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Antimelanogenic activities

of piperlongumine derived from Piper longum
on murine B16F10 melanoma cells in vitro
and zebrafish embryos in vivo: its molecular
mode of depigmenting action
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Abstract

In this study, the antimelanogenic activity of piperlongumine in murine B16F10 melanoma cells and zebrafish was
investigated, and its mode of antimelanogenic action was elucidated using quantitative reverse transcription-poly-
merase chain reaction. A melanocyte-stimulating hormone (a-MSH, 200 nM) was used to induce melanin production
in B16F10 melanoma cells, and kojic acid (200 uM) was used as a positive control. Piperlongumine had no inhibitory
effects on cell growth at the treated concentrations (3 and 6 uM), and it significantly reduced total melanin produc-
tion. Piperlongumine decreased the expression of Mitf, Tyr, Trp-1, and Trp-2 and tyrosinase activity was also dramati-
cally reduced by the piper amide addition under a-MSH treatment. With these findings, zebrafish embryos were used
to confirm antimelanogenic activity of piperlongumine, and it showed the potent antimelanogenic activity at the
concentration of 1 uM. Altogether, piperlongumine has potent antimelanogenic activity, and these results support it

as a candidate for natural depigmentation agent in a cosmetic and pharmaceutical industries.
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Introduction

Protecting human skin from melanogenesis has been
studied in both the cosmetic and pharmaceutical indus-
tries to identify natural products with antimelanogenetic
activity [1-3]. Arbutin and kojic acid are representa-
tive antimelanogenic agents that are currently used in
cosmetics and continue to be studied in the laboratory
[4, 5]. Recently, a 2% arbutin-containing hydrogel mask
(arbutin mask) has been developed to treat melasma, and
after using of the arbutin mask for 8 weeks, the results
of the Melasma Area and Severity Index decreased in the
arbutin mask group without adverse reactions in female
volunteers [5]. Kojic acid also has been introduced in
cosmetic industry with antityrosinase activity [6]. Its
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irritancy and release property in gels and multiple emul-
sion cream were studied, and the authors found insignifi-
cant differences between formulations [7].

Although arbutin and kojic acid are popular in the
cosmetic industry, several reports have found safety
issues when these chemicals are used in pharmaceuti-
cal products [8—10]. Arbutin has remained in use in the
cosmetic industry, but since 2001, other hydroquinones
have not been used in skin-lightening formulations in
the European Union [9]. Kojic acid has been classified
as a group 3 carcinogen since Burnett et al. [8] reported
animal studies that showed tumor promotion and weak
carcinogenicity. In response to these results, the cos-
metic industry has continued to identify and develop new
depigmenting agents to replace the currently used agents.

Natural products are resources to find depigmenting
agents with antimelanogenic properties. Plant extracts
that have been suggested to possess antimelanogenic
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activity include Alnus cordata stem bark extract,
Momordica charantia methanol extract, and the ethyl
acetate fraction of Calendula officinalis flowers [11-
13]. Single compounds isolated from natural sources
are also candidates to replace arbutin and kojic acid in
efficacy comparison studies. Coumaric acid, loratadine,
and luteolin 7-sulfate have been studied for their anti-
melanogenic activities [14—16].

Piperlongumine (PL), also known as piplartine
(Fig. 1), has been well documented for its biological
activities against various human diseases, including
digestive system cancer [17], colorectal cancer [18],
breast cancer [19], rheumatoid arthritis [20], and plate-
let aggregation [21]. PL has been isolated from Piper
plants, especially the roots of Piper longum [22], and
has been developed for formulation in nanofiber mats
that are used in PL-eluting gastrointestinal stents to
treat cholangiocarcinoma [23]. However, with our
knowledge an antimelanogenic property of PL and a
molecular mode of action have not been reported in
murine B16F10 cells in vitro or zebrafish in vivo. Using
zebrafish model, protein expressions in zebrafish are
similar to murine cell lines, then this in vivo system
can be used for examining antimelanogenic active
compounds in replacement of mouse or rats [24].
Zebrafishes possess melanin biosynthesis system via
SOX10, which regulates the transcriptional factor
known as microphthalmia-associated transcription fac-
tor, tyrosinase, tyrosinase-related protein-1 (TRP-1),
and TRP-2 [25].

In this study, we investigated the effect of PL on mela-
nin production in a murine B16F10 cell, and examined
the molecular mode of its antimelanogenic property
using the same cell line. Finally, the inhibitory effects of
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PL on melanin generation were evaluated in vivo using
zebrafish embryos.

Materials and methods

Chemicals and reagents

Piperlongumine, a-melanocyte-stimulating hormone
(a-MSH), and kojic acid (KA) were purchased from
Sigma-Aldrich (St. Louis, MO, USA, Fig. 1a). An MTS
assay kit, the CellTiter 96 Aqueous One Solution, was
obtained from Promega (Madison, WI, USA). Other
chemicals were obtained in the highest grade used in
experimental procedure.

Cell culture and viability test

The B16F10 mouse melanoma cell line was obtained
from the American Type Culture Collection (ATCC, VA,
USA). Cells were cultured in Dulbecco’s modified Eagles
medium (GE Healthcare, IL, USA) with 10% fetal bovine
serum at 37 °C, in humidified air with 5% CO,. Cells were
subcultured every 2 days with at a ratio of 1:8.

To determine the cytotoxicity of PL to the BI6F10 mel-
anoma cell line, MTS assays were performed. Cells were
plated into 96-well plates at 2 x10° cells/well and incu-
bated 24 h for recovery. After recovery, the culture media
was replaced with or without PL for 48 h, and then 20 pl
of MTS assay solution was added to each well and incu-
bated for additional 4 h. The optical density of each well
at 490 nm was measured with a Multiskan GO micro-
plate reader (Thermo Scientific, Waltham, MA, USA).

Determination of melanin content

B16F10 melanoma cells were cultured in 6-well plates
with phenol-free DMEM supplemented with 10% fetal
bovine serum to determine the melanin content. After
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Fig. 1 a Structure of piperlongumine; b viability of murine B16F10 cells in response to increasing concentrations of piperlongumine; ¢
expression levels after treatment of a-melanocyte stimulating hormone. Mitf, microphthalmia associated transcription factor; Tyr, tyrosinase; Trp-1,
tyrosinase-related protein 1; and Trp-2, tyrosinase-related protein 2. Significant differences are expressed by the symbols *, **, *** and **** as
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24 h of recovery, cells were treated with or without
200 nM o-MSH and PL, followed by 72 h incubation.
After incubation, cells were harvested with 1 N NaOH
containing 10% DMSO and then heated at 80 °C for 1 h
to dissolve melanin. The absorbance of the heated solu-
tion and media at 400 nm was measured. The total mela-
nin content was normalized to the concentration of total
protein.

RNA isolation and qRT-PCR

Total RNA was extracted from B16F10 cells using Tri-
zol solution (Qiagen, Valencia, CA, USA). To quan-
tify changes in mRNA levels in B16F10 cells, 2 ug of
total RNA was converted into cDNA with a first-strand
cDNA synthesis kit (Thermo Scientific, Waltham, MA,
USA) according to manufacturer’s protocols. A Qiagen
Rotor-Gene Q Real-Time PCR instrument (Qiagen) and
Rotor-Gene SYBR Green PCR kit were used to quantify
the target mRNA level, including Gapdh, Mitf, Tyr, Trp-
1, and Trp-2. Sequences of primers used in this study are
listed in Table 1.

Intracellular tyrosinase activity assay

Intracellular tyrosinase activity was determined accord-
ing to a modified version of a previously described
method [26]. Briefly, BI6F10 cells were harvested with
lysis buffer containing a proteinase inhibitor, and then
20 ul of lysate and 80 pl of 2 mM L-DOPA were added to
each well of a 96-well plate and incubated for 2 h at 37 °C.
The amount of oxidated L-DOPA was determined using
a Multiskan GO microreader. Absorbance at 475 nm was
measured, and protein concentration was normalized to
total protein.

Fish care and PL treatment

Wild-type (WT) zebrafish were provided by Professor
Tae-Lin Huh from the School of Life Science and Biotech-
nology, Kyungpook National University, Daegu, Repub-
lic of Korea. To obtain zebrafish embryos, females and
males were crossed at a 1:2 ratio in a breeding chamber
overnight at 26 £1 °C. The group of zebrafish embryos

Table 1 Primers lists used in this study for melanogenesis
related genes murine melanoma cells

Gene Forward Reverse

Gapdh GGTTGTCTCCTGCGACTTCA TGGTCCAGGGTTTCTTACTCC
Tyr TCTTCACCATGCTTTTGTGG ATAGGTGCATTGGCTTCTGG
Mitf CATCATCAGCCTGGAATCAA TCAAGTTTCCAGAGACGGGT
Trp-1 TGGTCTGTGAATCCTTGGAA CATTTCCAGCTGGGTTTCTC
Trp-2 CGTGCTGAACAAGGAATGC CGAAGGATATAAGGGCCACTC
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was obtained with a total fertilization rate of >80% and
used for experiments. Twelve embryos were treated with
PL or kojic acid at 6 h post-fertilization (hpf), and cho-
rion were removed at 24 hpf. PL and kojic acid were dis-
solved in dimethyl sulfoxide (DMSO), and DMSO was
used as vehicle control up to 0.1% (v/v). Embryos were
treated with PL (0, 0.5, 1, and 2 uM) and 8 mM kojic acid
in 6-well plates containing 5 ml of E3 medium (consist-
ing of 5 mM NaCl, 0.17 mM KCl, 0.33 mM CacCl,, and
0.33 mM MgSO,) with a pH value of 7.2 for 72 hpf. All
experiments were performed in triplicate.

PL effect on melanogenic activity in zebrafish embryos
Embryos at 72 hpf were photographed in lateral and
dorsal view to compare the pigmentation phenotype
between groups using a BX53 upright microscope with
a DP80 color camera (Olympus Life Science Solutions,
Waltham, MA). After monitoring the melanogenic inhib-
itory effect, zebrafish embryos were collected in CETi
lysis buffer (TransLab, Daejeon, Korea) and homogenized
using a pencil-type homogenizer. Embryo lysates were
centrifuged at 13,000 rpm for 10 min to separate pro-
tein and precipitated melanin. The melanin precipitate
was resuspended with 1 M NaOH at 95 °C for 1 h and
measured at 400 nm in triplicate. The melanin contents
of zebrafish embryos were normalized to the total protein
concentration measured in the same embryo.

Statistical analysis

All statistical analyses were performed using Graph-
Pad Prism 8.0 software. The statistical significance of
differences was determined by multiple comparisons
of Turkey’s test and multiple comparisons were ana-
lyzed using one-way ANOVA. All data are presented as
means =+ standard error of the mean (S.E.M.). The value
of p<0.05 is considered as statistical significance.

Results and discussion

Melanin pigments can be consisted of three different
types of molecules such as pheomelanin, eumelanin and
neuromelanin. Among them, eumelanin production
is related to the involvement of three key enzymes as
tyrosinase (TYR), tyrosine-relate protein-1 (TRP-1), and
tyrosine-related protein-2 (TRP-2), referring to tyrosine
conversion to construct melanin pigments [27]. Melanin
synthesis or melanogenesis can be initiated by various
paracrine cytokines such as a-melanocyte-stimulating
hormone (a-MSH), which is used in this study as well as
other studies [28, 29]. Other cytokines as stem cell factor
(SCF), endothelin-1, and nitric oxide have been known
as triggers of melanogenesis under the exposure of UV-B
irradiation [30-32].
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These factors enhance melanin synthesis via diverse
cell signaling pathway by inducing the expression of pig-
ment-related genes as microphthalmia-associated tran-
scription factor (Mitf), Tyr, Trp-1, and Trp-2. Therefore,
inhibition of Mitf gene expression, known as a primary
up-regulator of melanin biosynthesis, has been known
as a major target site of antimelanogenic agents [15,
16]. Other antimelanogenic routes are related to reduce
the mitogen-activated protein kinase (MAPK) cascade
via decreasing phosphorylation of extracellular-signal-
regulated kinase 1/2 (ERK1/2), and to decrease guanylyl
cyclase expression via down-regulation of the production
of cGMP [30, 33, 34].

In our study, PL does not suppress cell growth until
the concentration tested reached 6 uM (Fig. 1b).
a-Melanocyte-stimulating hormone (a-MSH, 200 nM)
upregulates four genes involved in melanin biosynthesis
in the B16F10 cell line: mitf, tyr, trp-1, and trp-2, which
encode microphthalmia-associated transcription fac-
tor, tyrosinase, tyrosine-related protein 1, and tyrosine-
related protein 2, respectively (Fig. 1c). The expression of
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these four genes increases over time until 12 h. Therefore,
the incubation time for each experiment in our study was
set to 12 h.

a-MSH increases the intracellular production of mela-
nin approximately threefold and extracellular melanin
increases approximately twofold compared with the con-
trol group (Fig. 2). a-MSH increases the total melanin
production by approximately 1.8-fold relative to control
cells (Fig. 2). Kojic acid (200 pm), a positive control for
antimelanogenic activity, with a-MSH decreased melanin
production relative to cells treated with a-MSH alone,
and the decrease in response to kojic acid was signifi-
cant (Fig. 2). Two concentrations (3 and 6 uM) of PL were
used with a-MSH, and intracellular melanin content
decreases in a concentration-dependent manner (Fig. 2).
Interestingly, extracellular melanin content is dramati-
cally reduced compared with the control group, a-MSH-
treated group, and kojic acid-treated group (Fig. 2).
Similarly, PL decreases melanin production to a greater
extent than seen in the control, a-MSH-treated group,
and kojic acid-treated group (Fig. 2). In addition to this
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Fig. 2 Inhibitory effects of piperlongumine on melanin production in a murine B16F10 cell line. Melanin amounts were determined separately
as intracellular and extracellular production. Total melanin production was calculated as the sum of intra- and extracellular amounts of melanin.
Tyrosinase activity was determined according to the method described in “Materials and methods” a-MSH, a-melanocyte-stimulating hormone and
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regard, kojic acid does not inhibit intracellular tyrosi-
nase activity at the treated concentration (200 uM), while
PL suppresses the enzyme activity in a concentration-
dependent manner (Fig. 2).

To elucidate the mode of antimelanogenic action, we
show that kojic acid and PL inhibit the expression of
Mitf, Tyr, Trp-1, and Trp-2 (Fig. 3). Using these results,
we demonstrated that PL exhibited potent antimelano-
genic activity when compared to kojic acid. Therefore, PL
exhibit its antimelanogenic activity via down-regulation
of Mitf gene expression in B16F10 melanoma cells, sup-
pressing expression of other three genes responsible for
expressing TYR, TRP-1 and TRP-2 proteins.

For confirming antimelanogenic activity of PL using
zebrafish embryos, Kojic acid shows its antimelanogenic
activity at the concentration of 8 mM, while antimelano-
genic activity of PL is initiated from the concentration
level of 1 pM (Fig. 4; Additional file 1: Fig. S1). However, a
developmental disorder on zebrafish embryos is observed
from the contraction of 2 uM of PL (Fig. 4). Therefore,
we found antimelanogenic activity of PL on zebrafish
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embryos, but we should consider PL’s toxicity on the
zebrafish embryos.

Other studies have shown antimelanogenic activities
of natural products using various cell lines and ex vivo
and in vivo experiments. Recently, p-coumaric acid was
shown to exhibit antimelanogenic activity by inhibiting
human tyrosinase, and the effect was stronger than those
of arbutin or kojic acid [14]. In a review, p-coumaric acid
was reported to exert inhibitory effects on melanin pro-
duction in murine melanoma cell lines and human epi-
dermal melanocytes, including a 3D-skin model.

Luteolin-7-sulfate also showed unique inhibitory activ-
ity on melanin production via suppressing tyrosinase
expression mediated by CREB and MITF [15]. These
authors demonstrated that luteolin-7-sulfate exerted
inhibitory effects at various concentrations ranging from
3 to 30 pM with 100 nM of a-MSH on murine B17F10
melanoma cells, whereas the concentration of arbutin
needed for antimelanogenic activity ranged from 100 to
1000 uM. The antimelanogenic activity in luteolin-7-sul-
fate-treated cells and arbutin-treated cells occurred in a
concentration-dependent manner.
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Because luteolin 7-sulfate showed a strong inhibitory
effects on tyrosinase activity induced by a-MSH and for-
skolin, mRNA expression of tyr and mitf was also found
to be downregulated when luteolin 7-sulfate was added
to cells with forskolin [15]. In addition, Piper amides have
been found to have antimelanogenic activity through the
regulation of the TRPM1 calcium channel [35]. A recent
study using HepG2 cells reported that PL is a potent
activator of AMP-activated kinase [36]. PL also down-
regulated ERK signaling in renal carcinoma cells [37].
Therefore, PL may be expected to inhibit MITF pro-
tein phosphorylation since [8]-gingerol inhibited MITF
activation via inhibition of ERK phosphorylation [35].
As we found in our study, the Mitf gene was downregu-
lated, inferring that MITF protein expression would be
decreased in response to PL treatment (Fig. 3). This lower
expression of Mitf gene leads to lower expression of Tyr,
Trp-1, and Trp-2 (Fig. 3).

As we found antimelanogenic activity of PL using
zebrafish embryos (Fig. 4), Lee et al. [38] used zebrafish
model to isolate active compounds from silkworm drop-
pings (Bombyx mori) as dehydrovomifolial and citro-
side A. Interestingly, in our study, PL showed a potent
depigmenting effect at the very low level as 1 uM when
compared to the positive control compound, kojic acid

Schematic diagram of melanin production through
a-MSH induction and the inhibition site of PL on mela-
nin biosynthesis is depicted in Fig. 5.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513765-019-0468-7.

Additional file 1: Fig. S1. Inhibitory effects of kogic acid on melanin pro-
duction in zebrafish embryos (Danio rerio). (a) Dorsal view of depigmenta-
tion in the head of zebrafish embryos after treatment with kojic acid (1, 4,
and 8 mM) for 72 h post fertilization (hpf). (b) Relative melanin contents of
zebrafish embryos after exposure to various concentrations of kogic acid.
Significant differences are expressed by the symbols *, **, *** and **** as
p<0.05 p<0.01,p<0.001,and p<0.0001, respectively.
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