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We evaluated the antioxidant activity and anti-melanogenic effects of Oenothera laciniata methanol
extract (OLME) in vitro by using melan-a cells. The total polyphenol and flavonoid content of OLME was
66.3 and 19.0 mg/g, respectively. The electron-donating ability, 2,2"-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) radical-scavenging activity, and superoxide dismutase (SOD)-like activity of
OLME (500 pg/mL) were 94.5%, 95.6%, and 63.6%, respectively. OLME and arbutin treatment at 50 pg/
mL significantly decreased melanin content by 35.5% and 14.2%, respectively, compared to control (p <
0.05). OLME and arbutin treatment at 50 pg/mL significantly inhibited intra-cellular tyrosinase activity by
22.6% and 12.6%, respectively, compared to control (p <0.05). OLME (50 pg/mL) significantly decreased
tyrosinase, tyrosinase-related protein-1 (TRP-1), TRP-2, and microphthalmia-associated transcription fac-
tor-M (MITF-M) mRNA expression by 57.1%, 67.3%, 99.0%, and 77.0%, respectively, compared to con-
trol (p < 0.05). Arbutin (50 pg/mL) significantly decreased tyrosinase, TRP-1, and TRP-2 mRNA expression
by 24.2%, 42.9%, and 48.5%, respectively, compared to control (p < 0.05). However, arbutin (50 pg/mL)
did not affect MITF-M mRNA expression. Taken together, OLME showed a good antioxidant activity and
anti-melanogenic effect in melan-a cells that was superior to that of arbutin, a well-known skin-whitening
agent. The potential mechanism underlying the anti-melanogenic effect of OLME was inhibition of tyrosi-
nase activity and down-regulation of tyrosinase, TRP-1, TRP-2, and MITF-M mRNA expression.
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INTRODUCTION

Melanin is one of the mostly widely distributed pigments,
and is found in bacteria, fungi, plants, and animals. Increased
production and accumulation of melanin is a characteristic
of many skin diseases, including acquired hyperpigmenta-
tion, melasma, postinflammatory melanoderma, and solar
lentigo (1). Melanin production occurs predominantly in a
lysosome-like structure known as the melanosome in mela-
nocytes (2). Melanin synthesis occurs with the participation
of the tyrosinase family of proteins, including tyrosinase,
tyrosinase-related protein-1 (TRP-1), and tyrosinase-related
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protein-2 (TRP-2)/dopachrome tautomerase (DCT) (3).

Tyrosinase is a key enzyme that catalyzes the synthesis of
melanin in melanocytes (4). The biochemical pathway
begins with two early reactions catalyzed by tyrosinase: the
hydroxylation of L-tyrosine to L-3,4-dihydroxyphenylala-
nine (L-DOPA) and the oxidation of L-DOPA to dopaqui-
none. Dopaquinone spontaneously converts to dopachrome.
TRP-2 catalyzes the oxidation of dopachrome to 5,6-dihy-
droxyindole-2-carboxylic acid (DHICA) and TRP-1 cata-
lyzes the oxidation of DHICA to indole-5,6-quinone-2-
carboxylic acid (5). Microphthalmia-associated transcrip-
tion factor (MITF) consists of at least five isomers with dis-
tinct amino-termini, including MITF-A, MITF-B, MITF-C,
MITF-H, and MITF-M (6). In particular, M promoter has
the melanocyte-specific promoter function (7).

Tyrosinase inhibitors, including hydroquinone, kojic acid,
and arbutin, have been used for treatment of hyperpigmen-
tation disorders, but have recently been found to be unsafe for
use in humans (8,9). Therefore, the use of natural products for
depigmentation has recently been the focus of much attention.

Evening primrose (Oenothera odorata Jacquin) is a bien-
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nial herb that belongs to the Onagraceae family. This plant
is native to South America and four species, including O.
biennis L., O. erythrosepala Borbas, O. laciniata Hill, and
O. stricta Ledeb, are wild-growing plants in Korea. The
root or whole evening primrose plant has been used in Chi-
nese medicine as a medicinal plant and by American Indi-
ans for inflammation and skin rash or dry cough. Evening
primrose has also been used to control hypertension and
blood cholesterol levels and to prevent or relieve myocar-
dial infarction, rheumatoid arthritis, obesity, multiple scle-
rosis, eczema, acne, hyperactivity in children, premenstrual
discomfort, alcoholism, and many other conditions (10). In
addition, antitumor and antiviral components, including the
oenotheins B and C, which are tannins, have been isolated
from O. erythrosepala Borbas (11). O. laciniata (O. lacini-
ata Hill) is a species endemic to Jeju Island, Korea with a
seaside habitat. O. laciniata extract has been reported to
contain bioactive substances with antioxidative activity, cyto-
toxic activity against a leukemia cell line, and antibacterial
activity (12,13).

In our recent study (14), we found that O. laciniata meth-
anol extract (OLME) showed anti-aging activity in human
dermal fibroblasts. In the present study, the whitening effect
of OLME was evaluated regarding melanin synthetic abil-
ity, tyrosinase activity, and gene expression of melanogenic
enzymes and related factors in melan-a cells.

MATERIALS AND METHODS

Reagents and apparatus. Dimethyl sulfoxide (DMSO),
2,6-di-tert-butylate hydroxytoluene (BHT), L-DOPA, 1,1-
diphenyl-2-picryl hydrazyl (DPPH), tannic acid, L-tyro-
sine, Folin-Ciocalteu’s phenol reagent, 3-(4,5-dimethyl-thi-
azol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT), MITF-
M, TRP-1 and TRP-2 were obtained from Amersham Com-
pany (Bucks, UK). 2,2"-Azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) and 12-o-tetradecanoyl-phorbol-
13-acetate (TPA) were obtained from Sigma-Aldrich (St.
Louis, MO, USA). Dulbecco’s modified Eagle’s medium
(DMEM), Roswell Park Memorial Institute (RPMI)-1640
medium, fetal bovine serum (FBS), and penicillin/strepto-
mycin mixture (P/S) were obtained from Lonza (Cascade,
MD, USA). An inverted microscope (CKX41, Olympus,
Tokyo, Japan) was used to observe cell growth and a CO,
incubator (MCO-17AC, Sanyo Electric, Osaka, Japan) was
used for cell culture.

Preparation of OLME. Methanol extract of the O. lac-
iniata plant was obtained from the Korea Plant Extract
Bank (Daejeon, Korea). Whole O. laciniata plants were col-
lected from Sanyang-ri, Hangyeong-myeon, Buk Jeju-gun,
Jeju-city, Korea. Pulverized samples (70 g) were added to a
flask and subjected to extraction thrice for 24 hr each time
with 1 L of 100% methanol at 45°C. The extract was fil-

tered through filter paper, concentrated using a rotary vac-
uum evaporator, and dried. The yield of the O. laciniata
methanol extract was 12.26%. This specimen was dis-
solved in DMSO before use.

Total polyphenol content. The total polyphenol con-
tent of OLME was measured using the Folin and Denis
assay (15). OLME samples were dissolved in 1 mL of dis-
tilled water and placed in test tubes. Folin-reagent (1 mL)
was added and the tubes were left to stand for 3 min. Add-
ing 1 mL of 10% Na,CO;, the mixture was shaken vigor-
ously and allowed to stand for 60 min. The absorbance was
measured at 725 nm and the polyphenol content was quanti-
fied using a standard curve prepared using tannic acid.

Total flavonoid content. The total flavonoid content of
OLME was measured using the method described by Davies
et al. (16) with modification. OLME samples (100 pL)
were mixed with 1 mL of di-ethylene glycol reagent and
100 uL of 1 N NaOH in test tubes. The mixture was shaken
vigorously and allowed to react at 37°C for 60 min before
the absorbance was measured at 420 nm. The standard
curve used to quantify flavonoid content was prepared
using rutin.

Electron-donating ability. The DPPH radical-scav-
enging effect was evaluated using the method described by
Blois (17). OLME was dissolved in distilled water to a
range of final concentrations (100, 500, and 1000 pg/mL).
Test agent solution (1 mL) was placed in each test tube, fol-
lowed by the addition of 4 mL of 4 x 10°* M DPPH. The
mixture was shaken vigorously, then left for 10 sec at 60°C
before the absorbance was measured at 525 nm. BHT was
used as the positive control.

ABTS radical-scavenging ability. Antioxidant activity
was measured with the ABTS radical by using the ABTS+
cation decolorization assay method (18). ABTS+ was pro-
duced by mixing 7 mM ABTS with 2.4 mM of potassium
peroxodisulfate (final concentration) and allowing the mix-
ture to stand in the dark at room temperature for 12 hr.
Thereafter, the mixture was diluted with ethanol to an
absorbance of 0.7 (£ 0.02) at 734 nm. After preparing 100
pg/mL samples at the targeted concentration in a 96-well
plate, the diluted 100 pg/mL ABTS was added to the 96-
well plate. The plate was then allowed to stand in the dark
at room temperature for 7 min and the percentage of inhibi-
tion of absorbance at 734 nm was calculated.

Superoxide dismutase (SOD)-like activity. SOD-like
activity was measured using the method described by
Marklund-Marklund (19). A solution of 0.2 mL of sample
and 2.6 mL of tris-HCI buffer (50 mM tris + 10 mM EDTA,
pH 8.5) was allowed to react at 25°C for 10 min. Thereaf-
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ter, 0.1 mL of 1 M HCI was added to stop the reaction. The
amount of oxidized pyrogallol in the solution was meas-
ured at an absorbance of 420 nm.

Cell culture. The melan-a cells (passages 30-37) used
in this study were obtained from Dr. Dorothy Bennett (St.
George’s Hospital, London, UK). These highly pigmented
and immortalized cells were derived from C57BL/6 mice.
Cells were grown in RPMI-1640 medium, supplemented
with 10% FBS, 1% P/S, and 200 nM TPA at 37°C and 10%
CO, in an incubator for 72 hr.

MTT assay. Cell viability was assessed using an MTT
assay. Melan-a cells were seeded in a 96-well plate (0.5 x
10 cells/well) and grown in the incubator at 37°C and 10%
CO, for 24 hr. Aliquots (200 uL) of OLME, diluted with
RPMI-1640 medium to a range of concentrations (25, 50,
100, and 200 pg/mL), were added to the wells and the cells
were grown in the incubator at 37°C and 10% CO, for
48 hr. Cells were then placed in a medium containing
0.5 pg/mL MTT and grown in the incubator at 37°C and
10% CO, for 3 hr. Following centrifugation of the plate at
200 xg for 10 min, the cells settled and the medium was
removed. DMSO (200 puL) was added to each well and the
cells were resuspended for 15 min using a plate-shaker.
Absorbance was measured at 540 nm by using a plate
reader (680, Bio-Rad, Tokyo, Japan).

Melanin assay. Melan-a cells were distributed in a 48-
well plate (2 x 10* cells/well) and grown in the incubator at
37°C and 10% CO, for 24 hr. Following incubation, 500 pL
of OLME diluted with RPMI-1640 medium to a range of
concentrations (12.5, 25, 50, and 100 pg/mL) were added to
the wells and the cells were grown in the incubator at 37°C
and 10% CO, for 72 hr. The cells were washed and the
same treatment was repeated once. Thereafter, melanin was
dissolved in 1 N NaOH and the absorbance was measured
at 490 nm by using a plate reader.

Intra-cellular tyrosinase activity assay. Melan-a cells
were distributed in a 60-mm cell culture dish (4 x 10’ cells/
well) and grown in the incubator at 37°C and 10% CO, for
24 hr. OLME (5 mL) was diluted with RPMI-1640 medium
to a range of concentrations (12.5, 25, 50, and 100 pg/mL)
and added to the dish. Cells were grown in the incubator at
37°C and 10% CO, for 48 hr. The cells were washed with
phosphate-buffered saline (PBS), detached with 200 pL. of
1% Triton X-100, transferred to Eppendorf tubes, subjected
to extraction on ice with agitation six times every 10 min,
and then centrifuged at 4°C and 18,000 xg for 20 min. Fol-
lowing centrifugation, 100 pL of 0.2% L-DOPA was added
and the mixture was placed in the incubator at 37°C and
10% CO, for 1 hr. Absorbance was measured at 490 nm by
using a plate reader.

Reverse transcription-polymerase chain reaction (RT-
PCR). Total RNA was isolated using Trizol-Reagent (Invi-
trogen, New York, NY, USA) according to the manufac-
turer’s instructions. Total RNA (5 pg) was reverse transcribed
using 8 uL. of Molony murine leukemia virus RT (M-MLV
RT) 5 x buffer, 3 pL of 10 mM dNTPs, 0.45 pL of 40 U/uL
RNasein inhibitor, 0.3 pL of 200 U/uL M-MLV RT (Promega,
Madison, WL, USA), and 1.5 pL of 50 uM oligo dT (Bioneer,
Daejeon, Korea) in a 40 pL volume. Single-stranded cDNA
was then amplified by PCR using 4 pL of 5 x green Go Taq
flexi buffer, 0.4 uL of 10 mM dNTPs, 0.1 uL of 5 U/uL
Taq polymerase, 1.2 pL. of 25 mM MgCl, (Promega), and
0.4 puL of 20 uM of specific sense and anti-sense primers of
tyrosinase, TRP-1, TRP-2, MITF-M, or B-actin. The primer
sequences used for PCR were as follows: tyrosinase for-
ward 5-CAT TTT TGA TTT GAG TGT CT-3’, reverse 5-
TGT GGT AGT CGT CTT TGT CC-3"; TRP-1 forward 5"
GCT GCA GGA GCC TTC TTT CTC-3’, reverse 5-AAG
ACG CTG CAC TGC TGG TCT-3"; TRP-2 forward 5"
GGA TGA CCG TGA GCA ATG GCC-3/, reverse 5-CGG
TTG TGA CCA ATG GGT GCC-3'; MITF-M forward 5"
TAC AGA AAG TAG AGG GAG GAG GAC TAA G-3/,
reverse 5-CAC AGT TGG AGT TAA GAG TGA GCA
TAG CC-3% B-actin forward 5-ACC GTG AAA AGA
TGA CCC AG-3', reverse 5-TAC GGA TGT CAA CGT
CAC AC-3". The expected sizes of the PCR products of
tyrosinase, TRP-1, TRP-2, MITF-M, and [-actin, respec-
tively, were 1192, 268, 1044, 326, and 528 base pairs. The
PCR conditions were as follows: tyrosinase and TRP-1, 28
cycles of denaturation at 94°C for 60 sec, annealing at 56°C
for 60 sec, and extension at 72°C for 60 sec; TRP-2, 28
cycles of denaturation at 94°C for 60 sec, annealing at 64°C
for 60 sec, and extension at 72°C for 60 sec; MITF-M, 30
cycles of denaturation at 94°C for 30 sec, annealing at 54°C
for 30 sec, and extension at 72°C for 30 sec; B-actin, 30
cycles of denaturation at 94°C for 30 sec, annealing at 51°C
for 30 sec, and extension at 72°C for 60 sec. The PCR prod-
ucts were analyzed on 1.2% agarose gel. B-Actin was used
as an internal control to evaluate the relative expression of
tyrosinase, TRP-1, TRP-2, and MITF-M.

Statistical analysis. Statistical analysis was performed
using SPSS 19.0 for Windows (IBM, Armonk, NY, USA).
Differences between the groups were evaluated using one-
way analysis of variance (ANOVA) followed by Duncan’s
multiple range test for a post hoc comparison. Statistical
significance was set at p < 0.05.

RESULTS

Antioxidant activity of OLME. The total polyphenol
content of OLME was 66.3 + 1.9 mg/g according to the
standard curve obtained using tannic acid (Fig. 1A). The
total flavonoid content of OLME was 19.0 + 2.3 mg/g accord-
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Fig. 1. Antioxidant activity of Oenothera laciniata methanol extract. (A) Total polyphenol and flavonoid contents. (B) Electron-donat-
ing ability. (C) ABTS radical-scavenging ability. (D) SOD-like activity. BHT: 2,6-di-tert-butylate hydroxytoluene, OLME: Oenothera laciniata
methanol extract. Values are the mean + SD of three independent experiments.

ing to the standard linear curve constructed using rutin (Fig.
1A). The electron-donating ability of BHT (positive con-
trol, PC) at 500 and 1000 pg/mL was 83.6% and 94.7%,
respectively, whereas the electron-donating ability of
OLME at 500 and 1000 pg/mL was 94.5% and 94.3%,
respectively. The electron-donating ability of OLME was
similar to or better than that of BHT (Fig. 1B). The ABTS
radical-scavenging ability of ascorbic acid (PC) at 500 and
1000 pg/mL was 100.2% and 103.7%, respectively, whereas
the ABTS radical-scavenging ability of OLME at 500 and
1000 pg/mL was 95.6% and 97.9%, respectively. The ABTS
radical-scavenging ability of OLME was relatively lower
than that of ascorbic acid (Fig. 1C). The SOD-like activity of
ascorbic acid (PC) at 500 and 1000 pg/mL was 86.4% and
96.5%, respectively, whereas the SOD-like activity of OLME
at 500 and 1000 pg/mL was 63.6% and 64.4%, respectively.
The SOD-like activity of OLME was lower than that of
ascorbic acid at the higher concentration (500 and 1000 pg/
mL). However, the SOD-like activity of OLME was higher than
that of ascorbic acid at the lower concentration (31.25~250 pg/
mL), showing a concentration-independent reaction (Fig. 1D).

Effect of OLME on melan-a cell viability. An MTT
assay was used to determine the maximum permissible level

(MPL) of OLME in melan-a cells. Arbutin (PC) did not reduce
cell viability at concentrations between 25 and 200 pg/mL
and cell viability remained above 98%. The MPL for arbu-
tin application to melan-a cells was greater than 200 pg/mL
(Fig. 2A). Similarly, OLME did not reduce cell viability at
concentrations between 25 and 100 pg/mL and cell viability
remained above 89%. However, cell viability was reduced
to 53% at 200 pg/mL of OLME. The MPL for OLME appli-
cation to melan-a cells was 100 pg/mL (Fig. 2B). Arbutin
treatment of melan-a cells at 200 pg/mL resulted in no dim-
inution of dendrites or melanin deposition compared to con-
trol (Figure not shown). OLME treatment of melan-a cells
at 200 pg/mL resulted in more diminution of dendrites and
melanin deposition compared to control (Figure not shown).

Effect of OLME on melanin synthesis. Compared to
control, OLME treatment at 12.5, 25, 50, and 100 pg/mL
significantly decreased melanin content by 12.7%, 20.4%,
35.5%, and 41.6%, respectively, in a dose-dependent man-
ner (p < 0.05). Arbutin treatment (PC) at 50 pg/mL also sig-
nificantly decreased melanin content by 14.2% compared to
control (p <0.05). Compared to arbutin, OLME treatment
at 50 pg/mL resulted in significantly lower melanin content
(p <0.05) (Fig. 3).
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Effect of OLME on tyrosinase activity. Compared to
control, OLME treatment at 12.5, 25, 50, and 100 pg/mL
decreased tyrosinase activity in a dose-dependent manner
by 3.8%, 11.9% (p <0.05), 22.6% (p <0.05), and 54.4%
(p <0.05), respectively. Arbutin treatment (PC) at 50 pg/
mL also significantly decreased tyrosinase activity by 12.6%
compared to control (p < 0.05). Compared to arbutin, OLME
treatment at 50 pg/mL significantly decreased tyrosinase
activity (p < 0.05) (Fig. 4).

Effect of OLME on tyrosinase, TRP-1, TRP-2, and MITF-
M mRNA expression. We evaluated the mRNA expres-
sion of tyrosinase, TRP-1, TRP-2, and MITF-M after treat-
ment with OLME at 12.5, 25, and 50 pg/mL and arbutin
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Fig. 4. Effect of Oenothera laciniata methanol extract on intra-
cellular tyrosinase activity in melan-a cells. Tyrosinase activity in
the cells treated with the test materials for 48 hr was measured
with an ELISA. C: control, PC: arbutin, OLME: Oenothera laciniata
methanol extract. Values are the mean +SD of three indepen-
dent experiments. Statistically significant differences (p <0.05)
identified using an ANOVA and Duncan’s multiple range test are
indicated by different letters (a>b >c>d).

at 50 pg/mL. Compared to control, OLME significantly
decreased tyrosinase mRNA expression in a dose-depen-
dent manner by 27.5%, 53.8%, and 57.1%, respectively
(p <0.05). Arbutin (PC) also significantly decreased tyrosi-
nase mRNA expression by 24.2% compared to control (p <
0.05). Compared to arbutin, OLME treatment at 50 pg/mL
resulted in significantly lower tyrosinase mRNA expres-
sion (p <0.05) (Fig. 5A). OLME significantly decreased
TRP-1 mRNA expression in a dose-dependent manner by
18.4%, 29.6%, and 67.3%, respectively (p < 0.05). Arbutin
(PC) also significantly decreased TRP-1 mRNA expression
by 42.9% (p <0.05). Compared to arbutin, OLME treat-
ment at 50 pg/mL resulted in significantly lower TRP-1
mRNA expression (p <0.05) (Fig. 5B). OLME significantly
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Fig. 5. Effect of Oenothera laciniata methanol extract on mRNA expression of tyrosinase, TRP-1, TRP-2, and MITF-M in melan-a cells.
mRNA expression in the cells treated with the test materials for 48 hr was analyzed using RT-PCR. (A) A representative gel (upper) and
semi-quantification of tyrosinase mRNA expression by normalization of B-actin (lower). (B) A representative gel (upper) and semi-quan-
tification of TRP-1 mRNA expression by normalization of B-actin (lower). (C) A representative gel (upper) and semi-quantification of
TRP-2 mRNA expression by normalization of B-actin (lower). (D) A representative gel (upper) and semi-quantification of MITF-M mRNA
expression by normalization of B-actin (lower). C: control, PC: arbutin, OLME: Oenothera laciniata methanol extract. Values are the
mean = SD of three independent experiments. Statistically significant differences (p < 0.05) identified using an ANOVA and Duncan’s

multiple range test are indicated by different letters (a>b >c>d).

decreased TRP-2 mRNA expression by 97.0%, 98.0%, and
99.0%, respectively (p <0.05). Arbutin (PC) also signifi-
cantly decreased TRP-2 mRNA expression by 48.5% (p <
0.05). Compared to arbutin, OLME treatment at 50 pg/mL
resulted in significantly lower TRP-2 mRNA expression
(p <0.05) (Fig. 5C). OLME treatment at 12.5 pg/mL increased
MITF-M mRNA expression by 14.5%, whereas OLME treat-
ment at 25 and 50 pg/mL significantly decreased MITF-M
mRNA expression by 62.5% and 77.0%, respectively (p <
0.05). Arbutin treatment (PC) at 50 pg/mL decreased MITF-
M mRNA expression by 6%. Compared to arbutin, OLME
treatment at 50 pg/mL resulted in significantly lower MITF-
M mRNA expression (p < 0.05) (Fig. 5D).

DISCUSSION

Antioxidants protect against potentially damaging oxida-
tive stress, which is the result of an imbalance between the
formation of reactive oxygen species (ROS) and the body’s
antioxidant defense. Plant polyphenols (PPs), or flavonoids,
have been shown to act as antioxidants because of their
capacity to scavenge free radicals, chelate metal ions, and
prevent free radical formation (20). PPs are plant metabo-
lites characterized by the presence of several phenol groups
(i.e., aromatic rings with hydroxyls) that are derived from
L-phenylalanine (21). As a polyphenol compound, a flavo-
noid has antioxidant, anti-inflammatory, and antiviral
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effects (22). In this study, the total amount of polyphenol
compounds and flavonoid compounds in OLME was 66.3
mg/g and 19.0 mg/g, respectively.

To determine antioxidant activity, many tests have been
used to accelerate oxidative conditions that provoke lipid
oxidation by means of both a high temperature and a high
oxygen supply. DPPH used as an index of active oxygen
activity is one of the experimental methods used to gener-
ally evaluate the erasure reaction of the free radical that
receives electrons from lipid peroxidation and implies a
color according to the redox reaction (23). In this study, the
electron-donating ability of OLME at 500 pg/mL was
94.5%, which was superior to that of BHT (83.6%), the
positive control. The extent of decolorization as a percent-
age of the inhibition of the ABTS radical cation was deter-
mined as a function of concentration and time and calculated
relative to the reactivity of Trolox as a standard, under the
same conditions (18). The ABTS radical-scavenging ability
of OLME at 500 pg/mL was 95.6%, slightly lower than that
of ascorbic acid (100.2%), the positive control. SOD con-
verts the superoxide radical into hydrogen peroxide in the
organism, acting to prevent oxidation and aging. SOD, cata-
lase, and glutathione peroxidase are antioxidative enzymes
that are associated with important defensive mechanisms
that protect from the insults of solar damage (24). The SOD-
like activity of OLME at 500 pg/mL was 63.6%, lower than
that of ascorbic acid (86.4%), the positive control. These
results confirmed that OLME has good antioxidative ability.

Hyperpigmentation disorders, including melasma, freck-
les, and senile lentigines, are associated with abnormal
accumulation of melanin, and these disorders have a psy-
chosocial and cosmetic impact (25). Because OLME distin-
guishably inhibited melanin synthesis and dendrite develop-
ment upon gross observation, quantitative analysis of the
melanin synthetic ability of OLME in melan-a cells was
conducted. To investigate the cytotoxicity of OLME in
melan-a cells, an MTT assay was carried out, which indi-
cated that the MPL of OLME was 100 pg/mL. Compared to
control group, the melanin content in the OLME treatment
group (12.5~100 pg/mL) was significantly reduced (p <
0.05). This agreed with the results of gross observation.
Compared to control group, arbutin at 50 pg/mL decreased
melanin content by 14.2% (p <0.05), whereas OLME at
50 pg/mL decreased melanin content by 35.5% (p <0.05).
Therefore, OLME more effectively inhibited melanin syn-
thesis in melan-a cells than did arbutin, the positive control.
These results clearly indicated that OLME may be effective
as a whitening agent.

Tyrosinase is the core enzyme in the melanin generation
process from L-tyrosine. Therefore, the inhibition of tyrosi-
nase is closely related to the whitening effect of certain
compounds. Compared to control group, arbutin at 50 pg/
mL inhibited intra-cellular tyrosinase activity by 12.6% (p <
0.05), whereas OLME at 50 pg/mL inhibited intra-cellular

tyrosinase activity by 22.6% (p <0.05). We also obtained
similar values of cell-extracted tyrosinase activity for arbu-
tin and OLME (data not shown). These results indicated
that OLME regulated tyrosinase activity and subsequently
inhibited melanin synthesis in melanocytes. OLME more
effectively inhibited tyrosinase activity than arbutin, the
positive control. Because antioxidants could be good inhibi-
tors of tyrosinase (26), the anti-melanogenic effect of OLME
might be contributed to its potential antioxidative ability.
Tyrosinase is a glycoprotein located in the melanosomal
membrane (27). It has an inner melanosomal domain that
contains the catalytic region (approximately 90% of the
protein), followed by a short trans-membrane domain and a
cytoplasmic domain composed of approximately 30 amino
acids (28). In addition, the enzyme phenylalanine hydrox-
lyase contributes to tyrosinase activation because it cata-
lyzes the conversion of L-phenylalanine to L-tyrosine,
providing a substrate for tyrosinase (29).

TRPs are also considered important melanogenic enzymes
and at least two isozymes of TRP, TRP-1 (DHICA oxidase)
and TRP-2 (DOPAchrome tautomerase), have been identi-
fied. TRP-1 and TRP-2 reside within melanosomes and, like
tyrosinase, span the melanosomal membrane (30). Muta-
tions of TRP-1, such as those present in a specific type of
oculocutaneous albinism, result in pale skin and hair color
and demonstrate that TRP-1 is required for optimal mela-
nin synthesis (31). TRP-2 converts DOPAchrome to the car-
boxylated derivative, DHICA, during one of the later stages
of melanin biosynthesis (5). MITF, a master transcriptional
regulator for melanogenic enzymes, is involved in the dif-
ferentiation, growth, and survival of pigment cells (32).
MITF-M transactivates tyrosinase, TRP-1, and TRP-2 mela-
nogenic genes in vitro via binding to an M-box motif pres-
ent in the promoters of those genes (33). Therefore, the
effects of OLME on the expression of melanogenic enzymes
and factors were determined at mRNA levels. Compared to
control group, tyrosinase mRNA expression in the arbutin
and OLME treatment groups at 50 pg/mL concentration
significantly decreased by 24.2% and 57.1%, respectively
(p <0.05). The expression of TRP-1, TRP-2, and MITF-M
mRNA in the arbutin and OLME treatment groups at 50 pg/
mL concentration significantly decreased compared to those
in the control group (p < 0.05) and the values for the OLME
treatment group were lower than those for the arbutin treat-
ment group. Therefore, it was confirmed that OLME more
effectively down-regulated the gene expression of tyrosi-
nase, TRP-1, TRP-2, and MITF-M than did arbutin in
melan-a cells. The increase in MITF-M expression induces
the up-regulation of the tyrosinase gene family, which leads
to increased melanin synthesis (32). In the current study, we
also found that OLME decreased MITF-M expression,
which induced the down-regulation of tyrosinase, TRP-1,
and TRP-2 transcription.

In conclusion, OLME suppressed melanin synthesis in
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melan-a cells by inhibiting tyrosinase activity and the mRNA
expression of tyrosinase, TRP-1, TRP-2, and MITF-M. The
potential anti-melanogenic ingredients in OLME need to be
further investigated.
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