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Abstract 

Overproduction of melanin pigment is well recognized in hyperpigmentation disorders and 
melanoma progression. In this study, we investigated the anti-oxidant activity of oxyresveratrol from 
Artocarpus lakoocha Roxb. The effects of oxyresveratrol on melanogenesis, tyrosinase activity, and 
cellular oxidants in B16 cells were also obtained. Toxic doses of oxyresveratrol were confirmed by using 
an in vitro micronucleus method in V79 cells. Oxyresveratrol had a potent anti-oxidant activity. It also 
showed a statistical significance in the inhibition of melanogenesis, tyrosinase activity, and cellular 
oxidants in B16 cells at 10 and 12.5 µg/ml. These effective doses had no toxicity in V79 cells. 
Oxyresveratrol had a potent inhibition of melanogenesis in B16 cells through the role of cellular oxidants 
relating to tyrosinase activity. Effective doses of this agent may be used to control hyperpigmentation 
disorders and to be applied in chemopreventive drugs for melanoma. 
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Introduction 

Melanin is a biological pigment of skin and hair in mammals, and has an important role in skin 
protection from ultraviolet (UV) radiation [1]. The tyrosinase enzyme is a rate limiting step enzyme in 
melanin biosynthesis [2]. Abnormal hyperpigmentation, such as age spots, melasma, and actinic damage 
are well recognized as being associated with oxidative stress [3]. High levels of free radicals can induce 
melanogenesis through the ERK/JNK pathway in melanocytes [4]. In addition, oxidative stress is 
associated with abnormal proliferation, apoptotic resistance, and cancer metastasis in melanoma cells 
[5,6]. Treatment of melanoma cells with resveratrol showed a potential to balance the redox status in 
melanoma therapy [7]. Therefore, the inhibitory effect on cellular oxidants may be useful in inhibiting 
melanogenesis and melanoma cell progression. 

Some phytopolyphenols, especially in family of stilbenes, have shown anti-oxidant activity [8,9]. An 
increase in the OH group of 4-substituted resorcinol has been mostly related to tyrosinase inhibition [10]. 
Oxyresveratrol, trans-tetrahydroxy stilbene containing 4-substituted resorcinol, was found in the 
heartwood of Artocarpus lakoocha, known in Thai as ‘Ma-Haad’ [11,12]. This agent also had the benefit 
of free radical scavenging activity [13]. The focus of this work is to determine the effect of oxyresveratrol 
from Artocarpus lakoocha Roxb. on melanogenesis through the biological roles of tyrosinase activity and 
anti-oxidant property in B16 melanoma cells. Cellular genotoxicity of the effective dose for melanogenesis 
inhibition was also investigated. 
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Materials and methods 

Preparation of oxyresveratrol 
Dried extract of oxyresveratrol from Artocarpus lakoocha Roxb. was kindly provided by Dr. 

Nasapon Povichit, Detox (Thailand) Co., Ltd. The heartwood of A. lakoocha was dried at 50 °C and then 
ground into powder and macerated in 95 % ethanol for 6 h in dark conditions. The crude extract was 
centrifuged at 1,500 rpm for 15 min. The dried extract was obtained by drying the supernatant in a rotary 
evaporator at 50 °C and 50 mm/Hg. Phytooxyresveratrol was isolated by high performance liquid 
chromatography (HPLC) which was separated by an Alltech Altima C18 column (250×4.6 mm) and a 
C18 guard column (Phenomenex 40×3.0 mm). The separation was carried out using water as mobile 
phase A and 1 % acetic acid in 35 % MeOH as mobile phase B, with 1.0 ml/min of the flow rate. The 
elution profile was: 10 - 55 % B (50 min), 55 - 100 % B (10 min), and 100 - 10 % B (5 min). Its structure 
was confirmed with the 1H and 13C–NMR spectroscopic method. The sample was dissolved by 40 % 
ethanol and filtrated with 0.45 µm polytetrafluoroethylene (PTFE) filter nylon. The sample was diluted 
with complete DMEM medium as 1 % ethanol contained in the final concentration before being used in 
the experiment. 
 

DPPH radical scavenging activity 
A working solution of DPPH was freshly prepared by dissolving and diluting it with 95 % ethanol 

to obtain an absorbance of 0.85±0.05 units at 540 nm. 0.2 ml of the extracted sample was mixed with 1.8 
ml of the DPPH working solution. The mixture was immediately measured at 540 nm against a blank by a 
spectrophotometer (UV-2650, Labomed, USA). The radical scavenging activity of each sample was 
measured as a decrease in the absorbance of the DPPH solution. Vitamin C was used as standard. The 
total anti-oxidant activity in the DPPH test was expressed as mg VitC equivalent/g sample. The assay was 
carried out in triplicate. 
 

ABTS radical decolorization assay 
An ABTS working solution was prepared by mixing 7 mM of an ABTS solution and 2.4 mM of a 

potassium persulfate solution (2:3 v/v) and allowing them to react for 12 h in dark conditions. Diluting 
with 95 % of ethanol obtained an absorbance of 0.85±0.05 at 734 nm by using the spectrophotometer 
(UV-2650, Labomed, USA). 0.2 ml of the sample was reacted with 1.8 ml of the ABTS working solution. 
After 30 min, the absorbance was measured at 734 nm by spectrophotometer. Trolox was used as a 
standard. Total scavenging activity in ABTS test was expressed as mg Trolox equivalent/g sample. The 
assay was carried out in triplicate. 
 

Ferric reducing anti-oxidant power (FRAP) assay 
The working FRAP reagent was prepared by mixing 25 ml of 0.1 M acetate buffer (pH 3.6), 2.5 ml 

of 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ), and 2.5 ml ferric chloride hexahydrate (FeCl36H2O). In dark 
conditions, 20 µl of extracted sample was allowed to react with 180 µl of FRAP reagent in 96 well plates 
for 15 min. A reading of ferrous tripyridyltriazine complex product at 595 nm was measured by using an 
automated microplate reader (1420 Victor 2, Wallac, USA). In the result, iron (II) sulfate heptahydrate 
(FeCl36H2O) was used as a standard. The analysis was performed in triplicate. 
 

Total phenolic content 
Twenty µl of the extracted sample was mixed with 1580 µl of distilled water and then mixed with 

100 µl of Folin-Denis reagent. The mixture was then incubated with 300 µl of 7.5 % w/v of sodium 
bicarbonate for 30 min at room temperature in dark conditions and its absorbance was measured at 765 
nm by using the spectrophotometer (UV-2650, Labomed, USA). Gallic acid was used as a standard. 
Results were expressed as mg Gallic acid equivalent/g sample. The analysis was performed in triplicate. 
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B16 melanoma cells 
B16 cells (RIKEN Cell Bank, Tsukuba, Japan) were maintained in Dulbecco’s modified Eagle’s 

medium (DMEM), supplemented with 10 % heat-inactivated fetal bovine serum, penicillin (100 U/ml), 
streptomycin (100 mg/ml), and 3.7 mg/ml of NaHCO3 at 37 °C and 5 % CO2. 
 

Tetrazolium dye methylthiotetrazole (MTT) assay 
B16 Cells viability was determined by MTT assay [14]. Briefly, 1.5×104 B16 cells were seeded in 

the 96-well microculture plates in the presence of different concentrations of oxyresveratrol extract at a 
final volume of 100 µl for 24 h at 37 °C and maintained for 24 h. MTT at 0.5 mg/ml was added to each 
well. After 2 h of additional incubation, 100 µl of 0.04 N HCl in isopropanol was added to dissolve the 
crystals. B16 cells viability were determined by an automatic microplate reader (1420 Victor 2, Wallac, 
USA) at a wavelength 570 nm. DMSO was used as a blank. The result was expressed as the percentage of 
viable cells (% cell viability). 
 

Melanin content 
Melanin content in B16 cells was determined by using a modified method [15]. In brief, 1.5×105 

cells/ml B16 cells were seeded into 24-well plates and incubated in DMEM for 24 h,  treated with various 
safety doses of sample at 0, 2.5, 5.0, 7.5, 10, and 12.5 µg/ml, and incubated for 4 days. To determine the 
melanin content of the cells, B16 cells were washed with PBS and then lysed with 100 µl of NaOH 1 N 
and incubated at 60 °C for 1 h. After centrifugation at 12,000 g for 5 min at 4 °C, the supernatant was 
measured by using a plate reader (1420 Victor 2, Wallac, USA) at 405 nm. Sodium L-Lactate (SLL) at 50 
mM was used for positive melanin inhibition. Melanin content was expressed as a percentage of the 
control, 100 % for untreated cells. 
 

Melanin pigments in B16 cells 
The melanin pigment accumulation and cellular morphology of B16 cells were observed by a light 

microscope without staining and fixation [16]. In brief, 3.0×105 cells/ml of B16 cells were seeded into 6 
well plates and incubated in DMEM for 24 h, treated with various safety doses of sample at 0, 2.5, 5.0, 
7.5, 10, and 12.5 µg/ml, and incubated for 4 days. Cellular morphology and melanin containing cells were 
observed by a light microscope at 400× of magnification. Sodium L-Lactate (SLL) at 50 mM was used 
for positive melanin inhibition. Percent melanin containing cell frequency was expressed as a percentage 
of total cells counted in 1,000 cells. 
 

Cellular tyrosinase activity 
Tyrosinase activity was assayed as dihydroxyphenylalanine (DOPA) oxidase activity using the 

previous method [17]. B16 cells (1.5×105 cells/ml) were seeded into the 24 well plates and incubated for 
24 h. Cells were treated with various safety doses of the sample and incubated for 72 h. The cells were 
washed twice with ice-cold phosphate buffer saline (PBS) and lysed with 100 µl PBS (pH 6.8) containing 
0.1 % Triton X-100 and 0.1 mM phenylmethanesulfonyl fluoride (PMSF) (pH 7.5). The mixture was 
frozen at −20 °C for 120 min, followed by incubation at 37 °C for 10 min. Then, the lysate was clarified 
by centrifugation at 12,000 g, 4 °C for 30 min. With the supernatant, 80 µl was transferred to 96 well 
plates and 20 µl of 20 mM L-DOPA was added. Tyrosinase activity was determined at 0, 30, 60, 90, and 
120 min by using a microplate reader (1420 Victor 2, Wallac, USA), absorbance 492 nm. The linear plot 
of tyrosinase activity was calculated and expressed as a percentage of the control (100 % for untreated 
cells). Sodium L-Lactate (SLL) at 50 mM was used for positive control. 
 

Cellular oxidants 
Intracellular oxidants were detected with fluorescent 2,7-dichlorodihydrofluorescein diacetate 

(DCFH-DA) in the modified method [18]. Fifteen thousand cells/ml of B16 cells were seeded in 96 well 
plates and incubated at 37 °C, 5 % CO2 for 24 h. Cells were treated with various safety doses of the 
sample for 1 h. Cultured cells were removed from the conditioned medium. Ten µM of DCFH-DA 
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medium was added and incubated at 37 °C, 5 % CO2 for 1 h. DCF fluorescence intensity was immediately 
assessed for cellular oxidants at excitation/emission wavelengths of 485/535 nm by using a fluorescence 
microplate reader (1420 Victor 2, Wallac, USA). Five mM of N-acetyl cysteine (NAC) was used as a 
positive anti-oxidant with 100 % control for untreated cells. 
 

In vitro micronucleus  
In vitro micronucleus assay was performed according to the Organization for Economic Co-

operation and Development (OECD) guidelines [19]. Two hundred thousand cell/ml of Hamster lung 
fibroblast, V79 cells were treated with oxyresveratrol at 10 and 12.5 µg/ml in 10 % fetal bovine serum 
(FBS) in Dulbecco’s modified Eagle’s medium (DMEM) for 3 h at 37 °C with 5 % CO2, then washed and 
incubated with fresh DMEM for 18 h with the same condition. Three μg/ml of Cytochalasin B in DMEM 
was added and incubated for 3 h in 37 °C with 5 % CO2. Mitomycin C (MMC) at 1.0 μg/ml was used as a 
positive control. Treated cells were collected and stained for binucleated cells. Micronuclei (Mn) per 
1,000 cells were examined under light microscope. 
 

Statistical analysis 
All results were expressed as a mean ± standard deviation of three determinations. One way analysis 

of variance (ANOVA) was used to determine the differences of means among the samples. A Pearson 
correlation test was used to assess the correlation. A significance difference was considered at the level of 
p < 0.05, p < 0.01, and p < 0.001. 
 
Results and discussion 

Previously, an over production of melanogenesis has been known to be involved in an imbalance of 
redox state by an excess of free radicals, both of the reactive oxygen species (ROS) and reactive nitrogen 
specie (RNS) [20]. Their radicals have a crucial role in melanogenesis relating tyrosinase activity [21,17]. 
In this study, we demonstrated that oxyresveratrol scavenged free radicals in all in vitro tests with ABTS 
and DPPH methods. It showed reducing activity by using FRAP methods. The radical scavenging 
activity and reducing activity of oxyresveratrol gradually increased with a dose dependent manner. Anti-
oxidant equivalences of ABTS and DPPH were 2.430±0.082 mg Trolox equivalent/g sample and 
37.967±0.579 mg Vit C equivalent/g sample, respectively. Ferric reducing activity by FRAP method was 
91.997±3.802 M Fe2+/g sample, and total phenolic content of oxyresveratrol had Gallic acid equivalence 
at 0.294±0.028 mg Gallic acid equivalent/g sample (Table 1). Additionally, we found that total phenolic 
content of oxyresveratrol showed a strong relation to anti-oxidant activities and reducing activity in 
ABTS (r = 0.938, p < 0.05), DPPH (r = 0.961, p < 0.05), and FRAP (r = 0.994, p < 0.001) methods. 
 
 
Table 1 Free radical scavenging and total phenolic content of oxyresveratrol.  
 

Sample Free Radical scavenging activities Ferric reducing 
activity 

Total phenolic 
content 

 ABTS (mg Trolox 
equivalent/g sample) 

DPPH (mg Vit C 
equivalent/g 

sample) 

FRAP (M Fe2+/g 
sample) 

Folin-ciocalteu (mg 
Gallic acid 

equivalent/g sample) 

Oxyresveratrol 2.430 ± 0.082 37.967 ± 0.579 91.997 ± 3.802 0.294 ± 0.028  
 
 
No significance modification was found in B16 cells treated with oxyresveratrol at various 

concentrations (2.5, 5, 7.5, 10, and 12.5 µg/ml) (Figure 1a). Non-toxic doses of oxyresveratrol were 
designed to determine the effects on melanogenesis, tyrosinase activity, and cellular oxidants. Untreated 
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B16 melanoma cells were indicated and used as a control (100 % control) in all tests. In this study, we 
used DMEM containing 1 % of ethanol, which had no effect on the melanogenesis, tyrosinase activity 
and cellular oxidants in B16 cells (data not shown). Treated B16 cells with oxyresveratrol showed the 
diminution trend of the melanogenesis, and significantly reduced by 27 % (p < 0.01) and 46 % (p < 0.01) 
at the doses 10 and 12.5 µg/ml, respectively (Figure 1b). Oxyresveratrol at concentrations 10 and 12.5 
µg/ml also suppressed the activity of tyrosinase enzyme with statistical significance at p < 0.01 (Figure 
1c). The effect of oxyresveratrol on melanogenesis was highly associated with tyrosinase activity at r = 
0.949, p < 0.01. Sodium L-lactate (SLL) at 50 mM was used as an inhibitor for melanogenesis and 
tyrosinase activity. This result conforms to a previous study which showed oxyresveratrol’s anti-oxidant 
capacity to establish phytopolyphenol, especially in family of stilbenes. It had a capacity to scavenge free 
radicals, and also played a crucial role in melanin inhibition [22]. In this study, oxyresveratrol had a 
potential role to inhibit melanogenesis and tyrosinase activity with a dose dependent manner at 10 and 
12.5 µg/ml. The results are in agreement with other reports; oxyresveratrol contained 4-substituted 
resorcinol structure strongly scavenged free radicals and was also mostly related with tyrosinase 
inhibition [23,24]. In addition, B16 cells treated with oxyresveratrol showed low levels of cellular 
oxidants with a dose dependent manner (Figure 1d). NAC at 5 mM was used as an anti-oxidant 
reference. The anti-cellular oxidant activity of oxyresveratrol had a trend to associate with melanin 
inhibition (r = 0.932, p < 0.05) and anti-tyrosinase activity (r = 0.980, p < 0.01). The results are supported 
by other studies; natural and synthetic agents have been associated with melanogenesis through the role of 
cellular oxidants relating to tyrosinase activity [25,27]. Therefore, the modulation of cellular oxidants by 
oxyresveratrol may play a crucial role in melanogenesis inhibition through tyrosinase activity. Previously, 
cellular oxidative stress modulation also reduced malignant transformation and progression in melanoma 
cells through the regulation of redox sensitive signals [28,29]. Therefore, the oxyresveratrol may help to 
suppress melanoma progression. 

In this study, we also obtained melanin pigment in B16 cells. B16 cells treated with oxyresveratrol 
were not found to morphologically change at 10 µg/ml (Figure 2b) and 12.5 µg/ml (Figure 2c) when 
compared with untreated cells (Figure 2a). The treated cells showed a tendency to reduce melanin 
production with dose manner by 31 and 23 % with oxyresveratrol treated cells at 10 and 12.5 µg/ml, 
respectively. SLL at 50 mM was used as melanin inhibitor (Figure 2d). In addition, the effective doses of 
oxyresveratrol at 10 and 12.5 µg/ml were designed to check the genotoxic properties. In vitro 
micronucleus assay of V79 cells was used to verify the genotoxic damage in interphase cells (Figure 3b). 
The micronuclei of chromosome aberration is provided by the micronucleus in binucleated cells (Figure 
3D). Treatment of oxyresveratrol on V79 cells at concentrations 10 and 12.5 µg/ml were 5.33±0.943 and 
6.33±0.943 Mn/1,000 binucleated cells, respectively. No statistical significance of micronucleus was 
found among groups of the treated and untreated cells. Mitomycin C (MMC) was used as a genotoxic 
positive control and it provided strongly increased micronucleus frequency with statistical significance at 
p < 0.001 when compared with untreated cells (Figure 3e). 
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Figure 1 Oxyresveratrol treated B16 cells at various concentrations. The effects of oxyresveratrol on cell 
viability were obtained by MTT assay (a), melanogenesis (b), tyrosinase activity (c), and cellular oxidants 
(d). Sodium L-lactate (SLL) at 50 mM was used for melanogenesis and tyrosinase inhibition. N-acetyl 
cysteine (NAC) at 5 mM was used as an anti-oxidant reference. The results are expressed as a mean ± SD. 
* = the statistical significance at p < 0.01. The analysis was performed in triplicate. 
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Figure 2 The effect of oxyresveratrol treatment on B16 melanoma cells, showing cellular morphology 
and melanin accumulation of untreated cells (a), 10 µg/ml (b), and 12.5 µg/ml (c) of oxyresveratrol 
treated cells. SLL at 50 mM was used as melanin inhibition (d). The results were visualized by light 
microscope (magnification, 40×) and expressed in a graph (e). The results are expressed as a mean ± SD. 
* = the statistical significance at p < 0.05. 
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Figure 3 Effective doses of oxyresveratrol treated V79 cells. The morphology of V79 cell line was 
observed through light microscope with giemsa staining. Mononucleated cell (a), binucleated cell (b), 
trinucleated cell (c), and binucleated cells (d) with micronucleus (an arrow). Micronucleus frequency was 
observed from 1,000 binucleated cells (e); Mitomycin C (MMC) was used as a genotoxic positive control. 
The results are expressed as a mean ± SD. * = the statistical significance at p < 0.001. 
 
 
Conclusions 

The modulation of cellular oxidants by oxyresveratrol plays a crucial role in melanogenesis 
inhibition through tyrosinase activity. Also, the effective doses of oxyresveratrol showed no genotoxicity 
activity with in vitro micronucleus. Thus, oxyresveratrol from Artocarpus lakoocha Roxb. may be used as 
a candidate for developing pharmaceutical products for anti-hyperpigmentary disorders or 
chemopreventive drugs for melanoma progression. 
 
Acknowledgements 

This study was supported by Department of Pathobiology, Faculty of Science, Mahidol University. 
We are grateful to Dr. Nasapon Povichit, Detox (Thailand) co., Ltd. for providing oxyresveratrol. Thanks 
also to Professor Dr. Rachanee Udomsangpetch, Associate Professor Dr. Nathawut Sibmooh, and         
Dr. Somphong Nakpinit, who provided facilities for this work. 
 
 
 
 
 



Oxyresveratrol Inhibit Melanogenesis  Teerapat RODBOON et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2016; 13(4) 
 

269 

References 

[1] R Sarangarajan and SP Apte. Melanin aggregation and polymerization: Possible implications in age-
related macular degeneration. Ophthalmic Res. 2005; 37, 136-41. 

[2] TS Chang. An updated review of tyrosinase inhibitors. Int. J. Mol. Sci. 2009; 10, 2440-75. 
[3] MMC Grierson and AD Ormerod. Nitric oxide function in the skin. Nitric Oxide 2004; 10; 179-93. 
[4] Y Son, YK Cheong, NH Kim, HT Chung, DG Kang and HO Pae. Mitogen-activated protein kinases 

and reactive oxygen species: How can ROS activate MAPK pathways? J. Signal Transduct. 2011; 
2011, 792639. 

[5] JJ Yohn, DA Norris, DG Yrastorza, IJ Buno, JA Leff, SS Hake and JE Repine. Disparate 
antioxidant enzyme activities in cultured human cutaneous fibroblasts, keratinocytes, and 
melanocytes. J. Invest. Dermatol. 1991; 97, 405-9. 

[6] SL Church, JW Grant, LA Ridnour, LW Oberley, PE Swanson, PS Meltzer and JM Trent. Increased 
manganese superoxide dismutase expression suppresses the malignant phenotype of human 
melanoma cells. Proc. Natl. Acad. Sci. USA 1993; 90, 3113-7. 

[7] S Yang, K Irani, SE Heffron, F Jurnak and FL Meyskens. Alterations in the expression of the 
apurinic/apyrimidinic endonuclease-1/redox factor-1 (APE/Ref-1) in human melanoma and 
identification of the therapeutic potential of resveratrol as an APE/Ref-1 inhibitor. Mol. Cancer 
Ther. 2005; 4, 1923-35. 

[8] YJ Kim. Antimelanogenic and antioxidant properties of gallic acid. Biol. Pharm. Bull. 2007; 30, 
1052-5. 

[9] T Yokozawa and YJ Kim. Piceatannol inhibits melanogenesis by its antioxidative actions. Biol. 
Pharm. Bull. 2007; 30, 2007-11. 

[10] YJ Kim and H Uyama. Tyrosinase inhibitors from natural and synthetic sources: structure, 
inhibition mechanism and perspective for the future. Cell. Mol. Life Sci. 2005; 62, 1707-23. 

[11] S Maneechai, K Likhitwitayawuid, B Sritularak, C Palanuvej, N Ruangrungsi and P Sirisa-ard. 
Quantitative analysis of oxyresveratrol content in Artocarpus lakoocha and ‘Puag-Haad’. Med. 
Princ. Pract. 2009; 18, 223-7. 

[12]  JK Kim, M Kim, SG Cho, MK Kim, SW Kim and YH Lim. Biotransformation of mulberroside A 
from Morus alba results in enhancement of tyrosinase inhibition. J. Ind. Microbiol. 
Biotechnol. 2010; 37, 631-7. 

[13] P Lorenz, S Roychowdhury, M Engelmann, G Wolf and TFW Horn. Oxyresveratrol and resveratrol 
are potent antioxidants and free radical scavengers: Effect on nitrosative and oxidative stress 
derived from microglial cells. Nitric Oxide 2003; 9, 64-76. 

[14] AJ Stratigos and AD Katsambas. Optimal management of recalcitrant disorders of 
hyperpigmentation in dark-skinned patients. Am. J. Clin. Dermatol. 2004; 5, 161-8. 

[15] ML Bilodeau, JD Greulich, RL Hullinger, C Bertolotto, R Ballotti and OM Andrisani. BMP-2 
stimulates tyrosinase gene expression and melanogenesis in differentiated melanocytes. Pigment 
Cell Res. 2001; 14, 328-36. 

[16] F Hu and RR Cardell. The ultrastructure of pigmented melanoma cells in continuous culture. J. 
Invest. Dermatol. 1964; 42, 67-79. 

[17] VC Lin, HY Ding, SY Kuo, LW Chin, JY Wu and TS Chang. Evaluation of in vitro and in vivo 
depigmenting activity of raspberry ketone from rheum officinale. Int. J. Mol. Sci. 2011; 12, 4819-
35. 

[18] U Panich, T Onkoksoong, S Limsaengurai, P Akarasereenont and A Wongkajornsilp. UVA-induced 
melanogenesis and modulation of glutathione redox system in different melanoma cell lines: The 
protective effect of gallic acid. J. Photochem. Photobiol. B 2012; 108, 16-22. 

[19] A Seelbach, B Fissler, A Strohbusch and S Madle. Development of a modified micronucleus assay 
in vitro for detection of aneugenic effects. Toxicol. In Vitro 1993; 7, 185-93. 

[20] M Delijewski, D Wrześniok, M Otręba, A Beberok, J Rok and E Buszman. Nicotine impact on 
melanogenesis and antioxidant defense system in HEMn-DP melanocytes. Mol. Cell. Biochem. 
2014; 395, 109-16. 

https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Takako+Yokozawa
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=You+Jung+Kim
http://www.ncbi.nlm.nih.gov/pubmed/?term=Panich%20U%5BAuthor%5D&cauthor=true&cauthor_uid=22244344
http://www.ncbi.nlm.nih.gov/pubmed/?term=Onkoksoong%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22244344
http://www.ncbi.nlm.nih.gov/pubmed/?term=Limsaengurai%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22244344
http://www.ncbi.nlm.nih.gov/pubmed/?term=Akarasereenont%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22244344
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wongkajornsilp%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22244344
http://www.ncbi.nlm.nih.gov/pubmed/22244344
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wrze%26%23x0015b%3Bniok%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Otr%26%23x00119%3Bba%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beberok%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rok%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Buszman%20E%5Bauth%5D


Oxyresveratrol Inhibit Melanogenesis  Teerapat RODBOON et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2016; 13(4) 
 
270 

[21] P Suwannalert, R Kariya, I Suzu and S Okada. The effects of Salacia reticulata on anti-cellular 
oxidants and melanogenesis inhibition in alpha-MSH-stimulated and UV irradiated B16 melanoma 
cells. Nat. Prod. Commun. 2014; 9, 551-4. 

[22] T Yokozawa and YJ Kim. Piceatannol inhibits melanogenesis by its antioxidative actions. Biol. 
Pharm. Bull. 2007; 30, 2007-11. 

[23] YJ Kim and H Uyama. Tyrosinase inhibitors from natural and synthetic sources: structure, 
inhibition mechanism and perspective for the future. Cell. Mol. Life Sci. 2005; 62, 1707-23. 

[24] A Khemis, A Kaiafa, C Queille-Roussel, L Duteil and JP Ortonne. Evaluation of efficacy and safety 
of rucinol serum in patients with melasma: A randomized controlled trial. Br. J. Dermatol. 2007; 
156; 997-1004. 

[25] U Panich, V Tangsupa-a-nan, T Onkoksoong, K Kongtaphan, K Kasetsinsombat, P Akarasereenont 
and A Wongkajornsilp. Inhibition of UVA-mediated melanogenesis by ascorbic acid through 
modulation of antioxidant defense and nitric oxide system. Arch. Pharm. Res. 2011; 34, 811-20.  

[26]  SJ Lee, SW Cho, YY Kwon, HS Kwon and WC Shin. Inhibitory effects of ethanol extracts from 
nuruk on oxidative stress, melanogenesis, and photo-aging. Mycobiology 2012; 40; 117-23. 

[27] K Watanabe, S Shibuya, Y Ozawa, H Nojiri, N Izuo, K Yokote and T Shimizu. Superoxide 
dismutase 1 loss disturbs intracellular redox signaling, resulting in global age-related pathological 
changes. Biomed. Res. Int. 2014; 2014, 1-10. 

[28] S Yang, K Irani, SE Heffron, F Jurnak and FL Meyskens. Alterations in the expression of the 
apurinic/apyrimidinic endonuclease-1/redox factor-1 (APE/Ref-1) in human melanoma and 
identification of the therapeutic potential of resveratrol as an APE/Ref-1 inhibitor. Mol. Cancer 
Ther. 2005; 4, 1923-35. 

[29] S Yang, BJ Misner, RJ Chiu and FL Meyskens. Redox effector factor-1, combined with reactive 
oxygen species, plays an important role in the transformation of JB6 cells. Carcinogenesis 2007; 28, 
2382-90. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kariya%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24868882
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suzu%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24868882

	[5] JJ Yohn, DA Norris, DG Yrastorza, IJ Buno, JA Leff, SS Hake and JE Repine. Disparate antioxidant enzyme activities in cultured human cutaneous fibroblasts, keratinocytes, and melanocytes. J. Invest. Dermatol. 1991; 97, 405-9.
	[6] SL Church, JW Grant, LA Ridnour, LW Oberley, PE Swanson, PS Meltzer and JM Trent. Increased manganese superoxide dismutase expression suppresses the malignant phenotype of human melanoma cells. Proc. Natl. Acad. Sci. USA 1993; 90, 3113-7.
	[8] YJ Kim. Antimelanogenic and antioxidant properties of gallic acid. Biol. Pharm. Bull. 2007; 30, 1052-5.
	[9] T Yokozawa and YJ Kim. Piceatannol inhibits melanogenesis by its antioxidative actions. Biol. Pharm. Bull. 2007; 30, 2007-11.
	[11] S Maneechai, K Likhitwitayawuid, B Sritularak, C Palanuvej, N Ruangrungsi and P Sirisa-ard. Quantitative analysis of oxyresveratrol content in Artocarpus lakoocha and ‘Puag-Haad’. Med. Princ. Pract. 2009; 18, 223-7.
	[12]  JK Kim, M Kim, SG Cho, MK Kim, SW Kim and YH Lim. Biotransformation of mulberroside A from Morus alba results in enhancement of tyrosinase inhibition. J. Ind. Microbiol. Biotechnol. 2010; 37, 631-7.
	[14] AJ Stratigos and AD Katsambas. Optimal management of recalcitrant disorders of hyperpigmentation in dark-skinned patients. Am. J. Clin. Dermatol. 2004; 5, 161-8.
	[16] F Hu and RR Cardell. The ultrastructure of pigmented melanoma cells in continuous culture. J. Invest. Dermatol. 1964; 42, 67-79.

	[18] U Panich, T Onkoksoong, S Limsaengurai, P Akarasereenont and A Wongkajornsilp. UVA-induced melanogenesis and modulation of glutathione redox system in different melanoma cell lines: The protective effect of gallic acid. J. Photochem. Photobiol. B...
	[19] A Seelbach, B Fissler, A Strohbusch and S Madle. Development of a modified micronucleus assay in vitro for detection of aneugenic effects. Toxicol. In Vitro 1993; 7, 185-93.
	[20] M Delijewski, D Wrześniok, M Otręba, A Beberok, J Rok and E Buszman. Nicotine impact on melanogenesis and antioxidant defense system in HEMn-DP melanocytes. Mol. Cell. Biochem. 2014; 395, 109-16.
	[25] U Panich, V Tangsupa-a-nan, T Onkoksoong, K Kongtaphan, K Kasetsinsombat, P Akarasereenont and A Wongkajornsilp. Inhibition of UVA-mediated melanogenesis by ascorbic acid through modulation of antioxidant defense and nitric oxide system. Arch. Ph...
	[26]  SJ Lee, SW Cho, YY Kwon, HS Kwon and WC Shin. Inhibitory effects of ethanol extracts from nuruk on oxidative stress, melanogenesis, and photo-aging. Mycobiology 2012; 40; 117-23.
	[27] K Watanabe, S Shibuya, Y Ozawa, H Nojiri, N Izuo, K Yokote and T Shimizu. Superoxide dismutase 1 loss disturbs intracellular redox signaling, resulting in global age-related pathological changes. Biomed. Res. Int. 2014; 2014, 1-10.

	[28] S Yang, K Irani, SE Heffron, F Jurnak and FL Meyskens. Alterations in the expression of the apurinic/apyrimidinic endonuclease-1/redox factor-1 (APE/Ref-1) in human melanoma and identification of the therapeutic potential of resveratrol as an APE...
	[29] S Yang, BJ Misner, RJ Chiu and FL Meyskens. Redox effector factor-1, combined with reactive oxygen species, plays an important role in the transformation of JB6 cells. Carcinogenesis 2007; 28, 2382-90.

