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a b s t r a c t

Croton roxburghii and Croton sublyratus have been used as skin treatments in traditional medicine. The
objective of the present study was to investigate the antimelanogenic effect of ethanol extracts of Croton
roxburghii (CRE) and Croton sublyratus (CSE) leaves on cellular melanin content and cellular tyrosinase
activity as mediated by the action of microthalmia transcription factor (MITF) and melanogenic enzymes.
Croton roxburghii and Croton sublyratus leaves were extracted by petroleum ether, dichloromethane and
absolute ethanol, sequentially. The ethanolic crude extracts were examined for antimelanogenic activity
by their ability to decrease melanin content and cellular tyrosinase activity in alpha-melanocyte-
stimulating hormone-stimulated B16F10 melanoma cells. In addition, the extracts were evaluated to
determine a plausible mechanism of melanogenesis suppression through determining the activation of
MITF transcription factor and melanogenic proteins (tyrosinase, tyrosinase-related protein 1 or TRP-1
and tyrosinase-related protein 2 or TRP-2) at the transcriptional and translation levels in a-MSH-
induced B16F10 cells. Upon treatment with CRE and CSE, the cells showed significant decreases in
melanin content and cellular tyrosinase activity. CRE and CSE also suppressed MITF, tyrosinase, TRP-1
and TRP-2 at the transcription and translation levels in a-MSH-stimulated melanin biosynthesis in
B16F10 cells. Our finding shows that CRE and CSE inhibit melanin content and cellular tyrosinase activity
through suppressing MITF and melanogenic enzymes. CRE and CSE may be useful to combine with skin
whitening agents for cosmetic uses.
© 2017 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Melanin is the major component of skin color and is synthesized
by melanocytes in melanosomes.1 The overproduction and accu-
mulation of melanin content in skin can lead to pigmentation
disorders as well as aesthetic problems. Melanin synthesis is
regulated by various environmental, hormonal and genetic factors
such as ultraviolet radiation (UVR), alpha-melanocyte stimulating
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hormone (a-MSH), cAMP-elevating agents, and estrogen.2 Over-
production of melanin is caused directly by the response of mela-
nocyte to ultraviolet radiation (UVR), but it is affected indirectly by
paracrine and autocrine factors including hormones, cytokines, and
growth factors, whose synthesis in epidermal cells is influenced by
UVR.3 UV stimulates the secretion of a-MSH from keratinocytes
which then induces melanogenesis in melanocytes.4 a-MSH or
adrenocorticotropic hormone (ACTH) binds to the melanocortin 1
receptor (MC1R) in melanocytes, and then activates intracellular
adenylyl cyclase via G proteins, followed by increased intracellular
cyclic AMP (cAMP) levels from adenosine triphosphate (ATP).5

Cyclic AMP contributes its function through protein kinase A
(PKA). PKA phosphorylates and activates the cAMP-response
element binding protein (CREB) which binds to the cAMP
response element present in the M promoter of the
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microphthalmia-associated transcription factor (MITF) gene. The
transient increase of MITF leads to the up-regulation of tyrosinase,
TRP-1 and TRP-2.6

Three major enzymes are involved in eumelanin synthesis,
including tyrosinase, tyrosinase-related protein 1 (TRP-1) and
tyrosinase-related protein 2 (TRP-2).3 In the processes of melano-
genesis, tyrosinase is the key enzyme in the rate-limiting step in
which L-tyrosine is hydroxylated to L-DOPA, which is further
oxidized into DOPAquinone. In addition, tyrosinase-related protein
(TRP)-1 and TRP-2 are major targets induced by MITF. TRP-2 cata-
lyzes the rearrangement of dopachrome to 5,6-dihydroxyindole-2-
carboxylic acid (DHICA), whereas TRP-1 oxidizes DHICA to a
carboxylated indole-quinone, which is eventually converted into
eumelanin.7 Down regulation of tyrosinase activity has been pro-
posed to be responsible for decreased melanin production.8

Treatment of hyperpigmentation disorders depends onwhether
the pigmentation is epidermal or dermal. However, only epidermal
pigmentation responds well to treatment. Hydroquinone is one of
the most popular depigmenting agents which act by reducing
melanin content through suppressing tyrosinase activity. However,
adverse effects of hydroquinone application may occur such as
erythema, stinging, colloid milium, irritation and allergic contact
dermatitis, nail discoloration, transient hypochromia, and para-
doxical postinflammatory hypermelanosis.9 Moreover, the pro-
longed usage of hydroquinone may lead to ochronosis.10 Therefore,
natural sources have recently become of interest for the develop-
ment of safe depigment agents for the management of hyperpig-
mentation disorders.

Croton roxburghii N.P.Balakr and Croton sublyratus Kurz. belong
to the Euphorbiceae family. Aqueous and alcoholic extracts of
Croton roxburghiii bark and leaf have antibacterial properties
against Staphylococcus aureus and Escherichia coli.11 Moreover, the
stem, bark and leaves of C. roxburghiii are used as herbal treatments
for ringworm, wounds, scabies, skin diseases, liver diseases, diar-
rhea, fever, and headache.12 Croton roxburghii leaves contain many
phytochemical compounds such as tannins, phenolics, flavonoids,
carbohydrates, proteins, and amino acids in polar extracts (ethanol,
methanol, and aqueous).13 Plaunotol from Croton sublyratus leaves
has antibacterial activity against Staphylococcus aureus isolated
from patients' skin with atopic dermatitis, and has anti-angiogenic
effect on human umbilical vein endothelial cells (HUVEC).14,15 To
the best of our knowledge, there are no reports about any anti-
melanogenic activity of extracts from Croton roxburghii and Croton
sublyratus.

In this study, we investigated the effects of CRE and CSE in a-
MSH stimulated B16F10 mouse melanoma cells. We examined
toxicity of CRE and CSE and further investigated the molecular
mechanism by which CRE and CSE suppress melanogenesis
through determining the activation of MITF transcription factor and
melanogenic proteins (tyrosinase, TRP-1 and TRP-2) in a-MSH
induced B16F10 melanoma cells.

2. Materials and methods

2.1. Chemicals and reagents

a-MSH, dimethyl sulfoxide (DMSO), 3.4-
dihydroxyphenylalanine (L-DOPA), bovine serum albumin,
ethanol, kojic acid, Triton X-100, polyvinylidene fluoride (PVDF),
protease inhibitor and melanin were purchased from Sigma (St.
Louis, MO). Sodium hydroxide (NaOH), methanol, RIPA buffer and
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) were obtained from Merck (Darmstadt, Germany). Dulbec-
co's Modified Eagle Medium/High glucose (DMEM/HG), penicillin/
streptomycin, phosphate buffer saline (PBS) and trypsin/EDTAwere
purchase from Thermo Scientific Hyclone (Logan, Utah). Sodium
dodecyl sulfate and Bradford reagent were obtained from Bio-rad
(Hercules, CA). Anti-tyrosinase (ab180753), TRP-1 (ab3312) and
TRP-2 (ab74073) antibodies were purchased from Abcam (Cam-
bridge, UK). Anti-GAPDH (14C10), MITF (D5G7V), anti-rabbit IgG,
HRP-linked antibody (7074S) and anti-mouse IgG, HRP-linked
antibody (7076S) were obtained from Cell Signaling Technology
(Beverly, MA).

2.2. Preparation of Croton roxburghii and Croton sublyratus

Leaves of Croton roxburghii and Croton sublyratuswere collected
from the HRH Princess Sirindhorn Herb Garden, Rayong province,
Thailand. These leaves were authenticated and voucher numbers
were deposited at the Herbarium, Department of Botany, Faculty of
Science, Chulalongkorn University, Thailand.

Fresh leaves were washed and dried in a hot air oven at 45 �C.
Dried leaves were blended into a fine powder. Dried powder of the
leaves (10 g) was extracted in the organic solvents (1:40, w/v) pe-
troleum ether, dichloromethane and absolute ethanol, sequentially.
The extracts from petroleum ether and dichloromethane fractions
were discarded. The ethanol fractions were concentrated using a
MiVac Quattro concentrator. The ethanol extracts were finally
dissolved in dimethyl sulfoxide (DMSO) at a concentration of
100mg/ml and kept with protection from light at �20 �C.

2.3. Cell culture

The mouse melanoma cell line B16F10 was obtained from
American Type Culture Collection (ATCC). The cells were main-
tained in Dulbecco's Modified Eagle Medium/High glucose (DMEM/
HG), supplemented with 10% fetal bovine serum (FBS) and antibi-
otics (100 U/mL penicillin and 100 mg/ml streptomycin) at 37 �C in a
humidified atmosphere of 5% CO2.

2.4. Cell viability assay

Cell viability was determined using 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT) as previously
described.16 Briefly, cells at 5000 cells/well were grown in 96-well
flat-bottom-plates in 200 ml of DMEM with 10% FBS and allowed
to attach overnight. Then the cells were exposed to 1 mM of a-MSH
and various concentration of ethanol extracts from Croton roxbur-
ghii (3.125e100 mg/ml) and Croton sublyratus (3.125e200 mg/ml)
leaves or kojic acid (62.5e500 mg/ml) for 48 h. After treatment, the
cells were incubated with MTT solution (0.5mg/ml) for 4 h at 37 �C.
The medium was removed and 200 ml of DMSO was added. The
absorbance was measured at 550 nm using an ELISA plate reader
(Biotek, USA). Results are expressed as a percentage of the control
cells.

2.5. Measurement of melanin content

Melanin content was measured using a previously described
method.17 Briefly, B16F10 cells were seeded at a density of
100,000 cells/well in 6-well plates for overnight. After attachment,
the cells were treated 1 mM of a-MSH and ethanol extracts or kojic
acid for 48 h. At the end of the treatment, the cells were washed
twice with phosphate buffer saline. Then, the cells were detached
with 0.25% (%v/v) trypsin/EDTA solution and subsequently centri-
fuged at 13,000 g for 10min. The cell pellets were solubilized in 1N
NaOH at 80 �C. Each sample was determined by comparison of the
sample OD475 to a standard curve of synthetic melanin. Melanin
content of each sample was calculated by comparing with control
cells as 100%.



M. Chatatikun et al. / Journal of Traditional and Complementary Medicine 9 (2019) 66e7268
2.6. Intracellular tyrosinase activity

Tyrosinase activity was examined by measuring the rate of L-
DOPA oxidation as described by others.18 B16F10 cells at a density of
100,000 cells/well were cultured in 6-well plates and allowed to
attach overnight. Then the cells were exposed to 1 mM of a-MSH in
the presence of CRE and CSE or kojic acid for 48 h. After treatment,
the cells were washed twice with phosphate buffer and lysed with
1% Triton X-100/PBS. The cell lysates were centrifuged at 13,000 g for
10min. After quantifying protein levels and adjusting protein con-
centrations with 1% Triton X-100/PBS, the supernatants of each cell
lysate (40 mg) were dissolved in 100 ml of 0.1mM sodium phosphate
buffer pH 6.8 and mixed with 100 ml of 5mM L-DOPA in a 96-well
plate. The mixture was incubated at 37 �C for 1 h. The absorbance
was measured at 475 nm. Cellular tyrosinase activity of each sample
was calculated by comparing with the control cells (100%).

2.7. RNA extraction and quantitative-reverse-transcription
polymerase chain reaction analysis

The effect of CRE and CSE extracts was determined by using real-
time PCR. B16F10 cells were stimulated with 1 mM of a-MSH in the
presenceof eachethanol extract for 48 h. Total RNAwas isolatedusing
Ribozol™ reagent (AMRESCO) following the manufacturer's in-
structions. Reverse transcription and cDNA amplificationwas carried
outwith 1 mgof isolatedRNAusingAccuPower®RTpremix. Real-time
PCR was performed using an Exicycler™ 96 Quantitative Real-Time
PCR System (Bioneer, Korea). The reaction was cycled 40 times for
GAPDH, MITF, tyrosinase, TRP-1 and TRP-2 for 10min at 95 �C,15 s at
95 �C and 30 s at 56e58 �C. The primers used for quantitative real-
time PCR were as follows: for GAPDH (133 bp) 50 CTTTGTCAAGCT-
CATTTCCTGG 3’ (forward) and 50 TCTTGCTCA GTGTCCTTGC 3’
(reverse); for MITF (116 bp) 50AGGACCTTGAAAACCGACAG 3’ (for-
ward) and 50 GGTGGATGGGATAAGGGAAAG 3’ (reverse); for tyrosi-
nase (150 bp) 50 CTAACTTACTCAGCCCAGCATC 3’ (forward) and 50

GGGTTTTGGCTTTGTCATGG 3’ (reverse); for TRP-1 (134 bp)
50AGCCCCAACTCTGTCTTTTC 3’ (forward) and 50 GGTCTCCCTA-
CATTTCCAGC 3’ (reverse); for TRP-2 (135 bp) 50 TCCAGAAGTTTGA-
CAGCCC 3’ (forward) and 50 GGAAGGAGTGAGCCAAGTTATG 3’
(reverse). The fold change in mRNA levels was calculated using the
DDctmethod(2�DDct) for relativequantificationbetweensamplesand
control.

2.8. Western blot analysis

B16F10 cells were treated with 1 mM of a-MSH and ethanol ex-
tracts for 48 h. After treatment, the cells were washed twice with
PBS and lysed with RIPA buffer with protease inhibitor. Protein
Fig. 1. Cytotoxicity of CRE and CSE in B16F10 cells. B16F10 cells were incubated with (A) CRE
with CSE at 3.125e200 mg/ml and a-MSH (1 mM) for 48 h. Each percentage values for treated
three independent experiments. ***P < .001: statistically significant vs a -MSH group.
concentrations were determined using the Bradford assay (Bio-Rad,
USA). Samples containing equal amounts of protein (40 mg/sample)
were separated by 10% SDS-PAGE and transferred to polyvinylidene
fluoride (PVDF) membranes. The membranes were blocked with 5%
skim milk and incubated with a 1:1000 dilution of a rabbit poly-
clonal anti-tyrosinase antibody (Abcam, UK), a 1:2000 dilution of a
mouse monoclonal anti-TRP-1 antibody (Abcam, UK), a 1:2000
dilution of a mousemonoclonal anti-TRP-2 antibody (Abcam, UK), a
1:10000 dilution of a rabbit monoclonal anti-GAPDH antibody (Cell
Signaling Technology, Berverly MA), or a 1:1000 dilution of a rabbit
monoclonal anti-MITF antibody (Cell Signaling Technology, Berv-
erly MA). All bands were visualized using an HRP-linked anti-rabbit
IgG antibody or an HRP-linked anti-mouse IgG, antibody (Cell
Signaling Technology, Beverly, MA). Bound antibodies were detec-
ted using an enhanced chemiluminescence kit (Thermo Scientific,
USA). Equal loading was assessed using an anti-GAPDH antibody to
normalize the amount of total protein.

2.9. Statistical analysis

All data are expressed as the mean± standard error of the mean
(SEM) derived from three independent experiments. Statistical
significance was determined by one-way analysis of variance
(ANOVA) with Dunnett's post-hoc test using SPSS program version
20.0. A P value< .05 was considered to indicate statistical
significance.

3. Results

3.1. Effects of CRE and CSE on cell viability

We first determined the cytotoxic effects of CRE and CSE on a-
MSH-stimulated B16F10 cells. The cells were treated with various
concentrations (3.125e100 mg/ml) of CRE and CSE and 1 mM of a-
MSH for 48 h. As shown in Fig. 1A, CRE did not show cytotoxic ef-
fects at concentrations of 3.125e50 mg/m, while, CSE was not toxic
to the cells in a concentration range of 3.125e100 mg/ml (Fig. 1B).
The four highest non-cytotoxic concentrations of each extract were
selected for the next experiments.

3.2. Effects of CRE and CSE on melanin content in a-MSH induced
B16F10 cells

To determine the effects of CRE and CSE on intracellular melanin
content in a-MSH induced B16F10 cells, the cells were treated with
1 mM of a-MSH and non-cytotoxic concentrations of each ethanol
extracts for 48 h, and absorbance at 475 nm was determined. As
shown in Fig. 2, the amount of melanin content in a-MSH-treated
at concentrations of 3.125e100 mg/ml in the presence of a-MSH (1 mM) for 48 h and (B)
cells are reported relative to that of the control group. Data are the mean ± SEM from



Fig. 2. Effects of CRE and CSE on cellular melanin content in B16F10 cells. B16F10 cells were treated with (A) CRE (6.25e50 mg/ml) in the presence of 1 mM of a-MSH for 48 h and (B)
CSE (12.5e100 mg/ml) and exposed to 1 mM of a-MSH for 48 h before analysis of melanin content. Percentage values for treated cells are reported relative to that of the control group.
Data are the mean ± SEM from three independent experiments. ###P < .001: statistically significant vs Control group. *P < .05, **P < .01, ***P < .001: statistically significant vs a
-MSH group.

Fig. 3. Effects of CRE and CSE on cellular tyrosinase activity. B16F10 cells were treated with (A) CRE (at 6.25e50 mg/ml) in the presence of 1 mM of a-MSH for 48 h and (B)CSE (at
12.5e100 mg/ml) and a-MSH for 48 h before analysis of cellular tyrosinase activity. Percentage values for treated cells are reported relative to that of the control group. Data are the
mean± SEM from three independent experiments. ###P < .001: statistically significant vs control group. **P < .01, ***P < .001: statistically significant vs a -MSH group.
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cells significantly increased to 2.5-fold over control cells (no
treatment). Kojic acid, a positive control at 250 mg/ml significantly
reduced melanin content when compared with a-MSH group. As
shown in Fig. 2A, CRE at concentrations between 12.5, 25 and 50 mg/
ml significantly inhibited melanin production by a-MSH stimula-
tion in a dose dependent manner by 30.56%, 65.88% and 118.28%,
respectively (compared with a-MSH-treated control cells). As
shown in Fig. 2B, intracellular melanin content was also decreased
about 117.35% and 168.45% at the tested concentrations (50 and
100 mg/ml). These results suggest that CRE and CSE can suppress
cellular melanin synthesis in a-MSH-stimulated B16F10 cells.

3.3. Effects of CRE and CSE on tyrosinase activity in a-MSH induced
B16F10 cells

Because tyrosinase is a key enzyme for melanin synthesis, we
investigated the effect of CRE and CSE on tyrosinase activity in a-
MSH-stimulated B16F10 cells. Tyrosinase activity in a-MSH-stim-
ulated B16F10 cells was significantly increased by 2.6-fold as
compared with control cells. Kojic acid significantly reduced
cellular tyrosinase activity as compared with a-MSH treated cells.
As shown in Fig. 3A, the ethanol extract of Croton roxburghii leaves
significantly inhibited cellular tyrosinase activity in a
concentration-dependent manner. Similarly, cellular tyrosinase
was significantly decreased with 117.16% inhibition at 50 mg/ml and
159.33% inhibition at 100 mg/ml (Fig. 3B). These results suggest that
CRE and CSE can suppress cellular tyrosinase activity, and that this
inhibitory effect leads to reduced melanin synthesis in a-MSH-
stimulated B16F10 cells.
3.4. Effects of CRE and CSE on mRNA expression involved
melanogenesis

To elucidate the inhibitory mechanism of CRE and CSE on
melanogenesis, we examinedmRNA levels of MITF, tyrosinase, TRP-
1 and TRP-2. B16F10 cells were stimulated by a-MSH for 48 h with
or without ethanol extracts, and mRNA levels of MITF, tyrosinase,
TRP-1 and TRP-2 were examined. As shown in Fig. 4A, 4B, mRNA
levels of MITF and tyrosinase were significantly decreased by
treatment with CRE (at concentrations of 25 and 50 mg/ml) and CSE
(at concentrations of 50 and 100 mg/ml) in a concentration-
dependent manner. Moreover, CSE and CRE also significantly
reduced mRNA levels of TRP-1 and TRP-2 in a-MSH stimulated cells
(Fig. 4C, 4D).

3.5. Effects of CRE and CSE on the expression of melanogenic
proteins

The effects of CRE and CSE on the expression of the melanogenic
proteins MITF, tyrosinase, TRP-1 and TRP-2, were determined.
B16F10 cells were treated with the ethanol extracts and 1 mM of a-
MSH for 48 h. Protein levels of MITF were clearly decreased after
48 h of treatment with CRE at concentrations of 25 and 50 mg/ml,
and by CSE at concentrations of 50 and 100 mg/ml in a dose-
dependent manner (Fig. 5A, 5B). Furthermore, tyrosinase, TRP-1,
and TRP-2 proteins in a-MSH stimulated B16F10 cells were also
suppressed by CRE and CSE treatment (Fig. 5C-5H). These results
suggest that CRE and CSE suppressed MITF, tyrosinase, TRP-1 and
TRP-2 at both the transcriptional and translational levels, which led



Fig. 4. Effects of CRE and CSE on mRNA expression of genes involved in melanogenesis. Total RNA from B16F10 cells treated with CRE and CSE extracts were collected at 48 h, and
levels of (A) MITF (B) TYR (C) TRP-1 (D) TRP-2 mRNA were determined by qPCR, using GAPDH as an internal control. ##P< .01, ###P < .001: statistically significant vs control group
and *P < .05, *P < .01, ***P < .001 vs a -MSH group.
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to the reduction of cellular tyrosinase activity and melanin content
(Fig. 6).

4. Discussion

Careful consideration should be given to safety in the formula-
tion of plant extracts or phytochemical compounds as functional
foods or cosmetic agents. Hydroquinone, which is used as a skin
Fig. 5. Effects of CRE and CSE on expression of melanogenic proteins. B16F10 cells were tre
protein was extracted with RIPA buffer and levels of (A) MITF (C) tyrosinase (E) TRP-1 and (G
control. Results (B, D, F, H) from three independent experiments are expressed as mean± S
whitening agent for treating hyperpigmentation disorders in the
cosmetics industry, has a lot of side effects including skin irritation,
contact dermatitis and exogenous ochronosis in dark-skinned
people. Because of these side effects, sale of hydroquinone was
prohibited in the US market by the Food and Drug Administration
in 2006.19 Kojic acid, which inhibits tyrosinase activity and is also
used as a depigmenting agent can induce dermatitis.20 Thus, many
researchers seek new, safer agents for the treatment of
ated with CRE and CSE in the presence of 1 mM a-MSH for 48 h. After treatment, total
) TRP-2 proteins were determined by western blot analysis, using GAPDH as a loading
EM. ##P< .01, ###P < .001 vs control cells and **P < .01, ***P < .001 vs a-MSH group.



Fig. 6. Possible inhibitory mechanisms of CRE and CSE on melanogenesis.
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hyperpigmentation disorders with less adverse effects. Natural
products from herbal extracts and active compounds include po-
tential agents such as phenolics, flavonoids, gallic acid, epi-
gallocatechin, aloesin, hydroxystillbene and ellagic acid.21

Tyrosinase is a key enzyme in mammalian melanin synthesis.22

So, tyrosinase is a target for skinwhitening agents. The inhibition of
mushroom tyrosinase (Agaricus bisporus) is often used as an
enzymatic in vitro model for screening skin whitening agents.23 To
screen for new compounds, popular depigmenting agents, such as
hydroquinone, kojic acid, or arbutin, serve as positive controls.24

However, the inhibition of mushroom tyrosinase was not related
with the inhibition of cellular tyrosinase activity in a melanoma cell
line.25 Aoki et al. have found that oolong tea decreased intracellular
tyrosinase at themRNA level in B16mousemelanoma cells, but this
extract did not show any inhibitiory effect onmushroom tyrosinase
activity in a cell free system.26 In order to identify new depig-
menting agents, the inhibitory effects of CRE and CSE on melanin
biosynthesis were determined in B16F10 mouse melanoma cells. A
mouse melanoma cell line was used in this study because it pro-
duces melanin and contains tyrosinase activity which is the rate
limiting enzyme for melanin synthesis. These cells respond to a-
MSH, and are easy to culture in vitro.27

Ultraviolet radiation (UV) directly affects the function of
epidermal cells through secretion of a-MSH.28 On binding to MC1R,
a-MSH activates adenylate cyclase, which increases cAMP levels,
leading to PKA and CREB activation and CRE binding to the MITF
gene promoter, and the induction of MITF transcription. The in-
crease of MITF leads to de-novo transcription of tyrosinase, TRP-1
and TRP-2.29 Eumelanin within melanocytes is synthesized by an
enzymatic cascade which is controlled by tyrosinase, TRP-1 and
TRP-2.30 We hypothesized that CRE and CRE-induced inhibition of
melanogenic enzymes involved the MITF signaling cascade. As
expected, CRE (at 25 and 50 mg/ml) and CSE significantly decreased
MITF at the mRNA and protein levels in a-MSH-stimulated
B16F10 cells (Fig. 5A. 5.B.). Moreover, CRE and CSE also suppressed
melanogenic enzymes, including tyrosinase, TRP-1 and TRP-2 at the
transcriptional and translation levels in a concentration-dependent
manner (Fig. 5C-5H). These results strongly suggested that the
decrease in melanin content by the treatment with CRE and CSE is a
result of inhibition of MITF and melanogenic enzymes.

Terpenoid is a secondary metabolite which is found in the genus
Croton, especially diterpenoids. Triterpenoids, either pentacyclic or
steroidal, have usually been found in Croton species.31 In phyto-
chemical analysis, methanol extract of Croton roxburghii (whole
plant) contain alkaloid, flavonoid, carbohydrate, glycoside, tannin
and flavonoid. There are many phytochemical compounds such as
tannins, phenolics, flavonoids, carbohydrates, proteins, and amino
acids in polar extracts (ethanol, methanol, and aqueous).13 C.
roxburghii is traditionally used for would healing and antidote of
snake venom.32 While, plaunotol, a diterpenoid is a major com-
pound in ethanol extracts of Croton sublyratus leaves.33 It had
antibacterial activity against Staphylococcus aureus isolated from
patients' skin with atopic dermatitis.15 Moreover, plaunotol from
ethanol extract of C. sublyratus had the highly effective antigastric
ulcer properties in rats.34 So, there is no study on the anti-
melanogenic effect of C. roxburghii and C. sublyratus leaves.

In a previous study, we tested total phenolic content, total
flavonoid content, DPPH and ABTS scavenging activity of an ethanol
extract of Croton roxburghii and Croton sublyratus leaves. CRE and
CSE had a phenolic content of about 19.41 and 16.28mg GAE/g dry
material, respectively. Flavonoid content was found in CRE (7.54mg
QE/g dry material) and CSE (14.85mg QE/g dry material). Scav-
enging activity as assessed by ABTS was observed in CRE (73.86%
scavenging activity) and CSE (60.36% scavenging activity).35 These
antioxidant compounds are useful for the skin by attenuating
reactive oxygen species (ROS). UVB results in indirect damage to
macromolecules via generation of reactive oxygen species.36 Thus,
CRE and CSE contain phytochemical compounds which are capable
of reducing ROS generated from exposure to sunlight. Significantly,
CRE and CSE seem to be potential sources for novel depigmenting
agents. In future studies we will separate the active compounds
from these crude extracts by High Performance Liquid Chroma-
tography (HPLC) which will then be tested for anti-melanogenic
activity. This study is limited to use in human skin, but the two
plant extracts will be tested in an animal model for determining
toxicity, efficiency and absorption. After that, CRE and CSE in cream
or lotionwill be tested on human skin for skin irritation, absorption
test and anti-melanogenic activity.

5. Conclusions

Based on the results, we report for the first time that CRE and
CSE inhibit cellular melanin content and tyrosinase activity in a-
MSH-stimulated B16F10 cells by suppressing MITF, tyrosinase, TRP-
1 and TRP-2. These extracts can be further developed into a com-
bination of a skin whitening agent or antimelanogenic agent for
cosmetic uses. Further studies are necessary to investigate the
active components and safety of CRE and CSE.
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