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Abstract

Resveratrol has been extensively reported as a potential compound to treat some skin disorders, including skin cancer,
photoaging, allergy, dermatitis, melanogenesis, and microbial infection. There has been an increasing interest in the
discovery of cosmetic application using resveratrol as the active ingredient because of its anti-aging and skin lightening
activities. The naturally occurring derivatives of resveratrol also exert a beneficial effect on the skin. There are four
groups of resveratrol derivatives, including hydroxylated compounds, methoxylated compounds, glycosides, and olig-
omers. The major mechanism of resveratrol and its derivatives for attenuating cutaneous neoplasia, photoaging and
inflammation, are related with its antioxidative activity to scavenge hydroxyl radical, nitric oxide and superoxide anion.
A systematic review was conducted to describe the association between resveratrol-related compounds and their benefits
on the skin. Firstly, the chemical classification of resveratrol and its derivatives was introduced. In this review the cases
which were treated for different skin conditions by resveratrol and the derivatives were also described. The use of
nanocarriers for efficient resveratrol skin delivery is also introduced here. This review summarizes the cutaneous
application of resveratrol and the related compounds as observed in the cell-based, animal-based and clinical models.
The research data in the present study relates to the management of resveratrol for treating skin disorders and sug-
gesting a way forward to achieve advancement in using it for cosmetic and dermatological purpose.

Keywords: Antioxidant, Nanocarriers, Naturally occurring derivatives, Resveratrol, Skin

1. Introduction group stilbenes has gained lot of attention as it
considered to be beneficial for human health. This
compound was first isolated from the roots of
Veratrum grandiflorum in 1940. It was initially

characterized as a phytoalexin, providing defense

P olyphenols are the phytochemicals contain-
ing many bioactive compounds, mostly found
in vegetables, fruits and soy [1]. These molecules

can be classified into 5 major categories, including
hydrobenzoic acids, hydroxycinnamic acids, fla-
vonoids, stilbenes, and lignans [2]. Among these,
resveratrol (3,5,4-trihydroxystilbene) from the

against the attacks from insects and pathogens [3].
This natural phytoalexin is detected in more than
70 different plants such as grapes and berries, and
is also found in human foods and in all kinds of
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red wines. Resveratrol has attracted a lot of in- during the fermentation of grape skin in the
terest in 1992 because of a report demonstrating  presence of ultraviolet (UV) irradiation [5]. The
the cardioprotective activity discovered in red trans form generally shows greater bioactivities
wine [4]. Resveratrol is a stilbenoid possessing than the cis structure.

two phenols linked by an ethylene bridge (Fig. 1). Resveratrol can act as an antioxidant to modulate
The chemical structure can be identified as two  cellular functions. It scavenges hydroxyl radical,

isomers: trans- and cis-resveratrol. The trans form
is found in the plants, while the cis form is pro-
duced by isomerization of trans form and as a
result of disintegration of resveratrol oligomers
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Fig. 1. The chemical structures of resveratrol and its naturally occurring derivatives discussed in this review. There are four groups of resveratrol
derivatives, including hydroxylated compounds, methoxylated compounds, glycosides, and oligomers. The major oligomers with bioactivities on skin

are dimmers, trimers, and tetramers.
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mellitus, microbial infection, aging, and inflamma-
tion [7]. Many resveratrol derivatives have been
found in natural resources. These derivatives exhibit
stilbene skeleton with various substituting moieties.
There are four groups of resveratrol derivatives,
including hydroxylated compounds, methoxylated
compounds, glycosides and oligomers. The resver-
atrol derivatives also demonstrate biological activ-
ities covering wide diversities, such as anticancer,
anti-aging, anti-inflammatory and antibacterial ef-
fects [8,9]. The predominant problem of resveratrol
and its analogs associated with its applicability on
disease treatment is the low oral bioavailability, as it
gets metabolized via phase II enzymes [10]. In
addition to the low bioavailability, resveratrol has
very short half-life (8-14 min) and undergoes
extensive metabolism in the circulation [11]. Some
strategies are employed to overcome the issues
related with the low bioavailability. Among these
strategies, skin delivery is a useful alternative of oral
delivery for treating dermatological diseases.
Resveratrol is reported to be readily absorbed
through skin [12]. Additionally, the possible skin
irritation caused by topical resveratrol is also re-
ported to be low [13,14].

Another approach for increasing the applicability
of resveratrol-based therapy is to implement the use
of nanomedicine [15]. Because of the low aqueous
solubility and instability of resveratrol and its de-
rivatives, nanoencapsulation is verified to be an
efficient way to increase its solubility, bioavailability
and other biological functions. The incorporation of
resveratrol in nanocarriers will help to achieve the
aim of enhanced stability, controlled release and
tissue or organ targeting and therefore causes less
side effects [16]. To increase the skin absorption of
resveratrol, some nanoformulations such as lipo-
somes, niosomes, solid lipid nanoparticles (SLNs),
nanostructured lipid carriers (NLCs), nano-
emulsions, polymeric nanoparticles, and den-
drimers are utilized to promote the possible
application of topical resveratrol (Fig. 2). Liposomes
and niosomes can be classified as the nanovesicles
with bilayers and aqueous cores. SLNs, NLCs, and
nanoemulsions are the lipid-based nanocarriers
with lipids in the cores. Polymer-based nanocarriers
include poly(lactic-co-glycolic acid) (PLGA), poly-
lactic acid (PLA), and dendrimers, which are
commonly used in biomedical investigation due to
their safety and tunable size. In the past few decades
a great advancement in the investigation of resver-
atrol and its derivatives has demonstrated that it
holds significant promise for skin use. In this re-
view, we highlight the cutaneous application of
resveratrol and its naturally occurring derivatives

for treating skin disorders. We mainly focus on the
reports of skin diseases treated by these stilbenoids
using different evaluation platforms, including in
vitro, ex vivo and in vivo examinations. The prom-
ising perspective associated with this emerging
application is also discussed in the present study.
The development of nanocarriers for improving the
skin absorption capability and therapeutic efficacy
of topical resveratrol is also introduced in this re-
view article.

2. Chemical structure of resveratrol and its
derivatives

The chemical structure of resveratrol consists of
two phenolic rings which are bonded together by a
double styrene bond. Resveratrol is equipped with
different functional moieties including aromatic ring,
hydroxyl group, and double bond. These groups
offer a great potential to be conjugated with other
moieties for structure modifications [17]. A large
number of natural resveratrol derivatives are broadly
investigated for their bioactivities. The structures of
these compounds can be divided into hydroxylated
derivatives, methoxylated derivatives, glycosides,
and oligomers (Fig. 1). Some hydroxylated resvera-
trol derivatives are derived from natural products.
These include oxyresveratrol, piceatannol, and pre-
nyloxyresveratrol. The addition of hydroxyl group in
resveratrol structure can increase the therapeutic
versatility of the parent compound [18]. Oxy-
resveratrol can be derived from many plants,
showing antioxidant and anti-inflammatory potential
[19,20]. Oxyresveratrol has proved to reveal greater
inhibition of tyrosine oxidation catalyzed by tyrosi-
nase (ICsy = 53 pM) than that observed in the parent
compound (ICsy > 100 pM) [21]. Another hydroxyl-
ated resveratrol derivative commonly studied is
piceatannol, which possesses an additional hydroxyl
group than resveratrol. Piceatannol is reported to
have antioxidative, anticancer, immunomodulatory
and anti-inflammatory effects [22].

The substitution of hydroxyl group by methoxyl
group can increase the structural stability of
resveratrol. The methoxyl resveratrol compounds
demonstrate better bioavailability than the parent
compound because of their higher lipophilicity [23].
The glucuronidation and sulfidation of methoxyl
derivatives is less than the parent resveratrol during
metabolism, confirming that methoxylation leads to
stronger bioactivity response. Pterostilbene is a
methoxylated resveratrol isolated from grapes,
blueberries and some plant woods [24]. The anti-
cancer, antilipidemic, and cardioprotective proper-
ties of pterostilbene are greater than that observed
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Fig. 2. The structures of nanocarriers used for cutaneous delivery of resveratrol and its naturally occurring derivatives. These nanosystems include
liposomes, niosomes, solid lipid nanoparticles (SLNs), nanostructured lipid carriers (NLCs), nanoemulsions, polymeric nanoparticles, and den-
drimers. The detailed description of the structures of these nanocarriers is shown in the text.

in resveratrol [25,26]. It is also reported that 3,4’,5-
trimethoxystilbene has more potent antioxidant and
proapoptotic activities than that seen in resveratrol
[18]. Another way to increase resveratrol bioavail-
ability is through glycosylation. Glycosylation en-
hances  resveratrol solubility in aqueous
environment, leading to an improvement in its
bioavailability [27]. The glycosylation process also
prevents enzymatic oxidation which in turn pre-
serves the biological activities and increases the
stability. Polydatin, also known as piceid or resver-
atrol 3-O-B-D-glucopyranoside, is the most com-
mon  resveratrol  glycoside examined for
bioactivities. This glycoside shows a structure in
which a glucose is transferred to the C-3 hydroxyl
moiety. Polydatin is abundant in red wine and grape
juice. The concentration of polydatin in red wine is
even higher than that of aglycone [28]. It is also

detected in hop cones, beer and chocolates. Poly-
datin appears to be more efficacious than resveratrol
in terms of antioxidant capacity because of the re-
action linked with its radical form [29].

Resveratrol oligomers are biosynthesized via
regioselective oxidative coupling of 2 to 8 monomers
[30]. The oligomers can be formed through several
self-mergers done by numerous distinct C—C and
C—O binding [31]. At least 92 new resveratrol olig-
omers have been identified in plants in the last
decade [32]. These oligomers have been reported to
exert anticancer, antidiabetic, antibacterial and car-
diovascular-protective effects [33,34]. The biological
activities of resveratrol oligomers depend upon their
molecular size and stereochemistry. Some studies
[35,36] have demonstrated that the addition of
increasing number of resveratrol units increase the
biological potency and specificity. It is documented
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that the scavenging capacity and metal ion chelating
ability of the oligomers are higher than that of the
monomer by 20- and 1000-fold [33]. The structures
of resveratrol derivatives described in this review
are illustrated in Fig. 1. Table 1 summarizes the
physicochemical properties of these compounds as
predicted by silico molecular modeling. Molecular
volume, estimated lipophilicity (Alog P), hydrogen
bond (H-bond) number and total surface polarity
were also determined using Discovery Studio 4.1
(Accelrys).

3. Skin disorders treated by resveratrol and its
derivatives

Skin is the largest and outermost organ, it pro-
vides the most accessible way to administer drugs
and active ingredients. It is also a semipermeable
barrier that protects the body from the external
environment and it also prevents water loss. The
skin of an average adult human covers a surface
region of approximately 2 m* and receives one-third
of the blood circulation throughout the body. The
largest organ of the human body, the skin, is
composed of three histological layers: epidermis,
dermis, and subcutaneous tissues. The skin delivery

Table 1. Anti-skin cancer activity of resveratrol and its derivatives.

of drugs or active agents is often challenging due to
the outer barrier of the skin. This barrier includes
the stratum corneum (SC) and tight junction (TJ)
[37]. SC, in particular, presents rigid resistance to
the topical delivery of drugs. Successful skin de-
livery of drugs necessitates distinct characteristics
regarding molecular size and physicochemical
properties. The ideal physicochemical characteris-
tics for facile skin absorption of permeates include
low molecular weight (<500 g/mol), moderate lip-
ophilicity (partition coefficient log P = 1-3),
adequate solubility in both water and oil, as well as
have a low melting point [38]. Resveratrol and some
of its derivatives fit in these criteria, resulting as the
ideal candidate for topical administration to treat
skin diseases and other abnormalities.

Skin disorder is a commonly found human illness,
affecting about 70% of the population worldwide. Itis
the fourth leading cause of disability in the world [39].
For the management of skin diseases by drug ther-
apy, topical administration renders an appealing
approach as it provides various advantages
including, direct nidus targeting, avoidance of sys-
temic toxicity, and non-invasive application [40].
Recent application of resveratrol and its analogs in
skin-related diseases includes therapies for skin

Compound Experimental model Cell or animal type Outcomes offered by the Reference
compound

Resveratrol In vitro SCC Colo-16 cells Cell growth inhibition via [68]
Whnt signaling

Resveratrol In vitro SCC Ca3/7 cells Synergistic effect with ursolic  [69]
acid

Resveratrol In vivo phorbol ester induction ICR mouse Tumor suppression by COX-2 [71]
inhibition

Resveratrol In vivo phorbol ester induction ICR mouse Tumor suppression via NF-kB  [72]
and AP-1 pathways

Resveratrol In vivo DMBA induction Albino mouse Tumor suppression via PI3K  [73]
and protein kinase B
regulation

Resveratrol In vitro melanoma B16—F10 and A375 cells Apoptosis via PI3K and [75]
protein kinase B regulation

Resveratrol In vitro in vivo melanoma DM738 and DM443 cells Synergistic effect with [76]
temozolomide

e-Viniferin and pallidol I vitro melanoma HT-144 and SKMEL-28 cells  ¢-Viniferin displayed a [771

¢-Viniferin and labruscol In vitro melanoma

Resveratrol in liposomes  In vitro melanoma

Resveratrol in polymeric In vitro melanoma and in
nanoparticles vivo phorbol ester induction

B16—F10 cells and mouse

greater melanoma inhibition
than resveratrol and pallidol

HT-144 and SKMEL-28 cells Melanoma inhibition via cell  [78]

cycle blocking in S phase

SKMEL-28 and Colo-38 cells Ultradeformable liposomes [80]

enhanced cytotoxicity and
percutaneous permeation
Nanoparticles enhanced [81]
cytotoxicity and in vivo tumor
incidence

AP-1; activator protein-1; COX-2, cyclooxygenase-2; DMBA, 7,12-dimethylbenz[a]anthracene; NF-«B, nuclear factor-«B; PI3K, phos-

phatidylinositol-3-kinase; SCC, squamous cell carcinoma.
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Fig. 3. The skin diseases that can be ameliorated by resveratrol and its naturally occurring derivatives in cell- or animal-based studies. The possible
signaling pathways for the treatment of these skin disorders are summarized in this figure. Resveratrol and its analogs demonstrate antioxidant,
anticancer, antiaging, anti-inflammatory, anti-melanogenesis, and antimicrobial impacts for skin application.

cancers, photoaging, intrinsic aging, cutaneous
inflammation, melanogenesis, and microbial infec-
tion (Fig. 3). The possible mechanisms involving in
the bioactivity of resveratrol and its analogs are also
illustrated in this figure. The use of these active
compounds can ameliorate the symptoms of the skin
diseases. Some therapies based on resveratrol prop-
erties have been approved for clinical use or are
under clinical trial for preventive or therapeutic use.
In addition, some resveratrol or the derivatives are
approved to manage various skin diseases in cell-
based and animal studies. Some of these resveratrol-
related compounds are included in topical formula-
tions for cosmetic purposes [41].

Skin cancer is the most common form of cancer,
globally accounting for at least 40% of cancer cases
[42]. There are three major types of cutaneous tumors,
including basal cell carcinoma (BCC), squamous cell
carcinoma (SCC) and melanoma. The first two can be
classified as non-melanoma skin cancers (NMSC).
Mohs micrographic surgery (Mohs surgery) is a
technique used to remove the cancer with the least
amount of surrounding tissue and the edges are

checked immediately to see if any tumor is detected.
For low-risk diseases, radiation therapy, topical
chemotherapy and cryotherapy can provide
adequate control of the disease [43]. The topical
chemotherapy is also used for the prevention of
tumor recurrence after surgical removal. Some
polyphenolic compounds such as phenolic acids,
flavonoids, stilbenes, and lignans have proved to be
effective for mitigating the tumor growth of NMSC
and melanoma [44]. These compounds act on several
biomolecular pathways including, cell division cycle
arrest, autophagy, and apoptosis. Cutaneous aging
can be divided into photoaging and chronological
aging. Photoaging is activated via the human skin
damage attributable to repeated UV exposure from
sunlight. Exposure to UV radiation from the sun is the
main risk factor for causing skin cancer [45]. UV elicits
both acute and chronic adverse effects on the skin.
These include sunburn, photosensitivity, inflamma-
tion, immunosuppression, and photocarcinogenesis
[46]. UV exposure of the skin creates reactive oxygen
species (ROS), leading to the massive infiltration of
immune cells such as neutrophils and macrophages
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Fig. 4. The morphologies and features of psoriasis and atopic dermatitis skins. Typical histologic features of psoriasis includes epidermal hyperplasia
with elongated rete ridges, a less discrete epidermal granular layer, parakeratosis, and leukocyte infiltration of the viable skin. Dermatitis is an
inflammatory skin disease characterized by presence of erythema, edema, vesicles, and lichenification. The effects of resveratrol and its analogs on
psoriasis and dermatitis for ameliorating the signs and symptoms are summarized in this figure.

in viable skin cells [47]. Due to its antioxidant prop-
erty, resveratrol and its derivatives have the capa-
bility to ameliorate cutaneous photoaging.
Inflammatory skin diseases are the most common
problem in dermatology. They can range from oc-
casional rashes accompanied by skin itching and
redness, to chronic conditions such as psoriasis,
dermatitis, and rosacea. Both psoriasis and atopic
dermatitis (AD) are autoimmune diseases affecting
skin. Psoriasis, a chronic inflammatory disease of
the skin, affects approximately 125 million people
globally [48]. Clinically, psoriasis is characterized by
red plaques with silver or white multilayered scales
with a thickened acanthotic epidermis in patients
who are markedly demarcated from adjacent non-
lesional skin (Fig. 4) and its lesions often occur at
sites of epidermal trauma, such as the elbows and
knees, the back, and the trunk, but it can appear
anywhere on the body, which severely impairs pa-
tients’ quality of life [49]. Typical histologic features
of psoriasis includes epidermal hyperplasia with
elongated rete ridges, a less discrete epidermal
granular layer, parakeratosis, and leukocyte infil-
tration of the viable skin. More than 80% of patients
show a mild-to-moderate level of severity [50],
which can be controlled by topical therapy. How-
ever, conventional topical-application treatment is
usually time-consuming with incomplete lesion
resolution and some adverse effects. The

development of new topically applied agents is
definitely needed, especially the ones discovered
from natural resources [51]. Some natural com-
pounds are useful for treating psoriasis because of
their antioxidant, anti-inflammatory and apoptotic
activities [52].

AD is an inflammatory skin disease characterized
by presence of erythema, edema, vesicles, and
lichenification (Fig. 4). The pathogenesis of AD in-
volves dysregulation in the inflammatory process
and a change in response to antigens. The preva-
lence of AD has increased 3-fold over the past 30
years because of environmental risks [53]. It is a
common skin disorder affecting 10-25% of children
and 2-10% of adults [54]. The anti-AD drugs such as
coal tar, doxepin, calcineurin inhibitors and steroids
are reported to cause skin itching and stinging
sensation [55]. The excessive use of topically applied
calcineurin inhibitors may elicit systemic absorp-
tion, therefore, causing toxicity and increasing the
malignancy risk. Corticosteroids are usually
accompanied by side effects such as skin thinning,
striae, corticophobia and also demonstrate insuffi-
cient clinical response [56]. The development of new
agents for AD treatment is urgently needed to
minimize these side effects and enhance the effi-
cacy. Several investigations assessing anti-AD
therapy based on natural sources have revealed
some potential activities in this area [57]. There are
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two important features associated with AD that
make it difficult to treat. Firstly, it compromises the
skin barrier and secondly, increases the risk of
cutaneous infection. As the integrity of barrier is
reduced this leads to Staphylococcus aureus invasion
and exacerbates eczema [58]. More than 90% of AD
patients are colonized with S. aureus [59]. The bac-
terial population increases in the skin involving le-
sions of AD and chronic wounds. Hence it plays a
critical role in infection-induced inflammation and
cutaneous disease progression [60]. Polyphenols
including resveratrol-related compounds can be
used to treat cutaneous and subcutaneous infections
caused by bacteria and fungi [61,62].

Resveratrol and its derivatives are also investi-
gated for skin hyperpigmentation treatment. These
compounds can act as skin lightening agents to
improve skin aesthetics. Hyperpigmentation occurs
when the skin releases more melanin content.
Melanin is the pigment which gives skin its color.
This can make spots or patches of skin appear
darker than surrounding areas. Hyperpigmentation
can occur after an injury or due to skin inflamma-
tion caused during cuts, burns, acne, and lupus.
Excessive sun exposure and melasma can also cause
hyperpigmentation [63]. Tyrosinase is regarded as a
key enzyme implicated in the metabolism of
melanin in melanocytes and its inhibitors have
become increasingly important in medicinal and
cosmetic products in relation to hyperpigmentation.
Resveratrol has been already proved as a tyrosinase
inhibitor which can reduce the cutaneous pigmen-
tation [64].

4. Resveratrol and its derivatives as the active
agents for skin-related disease therapy

The following review describes the different
therapeutic and cosmetic approaches of resveratrol
and its analogs on skin. These include the cell-based
study, animal-based study and clinical human trial.
The pharmacodynamics outcome of these com-
pounds are the main evaluation platform used to
define the preventive or therapeutic effects in our
present description.

4.1. Skin cancers

Chemotherapy or chemoprevention by natural
compounds is appreciated as a new strategy in the
management of carcinomas including skin cancers.
The anticancer ability of resveratrol is verified by in
vitro and in vivo evaluations. The tumor inhibition
by resveratrol involves its antioxidant, anti-inflam-
matory, antiproliferative and pro-apoptotic activities

[65]. Resveratrol can suppress carcinogenesis at
different stages, including initiation, promotion, and
progression [66]. SCC is a common form of skin
cancer which develops in the squamous cells that
make up the middle and outer layers of the skin. It is
usually found in areas of the skin damaged by
excessive UV exposure from the sun. Surgery is the
first choice for treating SCC, whereas the adjuvant
therapy by chemotherapy can improve the survival
rate and life's quality. Wnt/B-catenin signaling is
activated in the process of development of SCC [67].
The 