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Polygonum multiflorum ,unb. (PM) root extracts have been used for treating graying hair in Oriental medicine; however, the
molecular mechanisms underlying the melanogenic effects of PM root have not been fully understood. In the present study, we
investigated the melanogenic effects of an ethanolic extract of PM root (PME) and the mechanisms involved. We examined the
effects of PME on cell viability, cellular melanin content, and tyrosinase activity in B16F10 cells. ,e melanogenic mechanism of
PME was explored using signaling inhibitors and examining the expression of melanogenic genes and signaling molecules by
western blot and RT-qPCR analyses. PME did not exhibit any cytotoxicity in B16F10 cells compared to that in control cells. PME
treatment significantly increased melanin production and tyrosinase activity. In addition, PME induced the expression of
cyclooxygenase-2 (COX2) as well as that of melanogenic genes, such as microphthalmia-associated transcription factor (MiTF),
tyrosinase-related protein (Trp) 1, Trp2, and tyrosinase, in B16F10 cells. PME treatment increased the level of phosphorylated p38
mitogen-activated protein kinase (MAPK), and pretreatment with SB 203580, a p38MAPK inhibitor, significantly suppressed this
PME-induced increase in the expression of COX2 andmelanogenic genes.,ese results indicate that PME induced the expression
of melanogenic genes by inducing COX2 expression via the activation of the p38 MAPK pathway, thereby contributing to the
enhancement of melanogenesis.

1. Introduction

Vitiligo is a skin disease characterized by the lack of pig-
mentation in the skin and white patches in the different parts
of the body [1]. ,is disease affects 1% of the population of
the world [2]. Most patients with vitiligo develop the disease
at ages of 10–30 years. ,e pathophysiology of this disease
has not been well understood; however, several causes have
been identified, such as genetic, biochemical, immunolog-
ical, and environmental factors [2]. Currently, the goal of
vitiligo treatment is to suppress depigmentation and stim-
ulate repigmentation [3]. Several treatments are used, in-
cluding excimer lasers, vitamin D analogues, and steroid
therapies that are aimed at restoring pigmentation; however,
unfortunately the efficacy and safety of these treatments

remain unsatisfactory and must be improved [4]. ,erefore,
novel agents for vitiligo diseases are needed.

Melanin is a natural pigment synthesized and stored in
melanosomes of melanocytes [5].,e synthesis of melanin is
regulated by three enzymes, tyrosinase, tyrosinase-related
protein (Trp) 1, and Trp2, which is also known as dop-
achrome tautomerase (DCT) [6]. Tyrosinase is the key
enzyme that regulates the rate-limiting step of melanin
production, in which L-tyrosine is hydroxylated to L-3,4-
dihydroxyphenylalanine (L-DOPA), and then L-DOPA can
be converted into dopaquinone [7]. Furthermore, micro-
phthalmia-associated transcription factor (MiTF) is a master
regulator of the transcription of melanogenic genes [8, 9].
Major components of MiTF induction are the ultraviolet-
(UV-) mediated induction of the proopiomelanocortin
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(POMC), α-melanocyte-stimulating hormone (α-MSH),
stem cell factor (SCF), and endothelin-1 (ET-1) [10]. All of
these factors induce melanogenesis through the following
four main signaling pathways: (1) mitogen-activated protein
kinase (MAPK) signaling pathway, (2) cyclic AMP (cAMP)/
protein kinase A (PKA) signaling pathway, (3) phosphati-
dylinositol 3-kinase (PI3K)/protein kinase B (AKT) sig-
naling pathway, and (4) Wnt signaling pathway [10].

Several medicinal plants have been reported to promote
melanin production [11–14]. ,e root of the plant Polygo-
num multiflorum ,unb. (PM), known as “Ha Su O” in
Korea (He Shou Wu in China), has also been used in
Oriental medicine for the treatment of various diseases
including hair aging [15, 16]. ,e extracts or active com-
ponents of PM root have been reported to promote hair
growth [16], strengthen hair follicle pigmentation [17, 18],
and induce melanin production [11, 19]. Jiang and col-
leagues reported that 2,3,5,4′-tetrahydroxystilbene-2-O-
beta-D-glucoside (THSG), a water-soluble active compo-
nent extracted from PM root, induced melanogenesis by p38
MAPK activation and MiTF induction in B16 cells [19].

Cyclooxygenase-2 (COX2) is an enzyme that catalyzes
the production of prostaglandin E2 (PGE2) in keratinocytes
[20, 21]. PGE2 is important for the proliferation and me-
lanogenesis of melanocytes [22, 23]. It has been reported that
COX2 is also expressed in melanocytes [24], and the
functional polymorphisms of COX2 have been associated
with an increased risk of vitiligo [25]. More recently, it has
been reported that siRNA-mediated downregulation of
COX2 inhibits melanogenesis [26] and that COX2 is in-
volved in inducing the expression of melanogenesis-related
genes during melanogenesis [27]. Additionally, it is well
known that various intracellular signaling proteins, in-
cluding MAPK and PI3K/Akt, are involved in inducing
COX2 expression [28]. However, the expression or relevance
of COX2 with respect to the melanogenic effects of PM root
extract have not been reported. ,erefore, we investigated
the involvement of COX2 in mediating the melanogenic
effects of an ethanolic extract of PM root (PME) in B16F10
melanoma cells.

2. Materials and Methods

2.1. Chemicals. Isobutylmethylxanthine (IBMX), L-DOPA,
melanin, SB 203580, p38 MAPK inhibitor, SP600125, JNK
inhibitor, PD98059, Erk inhibitor, H-89, PKA Inhibitor, LY
294002, PI3K/Akt inhibitor, and all other chemicals were
purchased from Sigma-Aldrich (St. Louis, MO, USA) unless
otherwise indicated.

2.2. Preparationof PME. In this study, we used the 70% (v/v)
ethanolic extracts of dried PM root (PME). ,e freeze-dried
powder of PME (KOC201512-017) was purchased from an
Oriental drug extraction store (KOC Biotech Co., Ltd.,
Daejeon, Korea). ,e stocks for the extracts were prepared
by dissolving 10mg of extract powder in 1mL of dimethyl
sulfoxide (DMSO; Duchefa Biochemie BV, Haarlem,
Netherlands) and then stored at −20°C. Working

concentrations were prepared by diluting the stock solutions
with culture medium.

2.3. Cell Culture. B16F10 murine melanoma cells (from the
Korean Cell Line Bank, Seoul, Korea) were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) (Welgene,
Daegu, Korea) with 10% fetal bovine serum (FBS) (Gibco,
Grand Island, NY, USA) and penicillin/streptomycin
(100 IU/50 μg/mL, Welgene) in a humidified atmosphere
containing 5% CO2 at 37°C.

2.4. Cell Viability Assay. Cell viability was estimated by a
D-Plus™ CCK assay kit (Dongin LS, Seoul, Korea) in ac-
cordance with the manufacturer’s protocol. B16F10 cells
(1× 104 cells/well) were seeded on 96-well plates. After
16–18 h of culture, the cells were treated with different final
concentrations (1–40 μg/mL) of PME for 24, 48, 72, and 96 h.
Following incubation, the PME-treated medium was
replaced with 100 μL of CCK working solution, and the cells
were further incubated at 37°C for 2 h.,ereafter, the optical
density (OD) at 450 nm was determined using a VersaMax
Microplate Reader (Molecular Devices, LLC, Sunnyvale, CA,
USA). PME concentrations of 10 μg/mL and lower were used
in subsequent experiments.

2.5. Melanin Content Assay. ,e melanin content was
measured as previously described [14], with slight modifi-
cations. B16F10 cells (5×104 cells) were seeded overnight in
a 60-mm dish. Subsequently, the cells were treated with
different final concentrations (2.5–10 μg/mL) of PME or
IBMX. For inhibition of p38 MAPK signaling, the cells were
treated with 10 μMSB 203580 for 1 h prior to 10 μg/mL PME
treatment. ,e cells were cultured for 96 h; after that, the
cells were harvested and the cell pellets prepared. ,e cell
pellets were dissolved in 200 μL of 1N NaOH containing
10% DMSO for 1 h at 80°C. After centrifugation at 12,000g

for 10min at 25°C, the supernatant was collected. ,e cell
lysate (100 μL) was pipetted into a 96-well microplate (SPL
Life Sciences, Gyeonggi-do, Korea), and the OD at 490 nm
was determined using a VersaMax Microplate Reader. ,e
OD values were normalized to the protein content in the cell
lysates. ,en the protein concentration was estimated by
BCA Protein Assay kit (Pierce Biotechnology, Rockford, IL,
USA) in accordance with the manufacturer’s protocol.

2.6. Cellular Tyrosinase Activity. Tyrosinase activity was
determined by measuring the L-DOPA oxidation rate [29]
with some modifications. B16F10 cells (5×104 cells) were
seeded overnight in 60-mm dishes and then treated with
different final concentrations (2.5–10 μg/mL) of PME or
IBMX. To inhibit p38MAPK signaling, the cells were treated
with 10 μM SB 203580 for 1 h prior to 10 μg/mL PME
treatment. After 96 h incubation, the cells were washed with
ice-cold Dulbecco’s phosphate-buffered saline (DPBS) and
lysed with PBS (50mM, pH 6.8) containing 1% Triton X-100
and protease inhibitor cocktail (GenDEPOT Inc., Katy, TX,
USA). ,e protein concentrations were then measured by
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BCA Protein Assay kit (Pierce Biotechnology), and the
protein concentration in each cell lysate was equalized using
lysis buffer. ,is was followed by the addition of 50 μL of
each lysate and 100 μL of 5mML-DOPA to each well of a 96-
well plate. ,e plate was kept at 37°C for 1 h in the dark and
the absorbance was measured at 475 nm. Cells without PME
or IBMX treatment served as the controls, and the relative
activity of tyrosinase was expressed as (A475 of treatment/
A475 of control)× 100%.

2.7. Western Blotting. B16F10 cells (3×105 cells) were
seeded on 60-mm dishes, incubated with vehicle (DMSO) or
different final concentrations (2.5–10 μg/mL) of PME for
24 h. For inhibition of p38 MAPK signaling, cells were
treated with 10 μMSB 203580 for 1 h prior to 10 μg/mL PME
treatment. To extract cellular proteins, the cells were lysed
with Mammalian Protein Extraction Buffer (GE Healthcare,
Milwaukee, WI, USA) containing a protease and phos-
phatase inhibitor cocktails (GenDEPOT Inc.). After cen-
trifugation at 12,000g for 10min at 4°C, the total proteins in
the supernatants were quantified using the BCA assay. Five
to thirty micrograms of protein were separated on a 10%
SDS-PAGE gel and transferred onto polyvinylidene
difluoride membranes (Millipore, Billerica, MA, USA). ,e
membranes were then blocked with 5% skim milk in Tris-
buffered saline containing 0.1% Tween 20 (TBST) for 1 h at
25°C, followed by incubation with the following primary
antibodies overnight at 4°C: anti-tyrosinase, anti-MiTF, anti-
phospho-p38 MAPK, anti-p38 MAPK (Cell Signaling
Technology, Boston, MA, USA), anti-COX2, and anti-
β-actin (Santa Cruz Biotechnology; Santa Cruz, CA, USA).
After washing with TBST, the membranes were incubated
with horseradish peroxidase-conjugated secondary anti-
bodies (Santa Cruz Biotechnology) for 1 h at 25°C.
Chemiluminescent signals were developed by treating the
blot with ECL reagents, WESTSAVE (AbFrontier, Seoul,
Korea), and visualized using the LAS4000 imaging system
(Fujifilm Corp.; Tokyo, Japan). ,e intensities of the target
protein bands were quantified using ImageJ (National In-
stitutes of Health, Bethesda, MD, USA).

2.8. RNA Isolation and Quantitative Real-Time PCR (RT-
qPCR). B16F10 cells (3×105 cells) were seeded overnight in
a 60-mm dish. ,en, cells were treated with a final con-
centration (10 μg/mL) of PME for 6 h (for evaluation of
MiTF, Trp1, and Trp2) or 24 h (for evaluation of tyrosinase).
Total RNA isolation and RT-qPCR were performed by
following the methods in our previous report [30]. In brief,
total RNA was extracted using RNAiso Plus Reagent
(TaKaRa Bio Inc., Shiga, Japan), and 2 μg of total RNA was
reverse-transcribed using a PrimeScript™ 1st strand cDNA
synthesis kit (TaKaRa Bio Inc.). RT-qPCR was performed
using a reaction mixture comprising SYBR Green master
mix (TaKaRa Bio Inc.). Results were calculated using the
2−ΔΔCTrelative quantification method and normalized to the
expression level of cyclophilin B. ,e sequences of the
primer pairs are shown in Table 1.

2.9. Immunocytochemistry. B16F10 cells (2×104 cells/well)
were seeded overnight in the Nunc™ Lab-Tek™ II Chamber
Slide™ system (,ermo Fisher Scientific, Rochester, NY,
USA). ,e cells were pretreated with vehicle (DMSO) or
10 μM SB 203580 for 1 h and then further treated with or
without a final concentration of 10 μg/mL of PME for 24 h.
,e cells were washed twice with DPBS and then fixed in 4%
paraformaldehyde for 15min at 25°C. After another wash
with DPBS, the cells were blocked in Protein Block Serum-
Free Ready-to-Use solution (Dako North America, Inc.,
Carpinteria, CA, USA) at 25°C for 1 h, followed by incu-
bation overnight with anti-tyrosinase (Cell Signaling
Technology) antibody diluted in Antibody Diluent (1 : 200,
Dako North America, Inc.) at 4°C. ,e cells were then
stained with Alexa Fluor 546-conjugated secondary anti-
body (1 : 200, Life Technologies, Carlsbad, CA, USA) at 25°C
for 2 h. ,e nuclei were stained with 4′,6-diamidino-2-
phenylindole (DAPI; Invitrogen, San Diego, CA, USA) di-
luted in DPBS (1 :1000) at 25°C for 5min. Cells were
mounted with Fluorescence Mounting Medium (Dako
North America, Inc.) and then observed under a confocal
microscope (LSM700; Carl Zeiss Inc., Oberkochen,
Germany).

2.10. Statistical Analysis. All data are presented as mean-
± standard error of the mean (SEM). Statistical analyses
were performed using GraphPad Prism version 5 (GraphPad
Software Inc., San Diego, CA, USA). Data were analyzed
using Student’s t-test for comparisons between two groups,
and one- or two-way analysis of variance (ANOVA) fol-
lowed by Tukey’s multiple comparison or Bonferroni tests,
as appropriate, for comparisons among more than two
groups. p< 0.05 was considered statistically significant.

3. Results

3.1. PME Enhances Melanin Production and Tyrosinase Ac-
tivity in B16F10 Cells. To determine whether PME has any
cytotoxic effects on B16F10 cells, we first examined the cell
viability of B16F10 cells after treatment with different final
concentrations of PME (1–40 μg/mL) for 24, 48, 72, and 96 h
by the CCK8 assay. As shown in Figure 1, there was no
difference in viability between the control and PME-treated
cells, except for the treatment with 40 μg/mL of PME for 96 h
(Figure 1). ,ese results indicate that the concentrations of
PME used in this study do not have any cellular toxicity
against B16F10 cells.

To determine the effects of PME on melanin production,
we treated B16F10 cells with different final concentrations of
PME (2.5, 5, and 10 μg/mL) for 24, 48, 72, and 96 h and
found that melanin content was the highest in cells treated
with PME for 96 h (data not shown). ,erefore, we treated
B16F10 cells with PME for 96 h for the melanin content
assay. IBMX was used as a positive control. As shown in
Figure 2(a), the color of cell lysates and pellets darkened in a
dose-dependent manner in response to PME treatment
(Figure 2(a)). Consistent with this finding, treatment with
PME resulted in a dose-dependent increase in melanin levels
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(Figure 2(b)). Melanin production is known to be regulated
by tyrosinase [31]. ,erefore, we next investigated whether
tyrosinase was involved in PME-induced melanin produc-
tion. Similarly to melanin content, tyrosinase activity was
also the highest when we treated cells with PME for 96 h in
our preliminary experiments (data not shown). As shown in
Figure 2(c), the tyrosinase activity was significantly in-
creased following PME treatment in a dose-dependent
manner (Figure 2(c)). All these results suggest that PME
enhances melanin production by increasing tyrosinase ac-
tivity in B16F10 cells.

3.2. PME Increases the Expression of Melanogenesis-Related
Genes in B16F10 Cells. We then examined mRNA expres-
sion of MiTF, Trp1, Trp2, and tyrosinase, which are known
to be involved in melanogenesis [6–9], in PME-treated
B16F10 cells by RT-qPCR. As shown in Figure 3(a), the
expression levels of MiTF, Trp1, and Trp2 mRNA were
significantly increased following treatment with 10 μg/mL
PME for 6 h, and the levels of tyrosinase mRNA were also
increased following treatment with 10 μg/mL PME for 24 h
in B16F10 cells (Figure 3(a)). Additionally, MiTF and ty-
rosinase protein levels were also significantly increased by
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PME for 24, 48, 72, and 96 h. Cell viability was determined using CCK8 assay kit and calculated relative to that of control cells. Control:
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Figure 2: PME treatment enhanced melanin production and tyrosinase activity in B16F10 cells. B16F10 cells were treated with 2.5, 5, and
10 μg/mL PME or with 100 μM IBMX for 96 h. (a) Representative images of cell lysates and pellets of B16F10 cells after incubation. (b)
Absorbance of 490 nm was measured in each cell lysate, and melanin levels were calculated relative to those of control cells. (c) Absorbance
of 475 nm, indicating the L-DOPA oxidation rate, was measured in each cell lysate, and tyrosinase activity was calculated relative to that of
control cells. Control (Con): vehicle only. Data are presented as mean± SEM. ∗p< 0.05, ∗∗p< 0.01, ∗∗∗p< 0.001 vs. control.

Table 1: Primer sets used for RT-qPCR analyses.

Gene name Sense primer (5′-3′) Antisense primer (5′-3′)
Cyclophilin B TGG AGA GCA CCA AGA CAG ACA TGC CGG AGT CGA CAA TGA T
MiTF AAC AAG GGA ACC ATT CTC AAG G TGC TCC AGC TTC TTC TGT CG
Trp1 GCT GCA GGA GCC TTC TTT CTC GTC ATC AGT GCA GAC ATC GC
Trp2 AAC AGA CAC CAG ACC CTG GA AAG TTT CCT GTG CAT TTG CAT GT
Tyrosinase CTC TGG GCT TAG CAG TAG GC GCA AGC TGT GGT AGT CGT CT
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PME treatment in a dose-dependent manner (Figure 3(b)).
,ese results indicate that PME induces melanogenesis
through the upregulation of the expression of MiTF and
tyrosinase.

3.3. PME Increases COX2 Expression in Association with the
Increase of Phosphorylated p38MAPK. As mentioned above,
melanogenesis is regulated via four main signaling pathways,
all of which involve induction of MiTF [10]. To investigate
the signaling pathways underlying the MiTF induction by
PME, we first examined the changes of melanin production
by PME using chemical inhibitors of major signaling
pathways such as LY 294002 (PI3K/Akt inhibitor), H-89
(PKA inhibitor), SP600125 (JNK inhibitor), PD 98059 (Erk
inhibitor), and SB 203580 (p38 MAPK inhibitor). Pre-
treatment with SB 203580 inhibited PME-induced melanin
production. However, pretreatment with Ly 294002, H-89,
SP600125, or PD 98059 did not change PME-induced
melanin production in B16F10 cells (data not shown).
,erefore, we checked whether PME treatment actually
activates p38 MAPK and found that the expression of
phospho-p38 MAPK was significantly increased upon PME
treatment in a dose-dependent manner (Figure 4).

It was reported that COX2 is involved in inducing the
expression of melanogenesis-related genes [26, 27], and
COX2 expression is regulated by p38 MAPK activation in

HaCaT cells [32]. ,erefore, we then investigated whether
the expression of COX2 was increased by PME treatment in
B16F10 cells. COX2 expression was also significantly in-
creased by PME treatment in a dose-dependent manner
(Figure 4).

3.4. PME Induces COX2 Expression via Activation of p38
MAPK, Contributing to the Melanogenesis in B16F10 Cells.
To investigate whether the PME-induced activation of p38
MAPK increases COX2 expression, we examined the ex-
pression of COX2 in B16F10 cells under pretreatment with
SB 203580. ,e expression of COX2 was significantly in-
creased in cells treated with PME compared to that in
control cells. However, the expression of COX2 protein was
significantly decreased in SB 203580-pretreated cells relative
to that in PME-treated cells (Figure 5(a)). In parallel, the
expression of tyrosinase and MiTF was also increased by
PME treatment, and this increase was inhibited by pre-
treatment with SB 203580 (Figure 5(a)). Immunofluores-
cence staining with anti-tyrosinase antibody showed that
treatment with PME increased the fluorescence intensity in
the cytoplasm of B16F10 cells compared with that in the
control (Con) group, and this increased fluorescence in-
tensity was reduced by pretreatment with SB 203580
(SB +PME) (Figure 5(b)). ,is indicates that the expression
level of tyrosinase was increased by treatment with PME;
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Figure 3: PME treatment increased expression of melanogenesis-related genes in B16F10 cells. (a) B16F10 cells were treated with the PME
(10 μg/mL) for 6 h (for evaluation of MiTF, Trp1, and Trp2) or 24 h (for evaluation of tyrosinase).,emRNA levels of melanogenesis-related
genes were measured by RT-qPCR. (b) B16F10 cells were treated with PME (2.5, 5, and 10 μg/mL) for 24 h. ,e protein levels of MiTF and
tyrosinase were measured by western blotting.,e relative expression levels of the proteins were normalized to that of β-actin and quantified
using ImageJ. Control: vehicle only. Data are presented as mean± SEM of three to four independent experiments. ∗p< 0.05, ∗∗p< 0.01 vs.
control.

Evidence-Based Complementary and Alternative Medicine 5



however, treatment with SB 203580 suppressed this effect.
Consistent with these results, PME-induced tyrosinase ac-
tivity tended to decrease in SB 203580-pretreated B16F10
cells (Figure 5(c)). Finally, we found that SB 203580 pre-
treatment significantly inhibited PME-induced pellet
darkening and melanin contents in B16F10 cells
(Figure 5(d)). Similarly, PME increased melanin production
and melanogenic gene expression in a concentration-de-
pendent manner in human melanoma cell line, SK-MEL-28
cells, and the increased melanin production and expression
of melanogenic genes by PME were suppressed by pre-
treatment of SB 203580 (Supplementary Figure 1). Collec-
tively, these results indicate that PME induces
melanogenesis through induction of COX2 expression via
activation of the p38 MAPK signaling pathway.

4. Discussion

PM root has been used in Oriental medicine and exhibits low
toxicity as well as various pharmacological activities, such as
liver and kidney detoxification and antiallergic, antitumor,
antibacterial, and antiaging effects [15, 16]. More recently,
the extract of PM root has been reported to have protective
effects on diabetes-induced bone loss [33], hepatoprotective
activity [34], and antiobesity effects [35]. Importantly, the
extracts or active components, such as THSG, of PM root
have also been reported to promote hair growth [16], en-
hance hair follicle pigmentation [17, 18], and induce mel-
anin production [11, 19], which imply a potential as a
treatment for vitiligo. However, the molecular mechanisms
have not been fully understood. In this study, we focused on
determining the mechanism by which PME increases me-
lanogenesis, and demonstrated that PME induces melano-
genesis by increasing COX2 expression through the p38
MAPK pathway in B16F10 cells.

,e extract of PM root has been reported to exert
protective effects in hepatocytes (20–100 μg/mL for 48 h)
[34] and hippocampal cells (0.1–10 μg/mL for 24 h) [36];
however, extracts can be toxic depending on the extraction
method and cell type. ,us, we first confirmed the effects on
cell viability in B16F10 cells (Figure 1). PME doses ranging

from 1 to 20 μg/mL for 96 h did not affect the viability of
B16F10 cells.

PME promoted melanin production, tyrosinase activity,
and the expression of melanogenic genes, such as MiTF and
tyrosinase (Figures 2 and 3) in B16F10 cells, as previously
reported in mouse B16 cells [11, 19], rat dermal papilla cells
[16], human foreskin melanocytes [17], and human mela-
noma SK-MEL-18 cells and zebrafish [18]. When we tested
several signaling inhibitors, such as LY 294002 for the PI3K/
Akt pathway, H-89 for the PKA pathway, SP 600125 for the
JNK pathway, PD 98059 for the Erk pathway, and SB 203580
for the p38 MAPK pathway, only SB 203580 inhibited PME-
induced melanogenesis. Similar to the results observed in
B16F10 cells, we also confirmed the melanogenic effect of
PME on human melanoma cell line, SK-MEL-28 cells, and
this effect was mediated by p38 MAPK activation (Sup-
plementary Figure 1). Consistent with our results, it was
reported that THSG, an active component of PM root ex-
tract, resulted in increased melanogenesis in B16 cells
through p38 MAPK activation, but not Erk or JNK acti-
vation [19]. However, THSG has been reported to exert its
neuroprotective effects through the inhibition of p38 MAPK
activation [37] and activation of PI3K/Akt signaling pathway
[38] in PC12 cells. In addition, emodin, another active
component of PM root, inhibited melanogenesis by pro-
moting the degradation of MiTF by Erk activation in human
melanocytes [39]. ,erefore, the functional effects and
signaling mechanisms are dependent on the active ingre-
dient of the PM root, and even the same active ingredient
can act through different signaling mechanisms depending
on the cell type.

Exposure of intact skin to UV radiation results in me-
lanogenesis [40]; therefore, narrowband UV-B
(311–312 nm) is widely used as the first choice of photo-
therapy for patients with vitiligo [41]. UVB light increases
the expression of COX2 and PGE2 in the skin [42]. COX2 is
an enzyme that catalyzes the production of PGE2 in kera-
tinocytes [20, 21]. Additionally, Li M and colleagues re-
ported that polymorphisms in the COX2 gene are associated
with an increased risk of vitiligo [25]. In general, studies on
the roles of COX2 and PGE2 in the skin have focused on
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Figure 4: PME treatment increased the phosphorylation of p38 MAPK and the expression of COX2 in B16F10 cells. B16F10 cells were
treated with PME (2.5, 5, and 10 μg/mL) for 24 h. ,e protein levels in each cell lysate were estimated by western blotting. ,e relative
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keratinocytes. PGE2 secreted from keratinocytes acts as a
paracrine factor and plays an important role in the regu-
lation of melanocyte function [26, 43]. Furthermore, PGE2
produced by COX2 in keratinocytes induced MiTF ex-
pression and finally melanin production in melanocyte [43].
However, it has been reported that melanocytes also produce
PGE2 in response to UVB [24]. UVB-induced PGE2, an
autocrine factor, stimulates tyrosinase in melanocyte [23].
,e siRNA-mediated knock-down of COX2 in melanocytes

suppressed the expression of melanogenic factors, such as
MiTF, Trp1, Trp2, and tyrosinase, even in melanogenic
stimulation conditions [26]. More recently, nonselective
COX inhibitors, including indomethacin, have been re-
ported to inhibit melanogenesis [44, 45]. ,us, induction of
COX2 expression appears to play an important role in
promoting melanin production. ,erefore, in this study, we
evaluated the effects of PME on COX2 expression in B16F10
melanocytes. We found for the first time that PME
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significantly increased COX2 expression without increasing cell
proliferation in B16F10 melanocytes (Figures 1 and 4). ,ese
results suggest that PME directly acts to induce COX2 ex-
pression and subsequently PGE2 production, which may play
an important role in enhancing melanogenesis in melanocytes.

UVB light induces COX2 expression in skin [20] by
increased phosphorylation of CREB at serine 133 through
the activation of p38 MAPK [46, 47]. Similarly, treatment
with p38 MAPK inhibitor reversed the upregulation of
COX2 by PME, indicating that PME treatment induces
COX2 expression via p38 MAPK activation in melanocytes.

In summary, melanocytes treated with PME exhibited
increased expression of MiTF, Trp1, Trp2, and tyrosinase, as
well as enhanced melanin production and tyrosinase ac-
tivity. PME treatment resulted in increased phosphorylation
of p38 MAPK and expression of COX2. Furthermore, SB
203580, a p38 MAPK inhibitor, reduced PME-induced
melanin production and COX2 expression. ,ese results
suggest that PME induced the expression of melanogenic
genes by inducing COX2 expression via the activation of the
p38 MAPK pathway, thereby contributing to the en-
hancement of melanogenesis.
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