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Resveratrol is a polyphenol compound found in many edible plants such as Vitis vinifera, and its inhibitory effects

on the catalytic activity, gene expression, and posttranslational modifications of tyrosinase, a key enzyme in the

melanin biosynthetic pathway, provide a mechanistic basis for its antimelanogenic effects seen in melanocytic

cells, three-dimensionally reconstituted skin models, and in vivo animal models. Recent clinical studies have

supported the efficacy of resveratrol and its analogs, such as resveratryl triacetate (RTA) and resveratryl

triglycolate (RTG), in human skin lightening. These findings suggest that resveratrol and its analogs are potentially

useful as skin lightening agents in cosmetics.
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1. Introduction

In human skin, melanin is produced in a specialized organelle called “melanosome” in the melanocytes, which

localizes in the basal layer of the skin epidermis . Mature melanosomes filled with melanin are transferred from a

single melanocyte, via dendrites, to several keratinocytes in the outer proximity, distributing melanin throughout the

epidermis . Melanin is an effective absorbent of UV, reducing the risk of photoaging and photocarcinogenesis ,

and is a key player in maintaining skin homeostasis .

Unwanted abnormal skin pigmentations are clinically and aesthetically significant conditions that can cause mental

stress and lower the quality of life . Various approaches are used to control hyper- and hypo-pigmentation in

dermatology and cosmetology. A variety of natural and synthetic compounds that inhibit the catalytic activity of

tyrosinase, which is a key enzyme in the melanin biosynthesis, have previously been reported in the literature ,

but their clinical efficacies are largely unknown.

Resveratrol (3,5,4′-trihydroxy-trans-stilbene) is a polyphenolic compound found in various plants, including grapes,

berries, and peanuts . It is believed to act as a phytoalexin in several plants, providing defense against

attack by insects and pathogens .

Resveratrol can act as an antioxidant and can modulate cell functions, signal transduction, and gene expression

. Resveratrol activates the nuclear factor erythroid 2-related factor 2 (Nrf2)/antioxidant response element (ARE)

pathway by a phosphoinositide 3-kinases/Akt (protein kinase B)-dependent mechanism . It induces

nuclear accumulation of Nrf2 and gene expression of reduced nicotinamide adenine dinucleotide phosphate
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(NADPH) quinone dehydrogenase 1, glutathione peroxidase 2, and the catalytic and modulatory subunits of

glutamate-cysteine ligase, in the primary culture of normal human keratinocytes . Resveratrol directly or

indirectly activates sirtuin 1, a NAD-dependent deacetylase, that is involved in metabolic regulation, stress

response, and aging processes .

Evidence supporting its antimelanogenic activity has accumulated in the last decade . As an approach to

enhance the stability and efficacy of resveratrol, our research team developed its analogs, resveratryl triacetate

(RTA) and resveratryl triglycolate (RTG), and undertook human trials to evaluate their skin lightening efficacy 

. Herein, we scrutinize recent literature on the anti-melanogenic activities and skin lightening efficacies of

resveratrol and its analogs to examine their potential as active ingredients for skin lightening in the cosmetics

industry.

2. Resveratrol as a Tyrosinase Inhibitor

Various stilbenoids, including resveratrol, inhibit mushroom tyrosinase activity . Oxyresveratrol has been

shown to exhibit more potent inhibition of L-tyrosine oxidation catalyzed by murine tyrosinase (IC , 52.7 μM) than

resveratrol (IC  > 100 μM). Piceatannol has been shown to be a very potent inhibitor of mushroom tyrosinase

(IC , 1.53 μM), compared to kojic acid (IC , 50.1 μM) and resveratrol (IC , 63.2 μM) . Oxyresveratrol is found

in many plants, such as Morus alba, and shows antioxidant activity mitigating oxidative stress and inflammatory

reactions .

Gnetin C, a resveratrol dimer isolated from melinjo (Gnetum gnemon) has been shown to be as effective as

resveratrol with regard to its inhibitory activity against mushroom tyrosinase, but the former has a much weaker

inhibitory activity against murine tyrosinase than the latter . Vitis vinifera extracts containing gallic acid,

chlorogenic acid, epicatechin, rutin, and resveratrol show competitive inhibition against mushroom tyrosinase

activity . Collectively, these studies suggest that resveratrol is a modest, and not a very potent inhibitor of

mushroom tyrosinase.

Resveratrol has been shown to be an active component of Vitis vinifera extracts that inhibit human tyrosinase

activity . Resveratrol inhibited human tyrosinase activity more strongly (IC , 0.39 µg mL ) than p-coumaric acid

(IC , 0.66 µg mL ) and arbutin (IC  > 100 µg mL ). Resveratrol had a much lower effect on mushroom

tyrosinase activity than on human tyrosinase activity.

Resveratrol can be biotransformed by mushroom tyrosinase to its oxidized form, which is a more powerful inhibitor

of mushroom tyrosinase than resveratrol itself . The reaction products of resveratrol by tyrosinase were

more toxic than resveratrol itself . Oxyresveratrol is also a substrate of mushroom tyrosinase . Thus, it is

necessary to study whether the same mechanism also applies to human tyrosinase.

3. Antimelanogenic Mechanisms of Resveratrol and Its
Analogs
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Although resveratrol inhibits tyrosinase activity less effectively than oxyresveratrol in vitro, the former inhibits

cellular melanogenesis more effectively than the latter . Resveratrol and 4-n-butyl resorcinol synergistically

inhibit tyrosinase activity and tyrosinase gene expression . Various chemical modifications have been

attempted to enhance the therapeutic potential of resveratrol . Some chemically synthesized resveratrol

analogs show more potent inhibition of tyrosinase activity, tyrosinase gene expression, and/or cellular melanin

synthesis than resveratrol demonstrated . Semi-synthetic derivatives from resveratrol show altered

inhibition against tyrosinase activity and cellular melanin synthesis .

Resveratrol inhibits MITF promoter activity induced by UV or forskolin in B16 cells . Resveratrol, resveratryl

triacetate (RTA), and resveratryl triglycolate (RTG) lower the mRNA and protein levels of tyrosinase, DCT, and

MITF in human epidermal melanocytes . Resveratrol and its trimethyl ether decrease the tyrosinase protein

level and tyrosinase activity in B16 cells stimulated by α-MSH . Therefore, resveratrol and its analogs are

assumed to reduce the gene expression of MITF and downstream melanogenic enzymes by inhibiting the cAMP-

dependent pathway.

Resveratrol activates sirtuin 1, which in turn activates transcription factors p53 and forkhead box O (FOXO) .

Resveratrol can confer antimelanogenic activity through a FOXO3a-dependent mechanism . Resveratrol is also

known as a potent inducer of autophagy , which is a lysosome-dependent mechanism for removing misfolded or

damaged proteins or unnecessary organelles . Resveratrol increased expression levels of autophagy-related

gene 5 (ATG5) while decreasing MITF, tyrosinase, and TYRP1 in Melan-A cells stimulated by α-MSH . Small

interfering RNA-mediated depletion of ATG5 rescued the expression of MITF, tyrosinase, and TYRP1 in the

presence of resveratrol, indicating that autophagy is associated with the antimelanogenic effects of resveratrol.

Post-translational modifications of tyrosinase and other melanogenic enzymes are required for full activation .

Normal human melanocytes contain mainly the mature, Golgi-processed form of tyrosinase, but the cells treated

with resveratrol contain mostly endoplasmic reticulum (ER)-retained, immature tyrosinase. This indicates that

resveratrol can disrupt the trafficking of tyrosinase from the ER to the Golgi and the maturation of tyrosinase .

Thus, resveratrol and its analogs are considered to regulate cellular melanin synthesis by multiple mechanisms,

including the inhibition of catalytic activity, gene expression, and posttranslational maturation of tyrosinase in

melanocytes. The potential anti-melanogenic action mechanism of resveratrol is shown in Figure 1.

[40]

[41][42]

[43][44]

[45][46][47][48]

[40][49][50][51]

[52]

[40][50]

[51]

[53]

[54]

[55]

[56]

[57]

[58][59]

[60]



Resveratrol and Human Skin Lightening | Encyclopedia.pub

https://encyclopedia.pub/entry/12554 4/9

Figure 1. Potential mechanisms for the antimelanogenic action of resveratrol. On the binding of a-melanocyte

stimulating hormone (a-MSH) to the melanocortin 1 receptor (MC1R) and subsequent activation of cyclic AMP

(cAMP)-producing adenylate cyclase (AC) leads to the phosphorylation of cAMP-responsive element-binding

protein (CREB) by protein kinase A. Phosphorylated CREB enters the nucleus and binds to cAMP response

elements (CRE) on the promoter of its target genes including microphthalmia-associated transcription factor

(MITF), activating their gene expression. Resveratrol can inhibit the gene expression of MITF, tyrosinase,

tyrosinase-related protein 1 (TYRP1) and dopachrome tautomerase (DCT) stimulated by a-MSH or forskolin, a

director activator of AC, which is mediated by a cAMP-dependent mechanism. Resveratrol can suppress MITF

activation by a FOXO3a-dependent mechanism. Resveratrol can also stimulate autophagy-related gene 5 (ATG5)

expression inducing autophagy, and reduce the protein levels of MITF and tyrosinase. The antimelanogenic

enzymes such as tyrosinase undergo posttranslational modifications in the endoplasmic reticulum (ER) and Golgi,

and resveratrol can inhibit these processes. Resveratrol can also inhibit enzyme reactions of tyrosinase involved in

the synthesis of eumelanin and pheomelanin in the melanosomes. Although the synthetic route of pheomelanin is

simply drawn here, it is very complicated and involves many enzymes and metabolites. There are many other

pathways that are involved in the regulation of cellular melanin synthesis but are not covered in this figure.

4. Hypopigmentation Effect of Resveratrol

In vivo experiments and human tests on the skin lightening and antiaging activity of resveratrol and its analogs are

listed in Table 1. In dark-skinned Yucatan swine, topical treatment with 1% resveratrol twice a day, 5 days per

week, for 8 weeks resulted in visible skin lightening without signs of irritation or other undesired effects . In

another experiment using light-skinned Yucatan swine, skin tanning was induced by exposing them to one minimal

erythema dose (MED) of UVB, once per day, on three alternate days. Topical treatment with 1% resveratrol once

daily for 2 weeks, immediately after each UVB exposure and on non-UVB exposure days, reduced the UVB-

induced pigment deposition in Yucatan swine.
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Lee et al. have tested the hypopigmentation effect of resveratrol in brownish guinea pigs . In one study

[21], pigmentation was induced by exposing the dorsal skin of guinea pigs to UVB (l , 310 nm) at 390 mJ cm

thrice per week, for two weeks, and thereafter, 1% resveratrol solution was topically applied every day to these

animals for 2 weeks. As a result, UVB exposure increased the pigment index from 40.7 ± 1.6 in the baseline group

to 62.6 ± 2.3 in the vehicle control group and 53.4 ± 1.0 in the 1% resveratrol treatment group, indicating a

hypopigmentation effect of resveratrol. Histological data suggested that resveratrol reduced melanin synthesis by

decreasing DCT among the melanogenic enzymes. In subsequent studies, resveratrol-enriched rice extract and

the same extract encapsulated in nanoparticles were shown to exhibit hypopigmentation effects in guinea pigs 

.

 Table 1. In vivo and clinical studies on the skin lightening efficacy of resveratrol and its analogs.
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Abbreviations: RTA, resveratryl triacetate; RTG, resveratryl triglycolate.

5. Human Skin Lightening Efficacy of Resveratrol 

The effects of resveratrol against skin pigmentation and sunburn caused by repetitive UV irradiation were

examined in a human trial employing 15 healthy volunteers . Six sites on the non-exposed dorsal skin of each

volunteer were exposed to solar simulating UV at a dosage of 1.5 MED for 4 consecutive days, and different test

materials were topically applied immediately after each UV exposure.

The skin color can be expressed using the Commission Internationale de l’Eclairage Lab color space composed of

the degree of lightness (L*), degree of green to red (a*), and degree of yellow to blue (b*) . In this study, the skin

color parameters, L*, a*, and b were measured using Spectrophotometer  CM-2500d (Minolta, Tokyo, Japan) .

Four days after UV irradiation, L* values decreased from 63.89 to 55.91 in the control group, and from 64.20 to

59.3 in the 1% resveratrol treatment group, indicating reduced tanning in the treatment group. The a* values

increased from 7.62 to 16.29 in the control group, and from 7.51 to 13.43 in the treatment group, indicating that

sunburn was reduced in the treatment group. The histological analysis supported that UV-induced sunburn and

suntan were reduced by resveratrol treatment.

6. Human Skin Lightening Efficacy of Resveratryl Triacetate
(RTA)

As an approach to improve the stability of resveratrol as an active ingredient in cosmetics, resveratrol was

acetylated to RTA as a “prodrug” form . RTA showed higher stability in solutions, lower cytotoxicity, and a
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similar inhibitory effect on melanin synthesis in cultured melanocytes, as compared to resveratrol itself . It is

assumed that the acetylated compound may be converted to resveratrol by the esterase enzymes in cells.

The safety and skin lightening efficacy of RTA were investigated in human studies . The primary skin irritation

potentials of resveratrol and RTA were assessed at 0.1% and 0.5% concentrations in thirty-three healthy women

, via a closed patch testing method . On testing, resveratrol was observed to induce weak skin irritation at

0.5%, whereas RTA did not induce any adverse skin reactions .

The human skin lightening efficacy of RTA was evaluated  using the artificial tanning and natural

hyperpigmentation models . In all, 22 women with Fitzpatrick skin types III or IV were enrolled in the test

using the artificial tanning model. The volunteers were randomly divided into two groups, and depending on the

group, each of the two test sites in each volunteer received either the test product containing 0.4% RTA or the

control product, twice daily, for 8 weeks. The skin color was represented by the individual typology angles (ITA°)

which were calculated using the equation: ITA° = (arc tangent [(L* − 50)/b*]) 180/3.14159. . The higher the ITA°

value, the lighter the skin color.

As tanned skin underwent the depigmentation process, the ITA° increased continuously for 8 weeks, in both test

and control groups. The application of the test and control products for 8 weeks increased the ITA° by 17.60% and

13.81%, respectively, and the difference was statistically significant (p < 0.05).

In another study using the natural hyperpigmentation model, 21 women were enrolled. The volunteers were divided

into two groups and depending on the group, the right or left sides of the face of each volunteer received either the

test product containing 0.4% RTA or the control product, twice daily, for 8 weeks. The pigmentation intensity of the

highly pigmented area decreased by 2.67% and 1.46% in the test and control groups, respectively, and the

difference was statistically significant (p < 0.05). These studies supported the human skin lightening efficacy of

topically applied 0.4 % RTA.

The human skin lighting efficacy of 0.8% RTA was further examined using the artificial UV-induced tanning model in

a separate study . The intergroup difference was statistically significant (p < 0.05). Therefore, 0.8% RTA-

containing cosmetic products can confer skin lightening efficacy in humans.

7. Human Skin Lightening Efficacy of Resveratryl
Triglycolate (RTG)

RTG is a new hybrid compound between resveratrol and glycolic acid . The resveratryl moiety of RTG was

expected to reduce the production of new melanin and the glycolic moiety was expected to remove the keratin that

previously accumulated melanin. RTG inhibited tyrosinase activity in vitro and MITF and tyrosine gene expression,

suppressing cellular melanin synthesis as effectively as, or slightly more effectively than, resveratrol and RTA .
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