdifferentiation of Th2 cells (Gong et al. 2020;

Rundle et al. 2021), but also elevated levels of

inflammatory mediators (chemokines, cytokines,

growth factors, histamine) (Zeng et al. 2021). Addi-

tionally, there is a reduction in the production of

keratin, fillagrin, desmossomal cadherins (Gong et al.

2020) and ceramide (Zakany et al. 2018).

Another relevant skin condition is psoriasis, an

inflammatory skin pathology, characterized by silvery

(Loft et al. 2022) squamous plaques arising from the

abnormal differentiation and proliferation of epider-

mal keratinocytes, hypervascularization of the dermis

(Rio et al. 2018a) and inflammatory cell accumulation

at dermal and epidermal levels. This disease can be

triggered by mechanical trauma, stress or by a

microbial infection of the skin (Young et al. 2008).

Acne has also been associated with having benefits

from CBD application, being a multifactorial skin

disease in which there is an overproduction of sebum

largely driven by abnormally high hormonal levels.

Infection by Propionibacterium acnes and distur-

bances of sebum composition are of particular impor-

tance for the exacerbation of this disease (Shi et al.

2015).

Epidermolysis bullosa has also shown relevance,

consisting of a group of hereditary bullous diseases

manifesting debile skin integrity as a result of

abnormal skin layers junctions (Meyer-Mueller et al.

2022) that develop significant blisters or ulcerations

with a minimal trauma (Loh et al. 2014), both in

internal or external organs/ tissues (Meyer-Mueller

et al. 2022).

Another relevant disease in systemic sclerosis, a

chronic connective tissue disease whose mechanism of

fibrosis is thought to be a combination of an abnormal

immune system and alterations in blood vessels.

Together with collagen deposition and the proposed

fibroblasts oxidative stress (Bourji et al. 2015), this

leads to a variety of pathological conditions compris-

ing chronic structural and functional deteriorations

(Mei et al. 2020).

Seborrheic dermatitis and scalp psoriasis have also

been mentioned, being multifactorial inflammatory

dermatoses (Vincenzi and Tosti 2020), characterized

by red, greasy, and squamous patches mainly in areas

with a high density of sebaceous glands, such as scalp,

face, upper trunk and inguinal region. These charac-

teristics are associated with hormonal variations,

distinct sebum composition, Malassezia colonization

and a subsequent exacerbated immune reaction

(Ghodsi et al. 2015).

Androgenetic alopecia has also been linked to

benefiting from CBD properties, being a common skin

disease characterized by an excessive and progressive

hair loss. This hair loss results from an anagen phase

shortening and a telogen phase lengthening at each

hair cycle, leading to a hair thinning and shortening at
Fig. 1 Cannabis plant hand-drawn sketch and cannabidiol

structure (Adapted from: (Pattnaik et al. 2022; Walsh et al.

2021))
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Table 1 Cannabidiol receptor actions and skin endocannabinoid system receptors localization

CBD

receptors

Action Skin localization References

TRPV1 Agonist Keratinocytes

Fibroblasts

HFLs

Immune cells

Sweat glands

Sebaceous glands

Nerve cells

Blood vessels

Petrocellis et al. (2011); Rio et al. (2018a); Hammell et al. (2016)

TRPV2 Agonist Keratinocytes

Fibroblasts

Immune cells

Sweat glands

Sebaceous glands

Nerve cells

Petrocellis et al. (2011); Milando and Friedman (2019)

TRPV3 Agonist Keratinocytes

Fibroblasts

HFLs

Immune cells

Sweat glands

Sebaceous glands

Nerve cells

Blood vessels

Hammell et al. (2016); Milando and Friedman (2019)

TRPV4 Agonist Keratinocytes

Fibroblasts

Immune cells

Sweat glands

Sebaceous glands

Nerve cells

Hammell et al. (2016); Milando and Friedman (2019)

PPAR-c Agonist Keratinocytes

Fibroblasts

HFLs

Gegotek et al. (2019); Hou et al. (2012); Baswan et al. (2020)

ADR2A Agonist Keratinocytes

Dermal papilla

cells

HFLs

Ruhl et al. (2021); Atalay et al. (2020a)

CB2R Inverse agonist Immune cells

Keratinocytes

Fibroblasts

Melanocytes

HFLs

Sweat glands

Sebaceous glands

Nerve cells

Blood vessels

Russo et al. (2021; Milando and Friedman (2019); Tham et al. (2019)
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a first stage, and to a reduction of the hair number at an

advanced phase (Tampucci et al. 2022).

Melanoma, the most severe and with the worst

prognosis skin cancer (Gruber et al. 2021; Pereira et al.

2023), that arises from the abnormal and malignant

differentiation and proliferation of melanocytes (Rio

et al. 2018a), has also been known to benefit from

CBDs action.

Hence, the multiple CBD’s biological properties

discovered and researched to date are enough to

already make this phytocannabinoid a potential can-

didate for these and other skin-related conditions

(Fig. 2).

Hydrating and moisturizing

CBD has different ways of reducing excessive skin

water loss and, thus, increasing its water content. On

one hand, CBD stimulates sphingomyelinase and

consequently, by enhancing sphingomyelin (SGM)

cleavage, rises ceramides levels, reinforcing the

structure of the epidermis and preserving skin mois-

ture (Luczaj et al. 2020a). On the other hand, CBD has

been shown to increase the expression of aquaporin-3

(AQP3) which, as it improves glycerol transport in

different skin cells, improves skin water retention

(Fig. 3). Using hairless mice and by measuring their

skin dermal water content (DWC), it was shown that,

compared to the control group, CBD increased DWC

at the same time that the skin barrier integrity was

maintained intact. Additionally, as CBD has not

affected neither transcription nor expression of skin

moisturizing factor-related genes, the observed results

were due to AQP3 modulation, probably by activation

of PPAR-c. As it is an important glycerol and water

transporter involved in cutaneous water retention,

CBD may improve skin water content also by

increasing AQP3 expression in skin keratinocytes

(Ikarashi et al. 2021). Furthermore, in a different

study, carried out on keratinocytes of psoriatic patients

ultraviolet (UV)-irradiated, it was observed that 4 lM

of CBD led to a significant reduction in the SGM

concentration (Luczaj et al. 2020b), as it was shown in

the skin of nude rats. There was also a simultaneously

an increase of sphingomyelinase activity and conse-

quently of ceramides levels. Ceramides play a key role

Table 1 continued

CBD

receptors

Action Skin localization References

TRPM8 Antagonist Immune cells,

nerve cells

Petrocellis et al. (2011); Olah et al. (2014); Mahmoudinoodezh et al.

(2022)

CB1R Negative allosteric

modulator

Keratinocytes

Fibroblasts

Melanocytes

HFLs

Immune cells

Sweat glands

Sebaceous glands

Nerve cells

Blood vessels

Gegotek et al. (2021a); Laprairie et al. (2015); Milando and Friedman

(2019); Tham et al. (2019)

TRPA1 Activator Keratinocytes

Fibroblasts

Immune cells

Fibroblasts

Nerve cells

Petrocellis et al. (2011); Mahmoudinoodezh et al. (2022)

5-HT1a Agonist Keratinocytes Chiocchetti et al. (2022)
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in the transepidermal barrier function, contributing to

the prevention of extreme water loss. Hence, CBD,

through modulation of SGM metabolism, may pro-

mote skin water retention and, thus, improve DWC

(Luczaj et al. 2020a).

Hair growth modulation

Hair is a complex skin appendage essential for the

survival and reproduction of some species. It has an

important role in a variety of biological functions just

Fig. 2 Dermatological biological CBD activities in different skin disorders (atopic dermatitis, psoriasis, acne, epidermolysis bullosa,

melanoma, seborrheic dermatitis, alopecia and systemic sclerosis)
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as physical and mechanical protection, thermoregula-

tion, sensorial experiences, and sexual attraction

(Azuma et al. 2019). It is made up of dead ker-

atinocytes and generated in the hair follicles (HFLs),

which in turn undergo continuous turnover cycles,

where new cells are produced and the old ones are

forced to fall down (Bhinge et al. 2021). This hair

growth cycle can be divided into different stages:

Fig. 3 a Schematic representation of the method used to

analyze the skin moisturizing effect of CBD after 14 days of

application of an aqueous solution of 1% CBD; b Comparison of

skin aquaporin (Aqp) mRNA expression levels assessed by real-

time RT-PCR between the control group and the CBD-treated

group; c Measurement results of the DWC (A) and

transepidermal water loss (B); d Analysis of the removed skin

sample of the control group (A) and the treated group (B) by

hematoxylin and eosin staining; e and f Evaluation of the mRNA

expression levels of the pro-inflammatory proteins tumor

necrosis factor-alpha (Tnfa) and cyclooxygenase-2 (Cox2)

(Adapted from: (Ikarashi et al. 2021))
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anagen (proliferation and growth phase), catagen

(involution phase), and telogen (resting phase)

(Azuma et al. 2019). These stages are influenced by

different cells and mediators like human dermal

papilla cells, basal HFL matrix cells, keratinocytes,

growth factors, EC and androgen hormones (Serruya

and Maor 2021). Thus, it is understandable that any

condition or disorder that affects one or more of these

elements, including some diseases, nutritional or

hormonal imbalance, aging, and stress may affect hair

growth and/or lead to excessive hair loss (Azuma et al.

2019). It will do so by disturbing, in most cases and via

neuroendocrine pathways, the HFL cycle, leading to

an early end and an early start of anagen and catagen,

respectively (Szabo et al. 2020).

Similar to the skin, the ECS is also present in HFLs

and EC has been shown to influence the different

stages of their cycle and, thus, control the HFL cell

growth (Biro et al. 2006). Of the various receptors that

constitute the ECS, it is known that in HFLs exists:

CB1R, expressed in the outer root sheath (ORS) and

whose expression seems to vary throughout the HFL

cycle (Telek et al. 2007); several TRP Vanilloid

Subtype (TRPV) 1, TRPV4 and TRPV3, expressed in

an HFL cycle-dependent way mainly in the ORS,

which inhibit matrix proliferation and hair shaft

elongation and stimulate HFLs cell apoptosis and

early initiation of catagenesis (Bodó et al. 2005; Szabó

et al. 2019; Borbı́ró et al. 2011); ADR, of which

ADR2A and ADR2B are on ORS and on some dermal

papilla cells, and ADR3 on matrix keratinocytes, all

stimulating anagenesis and inhibiting catagenesis

(Iino et al. 2007).

CBD showed that when applied in different doses it

presents different effects, probably mediated by two

distinct receptors. On the one hand, at low concentra-

tions (0.1–1 lM), CBD promoted hair shaft elonga-

tion without any influence on anagenesis/catagenesis

nor the number of proliferating cells in human HFLs

and downregulated pro-inflammatory cytokine levels,

probably via ADR stimulation. On the other hand, at

higher concentrations (10 lM) it exhibited procata-

genic activity, inhibited hair shaft growth and stimu-

lated an increase in the number of cells in apoptosis,

which seems to be associated with TRPV4 (Szabó

et al. 2017). Also, adults diagnosed with androgenetic

alopecia applied 3-4 mg of CBD in all their bald areas

once a day for 6 months. At the end of this period, all

together showed a 93.5% increase in hair count,

supporting the idea that CBD has hair growth benefits

(Smith and Satino 2021). Despite all the data obtained,

further studies are needed to establish the most

advantageous topical dose of CBD for hair growth

and the mechanism of action by which it exerts this

activity.

Sebostatic

Sebaceous gland dysfunctions leading to both hypo-

and hyperproduction of sebum are present in various

pathologies. An example is acne, whose pathology

includes hyperproduction and hyperexcretion of

sebum by sebaceous glands as a result of their

overstimulation by the higher levels of hormones

typical of the puberty (Shi et al. 2015). Seborrheic

dermatitis is also relevant in this context, and here

dysfunctions are mainly related to hormonal variations

and abnormal sebum composition (Ghodsi et al. 2015).

Although what is known about the sebostatic

properties of CBD is still scarce, the existing studies

show promising results. The suppression of cellular

proliferation is another CBD biological property that

makes it a promising compound for the treatment of

different dermatological conditions. In a study using

SZ95 sebocytes, CBD not only has suppressed their

proliferation in vitro without diminishing cellular

viability nor inducing apoptosis or necrosis, but it has

also decreased MK167 expression, a proliferation

marker (Olah et al. 2014). Moreover, a shampoo

containing 0.075% broad-spectrum CBD applied for

14 days, has shown to have sebostatic activity in

subjects diagnosed with mild to moderate scalp

psoriasis or seborrheic dermatitis (Vincenzi and Tosti

2020). Furthermore, a study to assess CBD effects on

the sebaceous glands showed that CBD exerts sebo-

static actions through ECS and non-ECS mechanisms,

by having reversed the induction of lipogenesis by

arachidonic acid and by a combination of linoleic acid

and testosterone. CBD blocks the AEA TRP-stimula-

tion of sebum production and activates TRPV4, the

main TRP channel expressed in SZ95 sebocytes,

which is responsible for its CBDs lipostatic action

(Olah et al. 2014).

Antipruritic

Pruritus is characterized by an unpleasant sensation

that leads to a desire to scratch and represents a
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defense mechanism against external agents. When it

becomes chronic or is exacerbated over a long period it

can not only lead to the onset of skin lesions but also

triggers the release of several pro-inflammatory

molecules that eventually lead to an increased urge

to scratch (Steinhoff et al. 2006). A large part of the

diseases that affect the integrity of the skin and which

have inflammatory components and/or adjacent alter-

ations of the sebaceous glands, develop pruritus as one

of their main symptoms. On one hand, epidermolysis

bullosa is characterized by an extremely fragile skin

along with pain and itching (Loh et al. 2014). On the

other hand, eczema, ATD, psoriasis, and scalp psori-

asis are inflammatory skin disorders associated with

intense itching and burning, mainly when exacerbated

or at a more advanced stage (Loft et al. 2022; Vincenzi

and Tosti 2020; Thyssen et al. 2013).

The anti-pruritic potential of CBD has been studied

and is increasingly gaining attention given the suc-

cessful, though limited, results that have been

obtained. A survey study was carried out to evaluate,

in part, the types of cannabinoid-based medicines

(CBM) used and the evolution of symptoms in patients

with epidermolysis bullosa. It was observed that the

topical formulations were the most commonly adopted

route of administration and that the most frequently

used CBMs were those combining THC with CBD

(34.7%) and those containing only CBD (20.33%).

The antipruritic action of CBD was felt by the majority

of patients (90.9%), who admitted to having had a

significant improvement in pruritus and with more

than half of them no longer have needed or have

reduced anti-itch therapy doses (Schräder et al. 2021).

Also, a case report of a sublingual CBM containing

CBD administrated to three patients suffering from

epidermolysis bullosa has shown that together they

experienced an effective improvement in the severity,

intensity, and frequency of itching and a decrease in

the urge to scratch (Schrader et al. 2019). Supporting

these observations regarding epidermolysis bullosa, a

10% CBD containing broad spectrum hemp oil,

without THC, applied for a minimum of eight weeks

in dogs diagnosed with ATD has been shown to

decrease the intensity and recurrence of itching after

just two weeks (Mogi et al. 2022).

Although there are still no mechanistic or molecular

studies reporting the effect of CBD on pruritus and the

case reports that have been conducted lack scientific

strength and statistical significance, this

phytocannabinoid has the potential for further studies

in this area.

Antimicrobial

Given the rapid growth in nosocomial infections

largely due to the overwhelming increase in the

occurrence of multi-drug resistant bacteria and of

ESKAPE (Enterococcus faecium, Staphylococcus

aureus; Klebsiella pneumoniae, Acinetobacter bau-

mannii, Pseudomonas aeruginosa, and Enterobacter

spp.), developing new strategies and alternatives is

becoming urgent (Abichabki et al. 2022). Besides all

skin infections, there are several diseases associated

with the colonization of the skin by different microor-

ganisms whose treatments are often associated with

various side effects or for which there is often no

molecule that can simultaneously combat more than

one of the pathological factors associated with the

disease. An example of this is acne, in which

colonization by Propionibacterium acnes contributes

for its severity (Ghodsi et al. 2015). Additionally,

seborrheic dermatitis and scalp pruritus are also

relevant in this context, since they are common

dermatoses characterized by an inflammation of the

skin associated with Malassezia spp overgrowth and

whose skin saturated fatty acids metabolization into

skin irritating free unsaturated fatty acids trigger the

immune system by penetrating the cutaneous layers

(Shi et al. 2015).

The discovery of new natural antimicrobials can

represent a potential solution for the treatment of

numerous infections, including topical ones (Muscara

et al. 2021). Although the antimicrobial activity of

CBD has been described for some decades, it was only

in 2008 that it began to be given proper attention,

giving rise to further studies on account of its

promising results (Abichabki et al. 2022). Gram-

positive (Gram ?) bacteria are more susceptible to the

different factors and compounds due to their structural

characteristics than Gram-negative (Gram-) strains

which have a solid and distinct outer membrane and an

important structural and virulent factor, the

lipopolysaccharide (LPS) (Martinenghi et al. 2020).

In different studies, CBD demonstrated a constant

antibacterial activity against different Gram ? bacte-

ria, including multi-drug resistant strains and Propi-

onibacterium acnes. The minimum inhibitory

concentrations were fairly consistent among them,
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ranging from 2 to 4 lg/ml for Abichabki et al.

(Abichabki et al. 2022) to 1–4 lg/ml and 0.5 – 1 lg/

ml in previous studies (Blaskovich et al. 2021;

Appendino et al. 2008). Also Gram- bacteria CBD

showed consistent results among different studies,

showing no antibacterial activity in at least 20 species,

including Escherichia coli, Klebsiella pneumoniae,

Pseudomonas aeruginosa, and Acinetobacter bau-

mannii, except against Neisseria gonorrhoeae, N.

Meningitidis, Moraxella catarrhalis and Legionella

pneumophila, for which it appears to be a potent

antibacterial compound (Abichabki et al. 2022; Marti-

nenghi et al. 2020). The mechanism of action by which

CBD exerts its antibacterial activity is far from being

fully understood. Notwithstanding, it has been

described as a bactericidal agent with a low propensity

to develop resistance that decreases membrane poten-

tial (Wassmann et al. 2020). It has also shown to act by

inhibiting the synthesis of nucleic acids, lipids, and

peptidoglycans, disrupting the cytoplasmic membrane

and consequently leading to bacterial death, as

observed in a study in which Staphylococcus aureus

was exposed to CBD concentrations of 6 to 14 lM

(Blaskovich et al. 2021). Moreover, it has been shown

to inhibit the release and alter the morphology and size

of membrane vesicles in E. coli and S. aureus,

important structures for biofilm formation, survival,

and pathogenicity of Gram- (Kosgodage et al. 2019).

One of the strategies that allows reducing the

amount of a determined required antibiotic and the

probability of emergence of new drug resistance is the

combination of the antibiotic with other drugs, antibi-

otics or not. For Martinenghi et al. CBD did not show

any synergistic effects with the most commonly used

antibiotics (Martinenghi et al. 2020). But for Kos-

godage et al. CBD in combination with antibiotics has

been shown to improve its antibacterial effects com-

pared to using them alone (Kosgodage et al. 2019).

When tested in combination with low concentrations

of Polymyxin B (PMB) (\ 2 lg/ml), it showed to

exponentially decrease the number of colony units

formed per milliliter compared to the same concen-

trations of PMB alone. Additionally, it also proved

that CBD at concentrations B 4 lg/ml holds antibac-

terial activity against Gram- bacteria, including K.

pneumoniae, E.coli and A. baumanni (Abichabki et al.

2022). Moreover, when Gram ? were exposed to

bacitracin associated with CBD, it was observed that

besides the minimum inhibitory concentration of

bacitracin was dozens of times lower (from eightfold

to more than 64-fold). Furthermore, together they led

to morphological and cell division disturbances, which

was not observed when both were used alone (Wass-

mann et al. 2020). Given the consistent results

reported to date and bearing in mind that therapeutic

efficacy may be highly formulation-dependent

(Appendino et al. 2008), CBD could eventually be

repurposed as an antibacterial agent.

Anti-inflammatory

Several skin diseases have an associated inflammatory

component, which is either related to their patholog-

ical mechanisms or their symptoms, as observed in

ATD and psoriasis (Luczaj et al. 2020a). On one hand,

ATD is an example of a complex and multi-factorial

chronic inflammatory skin disease largely related to

dysfunctions in the skin barrier and immune system

(Zeng et al. 2021), where there is a typical secretion of

different inflammatory mediators (Zeng et al. 2021;

Gong et al. 2020; Rundle et al. 2021). On the other

hand, psoriasis is a chronic inflammatory skin disease

mediated by the immune system and characterized by

inflammatory infiltrates at different skin layers (Young

et al. 2008). In turn, there are also other diseases such

as acne, seborrheic dermatitis, and scalp pruritus that,

although they have other preponderant factors under-

lying their pathology, have a strong inflammatory

burden.

The mechanisms by which CBD exerts its anti-

inflammatory actions are not yet fully elucidated. It is

known that one of its main mechanisms is the

downregulation of the Nuclear factor-kappa B (NF-

jB) signaling and there are several pathways by which

CBD decreases NF-jB levels. These include, apart

from others, the inhibition of the epidermal growth

factor—epidermal growth factor receptor interaction

(Elbaz et al. 2015), and consequently, inhibition of

NF-jB pathway activation (Biswas et al. 2000).

Additionally, they also include inhibition of the

expression of several NF-jB-stimulating proteins,

such as heat shock proteins, and induction of NF-jB

translocation to the nucleus (Gegotek et al. 2021c).

However, by interacting with different receptors, CBD

contributes to the decrease of general inflammatory

conditions by reducing levels of numerous interleuki-

nes (ILs), such as IL-6, IL-1, IL-4, IL-5, IL-13, IL-8,

and IL-1b (Olah et al. 2014; Szabo et al. 2020; Gui
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et al. 2014; Vuolo et al. 2019), tumor necrosis factor-a
(TNF-a) and cyclooxygenase-2 (Castillo et al. 2010).

It also leads to decreasing inducible nitric oxide

synthase activity (Vincenzi and Tosti 2020) and NF-

jB-mediated transcription of pro-inflammatory genes

(Hou et al. 2012).

Several animal studies have demonstrated the anti-

inflammatory potential of CBD on the skin. At the

molecular level, the application of CBD to the skin in

nude rats, after UV irradiation, significantly attenuated

the increase of NF-jB and TNF-a levels (Gegotek

et al. 2021a), which is in agreement with the study of

Olah et al. in SZ95 sebocytes. Is this study, the

elevation of TNF-a, as well as IL-6 and IL-1b induced

by inflammatory stimuli, was highly prevented (Olah

et al. 2014). These results were also observed in

human ORS keratinocytes by Szabo et al. and in

HaCaT and human dermal fibroblasts by Sangiovanni

et al.. Is these studies, CBD, after treatment of the cells

with pro-inflammatory molecules, toll-like receptor

3-activator polyinosinic-polycytidylic acid and TNF-

a, respectively, effectively inhibited the release of

several IL, TNF-a and even limited the transcription

of pro-inflammatory factors by NF-jB (Szabo et al.

2020; Sangiovanni et al. 2019). However, in animal

models in which inflammation of the skin was

induced, while CBD was shown to reduce the edema

formed at doses of 1 mm and 100 mg, higher doses

had no effect (Lodzki et al. 2003; Miltner et al. 2018).

Antioxidant

CBD antioxidant properties, just like anti-inflamma-

tory ones, represent one of its main biological

activities. In addition to the inflammatory environment

present in numerous diseases, oxidative stress and its

cellular, molecular, and metabolic implications also

represent pathological mechanisms of ATD and

psoriasis, as well as alterations inherent to UV

irradiation (Luczaj et al. 2020a). Different in vivo

and in vitro studies conducted on different ker-

atinocyte cell lines and models, have demonstrated

that CBD exerts its antioxidant actions through

different mechanisms, all contributing to the decrease

of the oxidative environment and the regulation of the

redox balance (Luczaj et al. 2020b). In this way, CBD

has proven to have the ability to decrease the levels

and activity of reactive oxygen species (ROS) gener-

ating enzymes, such as NADPH oxidase and xanthine

oxidase (Atalay et al. 2020b; Wojcik et al. 2020).

Additionally, it also showed to be capable of upreg-

ulating the activity of glutathione reductase and

thioredoxin reductase, with a consequent increase in

the levels of glutathione and thioredoxin, both com-

pounds with important antioxidant activity (Biernacki

et al. 2021; Jastrzab et al. 2021). Complementing this

mechanism of decreasing ROS levels, Hamelink et al.

demonstrated that CBD also has the ability to reduce

these reactive molecules by chelating transition metals

required for their synthesis reaction (Hamelink et al.

2005). Furthermore, Jastrzab et al. and Biernacki et al.

observed that when CBD was applied to nude rats for

four weeks, this phytocannabinoid, by modulating the

ECS, led to increased levels of EC and to changes in

the expression of the receptors of which they are

agonists: CB1R, CB2R, and TRPV1. With PPAR-c
being linked to antioxidant actions when activated by

CBD and 2-AG (Biernacki et al. 2021; Jastrzab et al.

2021), CB2R is associated with anti-inflammatory

responses and CB1R with increased ROS and TNF-a
production and their consequent inflammatory

responses (Han et al. 2009), the upregulation of

PPAR-c and CB2R and downregulation of CB1R may

account for yet another mechanism for the decrease in

ROS levels (Biernacki et al. 2021). CBD has also been

shown to induce the expression of nuclear factor

erythroid-2 related factor (NRF2), which is associated

with the production of antioxidant and cytoprotective

proteins and for which CBD has shown to be an

activator (Jastrząb 2019; Casares et al. 2020). Thus, by

decreasing the production and levels of ROS and pro-

oxidant factors and by increasing molecules, recep-

tors, and enzymes that contribute to a general anti-

oxidant action in keratinocytes, CBD prevents oxida-

tive stimuli-induced alterations in membrane phos-

pholipids, such as the production of lipid peroxidation

products (Atalay et al. 2020b). In this way, CBD

contributes to preventing the formation of adducts

with proteins (Gegotek et al. 2021c), which allows for

keeping intact and functional different proteins that

are important for the maintenance of cellular home-

ostasis, such as chaperones (Atalay et al.

2021a, 2021b).

Wound healing

Wound healing is an innate process that allows a

prompt and efficient tissue damage and rehabilitation

123

Phytochem Rev (2023) 22:781–828 793



(Brownhill et al. 2021). It results from an interaction

between different cells, growth factors, and various

mediator substances and it occurs in a sequential way

that includes three main phases (Correia-Sa et al.

2020; Mascarenhas-Melo et al. 2022). After an initial

inflammation, a proliferation period follows, which

comprises granulation, tissue synthesis, re-epitheliza-

tion, and angiogenesis, with fibroblast deposition in

the extracellular matrix and keratinocyte proliferation

and migration towards the wound. Lastly, dermal

remodeling occurs, in which a reorganization of the

extracellular matrix happens to restore skin integrity

(Sangiovanni et al. 2019; Wilkinson and Hardman

2020). It is thought that the ECS also play an important

role in wound healing processes. Endocannabinoids

are present during the wound healing process in higher

concentrations than in normal skin, where they

influence skin cells proliferation and inhibit their

apoptosis (Gegotek et al. 2021b). Additionally, CB2R

is overexpressed in skin fibroblasts and macrophages

and are highly involved in re-epithelization, cell

proliferation, fibrinogenesis and in reducing the

inflammatory environment. Furthermore, as it

involves continuous interactions between immune

and non-immune cells, both releasing signaling

cytokines for inflammatory and regenerative

responses, it may have a strong influence during tissue

repair periods (Ruhl et al. 2021).

In this context, CBD is being study as a potential

new therapy molecule to accelerate wound healing.

The activity of a C. sativa L. ethanolic extract and pure

CBD on the expression of wound healing relevant

genes was evaluated. Treating HaCaT cells and human

dermal fibroblasts with TNF-a it was found that TNF-

a upregulated several genes including extracellular

matrix enzymes, pro-inflammatory molecules and

growth factors. Of the 26 genes raised in HaCaT cells,

whereas the ethanolic extract down-regulated all of

them, CBD only did it for 15. The same was observed

in human dermal fibroblasts, where of the 16 upreg-

ulated genes, CBD was only able to reverse 11. It can

be concluded that CBD has the ability to act against

pro-inflammatory mediators associated with wound

healing, favoring this process, but there are other

compounds in cannabis that act synergistically to

obtain better results (Sangiovanni et al. 2019). How-

ever, the activity of CBD in wound healing was also

observed by Zheng et al. who developed a hydrogel

containing CBD and studied its healing ability in SD

rats subjected to a surgical wound creation. Over

10 days of treatment, and compared to the non-CBD

hydrogel, faster healing was observed with a lower

percentage of the area remaining. Furthermore, the

rats’ skins were evaluated on the seventh and

fourteenth day and it was found that CBD hydrogel

led to a higher epidermis regeneration, collagen

deposition, granulation tissue development, and num-

ber of new HFLs, while decreasing the levels of

inflammatory cells. This proved the acceleration of

wound healing in vivo and what is in agreement with

the anti-inflammatory, anti-oxidant and anti-bacterial

activities of CBD (Zheng et al. 2022). Moreover, CBD

applied continuously to different children diagnosed

with epidermolysis bullosa led to a marked reduction

in blistering and its healing time, and often allowed the

suspension of analgesic medication (Chelliah et al.

2018).

Photoprotection

UV radiation comprises, not only but also, UVA and

UVB radiation, the major radiation types causing

damage to skin cells. UVA radiation, comprised

between 320 and 400 nm (Luczaj et al. 2020a),

penetrates into deep dermis causing vascular damage

and modulating fibroblasts, dendritic cells, and

immune cells metabolism (Biernacki et al. 2021). On

the other way, UVB radiation, whose radiation is

comprised between 280 and 320 nm (Luczaj et al.

2020a), reaches predominantly the epidermis affecting

its keratinocytes metabolism and molecular physiol-

ogy (Gegotek et al. 2021a) and promoting its cells to

release a variety of signaling molecules into the

bloodstream. Skin cells exposure to both radiation

types leads to an induction of an inflammatory

response by stimulating the generation of pro-inflam-

matory signaling molecules, including ROS and

reactive nitrogen species (Biernacki et al. 2021). It

also leads to the hyperproduction of lipid peroxidation

products (molecular aldehydes and isoprostanes),

labeled as one of the fastest and most reactive signals

transducers (Gegotek et al. 2021b), and the enhanced

secretion of skin neuroendocrine system products,

such b-endorphin, adrenocorticotropic hormone, cor-

ticosterone, and corticotropin-releasing hormone.

Consequently, skin structure and function are com-

promised, immune system becomes fragile and has not

the same immunological response efficiency. Skin
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cells membranes, signaling and metabolism are also

highly affected (Gegotek et al. 2021a), and macro-

molecules such as nucleic acids, lipids and proteins

undergo oxidative reactions losing their functional

structure and activity and contributing to the whole set

of dysfunctional changes (Biernacki et al. 2021).

Included in this whole set of targets and disturbances is

the ECS: not only endocannabinoids production is

diminished but also its receptors are overexpressed

(CB1R, CB2R and TRPV1). This can be explained by

the fact that CB1-CB2 heterodimers activation leads to

the activation and translocation to the nucleus of

transcription factor NRF2. In turn this will promote

different proteins expression important to skin cells

UV radiation defense. Nevertheless, this activation

and transduction process can lead to malignant

transformations when NRF2 is continuously and

deregulatory activated (Gegotek et al. 2021b).

CBD has multiple properties that make it a potential

molecule to counteract radiation damage in skin cells.

These include the capacity to reduce ROS levels,

regulate antioxidants and oxidative molecules to

optimum levels, modulate the immune system and

avoid exacerbated inflammatory responses. Its capac-

ity of reducing the oxidative stress state stems from its

regulation of ROS not only by trapping them, chelat-

ing essential metal ions or by stimulating antioxidant

enzymes involved in their metabolization (Luczaj

et al. 2020a), but also by regulating cannabinoid

receptors activity (Biernacki et al. 2021). CRL-1474

human skin fibroblasts treated with CBD after irradi-

ation with UVA and UVB underwent significant

changes in certain protein expression. CBD decreased

the levels of protein-lipid peroxidation products,

mainly 4-Hydroxy-2-nonenal (4-HNE) and malondi-

aldehyde (MDA), resulting from cell irradiation, and

consequently the levels of transporters modified by

them. It also lowered the expression of metallopro-

teinases, catabolic enzymes of the intracellular matrix.

CBD has also shown to decrease the expression of NF-

jB, breaking its pro-inflammatory pathway. Addi-

tionally, it has proven to upregulate the expression of

antioxidant enzymes involved in glutathione metabo-

lism, and of enzymes important in cell metabolism,

survival and growth, fundamental for cell protection

against UV radiation damage (Gegotek et al. 2019).

The photoprotective effect of CBD was further

supported by Luczaj et al. who studied the changes

in lipid profile of keratinocytes after exposure to UVA

and UVB radiation. If these radiations led to an

increase in phosphatidylcholines, lysophosphatidyl-

cholines, and phosphatidylethanolamines and a

decrease in SGM, concomitant treatment with CBD

resulted in significant differences in the levels of these

compounds. It caused an increase in phosphatidylser-

ines levels, demonstrating CBD’s prevention of phos-

pholipid oxidation, and phosphatidylethanolamines

levels, leading to a decrease in the effects of oxidative

stress via increased autophagy. It also induced down-

regulation of lysophosphatidylcholines, decreasing

the inflammatory environment resulting from radia-

tion. In addition, it decreased SGM levels, accompa-

nied by increased ceramide concentration, important

for maintaining an integral epidermal barrier (Luczaj

et al. 2020a). Though these effects of CBD had already

been described in skin cells, similar and interesting

results were also observed in the blood. When applied

to the skin, CBD had been absorbed into the blood-

stream, but its levels were low, due to its lipophilic

nature and tendency to accumulate in lipid mem-

branes, and were even reduced following UV expo-

sure. Similarly to its activity in fibroblasts, CBD has

been shown to increase the levels of enzymes and

antioxidant compounds and decrease the synthesis of

lipid peroxidation products. These effects have mainly

been seen on 4-HNE and MDA, and ROS, both by

activation of membrane receptors, including TRPVs

and PPAR-c, and indirectly by stimulating 2-AG

synthesis, decreasing CBIR activation and increasing

CB2R levels (Biernacki et al. 2021). Similarly, the

same results were obtained by Gegotek et al., having

further observed that CBD is able to prevent the

release of keratin into the blood, induced by radiation,

and which, by stimulating T cells, leads to widespread

inflammation (Gegotek et al. 2021a).

Antifibrotic

The fibrotic process is not a fully understood physi-

ologic but essential part of the repairing response

(Wernig et al. 2017a). Fibrotic disorders often occur

associated with autoimmune diseases, such as sclero-

derma, when there is a pathological imbalance that

leads to the abnormal accumulation of components of

the extracellular matrix in different organs and/or

tissues that are inflamed or damaged (Wynn and

Ramalingam 2012). Each fibrotic disease is thought to

have different pathophysiological mechanisms
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(Wernig et al. 2017b) and it is known that there are

several molecular and cellular mechanisms inherent to

these diseases. These mechanisms involve various

growth factors, cytokines, pro- and anti-inflammatory

proteins, and various immune cells (Tager et al. 2008;

Liu et al. 2015; Kitani et al. 2003).

Although the antifibrotic activity of CBD has not

yet been sufficiently investigated, there are already

some studies that corroborate its effects on the fibrosis

process. The administration of 20 mg/kg of CBD in

diabetic mice over 4 weeks, limited the diabetes-

induced increase in fibrosis of the myocardium. A

decrease in the expression of pro-fibrotic genes and

collagen deposition in the myocardium was also

observed (Rajesh et al. 2010). These results are in

agreement with Lee et al. who observed a significant

attenuation of the fibrosis process in the myocardium

at the time of myocardial infarction in mice. It was also

shown that this attenuation is due to a decrease of

profibrotic factors, such as IL-6 and IL-1, and to a

reduction in the transformation rate of the macro-

phages into myofibroblasts (Lee et al. 2016). Not only

in the heart but also in the lungs CBD has been shown

to reduce collagen deposition while decreasing levels

of IL-4 and IL-13 (Vuolo et al. 2019), pro-inflamma-

tory and pro-fibrotic cytokines that have been shown

to stimulate collagen fiber and fibrous connective

tissue formation (Bellini et al. 2012).

One of the fibrotic diseases that most affect the skin

is systemic sclerosis, a chronic connective tissue

disease (Bourji et al. 2015). Although CBD effects

have not been directly studied for this disease, in

addition to the fact that its antifibrotic properties may

prove to be effective in systemic sclerosis, VCE-004.3

(CBD-aminoquinone), a CBD derivative and selective

agonist of PPAR-c has shown promising results.

PPAR-c has already been shown to be associated with

antifibrotic activity, both by activating signaling

pathways that lead to decreased pro-inflammatory

cytokines (Odegaard et al. 2007) and by limiting

fibroblast activation by transforming growth factor b
(TGF-b1) (Kulkarni et al. 2011), which has profibrotic

properties (Kitani et al. 2003). In this context, it was

observed that VCE-004.3 not only led to a decrease in

TGF-b1-induced collagen synthesis in vitro, but like

in the CBD studies, attenuated the increase in the

cytokines IL-4 and IL-6 and the fibrosis in established-

skin fibrosis mice (Rio et al. 2018b). More recently, a

study showed that CBD was able to reduce BLM-

induced dermal fibrosis (Rio et al. 2022). Thus, studies

on the antifibrotic activity of CBD in systemic

sclerosis and other fibrotic diseases affecting the skin

should be carried out to directly understand the

potential of this molecule in these chronic diseases.

Antitumoral

Given the increasing prevalence of various types of

cancer throughout the world, there is an urgent

demand to find more specific, more effective, and

safer anticancer therapies. CBD has already shown

promising antitumoral activity in different types of

cancer cells via several mechanisms of action,

although not all have been fully detailed or are well

understood to date. In several in vitro and in vivo

studies of various types of cancer such as glioma

(Vaccani et al. 2005; Nabissi et al. 2015; Aparicio-

Blanco et al. 2019), breast cancer (Elbaz et al. 2015),

lung cancer (Hamad and Olsen 2021), colorectal

cancer (Yun et al. 2019), leukaemia (Olivas-Aguirre

et al. 2019; Lee et al. 2008), gastric cancer (Jeong et al.

2019) and melanoma (Junaid et al. 2022), CBD has

been shown to successfully inhibit the migration of

cancer cells (Vaccani et al. 2005; Olivas-Aguirre et al.

2019) and the progression of metastases and tumor

growth (Elbaz et al. 2015; Jeong et al. 2019). It has

also shown to induce cell death, mostly by apoptosis,

through different mechanisms, such as stimulation of

ROS production (Hamad and Olsen 2021; Lee et al.

2008) and induction of endoplasmic reticulum stress

(Yun et al. 2019), resulting in mitochondrial damage

and consequent organelle and cell dysfunction. It has

also been proven to induce cell death by suppression of

apoptosis inhibitory proteins, such as X-linked

inhibitor apoptosis (Jeong et al. 2019; Burch et al.

2021), ATP depletion (Lukhele and Motadi 2016), and

activation of autophagic processes (Olivas-Aguirre

et al. 2019).

The most frequent human tumoral disorder is skin

cancer (Xu et al. 2020) and melanoma is the malig-

nant, most aggressive, and most lethal form (Gruber

et al. 2021). Several studies have been conducted to

establish the activity of CBD on melanoma cells. In a

study using different types of human melanoma cell

lines, CBD in a concentration range of 2–10 lg/ml

was shown to reduce both cell viability and prolifer-

ation in a concentration-dependent manner, only

exhibiting toxicity to normal keratinocytes at
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concentrations much higher than required to exert the

described effects (Marzęda et al. 2022). These results

are consistent with another study in B16 mice

melanoma cells, in which CBD, although used at

much higher concentrations of 200 lg/ml, decreased

melanoma cell counts by more than 50% compared to

the positive control (from 75,000 to 30,000 cells). It

also suppressed cell growth in a concentration-depen-

dent way: higher concentrations (200 and 40 lg/ml)

showed inhibition percentages of 60% and 20%,

respectively, which was much higher than the lower

concentrations (8 and 16 lg/ml), whose results were

not relevant (Burch et al. 2021). Following these

results, Choi et. al also demonstrated that CBD

exhibits a concentration-dependent cytotoxicity in

A549 melanoma cells, when applied at concentrations

ranging from 5 to 80 lM, in a time course ranging

from 6 to 36 h. This lead to a decrease in the number of

viable cells from 100 to 20%, from the lowest to the

highest concentration (Choi et al. 2008). Furthermore,

CBD and THC, when co-administered in a 1:1 ratio of

1 lM THC and 1 lM CBD, showed a much higher

reduction in the cell viability of different melanoma

cell lines than that obtained with an equivalent

concentration of THC. Additionally, they were also

shown to inhibit the growth of CHL-1 xenografts

tumors in a higher way. Compared to the in vitro

results of THC, CBD administered with relatively low

doses of THC boosts its anti-tumoral activity (Arm-

strong et al. 2015). To support CBD’s antitumoral

activity, in human skin keratinocytes transformed with

HPV-16 E6/E7, CBD led to keratinocyte proliferation

inhibition with an IC50 value lower than any of the

IC50 presented by the other phytocannabinoids tested

(Wilkinson and Williamson 2007).

Dermopharmaceutical delivery systems

of cannabidiol

Topical formulations offer numerous advantages, such

as the possibility of exerting a local drug effect,

frequently associated with low toxicity and no or few

systemic side effects. They also allow the use of lower

drug dosages and longer administration intervals,

enabling the immediate interruption of administration

when necessary. Moreover, topical administration is a

non-invasive and more comfortable route, potentially

increasing patient compliance and ramp up the

probability of a higher therapeutic success rate

(Lodzki et al. 2003; Radwan-Pragłowska et al.

2021). However, topical administration of CBD

presents some challenges, not only due to its physic-

ochemical characteristics, but also on account of the

efficient barrier function of human skin (Lodzki et al.

2003). On the one hand, if CBD delivery has the

problem of being high lipophilic and having a poor

solubility (Momekova et al. 2021). Additionally,

dermatological application has its own formulation

challenges, mainly if the intention of the preparation is

its delivery into the dermis or deeper epidermis (or

even for systemic delivery). The stratum corneum

forms a strong barrier and just a few molecules can

pass through it, mainly those whose logP is between 1

and 3, have a low molecular weight, below 500 Da, a

solubility that supports a high membrane concentra-

tion gradient, and a low melting point (less than

200 �C) (Vanti et al. 2021; Kim et al. 2020). Consid-

ering these requirements, CBD presents many chal-

lenges when it comes to use in topical formulations,

especially with regard to CBD’s extreme lipophilicity

(LogP = 5.79), that may lead to its accumulation in the

sebaceous glands, forming depots in the stratum

corneum, as it tends to penetrate through the transfol-

licular route.

In the past years, efforts are being made to develop

CBD dermopharmaceutical delivery systems and

strategies to improve its skin biological properties

and therapeutic potentials. These strategies have

included the use of polyssacharides (Momekova

et al. 2021) permeation enhancers (Paudel et al.

2010), different nanoparticles (NPs) formulations

(Momekova et al. 2021), nanometric emulsions (Vanti

et al. 2021; Park et al. 2021) and cryogels (Momekova

et al. 2020, 2021; Heussler et al. 2019).

Conventional semi-solid formulations

Despite all the technological and biomedical advances

that have been achieved in recent decades, many of the

formulations used today are conventional, only

improved and adjusted to enhance certain organolep-

tic, pharmacokinetic, pharmacological or toxicologi-

cal characteristics. Of the various semi-solid

formulations suitable for skin application, different

forms of gels have undergone particular attention with

regard to the cutaneous delivery of CBD (Table 2).

Hydrogels have been studied and developed as topical
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drug delivery systems (Wang et al. 2020), many of

which with the aim of prolonging drug release and

thereby extending drug action over time (Namazi and

Heydari 2014). Several advantages are highlighted,

such as having a structure similar to the extracellular

matrix (Li et al. 2018; Qu et al. 2018), low toxicity,

little effect on drug biological properties, and a

straightforward preparation method (Wang et al.

2020). However, some technological challenges are

ascribed to these systems, such as their weakly

functional mechanical properties (Li et al. 2018; Qu

et al. 2018), and the impairment to control the release

of hydrophobic molecules with low molecular weight,

as CBD (Koshy et al. 2018; Pacelli et al. 2021).

A CBD gel in ethanol 72.5% w/w has exhibited

excellent results in Sprague–Dawley rats, since

plasma CBD concentrations showed linear pharma-

cokinetic profiles for the lowest CBD doses studied, as

high as 6.2 mg/day. Additionally, it also showed

promise in terms of its ability to decrease induced

inflammation, both regarding swelling, immune cell

infiltration and reduction in the levels of pro-inflam-

matory molecules, such as calcitonin gene-related

protein and TNF-a (Hammell et al. 2016). Thus, this

CBD gel shows potential application in several

inflammatory diseases or with a strong inflammatory

component, such as seborrheic dermatitis, scalp pru-

ritus, common dermatoses, psoriasis, and ATD.

Satisfactory results were also obtained with an

alginate-based CBD hydrogel containing zinc. This

formulation showed good rheological properties,

ensuring its integrity during the application, and a

CBD release rate proportional to its concentration,

reaching the plateau after 24 h (Fig. 4). The hydrogel

also proved to have excellent antioxidant, antibacte-

rial, anti-inflammatory and angiogenic activities.

Compared to an alginate and zinc hydrogel without

CBD, it showed higher ROS scavenging and a lower

E. coli colony count than the other groups. It also led to

a significant decrease of TNF-a, IL-6 and IL-1b levels,

Table 2 Summary of research studies on cannabidiol conventional semi-solid formulations

Formulation Dosage

form

Composition Swelling

degree

(St)

Release profile Skin

bioactivities

Ref

72.5% w/w

ethanol CBD

gel

Gel Cannabidiol

Ethanol

72,5% w/w

Nanopure

water

Isopropyl

myristate

Carbopol�

980

Sodium

hydroxide

(0.1 N)

N/A N/A Anti-

inflammatory

Hammell

et al.

2016)

CBD containing

alginate-based

hydrogel

Gel Cannabidiol

Sodium

alginate

Absolute

ethanol

Deionized

water

Zinc sulfate

solution

(0.1 mol/

L)

35–50 Release almost reached a plateau after 24 h

with high release rates which rise with the

increasing amount of CBD

Antioxidant

Anti-

inflammatory

Antibacterial

Angiogenic

Zheng

et al.

2022)
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Fig. 4 a Schematic representation of a CBD alginate and zinc

based hydrogel formulated for wound healing owing to its

antioxidant, antibacterial, anti-inflammatory and angiogenic

properties; b Release profile curves of cannabidiol from the

different formulated hydrogels; c Macroscopic photographs of

skin wounds of the control group and of the groups treated with

the 3 M wound dressing, the pure hydrogel and the CBD

containing hydrogel; d Wound healing rate analyzed in terms of

percentage of remaining wound area over a 14-day period

(Adapted from (Zheng et al. 2022))
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with the levels of IL-6 and IL-1b dropping below those

of the control group. With regard to the expression of

vascular endothelial growth factor and epidermal

growth factor like domain multiple 6 (biomarkers of

angiogenesis), both alginate and zinc hydrogels, with

and without CBD, were shown to increase their

expression, but little or no significant difference was

observed between them. The truth is that zinc is a

cofactor ion of multiple enzymes and has, by itself,

antibacterial activity, besides promoting angiogenesis,

which explains the excellent results obtained. Hence,

these results arose from the synergistic activity of

CBD with zinc, and the fact that the presence of CBD

did not influence the values of angiogenic markers

expression. The CBD hydrogel also showed a higher

amount of granulation tissue and collagen deposition,

together with a decrease in the amount of inflamma-

tory cells, which makes it a promising candidate for

wound treatment. Thus, this hydrogel presents wound-

healing potential, as was later observed in in vivo in

SD rats. In these studies, the reduction of the wound

area previously created by surgery was much faster

with CBD hydrogel, having, on the 10th day presented

a remaining wound area of 13.72% (unlike the alginate

and zinc hydrogel, the positive control and the

negative control, which exhibited, respectively, areas

of 17.08%, 25.84% and 34.33%) (Zheng et al. 2022).

Furthermore, due to the excellent results presented

with regard to this hydrogel’s antibacterial, antioxi-

dant and anti-inflammatory activities, its application

for the treatment of epidermolysis bullosa, where

chronic wounds are an impacting factor (Chelliah et al.

2018), may be effective. It may also be effective for

the treatment of acne, which, being a multifactorial

disease, encompasses inflammatory, oxidative and

bacterial factors (Shi et al. 2015),.

Another study evaluated the influence of different

vehicles in semi-solid formulations on CBD perme-

ation through the skin (Table 3). In this study CBD-

enriched Cannabis sativa seed oil was added to one

hydrophobic ointment, G1, and three hydrophilic gels

with different compositions, G2, G3 and G4. Using

human epidermis as a membrane in Franz diffusion

cells, it was observed that G4, to which glycerin was

Table 3 Formulations composition (G1-G4) and respective in vitro CBD skin permeation results (steady-state flux (J), cumulative

permeated amount at 24 h (Qp24), retained amount at 24 h (Qr24) and Qr24/J ratio) (Adapted from: (Curcio et al. 2021))

Formulation Composition Steady-state

flux

(J) (lg/h/cm2)

Cumulative amount (Qp24) (lg/

cm2)

Relative amount (Qr24) (lg/

cm2)

Qr24/

J

G1 Liquid paraffin

White petrolatum

Cetostearyl

alcohol

PEG 1000

0.32 ± 0.06 7.63 ± 1.25 8.20 ± 1.46 25.63

G2 Purified water

PPG

Carbomer

0.96 ± 0.17 22.57 ± 2.97 14.45 ± 4.02 15.05

G3 Purified water

Carbomer

Phenoxyethanol

Caprylyl glycol

Decylene glycol

1.28 ± 0.33 26.13 ± 7.24 35.21 ± 7.23 27.5

G4 Purified water

Carbomer

Phenoxyethanol

Caprylyl glycol

Decylene glycol

Glycerine

1.96 ± 0.34 90.81 ± 29.20 53.64 ± 8.37 27.36
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additionally incorporated, demonstrated the best

results regarding the amount of CBD retained and

accumulated, 53.64 ± 8.37 and 90.81 ± 29.20 lg/

cm2, respectively. This happened mainly in the upper

layers of the skin, given the high value of Qr24/J. Thus,

G4 is suitable for future in vivo studies in patients with

a wide range of skin pathologies, as it shows an

excellent CBD permeation and retention profile, such

as it is desired for the treatment of so many skin

disorders (Curcio et al. 2021).

Conventional semi-solid formulations containing

penetration enhancers

Penetration enhancers, by interacting with different

skin structure components and by modifying skin

arrangement, may enhance CBD’s absorption and

diffusion through the different skin cells and layers

(Vanti et al. 2021) (Table 4). Chemical enhancers alter

skin resistance either by reversible stratum corneum

lipid disposition or by increasing its lipid solubility.

Transcutol, isopropyl myristate, and oleic acid were

chosen to study their effectiveness in enhancing the

permeation of 5% CBD in propylene glycol (PPG) in

an in vitro study using human skin. In a 24 h period

40% w/w Transcutol in PPG did not lead to a

considerable increase difference in the amount of

CBD’s delivered compared to the control group (26.29

and 29.03 lg/cm2, respectively), probably due to the

PPG similar permeation enhancing property. Addi-

tionally, 10% CBD in 10% w/w isopropyl myristate in

PPG only resulted in a delivery of 5.92 lg/cm2.

Nevertheless, a 5% CBD in 5% w/w oleic acid in PPG

led to a considerable increase of CBD’s permeation

Table 4 Summary of research studies on cannabidiol conventional semi-solid formulations containing penetration enhancers

Formulation Dosage

form

Composition Penetration

enhancer

Average

cumulative CBD

amount (lg/

cm2)

Average

flux (lg/

cm2/h)

Skin

bioactivities

Ref

CBD in PPG (5% w/w)

with transcutol, isopropyl

myristate or oleic acid

Solution Cannabidiol

PPG

Transcutol�

Super Refined
TM

Oleic Acid NF

Crodamol
TM

IPM

(isopropyl

myristate)

Transcutol� 26.29 ± 0.57

(24 h)

1.66 ± 0.12 N/A Junaid

et al.

2022)Isopropyl

myristate

5.92 ± 0.5

(24 h)

0.40 ± 0.03

Oleic Acid 67.54 ± 0.30

(24 h)

3.34 ± 0.10

CBD gel containing

Transcutol�

(6% v/v)

Gel Cannabidiol

80:20

PPG:nanopure

water solution

Transcutol HP

(6% v/v)

HEC

Transcutol� N/A N/A N/A Paudel

et al.

2010)

CBD gel

(10% w/w) formulated with

LA, PEG-400, NMP and/

or DMSO

Gel Cannabidiol

DMSO

NMP

PEG 400

LA

Oleic Acid

Isopropyl

myristate

Hydroxyethyl

cellulose

LA 313.41 ± 64.53

(72 h)

6.80 ± 1.40 Anti-

inflamatory

Salau

et al.

2022)PEG-400 74.00 ± 26.36

(72 h)

1.62 ± 0.57

NMP 72.76 ± 15.58

(72 h)

1.57 ± 0.34

DMSO 32.61 ± 14.67

(72 h)

0.71 ± 0.32
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with a delivery of 67.54 lg/cm2, at a faster rate and

with a lower lag time. Furthermore, oleic acid showed

to deliver a higher amount of CBD in both epidermis

and dermis, 155.95 and 31.05 lg/cm2 respectively,

compared to both the Transcutol and isopropyl

myristate groups. Hence, oleic acid seems to be the

most efficient penetration enhancer of 5% CBD w/w in

PPG, apart from delivering the best results in terms of

CBD delivery to the epidermis, the desired location for

the treatment of various dermatological conditions,

such as ATD and psoriasis (Junaid et al. 2022).

However, other transdermal studies have shown

different and satisfactory results with other penetra-

tion enhancers. A study in hairless guinea pigs (the

most appropriate alternative to the human skin in

in vitro studies due to similar cannabinoids perme-

ability results) has demonstrated that, by using Tran-

scutol as a penetration enhancer at 6% (v/v) in a CBD

transdermal gel formulation, pharmacokinetic param-

eters had a noteworthy improvement and an enhance-

ment factor of 3.7. A flux increase was also observed,

compared to the same formulation without the pene-

tration enhancer, 14.81 nmol/cm2/h and 6.13 nmol/

cm2/h, respectively (Paudel et al. 2010). The truth is

that N-methyl-2-pyrrolidone (NMP), lactic acid (LA),

and dimethyl sulfoxide (DMSO) also achieved highly

satisfactory results with regard to the improvement of

transdermal permeation of CBD gels. All of them led

to a consistent increase in average CBD flux, up to

values of 13.26 lg/cm2/h, and to a higher cumulative

CBD permeation, having even reached 610.86 lg/

cm2. Besides having improved the abovementioned

parameters, the anti-inflammatory property of the

corresponding gels has been further investigated. In

Sprague Dawley rats in which a carrageenan paw

edema was induced, it was reported that the edema rate

of the CBD gel, compared to the control group where

no treatment was provided, was 3.92 times lower after

one day of CBD application. The proven anti-inflam-

matory potential of these CBD gels makes them

promising study targets for CBD treatments in several

skin diseases, such as ATD. It also shows potential in

UV-irradiated skins, in which several inflammatory

signaling cascades are triggered. Nevertheless,

although chemical penetration enhancer shows

promising results regarding the optimization of der-

matological formulations and are worthy of further

study in the future, some concerns stand out with

regard to the high incidence of adverse effects (Salau

et al. 2022).

Cannabidiol-loaded nanosized delivery systems

Nanotechnology has revolutionized various fields of

science and has had a considerable impact on medicine

and the pharmaceutical industry in the past years. By

working with compounds at the nanoscale, it can

develop and manipulate NPs with a considerably

larger surface area, lower binding energy, and much

higher reactivity than the traditional materials. NPs

have been studied as an effective formulation strategy

to deliver lipophilic drugs, such as CBD, to the skin.

This is mainly due to the fact that they tend to

concentrate in HFLs and follow the intercellular route,

and thus they may be developed to have a controlled

and prolonged release of the drug at the targets sites

(Josiah et al. 2021) (Table 5). Thus, a strategy that has

already shown excellent results with regard to admin-

istration by other administration routes, such as oral

(Wang et al. 2022), intravenous (Liu et al. 2022), nasal

(Matarazzo et al. 2021), ocular (Sosnik et al. 2021) and

intraperitoneal (Fraguas-Sanchez et al. 2020) is CBD

encapsulation.

Modification of hydrogels becomes necessary in

these situations to achieve a controlled release of

CBD. In line with this, Momekova et al. developed a

hydrogel based on 2-hydroxyethyl cellulose (HEC)

and beta-cyclodextrin (b-CD) into which CBD was

subsequently incorporated (Fig. 5). By forming a

macroporous structure these polysaccharides allow a

higher CBD loading, which is partly adsorbed in the

cavities of the b-CD, and the other part remains

embedded in the inner surface. Thus, the CBD release

occurs in a biphasic way, with a burst release of 50%

of the loaded CBD in the first 3 h and, afterwards, a

sustained release of the remaining amount. The

opposite happens with the equivalent pure HEC

hydrogel, unmodified by b-CD, which leads to a burst

release of 96% of the CBD in the first 6 h. Although

this gel led to a decrease of the antiproliferative effect

of CBD compared to an ethanolic CBD solution, this

delivery system does not counteract the biological

activities of CBD. Moreover, by presenting a good

biocompatibility, enabling the incorporation of a large

amount of CBD and leading to its biphasic release, this

modified hydrogel may be beneficial for melanoma

treatment. It will expose malignant cells to a large and
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rapid initial amount of CBD, and allow them to remain

subject to its antitumoral activity for a longer period of

time (Momekova et al. 2021).

Polymeric NPs have been showing great and

interesting results as skin delivery systems to improve

the bioavailability of the different compounds, either

by enhancing drug absorption/penetration and pre-

venting early drug degradation, or as a method to

control drug release (Abdel-Hafez et al. 2018; Pires

et al. 2023). This has been observed in studies

including vitamin A and octyl methoxycinnamate.

Depending on the physical–chemical properties and

structural characteristics, the different Polymeric NPs

are capable of both achieving controlled drug release

and allowing and prolonging the permanence of the

formulation on the skin surface. This is done without

compromising drug diffusion and delivery to the

deeper layers (Alvarez-Roman et al. 2001, 2004; Mao

et al. 2017), at the same time that they may reduce

active ingredients toxicity. In this way, the application

of encapsulated CBD to the skin was also subject of

some studies. Polymeric NPs made of ethyl cellulose

were developed using a non-surfactant compound.

The main purposes were to, while preventing NPs

aggregation, avoid the solubilization of CBD and thus

the encapsulation efficiency (EE) decrease, and reduce

the NPs’ size by decreasing the polymeric surface

tension. Compared to solutions of different CBD

concentrations, CBD ethyl cellulose NPs showed less

toxicity up to CBD concentrations of 500 lg/1012

NPs. Furthermore, they have demonstrated an efficient

CBD cellular uptake in HaCaT cells, proportional to

the amount of CBD incorporated into the NPs added to

the culture medium. It was further observed that the

application of high concentrations of CBD, as high as

859 lg CBD/1012 NPs, despite leading to a lower

viability of HaCaT cells, show good anti-proliferative

effects. This could be beneficial in the treatment of

both melanoma, by preventing the proliferation of

malignant cells, and psoriasis, by attenuating the

excessive proliferation of epidermal keratinocytes

(Zamansky et al. 2021). Likewise, when CBD was

encapsulated in polymeric micelles and incorporated

into a HEC-based cryogel, it showed a more constant

and slower release over 24 h. A pure HEC cryogel,

used for comparison purposes, after a burst release of

approximately 50% of the CBD, completed the release

of CBD in 8 h. Such observations arise from the fact

that in pure cryogel the CBD is embedded in the

numerous macro-pores, and thus susceptible to a rapid

dissolution when it is incorporated in polymeric

micelles. As these remain within the cryogel matrix,

CBD, to be dissolved, must first be released from the

micelles and then diffuse into the medium, making the

process slower and more progressive. The preserva-

tion of CBD antitumoral activity in an in vitro study on

MJ cells (cutaneous T-cell lymphoma, Mycosis fun-

goides) has also been observed. Hence, together with

the fact that it is provided its sustainable release, this

cryogel might be a potential topical delivery system

for the treatment of melanoma (Momekova et al.

2020).

Otherwise, one of the polymers showing a promis-

ing bright future for the development of novel and

functional transdermal delivery systems is chitosan. It

leads to no toxicity for skin cells, has intrinsic

biological properties and the capacity of mucoadhe-

sion, and leads to interaction with cellular membranes.

This will lead to increased permeability and thus

improved delivery of different compounds (Abdel-

Hafez et al. 2018). Additionally, chitosan tends to

form dense structured transdermal delivery systems

capable of not only enhancing the effective incorpo-

ration of active substances, but also of controlling their

release performance (Radwan-Pragłowska et al.

2021). A study involving the use of chitosan and

collagen (CH/CL) NPs to stabilize pickering emul-

sions, formulated with olive oil and liquid paraffin, has

shown that CH/CL NPs have the ability to improve

CBD stability, EE, and skin penetration (Fig. 6). The

percentage of CBD proved to be 99.45% after

5 months, whereas what was expected according to

several CBD products on the market is a relatively fast

degradation. Additionally, due to the formation of

consistent oil droplets wall by the CH/CL NPs, the

efficiency of CBD encapsulation has presented excel-

lent values, all above 99%, thus allowing to effectively

protect and encapsulate CBD. Moreover, pickering

emulsions formulated with these NPs have been

shown to improve the topical administration of this

compound (Sharkawy et al. 2021), compared to

solutions of 1% (w/w) CBD in liquid paraffin and

olive oil, in a study performed to investigate the

impact of the vehicle characteristics in the whole

process of skin permeation. While the application of

the solutions in the skin has led to an amount of CBD

retained in the skin of 15.15 lg/cm2 for liquid paraffin

and 6.45 lg/cm2 for olive oil after 24 h (Casiraghi
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et al. 2020), the new pickering emulsions have been

shown to significantly increase the amount of CBD

delivered to the skin, with results of 143.98 and

158 lg/cm2 for olive oil and 97.26 and 80.16 lg/cm2

for liquid paraffin. This can be justified through the

ability of these PEs to change the order of the stratum

corneum lipid components, and, thus, increase its

fluidity with the consequent improvement of CBD

penetration (Sharkawy et al. 2021). Sharkawy et al.

corroborated the results obtained for pickering emul-

sions stabilized with chitosan NPs. They attempted to

understand the influence of the degree of deacetylation

(DOD) of the chitosan used in chitosan and gum arabic

NPs on the stabilization of these formulations. They

noticed that high DOD NPs not only showed higher

hydrophobicity, but also better emulsification proper-

ties. Moreover, regarding the formulation of pickering

emulsions, these NPs, by leading to the formation of a

larger number of particles and, consequently, with a

lower average droplet size, allowed a higher EE of

CBD. They also allowed a higher emulsion stability,

presenting a less pronounced increase in droplet size

and showing no phase separation after a 60-day

storage. The presence of these NPs in pickering

emulsions was shown to promote the accumulation of

3.07% and 1.23% of the applied CBD in the stratum

corneum and in the viable epidermis and dermis,

respectively (Sharkawy et al. 2022), which are optimal

concentrations for its use in cosmetics (Casiraghi et al.

2020). This absorption of CBD in the stratum corneum

allows it to act as a reservoir, promoting subsequent

prolonged release into the deeper layers of the skin

(Sharkawy et al. 2022).

Another study showed that the modification of a

hydrogel with chitosan and zinc oxide (ZnO) NPs

significantly improved its characteristics to allow a

controlled and prolonged release of CBD (Fig. 7).

Furthermore, the functionalized hydrogel was porous,

had a rougher surface, and improved the tensile

strength. This allowed good water absorption, as

desired for transdermal patches, but also better

adhesion to the skin and higher durability. NPs has a

large and specific surface area that allows them to have

excellent sorption properties. In this way, the modified

hydrogels were able to incorporate a higher amount of

drug, about 90 mg/g vs 200 mg/g, pure and modified

gel, respectively. Additionally, they released, and for a

longer period, a minimum of 80% CBD, having even

reached 100%, unlike the hydrogel which exhibited a

maximum release of merely 60% and at a much higher

rate (Radwan-Pragłowska et al. 2021).

Also, ethosomes, nanosized malleable vesicles

made up of water, phospholipids, and ethanol, have

also proved to be potential skin delivery systems.

Ethanol fluidizes the lipids of the stratum corneum,

reducing the integrity of the barrier that it represents,

and improves the malleability of the vesicles (Bodade

et al. 2013), contributing to an increase in the

percutaneous delivery of hydro- or lipophilic mole-

cules (Niu et al. 2019). In nude mice, a transdermal 3%

w/w CBD ethosomal system led to the accumulation

of CBD in the skin, crucial for the local treatment of

several skin diseases. It also led to its identification in

some internal organs, such as muscle, the liver, and the

pancreas, after 24 h of application, as well as in

plasma during a 72 h of application. Moreover, it has

also shown to efficiently prevent the localized acute

inflammatory reaction induced by carrageenan, which

suggests that its use for treating several inflammatory

diseases, particularly seborrheic dermatitis, acne,

ATD and psoriasis, can be particularly beneficial

(Lodzki et al. 2003).

Likewise, also nanometric emulsions have gained

significant recognition owing to their physicochemi-

cal, thermodynamic, and organoleptic characteristics.

They can be defined as a thermodynamically stable,

transparent, single-phase oil–water mixture with

nanosized particles. By having a lipid domain, they

are able to interact with and penetrate the stratum

corneum and maintain lipophilic compounds solubi-

lized, contributing to its permeation and bioavailabil-

ity. Also, by offering a huge surface area, they add to a

large area of absorption of the active compounds

(Vanti et al. 2021). The combination and concentra-

tions of surfactant, cosurfactant and oil phase must be

bFig. 5 a Schematic representation of HEC/b-CD polymeric

network and CBD-bCD complex; b Scanning electron

microscopy analysis of CBD-loaded and pure HEC/bCD

cryogels showing the surface difference of each sample as a

consequence of the CBD particles absorption on the inner

cryogel surface c Influence of HEC/bCD mass on the swelling

degree of cryogels d In vitro CBD release profile of CBD-loaded

HEC and HEC/bCD cryogels in acetate buffer (pH 5. 5);

e Antitumoral activity of CBD in pure HEC and HEC/bCD

cryogels on human tumor cell line Cutaneous T-cell lymphoma,

CTCL-Cesary syndrome (HUT-78) (Adapted from (Momekova

et al. 2021))
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Fig. 6 a Schematic representation of the preparation process of

CH/CL NPs and the subsequent CBD-loaded pickering emul-

sion; b Photographs of all the different pickering emulsions at

the moment of preparation and after a 30 days storage, whose

creaming indexes (CI%) are respectively registered, and visual

appearance of pickering emulsion 1 stored for 5 months;

c Obtained optical microscopy images of fresh pickering

emulsion 1 and after a storage of 5 months; d Comparison of

the pickering emulsion droplet size distribution of fresh and

stored formulations; e Amount of CBD that penetrated through

each of the skin layers and into the receptor fluid after 24 h for

all the formulated pickering emulsions (Adapted from

(Sharkawy et al. 2021))
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studied and adjusted to each compound to obtain the

most appropriate results in terms of physicochemical

properties, particle size, pH, stability, and skin

permeation (Park et al. 2021). This must be done in

order to optimize nanometric emulsions’ advantages,

such as the possibility of little cutaneous irritation,

great thermodynamic stability and the facility and

reproducibility of its production (Vanti et al. 2021).

Cannabinoid-loaded nanometric emulsions have been

studied as delivery systems capable of improving

cannabinoids’ stability and their delivery through the

skin. NPs size in nanometric emulsions is one of the

major factors influencing the flux through the skin.

Additionally, the weight ratio of surfactant-cosurfac-

tant and the nanometric emulsions pH, have a brutal

impact on their diffusion through the skin, suitability

for skin application and on their stability (Park et al.

2021). Lewińska and its colleagues developed a

nanometric oil-in-water (O/W) emulsion stabilized

with polyethylene glycol (PEG) sorbitan monooleate

and surfactin. The use of PEG enables an improvement

in the solubility of CBD and to obtain a smaller

particle size. Nevertheless, when used alone, it turned

out the pH was too low and not compatible for

application on the skin. In turn, surfactin shifts the

formulations pH to neutral, making it more compatible

and safer for the skin. Furthermore, as it has polar

compounds, it increases the zeta potential in the

interfacial film, which, by acting as a stabilizing

barrier, prevents the aggregation of particles and thus

improves stability. It is the combination of both

surface active agents in equal amounts, but at specific

concentrations, that presents the most satisfactory

results, in terms of polydispersity index, with optimum

values of 0.3 and toxicity, showing no cytotoxicity in

in vitro studies in human normal dermal fibroblasts

and HaCaT cells. It also gave origin to optimum

stability, with no phase separation, creaming or

particle size change being observed during the 30

observation days. When studying the in vivo human

skin response to the developed CBD nanometric

emulsion, they observed an improved hydration status,

mainly in zone U, but also in zone T. This makes it not

only an interesting formulation for cosmetic applica-

tion, but also a delivery system that should be studied

in the treatment of various skin diseases, including

ATD and acne (Lewińska 2021). Also in a different

study, and compared to a cannabis ethanol extract

(positive control), the lowest mean droplet size of

cannabinoid-loaded nanometric emulsions of THCA

and CBDA (89.62 nm for THCA and 84.72 nm for

CBDA) showed a flux increase of approximately 17-

and 12-fold, respectively. Also, pH-adjusted nano-

metric emulsions enhanced CBDs formulation stabil-

ity, as they have been shown to decompose more

slowly than the positive control (Park et al. 2021).

Despite all the mentioned CBD-nanometric emul-

sions advantages, among their disadvantages for skin

delivery is its low viscosity, not being the most

suitable for application in the skin since it is advan-

tageous an to have an adequate retention of the product

in the skin (Benigni et al. 2018). For this reason, the

development of a nanoemulgel (NEG) was carried out

in order to improve the physical–chemical, sensory,

dermatological, and organoleptic characteristics

(Fig. 8). In terms of viscosity, NEG has demonstrated

to have a similar viscosity to that of a CBD-gel,

439,000 vs 518,500 mPa.s, respectively. Neverthe-

less, it proved to be a more stable formulation by

presenting a decrease of viscosity at high rotational

speed slower than the gel, and similar viscosity values

in the up and down ramp (392,000 and

390,000 mPa.s), unlike the gel (628,000 and

595,000 mPa.s). Furthermore, CBD-NEG has also

shown a prolonged and controlled release and absorp-

tion, with a consequent smaller amount of active

ingredient diffusion to the acceptor compartment, in a

24 h in vitro release test (89.96 lg/cm2), compared to

the conventional CBD-gel (128.13 lg/cm2). It also

showed much slower CBD release, showed by the 3 h

extra necessary to detect CBD in the acceptor

compartment, by the 67% lower amount of CBD that

permeated the skin after 24 h, and by the half amount

of drug absorbed and accumulated in the skin at the

end of the study. These results demonstrated that the

NEG has characteristics that make it possible to

associate the retention of CBD in the skin, while

avoiding its transdermal delivery, like is desired for

the local treatment of various skin conditions (Vanti

et al. 2021). Although nanometric emulsions studies

were conducted with cannabis ethanolic extracts rich

in tetrahydrocannabinolic acid and CBDA, some

conclusions possibly may be drawn for CBD-loaded

nanometric emulsions based on the obtained results.

This is due to the fact that CBD is a compound

structurally similar to CBDA, even though further

studies may be carried out in order to conclude about

the formulation of CBD-loaded nanometric
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emulsions. Accordingly, formulation of CBD in

nanometric emulsions or NEG, depending on the

intended objectives of the formulation and the

condition to be treated, may represent a bright future

for CBD delivery systems, not only by improving

Fig. 7 a Pathway of preparation of chitosan/zinc oxide (ZnO)

NPs transdermal delivery system and delivery of CBD to the

skin; b Morphology of swollen pure hydrogel and swollen CBD-

loaded hydrogel modified with ZnO NPs; c Swelling degree and

percent porosity of pure hydrogels and chitosan-modified

hydrogels formulated with different amounts of ZnO NPs;

d Drug loading capacity of the various formulated samples;

e CBD release profile for the various hydrogels modified with

chitosan and different concentrations of ZnO NPs, under sink

conditions, for 6 days (Adapted from (Radwan-Pragłowska

et al. 2021))
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several properties but also by increasing safety and

reproducibility.

Marketed cannabidiol-containing dermatological

formulations

In recent years, CBD has been one of the main trends

in the world of cosmetics. According to Future Market

Insights’ report ‘‘CBD Skin Care Market Overview

(2022–2028)’’, it is estimated that by 2022 the global

sales of CBD-based skin care products will reach US$

2,359.5 Mn and it is predicted that by 2028 this market

will experience a 28% growth (Insights and Overview

2022). Among the several commercialized cosmetic

products containing CBD in their composition, the

most notable are creams, lotions, balms oils and

serums (Table 6). Although the CBD strength may be

below the therapeutic window in some cases, or even

not disclosed in other cases, there have been an

increasing number of new products coming out with

the most diverse and innovative formulations. These

include claims as potential adjuvants in skin hydration,

anti-ageing, photoprotection, acne and modulation of

Fig. 8 a The process steps for formulating a nanoemulsion and

a nanoemulgel and the subsequent loading with CBD; b Scan-

ning Electron Microscope images of CBD-nanoemulsion

(A) and CBD-nanoemulgel (B); c CBD release profile from

the CBD-nanoemulgel (CBD-MEgel) and CBD-gel over 24 h;

d Variation of average droplet size and polydispersity index

(PdI) of CBD-nanoemulgel over a 3-month period (Adapted

from (Vanti et al. 2021))
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hair growth on account of their anti-inflammatory,

moisturizing, antioxidant, sebostatic and healing

properties (Jhawar et al. 2019).

The ongoing formulation development containing

CBD and other compounds with attractive and syner-

getic biological activities aims to bring to fruition

promising products for different skin conditions and

skin types. Of the different ingredients used, essential

oils such as jojoba, lavender, bergamot and jasmine

oils stand out. Other non-CBD ingredients have also

shown relevance, such as coconut oil, olive oil,

sunflower oil, shea butter and Aloe vera gel. One

company that is worth mentioning is Lula
TM

, which

combined CBD with Butyrospermum parkii (shea

butter) and different essential oils, including, among

others, lavender, bitter orange, bergamot, lemon,

jasmine and rosemary in one of its lotions, the hand

and body lotion, and which has yet developed potion

serum by using a wide range of essential oils (Gleason-

Allured et al. 2022). Another company is Saint Jane�,

which formulated luxury beauty serum allying CBD to

sunflower seeds oil (Helianthus annuus), shea butter

and yet several essential oils, such as rosehip, jojoba,

rose and rosemary (Xue 2022). On the other had, the

company Chantecaille� bet on Aloe barbadensis leaf

juice, olive oil, shea butter and sunflower oil properties

to optimize CBD 300 face and body cream (Behrens

2022). Moreover, a different company, Deawy�,

added, in addition to CBD and shea butter, coconut

oil to becalm burn balm (Elitou 2020).

Furthermore, there are several products containing

different vitamins that have already been launched on

the market, such as: the C-drops, by Saint Jane�, and

vitamin C and CBD skin elixir, by Botanika Life
TM

,

with vitamin C (Xue 2022; Schlabach 2022); and CBD

body lotion, by Lazarus Naturals
TM

, beyond balm, by

Lula
TM

, and calm, by Calm by Wellness Hemp�, with

vitamin E (Gleason-Allured et al. 2022; Davenport

2022). In turn, Envy CBD� has not bet on the

application of only one type of vitamin, but on the

combination of vitamins E, C and B5 to develop CBD

Face Cream. The truth is that other common and

highly sought-after ingredients in the dermocosmetic

industry, such as hyaluronic acid, retinol, resveratrol

and squalene have been added to CBD-based products.

The proof of this are: acid mantle repair and line refine

by Lord Jones
TM

; CBD face crème, by Green Gorilla
TM

,

which has in its composition the coenzyme Q10

(ubiquinone), resveratrol and vitamin E (Davenport

2022); and the unblemished ? salicylic acid acne

treatment, which Botanika Life
TM

formulated contain-

ing, in addition to salicylic acid, hyaluronic acid,

allantoin, squalene and vitamins E and C (Schlabach

2022).

Given the CBD’s potential to modulate hair growth,

CBD shampoos and serums and other hair and scalp

products are now available and gaining popularity. Of

particular interest is Vagemour’s GRO ? advanced

hair serum which, by microencapsulating CBD and

using mung bean, red clover, curcumin and Nicotiana

benthamiana extracts, claims to strengthen hair roots

and increase hair volume, density, and thickness

(Latimer 2022). Another interesting product is Can-

nabae soothing shampoo, developed by Sexyhair�

containing 99% pure CBD and cold-pressed avocado

and macadamia oil, as a revitalizing and repairing

shampoo for damaged hair and as a scalp moisturizer

(Scianna 2022).

Despite the huge growth that the CBD market has

undergone and the popularity that these products have

achieved in recent decades, it should be borne in mind

that there are also CBD products that remain on the

market and whose efficacy, safety and quality have not

been subjected to any kind of control, potentially

carrying significant consumer safety risks. Neverthe-

less, considering the most recent developments

observed in this industry, some efforts have been

made to clarify the regulatory framework for cannabis

and its products. In this way, and with the CBD price

decline that has been observed, it is expected that the

amount of products commercialized will continue to

increase and that new formulations will keep being

developed so that the benefits of this phytocannabi-

noid can be better exploited and, thus, valorized

(Lessard 2022).

Safety of cannabidiol-containing

dermopharmaceutical applications: regulatory

and toxicological aspects

In recent years, cannabis products have been experi-

encing monumental growth across the world (Leas

et al. 2019; EMCDDA, Low-THC 2020). These

products, which come in many different forms and

compositions (Hughes et al. 2022) include different

topical formulations such as gels, balms, and lotions

(McGregor et al. 2020). However, regulatory and
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legislative discrepancies exist and have been observed

to increase in different countries and continents

regarding the use of cannabis for medicinal, non-

medicinal, and recreational purposes (Cross and Cock

2020). On one hand, in the European Union and most

of the other European countries, Australia, Canada,

and New Zealand, the use of medical cannabis is legal

with a medical prescription and, in some countries,

subject to country-specific inclusion criteria (McGre-

gor et al. 2020). On the other hand, in the United States

of America there are plenty of questions and doubts

that emerge regarding the legal status of these products

as a result of the differences that exist at the state and

federal level (Mead 2017). In the US, CBD-containing

products, in state terms, are legal in all states if the

CBD is derived from hemp (which has scant amounts

of THC), or in states where marijuana is legal for

recreational and medicinal purposes (Lucas et al.

2018). In federal terms, if the Drug Enforcement

Administration had previously classified CBD prod-

ucts as Schedule I (not accepted for any medical use

and propensity for abuse), in 2018 it alleviated the

classification criteria for products containing less than

0.3% THC and which are FDA approved, making

them Schedule V (very low potential for abuse and

with limited amounts of specific narcotics) (McGregor

et al. 2020; Mead 2017). However, if within the US

there are frequently doubts about the legal status of

CBD products, also in the European Union there are

some discrepancies resulting from the differences

inherent to each country and from the adaptation of

European laws to each one of them (Hughes et al.

2022). That is the case of the maximum THC limit in

each CBD product: if for European Union countries

there can be no more than 0.2% THC (EMCDDA

2017), in Switzerland the limit is extended to 1%

(Ordonnance 2011). However, according to EEC

Regulation (EU) 2022/1393 of August 11, 2022, the

threshold levels for hemp seeds and derived products

are set in terms of the sum of THCA and THC,

expressed in THC equivalents, to 3.0 and to 7.5 mg/kg

in hemp seed oil (EUR-LEX. Regulamento (UE)

2022). In turn, there are still countries where cannabis

for non-medical purposes remains illegal and others

where the use of any cannabis product is prohibited for

any purpose, such as Japan (McGregor et al. 2020).

Nevertheless, there are already approved medical

CBD-containing products. One of them is Epidiolex�,

containing only CBD, approved by the FDA and

EMA, for the treatment of the rare forms of pediatric

epilepsy, Dravet syndrome or Lennox-Gastaut syn-

drome (Devinsky et al. 2017). Studies with healthy

volunteers showed increases in ALT, AST, ALP and

GGT at doses of Epidiolex� of 20 mg/kg b.w. per day.

However, increases in ALT and AST were also seen in

a study with 4.3 mg/kg b.w. per day. In patients with

epilepsy that were concomitantly treated also with

other antiepileptic medication, increased liver

enzymes were reported in the same dose range (Turck

et al. 2022). The other is Sativex�, an orobuccal spray

containing equimolar concentrations of THC and

CBD, approved in the European Union, for multiple

sclerosis spasticity (McGregor et al. 2020).

Most of the doubts and uncertainties that remain

regarding the regulation of CBD in different countries

are largely due to the lack of control in the production,

distribution, quality control, and effectiveness of most

products containing CBD, but also to the scarcity of

scientific evidence on the effects of chronic CBDs use

(Hazekamp 2018) and owing to frequent incorrect

labeling (Li et al. 2021). In part, there is insufficient

quality control from production to manufacturing that

results in the presence of contaminants, both inten-

tionally added (such as pesticides and metals) (Busse

et al. 2008) and unintentionally present bacteria, fungi

(McKernan et al. 2016) and heavy metals (Linger et al.

2002). On the other hand, it is observed that most

products contain doses of CBD much lower than those

that are clinically effective (Millar et al. 2019).

Additionally, the claimed amounts of CBD can be

higher or lower than what actually exists and the

labeled THC concentration might be underestimated

(Liebling et al. 2022). Thus, the safety and toxicity

associated with these products are, in addition to being

related to the CBD’s biological activities, also related

to the flaws inherent to the lack of control and

harmonized regulation.

CBD has relatively high safety and tolerability

concerning its administration by different routes.

However, although new delivery systems and admin-

istration routes are increasingly being studied, most of

the known data and information about this phyto-

cannabinoid is based on studies concerning its oral

administration, for which many questions remain to be

answered. This happens mainly because the existing

toxicological studies, both in vivo and in vitro, vary in

terms of preparations or extract type and concentration

of CBD and other compounds naturally present in the
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plant or resulting from the extraction process (Turck

et al. 2022; Taylor et al. 2018). Nevertheless, it has

been observed that the doses at which CBD safely

exerts therapeutic activity are between 300 and

1,500 mg (Millar et al. 2019), although doses up to

6,000 mg showed relatively good tolerability (Taylor

et al. 2018). Despite all its benefits, some concerns

have also been raised in terms of its toxicity and

potential side effects in cellular and animal studies and

clinical trials. CBD has demonstrated toxicity to the

reproductive system in a 34-day study in rats where

doses of 15 and 30 mg/kg/day of CBD altered

testosterone levels, different stages of spermatogene-

sis, and daily sperm conformation and production

(Carvalho et al. 2018). Additionally, it has also

exhibited liver toxicity, through liver hypertrophy,

significant changes in lipid metabolism and through an

increase of hepatic enzymes and total bilirubin levels

in mouse models and human studies (Turck et al.

2022; Ewing et al. 2019). Nevertheless, hepatic

toxicity is not yet fully disclosed since it is mostly

used in association with anticonvulsants, which may

exhibit drug-drug interactions in vivo. In addition,

there are several adverse effects arising from the oral

administration of CBD among which stand out as the

most common, such as somnolence (Izgelov et al.

2020), diarrhea, vomiting, and upper respiratory tract

infections (Devinsky et al. 2017). Thereby, even

though cutaneous administration may induce local

adverse effects, like skin dryness and pain (Scheffer

et al. 2021) and rash, as observed for two different

CBD gels, it has been demonstrated that topical CBD

may reduce gastrointestinal AEs compared to the oral

route (Scheffer et al. 2021). It has also been proven

that other three topical formulations (gel, balm and

cream) have not induced skin irritation, sensitization

and phototoxicity (Maghfour et al. 2021), demonstrat-

ing that transdermal and topical route might be a great

alternative for a safe, effective and well tolerated CBD

administration.

Whereas much of the available information stems

from studies concerning oral administration, it is

worth noting that the safety and toxicity of CBD

depend on its dose, frequency of administration, route

of administration, and the amount of other compounds

present in the formulations, and that there are signif-

icant data gaps that have to be clarified in the future

with more research in humans and experimental

animals (Turck et al. 2022).

Conclusions and future perspectives

Nowadays there is an urgent need to find or improve

therapeutic solutions for new emerging diseases. The

endocannabinoid system, present throughout the body,

is involved in homeostasis maintenance and in the

development of several diseases. There is already an

important amount of scientific evidence which prove

the benefits and therapeutic applications of CBD. CBD

has several skin biological properties that make it a

compound that can simultaneously act on different

targets of multifactorial diseases such as ATD,

psoriasis, acne, epidermolysis bullosa, systemic scle-

rosis, seborrheic dermatitis, scalp psoriasis, androge-

netic alopecia and melanoma leading to better

outcomes and improved patient quality of life.

Nevertheless, the physicochemical characteristics

of CBD, mainly its extreme hydrophobic nature, make

it a challenging molecule for topical administration.

Therefore, to improve the delivery of CBD into the

skin and maximize its properties, several strategies

and delivery systems have been developed. These

strategies have included improved conventional semi-

solid formulations, such as cryogels, hydrogels and

ethanolic gels, and formulations containing penetra-

tion enhancers, comprising Transcutol�, isopropyl

myristate, oleic acid, LA, DMSO, NMP or PEG-400.

CBD has also been incorporated in nanosized delivery

systems, such NPs, ethosomes, polymeric mycelles,

pickering emulsions, nanometric emulsions and

NEGs, with varying composition.

Nevertheless, despite current state of knowledge on

the dermatological value of CBD, many gaps exist

regarding therapeutic mechanisms of action, mini-

mum effective doses, clinical studies, and most

importantly safety and regulation. Hence, many stud-

ies have yet to be carried out to elucidate these issues.

But given the growth of cannabis-based medicines

observed in the past years, it is expected that

phytocannabinoids and their analogs will continue to

be a preferred focus of scientific research.
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Neuhäuser-Berthold M, Poulsen M, Prieto Maradona M,

Schlatter JR, Trezza V, Van Loveren H, Albert O, Dumas

C, Germini A, Gelbmann W, Kass G, Kouloura E, Noriega

Fernandez E, Rossi A, Knutsen HK (2022) Statement on

safety of cannabidiol as a novel food: data gaps and

uncertainties. EFSA J. https://doi.org/10.2903/j.efsa.2022.

7322

Vaccani A, Massi P, Colombo A, Rubino T, Parolaro D (2005)

Cannabidiol inhibits human glioma cell migration through

a cannabinoid receptor-independent mechanism. Br J

Pharmacol 144(8):1032–1036. https://doi.org/10.1038/sj.

bjp.0706134

Vanti G, Grifoni L, Bergonzi MC, Antiga E, Montefusco F,

Caproni M, Bilia AR (2021) Development and optimisa-

tion of biopharmaceutical properties of a new

microemulgel of cannabidiol for locally-acting dermato-

logical delivery. Int J Pharm. https://doi.org/10.1016/j.

ijpharm.2021.121036

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. Skin

Appendage Disorders 6(6):355–361. https://doi.org/10.

1159/000510896

Vuolo F, Abreu SC, Michels M, Xisto DG, Blanco NG, Hallak

JEC, Zuardi AW, Crippa JA, Reis C, Bahl M, Pizzichinni

E, Maurici R, Pizzichinni MMM, Rocco PRM, Dal-Pizzol

F (2019) Cannabidiol reduces airway inflammation and

fibrosis in experimental allergic asthma. Eur J Pharmacol

123

Phytochem Rev (2023) 22:781–828 827

https://www.cosmeticsandtoiletries.com/formulas-products/hair-care/news/21863088/sexy-hair-concepts-sexy-hair-adds-to-cbd-based-calm-collection
https://www.cosmeticsandtoiletries.com/formulas-products/hair-care/news/21863088/sexy-hair-concepts-sexy-hair-adds-to-cbd-based-calm-collection
https://doi.org/10.1016/j.heliyon.2021.e07888
https://doi.org/10.1016/j.heliyon.2021.e07888
https://doi.org/10.1016/j.colsurfa.2021.127677
https://doi.org/10.1016/j.colsurfa.2021.127677
https://doi.org/10.1016/j.molliq.2022.118993
https://doi.org/10.1016/j.molliq.2022.118993
https://doi.org/10.1016/j.jaad.2015.08.015
https://doi.org/10.1016/j.jaad.2015.08.015
https://doi.org/10.1021/acs.orglett.7b03668
https://doi.org/10.26828/cannabis/2021.01.003
https://doi.org/10.26828/cannabis/2021.01.003
https://doi.org/10.3390/pharmaceutics13122142
https://doi.org/10.3390/pharmaceutics13122142
https://doi.org/10.1038/sj.jid.5700231
https://doi.org/10.1016/j.jid.2017.07.261
https://doi.org/10.1016/j.jid.2017.07.261
https://doi.org/10.1016/j.jid.2018.11.020
https://doi.org/10.1016/j.jid.2018.11.020
https://doi.org/10.1016/j.jid.2019.07.690
https://doi.org/10.1016/j.jid.2019.07.690
https://doi.org/10.1038/nm1685
https://doi.org/10.3390/pharmaceutics14020286
https://doi.org/10.3390/pharmaceutics14020286
https://doi.org/10.1007/s40263-018-0578-5
https://doi.org/10.1007/s40263-018-0578-5
https://doi.org/10.1096/fj.06-7689com
https://doi.org/10.1096/fj.06-7689com
https://doi.org/10.1111/bph.14440
https://doi.org/10.1111/bph.14440
https://doi.org/10.2340/00015555-1539
https://doi.org/10.2903/j.efsa.2022.7322
https://doi.org/10.2903/j.efsa.2022.7322
https://doi.org/10.1038/sj.bjp.0706134
https://doi.org/10.1038/sj.bjp.0706134
https://doi.org/10.1016/j.ijpharm.2021.121036
https://doi.org/10.1016/j.ijpharm.2021.121036
https://doi.org/10.1159/000510896
https://doi.org/10.1159/000510896


843:251–259. https://doi.org/10.1016/j.ejphar.2018.11.

029

Walsh KB, McKinney AE, Holmes AE (2021) Minor cannabi-

noids: biosynthesis, molecular pharmacology and potential

therapeutic uses. Front Pharmacol 12:777804. https://doi.

org/10.3389/fphar.2021.777804

Wang M, Wang Y-H, Avula B, Radwan MM, Wanas AS, Van

Antwerp J, Parcher JF, Elsohly MA, Khan IA (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

Wang X-H, Su T, Zhao J, Wu Z, Wang D, Zhang W-N, Wu Q-X,

Chen Y (2020) Fabrication of polysaccharides-based

hydrogel films for transdermal sustained delivery of

Ibuprofen. Cellulose 27(17):10277–10292. https://doi.org/

10.1007/s10570-020-03503-0

Wang C, Wang J, Sun YH, Freeman K, McHenry MA, Wang

CN, Guo MR (2022) Enhanced stability and oral

bioavailability of cannabidiol in zein and whey protein

composite nanoparticles by a modified anti-solvent

approach. Foods. https://doi.org/10.3390/foods11030376

Wassmann CS, Hojrup P, Klitgaard JK (2020) Cannabidiol is an

effective helper compound in combination with bacitracin

to kill Gram-positive bacteria. Sci Reports. https://doi.org/

10.1038/s41598-020-60952-0

Wernig G, Chen SY, Cui L, Van Neste C, Tsai JM, Kambham N,

Vogel H, Natkunam Y, Gilliland DG, Nolan G, Weissman

IL (2017a) Unifying mechanism for different fibrotic dis-

eases. Proc Natl Acad Sci USA 114(18):4757–4762.

https://doi.org/10.1073/pnas.1621375114

Wernig G, Chen S-Y, Cui L, Van Neste C, Tsai JM, Kambham

N, Vogel H, Natkunam Y, Gilliland DG, Nolan G,

Weissman IL (2017b) Unifying mechanism for different

fibrotic diseases. Proc Natl Acad Sci 114(18):4757–4762.

https://doi.org/10.1073/pnas.1621375114

Wilkinson HN, Hardman MJ (2020) Wound healing: cellular

mechanisms and pathological outcomes. Open Biol.

https://doi.org/10.1098/rsob.200223

Wilkinson JD, Williamson EM (2007) Cannabinoids inhibit

human keratinocyte proliferation through a non-CB1/CB2

mechanism and have a potential therapeutic value in the

treatment of psoriasis. J Dermatol Sci 45(2):87–92. https://

doi.org/10.1016/j.jdermsci.2006.10.009

Wojcik P, Garley M, Wronski A, Jablonska E, Skrzydlewska E

(2020) Cannabidiol modifies the formation of NETs in

neutrophils of psoriatic patients. Int J Mol Sci. https://doi.

org/10.3390/ijms21186795

Wynn TA, Ramalingam TR (2012) Mechanisms of fibrosis:

therapeutic translation for fibrotic disease. Nat Med

18(7):1028–1040. https://doi.org/10.1038/nm.2807

Xu HM, Wen Y, Chen SY, Zhu L, Feng RL, Song ZM (2020)

Paclitaxel skin delivery by micelles-embedded Carbopol

940 hydrogel for local therapy of melanoma. Int J Pharm.

https://doi.org/10.1016/j.ijpharm.2020.119626

Yeroushalmi S, Nelson K, Sparks A, Friedman A (2020) Per-

ceptions and recommendation behaviors of dermatologists

for medical cannabis: a pilot survey. Complement Thera-

pies Med. https://doi.org/10.1016/j.ctim.2020.102552

Young CN, Koepke JI, Terlecky LJ, Borkin MS, Boyd SL,

Terlecky SR (2008) Reactive oxygen species in tumor

necrosis factor-alpha-activated primary human ker-

atinocytes: implications for psoriasis and inflammatory

skin disease. J Investig Dermatol 128(11):2606–2614.

https://doi.org/10.1038/jid.2008.122

Yun HK, Jeong S, Jeong YA, Jo MJ, Kim JH, Park SH, Kim BR,

Na YJ, Kim DY, Kim BG, Lee DH, Oh SC (2019)

Cannabidiol-induced apoptosis is mediated by activation

of Noxa in human colorectal cancer cells. Can Res. https://

doi.org/10.1158/1538-7445.am2019-714

Zakany N, Olah A, Markovics A, Takacs E, Aranyasz A,

Nicolussi S, Piscitelli F, Allara M, Por A, Kovacs I, Zou-

boulis CC, Gertsch J, Di Marzo V, Biro T, Szabo T (2018)

Endocannabinoid tone regulates human sebocyte biology.

J Investig Dermatol 138(8):1699–1706. https://doi.org/10.

1016/j.jid.2018.02.022

Zamansky M, Zehavi N, Ben-Shabat S, Sintov AC (2021)

Characterization of nanoparticles made of ethyl cellulose

and stabilizing lipids: mode of manufacturing, size mod-

ulation, and study of their effect on keratinocytes. Int J

Pharm. https://doi.org/10.1016/j.ijpharm.2021.121003

Zeng D, Chen C, Zhou W, Ma XS, Pu X, Zeng Y, Zhou WK, Lv

FL (2021) TRPA1 deficiency alleviates inflammation of

atopic dermatitis by reducing macrophage infiltration. Life

Sci. https://doi.org/10.1016/j.lfs.2020.118906

Zheng Z, Qi JC, Hu LQ, Ouyang DF, Wang HZ, Sun QL, Lin LJ,

You LD, Tang B (2022) A cannabidiol-containing alginate

based hydrogel as novel multifunctional wound dressing

for promoting wound healing. Biomater Adv. https://doi.

org/10.1016/j.msec.2021.112560

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

123

828 Phytochem Rev (2023) 22:781–828

https://doi.org/10.1016/j.ejphar.2018.11.029
https://doi.org/10.1016/j.ejphar.2018.11.029
https://doi.org/10.3389/fphar.2021.777804
https://doi.org/10.3389/fphar.2021.777804
https://doi.org/10.1089/can.2016.0020
https://doi.org/10.1089/can.2016.0020
https://doi.org/10.1007/s10570-020-03503-0
https://doi.org/10.1007/s10570-020-03503-0
https://doi.org/10.3390/foods11030376
https://doi.org/10.1038/s41598-020-60952-0
https://doi.org/10.1038/s41598-020-60952-0
https://doi.org/10.1073/pnas.1621375114
https://doi.org/10.1073/pnas.1621375114
https://doi.org/10.1098/rsob.200223
https://doi.org/10.1016/j.jdermsci.2006.10.009
https://doi.org/10.1016/j.jdermsci.2006.10.009
https://doi.org/10.3390/ijms21186795
https://doi.org/10.3390/ijms21186795
https://doi.org/10.1038/nm.2807
https://doi.org/10.1016/j.ijpharm.2020.119626
https://doi.org/10.1016/j.ctim.2020.102552
https://doi.org/10.1038/jid.2008.122
https://doi.org/10.1158/1538-7445.am2019-714
https://doi.org/10.1158/1538-7445.am2019-714
https://doi.org/10.1016/j.jid.2018.02.022
https://doi.org/10.1016/j.jid.2018.02.022
https://doi.org/10.1016/j.ijpharm.2021.121003
https://doi.org/10.1016/j.lfs.2020.118906
https://doi.org/10.1016/j.msec.2021.112560
https://doi.org/10.1016/j.msec.2021.112560

	Skin applications of cannabidiol: sources, effects, delivery systems, marketed formulations and safety
	Abstract
	Graphical Abstract

	Introduction
	Cannabidiol
	Physicochemical characteristics
	Natural sources and chemical synthesis
	Dermatological biological activities
	Hydrating and moisturizing
	Hair growth modulation
	Sebostatic
	Antipruritic
	Antimicrobial
	Anti-inflammatory
	Antioxidant
	Wound healing
	Photoprotection
	Antifibrotic
	Antitumoral


	Dermopharmaceutical delivery systems of cannabidiol
	Conventional semi-solid formulations
	Conventional semi-solid formulations containing penetration enhancers
	Cannabidiol-loaded nanosized delivery systems

	Marketed cannabidiol-containing dermatological formulations
	Safety of cannabidiol-containing dermopharmaceutical applications: regulatory and toxicological aspects
	Conclusions and future perspectives
	Open Access
	References




