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Cornus officinalis is widely distributed in Korea, and its fruit has been used to make as herbal drug for tra-

ditional medicine in Korea, Japan, and China because of its tonic, analgesic, and diuretic properties. How-

ever, the effects of C. officinalis methanol extract (COME) on melanogenesis remain poorly understood.

We evaluated the melanogenic capability of COME in melan-a cells, which are immortalized mouse mela-

nocytes. COME increased melanin synthesis in a dose-dependent manner. Treatment with 12.5 µg/mL of

COME significantly increased melanin content by 36.1% (p < 0.001) to a level even higher than that

(31.6%) of 3-isobutyl-1-methyl-xanthine, a well-known pigmentation agent. COME also upregulated

tyrosinase activity and its messenger RNA and protein expression. In addition, COME upregulated the

expression of tyrosinase-related proteins 1 and 2 and microphthalmia-associated transcription factor-M

messenger RNA expression. These results imply that COME may be appropriate for development as a nat-

ural product to treat hair graying.
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INTRODUCTION

Hair color has important socioeconomic implications and

propels a multimillion-dollar hair product industry. Prema-

ture graying (canities) is a common and intriguing phenom-

enon frequently discussed in the context of environmental

or endogenous processes that accelerate aging such as pol-

lution, ultraviolet light exposure, inflammation, or even

psychoemotional stress (1). Despite these pressing interests,

the phenomenon has not yet been satisfactorily explained,

and a scientifically sound therapeutic strategy remains to be

developed.

Melanin production is restricted to the melanocytes of the

skin, hair follicles, and pigment epithelium in the retina.

Skin and hair follicle melanins are the products of melano-

genesis, a complex, phylogenetically ancient biochemical

pathway. They are formed in cytoplasmic organelles called

melanosomes produced by neural-crest-derived pigment

cells called melanocytes. In human hair follicles, melano-

cytes located in the nascent bulb undergo mitosis and begin

organizing the dermal papilla during the onset of anagen

(2). The melanocytes responsible for hair pigmentation are

located in the bulb of the follicle, in which they transfer

melanins to the cortical keratinocytes of the hair shaft, thus

defining the hair pigmentation unit (2). The large variety in

hair color derives from different relative amounts of brown/

black eumelanins and yellow/red phaeomelanins. Eumela-

nins and phaeomelanins differ not only in color but also in

the size, shape, and packaging of their granules (3). Both

types of melanin are derived from a common tyrosinase-

dependent pathway with the same precursor, tyrosine.

Moreover, several enzymes must be activated in melano-

cytes to increase melanin synthesis.

Melanocyte-specific tyrosinase, tyrosinase-related pro-

tein-1 (TRP-1) and TRP-2 are involved in melanogenesis,

in which tyrosine is converted into melanins (4). In particu-

lar, tyrosinase plays a pivotal role in the modulation of mel-

anin production by catalyzing the hydroxylation of tyrosine

to 3,4-dihydroxy-phenylalanine (DOPA) and the subse-

quent oxidation of DOPA, which results in the formation of

dopaquinone (5). Tyrosinase, TRP-1, and TRP-2 share 70~

80% nucleotide sequence homology and 30~40% amino

acid identity. 3-Isobutyl-1-methylxanthine (IBMX) plays a
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key role in the regulation of melanogenesis via the cellular

cyclic adenosine 3',5'-monophosphate (cAMP) pathway (6).

The cAMP-dependent pathway upregulates microphthal-

mia-associated transcription factor (MITF), which stimu-

lates the synthesis of key melanogenic proteins such as

tyrosinase, TRP-1, and TRP-2 (7). Thus, IBMX is generally

used as a positive control in pigmenting research. MITF-M

transactivates tyrosinase, TRP-1, and TRP-2 melanogenic

genes in vitro via binding to an M-box motif present in the

promoters of those genes (8).

Despite recent evidence that hair graying is caused at least

in part by a decline in the number of melanocyte stem cells,

the factors that cause this decline are unknown. All studies to

date have confirmed that pigment loss is due to a marked

reduction in melanogenically active melanocytes in the hair

bulb of gray anagen hair follicles (9). In the absence of a nat-

ural treatment for graying hair, colorants are the mainstay for

recovering lost hair color. However, studies have shown that

a small number of long-term users of permanent hair dyes

(particularly black dyes) may develop irritating and allergic

contact reactions (commonly due to p-phenylenediamine)

that can cause dermatitis and even hair loss (10).

Cornus officinalis Sieb. et Zucc. (C. officinalis) is widely

distributed in Korea, and its fruit has been used to make an

herbal drug for traditional medicine in Korea, Japan, and

China because of its tonic, analgesic, and diuretic proper-

ties (11). The major chemical constituents of C. officinalis

fruit are saponins, phenolic acid (gallic acid, tannic acid),

and loganin. Saponins and phenolic acid have known anti-

oxidant activities (12). C. officinalis is also a medicinal

plant with potent free radical scavenging activity against

not only reactive oxygen species (e.g., hydrogen peroxide,

superoxide anion, and hydroxyl radical) but also many

other free radicals (e.g., peroxynitrate, peroxy radical) (13).

Recent studies have reported that hot water and ethanol

extracts of C. officinalis block oxidative reactions in mela-

nogenesis, thereby inhibiting melanogenesis in B16 mela-

noma cells and that loganin and cornuside have inhibitory

effects on melanogenesis (14). However, the effects of

methanol extracts of C. officinalis on melanogenesis have

not been thoroughly studied.

In the present study, we investigated the effects of C. offici-

nalis methanol extract (COME) on melanogenesis by meas-

uring melanin synthetic capability, tyrosinase activity, and

melanogenic gene and protein expression in melan-a cells.

MATERIALS AND METHODS

Materials. Dimethyl sulfoxide (DMSO), 2,6-di-tert-

butylate hydroxytoluene (BHT), 3,4-dihydroxy-L-phenylal-

anine (L-DOPA), β-actin, 1,1-diphenyl-2-picryl hydrazyl

(DPPH), tannic acid, L-tyrosine, ascorbic acid, Folin-Cio-

calteu’s phenol reagent, 3-(4,5-dimethyl-thiazol-2-yl)-2,5-

diphenyl-tetrazolium bromide (MTT), IBMX, MITF-M,

and diethylene glycol reagent were obtained from Sigma

Chemical Company (St. Louis, MO, USA). TRP-1 and

TRP-2 were obtained from Amersham Company (Bucks,

UK). Propylene glycol was purchased from Chemical Inno-

vation Company (Seoul, Korea). Methanol extract from the

fruit of C. officinalis (serial number: 014-046) was obtained

from the Korea Plant Extract Bank (Daejeon, Korea). This

specimen was dissolved in DMSO before use.

Antioxidant activity analysis. The total polyphenol

content of COME was determined with the Folin-Denis

assay (15). One milliliter of test agent dissolved in DMSO

was placed into test tube followed by the addition of 1 mL

of Folin-Ciocalteu’s phenol reagent. The tubes were

allowed to stand for 3 min. One milliliter of 10% Na2CO3

was added, and the mixture was shaken vigorously. After

the tubes stood for 60 min, absorbance at 760 nm was mea-

sured. A standard curve was prepared with tannic acid.

Total flavonoid content of COME was determined using

the modified method of Davies et al. (16). One milliliter of

test agent was placed into test tubes followed by the addi-

tion of 10 mL diethylene glycol reagent and 1 mL 1 N

NaOH. The mixture was shaken vigorously and reacted in

hot water at 37oC for 60 min before absorbance at 420 nm

was measured. A standard curve was prepared with rutin.

DPPH radical scavenging effects were evaluated accord-

ing to the method of Blois (17). COME was dissolved in

DMSO to final concentrations of 100, 500, and 1,000 μg/

mL. One milliliter of the test agents were placed into each

test tube followed by the addition of 4 mL of 4 × 10−4 M

DPPH. The mixture was shaken vigorously and kept for

10 sec in hot water at 60oC before absorbance at 525 nm

was measured. BHT was used as the positive control. The

free-radical-scavenging activity of each solution was then

calculated as a percent of inhibition.

Cell culture. The melan-a cells used in this study were

obtained from Dr. Dorothy Bennett (St. George’s Hospital,

UK). These highly pigmented and immortalized cells were

derived from C57BL/6 mice. The cells were grown in Ros-

well Park Memorial Institute medium (RPMI-1640) supple-

mented with 10% fetal bovine serum, 1% penicillin/

streptomycin, and 200 nM 12-O-tetradecanoylphorbol-13-

acetate at 37oC in an incubator with 10% CO2 for 72 hr.

MTT assay. The melan-a cells were divided in a 96-

well plate (0.5 × 104 cells/well) and grown in the incubator

at 37oC with 10% CO2 for 24 hr. Then, 200 μL of COME

diluted with RPMI-1640 medium to various concentrations

(3.125, 6.25, 12.5, and 25.0 μg/mL) was placed in the wells,

and the cells were grown in the incubator at 37oC with 10%

CO2 for 48 hr. Then, the cells were placed in medium con-

taining 0.5 μg/mL MTT and grown in the incubator at 37oC

with 10% CO2 for 3 hr. After centrifuging the plate at
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180 ×g for 10 min, the cells settled. The medium was

removed, 200 μL of DMSO was added, and the cells were

dissolved for 15 min on a plate-shaker. Absorbance was

measured at 540 nm with an enzyme-linked immunosor-

bent assay (ELISA) reader.

Melanin assay. The melan-a cells were divided in a

96-well plate (2 × 104 cells/well) and grown in an incubator

at 37oC with 10% CO2 for 24 hr. Then, 200 μL of COME

diluted with RPMI-1640 medium to concentrations of

1.563, 3.125, 6.25, and 12.5 μg/mL was put in the wells,

and the cells were grown in the incubator with 10% CO2 at

37oC for 72 hr. After the cells washed, the treatment was

repeated. Next, the cells were dissolved in 1 N NaOH, and

optical density was measured at 490 nm (OD 490) with an

ELISA reader. Melanin content was estimated as the OD

490 value/μg of protein and expressed as a percentage rela-

tive to the untreated control value (100%).

Tyrosinase activity assay. For intracellular tyrosinase

activity assay, melan-a cells were seeded in 60-mm cell cul-

ture dishes (4 × 105 cells/well) for 24 hr and then treated

with 5 mL COME (0~12.5 μg/mL) for 48 hr. The cells were

washed with phosphate buffer solution, detached with

200 μL 1% Triton X-100, transferred to Eppendorf tubes,

extracted on ice with agitation, and centrifuged at 18,000 ×g

for 20 min at 4oC. Thereafter, 100 μL L-DOPA was added,

the mixture was incubated at 37oC under 10% CO2 for 1 hr,

and OD 490 was measured with an ELISA reader. Tyrosi-

nase activity was estimated as the OD 490/μg protein/min

and expressed as a percentage of the untreated control value

(100%). For cell-extracted tyrosinase activity assay, after

centrifugation of cultured melan-a cells, 50 μL supernatant

was mixed with 49 μL 0.1 M phosphate buffer solution (pH

6.8) and 1 μL COME (0~12.5 μg/mL). L-DOPA (0.2%,

100 μL) was added, the absorbance measured, and the per-

centage activation was calculated.

Reverse transcription-polymerase chain reaction (RT-
PCR). Total RNA was isolated with the Trizol-reagent

(Life Technologies, CA, USA) according to the manufac-

turer’s instructions. Five micrograms of total RNA were

reverse transcribed with 8 μL Moloney murine leukemia

virus reverse transcriptase (M-MLV RT) 5 × buffer, 3 μL

10 mM deoxyribonucleotide triphosphates (dNTPs), 0.45 μL

40 U/μL RNase inhibitor, 0.3 μL 200 U/μL M-MLV RT

(Promega, Madison, USA), and 1.5 μL 50 μM oligo dT

(Bioneer, Cheongju, Korea) in a 40-μL volume. Single-

stranded complementary DNA was then amplified via PCR

with 4 μL 5 × green Go Taq Flexi buffer, 0.4 μL 10 mM

dNTPs, 0.1 μL 5 U/μL Taq polymerase, 1.2 μL 25 mM

MgCl2 (Promega), and 0.4 μL 20 μM each specific sense

and anti-sense primers of tyrosinase, TRP-1, TRP-2, MITF-

M, or β-Actin.

The primer sequences used for PCR were as follows: 5'-

CAT TTT TGA TTT GAG TGT CT-3' (forward), 5'-TGT

GGT AGT CGT CTT TGT CC-3' (reverse) for tyrosinase;

5'-GCT GCA GGA GCC TTC TTT CTC-3' (forward), 5'-

AAG ACG CTG CAC TGC TGG TCT-3' (reverse) for

TRP-1; 5'-GGA TGA CCG TGA GCA ATG GCC-3' (for-

ward), 5'-CGG TTG TGA CCA ATG GGT GCC-3'

(reverse) for TRR-2; 5'-TAC AGA AAG TAG AGG GAG

GAG GAC TAA G-3' (forward), 5'-CAC AGT TGG AGT

TAA GAG TGA GCA TAG CC-3' (reverse) for MITF-M;

5'-ACC GTG AAA AGA TGA CCC AG-3' (forward), 5'-

TAC GGA TGT CAA CGT CAC AC-3' (reverse) for β-

Actin. The expected sizes of the PCR product for tyrosi-

nase, TRP-1, TRP-2, MITF-M, and β-Actin, respectively,

were 1192, 268, 1044, 326, and 528 base pairs.

The following PCR conditions were applied: tyrosinase

and TRP-1, 28 cycles of denaturation at 94oC for 60 sec,

annealing at 56oC for 60 sec, and extension at 72oC for

60 sec; TRP-2, 28 cycles of denaturation at 94oC for 60 sec,

annealing at 64oC for 60 sec, and extension at 72oC for

60 sec; MITF-M, 30 cycles of denaturation at 94oC for

30 sec, annealing at 54oC for 30 sec, and extension at 72oC

for 30 sec; β-Actin, 30 cycles of denaturation at 94oC for

30 sec, annealing at 51oC for 30 sec, and extension at 72oC

for 60 sec. The PCR products were analyzed on 1.2% aga-

rose gel. β-Actin was used as an internal control to evaluate

the relative expression of tyrosinase, TRP-1, TRP-2, and

MITF-M.

Western blot analysis. Cell lysates were prepared by

sonicating melan-a cells in 0.1 M Tris-HCl (pH 7.2) buffer

containing 1% Nonidet P-40, 0.01% sodium dodecyl sul-

fate, and a protease inhibitor cocktail (Roche, Mannheim,

Germany). The protein concentration of cell lysates was

measured using a Pierce Protein Assay Kit (Pierce Biotech-

nology, Inc., Rockford, IL, USA) with bovine serum albu-

min as the standard. Equal amounts of protein (10 μg) were

loaded onto each lane and separated with electrophoresis

on a 10% polyacrylamide gel. After being transblotted

onto nitrocellulose, the membranes were incubated with

antibodies against tyrosinase/prolyl endoprotease-7 (PEP-7,

1:10,000 dilution), TRP-1/PEP-1 (1:10,000), and TRP-2/

PEP-8 (1:10,000), which were kindly provided by Dr. Vin-

cent J. Hearing (National Institutes of Health, USA). Next,

the membranes were incubated with horseradish-peroxi-

dase-conjugated anti-rabbit immunoglobulin G (1:1,000

dilution; Amersham Biosciences, Buckinghamshire, UK).

Immunoreactive bands were detected with chemilumines-

cence using electrochemical luminescence reagents (Amer-

sham Biosciences). β-Actin was used as an internal control

for immunoblotting.

Statistical analysis. Differences in values between the

groups were evaluated statistically using one-way analysis
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of variance followed by Duncan’s multiple range test for a

post hoc comparison by using SPSS 21.0 for windows

(IBM, Armonk, NY, USA). Statistical significance was

defined as p < 0.05.

Fig. 1. Total polyphenol and flavonoid content of Cornus offici-
nalis methanol extract (COME). Values are means ± standard
deviation (SD) of three measurements.

Fig. 2. Electron-donating capabilities of 2,6-di-tert-butylate
hydroxytoluene (BHT) and Cornus officinalis methanol extract
(COME). Values are means ± SD of three measurements.

Fig. 4. Effect of Cornus officinalis methanol extract (COME) on
the synthesis of melanin in melan-a cells. Values are means ±
SD of three measurements. C: control, IBMX: 3-isobutyl-1-meth-
ylxanthine. Values with different superscripts are significantly
different (p < 0.001) with analysis of variance and Duncan’s mul-
tiple range test. *p < 0.05 compared with the control group.

Fig. 3. Cell viability of melan-a cells treated with 3-isobutyl-1-
methylxanthine (IBMX) and Cornus officinalis methanol extract
(COME). Values are means ± SD of three measurements.

Fig. 5. Effect of Cornus officinalis methanol extract (COME) on
tyrosinase activity in melan-a cells. COME was added to melan-a
cells, and intracellular tyrosinase activity was measured after
60 min. COME was added to the cell extract and cell-extracted
tyrosinase activity was measured after 60 min. Values are
means ± SD of three measurements. C: control, IBMX: 3-isobutyl-
1-methylxanthine. Values with different superscripts are signifi-
cantly different (p < 0.001) with analysis of variance and Dun-
can’s multiple range test.

RESULTS

Antioxidant capability of COME. Polyphenol and fla-

vonoid compounds in COME totaled 54.8 and 59.4 mg/g,

respectively (Fig. 1). The electron-donating capabilities of

BHT (the positive control) at 100, 500 and 1,000 μg/mL

were 16.3%, 44.1%, and 68.4%, respectively (Fig. 2).
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Whereas those of COME were 64.9%, 95.1% and 95.7%,

respectively. The electron-donating capability of COME

was higher than that of BHT.

Cytotoxicity of COME in melan-a cells. Greater than

80% cell viability was observed at COME concentrations

between 3.125 and 12.5 μg/mL, but cell viability was

reduced to 75.5% at 25 μg/mL (Fig. 3). Therefore, the max-

imum permissible level for COME application to melan-a

cells was 12.5 μg/mL. The maximum permissible level for

IBMX application was also 12.5 μg/mL.

Effect of COME on melanin synthesis. Compared with

the control cells, cells treated with COME at concentra-

tions of 3.125, 6.25, and 12.5 μg/mL had melanin content

that increased significantly by 16.3%, 28.0%, and 36.1%,

respectively (p < 0.001), in a dose-dependent manner (Fig.

4). Treatment with IBMX at 12.5 μg/mL also increased

melanin content significantly by 31.6% compared with mel-

anin content in the control (p < 0.00l).

Effect of COME on tyrosinase activity. COME treat-

ment at concentrations of 3.125, 6.25, and 12.5 μg/mL sig-

nificantly increased intracellular tyrosinase activity by

16.4%, 19.8%, and 27.8%, respectively (p < 0.00l) (Fig. 5).

Compared with that in the control group, intracellular tyros-

inase activity in cells treated with 12.5 μg/mL IBMX also

increased significantly by 54.2% (p < 0.00l). Cell-extracted

Fig. 6. Effect of Cornus officinalis methanol extract (COME) on melanogenic gene expression in melan-a cells. COME upregulated tyrosi-
nase (A) and microphthalmia-associated transcription factor-M (MITF-M; D) gene expression but did not affect tyrosinase-related protein
1 (TRP-1; B) and TRP-2 (C) gene expression. Values are means ± SD of three measurements. C: control, IBMX: 3-isobutyl-1-methylxan-
thine. Values with different superscripts are significantly different (p < 0.001) with analysis of variance and Duncan’s multiple range test.
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tyrosinase activity in the cells treated with 3.125, 6.25, and

12.5 μg/mL COME increased significantly by 10.8%, 12.8%,

and 15.7%, respectively (p < 0.001). Compared with that in

the control, cell-extracted tyrosinase activity in the cells

treated with 12.5 μg/mL IBMX increased significantly by

28.4% (p < 0.00l).

Effect of COME on messenger RNA (mRNA) and pro-
tein expression of tyrosinase, TRP-1, TRP-2, and MITF-M.
IBMX and COME remarkably induced tyrosinase and MITF-

M mRNA expression (Fig. 6) but did not affect TRP-1 and

TRP-2 at transcriptional levels. IBMX and COME affected

tyrosinase, TRP-1, and TRP-2 at translational levels (Fig. 7).

DISCUSSION

Continuous melanin synthesis during hair growth (ana-

gen) generates hydrogen peroxide and other free radicals,

thereby placing hair follicle melanocytes under high oxida-

tive stress conditions that induce apoptosis of melanocytes

in the pigmentary unit (18). Circumstantial evidence has

shown that oxidative stress may be a pivotal mechanism

contributing to hair graying and hair loss (10). Oxidative

stress can be generated in or outside of hair follicle melano-

Fig. 7. Effects of Cornus officinalis methanol extract (COME) on melanogenic protein expression in melan-a cells. COME upregulated
tyrosinase (A), tyrosinase-related protein 1 (TRP-1; B), and TRP-2 (C) protein expression. Values are means ± SD of three measurements.
C: control, IBMX: 3-isobutyl-1-methylxanthine. Values with different superscripts are significantly different (p < 0.001) with analysis of
variance and Duncan’s multiple range test.
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cytes by ultraviolet light and psychoemotional (19) and

inflammatory (20) stress. Such stress may overwhelm hair

follicle melanocyte antioxidant capacity and speed up the

accumulation of terminal damage in aging hair follicles.

Phenolic acids are plant metabolites present throughout

the plant kingdom. As polyphenol compounds, flavonoids

have antioxidant, anti-inflammatory, and antiviral effects

(21). DPPH radicals react with suitable reducing agents,

electrons become paired off, and the solution loses color

stoichiometrically with the number of electrons taken up

(17). The DPPH radical has been widely used as a model

system for investigations of the scavenging activities of nat-

ural compounds including phenolic compounds, flavo-

noids, or crude mixtures such as ethanol or water extracts of

plants (22).

In the current study, the total polyphenol compound con-

tent in COME was 54.8 mg/g, which is similar to the 49.7

mg/g in C. officinalis hot water extract reported by Kim and

Kim (23). The total flavonoid content in COME was 59.4

mg/g, which is much higher than the 5.67 mg/g in ethanol

extract reported by Jeon et al. (24). The electron-donating

capability of COME at 1,000 μg/mL was 95.7%, which is

higher than that of BHT (68.4%) and that in C. officinalis

hot water extract at the same concentration (42.7%) reported

by Kim and Kim (23). These results indicate that COME is

a potent antioxidant.

Melan-a cells derived from C57BL/6 mice are highly pig-

mented and immortalized cells with an abundance of tyrosi-

nase enzyme and substantial melanin synthetic capability.

These cells can be cultured for long periods (25). The den-

drites of melanocytes stretch the melanocyte membrane to

connect with keratinocytes, which allows the transfer of

melanosomes into keratinocytes. The dendrite length can be

more than twice the length of the melanocyte body due to

overexpansion of the melanocyte itself. In the microscopic

examination in the current study, COME effectively stimu-

lated melanin synthesis and dendrite production. In the

quantitative analysis, COME significantly increased mela-

nogenesis (p < 0.001) as well as tyrosinase activity (p <

0.001) at concentrations above 3.125 μg/mL in a dose-

dependent manner. Cell-extracted tyrosinase activity was

relatively weaker than intracellular tyrosinase activity. In

general, a pigmenting effect can be promoted by increasing

tyrosinase activity and melanin synthesis. Melanin synthe-

sis is initiated by tyrosinase, which catalyzes the oxidation

of tyrosine to DOPAchrome via a two-step reaction (5).

Therefore, increases in tyrosinase activity in melanin syn-

thesis account for increase in melanin levels (26).

At the concentrations above 3.125 μg/mL, COME signifi-

cantly stimulated tyrosinase and TRP-2 protein expression

(p < 0.001) but did not affect TRP-1 protein expression at

the lower concentrations of 3.125 and 6.25 μg/mL (p >

0.05), although a significant increase in translation occurred

at 12.5 μg/mL (p < 0.001). At concentrations above 3.125 μg/

mL, COME significantly stimulated tyrosinase and MITF-

M transcription (p < 0.001), but no significant induction

was observed in TRP-1 and TRP-2 gene transcription.

MITF is involved in the differentiation, growth, and sur-

vival of pigment cells via a number of signaling pathways.

The increase in MITF-M expression induces the upregula-

tion of the tyrosinase gene family, which leads to increased

melanin synthesis (27). Choi et al. (28) reported that of par-

ticular interest, MITF-M is highly expressed in black hair

but is not detected in white hair. The cAMP-mediated acti-

vation of protein kinase A induces the expression of MITF,

a master transcriptional regulator for melanogenic enzymes

and tyrosinase family proteins (29).

The results of the current study suggest that COME might

act as a pigmenting agent through the upregulation of

MITF-M in the cAMP-dependent melanogenic pathway.

However, an explanation for the lack of significant TRP-1

and TRP-2 mRNA induction by COME and IBMX despite

the upregulation of MITF-M transcription observed in this

study remains to be elucidated through further detailed

studies.

In conclusion, COME treatment of melan-a cells stimu-

lated melanogenesis by increasing tyrosinase activity on the

transcriptional and translational levels. COME also induced

TRP-1 and TRP-2 translation with upregulation of MITF-M

transcription. Therefore, COME might be useful as a natu-

ral black pigmentation agent for the prevention of hair gray-

ing. In addition, which biologically active components

contained in COME are responsible for stimulating melano-

genesis is need to be investigated further in the future.
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