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Abstract. Malignant melanoma is responsible for 3.0 and 1.7%
of cases of tumor incidence and tumor‑associated mortality,
respectively, in the Caucasian population. Melanoma is a
type of skin cancer that occurs when melanocytes mutate
and divide uncontrollably. Nypa fruticans Wurmb (NF) is
abundant in phytochemicals (polyphenols and flavonoids) and
is traditionally used to treat diseases of the respiratory tract.
The present study investigated the inhibitory effect of the
ethyl acetate fraction of NF (ENF) on melanogenesis‑related
factors in isobutylmethylxanthine‑treated B16F10 mela‑
noma cells. Phenolics and flavonoids (caffeic acid, catechin,
epicatechin and hirsutine) in ENF were analyzed via liquid
chromatography‑mass spectrometry. In addition, the main
factors involved in melanogenesis were identified using immu‑
noblotting, reverse transcription‑polymerase chain reaction
(RT‑PCR), RT‑quantitative PCR and immunofluorescence.
ENF significantly suppressed the expression of tyrosinase
(TYR) and TYR‑related proteins 1 and 2 (TYRP‑1/2), which
are the main factors involved in melanogenesis. ENF also
inhibited the expression of microphthalmia‑associated tran‑
scription factor (MITF) by phosphorylating the related cell
signaling proteins (protein kinase B, mammalian target of
rapamycin, phosphoinositide 3‑kinase and cAMP response
element‑binding protein). Furthermore, ENF inhibited the
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phosphorylation of extracellular signal‑regulated kinase and
thereby downregulated melanogenesis. In conclusion, ENF
inhibited melanogenesis by suppressing MITF, which controls
TYRP‑1/2 and TYR. These results suggested that ENF may be
a natural resource that can inhibit excessive melanin expres‑
sion by regulating various melanogenesis pathways.
Introduction
The expression of melanin, which produces pigmentation
(hair or skin color), is regulated by tyrosinase (TYR) and
tyrosinase‑related proteins 1 and 2 (TYRP‑1/2) (1,2). TYR is
regulated by microphthalmia‑associated transcription factor
(MITF), which mediates the growth, proliferation, and differ‑
entiation of melanocytes (3). MITF is regulated by several cell
signaling pathways during melanogenesis (4,5). Stimulants
such as isobutylmethylxanthine (IBMX), α‑melanotropin, and
forskolin activate melanogenesis‑related proteins by inducing
the expression of MITF and cyclic adenosine monophosphate
(cAMP) (6,7). Melanogenesis‑related proteins are activated by
cAMP response element‑binding protein (CREB), which is
phosphorylated by protein kinase A, thereby promoting MITF
transcription and inducing eumelanin synthesis (8‑10). MITF
expression is regulated via the protein kinase B (AKT), extra‑
cellular signal‑regulated kinase (ERK), and phosphoinositide
3‑kinase (PI3K) signaling pathways during melanogenesis (11).
Phosphorylated ERK (p‑ERK), AKT (p‑AKT), and PI3K
(p‑PI3K) inhibit melanin activity by promoting the degrada‑
tion and phosphorylation of MITF (12,13). Nypa fruticans
Wurmb (NF) is a plant found primarily in tropical mangrove
systems (14). NF is considered a plant with low utility in the
Araceae family. Its roots, leaves, and stems have been tradi‑
tionally used as analgesics for liver disease, asthma, and sore
throat (15). NF contains several substances (such as flavonoids
and polyphenols) that reportedly exhibit anticancer and anti‑
oxidative effects (16). In addition, flavonoids and polyphenols
present in plants reportedly inhibit melanogenesis (17‑20).
Studies have indicated that NF has anti‑nociceptive, neuropro‑
tective, and anti‑inflammatory properties (21,22). Therefore,
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we investigated the inhibitory effect of the ethyl acetate
fraction of N. fruticans (ENF) on melanogenesis and cell
signaling pathways via AKT/mammalian target of rapamycin
(mTOR)/CREB and mitogen‑activated protein kinase
(MAPK).
Materials and methods
Chemicals and reagents. HPLC‑grade petroleum ether,
methanol, dimethyl sulfoxide (DMSO), and ethyl acetate were
purchased from Merck (Darmstadt, Germany). Antibiotics
(streptomycin and penicillin), 0.25% trypsin with EDTA in
HBSS, high‑glucose Dulbecco's modified Eagle medium
(DMEM), and fetal bovine serum (FBS) were purchased
from Biowest (Nuaillé, France). Plasmocin prophylactic
for mycoplasma growth inhibition was purchased from
InvivoGen (San Diego, CA, USA). Antibodies for TYR
(SC‑7834), TYRP‑1 (SC‑10448), TYRP‑2 (SC‑10451), and
MITF (SC‑10999) and anti‑goat antibodies (SC‑2020) were
purchased from Santa Cruz Biotechnology (Dallas, TX,
USA). p‑ERK (9101S), ERK (4695S), p‑CREB (9198S),
CREB (4820S), p‑AKT (4060S), AKT (9272S), p‑mTOR
(5536S), mTOR (2972S), PI3K (4292S), and anti‑mouse
(7076S) and anti‑rabbit (7074S) antibodies were purchased
from Cell Signaling (Danvers, MA, USA). Glyceraldehyde
3‑phosphate dehydrogenase (GAPDH, ab8245), Alexa Fluor ®
568 (ab175471), p‑PI3K (ab182651), and Alexa Fluor ® 488
(ab150113) were purchased from Abcam (Cambridge, MA,
USA). All standards for chromatography were purchased
from Sigma‑Aldrich (St. Louis, MO, USA).
Sample preparation. NF was purchased from Nesta
(Dongdaemun‑gu, Seoul, Korea). An NF sample (484.0 g) was
extracted with 80% methanol (4.2 l) for 7 days. The extract
and fraction were concentrated using a vacuum evaporator
(N‑1110S, EYELA, Tokyo, Japan). The aqueous residue was
fractionated with petroleum ether and ethyl acetate. The frac‑
tionated sample (ENF, 36.8 g) was refrigerated at 4˚C until
use. ENF used in the experiment was dissolved in DMSO (not
exceeding 0.1%) at a concentration of 50 mg/ml.
Analysis of compounds in ENF using liquid chro‑
matography‑mass spectrometry (LC‑MS). Compounds in
ENF (injection volume: 10 µl) were analyzed using an e2695
system equipped with an ACQUITY QDa detector (Waters,
Milford, MA, USA) based on standards. The column used
for separation, a Sunfire (C18, 5 µm, 250x4.6 mm, Waters),
was maintained at 25˚C during analysis. 100% Acetonitrile
(solvent A) and 1.0% glacial acetic acid in deionized water
(solvent B) were used as solvents for the mobile phase (flow
rate: 0.3 ml/min). The proportions of solvent A were set as
1.0% at 0 min, 20% at 8 min, 30% at 40 min, 40.0% at 45 min,
and 1.0% at 50 min. The electrospray ionization mass spec‑
trometer was operated in the negative ion mode (mass range:
m/z 100‑600). The cone voltage was set to 30 V and the capil‑
lary voltage was set to 0.8 kV.
Cell culture. B16F10 cells were purchased from the
American Type Culture Collection (CRL‑6475, Manassas,
VA, USA). The cells were grown in an incubator (Thermo

Table I. Primer sequences for RT‑PCR and RT‑qPCR.
A, RT‑PCR		
		Product
Gene
Sequence, 5'‑3'
size, bp
TYR
TYRP‑1
TYRP‑2
MITF
GAPDH

F: GAGAAGCGAGTCTTGATTAG
R: TGGTGCTTCATGGGCAAAATC
F: GCTGCAGGAGCCTTCTTTCTC
R: AAGACGCTGCACTGCTGGTCT
F: CCTGTCTCTCCAGAAGTTTG
R: CGTCTGTAAAAGAGTGGAGG
F: AGCGTGTATTTTCCCCACAG
R: TAGCTCCTTAATGCGGTCGT
F: AACTTTGGCATTGTGGAAGG
R: ATGCAGGGATGATGTTCTGG

176
268
218
124
130

B, RT‑qPCR
		Product
Gene
Sequence, 5'‑3'
size, bp
TYR
TYRP‑1
TYRP‑2
MITF
GAPDH

F: ACAGCTACCTCCAAGAGTCA
R: TACTGCTAAGCCCAGAGAGA
F: CAAAGAGCAGCATAGGAGAC
R: ACACTCTCGTGGAAACTGAG
F: ATGAGGAGCTCTTCCTAACC
R: CCAATGACCACTGAGAGAGT
F: CTCAGCAGTCTCTTTTGGAC
R: AATGTCTACAGAGGCACCAC
F: CCTCCAAGGAGTAAGAAACC
R: CTAGGCCCCTCCTGTTATTA

148
139
106
110
143

F, forward; R, reverse; RT‑PCR, reverse transcription‑polymerase
chain reaction; RT‑qPCR, RT‑quantitative PCR; TYR, tyrosinase;
TYRP, TYR‑related protein; MITF, microphthalmia‑associated
transcription factor; GAPDH, glyceraldehyde 3‑phosphate dehydro‑
genase.

Fisher Scientific, Waltham, MA, USA) under 5% CO 2 in
a humidified environment at 37˚C. The medium for cell
culture consisted of DMEM containing 1% antibiotics, 1 ml
Plasmocin prophylactic, and 10% FBS (complete DMEM:
cDMEM).
Cell viability using MTS assay. The protocol used in a
previous study was adopted (23). Briefly, cell viability was
measured using MTS reagent (Cell Titer 96® Aqueous One
Solution, Promega, Madison, WI, USA). B16F10 cells were
cultured in a 96‑well plate using cDMEM for 24 h. The cells
were treated with ENF (12.5‑400.0 µg/ml) for 24 h. Next, they
were treated with 20 µl MTS reagent for 2 h in an incubator
maintained with 5% CO2 in a humidified environment at 37˚C.
The absorbance of MTS reagent at a wavelength of 540 nm
was measured using a microplate reader (Biotek, Winooski,
VT, USA) to determine cell viability.
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Table II. Catechin, epicatechin, and isoquercitrin content of ethyl acetate fraction of Nypa fruticans Wurmb as determined by
liquid chromatography‑mass spectrometry analysis.
Compound
Catechin
Epicatechin
Isoquercitrin

Molecular weight

Retention time, min

Content, mg/g

290.26
290.26
464.10

24.751
26.991
35.164

130.1
16.1
85.7

Measurement of melanin content. The modified protocol used
in a previous study was adopted (24). Briefly, the melanin
content at the cellular level was investigated. B16F10 cells
were treated with ENF and IBMX for 48 h. The melanin
produced was dissolved in 1 N NaOH containing 10% DMSO
at 80˚C and the absorbance of the solution was measured at
475 nm using a UV/Visible spectrophotometer (X‑ma 3000
(PC), Human Corp., Seoul, Korea).
Immunoblotting. B16F10, the murine skin melanoma cell line,
was cultured at a density of 2x105 cells/well in a 6‑well plate
for 24 h. Cells were pre‑treated with ENF (25.0, 50.0, and
100.0 µg/ml) for 2 h and then treated with IBMX for 48 h. The
cell lysates prepared using RIPA buffer (supplemented with
protease inhibitor cocktail and 0.5 M EDTA solution, Thermo
Fisher Scientific) were centrifuged at 16,000 x g and 4˚C for
15 min. Protein content in the cell lysates was quantified using
Quick Start Bradford 1X Dye Reagent (Bio‑Rad, Hercules,
CA, USA) following the manufacturer's protocol. The proteins
were electrophoresed and then transferred to polyvinylidene
fluoride membranes (Bio‑Rad) using the Trans‑Blot® Turbo™
Transfer System (Bio‑Rad). Blots were blocked using 5.0%
BSA (Bovine Serum Albumin , Bio‑Sesang, Seoul, Korea)
in Tris‑buffered saline supplemented with 0.1% Tween 20
(TBS‑T, Bio‑Sesang). Next, a specific primary antibody was
added to 3.0% BSA (1:2,000) and incubated overnight at 4˚C.
Subsequently, the blots were washed with TBS‑T and incu‑
bated with the HRP‑conjugated secondary antibody for 1 h.
Chemiluminescence was detected using Clarity™ Western
ECL substrate (Bio‑Rad) and visualized with a Chemi‑Doc
(Bio‑Rad). The intensity of the blots was analyzed using
ImageJ software 1.51k (developed at the National Institutes of
Health, USA).
cDNA synthesis, reverse transcription-quantitative
polymerase chain reaction (RT‑qPCR), and reverse
transcription-polymerase chain reaction (RT‑PCR). cDNA
was synthesized from extracted RNA using NucleoSpin® RNA
Plus (Macherey‑Nagel, Düren, Germany) in a T100™ thermal
cycler (Bio‑Rad) according to the user manual. RT‑qPCR was
performed using a Rotor‑Gene Q (Qiagen, Hilden, Germany)
with a QuantiTect® SYBR Green PCR kit (Qiagen) and an
appropriate primer according to the user manual. Primer 3
software was used for primer design (Table I). Data analysis
was conducted using Rotor‑Gene Q Series software 2.3.5
(Qiagen). Transcription levels were normalized to those of the
GAPDH gene. The formula used to analyze mRNA expression
was 2‑ΔΔCt, where ΔΔCt=(Cttarget‑CtGAPDH)sample-(Cttarget‑CtGAPDH)
control. RT‑PCR was performed using a T100™ thermal cycler

with Quick Taq® HS DyeMix (Toyobo, Osaka, Japan) and
synthesized cDNA. The PCR product was subjected to DNA
electrophoresis (2% agarose gel with DNA SafeStain, LAMDA
Biotech, Ballwin, MO, USA). The intensity of the bands was
analyzed using ImageJ software.
Immunofluorescence (IF). B16F10 cells were cultured on
a glass coverslip and incubated for 24 h. The cells were
pre‑treated with ENF (100 µg/ml) for 2 h and then treated with
IBMX for 24 h. Thereafter, the cells were treated with 4% para‑
formaldehyde (Bio‑Sesang) dissolved in phosphate‑buffered
saline (PBS) and incubated at 25˚C for 15 min for fixing. After
incubation, the cells were washed with PBS and blocked with
2% BSA in PBS (supplemented with 0.1% Triton‑X, PBS‑T,
Bio‑Sesang) for 1 h. For IF analysis, the coverslips were treated
with anti‑TYR and MITF antibodies (diluted 1:1,000) in 1%
BSA/PBS‑T and incubated overnight at 4˚C. After incubation,
anti‑goat IgG (Alexa Fluor® 568) and anti‑mouse IgG (Alexa
Fluor ® 488) were reacted with the primary antibody and
incubated for 1 h in the dark. 4',6‑Diamidino‑2‑phenylindole
(Invitrogen, Waltham, MA, USA) was diluted in PBS‑T and
incubated at 25˚C for 10 min. A fluorescence mounting solution
(S3023, Dako, Carpinteria, CA, USA) was added to the slide
to mount the coverslip. Images at x400 magnification were
captured using a fluorescence microscope (CKX53, Olympus,
Tokyo, Japan) and DSLR camera (DS126271, Canon, Tokyo,
Japan), and the fluorescence intensity was analyzed using
ImageJ software.
Statistical analysis. All experimental data were statistically
analyzed using a statistics program (GraphPad Prism 5.02,
GraphPad Software, San Diego, CA, USA). Each data point
was analyzed using one‑way analysis of variance. Dunnett's
post‑hoc test was used to compare mean values between
groups. P<0.05 was considered to indicate a statistically
significant difference.
Results
Compound analysis. The compounds in ENF were iden‑
tified using LC‑MS chromatograms and quantified by
comparison with the quantitative linear equations of the
corresponding standards. The quantitative linear equation
and its linearity for catechin (y=12434x+276633, R2=0.9917),
epicatechin (y=11765x+412542, R 2=0.9865), and isoquerci‑
trin (y=21534x-700748, R 2=0.9945) were determined using
various concentrations of the standards (Fig. 1). Thus, it was
found that ENF contained 130.1 mg/g of catechin, 16.1 mg/g of
epicatechin, and 85.7 mg/g of isoquercitrin (Table II).
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Figure 1. Liquid chromatography‑mass spectrometry analysis of catechin, epicatechin, and isoquercitrin contents of ethyl acetate fraction of Nypa fruticans
Wurmb.

Effects of ENF on cell viability. To investigate the cytotoxicity
of ENF, B16F10 cells were treated with 0-400 µg/ml ENF and
incubated for 24 h. After incubation, MTS reagent was used to
analyze cell viability following the manufacturer's protocol.
ENF did not significantly inhibit cell growth and exhibited no
cytotoxicity in B16F10 cells up to a concentration of 400 µg/ml
(Fig. 2).
Effects of ENF on the expression of TYR, TYRP‑1, TYRP‑2,
and MITF. To evaluate whether ENF inhibits melanogenesis,
we measured intracellular melanin contents after the applica‑
tion of ENF to B16F10 cells in the presence of IBMX. As shown
in Fig. 3A, IBMX treatment increased intracellular melanin

Figure 2. Viability of B16F10 cells after ENF treatment. ENF, ethyl acetate
fraction of Nypa fruticans Wurmb.

EXPERIMENTAL AND THERAPEUTIC MEDICINE 24: 754, 2022

5

Figure 3. Inhibitory effects of ENF on the expression of melanin, TYRP‑1, TYRP‑2, TYR, and MITF during melanogenesis. (A) Effect of ENF on melanin
content in B16F10 cells. (B) Expression of TYRP‑1, TYRP‑2, TYR, and MITF based on immunoblotting. (C) Bar graph of TYRP‑1 expression. (D) Bar
graph of TYRP‑2 expression. (E) Bar graph of TYR expression. (F) Bar graph of MITF expression. All results are expressed as means ± standard deviations
(n≥3). #P<0.001 vs. untreated group; *P<0.05, **P<0.01, ***P<0.001 vs. IBMX‑stimulated group. ENF, ethyl acetate fraction of Nypa fruticans Wurmb; IBMX,
isobutylmethylxanthine; MITF, microphthalmia‑associated transcription factor; TYR, tyrosinase; TYRP, TYR‑related protein.

contents compared with those of the control. However, ENF
treatment in the presence of IBMX decreased intracellular
melanin contents compared with those of the IBMX‑treated
group. B16F10 cells stimulated by IBMX exhibited an increase
in the expression of TYRP‑1 (1.86‑fold), TYRP‑2 (1.62‑fold),
TYR (3.03‑fold), and MITF (2.96‑fold) compared with the
untreated group (1.00‑fold). In contrast, ENF treatment alone
at 50 and 100 µg/ml significantly decreased the expression of
TYRP‑1 (1.69 and 0.83‑fold), TYRP‑2 (0.86 and 0.44‑fold),
TYR (1.73 and 1.04‑fold), and MITF (1.73 and 1.04‑fold)
(Fig. 3B‑F). The inhibitory effect of ENF was also confirmed at
the mRNA level (Fig. 4A‑E). B16F10 cells stimulated by IBMX

exhibited an increase in the expression of TYRP‑1 (3.62‑fold),
TYRP‑2 (3.07‑fold), TYR (2.45‑fold), and MITF (3.02‑fold)
mRNA compared with the untreated group (1.00‑fold). ENF
treatment at 100 µg/ml suppressed the mRNA levels of
TYRP‑1 (2.14‑fold), TYRP‑2 (2.40‑fold), TYR (1.80‑fold), and
MITF (1.80‑fold). The accumulation of TYR and MITF in live
cells was confirmed using immunofluorescence (Fig. 5A‑C).
TYR (green) over‑accumulated in the IBMX‑treated group. Its
accumulation was suppressed in the 100 µg/ml ENF‑treated
group. MITF (red) also showed excessive accumulation in the
IBMX‑treated group; its accumulation was also suppressed in
the 100 µg/ml ENF‑treated group.
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Figure 4. Inhibitory effects of ENF on expression of TYRP‑1, TYRP‑2, TYR, and MITF mRNA during melanogenesis. (A) Expression of TYRP‑1, TYRP‑2,
TYR, and MITF mRNA based on RT‑PCR. (B) Bar graph of the expression of TYRP‑1 mRNA based on RT‑qPCR. (C) Bar graph of the expression of TYRP‑2
mRNA based on RT‑qPCR. (D) Bar graph of the expression of TYR mRNA based on RT‑qPCR. (E) Bar graph of the expression of MITF mRNA based on
RT‑qPCR. All results are expressed as means ± standard deviations (n≥3). #P<0.001 vs. untreated group; *P<0.05, ***P<0.001 vs. IBMX‑stimulated group. ENF,
ethyl acetate fraction of Nypa fruticans Wurmb; IBMX, isobutylmethylxanthine; MITF, microphthalmia‑associated transcription factor; RT‑PCR, reverse
transcription‑polymerase chain reaction; RT‑qPCR, RT‑quantitative PCR; TYR, tyrosinase; TYRP, TYR‑related protein.

Effects of ENF on CREB and PI3K/AKT/mTOR signaling
pathways. The CREB and PI3K/AKT/mTOR signaling path‑
ways reportedly regulate MITF expression (25‑29). B16F10
cells stimulated by IBMX showed an increase in the expres‑
sion of p‑CREB (1.68‑fold) compared with the untreated group
(1.00‑fold). The p‑CREB levels were lower in the ENF‑treated
groups (0.08‑fold at 100 µg/ml) than in the IBMX‑stimulated
group (Fig. 6A and B). In IBMX‑induced B16F10 cells, the
levels of mTOR, AKT, and PI3K phosphorylation were 3.42,
4.58, and 1.29‑fold higher than those in the untreated group
(1.00‑fold). In contrast, mTOR, AKT, and PI3K showed lower
phosphorylation levels in the ENF‑treated group (0.16, 0.75,

and 0.10‑fold at 100 µg/ml) than in the IBMX‑stimulated group
(Fig. 6A‑E). Finally, ERK phosphorylation was significantly
inhibited in the ENF‑treated group (0.67‑fold at 100 µg/ml)
compared with that in the IBMX‑stimulated group (1.26‑fold)
(Fig. 6A and F).
Discussion
Melanin protects the dermis, hypodermis, and epidermis
from external stimuli; however, when produced in excess,
it causes various problems, such as hyperpigmentation,
freckles, and skin cancer (30). This study revealed that
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Figure 5. Immunofluorescence analysis of TYR and MITF against ENF. (A) Immunofluorescence image from fluorescence microscope. (B) Bar graph of
TYR immunofluorescence. (C) Bar graph of MITF immunofluorescence. Micrographs were taken using a fluorescence microscope (magnification, x400).
#
P<0.001 vs. untreated group; ***P<0.001 vs. IBMX‑stimulated group. ENF, ethyl acetate fraction of Nypa fruticans Wurmb; IBMX, isobutylmethylxanthine;
MITF, microphthalmia‑associated transcription factor; TYR, tyrosinase.

Figure 6. Inhibitory effects of ENF on the expression of p‑CREB, p‑PI3K, p‑AKT, p‑mTOR, and p‑ERK during melanogenesis. (A) Expression of p‑CREB,
p‑PI3K, p‑AKT, p‑mTOR, and p‑ERK based on immunoblotting. (B) Bar graph of p‑CREB expression. (C) Bar graph of p‑PI3K expression. (D) Bar graph
of p‑AKT expression. (E) Bar graph of p‑mTOR expression. (F) Bar graph of p‑ERK expression. All results are expressed as means ± standard deviations
(n≥3). #P<0.001 vs. untreated group; ***P<0.001 vs. IBMX‑stimulated group. AKT, protein kinase B; CREB, cAMP response element‑binding protein; ENF,
ethyl acetate fraction of Nypa fruticans Wurmb; ERK, extracellular signal‑regulated kinase; IBMX, isobutylmethylxanthine; mTOR, mammalian target of
rapamycin; p‑, phosphorylated; PI3K, phosphoinositide 3‑kinase.
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ENF inhibits melanogenesis in B16F10 cells. ENF treat‑
ment (25‑100 µg/ml) decreased the melanin content at the
cellular level in a dose‑dependent manner. TYR is known
as a rate‑limiting enzyme essential for melanogenesis; a
decrease in TYR levels leads to the inhibition of melanin
production (31,32). Catechin, epicatechin, and isoquercitrin,
which are phenolic compounds, regulate melanogenesis by
inhibiting TYR (33‑35). LC‑MS analysis showed that ENF
contains catechin (130 mg/g), epicatechin (16.1 mg/g), and
isoquercitrin (85.7 mg/g). A previous study on catechin
revealed its inhibitory effects on cell proliferation in mela‑
noma and TYR expression (above 5 µM) (36). Moreover,
catechin and epicatechin (each above 1.2 mg/ml) are known
to inhibit the activities of enzymes related to melanin biosyn‑
thesis (37). ENF suppresses melanin production by regulating
the expression of the proteins involved in melanogenesis
(TYR, TYRP‑1, TYRP‑2, and MITF). This inhibition of
melanogenesis‑related factors can be attributed to the activi‑
ties of phenolic compounds, such as isoquercitrin, catechin,
and epicatechin. Isoquercitrin acts as a mediator that strongly
inhibits melanogenesis (half‑maximal inhibitory concentra‑
tion: 21.7 µM) by suppressing TYR expression at the cellular
level (38). These studies suggest that the levels of melanin,
which is synthesized by TYR, are decreased by the activity
of the phytochemicals in ENF, such as catechin, epicatechin,
and isoquercitrin. In studies of other plants (Pinellia peda‑
tisecta, P. ternata, and Colocasia affinis) belonging to the
Araceae family, the bioactivity derived from the phytochemi‑
cals in these plants were found to regulate melanogenesis,
inhibit cancer, and alleviate inflammation (39‑41). The
inhibitory effect of ENF on melanogenesis is related to
cellular signaling pathways associated with MITF, which is
controlled via PI3K/AKT/mTOR, ERK, and CREB (42). The
inhibitory effect of ENF on phosphorylation in the signaling
pathways induced by IBMX was confirmed based on the
downregulation of the pathways by the phytochemicals in
NF (40). It is assumed that this decrease in phosphorylation
levels downregulates MITF expression via cell signaling
transduction and inhibits melanin biosynthesis. Collectively,
these findings indicated that PI3K/AKT/mTOR and CREB
phosphorylation were inhibited. Hence, MITF inhibition
via the downregulation of various signaling pathways is
considered the mechanism by which ENF suppresses mela‑
nogenesis (Fig. 7). Although it is known that there are more
factors (43‑46) that exist in the mechanism of inhibiting
melanogenesis, not clarifying some factors for eliciting
effects on melanogenesis is considered a limitation of this
study. However, by confirming the mechanism by which
ENF inhibits MITF, the potential seen possibility that
natural resources can be used academically and industrially
as materials for anti‑melanogenesis agents, cosmetics, food,
and pharmaceuticals.

Figure 7. Effects of ENF on MITF inhibition. MITF was inhibited through
various signaling pathways. ENF, ethyl acetate fraction of Nypa fruticans
Wurmb; MITF, microphthalmia‑associated transcription factor; p‑CREB,
phosphorylated cAMP response element‑binding protein; p‑PI3K, phos‑
phorylated phosphoinositide 3‑kinase; p‑ERK, phosphorylated extracellular
signal‑regulated kinase; p‑AKT, phosphorylated protein kinase B; p‑mTOR,
phosphorylated mammalian target of rapamycin; TYRP‑1, TYR‑related
protein‑1; TYRP‑2, TYR‑related protein‑2; TYR, tyrosinase.
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