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Synopsis

Sesame contains high nutritional value and important bioactive lignans which are good for health-promoting 
effects including sesamol. Sesamol is found in trace amounts in sesame. The biological action from the trace 
amounts of sesamol found might indicate its effi cacy. This paper presents a systematic study of the antimela-
nogenic and skin-protective effects (antioxidant) of sesamol and positive compounds. The results showed that 
sesamol had the most scavenging 2,2-Diphenyl-1-picrylhydrazyl hydrate (DPPH·) radical with an IC50 value 
< 14.48 µM. The antioxidant power (Ferric reducing antioxidant power value) of sesamol at a concentration 
of 0.1129 µM was 189.88 ± 17.56 µM FeSO4. Sesamol inhibited lipid peroxidation with an IC50 value of 
6.15 ± 0.2 µM. Moreover, sesamol possessed a whitening effect by inhibition of mushroom tyrosinase at an 
IC50 value of 1.6 µM and an inhibition of cellular tyrosinase with 23.55 ± 8.25% inhibition at a concentra-
tion of 217.2 µM. Sesamol exhibited high antioxidant and anti-tyrosinase activity compared to the positive 
control, kojic acid and β-arbutin. Sesamol from edible sesame seed could therefore have an alternative cosme-
ceutical purpose. 

INTRODUCTION

Sesame is rich in proteins, dietary fi ber, micronutrients, and bioactive phytochemicals. 
The seeds and their pressed oil contain important bioactive lignans sesamin, sesamolin, 
and sesamol. The presence of sesame lignans were reported to play a pivotal role in 
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health-promoting effects. Sesamol is a phenolic compound that is metabolized from sesa-
molin by heat/hydrolysis and is mainly found in roasted sesame or in processed sesame oil 
(1). Sesamol is—by comparison with other active compounds such as sesamin and sesamo-
lin—only a trace component whether it is found in the seed, roasted sesame oil, roasted 
sesame meal, or sesame lignin extract (1,2). Intensive studies of sesamol indicate that 
sesamol not only possesses a phytochemical value but also medicinal effects. Sesamol acts 
as a metabolic regulator; possesses chemopreventive, antioxidant, anti-lipid peroxidation, 
antimutagenic, antihepatotoxic (3), antibacterial, antifungal (4), anti-MMP-9 (5), anti-
infl ammatory activities (6); and prevents neurodegenerative diseases associated with aging 
such as Alzheimer’s disease and stroke (3). In this study, we evaluated the potential of 
sesamol for an alternative use as a cosmeceutical.

Ultraviolet ray (UVR) plays an important role in skin aging as it initiates the generation 
of reactive oxygen species (ROS) that induce oxidative stress. Different types of UV ra-
diation have different mechanisms of cell toxicity. The oxidative stress of skin will lead to 
the depletion of endogenous antioxidants both intra- and intercellular, enhancement of 
intracellular lipid peroxidation, and the induction of specifi c signal transduction path-
ways that modulate inflammatory, immunosuppressive, or apoptotic processes in the skin 
(7). Although skin possesses antioxidant systems, the free radicals were excessively gener-
ated by UV radiation; hence antioxidant defense is overwhelmed leading to skin damage 
at the cellular level. Oxidative stress causes destruction of the protein collagen, changes 
cellular renewal cycle, damages DNA, and promotes the release of proinfl ammatory me-
diators (cytokines) that trigger infl ammatory skin disease. Moreover, the free radicals 
further undergo the pathogenesis of allergic reaction in the skin (8). The destruction at 
the dermis that contains collagen, fi brils, and elastin could affect the strength and fl exi-
bility of the skin. When disarrangement of the skin occurs, problems such as wrinkling 
and aging arise. These factors lead to increasing deterioration in skin texture, complex-
ion, and function. Therefore, there is an urgent need for an effective antioxidant to protect 
the skin from the UV-induced damage. In addition, the exogenous antioxidants that can 
scavenge ROS and improve the antioxidant/pro-oxidant balance may benefi t the skin.

The ROS generated can further activate melanocyte to produce more melanin pigment 
leading to pigmentary disorders such as melasma (9). Melasma is a hyperpigmentation 
disorder, and although there is no pain, it has a signifi cant impact on the quality of life. 
Melasma is worsened by UV exposure and hormonal factors. A crucial part of prevention 
is photoprotection and avoidance of inducing factors (e.g., such as ROS, UV exposure, 
and hormonal factor) (10). Treatment of melasma is associated with the topical hypopig-
menting agents like hydroquinone, tretinoin, and azelaic acid and its derivatives (11). 
Various studies attempted to fi nd practical antioxidant and antimelanogenic compounds 
for skin application. A number of tyrosinase inhibitors have been reported from both 
natural and synthetic sources, but only a few of them are used as skin-whitening agents, 
primarily due to safety concerns. Among the skin-whitening agents, hydroquinone is 
one of the most widely prescribed (12,13). Notwithstanding, hydroquinone is considered 
to be a potent melanocyte cytotoxic agent which can induce mutations (14,15); conse-
quently, the discovery of safe herbal or pharmaceutical depigmentation alternatives is 
needed.

To confi rm the multifunctional effect of sesamol, this study investigated its potential 
antimelanogenic and skin-protective effects vis-à-vis its antioxidant properties and tyrosi-
nase inhibition in the human melanoma (SK-MEL2) cell line.
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MATERIALS AND METHODS

CHEMICALS

Sesamol was purchased from Spectrum Chemical (Gardena, CA); α-Tocopherol from Fluka 
Biochemika (Buchs, Switzerland); butylated hydroxy anisole (BHA) and butylated hydroxy 
toluene (BHT) from Fluka AG (Buchs, Switzerland); 2,2-Diphenyl-1-picrylhydrazyl hydrate 
(DPPH•) from Fluka (Buchs, Switzerland); 2,4,6-Tri(2-pyridyl)-1,3,5-Triazine (TPTZ) was 
from Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan); thiobarbituric acid from Sigma-Aldrich 
chemie GmbH (Buchs, Switzerland); linoleic acid from Sigma-Aldrich chemie GmbH 
(Steinheim, Germany); dimethyl sulfoxide (DMSO) from Sigma (St Quentin Fallavier, 
France); ferric chloride (FeCl3.6H2O) and ferrous sulfate (FeSO4.7H2O) from Asia Pacifi c 
Specialty Chemical Limited (Seven Hills, Australia); mushroom tyrosinase, β-arbutin, and 
neutral red (NR) from Sigma–Aldrich Chemical Co. (St. Louis, MO); kojic acid from TCI 
(Tokyo, Japan); L-3,4-dihydroxyphenylalanine (L-DOPA) from Acros Organic Geel (Geel, 
Belgium); and, DMEM medium, fetal bovine serum (FBS), and penicillin/streptomycin from 
GIBCO (Grand Island, NY). The UV spectra were recorded on UV–Vis spectrophotometry 
from Shimadzu, UV-1700 PharmaSpec (Kyoto, Japan), while the microplate reader was from 
Anthos 2010 (Anthos Labtec Instruments, GmbH, Salzburg, Austria).

DETERMINATION OF DPPH· RADIC  AL SCAVENGING ACTIVITY

The effect of sesamol on radical scavenging by DPPH was determined in comparison to 
three standard compounds—viz., BHA, BHT, and α-tocopherol. Various concentrations 
of test compounds in methanol were added to a methanolic solution of the DPPH radical. 
The fi nal concentration of DPPH was 0.02 mM. The mixture was shaken thoroughly and 
kept in the dark at room temperature for 30 min. The absorbance of the resulting solu-
tion was measured by UV–Vis spectrophotometry at 520 nm (16).

DETERMINATION OF FERRIC REDUCING ANTIOXIDANT POWER (FRAP)

The FRAP assay was assessed according to Benzie and Strain (17). The method was based on 
the reduction of the Fe3+-TPTZ complex to the ferrous form (Fe2+) at low pH. This reduction 
was monitored by measuring the change of absorbance at 600 nm, which was related to the 
combined or “total” reducing power of the existence of electron-donating antioxidants in the 
reaction mixture. Briefl y, 50 µl of working FRAP reagent prepared daily was mixed with 200 
µl of diluted test compounds. The stock solutions of the test compounds were dissolved in 
the DMSO. The absorbance at 600 nm was recorded after 8 min incubation at 37°C. FRAP 
values were obtained from the difference of absorptions in the reaction mixture with those 
from increasing concentrations of Fe3+ and were expressed as µmol of Fe2+. The standard 
curve was linear between 15.625 and 250 µM FeSO4 with R2 = 0.9603.

DETERMINATION OF INHIBITION OF LIPID PEROXIDATION (LPO) USING THE THIOBARBITURIC ACID 
REACTIVE SUBSTANCES (TBARS) ASSAY

LPO was measured in terms of TBARS; according to the reaction with malondialdehyde 
equivalents formed from the peroxidation of lipids as described by Bae and Lee (18). 

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



JOURNAL OF COSMETIC SCIENCE72

Sesamol, BHA, BHT, and α-tocopherol were dissolved in DMSO and diluted with 0.1 M 
PBS, pH 7.0. A volume of 50 µl test compound was added to each well of a 96-well plate. 
Lipid oxidation was initiated by adding 85 µl of linoleic acid solution in DMSO and 
shaken at 100 rpm, 40°C for 24 h. To the mixture, 100 µl of thiobarbituric acid (0.67%w/v 
in phosphate buffer) was added and incubated at 80°C for 1 h. After cooling down, 45 µl 
of chloroform was added to the mixture, which was then shaken at 20×g for 5 min. The 
clear solution was taken and read at 520 nm. The plot between the different concentra-
tions (µg/ml) of the compounds and percentage inhibition of LPO were used to calculate 
the IC50 value, i.e., the concentration of compound needed to achieve a 50% inhibition 
of LPO.

DETERMINATION OF TYROSINASE INHIBITION ACTIVITY

Tyrosinase is the key enzyme in melanin biosynthesis; initiation of the reaction is by con-
version of the amino acid tyrosine to other intermediates resulting in the melanin pig-
ment. The inhibition of tyrosinase enzyme activity will lead to skin whitening. The 
inhibition of mushroom tyrosinase activity in vitro was performed as per Momtaz et al. 
(19), with minor modifi cations. Mushroom tyrosinase enzyme was added to each well of 
a 96-well plate to achieve a fi nal concentration of 27 units/ml. The test compounds and 
positive control, kojic acid and β-arbutin (prepared in aqueous solution) were added 
into each well. The prepared substrate L-DOPA solution in the 0.1 M PBS (pH 6.8) 
was added to the reaction mixture yielding a fi nal concentration of 4.5 mM. All of the 
reaction mixtures were incubated at room temperature (28°C) for 20 min and the ab-
sorbance was measured at 492 nm using a microplate reader. The concentration pos-
sessing a 50% tyrosinase inhibition compared to the control (in an absence of inhibitor) 
or IC50 value was calculated. Percent inhibition of tyrosinase activity was calculated as 
the following:

 % = × − − − −Tyrosinase inhibition A B C D 100 A B

Note:  A = absorbance of blank solution with enzyme

 B = absorbance of blank solution without enzyme

 C = absorbance of sample solution with enzyme

 D = absorbance of sample solution without enzyme

CELL CULTURE

The African green monkey kidney cell line (Vero) was maintained at the Centre for Re-
search and Development of Medical Diagnostic Laboratories, Khon Kaen University, 
while SK-MEL2 was purchased from CLS-Cell Lines Service, Eppelheim, Germany. Both 
cell lines were maintained in Dulbecco’s modifi ed Eagle medium (DMEM) supplemented 
with 10% FBS, 1% penicillin/streptomycin and were cultured at 37°C in a humidifi ed 
atmosphere at 5% CO2.
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DETERMINATION OF CYTOTOXICITY

SK-MEL2 and Vero cells in complete DMEM medium were added to each well of a 96-well 
plate (5 × 104 cells per well). After 24 h incubation at 37°C in 5% CO2 incubator, 100 µl 
of sesamol and the positive control (melphalan) were added to each well and incubated for 
48 h. The cells were centrifuged for 5 min at 675 ×g to obtain the cell pellet. Next, 190 µl 
of medium was removed from each well and 100 µl of freshly prepared NR solution (50 µg/
ml of stock solution) was added to each well including the blanks (media combined with 
sam ple) and the controls (non-treated cells). The solution mixture was incubated at 37°C 
in an incubator with 5% CO2 for 2 h. After incubation, the cells were pelleted by cen-
trifugation for 5 min at 675 ×g and the 100 µl of NR and medium were discarded. The 
cells were rinsed with 150 µl PBS (pH 7.4) and centrifuged for 5 min at 675 ×g. Then, 
200 µl of 0.33% HCl in isopropanol solution was added to each well—including the 
controls and blanks—followed by thorough mixing. Finally, the absorption of the solu-
tions was measured at 520 nm and the concentration resulting in 50% cytotoxicity vs. 
the non-treated cells (IC50) was calculated.

DETERMINATION OF CELLULAR TYROSINASE INHIBITION ACTIVITY

The inhibition of cellular tyrosinase activity was performed according to Sapkota et al. 
(16) with some modifi cations. The SK-MEL-2 cells were cultured at 9×105 cells/well in 
six-well plates then incubated at 37°C, 5% CO2 for 24 h. The cells were subsequently 
treated (48 h exposure) with sesamol or positive controls, kojic acid and β-arbutin. After 
treatment, the cells were washed with ice-cold PBS and slowly lysed with 1 ml of PBS 0.1 M, 
pH 6.8, containing 1% Triton X-100, at room temperature for 30 min. Lysed cells were 
centrifuged at 10,000 ×g for 10 min. The supernatant that contained the tyrosinase en-
zyme was checked for protein content using the Lowry method and bovine serum albu-
min as the standard protein. Supernatant containing the same amount of tyrosinase 
enzyme was added to each well of the 96-well plate. Then L-DOPA in 0.1 PBS (pH 6.8) 
was added to each well to achieve a fi nal concentration of 4.5 mM and incubated at 37°C 
for 18 h. The absorbance was measured at 475 nm and percentage inhibition calculated.

STATISTICAL ANALYSIS

The data were expressed as a mean ± S.D. (n = 3). Statistical differences between the 
treated and untreated groups were tested using a one-way ANOVA with a 95% confi -
dence interval.

RESULTS

EFFECT OF SESAMOL ON RADICAL ANTIOXIDANT ACTIVITY

Skin exposure to UV radiation can generate radicals or trigger signaling pathways to in-
duce melanin formation. This hyperpigmentation of melanin is a defense mechanism in 
the skin. Radical generation can, however, be disrupted by using suffi cient effective 
antioxidant(s). The antioxidant activities of sesamol were therefore investigated in 
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comparison to the standard positive antioxidants (BHT, BHA, and α-tocopherol) using 
the DPPH, TBAR (Table I) and FRAP assays (Table II), which represent different mech-
anisms of antioxidant activities. The ability of sesamol to inhibit radical scavenging and 
lipid peroxidation are presented with the IC50 value. The results showed that sesamol 
exerted the strongest radical scavenging activity over against the positive controls with 
an IC50 value < 2 µg/ml (14.48 µM). Sesamol was able to inhibit lipid peroxidation more 
than BHT but not higher than BHA and α-tocopherol.

Total antioxidant activity based on reducing power was measured by FRAP. The standard 
curve created by FeSO4 was plotted and was linear between 15.625 and 250 µM FeSO4 

Table I.
Effect of Sesamol, BHT, BHA and α-Tocopherol on Radical Scavenging Activity Using the DPPH Assay 

and Lipid-Peroxidation Using the TBAR Assay

Compounds

IC50 (µM)

DPPH assay TBAR assay

Sesamol <14.48a 6.15 ± 0.2b

BHT 21.78 ± 0.9b 9.53 ± 1.4c

BHA 40.50 ± 2.8c 1.55 ± 0.2a

α-Tocopherol 19.73 ± 4.6b 3.02 ± 0.7a

Results presented: mean ± S.D. (n = 3). Values with different superscripts in each column are significantly 
different (one-way ANOVA, p < 0.05).

Table II.
Effect of Sesamol, α-Tocopherol, BHA, and BHT on Reducing Power as Determined by the FRAP Method

Compounds Concentration (mM) FRAP value (µM FeSO4)

Sesamol

0.0145 44.17 ± 2.22a

0.0282 84.23 ± 4.59b

0.0565 117.71 ± 14.51c

0.1129 189.88 ± 17.56d

α-Tocopherol

0.0046 44.66 ± 4.12a

0.0091 75.91 ± 4.35b

0.0181 109.12 ± 9.07c

0.0362 165.75 ± 10.70d

BHA

0.0111 10.75 ± 5.57a

0.0216 29.55 ± 6.86a,b

0.0433 45.59 ± 15.30b

0.0866 70.91 ± 14.04c

BHT

0.0091 4.32 ± 2.94a

0.0177 10.21 ± 5.47a

0.0354 20.75 ± 3.62b

0.0708 33.79 ± 5.63c

a–dMean within a column of each compounds having the same superscripts are not signifi cantly different 
(p > 0.05).
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with R2 = 0.9603. After considering the activity of each compound, sesamol exhibited a 
total antioxidant power (84.23 ± 4.59 µM FeSO4) greater than BHT (20.75 ± 3.62 µM 
FeSO4) and BHA (45.59 ± 15.30 µM FeSO4), but lower than α-tocopherol (165.75 ± 
10.70 µM FeSO4), respectively (Table II). Taken together, our results on radical scaveng-
ing, lipid peroxidation activities, and reducing power indicate that sesamol possessed 
antioxidant activity with multiple mechanisms.

INHIBITORY EFFECT OF SESAMOL ON MUSHROOM TYROSINASE IN VITRO

The antimelanogenic activity of sesamol was principally evaluated on its inhibition of 
mushroom tyrosinase activity in vitro. The results showed that sesamol and kojic acid 
inhibited tyrosinase activity in a dose-dependent manner. The respective IC50 values for 
sesamol and kojic acid were 0.33 µg/ml (1.6 µM) and 6.15 µg/ml (67.6 µM) (Figures 1A 
and 1B.). The other positive control (β-arbutin) did not show any tyrosinase inhibitory 
activity (data not shown), despite using a concentration as high as 1000 µg/ml (3673 µM), 
indicating that sesamol blocked the tyrosinase enzyme with the strongest activity than 
the known whitening compounds, kojic acid and β-arbutin.

EFFECT OF SESAMOL ON CELLULAR TYROSINASE INHIBITION

To confi rm the ability of sesamol on inhibition of tyrosinase enzyme in the cells, the cel-
lular tyrosinase inhibitory activity was evaluated in the SK-MEL2 cell model. The con-
centration used in the cell-based assay was higher than that used in the inhibitory study 
of mushroom tyrosinase in vitro to ensure suffi cient accumulation of the test compound in 
the cells. The result showed that 30 µg/ml (217 µM) sesamol inhibited cellular tyrosinase 
activity 23.55 ± 8.25%, whereas 600 µg/ml (4222 µM) kojic acid o  nly inhibited tyrosi-
nase 33.88 ± 1.43% (Figure 2). Although kojic acid was used at higher concentration 
(4222 µM) than sesamol (217 µM), kojic acid showed a tyrosinase inhibitory activity 
(33.88 ± 1.43%) not signifi cantly different than sesamol (23.55 ± 8.25%) (p = 0.243). By 
comparison, although β-arbutin was used as high as 3673 µM, it could only inhibit cel-
lular tyrosinase enzyme at 8.26 ± 8.78% (Figure 2). These results indicate that sesamol 
has potential as a whitening agent and possesses better activity than the currently used 
whitening compounds, kojic acid and β-arbutin.

Figure 1. Effect of (A) sesamol and (B) kojic acid on mushroom tyrosinase inhibition. Data are presented as 
mean ± S.D. (n = 3).
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EFFECT OF SESAMOL ON CELL CYTOTOXICITY

To test the possibility of a clinical use for sesamol as a skin application, the cytotoxicity 
of sesamol was investigated in vitro in both normal (Vero) and melanoma (SK-MEL2) cell 
lines. The Vero cell line was used to represent normal cells. Cytotoxicity was evaluated 
using a colorimetric NR assay (20). Viable cells accumulate and bind neutral red within 
the lysosomes, but dead cells cannot because of the fragility of the lysosomal membrane 
and irreversible molecular alterations in the dead cells (21). Figure 3 shows that sesamol 
barely affected cell viability. Although as much as 800 µg/ml (5792 µM) sesamol was 
used, the cytotoxicity to Vero cell was only 22% after 48 h treatment. Similar non-
cytotoxicity to the Vero cell line was observed for the positive control β-arbutin and kojic 
acid, which possessed a cytotoxicity of only 4% and 7%, respectively. The SK-MEL2 cell 
line was used to represent melanocytes. The cytotoxicity of the test compounds on the 
growth of SK-MEL2 was found to be non-cytotoxic when using concentrations up to 400 
µg/ml (Figure 3). A 40% cytotoxicity was observed in the sesamol-treated SK-MEL2 cell 
line at concentration of 600 µg/ml (4344 µM) (Figure 3), while β-arbutin and kojic acid 
did not possess any cytotoxicity. Sesamol thus possesses a cytotoxicity IC50 value of 
4406.5 µM in the SK-MEL2 cell line (Figure 3). Notwithstanding, the concentration 
used to create the tyrosinase inhibition effect in vitro was much lower than the concentra-
tion used in this cellular assay. Sesamol therefore may not be cytotoxic at the effective 
whitening concentrations used in the melanoma cell line. Further experiment on the 
normal melanocyte cells should be conducted to confi rm non-toxicity of sesamol.

Figure 2. Inhibition effects of kojic acid sesamol and β-arbutin on cellular tyrosinase enzyme. Data are pre-
sented as mean ± S.D. (n = 3).

Figure 3. Effect of sesamol, kojic acid and β-arbutin on cytotoxicity of the SK-MEL2 and Vero cell lines 
after 48 h treatment. Data are presented as mean ± S.D. (n = 3).
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DISCUSSION

Oxidative stress is induced by various factors leading to oxidation of biomolecules (e.g., 
lipids, proteins, and DNA) and pathological status (22). Under certain physiological 
conditions, when the level of ROS increases more than the intracellular antioxidant ca-
pacity, oxidative stress will occur. The tyrosinase enzyme in melanogenesis also increases 
the oxidative risk in physiological systems (23). Therefore, antioxidant is benefi cial for 
antiaging. Our study demonstrates that sesamol can play an important role as an anti-
oxidant because it possesses radical scavenging, lipid peroxidation prevention, and reduc-
ing power. Our results confi rm the radical scavenging of sesamol as reported by Suja et al. 
(24) and Hayes et al. (25). Moreover, sesamol has the strongest lipid peroxidation preven-
tion among our tested compounds. Occurring in cell membranes, lipid peroxidation re-
leases arachidonic acid, which is involved in the infl ammatory response (26). Sesamol can 
hereby protect the cell membrane which is composed of a lipid bilayer from lipid peroxi-
dation and might also prevent the infl ammatory process from decreasing arachidonic 
acid. Chen and Ahn (27) reported that sesamol inhibited lipid oxidation in UV-induced 
lipid oxidation in the following order: quercetin > rutin = caffeic acid = ferulic acid = 
sesamol > catechin. The advantage of a reducing ability is the capacity to neutralize free 
radicals and to stabilize and stop harmful chain reactions (17). In this study, sesamol pos-
sessed the reducing ability according to the results of the FRAP assay.

Melanogenesis is a natural mechanism—the product of melanocytes. Melanin is a pigment 
for preventing UV-induced skin damage and that acts as a photoprotectant (28). The abnor-
mal accumulation of melanin leads to hyperpigmentation which is a main concern in cos-
metics. Anti-tyrosinase agents are therefore important ingredients in cosmeceuticals for 
skin whitening. Skin aging can be classifi ed as intrinsic and photo albeit both processes 
induce skin wrinkling. UV radiation generates ROS that can induce a transcription factor 
that promotes collagen destruction by upregulating enzymes, matrix metalloproteinases 
(MMPs). These MMPs induce collagen destruction, resulting in wrinkle formation. Laxity 
and fragility of the skin are also caused by ROS-activated hyaluronidase and elastase, which 
block hyaluronan and elastin formation, respectively (29). Since ROS causes photo and in-
trinsic aging, protection from UV radiation and antioxidant homeostasis is crucial. Based 
on the results of this study, sesamol can supplement antioxidants, which can inhibit ROS 
via multiple mechanisms, and it acts as photoprotection. So, sesamol can be successfully 
used against the skin wrinkling associated with photoaging.

In this study, cellular toxicity was determined in the human melanoma cell line (SK-
MEL2) and the normal (Vero) cell line by using the NR assay after treating them with 
various compounds for 48 h. The known whitening agents—kojic acid and β-arbutin—
and sesamol had negligible cytotoxicity on the SK-MEL2 and Vero cell lines. It should be 
noted that the concentration of sesamol that can inhibit cellular tyrosinase was much 
lower than the cytotoxic concentration.

This study demonstrated that sesamol inhibits tyrosinase activity against mushroom ty-
rosinase and human melanoma tyrosinase in a dose-dependent manner. These data were 
found to be in agreement with the previous studies regarding mushroom tyrosinase inhi-
bition of sesamol (30). Tyrosinase inhibition of sesamol at the fi rst and second step of 
melanin biosynthesis is reportedly due to competitive and non-competitive inhibition, 
respectively (31). β-Arbutin was previously reported to have no inhibition effect on mush-
room tyrosinase but had an inhibition effect against melanoma tyrosinase (32). It has 
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been suggested that the cellular tyrosinase inhibition of β-arbutin is due to the intracel-
lular conversion of arbutin to hydroquinone via the hydrolysis reaction by bacteria on 
the skin of humans (33). It is evidenced that the glycosidic linkage of arbutin structure 
could be cleaved in the cellular assay resulting in the tyrosinase inhibitory activity (34). 
Moreover, previous study reported that α-arbutin, which is the other isomer form, was 
also found to be active based on cell-based assay (35). β-Arbutin was reported to possess 
lesser tyrosinase inhibitory effect than α-arbutin (35). Our study found that β-arbutin 
exhibited low tyrosinase inhibitory effect which is in agreement with this report.

CONCLUSIONS

Evidence clearly shows that sesamol possesses high antioxidant properties and anti-
tyrosinase activity. Importantly, sesamol was less cytotoxic in the human melanoma cell 
line (SK-MEL2). This study illustrates that sesamol—a lignan from edible sesame—
could be used for cosmeceutical purposes. The molecular mechanisms underlying the 
antimelanogenic effect in vitro and in vivo and the safety of sesamol in vivo need clarifi cation.

ACKNOWLEDGMENTS

MS is grateful to the Pibulsongkram Rajabhat University, Thailand, for a PhD scholar-
ship and to Graduate school for the fi nancial support of dissertation project (54212107). 
In fi scal year 2011 (542800) and 2012 (552900), Khon Kaen University Research Fund-
ing provided fi nancial support for this project. The authors thank Mr. Bryan Roderick 
Hamman and Mrs. Janice Loewen-Hamman for assistance with the English-language 
presentation of the manuscript.

REFERENCES

 (1) S. H. Park, S. N. Ryu, Y. Bu, H. Kim, J. E. Simon, and K. S. Kim, Antioxidant components as potential 
neuroprotective agents in sesame (Sesamum indicum L.), Food Rev. Int., 26, 103–121 (2010).

 (2) J. Lee and E. Choe, Extraction of lignan compounds from roasted sesame oil and their effects on the 
autoxidation of methyl linoleate, J. Food Sci., 71, 430–436 (2006).

 (3) P. J. Kanu, J. Z. Bahsoon, J. B. Kanu, and J. B. Kandeh, Nutraceutical importance of sesame seed and 
oil: a review of the contribution of their lignans, Sierra Leone J. Biomed. Res., 2, 4–16 (2010).

 (4) A. S. Rao, K. S. Rashmi, A. K. Nayanatara, A. Kismat, D. Poojary, and S. R. Pai, Effect of antibacterial 
and antifungal activities of Sesamum indicum, WJPR, 2, 1676–1680 (2013).

 (5) S. Periasamy, D.-Z. Hsu, S.-Y. Chen, S.-S. Yang, V. R. M. Chandrasekaran, and M.-Y. Liu, Therapeutic 
sesamol attenuates monocrotaline-induced sinusoidal obstruction syndrome in rats by inhibiting matrix 
metalloproteinase-9, Cell Cell Biochem. Biophys., 61, 327–336 (2011).

 (6) P. Y. Chu, S. P. Chien, D. Z. Hsu, and M. Y. Liu, Protective effect of sesamol on the pulmonary infl am-
matory response and lung injury in endotoxemic rats, Food Chem. Toxicol., 48, 1821–1826 (2010).

 (7) S. Ramachandran, N. Rajendra Prasad, and S. Karthikeyan, Sesamol inhibits UVB-induced ROS gen-
eration and subsequent oxidative damage in cultured human skin dermal fi broblasts, Arch. Dermatol. 
Res., 302, 733–744 (2010).

 (8) S. Pillai, C. Oresajo, and J. Hayward, Ultraviolet radiation and skin aging: roles of reactive oxygen spe-
cies, infl ammation and protease activation, and strategies for prevention of infl ammation-induced ma-
trix degradation – a review, Int. J. Cosmet. Sci., 27, 17–34 (2005).

 (9) A. K. Gupta, M. D. Gover, K. Nouri, and S. Talyor, The treatment of melasma: A review of clinical 
trials, J. Am. Acad. Dermatol., 55, 1048–1065 (2006).

 (10) V. M. Sheth and A. G. Pandya, Melasma: a comprehensive update: part I, J. Am. Acad. Dermatol., 65, 
689–697 (2011).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



WHITENING AND ANTIAGING EFFECT OF SESAMOL 79

 (11) J. Viyoch, I. Tengamnuay, K. Phetdee, P. Tuntijarukor, and N. Waranuch, Effects of trans-4-
(aminomethyl) cyclohexanecarboxylic acid/potassium azeloyl diglycinate/niacinamide topical emulsion 
in Thai adults with melasma: a single-center, randomized, double-blind, controlled study, Curr. Ther. 
Res., 71, 345–359 (2010).

(12) S. H. Hamed, P. Sriwiriyanont, M. A. deLong, M. O. Visscher, R. R. Wickett, and R. E. Boissy, Comparative 
effi cacy and safety of deoxyarbutin, a new tyrosinase-inhibiting agent. J. Cosmet. Sci., 57, 291–308 (2006).

(13) J. M. Gillbro and M. J. Olsson, The melanogenesis and mechanisms of skin-lightening agents – existing 
and new approaches, Int. J. Cosmet. Sci., 33, 210–221 (2011).

(14) D. McGregor, Hydroquinone: an evaluation of the human risks from its carcinogenic and mutagenic 
properties, Crit. Rev. Toxicol., 37, 887–914 (2007).

(15) L. Luo, L. Jiang, C. Geng, J. Cao, and L. Zhong, Hydroquinone-induced genotoxicity and oxidative 
DNA damage in HepG2 cells, Chem. Biol. Interact., 173, 1–8 (2008).

(16) K. Sapkota, S. E. Park, J. E. Kim, S. Kim, H. S. Choi, H. S. Chun, and S. J. Kim, Anti-oxidant and anti-
melanogenic properties of chestnut fl ower extract, Biosci. Biotechnol. Biochem., 74, 1527–1533 (2010).

(17) I. F. Benzie and J. J Strain, The ferric reducing ability of plasma (FRAP) as a measure of “anti-oxidant 
power”: the FRAP assay. Anal. Biochem., 239, 70–76 (1996).

(18) J. W. Bae and M. H. Lee, Effect and putative mechanism of action of ginseng on the formation of gly-
cated hemoglobin in vitro, J. Ethnopharm., 91, 137–140 (2004).

(19) S. Momtaz, B. M. Mapunya, P.J. Houghton, C. Edgerly, A. Hussein, S. Naidoo, and N. Lall, Tyrosinase 
inhibition by extracts and constituents of Sideroxylon inerme L. stem bark, used in South Africa for skin 
lightening. J. Ethnopharm., 119, 507–512 (2008).

(20) G. Fotakis and J. A. Timbrell, In vitro cytotoxicity assays: comparison of LDH, neutral red, MTT and protein 
assay in hepatoma cell lines following exposure to cadmium chloride, Toxicol. Lett., 160, 171–177 (2006).

(21) G. A. Repetto, A. del Peso, and J. L. Zurita, Neutral red uptake assay for the estimation of cell viability/
cytotoxicity, Nat. Protoc., 3, 1125–1131 (2008).

(22) B. Halliwell, Anti-oxidant defence mechanisms: From the beginning to the end (of the beginning). Free 
Radic. Res., 31, 261–272 (1999).

(23) Á. Sánchez-Ferrer, J. Neptuno Rodríguez-López, F. García-Cánovas, and F. García-Carmona, Tyrosinase: 
A comprehensive review of its mechanism. Biochim. Biophys. Acta Protein Struct. Mol. Enzymol., 1247, 
1–11 (1995).

(24) K. P. Suja, A. Jayalekshmy, and C. Arumughan, Free radical scavenging behavior of anti-oxidant com-
pounds of sesame (Sesamum indicum L.) in DPPH• system,  J. Agri. Food Chem., 52, 912−915 (2004).

(25) J. Hayes, P. Allen, N. Brunton, M. O’Grady, and J. Kerry, Phenolic composition and in vitro anti-
oxidant capacity of four commercial phytochemical products: Olive leaf extract (Olea europaea L.), lutein, 
sesamol and ellagic acid. Food Chem., 126, 948–955 (2011).

(26) B. S. Wang, L. W. Chang, W. J. Yen, and P. D. Duh, Antioxidative effect of sesame coat on LDL oxida-
tion and oxidative stress in macrophages, Food Chem., 102, 351–360 (2007).

(27) X. Chen and D. U. Ahn, Anti-oxidant activities of six natural phenolics against lipid oxidation induced 
by Fe2+ or ultraviolet light, J. Am. Oil Chem. Soc., 75, 1717–1721 (1998).

(28) M. Brenner and V. J. Hearing, The protective role of melanin against UV damage in human skin, Pho-
tochem. Photobiol., 84, 539–549 (2008).

(29) H. M. Chiang, T. J. Lin, C. Y. Chiu, C. W. Chang, K. C. Hsu, P. C. Fan, and K. C. Wen, Coffea arabica 
extract and its constituents prevent photoaging by suppressing MMPs expression and MAP kinase 
pathway, Food Chem. Toxicol., 49, 309–318 (2011).

(30) G. Kumar and R. S. Yadav, EMS induced genomic disorders in sesame (Sesamum indicum L.), J. Biol.
-Plant Biol., 55, 97–104 (2010).

(31) C. M. Kumar, U. V. Sathisha, S. Dharmesh, A. G. Rao, and S. A. Singh, Interaction of sesamol (3,4 
methylenedioxyphenol) with tyrosinase and its effect on melanin synthesis, Biochimie, 93, 562–569 (2011).

(32) R. E. Boissy, M. Visscher, and M. A. DeLong, DeoxyArbutin: a novel reversible tyrosinase inhibitor 
with effective in vivo skin lightening potency, Exp. Dermatol., 14, 601–608 (2005).

(33) S. H. Bang, S. J. Han, and D. H. Kim, Hydrolysis of arbutin to hydroquinone by human skin bacteria 
and its effect on anti-oxidant activity, J. Cosmet. Dermatol., 7, 189–193 (2008).

(34) J. P. Ebanks, R. R. Wickett, and R. E. Boissy, Mechanisms regulating skin pigmentation: the rise and 
fall of complexion coloration, Int. J. Mol. Sci., 10, 4066–4087 (2009).

(35) M. Funayama, H. Arakawa, R. Yamamoto, T. Nishino, T. Shin, and S. Murao, Effects of alpha- and beta-
arbutin on activity of tyrosinases from mushroom and mouse melanoma, Biosci. Biotechnol. Biochem., 59, 
143–144 (1995).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)


