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Abstract

Cannabidiol (CBD) is a non-psychotropic cannabinoid with multiple pharmacological properties. Cannabidiol has attracted
growing attention in the cosmetic industry, with an increasing number of CBD-containing skincare products on the market in
recent years. The aim of this review is to evaluate the current evidence on the use of CBD for cosmetic purposes. Following
an overview of CBD and the endocannabinoid system in the skin, we summarize pre-clinical and clinical studies that address
the potential of CBD in cosmetic dermatology. Available in vitro and in vivo evidence suggests that CBD has anti-oxidant,
anti-inflammatory, moisturizing, anti-acne, wound-healing, and anti-aging properties. However, only a few clinical studies
have been conducted on the use of CBD in the skin. In addition, there is a critical need to develop an efficient drug-delivery
system for topical/transdermal application of CBD. Further research, including clinical and pharmacokinetic studies, are
needed to fully evaluate the role of CBD in cosmetic dermatology.

Cannabidiol has potential anti-oxidant, anti-inflamma-
tory, moisturizing, anti-acne, wound-healing, and anti-
aging properties.

Clinical and pharmacokinetic studies are warranted
to further evaluate the use of cannabidiol in cosmetic
dermatology.

1 Introduction

Cannabinoids are biologically active compounds that bind
to the cannabinoid receptors in the human body. They are
largely classified as phytocannabinoids (isolated from the
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plant Cannabis sativa), endocannabinoids (produced in
the human body), and synthetic cannabinoids (chemically
synthesized) [1]. Cannabidiol (CBD) is one of the most
abundant phytocannabinoids in C. sativa along with delta-
9-tetrahydrocannabinol [2, 3]. Unlike delta-9-tetrahydrocan-
nabinol, CBD has no psychoactive effects and demonstrates
good tolerability. Growing evidence also suggests that CBD
has multiple pharmacological properties, including analge-
sic, neuroprotective, and immunomodulatory effects [4—6].
Therefore, the medical use of CBD has received significant
attention in recent years [7].

Previous studies have shown that cannabinoid receptors
are broadly expressed and have endogenous ligands in the
skin, suggesting that the skin has its own endocannabinoid
system (ECS) [8-10]. Indeed, skin diseases are considered
an important indication for CBD. Thus far, preliminary clini-
cal studies have investigated the efficacy of CBD in psoria-
sis, atopic dermatitis, seborrheic dermatitis, systemic scle-
rosis, epidermolysis bullosa, and pyoderma gangrenosum
with overall positive results [11-15].

Moreover, CBD is gaining popularity in the cosmetic
industry: an increasing number of CBD-containing skin-
care products have been on the market in recent years [16].
However, many of them make unsubstantiated claims about
their benefit to the skin [17]. This situation prompts the need
to evaluate the current evidence on the use of CBD for cos-
metic purposes. In this study, we review the available data
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from pre-clinical and clinical studies to help understand the
potential of CBD in cosmetic dermatology.

2 Cannabidiol (CBD) and the Endocannabinoid
System (ECS) in the Skin

Researchers have identified two G protein-coupled receptors
of cannabinoids: cannabinoid receptor 1 (CB1R) and cannabi-
noid receptor 2 (CB2R) [18, 19]. These receptors are differently
expressed in various cell types in the skin, such as keratinocytes,
melanocytes, sebocytes, and fibroblasts. Cannabinoid recep-
tor 1 and cannabinoid receptor 2 are also present in cutaneous
nerves and skin immune cells [20]. In addition, several orphan
G protein-coupled receptors (GPR18, GPRSS5, and GPR119),
transient receptor potential channels (TRPV1, TRPV2, TRPV3,
TRPV4, TRPMS, and TRPA1), and peroxisome proliferator-
activated receptors (PPAR« and PPARY) that mediate the effects
of cannabinoids are distributed in the skin [21-25]. The expres-
sion of N-arachidonoylethanolamine (AEA) and 2-arachidonoyl-
glycerol (2-AG), the major endocannabinoids, along with their
anabolic and catabolic enzymes (e.g., N-acylphosphatidyletha-
nolamine phospholipase D [NAPE-PLD], diacylglycerol lipases
[DAGLa and DAGL], fatty acid amide hydrolase [FAAH], and

monoacylglycerol lipase [MAGL]) are also found in the skin
[20, 26-28]. These data support the notion that the skin has its
own ECS consisting of endocannabinoids, cannabinoid recep-
tors, and metabolic enzymes for endocannabinoids (Fig. 1) [8].

Regarding the mechanisms of action of endocannabi-
noids, previous studies have indicated that AEA is a partial
agonist at CB1R and a weak agonist at CB2R, while 2-AG
is a full agonist at CB1R and CB2R [29-31]. In addition
to these classical endocannabinoids, endocannabinoid-like
compounds, such as N-palmitoylethanolamide (PEA) and
oleoylethanolamide share the same synthesis and degrada-
tion enzymes as endocannabinoids and play an important
role in the ECS [32-34]. Specifically, N-PEA enhances
the physiological effects of AEA by serving as an alterna-
tive substrate for FAAH. This mechanism is known as the
‘entourage effect’ [35]. Although endocannabinoids and
endocannabinoid-like compounds are lipophilic and require
inter-cellular and intra-cellular carriers, their transporter sys-
tem has not been well characterized [36].

The ECS has been shown to be closely involved in skin
homeostasis through various mechanisms [37, 38]. For
instance, CB1R activation by low concentrations of AEA (1
pM) inhibits the differentiation of two-dimensional cultured
human keratinocytes [39]. N-arachidonoylethanolamine also

Endocannabinoid System (ECS)

NAPE-PDL
Phospholipids ===

PIP, 'ssuu.,,
» P
TAG '*****"

DAGL

CB1R

Anabolic W ECBs Ml Catabolic
enzymes enzymes

a é
v N

Receptors

1’@ GPCRs PPARs

FAAH . Arachidonic acid +

ethanolamine

MAGL Arachidonic acid +

glycerol

CB2R

o

4

Fig.1 Key components of the endocannabinoid system (ECS). The
ECS consists of endocannabinoids, endocannabinoid receptors, and
anabolic and catabolic enzymes of the endocannabinoids. N-ara-
chidonoylethanolamine (AEA) and N-arachidonoylethanolamine
(2-AG) represent two major endocannabinoids in the human body.
N-arachidonoylethanolamine is synthesized from phospholipids by
several pathways, the major pathway involving the anabolic enzyme
N-acylphosphatidylethanolamine phospholipase D (NAPE-PDL).
N-arachidonoylethanolamine is mainly degraded to arachidonic
acid and ethanolamine by fatty acid amide hydrolase (FAAH). The
synthesis of 2-AG involves a signaling pathway starting from phos-
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phatidylinositol-4,5-bisphosphate (PIP,) and triacylglycerol (TAG)
and is mediated by diacylglycerol lipase (DAGL)-a and DAGL.
N-arachidonoylethanolamine is mainly degraded to arachidonic acid
and glycerol by monoacylglycerol lipase (MAGL). N-arachidonoy-
lethanolamine and 2-AG exert diverse physiological actions through
cannabinoid receptors including cannabinoid receptor 1 (CBIR),
cannabinoid receptor 2 (CB2R), transient receptor potential channels
(TRPV1, TRPV2, TRPV3, TRPV4, TRPMS, and TRPA1), orphan G
protein-coupled receptors [GPCRs] (GPR18, GPR55, and GPR119),
and peroxisome proliferator-activated receptors (PPARa and PPARY).
ECB endocannabinoid, TRP transient receptor potential
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prevents the up-regulation of several differentiation mark-
ers, including K1 and K10, in a CB1R-dependent manner
[40]. In contrast, higher concentrations (3—-30 uM) of AEA
suppress the proliferation of primary human epidermal
keratinocytes and induce their apoptosis through sequential
activation of CBIR and TRPV1 [41]. Karsak et al. demon-
strated in vivo that 2,4-dinitrofluorobenzene-induced aller-
gic inflammation was exacerbated in CB1R and CB2R dou-
ble knock-out mice, while inflammation was attenuated in
FAAH knock-out mice with elevated AEA levels [42], indi-
cating a protective role of the ECS in allergic inflammation
in the skin. In addition, the suppressive role of the ECS in
fibrosis was demonstrated in vivo, where bleomycin-induced
dermal fibrosis was aggravated in CB2R knock-out mice,
while a selective CB2R agonist attenuated these changes
in bleomycin-treated wild-type mice [43]. These data dem-
onstrate the diverse roles of the ECS in skin homeostasis.
As CBD shares some receptors with endocannabinoids, it is
important to consider the potential influence of CBD on the
ECS in the skin. Specifically, the biological effects of CBD
are primarily related to the ECS, but CBD does not bind to
the orthostatic binding site of CB1R and CB2R with high
affinity [38, 44]. Instead, CBD binds to the allosteric bind-
ing site of CB1R and CB2R, possibly acting as a negative
allosteric modulator at these receptors [45, 46].
Additionally, CBD has been shown to act as an antago-
nist/inverse agonist at CB1R and CB2R, while it may also
behave as a partial agonist at CB2R [46—48]. Another impor-
tant role of CBD in the ECS is to target fatty acid-binding
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Fig.2 Main molecular targets of cannabidiol (CBD). The mecha-
nisms of action of CBD primarily involve the endocannabinoid sys-
tem. Unlike endocannabinoids, CBD does not bind to the orthostatic
binding site of cannabinoid receptor 1 (CB1R) and cannabinoid
receptor 2 (CB2R) with high affinity. Instead, CBD binds to the allos-
teric binding site of CB1R and CB2R, possibly acting as a negative
allosteric modulator at these receptors. Cannabidiol also acts as an
antagonist/inverse agonist at CB1R and CB2R, while it may also act
as a partial agonist at CB2R. Importantly, CBD inhibits the activity of
fatty acid amide hydrolase (FAAH), leading to an increase in extra-

proteins that facilitate the transportation of AEA to its cata-
bolic enzyme fatty acid amide hydrolase [49, 50]. This then
leads to an increase in extracellular AEA levels, followed
by the activation of CBIR, CB2R, and TRPV1 [51]. Can-
nabidiol is also known as an agonist of PPARy [52] and
TRPVs (TRPV1, TRPV2, TRPV3, TRPV4, and TRPA1)
[49, 53, 54], and an antagonist of TRPMS [55] and GPR55
[56] (Fig. 2; Table 1). However, the exact mechanisms of
action of CBD are still elusive.

3 The Potential of CBD in Cosmetic
Dermatology

3.1 Antioxidant Properties

Oxidative stress reflects an imbalance between reactive oxy-
gen species generation and the antioxidant capacity of the
body. The skin serves as a protective barrier to oxidative
insults such as ultraviolet (UV) radiation and air pollution.
Excessive oxidative stress causes cell damage, leading to
chronic inflammation and aging in the skin [57, 58].
Several studies evaluated the antioxidant properties of
CBD by using UV and hydrogen peroxide (H,0,) as oxida-
tive stressors. Cannabidiol reduced cell death in keratino-
cytes and melanocytes following UV exposure [59]. Can-
nabidiol was also shown to attenuate the redox imbalance
of UV-irradiated keratinocytes by reducing the generation
of reactive oxygen species, enhancing the efficiency of the
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cellular N-arachidonoylethanolamine (AEA) levels and subsequent
activation of CB1R, CB2R, and transient receptor potential cation
channel subfamily V member 1 (TRPV1). Cannabidiol also acts as
an agonist of transient receptor potential channels (TRPV1, TRPV2,
TRPV3, TRPV4, and TRPA1) and peroxisome proliferator-activated
receptor gamma (PPARY), while acting as an antagonist of G protein-
coupled receptor 55 (GPRSS5) and transient receptor potential cation
channel subfamily M member 8 (TRPMS8). However, the exact mech-
anisms of action of CBD remain elusive
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Table 1 Molecular targets of CBD in the skin

Receptor  Affinity of CBD Function of CBD
GPCR
CBIR Ki=3.3-49mM Inverse agonist/antagonist [47]
1G5y =0.27-0.96 mM  Negative allosteric modulator [45]
CB2R Ki=43puM Antagonist [46]
EC5y =503 nM Inverse agonist [47]
ICsy=3nM Negative allosteric modulator [46]
PPARs
PPARax  N.D. Partial agonist [153]
PPARy  ECys,=2010 nM Agonist [52]
TRPs
TRPV1  ECy, = 1000 nM Agonist [53]
TRPV2  ECy, = 1250 nM Agonist [53]
TRPV3  ECy, = 3700 nM Agonist [54]
TRPV4  ECy, =800 nM Agonist [54]
TRPA1  ECy,=110nM Agonist [53]
TRPMS8  ICs, = 160 nM Antagonist [55]

CBIR cannabinoid receptor type 1, CB2R cannabinoid receptor type
2, CBD cannabidiol, PPARa peroxisome proliferator-activated recep-
tor alpha, PPARy peroxisome proliferator- activated receptor gamma,
TRPAI transient receptor potential ankyrin 1, TRPMS transient recep-
tor potential cation channel 8, TRPVI transient receptor potential
vanilloid type 1, TRPV2 transient receptor potential vanilloid type 2,
TRPV3 transient receptor potential vanilloid type 3, TRPV4 transient
receptor potential vanilloid type 4

antioxidant thioredoxin system, and increasing vitamin A
and E levels [60]. In addition, CBD accumulated within the
cellular membrane of keratinocytes, preventing the increase
in lipid peroxidation after the exposure to UV and H,0,
[61]. Moreover, CBD promoted the activation of nuclear
factor erythroid 2-related factor 2, a master regulator of
antioxidant response in keratinocytes [62]. Indeed, CBD
was able to induce the antioxidant enzyme heme oxygenase
1, a major target gene of nuclear factor erythroid 2-related
factor 2, in both in vitro and in vivo settings. This induc-
tion was attributed to the CBD-mediated degradation of the
transcription factor BTB And CNC Homology 1 (BACH1),
a negative regulator of heme oxygenase 1 [63]. In a study
of two-dimensional and three-dimensional cultured fibro-
blasts, CBD up-regulated antioxidant PPAR-y expression
while suppressed proinflammatory nuclear factor-kappa B
(NF-xB) expression [64]. Taken together, these data suggest
that CBD plays a protective role against oxidative stress in
the skin.

3.2 Anti-inflammatory Properties
Nuclear factor-kappa B is a ubiquitously expressed tran-

scription factor that plays a key role in inflammation [65].
An in vitro study revealed that CBD interfered with NF-xB
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activity in tumor necrosis factor-alpha (TNF-a)-challenged
keratinocytes, down-regulating NF-kB-dependent metallo-
proteinase-9 expression. Additionally, CBD attenuated the
expression of 15 out of 26 TNF-a-induced genes in keratino-
cytes. Cannabidiol did not influence NF-kB activity or met-
alloproteinase-9 expression but attenuated the expression of
11 out of 16 up-regulated genes in TNF-a-challenged dermal
fibroblasts [66]. In poly-(I:C)-stimulated keratinocytes, CBD
up-regulated the expression of AEA and dose-dependently
inhibited the expression of monocyte chemotactic protein-2
and inflammatory cytokines including interleukin (IL)-6,
IL-8, and TNF-a. This inhibition was reversed by CB2R
and TRPV1 antagonists, suggesting the involvement of ECS
in anti-inflammatory activities of CBD [67].

A few studies have evaluated the anti-inflammatory prop-
erties of CBD in in vivo settings. In a carrageenan-induced
inflammation rat model, 1% topical CBD gel significantly
attenuated paw edema with reduced lymphocyte infiltration
into the skin [68]. Similar results were obtained in carra-
geenan-induced mice that were treated with CBD-loaded
ethosomal carriers to enhance its permeation and accumula-
tion in the skin [69].

Several in vivo studies examined the roles of CB1R
and CB2R in the anti-inflammatory properties of CBD in
the skin [70]. Leonti et al. showed that a CB1R receptor
antagonist polyyne falcarinol aggravated histamine-induced
urticarial lesions, suggesting that CB1R mediates the anti-
inflammatory properties of CBD in the skin [71]. This is
also supported by the attenuation of skin inflammation by
a topical CB1R-specific agonist in an oxazolone-induced
atopic dermatitis model [72]. However, the role of CB2R in
the anti-inflammatory properties of CBD remains contro-
versial. For instance, Oka et al. showed that a CB2R agonist
suppressed 12-O-tetradecanoylphorbol-13-acetate-induced
inflammation in mouse ears [73]. However, other studies
demonstrated that a CB2R agonist increased allergic inflam-
mation in mice [42, 74]. Overall, these results highlight the
need to further explore the roles of CB1R and CB2R in the
anti-inflammatory properties of CBD. Clinical evidence
for anti-inflammatory properties of CBD is limited to a
few studies of psoriasis, atopic dermatitis, and seborrheic
dermatitis. The use of a shampoo containing 0.075% CBD
significantly reduced the severity and symptoms of scalp
inflammation in patients with mild-to-moderate scalp pso-
riasis (n = 22) and seborrheic dermatitis (n = 28) [13]. In
another study, the use of 1% CBD-infused gel significantly
improved the Eczema Area and Severity Index score and
pruritus scales in patients with atopic dermatitis (n = 14)
[75]. In a study of psoriasis (n = 5), atopic dermatitis (n =
5), and resulting scars (n = 10), CBD-enriched ointment
significantly reduced the Psoriasis Area and Severity Index
score in patients with psoriasis [11]. These clinical data,
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although preliminary, support the therapeutic effects of CBD
for skin inflammation.

3.3 Moisturizing Properties

Dermal water content is an important biophysical param-
eter for the integrity of the skin. The loss of dermal water
leads to reduced skin elasticity, wrinkle formation, and skin
aging [76]. Ikarashi et al. showed that the topical applica-
tion of CBD significantly increased the dermal water content
in vivo. This increase was accompanied by an increase in
aquaporin-3, an important channel for skin water retention
[77]. Although aquaporin-3 expression has been shown to
be up-regulated by PPARYy agonists, there was no change
in the messenger RNA expression level of Pparg in mouse
skin treated with CBD [78]. In addition, a recent study by
Jang et al. demonstrated that CBD increased the expres-
sion of filaggrin and involucrin in both keratinocytes and
epidermal equivalents [79]. The moisturizing properties of
CBD were also supported by a clinical study reporting that
the CBD-containing ointment significantly decreased the
transepidermal water loss and improved skin hydration and
elasticity (n = 20) [11], but the underlying mechanisms are
unknown. Therefore, further studies are needed to under-
stand the mechanisms of the moisturizing effects of CBD in
the skin, including which receptors mediate the up-regulated
expression of AQP-3, filaggrin, and involucrin by CBD.

3.4 Acne

Acne is a common skin condition characterized by increased
sebum production and inflammation of the sebaceous
glands. The expression of CB1R, CB2R, and major meta-
bolic enzymes of endocannabinoids were detected in human
sebaceous glands [41, 80, 81]. In addition, a previous study
demonstrated that AEA promoted lipogenesis in human
sebocytes at low concentrations while inducing apoptosis
at high concentrations [82]. Therefore, the ECS is thought
to play an important role in the homeostasis of the sebaceous
gland.

Olah et al. showed that CBD inhibited the lipogenic
actions of various compounds, such as arachidonic acid
and a mixture of linoleic acid and testosterone, in cul-
tured sebocytes and skin organ culture. Cannabidiol was
also able to suppress sebocyte proliferation by activating
TRPV4 channels. TRPV4 activation interfered with the
pro-lipogenic ERK1/2 MAPK pathway, leading to the
down-regulation of nuclear receptor interacting protein-1
and subsequent inhibition of sebocyte lipogenesis. Addi-
tionally, CBD exerted anti-inflammatory actions via A,,
adenosine receptor-dependent up-regulation of tribbles
homolog 3 and inhibition of the NF-«xB signaling pathway
[83]. In addition to excessive sebaceous gland activity, a

skin microbiome imbalance may mediate the pathogen-
esis of acne. In this context, CBD inhibited the expres-
sion of inflammatory cytokines (IL-6, IL-8, and TNF-a)
in keratinocytes stimulated with extracellular vesicles of
Cutibacterium acnes, whose overgrowth is associated with
acne [84]. This inhibition was mediated by the activation
of CB2R, enhanced by a TRPV1 antagonist, and accom-
panied by inactivation of the MAPK and NF-«B signal-
ing pathways [85]. A recent study also demonstrated that
CBD selectively killed a subset of Gram-negative bacte-
ria, supporting the anti-microbial properties of CBD [86].
Regarding the concentration of CBD, Ol4h et al. showed
that CBD significantly reduced the overall proliferation of
sebocytes at 1-10 pM doses, while higher doses of CBD
(50 pM) resulted in apoptosis-driven cytotoxicity [83]. A
recent study by Cohen et al. also examined the effect of
CBD at different concentrations (0.3125-10 pg/mL) on
C. acnes growth and demonstrated that concentrations of
5 and 10 pg/mL of CBD specifically attenuated C. acnes
growth [87]. These results suggest that there are optimal
concentrations of CBD for the treatment of acne. In addi-
tion, other non-psychotropic phytocannabinoids including
cannabigerol and cannabidivarin have also been suggested
to serve as anti-acne agents [88, §9].

Following the results of experimental studies, a 5%
formulation of CBD (BTX 1503) is under clinical evalua-
tion. In this open-label, single-arm, 28-day evaluation, 23
patients with moderate-to-severe acne were treated with
a twice-daily application of BTX 1503 to the entire face.
The results have not been published yet, but preliminary
data showed that BTX 1503 was safe and well tolerated
[90].

3.5 Wound Healing

Wound healing is a complex process consisting of the fol-
lowing three overlapping processes: inflammatory reaction,
cell proliferation, and tissue remodeling [91]. A recent study
demonstrated in vitro that CBD improved wound healing
in both healthy and stress-induced premature senescent
dermal fibroblasts [92]. In another study, researchers devel-
oped a CBD-containing alginate-based hydrogel for wound
healing. The hydrogel successfully scavenged free radicals
and decreased the expression of TNF-a, IL-6, and IL-1f in
umbilical vein endothelial cells. In in vivo experiments, the
hydrogel enhanced the wound-healing process by controlling
the inflammatory infiltration, promoting the collagen deposi-
tion, and facilitating the formation of blood vessels [93]. In
clinical settings, Chelliah et al. reported three pediatric cases
of epidermolysis bullosa, in which topical CBD improved
wound healing [14]. Further studies are clearly needed to
evaluate the effects of CBD on wound healing.
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3.6 Skin Aging

Skin aging is a degenerative phenomenon resulting from
continuous exposure to intrinsic (e.g., age, genetics, and
hormones) and extrinsic factors (e.g., UV, air pollution, and
tobacco smoking). It causes undesirable appearance changes
such as laxity, xerosis, lentigines, and coarse wrinkles [94,
95]. As the population ages, there is a growing demand for
anti-aging products in cosmetic dermatology [96].

A previous study reported that CB1R knock-out mice
showed atrophy of the subdermal fat layer along with
early-onset memory impairment, suggesting the role of
the endocannabinoid system in anti-aging [88]. Research-
ers also demonstrated that CBD attenuated the up-regula-
tion of multiple cellular senescence biomarkers including
B-galactosidase and cyclin D1 in dermal fibroblasts follow-
ing the exposure to H,0, [92]. The same group further eval-
uated the anti-aging properties of CBD in combination with
nutrient signaling regulators such as metformin, resveratrol,
and rapamycin [97]. They found that CBD combined with
triacetylresveratrol significantly increased viability, reduced
metabolic dysfunction, and attenuated nuclear eccentricity
of senescent fibroblasts. Another group assessed the anti-
aging properties of a CBD-containing and eicosapentaenoic
acid-containing gel in in vitro, ex vivo, and clinical settings
[98]. Cannabidiol significantly inhibited the UV-induced
secretion of IL-8 and prostaglandin E2 (PGE,), the two
major inflammatory agents associated with photo-aging,
from keratinocytes. Additionally, this inhibition was poten-
tiated by eicosapentaenoic acid. In ex vivo skin culture, a
mixture of CBD and eicosapentaenoic acid enhanced the
extracellular matrix remodeling with reduced IL-8 and PGE,
following UV exposure. In a clinical evaluation, a CBD and
PEA mixture reduced crow’s feet wrinkle area and volume,
fine line wrinkle volume, and age-dependent subepidermal
low-echogenic band in 33 women aged 45-65 years. Col-
lectively, these data support the rejuvenating properties of
CBD in the skin, which may be more potent when combined
with other biologically active compounds.

3.7 Skin Malignancy

In the aging population, potential therapeutic use of CBD
for malignancy also attracts growing attention [70]. For
instance, Laborada and Cohen reported a case of cutane-
ous squamous cell carcinoma and lichen simplex chronicus
that were both successfully treated with a topical applica-
tion of CBD [99]. Consistently, several phytocannabinoids,
endocannabinoids, and synthetic cannabinoids were demon-
strated to decrease the growth of non-melanoma skin cancer
and melanoma through cannabinoid receptor-dependent and
receptor-independent pathways [100, 101]. However, Zheng
et al. demonstrated that mice deficient in CB1R and CB2R
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had significantly lower rates of UVB-induced inflammation
and skin carcinogenesis compared to wild-type mice [102].
Therefore, therapeutic potential of CBD for skin cancer war-
rants further investigation.

3.8 Clinical Studies on the Use of CBD in the Skin

Currently, there are five ongoing clinical trials using CBD
in dermatology: one for acne vulgaris (NCT06362889), one
for atopic dermatitis (NCT06022874), one for severe pruritis
(NCT06435299), and two for scar healing (NCT05650697,
NCTO06129591). NCT06362889 is a phase I study to evalu-
ate the safety and efficacy of microneedling with CBD and
hempseed oil for acne vulgaris [103]. NCT06022874 is an
observational study to evaluate the potential therapeutic
effects of topical CBD products for atopic dermatitis [104].
NCT06435299 is a phase I1I study to evaluate the safety and
efficacy of CBD oil for severe pruritus [105]. NCT05650697
and NCT06129591 are phase I studies to evaluate the effects
of topical CBD oil on paramedian forehead flap scar healing
[106, 107].

4 Delivery System of CBD to the Skin

There are two CBD-based products approved by the US
Food and Drug Administration to date: (1) Sativex®, a com-
bination of CBD and delta-9-tetrahydrocannabinol available
as an oromucosal spray and approved for muscle spasticity
in multiple sclerosis [108, 109] and (2) Epidolex®, a CBD
extract available as an oral solution and approved for Len-
nox—Gastaut syndrome and Dravet syndrome in individuals
aged 2 years and older [110, 111]. Other delivery routes,
including nasal [112], sublingual [113], and inhalational
[114] administration have also been explored for CBD. For
dermatological and cosmetic applications, topical and trans-
dermal routes are considered ideal to achieve high local con-
centrations with minimal systemic side effects. Moreover,
these routes can avoid the problems of the conventional oral
route, such as acid degradation and first-pass metabolism
[115, 116]. However, delivering the highly lipophilic CBD
through the stratum corneum into deeper skin layers is some-
what challenging [117].

The use of chemical penetration enhancers is a popular
approach to improve the transdermal drug delivery. They
modify the intercellular lipid domain of the stratum corneum
by fluidization, polarity alteration, lipid extraction, and/or
phase separation, temporally disrupting the major barricade
of the skin [118]. Indeed, researchers reported the enhanced
transdermal delivery of CBD in combination with boswel-
lic acid [119], hyaluronic acid (with silicone oil) [120], and
volatile oils including emu oil and eucalyptus oil [121].
The use of argan oil [122], essential oil [123], mineral oil
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[124], sunflower oil [125], hydroxy acids [126], non-ionic
surfactants [127], and monohydric alcohol solution [128]
was also explored for various formulations of cannabinoids.
Another strategy for efficient transdermal delivery is to
encapsulate drugs into nanoparticulate carriers that deliver
them to the desired depth. In addition to ethosomes, which
were shown to facilitate the transdermal delivery of CBD
[129], several nanoparticulate carriers such as liposomes,
niosomes, and lipid nanoparticles might provide a poten-
tial transdermal delivery system for CBD [130-133]. In

Fig.3 Three strategic axes for
the use of cannabidiol (CBD)
in cosmetic dermatology. The

Moisturizing

addition, physical enhancement strategies might be used for
CBD, alone or in combination with the passive delivery sys-
tems mentioned above. These strategies include micronee-
dles, electroporation, iontophoresis, magnetophoresis, laser
ablation, and ultrasound transport [134—137]. In summary,
although the skin represents a viable route for the delivery
of CBD, especially for cosmetic indications, further studies
are needed to explore the emerging delivery systems and
conquer its low penetration into the skin.

Wound healing
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Fig.4 Schematic of the anti-oxidant, anti-inflammatory, moisturiz-
ing, anti-acne, wound-healing, and anti-aging actions of cannabidiol
in the skin. AEA N-arachidonoylethanolamine, AQP3 aquaporin
3, CBIR cannabinoid receptor 1, CB2R cannabinoid receptor 2, C.
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ase-9, NF-kB nuclear factor-kappa B, PGE, prostaglandin E2, PPARy
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and technologies should be further explored for the efficient
delivery of CBD via the skin.

Previous studies have suggested that CBD is beneficial in
the treatment of various diseases that range from infection
and malignancy to autoimmune and degenerative disorders
[6, 38, 146, 147]. The studies that we reviewed have shown
that CBD also plays a protective role against oxidative and
inflammatory stress [11, 13, 59-64, 6669, 75, 148], which
is not only responsive for a number of pathological condi-
tions, but also relevant to healthy people, especially in terms
of aging [149-151]. Indeed, CBD has been demonstrated to
attenuate the age-related changes in keratinocytes and fibro-
blasts in vitro and human skin in vivo [92, 97, 98]. Given
the aging population and the growing market of cosmetic
products, the anti-aging properties of CBD in the skin will
continue to draw attention [152]. However, the current evi-
dence for the beneficial properties of CBD in the skin is
largely limited to pre-clinical studies. Further clinical evi-
dence, ideally from randomized controlled trials, should be
accumulated in the future.

The efficient topical/transdermal delivery is another
important aspect of the development of clinically viable
CBD products [69, 112, 133]. Because of the lipophilic-
ity of CBD, its transcutaneous permeation is highly limited
without the aid of delivery strategies [117]. Data from other
cannabinoids support the potential use of new technologies,
including chemical enhancement, physical enhancement,
and nanoparticulate carriers [112, 120, 121, 127, 128], but
there is limited literature available on these new technologies
for CBD. In future work, emerging drug-delivery technolo-
gies should be rigorously explored for CBD, which would
facilitate the efficient and convenient application of CBD
via the skin.

7 Conclusions

Available evidence suggests that CBD has multiple ben-
eficial properties in cosmetic dermatology, including anti-
oxidant, anti-inflammatory, and anti-aging effects. Indeed,
the skin is an ideal delivery route for CBD, enabling high
local concentrations while minimizing systemic side effects.
Given its highly lipophilic nature, delivering CBD through
the stratum corneum into deeper skin layers requires special-
ized delivery systems, which are still under research and
development. Therefore, efficient delivery systems as well
as beneficial properties of CBD should be rigorously inves-
tigated in the future. In addition, as the biological effects of
CBD are primarily mediated through cannabinoid receptors,
the potential effects of CBD on the ECS need to be evalu-
ated. Ideally, these studies should be performed not only in
preclinical experiments but also in clinical trials.

Nonetheless, the aging population and the growing
demand for cosmetic products, together with the increas-
ing attention to CBD, enhance the social demand for the
use of CBD for cosmetic purposes. Further accumulation of
clinical data, along with the development of efficient topical/
transdermal delivery systems, would provide a bright future
for CBD in cosmetic dermatology.
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