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ABSTRACT

Objective: To explore the anti-melanogenic potential of Cyriomium
Sfalcatum.

Methods: The effects of Cyriomium falcatum crude extract and
its solvent fractions on tyrosinase activity, melanin content, and
the expressions of melanogenesis-related genes and proteins were
analyzed in o-melanocyte-stimulating hormone (o-MSH)-stimulated
B16F10 cells.

Results: o-MSH treatment significantly increased tyrosinase
activity, and extracellular and intracellular melanin content, as well
as the expression levels of tyrosinase, microphthalmia-associated
transcription factor (MITF), tyrosinase-related protein (TRP)-1, and
TRP-2 in B16F10 cells. Treatment with Cyriomium falcatum crude
extract and its solvent fractions reduced tyrosinase activity and
extracellular and intracellular melanin content and downregulated
the expression levels of tyrosinase, MITF, TRP-1, and TRP-2 in a
dose-dependent manner.

Conclusions: Cyrtomium falcatum has potential anti-melanogenesis
effects and can be used as a potential source material in cosmeceutical
industry for the research and development of novel lead molecules with

whitening properties.
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1. Introduction

Melanocytes that are located in the deepest part of the epidermis,

produce melanin to protect the skin tissue from harmful effects that
may arise from prolonged UV exposure[1]. Despite its necessity, the
excessive production and consequent accumulation of melanin leads
to unwanted skin complications such as sunburn, wrinkles, and
freckles on the epidermis, which overall affect the appearance and
health of the skin. In severe cases, it may evolve into skin melanoma
and other diseases, endangering human health|2]. Melanin has a
complex structure and can be found in organisms from all kingdoms.
In humans, it defines the colors of human skin, eyes, and hair{3].
Tyrosinase, tyrosinase-related protein (TRP)-1, and TRP-2

are crucial members of the biosynthesis of melanin, catalyzing
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the process[4]. Tyrosinase first exerts its mycophenolate
activity, catalyzing the hydroxylation of tyrosine to L-3,4-
dihydroxyphenylalanine (Z.-DOPA) in melanocytes. Subsequently,
tyrosinase uses L-DOPA as a substrate to exert diphenol activity and
oxidize DOPA to DOPAquinone. After DOPAquinone undergoes
a polymerization reaction to generate DOPAchrome, most of it
generates eumelanin intermediate 5, 6-dihydroxy indole (DHI)
and 5,6-dihydroxy indole carboxylic acid (DHICA) under the
action of TRP-2[5]. DHI and DHICA generate 5, 6-indolequinone
and 5, 6-indolequinone carboxylic acid, respectively, as a result
of tyrosinase and TRP-1 activity. Interaction between them and
other intermediates finally produces eumelanin[6]. Some part of
DOPAquinone is converted into cysteinyl-DOPA in the presence of
cysteine or glutathione which then turns into pheomelanin(7]. On the
other hand, the transcriptional activation of tyrosinase, TRP-1, and
TRP-2 genes is controlled by the activities of the microphthalmia
transcription factor (MITF), activation of which can be stimulated
by a-melanocyte-stimulating hormone (a-MSH)(8]. Therefore, it
is usually employed as a melanogenesis-inducing agent to provide
a stimulated melanogenesis model in murine B16F10 melanoma
cells[9].

Increasing research focuses on the prevention and treatment of
abnormal melanogenesis, in which natural-origin ingredients from
plants draw much attention[10]. Plants are rich in active compounds
that exert antioxidative, anti-inflammatory, and anti-cancer activities
in cell, animal, and even clinical experiments|11-13]. Various studies
verified the extracts and compounds derived from plants had an
anti-melanogenesis effect, such as ethanol extract derived from
the flowers of Gaillardia aristata, water extract derived from the
fruits of Phyllanthus emblica, and leukodin derived from the whole
plant of Artemisia capillaris|14]. Cyrtomium falcatum (C. falcatum),
commonly known as the Japanese holly Fern, is a species of fern
in the family Dryopteridaceae and is mainly distributed in Japan,
Korea, and Chinal[l5]. A previous study revealed that C. falcatum
extract exhibited antioxidant and anti-inflammatory effects on
lipopolysaccharide-induced RAW264.7 macrophages[16]. Another
research found that the compounds in the species of Cyrtomium
included kaempferol, quercetin, and myricetin[17]. However, to the
best of our knowledge, the effect of C. falcatum on melanogenesis is
yet to be investigated.

Based on these reasons, the present study investigated the
melanogenesis-suppressing effect of C. falcatum crude extract and its
solvent fractions by determining the active tyrosinase levels, melanin
production, and expression levels of melanogenesis-related genes

and proteins.

2. Materials and methods

2.1. Reagents

The Division of Marine Bioscience, Korea Maritime and Ocean
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University (Busan, Korea) kindly provided the C. falcatum crude
extract and its solvent fractions. Fetal bovine serum (FBS), RIPA
reagent, Dulbecco’s Modified Eagle Medium (DMEM), and QIAzol
lysis reagent were obtained from Thermo Fisher Scientific (Waltham,
MA, USA). a-MSH, 5-hydroxy-2-hydroxymethyl-4H-pyranone
(kojic acid), L-DOPA, and 3-(4-5-dimethylthiazol-2-yl)-2-5-diphenyl
tetrazolium bromide (MTT) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Specific primers for polymerase chain
reaction were procured from Bioneer (Daejeon, Korea). Antibodies
recognizing TRP-1 (sc-166857), tyrosinase (sc-20035), TRP-2 (sc-
166716), and B-actin (sc-47778) were obtained from Santa Cruz
Biotechnology (Dallas, TX, USA), and MITF (#97800S), Goat anti-
Mouse IgG, HRP (#7074), and Goat anti-Rabbit IgG, HRP (#7076)
were purchased from Cell Signaling Technology (Danvers, MA,
USA).

2.2. Extraction method for C. falcatum extracts

The extracts derived from C. falcatum were obtained according
to the method described previously with slight modifications[18].
At room temperature, the dried C. falcatum powder was immersed
in methylene chloride (CH,CL,) for 24 h, and then the solvent was
transferred to an empty container to be filtered and yield crude
solvent extract. Next, CH,Cl, was added to the remaining residue
and kept at room temperature for another 24 h, after which the
solvent was again collected and added to the previously collected
sample after filtration. The same steps were followed by only
swapping the extraction solvent, CH,Cl,, with methanol. The two
types of collected and filtered solvents (CH,Cl, and MeOH) were
combined, and the combined solvent extract was concentrated in a
40°C water bath with a rotary vacuum evaporator to obtain the crude
extract. A part of the crude extract was dissolved in 10% DMSO to
be used in experiments while some parts of the crude extract were
dissolved in CH,CL/H,O (v:v, 1:1) solute suspension with vigorous
shaking and the mixture was laid to rest until two solvents separated
fully. The CH,CI, layer and H,O layer were separately collected
using a separatory funnel. Continually, the CH,Cl, layer was
subjected to evaporation as described earlier and the obtained extract
was redissolved in 85% aqueous (aq.) MeOH and n-hexane (v,
1:1) solute suspension to obtain these solvent fractions named after
the solvent from which they are obtained. Similarly, the H,O layer
was directly mixed with the same volume of n-BuOH without any

evaporation to obtain the H,O and n-BuOH solvent fraction extract.

2.3. Cell culture

The murine melanoma cell line, B16F10, was procured from Korea
Cell Line Bank (KCLB, Seoul, Korea). Unless otherwise noted or
the experiment required otherwise, the cells were provided with
DMEM that contains 10% FBS and 1% L-glutamine penicillin-
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streptomycin solution and maintained at a constant temperature
(37°C) and atmosphere (5% CO,).

2.4. MTT assay

The viability of B16F10 cells treated with increasing concentrations
of C. falcatum crude extract and solvent fractions was assessed by
traditional MTT assay method as previously reported with necessary
modifications|18]. Briefly, the B16F10 cells were transferred to 96-
well plates (1x10" cells/well), and the cells were kept in incubators
at 37°C, 5% CO, for 24 h. Then the culture medium was swapped
with a fresh medium containing different concentrations of crude
extract and fractions (0-100 pg/mL) followed by incubation for
a further 24 h. After the treatment, wells were aspirated and were
added with 100 puL of 100 pg/mL MTT solution each. Plates were
placed in the incubator after the addition of MTT solution. After 4
h, MTT solution was removed from the wells, and the wells were
washed with PBS. One hundred microliters of DMSO (100%) were
added to the wells after washing. Finally, the absorbance values were
measured at 560 nm using a microplate reader (Multiskan GO, Tecan
Austria GmbH, Grodig, Austria).

2.5. Detection of intracellular active tyrosinase levels and

melanin content

The B16F10 cells were seeded in 6-well plates at a density of
3.4x10" cells/well. The groups were as follows: the blank group,
the control group (a-MSH-stimulated and untreated), the kojic
acid group (0-MSH-stimulated and 10 pM kojic acid-treated), the
crude extract group (a-MSH-stimulated and treated with 5, 10 and
20 pg/mL C. falcatum crude extract, separately), and the solvent
fraction group (same with the crude extract group but treated with
H,O, n-BuOH, 85% aq. MeOH, n-hexane fractions instead of crude
extract). For future analysis, the same groups were used. Briefly, the
cells in plates were grown to confluency and exposed to different
concentrations of samples for 24 h. Following the treatment, the
cell culture medium was removed, and the cells were washed twice
with fresh PBS each time. Subsequently, cells in wells were lysed by
QIAzol lysis buffer (200 pL/well) with vigorous pipetting, and the
lysates were collected and centrifuged at 13 000 rpm for 10 min. To
assess the intracellular active tyrosinase levels, the supernatant was
used whereas the pellet was kept separately for melanin analysis.
Specifically, the protein content of each sample was determined
using BioRad Protein Assay Reagent (Bio-Rad Laboratories,
California, USA), after which 0.1% (w/) L-DOPA was added to each
supernatant containing the same amount of protein along with 0.1 M
sodium phosphate buffer in a 96-well plate. The plate was then kept
in an incubator for 1 h. After 1 h, the absorbance values of the wells

were read at 490 nm with a microplate reader (Multiskan GO).

405

For the quantification of intracellularly accumulated melanin
amount, cell pellets were used. The pellets were first washed with
ice-cold ethanol (75%) and then dissolved in 200 pL of 1 N NaOH.
The resuspended cell pellets were heated to 90 °C and kept at this
temperature for 10 min. After cooling down to room temperature,
the absorbance values were recorded at 405 nm using a microplate
reader. Intracellular melanin content was calculated based on the

absorbance values fitted into the standard curve for melanin content.

2.6. Extracellular melanin content assay

The melanin secretion by stimulated B16F10 cells was measured
via the quantification of the melanin in the cell culture medium. The
cells were grown to confluency under the conditions given in section
2.4 only changing DMEM to phenol red-free DMEM. The cell
groups and treatment were consistent with those described in section
2.5. Following a 24-hour incubation with samples, the absorbance
values of the cell culture medium were measured at 405 nm to

determine extracellular melanin content.

2.7. RT-PCR experiment

The expression levels of the genes related to melanogenesis were
determined via RT-PCR assay with a modified method described
previously[19]. In brief, cells were grown and exposed to samples
under the conditions given in section 2.5. After the treatment, cells
were washed with PBS, and total RNA was extracted from the
cells using QIAzol reagent. Subsequently, total RNA was reverse
transcribed into cDNA using the CellScript cDNA Master Mix
kit (Yongin, Korea), according to the manufacturer’s protocol.
Amplification of the cDNA was carried out by 33 cycles of 95°C
for 30 s, 60°C for 45 s, and 72°C for 1 min using the primers given in
Table 1. The end products were loaded and visualized on a 1.5% (w/4)
agarose gel. To evaluate the target gene expression levels, images of the
bands were taken and were subsequently quantified with densitometric
quantification using ImagelJ software, with S—actin serving as the

internal control gene.

Table 1. Gene-specific primers used in RT-PCR analysis.

Gene
MITF

Sequence

Forward: 5’-AAC-CGA-CAG-AAG-AAG-CTG-GA-3’
Reverse: 5’-ACA-AGT-TCC-TGG-CTG-CAC-TT-3’
Forward: 5’-TTA-TGC-GAT-GGA-ACA-CCT-GA-3’
Reverse: 5’-ACT-GGC-AAA-TCC-TTC-CAG-TG-3’

Tyrosinase

TRP-1 Forward: 5’-AGG-AAT-CTG-GCT-TGG-GAT-TT-3’
Reverse: 5°-AGA-AGA-CAG-GGG-TGC-TCA-GA-3’

TRP-2 Forward: 5°-AGC-AGA-CGG-AAC-ACT-GGA-CT-3’
Reverse: 5°-GCA-TCT-GTG-GAA-GGG-TTG-TT-3’

PB-actin Forward: 5°’-CCA-CAG-CTG-AGA-GGG-AAA-TC-3’

Reverse: 5’-AAG-GAA-GGC-TGG-AAA-AGA-GC-3’

MITEF: microphthalmia transcription factor, TRP: tyrosinase-related protein.
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2.8. Immunoblotting

The cells were grown and exposed to samples in groups described
in section 2.5 in 6-well plates. After the treatment, the whole
intracellular protein was extracted from each well using RIPA buffer.
The amount of protein isolated was quantified using a BCA kit
from Thermo Fisher Scientific (Waltham, MA, USA). From each
treatment group, 20 pg of total protein were transferred onto 10%
SDS-PAGE gels to be separated (100 V, 90 min). The separated
proteins were then transferred from the SDS-PAGE gels onto
membranes, and the membranes were kept in 5% skim milk (in
TBST) for 1 h at room temperature for blocking. After blocking was
ended, skim milk was removed, and the membranes were washed 3
times with 1xPBST. Next, the blocked membranes were introduced
to the primary antibodies. The membranes were kept with primary
antibodies overnight at 4°C. All primary antibody solutions were
prepared and diluted according to the suggested buffers and dilution
levels of the manufacturer for immunoblotting. Hybridization of the
primary antibodies was then carried out for 1 h at room temperature
by removing the primary antibody solution, washing the membranes
with PBST, and the addition of secondary antibody solution.
Finally, the pictures of the PDVF membranes were taken with
CAS-400SM Davinch-Chemi Imager (Davinch-K) following the
addition of WestGlowTM FENTO Chemuliluminescent Substrate

(Biomax, Seoul, Korea). The related expression levels of proteins
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were analyzed with densitometric quantification of the bands using

Imagel] software.

2.9. Statistical analysis

All data were given as mean =+ standard deviation (SD) (n=3).
Statistical differences between groups were analyzed using the one-
way ANOVA test followed by the Duncan’s test. Statistical analysis
was performed using SPSS 21.0 software (IBM Corp., NY, USA).

3. Results

3.1. Effect of C. falcatum crude extract on melanogenests in

BI6F10 cells

After exposure to various concentrations of C. falcatum crude
extract for 24 h, the cytotoxicity was assessed by the MTT assay.
As demonstrated in Figure 1A, the cells exhibited high viability and
minimal cytotoxicity at concentrations of 5, 10, 15, and 20 pug/mL.
Accordingly, these concentrations were employed in subsequent
experiments. Notably, Figures 1B, C, and D indicate that C. falcatum
crude extract exhibited an inhibitory effect on active tyrosinase
levels, extracellular melanin content, and the accumulated melanin

amount, respectively, in a-MSH-stimulated B16F10 cells.
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Figure 1. Effect of Cyriomium falcatum crude extract on (A) the viability and (B-D) melanogenesis in B16F10 cells. “'Different letters indicate statistical
significance (P < 0.05) using a one-way ANOVA test followed by Duncan’s test. CF: Cyrtomium falcatum; KA: kojic acid.
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Figure 2. Effect of Cyrtomium falcatum crude extract on the expression levels of melanogenesis-related genes and proteins. (A) The mRNA and (B) protein
expression levels of tyrosinase, MITF, TRP-1, and TRP-2 were analyzed by RT-PCR and immunoblotting analyses, respectively, and normalized using B-actin
levels. “"Different letters indicate statistical significance (P < 0.05) using a one-way ANOVA test followed by Duncan’s test.
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3.2. Effect of C. falcatum crude extract on related gene and

protein expressions

The RT-PCR and immunoblotting assays were used to observe
the expressions of genes and proteins related to melanogenesis
in o-MSH-induced B16F10 cells. Figure 2A shows that o-MSH
induced higher mRNA expression levels of tyrosinase, MITF, TRP-
1, and TRP-2 compared with the blank group. Compared with the
control group, C. falcatum crude extract treatment dose-dependently
inhibited the expression of the aforementioned genes. Consistent
with the RT-PCR results, C. falcatum crude extract suppressed the
levels of tyrosinase, MITF, TRP-1, and TRP-2 proteins (Figure 2B).

3.3. Cytotoxic effect of C. falcatum crude extract—derived

solvent fractions

MTT assay was carried out to evaluate the non-toxic concentrations
of H,0, n-BuOH, 85% aq. MeOH, and n-hexane fractions derived
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from C. falcatum crude extract. As demonstrated in Figure 3A,
all these four solvent fractions exhibited no significant toxicity
to B16F10 cells at concentrations of 5-20 pg/mL, while the cell
viability decreased by more than 10% at the concentrations of 50
and 100 pg/mL. Therefore, C. falcatum crude extracts at 5-20 pg/mL

were used for the follow-up experiments.

3.4. Effect of C. falcatum crude extract—derived solvent

Jractions on tyrosinase activity and melanin production

Melanin content and active tyrosinase levels are two critical
indicators for analyzing melanogenesis. Figures 3B and 3C indicate
that a-MSH stimulation substantially elevated both melanin
secretion and intracellular melanin accumulation compared to the
unstimulated group. However, the melanin content was decreased
after treatment with different concentrations of H,O, n-BuOH, 85% aq.
MeOH, and n-hexane solvent fractions. The highest concentration of 20

pg/mL resulted in the highest decrease. As seen in Figure 3D, o-MSH
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Figure 3. Effect of Cyrtomium falcatum crude extract-derived fractions on extracellular and intracellular melanin production as well as tyrosinase activity. (A)

The viability of BI6F10 cells treated with H,O, n-BuOH, 85% aqueous MeOH, and n-hexane solvent fractions derived from Cyrtomium falcatum; (B) Melanin

levels were detected in DMEM medium; (C) Melanin content inside the cells; (D) Intracellular active tyrosinase levels. **Different letters indicate statistical

significance (P < 0.05) using a one-way ANOVA test followed by Duncan’s test. B: blank; C: control.
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significantly elevated the active tyrosinase levels. All concentrations of

solvent fractions decreased the tyrosinase levels.

3.5. Melanogenesis—related mRNA and protein expression
levels in solvent fraction—treated BI6F 10 cells

RT-PCR and immunoblotting experiments were used to determine
mRNA and protein expression levels of tyrosinase, MITF, TRP-1,
and TRP-2 in solvent fraction-treated B16F10 cells. As presented in
Figure 4, the mRNA expression levels of #yrosinase, MITF, TRP-1,
and TRP-2 were substantially upregulated under a-MSH stimulation
(P<0.05). However, the aforementioned genes were downregulated
after the cells were exposed to 20 pg/mL of n-BuOH, 85% aq.
MeOH, and n-hexane solvent fractions, but the H,O fraction was not
able to induce any significant decrease in terms of the expression
levels of MITF and TRP-2 mRNA. In addition, the suppressive
effect of the fractions was not as strong as kojic acid, except for the
effect of the n-hexane fraction on tyrosinase expression. Moreover,
the immunoblotting results demonstrated a similar effect. All four
fractions effectively suppressed the tyrosinase, MITF, TRP-1, and
TRP-2 protein levels at the concentration of 20 pg/mL.

4. Discussion

C. falcatum is a widely cultivated plant in Japan and Korea, and
reports indicate that it possesses antioxidant and anti-inflammatory
activities[16]. The results of the current study indicated that C.
Jfalcatum crude extract and its fractions reduced the tyrosinase and
extra/intracellular melanin content and suppressed the protein and
mRNA expressions of MITF, tyrosinase, TRP-1, and TRP-2 in
a-MSH-stimulated B16F10 cells.

The MTT compound is a commonly employed agent that has been
used in experiments to detect cell viability via the ability of the alive
cells to convert it into formazan crystals which give a distinctive
color. Therefore, it is widely employed to assess viable cell levels
in order to observe the potential cytotoxicity of reagents[20]. Before
testing C. falcatum for its anti-melanogenic properties, MTT was
conducted to determine the non-toxic concentrations in order to
eliminate any toxic effect of samples that could be interpreted as an
inhibitory effect.

Tyrosinase is an important rate-limiting enzyme that controls
melanin synthesis|21]. The production, activation, and enzymatic
activity of tyrosinase are directly linked with the production rate of
melanin. Although necessary and beneficial in normal conditions,
abnormal accumulation of melanin in skin tissue causes undesired
and mostly harmful complications such as age spots, actinic damage,
melanoma, and dermatological disorders. Considering the control
effect of tyrosinase on melanin production, searching for tyrosinase

inhibitors to prevent excessive melanin production has drawn much
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attention in food processing and storage, medical, and cosmetic
industries[22]. A previous study claimed that four chemically
modified curcumin derivatives showed very significant inhibitory
effects on tyrosinase activity, greater than kojic acid, in stimulated
murine melanoma cells[23]. Another study also revealed that several
flavonoids from Dalbergia parviflora decreased melanin content
by inhibiting tyrosinase activity in the same type of cells under
similar conditions|24]. Consistent with these reports, the results of
the present study also revealed the anti-melanogenic effects of C.
falcatum crude extract and its H,0, n-BuOH, 85% aq. MeOH and
n-hexane fractions. They could decrease melanin content as well as
significantly lower the active tyrosinase levels in a-MSH-stimulated
B16F10 cells at non-toxic concentrations. This data suggested that C.
falcarum might contain bioactive ingredients that inhibit tyrosinase
activation and as a result limit melanin production.

In addition, the expression levels of melanogenesis-related genes
and proteins including MITF, tyrosinase, TRP-1, and TRP-2 were
evaluated. MITF is a vital transcription factor for melanogenesis
by controlling the transcription of tyrosinase, TRP-1, and TRP-
2[25]. The MCIR receptor on melanocytes is stimulated by o-MSH,
which then activates cAMP and upregulates the activation of cAMP-
response element binding protein through phosphorylation and
consequently promotes the expression of MITF[26]. Expectedly, the
current results also showed that a-MSH stimulation significantly
elevated the expression of MITF, tyrosinase, TRP-1, and TRP-2
in both mRNA and protein levels, which suggested the successful
establishment of melanogenesis in vitro in B16F10 cells.

Various research revealed that extracts or active compounds
derived from natural plants exhibit effective bioactivities against
a variety of symptoms and diseases. The methanolic extracts of
Cuscuta pedicellata and Tribulus terrestris showed strong antioxidant,
anti-inflammation, and antimicrobial potential[27]. Other studies also
demonstrated that several endemic plants from Mauritius Island
contained flavonoids, terpenes, fatty acids, terpenoids, and phenolic
acids that exhibited immunomodulatory effects on primary T and
B cells, and anti-cancer effects on T cell lymphoma and B16F10
melanoma cells[28]. Likewise, numerous studies focus on exploring
the whitening effect of natural plants and natural-origin bioactive
compounds. In this context, the ethanolic extract of Sorghum bicolor
was reported to contain compounds that exhibited the whitening
effect on 3-isobutyl-1-methylxanthine-stimulated B16F10 cells by
downregulating the transcriptional pathways of MITF, tyrosinase,
TRP-1, and TRP-2[29]. Another study suggested that a 3% Korean
red ginseng extract cream could improve skin moisture and
resilience of human skin, and suppress collagen degradation which
in turn decreased wrinkle formation in UVB-irradiated HRM-2
hairless mice[30]. Consistent with these results, the present study
demonstrated that C. falcatum extracts suppressed the mRNA and
protein expression levels of tyrosinase, TRP-1, and TRP-2 by
inhibiting the expression of MITF.

Ferns are a group of spore plants that are diverse in both germplasm
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and reported to contain unique secondary metabolites that might not
be found in other types of plants. There are more than ten thousand
species of ferns and expectedly several of them are mentioned in
folk medicine records for their medicinal value[31]. Medicinal ferns
mostly have antipyretic, detoxification, muscle relaxer, antimicrobial
and anti-inflammatory effects[32-34]. C. falcatum belongs to a fern
family that originated in Asia and to date it is usually cultivated
as an ornamental plant in other countries[35]. Up to now, most
studies paid attention to researching the distribution, diversity,
and phylogenetic relationships of C. falcatum in relation to its
decorative and environmental value, but rarely evaluated its health-
beneficial properties through the analysis of the bioactive function
of its metabolites[36]. In the current study, C. falcatum extracts were
shown to possess anti-melanogenesis potential in a-MSH-stimulated
B16F10 melanoma cells. The suggested melanogenesis inhibitory
effect may be related to its phenolic acid and flavone content[37].
However, further research should be carried out to analyze the
active compounds and the possible anti-melanogenesis mechanism
of C. falcatum. On the other hand, there are certain limitations
to the interpretation of the current results. The results only show
the ability of C. falcatum in vitro and using one type of cell line.
Studies carried out with more skin-like models and in vivo studies
would provide more constructive results toward the safe utilization
of C. falcatum. Also, in-depth mechanism analyses using specific
pathways and their inhibitors will strengthen the present study’s
hypothesis. Nonetheless, the present study provided insight into the
anti-melanogenic effect of C. falcatum extract and fractions which
would pave the way for isolation and characterization of bioactive
ingredients with melanogenesis inhibitory effects.

In summary, the results of the current study revealed that C.
falcatum crude extract and its solvent fractions exhibited an
inhibitory effect on a-MSH-induced melanogenesis in BI6F10
cells. Both crude extract and solvent fractions suppressed melanin
secretion and tyrosinase activity. In addition, they suppressed the
mRNA and protein expression levels of tyrosinase, MITF, TRP-1,
and TRP-2 at the non-toxic concentrations of 5, 10, and 20 pg/mL.
These results indicate that C. falcatum crude extract and its solvent
fractions might contain anti-melanogenic substances and that it can
be utilized as a potential source of lead molecules for the research

and development of whitening agents.
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