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Abstract

Background: The present study investigates the potent skin whitening ability of ethanol extract from the brown alga,
Padina boryana (PBE) which was collected in the shores of Fulhadhoo Island, the Maldives, and its specific pathways of
action. The effect of PBE which contains a rich amount of polyphenols was evaluated using B16F10 murine melanoma
cells and provides insight to the underlying mechanisms with reference to the inhibition of melanin formation.

Methods: Melanin synthesis and cellular tyrosinase inhibition were assessed in the α-MSH-stimulated melanocytes.
Melanogenic pathway-related protein expressions were investigated via Western blotting. ERK 42/44 was particularly
examined considering its involvement in the melanogenic pathway. Further, RT-qPCR techniques were involved in
gene expression analysis.

Results: PBE dose-dependently inhibited the cellular melanin synthesis and tyrosinase levels. Western blotting revealed
the potential of PBE to downregulate microphthalmia-associated transcription factor (MITF), tyrosinase, and tyrosinase-
related protein-1 and protein-2 (TRP-1 and TRP-2). Moreover, results explained the phosphorylation of ERK was sustained
via PBE and hence declined the ultimate melanin synthesis. Gene expression analysis reinforced the results obtained.

Conclusions: The study provides substantial evidence to express the potential of PBE to inhibit B16F10 melanoma cell
melanin synthesis. Concisely, results suggest the ability of PBE to be involved in medicinal and cosmeceutical applications.
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Introduction
Melanin is a polymer synthesized in the melanosomes
which are specialized cellular organelles. This is an indole
derivative of 3,4-dihydroxyphenylalanine (DOPA). The
process initiates with tyrosine and follows a series of oxi-
dative steps (Ito and Wakamatsu 2003; Sarangarajan and
Apte 2006). The outermost layer of the skin, keratinocytes,
receives mature melanosomes. Melanin is important in

providing protection to the skin against DNA damage in-
duced via UV radiation. The maximal energy absorption
of melanin is in the UV range and is converted into differ-
ent energy forms (Park et al. 2009). Even though melanin
has protective properties, the accumulation of melanin
due to UV irradiation leads to skin hyperpigmentation
(Agar and Young 2005). Earlier studies have proven over-
accumulation of melanin stimulating healthcare issues in-
cluding freckles, age spots, and inflammatory disorders
(Huang et al. 2016). Different factors determine the level
of production of melanin including exposure to sunlight,
dysfunctions in the thyroid gland, drug usage, and genetic
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background (Sanjeewa et al. 2016). Fair skin is preferred
over dark skin in Asian countries. Skin whitening, lighten-
ing components that disturb the melanin production
process, is possibly classified as cosmeceuticals (Boonme
et al. 2009).
The synthesis of melanin occurs via the catalysis of the

enzyme tyrosinase. Tyrosinase catalyzes the oxidation of
tyrosine to hydroxylation of L-tyrosin to L-dihydroxyphe-
nylalanine (L-DOPA). The reaction proceeds ahead in the
Raper-mason pathway (Raper 1928). DOPA is subse-
quently oxidized into DOPA-quinone. The pathway is as-
sociated with further enzymes including tyrosinase-related
protein (TRP-1 and TRP-2). Microphthalmia-associated
transcription factor (MITF) which is an essential tran-
scriptional factor regulating the transcription of the mela-
nogenic pathway is linked with proteins such as TRP-1,
TRP-2, and tyrosinase. The downregulation of the above
ultimately leads to lower melanin production and could
be regarded as ways of skin whitening (Bae et al. 2016).
Recently, several studies have correlated the effect of
extracellular signal-regulated kinase (ERK) on the melano-
genic pathway. It is evident that phosphorylation of ERK
inhibits the MITF proceeding to its next step hence down-
regulating the total melanin production (Yao et al. 2013).
Different components have been used in the indus-

trial level to promote skin whitening, including arbu-
tin, kojic acid, and azelaic acid as tyrosinase
inhibitors (Huang et al. 2016). Some of the compo-
nents such as arbutin have been restricted due to its
side effects such as imperishable depigmentation. Due
to this reason, the interest in natural products to ful-
fill the purpose has risen.
Marine algae are exposed to external extreme factors

throughout their life span. These include high oxygen con-
centrations, intense light, stress, and UV radiation. The ef-
fect of the above factors is successfully overcome by the
seaweeds due to its rich sources of bioactive components
(Heo et al. 2010). Padina boryana, a brown alga species
from the coastal lines of the Maldives, is not explored for
its bioactive properties to a larger extent. Components puri-
fied from brown algae have earlier been assessed on the in-
hibition of α-melanocyte-stimulating hormone (α-MSH)-
stimulated melanogenesis (Kim et al. 2013). The given facts
such as low cost, less environmental pollution, and lower
toxicity have enhanced the implementation of ethanol-
assisted extraction of plant materials to isolate bioactive
metabolites. (Wijesinghe and Jeon 2012). Hence, with the
support of the above evidence, this study implements etha-
nol extraction of P. boryana. According to the best of our
knowledge, this is the first report associated with melano-
genesis inhibition activity of P. boryana ethanol extract
(PBE). The present study aims to evaluate the potential of
PBE to inhibit melanogenesis. Further, the study was ex-
tended to assess the involvement of PBE in specific

melanogenic pathway mediator proteins in order to con-
firm its mechanism of action.

Methods
Materials
Cell media, Dulbecco’s modified Eagle’s medium (DMEM),
and its supplementary material fetal bovine serum (FBS)
and penicillin were obtained from Invitrogen–Gibco
(Grand Island, NY, USA). The murine melanoma cell line
(B16F10) was purchased from ATCC (American Type Cul-
ture Collection, Manassas, VA, USA). 3-(4,5-Dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
alpha-melanocyte-stimulating hormone (α-MSH), and L-
DOPA were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Primary antibodies used in the study, namely
tyrosinase, TRP1, TRP-2, MITF, and ERK 1/2, were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Anti-mouse and anti-rabbit IgG were purchased
from Cell Signaling Technology (Beverly, MA, USA). cDNA
kits purchased from TaKaRa Japan were used in the experi-
ments. All the primers used in this study were purchased
from Bioneer, Seoul, South Korea. Unless otherwise speci-
fied, all the reagents used in the experiments were of ana-
lytical grade and were purchased from Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA).

Extraction from Padina boryana and compositional
analysis
P. boryana brown alga species were collected from the
shores of Fulhadhoo Island, the Maldives, in August
2018. The sample was immediately washed with running
water and then lyophilized and ground into powder.
Sample identification was assisted by Jeju Biodiversity
Research Institute. A 70% ethanol extraction was carried
out with 50 g of sample powder and was repeated the
same three times. The supernatant was filtered using
vacuum filtration. Rotary evaporation was used to evap-
orate the solvent and the dry sample was named PBE. A
stock sample solution was prepared by dissolving PBE in
dimethyl sulfoxide (DMSO). Working sample concentra-
tions were subsequently prepared using DMEM (Heo
et al. 2010).
The content of the ethanol extract was assessed using ap-

propriate methods. Accordingly, polyphenol content was
measured using the Folin-Ciocalteu method (Ochanda
et al. 2015). Polysaccharide content was estimated using the
microplate method described by Masuko et al. (2005). BCA
protein assay kit was used to measure the protein content
following the standard protocol (Herath et al. 2019). Ash
content of the crude sample was measured using the dry
ashing method following the procedure described as AOAC
1998 (Kim et al. 2018). Moisture content was assessed via
the oven-drying method at 105 °C. Further, the Soxhlet
method with diethyl ether as the solvent was implemented
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to evaluate the lipid content of the crude sample (Chandler
and Dodds 1983).

Cell line maintenance
The growth media (DMEM) supplemented with 10%
heat-inactivated FBS and 1% antibiotic were used to cul-
ture murine melanoma cells (B16F10). A controlled envir-
onment with a humidified atmosphere including 5% CO2

and 37 °C temperature was used to maintain the cell lines.
The cells were periodically subcultured and were used for
experiments in its exponential growth phase.

Cell viability measurement
The cellular cytotoxicity against PBE was examined via
the MTT colorimetric assay (Mosmann 1983). Cells were
seeded with a cell concentration of 2 × 105 cells/mL in a
24-well plate. Given a 16-h incubation period, the cells
were then treated with PBE (25, 50, 100, and 200 μg
mL−1), and incubation was continued for 72 h. The viabil-
ity percentage was calculated referring to the control well.
Similarly, B16F10 cells were stimulated under α-MSH and
samples were treated to evaluate the cytotoxicity.

Cellular melanin content measurement
The cells were seeded as previously, then stimulated with
α-MSH (50 nM), and were co-treated with different con-
centrations of PBE (25, 50, and 100 μg mL−1). The incuba-
tion was continued for 72-h period. Arbutin (100 μM) was
used as the commercial melanin inhibitor to compare the
results. The cells were then harvested and washed with
ice-cold PBS. In order to solubilize the melanin, this was
incubated at 80 °C for 1 h in 1 mL of 1 N NaOH/10%
DMSO solution. The optical density was measured at 450
nm range (Yoon et al. 2010; Wang et al. 2019).

Assessment of cellular tyrosinase activity
To measure the cellular tyrosinase activity, we followed
the method described by Kim et al. (2007) and Tomita
et al. (1992) with slight modifications. In brief, the cells
were seeded in a similar manner as previously. α-MSH (50
nM) and PBE were co-treated after a 16-h incubation
period and then continued for 72 h. Similarly, the cells
were harvested, washed with ice-cold PBS, and lysed using
PBS containing 1% Triton X-100. The cell lysate superna-
tants were collected after centrifugation (10,000×g for 10
min). Proteins were quantified and normalized. A 90-μL
portion of each cell extract (which now contains equal
protein levels) was incubated with 10 μL of L-DOPA at 37
°C for 1 h. The resulting dopachrome was observed under
405 nm optical density.

Western blot analysis
In order to determine the expression of melanogenesis-
related proteins such as MITF, tyrosinase, TRP-1, and

TRP-2, the Western blotting was performed. Cells were
seeded and stimulated with α-MSH and co-treated with
PBE. Cells were harvested and washed with ice-cold PBS
and lysed. Then the protein content of each was measured
via Pierce™ BCA Protein Assay Kit and normalized. SDS-
PAGE was conducted and transferred to nitrocellulose
membranes. These were successively blocked with skim
milk and incubated with relevant primary antibodies. The
membranes were then incubated in the HRP-conjugated
anti-mouse/anti-rabbit IgG secondary antibodies. Finally,
the bands were visualized by enhancing them with chemi-
luminescence (ECL) reagent (Amersham, Arlington
Heights, IL, USA) and photographed (FUSION SOLO Vil-
ber Lourmat system). ImageJ program was assisted in the
band intensity quantification (Sanjeewa et al. 2018; Jaya-
wardena et al. 2018).
The effect of ERK/MAPKs was assessed using specific

inhibitors. α-MSH and samples were added in the pres-
ence and absence of ERK inhibitor (PD98059). The
Western blotting followed the same protocol as de-
scribed above. Similarly, the expression of tyrosinase was
also assessed with the presence and absence of PD98059.

Extraction of RNA and cDNA synthesis
Tri-Reagent™ (Sigma-Aldrich, St. Louis, MO, USA) was
used to extract total RNA from the harvested B16F10
cells. The purity and the concentration of extracted RNA
were determined using a μDrop Plate (Thermo Scientific,
IL, Rockford, USA). RNA was then diluted (1 μg μL−1)
with the purpose of synthesizing cDNA. cDNA was syn-
thesized using the Prime Script™ cDNA synthesize kit
(TaKaRa BIO INC, Japan) following the manufacturers’
instructions and stored at − 80 °C.

Quantitative real-time PCR analysis
The prepared cDNA was used to assess the mRNA ex-
pression levels of tyrosinase and MITF. SYBR Green
quantitative real-time PCR technique was used with the
assistance of a Thermal Cycler Dice Real-Time System
(TaKaRa, Japan). Primers used in the experiment were
tyrosine sense 5′-GGCCAGCTTTCAGGCAGAGGT-3′,
antisense 5′-TGGTGCTTCATGGGCAAAATC-3′; and
MITF sense 5′-GTATGAACACGCACTCTCGA-3′, anti-
sense 5′-CGAACGTATTTGCCATTTGC-3′. GAPDH
was used as the housekeeping gene; sense 5′-AAGGGT
CATCATCTCTGCCC-3′, antisense 5′-GTGATGGCAT
GGACTGTGGT-3′. The primers were purchased from
Bioneer, Seoul, South Korea. For the amplification
process, the reaction was carried out using 3 μL of cDNA,
5 μL of 2× TaKaRa ExTaq™ SYBR premix, 0.4 μL each of
the forward and reverse primers (10 μM), and 1.2 μL
ddH2O. The total reaction mixture contained 10 μL. The
thermal profile used in the experiment is as follows, step
1: 1 cycle at 95 °C for 10 s; step 2: 45 cycles at 95 °C for 5
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s; step 3: 55 °C for 10 s; step 4: 72 °C for 20 s; step 5: 95 °C
for 15 s; step 6: 55 °C for 30 s; and step 7: 95 °C for 15 s.
GAPDH was used as the internal reference standard. The
analysis of relative expression was conducted using the
method described by Livak and Schmittgen (2001).

Statistical analysis
All experiments were triplicated. Data are represented as
the mean ± standard deviation. IBM SPSS with one-way
ANOVA was used in the statistical analysis process. p
values less than 0.05 (p < 0.05) were considered significant.

Results
Compositional analysis
The analysis results revealed that the crude sample was
composed of a higher proportion of polysaccharide and
protein (57.87 ± 0.63% and 16.36 ± 0.32%). The lipid
content was reported to be 1.03 ± 0.25% while ash and
moisture contents were 14.14 ± 0.72% and 6.2 ± 0.54%.
The ethanol extract yield was 4.8%, while the total poly-
phenol was estimated as 8.84 ± 0.23%. The total polysac-
charide content and proteins were reduced to 1.26 ±
0.46% and 1.31 ± 0.18% in ethanol extract.

Cytotoxicity of PBE on melanoma cells
The cytotoxic effect of the sample (PBE) against murine
melanoma cells was first measured. A range of concen-
trations of PBE was used (25, 50, 100, and 200 μg mL−1).
PBE did not exhibit significant cytotoxicity against mel-
anoma cells in the 25–100 μg mL−1 range and subse-
quent experiments were planned accordingly (Fig. 1a).
The melanoma cells which were co-treated with α-MSH
and PBE did not exhibit any significant toxicity. Results
revealed that either α-MSH or PBE in the given range of
concentrations does not affect on the cell death of the
murine melanoma cells (Fig. 1b).

Effect of PBE on melanin synthesis and tyrosinase activity
in α-MSH-stimulated melanoma cells
The potential of PBE to inhibit the intracellular melanin
production and the activity of tyrosinase in the presence
of α-MSH was evaluated. PBE successfully downregulated
the cellular melanin content compared to the α-MSH-
treated group (Fig. 2a). A similar trend was observed in
the tyrosinase activity. α-MSH induced cellular tyrosinase
activity, whereas PBE gradually downregulated it (Fig. 2b).
In both experiments, arbutin was used to compare the re-
sults. In combination, these results suggest that PBE is a
potent treatment in downregulating the cellular tyrosinase
activity hence melanin synthesis in melanoma cells.

Effect of PBE on the expression of ERK-associated
proteins in α-MSH-induced melanoma cells
As it is evident, the ability of PBE to inhibit the melanin
and tyrosinase activity, further experiments were carried
out to elucidate its mechanism. Three selected enzymes
(TRP-1, TRP-2, and tyrosinase) in the melanogenic path-
way were evaluated. PBE dose-dependently reduced the
expression of the three enzymes. MITF is a melanocyte-
specific transcription factor and regulates the expression
of these three enzymes. The influence of PBE was exam-
ined on MITF expression as well (Fig. 3a, b). The ob-
served results confirm that PBE successfully inhibits the
MITF expression in B16F10 cells.

Effect of PBE on melanogenesis-related protein
expression
The gene expression was analyzed using quantitative real-
time PCR (qPCR) techniques. It was observed that the
stimulation of α-MSH increases the expression of tyrosin-
ase and MITF, whereas treatment with PBE downregulates
it. Furthermore, the ERK inhibitor (PD98059) involvement
exhibited the expression levels grow up (Fig. 3c, d). This
verifies the results of previous experiments conducted using
Western blotting.

Fig. 1 a Cytotoxic effect of 70% ethanolic extract from P. boryana (PBE) on B16F10 cells. b Cytotoxicity evaluation of α-MSH and PBE on B16F10
cells. Experiments were triplicated and represented as means ± SD (n = 3). *p < 0.05; **p < 0.01
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Effect of PBE on MAPK-associated ERK protein expression
The effect of ERK on the melanogenesis process was
assessed via Western blotting. The results show that in
the presence of PBE under α-MSH-stimulated condi-
tions, ERK phosphorylation is enhanced. With the
addition of ERK inhibitor (PD98059), the ERK phos-
phorylation is decreased (Fig. 4a, b). Furthermore, the
tyrosinase protein expression which is decreased with
the treatment of PBE in α-MSH-induced melanocytes
has been recovered in the presence of ERK inhibitor
(Fig. 4c, d). These results suggest the potential of PBE to
inhibit the melanogenesis process. It is evident to occur
via ERK involved mitogen-activated protein kinase
(MAPK) pathway in α-MSH-stimulated B16F10 cells.

Discussion
The Asian cosmetic market has a high demand for skin
whitening agents. The skin tone of the Asians is brown;
thus, they prefer a change into a much fair skin tone (San-
jeewa et al. 2016). Melanin content in the skin is respon-
sible for the darker skin. This plays an important role in
protecting the skin from detrimental effects such as UV
radiation exposure and in scavenging toxic compounds.
Melanin is produced via tyrosinase acting on L-tyrosin
hence with the production of L-DOPA (3-4-dihydroxyphe-
nylalanine). L-DOPA is then oxidized by dopa oxidase to
produce melanin (Solano et al. 2006; Martínez-Esparza
et al. 1998). Thus, the inhibition of melanin synthesis via
incorporating tyrosinase inhibitors is much familiar in the
cosmeceutical market. The synthetic commercial products
mostly use hydroquinone and mercury to achieve this, but

undesirable side effects are possible (Kim et al. 2013). Due
to this reason, recently, the research interest toward nat-
ural whitening agents has risen among the scientific com-
munity. Several times, the natural plant extracts’ effect on
the tyrosinase inhibition and hence melanin inhibition has
been reported (Park et al. 2011; Arung et al. 2011).
The current study was focused on the bioactive proper-

ties of P. boryana 70% ethanol extract. Among different
kinds of extraction processes, ethanol extract is highly rec-
ommended due to its effectiveness and ease of implementa-
tion in industrial backgrounds over other extraction
methods (Wijesinghe and Jeon 2012). Seaweeds are a sus-
tainable source of bioactive-rich compounds possessing di-
verse functional properties (Kim et al. 2018). These include
polyphenols, polysaccharides, fatty acids, sterols, proteins,
and several other components that enable them to be uti-
lized in the development of functional ingredients in the
cosmeceutical and nutraceutical industries. PBE contains a
higher portion (8.84%) of polyphenols, an active, large, and
diverse class of secondary metabolites in the seaweeds.
Polyphenols were reported to possess vital biological func-
tionalities such as anti-oxidant (Shibata et al. 2007), anti-
inflammatory (Lee 2010), anti-hypertensive (Jung et al.
2006), and anti-melanogenesis activities (Kim et al. 2013).
The activity of PBE is anticipated to be influenced through
the polyphenol content. In the study, arbutin was used as
the commercial active ingredient for skin whitening to
compare the results with. In Northeast Asia, both kojic acid
and arbutin are used in cosmetics. Arbutin is glycosylated
hydroquinone from the bearberry plant and was reported
to be used as a cure for hyperpigmentation disorder (Bae
et al. 2016; Nishimura et al. 1995).

Fig. 2 PBE ability for melanin inhibition on α-MSH-stimulated B16F10 cells. Cultured cells were treated with 0~100 μg/mL of PBE and stimulated
with α-MSH. a Following the incubation, melanin content was analyzed. Melanin content is represented compared to the non-treated group as
percentage values. b Effects of PBE on the tyrosine production in B16F10 cells. Similarly, cells were seeded and samples and α-MSH were treated.
After incubation, tyrosinase activity was assessed using the L-DOPA oxidation assay. Each assay was triplicated and the data points are
represented as means ± SD (n = 3). *p < 0.05; **p < 0.01 (number sign denotes significance compared to control while asterisk represents
significance compared to the α-MSH-treated group)
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In the studies relevant to skin whitening, the murine
melanoma cell line B16F10 is used. This cell is capable
of synthesizing melanin and tyrosinase under stimulated
conditions via α-MSH (Chan et al. 2011). Initially, the
toxic effect of the sample PBE was evaluated on the
B16F10 cell line. Significant toxicity was not observed in
the 25–100 μg mL−1 range. Hence, the researchers
moved to the next step of examining the melanin and
tyrosinase inhibitory properties of PBE. In the α-MSH-
stimulated B16F10 cells, the melanin content was down-
regulated dose-dependently, as well as the tyrosinase
content with the pre-treatment of PBE. These results
suggest the effect of PBE on inhibiting the activity of
tyrosinase ultimately lowering the melanin content. In
order to further investigate the melanogenic pathway,
the study was extended to the transcription factor MITF
level. MITF is an essential regulator in melanin synthesis

besides the life and differentiation of melanocytes. It is
involved in diverse cellular processes such as prolifera-
tion and stress mediation (Vachtenheim and Borovanský
2010). TRP-1 and TRP-2 are important enzymes which
catalyze the melanin production. MITF induces the ex-
pression of the melanogenic pathway-related genes such
as tyrosinase, TRP-1, and TRP-2 (Vachtenheim et al.
2001; Chan et al. 2011). The results suggest an upregula-
tion of the particular proteins with α-MSH stimulation
and a successful downregulation with the treatment of
PBE.
The MAPK-associated ERK is incorporated in the mela-

nogenic pathway. The phosphorylation of ERK inhibits
the expression of MITF in melanocytes (Bae et al. 2016).
Earlier reports indicated phosphorylated ERK inhibiting
the MITF phosphorylation (Kim et al. 2002; Vachtenheim
and Borovanský 2010). The effect of ERK was analyzed

Fig. 3 Expression of proteins and genes related to melanogenesis in B16F10 cells against PBE treatment. a Cells were exposed to α-MSH in the
presence of 50 and100 μg/mL PBE or 100 μM arbutin, for 72 h. MITF, tyrosinase, TRP-1, and TRP-2 proteins were studied by Western blot. Internal
control was β-actin. b Relevant quantitative data. Melanogenic gene expressions. c Tyrosinase and d MITF gene expression. Cells were exposed to
α-MSH in the presence and absence of PBE and ERK inhibitor, PD98059. The mRNA levels were examined by RT-PCR. GAPDH was used as an
internal control. Results represent as mean ± SD of three independent experiments. *p < 0.05, **p < 0.01 (number sign denotes significance
compared to control while asterisk represents significance compared to the α-MSH-treated group)
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using Western blotting. It was evident that the presence of
PBE in α-MSH stimulated melanocytes’ inclined expres-
sion of the phosphorylated form of ERK. Hence, the
addition of the ERK inhibitor downregulated the phos-
phorylation of ERK. This confirms that the effect of PBE is
mediated via the ERK of the MAPK pathway. Preliminary
experiments supported the fact that PBE has the potential
to inhibit the activity of tyrosinase. The effect of ERK on
the production of tyrosinase was also experimented using
ERK-specific inhibitors via Western blotting. The results
revealed that in the presence of PD98059, tyrosinase levels
were upregulated. These data are further supported by the
gene expression analysis of tyrosinase and MITF in the
presence of PD98059 (ERK inhibitor). MITF which is
downregulated by the potential of PBE was inversed via
the ERK inhibitor, supporting the fact that PBE is medi-
ated via the ERK signals in the MAPK pathway. Similar re-
search has been conducted using pure compounds as well
as extracts of seaweed. Kim et al. (2013) investigated the
potential of octaphlorethol A isolated from Isige foliacea

to inhibit the melanogenesis via the ERK pathway in mel-
anoma cells. The ethanol extract of soft coral Dedroneph-
tya putteri was investigated in detail by Sanjeewa et al.
(2018), for its potential to inhibit melanin synthesis in
melanoma cells via the ERK pathway. In this study, there-
fore, it is revealed that PBE inhibits the synthesis of mel-
anin by suppressing tyrosinase production via promoting
ERK phosphorylation-associated MAPK pathway.

Conclusions
The present study reveals the potential of PBE which con-
tains rich amounts of polyphenol to downregulate the mel-
anin synthesis via inhibiting the tyrosinase activity in
melanoma cells. The mediation involves inhibition of tyro-
sinase production-related enzyme inhibition (TRP-1 and
TRP-2). MITF which is a central transcription factor in the
melanin synthesis pathway was successfully inhibited via
the activity of PBE. Further studies reinforced that the ac-
tivity of PBE is mediated via the MAPK pathway, specific-
ally ERK signaling cascade. Hence, PBE is a potential

Fig. 4 Effect of P. boryana ethanolic extract on melanoma cells against specific ERK inhibitor. a ERK pathway associated protein and c tyrosinase
expression in α-MSH-stimulated B16F10 cells. Cells were incubated with α-MSH with PBE in the absence or presence of ERK-specific inhibitor,
PD98059. Protein expressions were analyzed by Western blotting, b, d relevant quantitative data. Data points and bars represent the means ± SD
(n = 3) (*p < 0.05; **p < 0.01) (number sign denotes significance compared to control while asterisk represents significance compared to the
α-MSH-treated group)
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candidate in the pharmaceutical industry to be imple-
mented as a skin whitening and lightening component in
cosmetics. However, further studies involving the identity
of active polyphenols and in vivo conditions should be ap-
plied before human consumption.
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