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Abstract

Background: Annona muricata (A. muricata) L. (also known as graviola) contains various antioxidants that have
beneficial effects on headaches, hypertension, coughs and asthma. A. muricata L. also has various other physiological
effects, such as antispasmodic effects for the treatment of heart conditions, and sedative and nervine effects. In the
present study, the effect of A. muricata L. extracts on melanogenesis was investigated and the ensuing inhibitory

mechanisms were determined.

Methods: The inhibitory effects of A. muricata L. extracts on melanogenesis were initially investigated by measuring
melanin contents. Subsequently, the ensuing mechanisms were characterized by determining changes in the activity
of tyrosinase, which is the rate-limiting step of melanogenesis. Finally, mRNA and protein expression levels of tyrosinase
and the melanogenesis-associated transcription factor (MITF) were determined.

Results: Decreased melanin contents after treatments with A. muricata L. extracts suggested skin-whitening effects, and
these changes were reflected by decreased tyrosinase activities. In addition, tyrosinase mRNA and protein expression
levels were regulated by A. muricata L. extracts. MITF is a known key transcription factor of tyrosinase and was
transcriptionally regulated by A. muricata L. extracts. Specifically, MITF mRNA expression levels were decreased

in the presence of A. muricata L. extracts. Taken together, the melanogenesis-moderating effects of A. muricata L.
extracts follow suppression of MITF mRNA expression and subsequent transactivation of tyrosinase.

Conclusions: The results of the present study confirm the skin-whitening effects of A. muricata L. and characterize the
related molecular mechanisms. These data indicate that A. muricata L. has high potential as an ingredient of

skin-whitening cosmetics.
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Background

Annona muricata (A. muricata) L. is an evergreen tree
of about 5-6 m in height that is best known as graviola
and is prevalent in tropical regions of South America
and North America, especially in the Amazon. The sweet
oval fruit is prickly and has white flesh inside a dark green
or yellow green rind. Bark, leaves, roots and seeds of
graviola have been used as traditional medicines, and parts
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of the plant have differing effects and methods of utilization
(Asare et al. 2015). Graviola has excellent antioxidant
effects due to the abundance of polyphenols and is effective
against headaches, hypertension, coughs and asthma. In
recent applications, graviola has been used as an antispas-
modic agent for the treatment of heart conditions, as well
as a sedative and nervine agent (Lans 2006; Baskar et al.
2007). In addition, active components of the leaves and
seeds are known to have cytotoxic effects against cancer
cells (Baskar et al. 2007).

Over the past century, environmental pollution from
rapid industrialization led to depletion of the ozone layer,
and the increased ultraviolet irradiation (Yu et al. 2005)
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has known effects on the colour of human skin. The
natural skin pigment melanin is the fundamental internal
factor that determines human skin colour (Jeong et al.
2005). Excessive melanin synthesis due to sun exposure is
known to cause melasma, freckles and spots and promotes
skin aging and may be involved in dermal carcinogenesis
(Chen et al. 1991; Urabe et al. 1994). The rate-limiting
step in the biosynthesis of melanin (Hearing and
Tsukamoto 1991) involves the initial hydroxylation of
tyrosine by tyrosinase, which produces 3,4-dihydroxy-
phenylalanine (DOPA) (Jimenez-Cervantes et al. 1994).
Recently, studies of melanogenesis have been conducted
following inhibition of tyrosinase, microphthalmia-
associated transcription factor (MITF) and the tyrosinase-
related proteins 1 (TRP-1) and 2 (TRP-2) (Parvez et al.
2006). Melanin synthesis is sensitive to various intracellu-
lar signal pathways, including (1) the cyclic adenosine
monophosphate/protein kinase A (CAMP/PKA) pathway;
(2) the cyclic guanosine monophosphate pathway, which
is based on nitric oxide; (3) the protein kinase C pathway;
and (4) the p38 MAP kinase pathway. Among these, the
cAMP/PKA pathway is central to melanogenesis and fol-
lows induction of MITF expression by the cAMP response
element binding protein (CREB) after exposure to UV
(Busca and Ballotti 2000; Sassone 1998). As a central me-
lanogenesis transcription factor, MITF induces tyrosinase,
TRP-1 and TRP-2 transcription (Busca and Ballotti 2000;
Saha et al. 2006). Arbutin, which is the most frequently
used skin-whitening agent, is an inhibitor that competes
with I-tyrosine. Moreover, arbutin and ascorbic acid che-
late copper atoms from the active site of tyrosinase and
inhibit the conversion of tyrosine to DOPA and DOPA to
DOPA quinone (Maeda and Fukuda 1996; Battaini et al.
2000). However, limited quantities of arbutin are currently
used in medicines and cosmetics, because of issues involv-
ing skin safety and formulation stability (Chun et al. 2002;
Curto et al. 1999). Therefore, further studies of natural
skin-whitening agents are warranted. Herein, we verified
the skin-whitening effects of A. muricata L. and charac-
terized the ensuing intracellular signalling mechanisms.

Methods

Cells and cell culture

B16F10 cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM; HyClone, USA) containing foetal bovine
serum (FBS; HyClone), which was purchased from Gibco
(USA), and the antibiotics penicillin and streptomycin,
which were purchased from Invitrogen™ (USA). HaCaT
cells were cultured at 37 °C in an incubator containing 5%
CO, at 100% relative humidity.

Preparation of A. muricata L. extracts
Dried A. muricata L. tissues were pulverized and extracted
in 10 volumes of 70% ethanol for 1 h in a sonicator. The
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mixture was then filtered with Whatman No. 2 filter paper,
and the resulting filtrate was freeze-dried using a freeze-
dryer (PVTED-10R; IIShinBioBase, Dongducheon, Korea)
and was stored at — 20 °C until analysis.

Cytotoxicity assays

Cytotoxic activities of A. muricata L. extracts were
determined using 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-
tetrazolium bromide (MTT) assays as described previously
(Mosmann 1983). Briefly, B16F10 cells were seeded into
96-well plates at 5 x 10 cells/well and then cultured for
24 h. Culture solutions were then replaced with serum-free
DMEM, and samples were treated with A. muricata L.
extracts at various concentrations for 48 h. The cells were
then washed with phosphate-buffered saline (PBS; Thermo
Fisher Scientific, USA), and MTT (Sigma-Aldrich, USA) so-
lution was added to each well and incubated for 1-2 h at
37 °C. After removing the MTT solution, 200 pL of DMSO
(Sigma-Aldrich, USA) was added to dissolve the formed
formazan crystals and absorbance was determined using an
ELISA reader at 540 nm.

Measurements of melanin contents

Melanin contents of cells were determined using the
method described by Hosoi et al. (1985) with slight modifi-
cations. Briefly, cells were washed with PBS three times and
then centrifuged to obtain cell pellets. The pellets were then
placed in 200-uL aliquots of 1-N NaOH containing 10%
DMSO and were incubated at 80 °C for 1 h. Subsequently,
absorbance was measured at 405 nm using the ELISA
reader, and total melanin contents were expressed as
percentages of the control group.

In vitro tyrosinase activity assays

Tyrosinase is the rate-limiting enzyme in melanogenesis
and catalyses the oxidation of tyrosine to 3,4-dihydroxyphe-
nylalanine (DOPA) and then to DOPA quinone. In previous
studies of skin-whitening activities, melanin absorbance was
measured before and after oxidation reactions to investigate
the capacity of samples to inhibit tyrosinase activity (Kwon
et al. 2014). Herein, 1.7-mM l-tyrosine was completely
dissolved in 10-mM sodium phosphate buffer (pH 6.8).
Subsequently, 5-pL aliquots of A. muricata L. extracts at
various concentrations of up to 0.3 mg/mL were added to
450-uL  aliquots of l-tyrosine. Mushroom tyrosinase
(250 U/mL; 50 pL) was then added, mixed and incubated at
37 °C for 60 min, and absorbance was measured at 475 nm.

Tyrosinase activity assays

Tyrosinase activities were measured using the methods
described by Choi et al. (1998). Briefly, treated cells were
lysed in 100-pL aliquots of cell lysis solution and then
centrifuged. Subsequently, 50-pL aliquots of the resulting
supernatants were added to 450-pL solutions of 1.7-mM
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-tyrosine and 0.1-M PBS and incubated at 37 °C for
15 min prior to measurements of absorbance at 490 nm
using an ELISA reader. Enzyme activities were expressed
as percentages of those in the control group. Tyrosinase
inhibitory activities of extracts were expressed as
percentage absorbance decreases relative to the untreated
control group.

gRT-PCR analysis

B16F10 cells were pretreated with extracts for 3 h and
then incubated with 200-nM o-MSH for 48 h. After
removing the culture solution, RNA extraction was per-
formed using TRIzol (Invitrogen™, USA). RNA contents
were then measured by a NanoDrop spectrophotometer
(Thermo Scientific, USA), and equal amounts of RNA
were used to synthesize cDNA with PrimeScript Reverse
Transcriptase (Takara, Japan). Subsequently, gene ex-
pression was determined using qRT-PCR with the HOT
FIREPol EvaGreen PCR Mix Plus (Solis BioDyne) and
the primers presented in a StepOnePlus Real-Time PCR
System (Applied Biosystems, Thermo Fisher Scientific,
USA). PCR was performed with denaturation at initial
denaturation at 94 °C for 3 min, followed by 40 cycles of
denaturation (94 °C, 30 s), annealing (58 °C, 30 s) and
polymerization (72 °C, 30 s). Data were analysed using
the exclusive software program (ver. 2.0.6) provided by
Applied Biosystems (USA).

Promoter activity assays

B16F10 cells were seeded into 60-mm culture dishes and
cultured for 24 h and then transfected with a vector for
the expression of the pGL-MITF reporter. Transfected
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B16F10 cells were then treated with the extracts for
24 h, and luciferase activities were measured according
to the protocol provided by the manufacturer of the lu-
ciferase assay system. Inhibitory activities were expressed
relative to controls that were treated with a-MSH.

Western blotting analysis

After cell treatments, culture media were removed and
the cells were washed twice in ice-cold PBS (pH 7.4) and
then incubated on ice for 20 min in a radioimmunopreci-
pitation assay buffer (Sigma-Aldrich, USA) containing
protease inhibitors (Roche, Germany). Lysates were then
centrifuged at 10,000¢ for 15 min at 4 °C, and protein con-
centrations of supernatants were measured using the
Bradford method. After adjusting protein concentrations
of all samples, equal quantities of protein were mixed with
5x sodium dodecyl sulphate (SDS) sample buffer (Sigma-
Aldrich) and boiled at 100 °C for 5 min. SDS—protein
samples were then electrophoresed on 8—10% SDS poly-
acrylamide gels using a Mini-PROTEAN system (Bio-Rad,
USA). Protein bands were then transferred to cellulose
membranes (GE Healthcare Life Sciences, UK) and
blocked in Tris-buffered saline (TBST, pH 8.0) containing
0.1% Tween-20 and 5% skim milk at room temperature
for 1 h. Membranes were probed with anti-MMP-1 and
anti-type-1 procollagen, anti-MMP-3 (Santa Cruz Biotech-
nology, USA) or anti-B-actin (Sigma-Aldrich) primary
antibodies in blocking solution at 4 °C for 18 h. Mem-
branes were then washed in TBST and exposed to the fol-
lowing secondary antibodies for 2 h at room temperature:
Horseradish peroxidase-conjugated anti-rabbit IgG and
anti-goat IgG (Santa Cruz Biotechnology), anti-mouse IgG
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Fig. 1 Effects of A. muricata L. extracts on melanin production and cell viability in B16F10 melanoma cells. a Effects of A. muricata extracts on
cytotoxicity in B16F10 melanoma cells. MTT assays were used to determine cytotoxic activities and appropriate concentration ranges in B16F10
cells. In these experiments, survival rates were 90% or higher after treatments with A. muricata L. extracts at 60 ug/mL or less. b Effects of A.
muricata extracts on melanin contents in B16F10 melanoma cells; *p < 0.05. Melanin contents of mouse melanoma cells were determined after
treatment with A. muricata L. extracts at 60 pug/mL. In these experiments, a-MSH-induced melanogenesis was reduced to 24.42% in cells treated
with A. muricata L. extracts compared to those treated with a-MSH only
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Fig. 2 Effects of A. muricata L. extracts on tyrosinase activities. a Effects of A. muricata L. extracts on cellular tyrosinase activity in B16F10 melanoma
cells. A. muricata L. extracts decreased tyrosinase activities to 23.24% at 60 pg/mL. b Effects of A. muricata L. extracts on mushroom tyrosinase
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(Sigma-Aldrich) After washing, ECL solution (Pierce,
USA) was sprayed onto the membranes, and bands were
identified and quantified using an LAS-3000 Luminescent
Image Analyser (Fujifilm, Japan).

Statistical analysis

Data are presented as means + standard deviations, and
differences were identified using Student’s ¢ test. Differences
were considered significant when p < 0.05.

Results

Cytotoxicity assays of A. muricata L. extracts

MTT assays were used to determine cytotoxic activities
and appropriate concentration ranges in B16F10 cells. In
these experiments, survival rates were 90% or higher
after treatments with A. muricata L. extracts at 60 pg/
mL or less (Fig. 1a). Therefore, subsequent experiments
were performed with extracts at < 60 pg/mL.

Measurement of skin-whitening effects of A. muricata L.
extracts

To assess the skin-whitening effects of A. muricata L.
extracts, melanin contents of mouse melanoma cells
were determined after treatment with A. muricata L.
extracts at 60 pg/mL. In these experiments, a-MSH-
induced melanogenesis was reduced to 24.42% in cells
treated with A. muricata L. extracts compared to those
treated with a-MSH only (Fig. 1b).

Changed tyrosinase activities and expression levels in the
presence of A. muricata L. extracts

A. muricata L. extracts decreased tyrosinase activities to
23.24% at 60 pg/mL (Fig. 2a). To determine whether A.
muricata L. extracts inhibit tyrosinase directly (Fig. 2b),
we measured changes in the expression of tyrosinase
mRNA and protein (Fig. 3) and showed 23.24 and
48.13% decrease, respectively, following treatment
with A. muricata L. extracts. These data suggest that
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Fig. 3 Effects of A. muricata L. extracts on tyrosinase expression levels in B16F10 melanoma cells. a Effects of A. muricata L. extracts on tyrosinase
mRNA and b protein expression in B16F10 melanoma cells. *p < 0.05. The expression of tyrosinase mRNA and protein were decreased by 23.24
and 48.13%, respectively, following treatment with A. muricata L. extracts
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the effects of the present extracts on tyrosinase acti-
vities are transcriptional.

Changes in MITF transcription and protein expression in
the presence of A. muricata L. extracts

To confirm the mechanisms by which A. muricata L.
extracts inhibit melanogenesis, we determined MITF
mRNA and protein expression levels using qRT-PCR and
Western blotting analyses, respectively. These experiments
demonstrated that treatments with A. muricata L. lead to
decreased expression of MITE, likely leading to decreased
transcriptional activation of tyrosinase (Fig. 4).

Discussion

During in vivo melanogenesis, tyrosinase performs the
rate-limiting step in the production of melanin by
hydroxylating tyrosine to L-DOPA and then L-DOPA
quinone (Saha et al. 2006). Melanin is subsequently synthe-
sized by polymerization of amino acids and proteins
(Maeda and Fukuda 1996). In the present MTT assays, A.
muricata L. extracts had weak cytotoxicity in B16F10 cells
when added at 120 pg/mL and no detectable cytotoxicity at
60 pg/mL (Fig. 1a). As shown in Fig. 1b, melanin contents
in B16F10 cells were decreased in an extract concentration-
dependent manner to 24.46% of that in the a-MSH-treated
control group.

In subsequent investigations of the mechanisms behind
the effects of A. muricata L. extracts on melanogenesis,
we showed that decreased tyrosinase activities reflected
decreased tyrosinase mRNA and protein expression
(Fig. 2), and these effects were concentration dependent.
In agreement, we showed that the expression of the major
tyrosinase, TRP-1 and TRP-2 transcription factor MITF
(Battaini et al. 2000; Chun et al. 2002; Curto et al. 1999),
was decreased in the presence of A. muricata L. extracts.
Collectively, the present data indicate the potential of A.

muricata L. extracts as a skin-whitening ingredient for
functional cosmetics.

Conclusions

Herein, we investigated the effects of A. muricata L.
extracts on melanogenesis and elucidated the ensuing
mechanisms. Our experiments showed that treatment
with A. muricata L. extracts decreases melanogenesis in a
concentration-dependent manner by inhibiting the ex-
pression of intracellular tyrosinase and MITF. In detalil, it
has been demonstrated that 60 pug/mL of A. muricata L.
extracts reduced a-MSH-inducing melanin contents, via
diminishing mRNA and protein levels of tyrosinase and
MITF in B16F10 melanoma cells, in vitro. Additional
in vitro and in vivo studies will be necessary to identify
the signalling pathways involved in A. muricata L.
extract-mediated molecular mechanisms, but these pre-
liminary results suggest that A. muricata L. extracts
regulate MITF expression and can be used as a func-
tional skin-whitening material that inhibits melanogen-
esis via direct transcriptional effects.
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