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Abstract

Purpose: To investigate the inhibitory effect of the methanol fraction of Dioscorea nipponica Makino
ethanol extract (DNM) on melanogenesis both in vitro and in vivo.

Methods: Cultured mouse B16 melanoma cell and zebra fish were used to evaluate the
melanogenesis inhibitory activity of DNM in vitro and in vivo, respectively. In B16 cells,
inhibitory effects on intracellular melanogenesis, tyrosinase activity and reactive oxygen
species (ROS) were determined after DNM treatment. In zebra fish, both toxic and anti-
melanogenic activities of DNM on developed larvae were evaluated.

Results: In B16 cells, the results show that DNM dose-dependently inhibited melanogenesis
at non-toxic concentrations. Surprisingly, however, DNM had no effect on intracellular
tyrosinase activity or the amount of the enzyme in B16 cells. On the other hand, DNM
showed strong antioxidant activities against cell-free 2,2-diphenyl-1-picryl-hydrazl (DPPH)
and 2,2’-azino-bis (3-etnylbenzthiazoline-6-sulphaonic acid) (ABTS®) free radical and
intracellular ROS in B16 cells. In zebra fish, DNM significantly and dose-dependently
inhibited skin melanogenesis of zebra fish larvae at non-toxic concentrations.

Conclusion: The findings demonstrate that DNM inhibits melanogenesis in vitro in B16
melanoma cells and in vivo in zebrafish. Furthermore, DNM exhibits potent inhibition of
melanogenesis probably as a result of its antioxidant activity in the cells.
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INTRODUCTION resulting dopaquinone then forms melanin.
Although  melanin primarily  serves a
photoprotective function, over-production and

accumulation of melanin result in several skin

The skin color of animals and humans is
determined mainly by the content of melanin

pigment. Melanin is produced in dermal
melanocytes by a process termed melano-
genesis [1], which is initiated in special
organelles within melanocytes, the melanoso-
mes. In the melanogenesis pathway, tyrosinase
is the rate-limiting enzyme, which catalyzes
oxidation of L-tyrosine and L-3,4-dihydroxy-
phenylalanine (L-DOPA) to dopaquinone. The

disorders including freckles, melasma, age spots,
and other hyper-pigmentation syndromes. Thus
several studies on the treatment of skin disorders
have focused on inhibiting melanogenesis and
preventing abnormal pigmentation [2-4].

Dioscorea nipponica Makino is a medicinal plant
traditionally used to treat asthma, rheumatoid
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Figure 1: Scheme for preparation of DNM from D. nipponica

arthritis, bronchitis, and other diseases in Asia.
D. nipponica cultures and extracts processed in
health care have been produced on a large
scale. For instance, the extract of D. nipponica is
used to prepare Di-Ao Xin-Xue-Kang capsule, a
botanical medicine popular in China for
preventing and treating coronary heart disease
[5]. The tuber of the plant is rich in dioscin,
which is one of the most important
pharmaceutical raw materials for synthesis of D.
nipponica diosgenin in industry. Diosgenin is an
ideal parental drug for synthesizing various
variety steroidal hormones and steroidal
contraceptives. Thus, investigating D. nipponica
is becoming popular. Many studies involving D.
nipponica have demonstrated its biological
activity, including inhibition of pancreatic lipase
[6], antioxidant activity [7], antitumor activity [8],
and reduction of metastasis of melanoma in vitro
and in vivo [9,10]. However, no studies have
been carried out on the anti-melanogenic activity
of this medicinal plant.

The aim of this study was to investigate the
inhibitory effects of methanol layer of D.
nipponica ethanolic extract (DNM) on cellular
melanogenesis and tyrosinase activity in vitro in
B16 melanoma cells, as well as antioxidant
activities. In addition, the in Vvivo
antimelanogenesis activity of DNM was also
evaluated in zebrafish.

EXPERIMENTAL
Chemicals

3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), Triton X-100,

phenylmethylsulfonyl fluoride (PMSF), L-DOPA,
dimethyl sulfoxide (DMSO), trypsin/EDTA, and 3-
isobutyl-1-methylxanthin (IBMX) were purchased
from Sigma (St. Louis, MO). All other chemicals
were obtained from Tokyo Chemical Industry
(Tokyo) and were of analytic reagent grade.

Extraction and partition of D. nipponica
Makino

“Chuanshanlong”, D. nipponica Makino, obtained
from Kwong-Te Co., Kaohsiung, Taiwan was
identified by Professor HC Lin of the National
Defense Medicinal Center, where a voucher
specimen was deposited (CNUPS No0.990824).
The process for preparing DNM is shown in
Figure 1. The dried powder of the bark (2.4 kg)
was extracted 4 times with 95% (v/v) ethanol at
room temperature overnight and filtered. After
the solvent was removed by a rotary evaporator
(Rotavapor RIl, Buchi, Switzerland), the residue
(0.25 kg) was partitioned in 1:2 (v/v) mixture of
water and ethyl acetate. The ethyl acetate
fraction was collected separately. The solvent in
the ethyl acetate layer was removed in a rotary
evaporator, and the residue partitioned in 1:1
(viv) mixture of 95 % methanol and n-hexane.
To obtain DNM, the 95 % methanol layer was
collected and concentrated in a rotary
evaporator. A vyield of 4.8 g of DNM was
obtained.

Cell cultures and drug treatment

Mouse B16 melanoma cells (4A5) were obtained
from the Bioresources Collection and Research
Center (BCRC, Food Industry Research and
Development Institute, Hsinchu). The cells were
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cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% v/v fetal bovine
serum at 37 °C in a humidified, CO,-controlled
(5%) incubator. The cells were seeded at an
appropriate cell density in a 24-well or a 6-well
plate. For evaluation of the inhibitory effect of
DNM on melanogenesis of B16 cells, IBMX, an
agent that stimulates intracellular cAMP levels,
was used to stimulate melanogenesis in B16
cells followed by DNM treatment. After 24 h of
incubation, the cells were treated with various
concentrations of drugs in the absence or
presence of a stimulation agent (100 uM of
IBMX) for another 48h. Thereafter, the cells were
harvested and used for the various assays.

Measurement of cell viability

MTT assay was performed to determine cell
viability. After the cells were incubated with the
drugs for 48 h, the culture medium was removed
and replaced with 1 mg/mL MTT in phosphate-
buffered saline (PBS) for a further 3 h of
incubation. The MTT solution was then removed,
DMSO was added, and the absorbance of the
dissolved formazan crystals was determined at
570 nm by a spectrophotometer (U-5100,
Hitachi, Japan).

Determination of melanin content

At the end of the cell culture, the cells were
harvested and washed twice with PBS. The
pelleted cells were lysed in cold lysis buffer (20
mM sodium phosphate (pH 6.8), 1 % Triton X-
100, 1 mM PMSF, 1 mM EDTA). After
centrifugation at 15,000 x g for 15 min, the
melanin pellets were dissolved in 1 N NaOH
containing 20 % DMSO for 1 h at 95 °C. The
melanin content was measured absorbance at
490 nm by a spectrophotometer (U-5100,
Hitachi, Japan). The melanin content was
expressed as percentage of control.

Measurements of cellular tyrosinase activity

Tyrosinase activity in B16 cells was assayed by
measuring the rate of oxidation of L-DOPA. The
drug-treated cells were washed with ice-cold
PBS and lysed with 20 mM phosphate buffer (pH
6.8) containing 1% Triton X-100 and 1 mM
PMSF. Triton X-100 (1%) was used to release
the membrane-bound tyrosinase from the
melanosomes. The cells were then disrupted by
freezing and thawing. The lysates were
centrifuged at 15,000 x g for 15 min. The protein
content in the supernatant was determined with
the Bradford assay [11], with BSA as the protein
standard. For assay of tyrosinase activity 1 mL of
the reaction mixture contained 50 mM of
phosphate buffer (pH 6.8), 2.5 mM of L-DOPA,

and 500 ug of the supernatant protein. After a 15
min reaction at 37 °C, dopachrome formation
was monitored by measuring absorbance at 475
nm with a spectrophotometer (U-5100, Hitachi,
Japan). The tyrosinase activity was expressed as
percentage of IBMX-stimulated control.

Tyrosinase zymography

L-DOPA staining assay was performed as
previously reported [12]. The cells were washed
3 times in ice-cold PBS, and lysed in cold lysis
buffer (20 mM sodium phosphate (pH 6.8), 1 %
Triton X-100, 1 mM PMSF) containing a protease
inhibitor cocktail (Abcam, Cambridge). After
centrifugation at 15,000 x g for 15 min, the
protein content in the supernatant was
determined by Bradford assay. The protein (100
pg) was mixed with sampling buffer (no B-
mercaptoethanol or heating) and separated using
10% sodium dodecyl sulfate (SDS)
polyacrylamide gel electrophoresis. Gel portion
containing tyrosinase activity was rinsed in 200
mL of 100 mM sodium phosphate buffer (pH 6.8)
and equilibrated at room temperature with gentle
shaking. After 30 min, the rinse buffer was
replaced with fresh buffer. After the rinse
procedure was repeated, the gel was transferred
into 200 mL of a staining solution containing the
rinse buffer supplemented with 2.5 mM L-DOPA,
and incubated in the dark at 37 °C for 1 h.
Tyrosinase activity was visualized in the gel as a
dark melanin-containing band. The signal
intensity of each band was quantified with a
densitometer system  GS-700  (Bio-Rad,
Hercules, CA) equipped with an integrator.

Determination of DPPH scavenging activity

The assay was carried out as previously
described [13] with minor modification. The DNM
was added to the DPPH (1 mM) solution to a
final volume of 1 mL. After 30 min of reaction, the
absorbance of the reaction mixture was read at
517 nm with a UV-VIS spectrophotometer (U-
5100, Hitachi, Japan). Vitamin C and Trolox
were used as positive antioxidant standards.
Both standards were dissolved in DMSO (1
mg/ml) and added to the DPPH solution for
assaying.

Determination of ABTS" scavenging activity

The 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) assays were carried out
as previously described [13] with a slight
modification. The ABTS radical cation (ABTS")
was produced by reacting 7 mM stock solution of
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ABTS with 2.45 mM potassium persulfate and
allowing the mixture to stand in the dark for at
least 6 h before use. For the ABTS" scavenging
activity, the DNM was added to the ABTS®
solution to a final volume of 1 mL. After 6 min of
reaction, the absorbance of the reaction mixture
was read at 734 nm wusing a UV-VIS
spectrophotometer. Vitamin C and Trolox were
used as positive antioxidant standards. Both
standards were dissolved in DMSO (1 mg/ml)
and added to the ABTS solution for assaying.

Determination of intracellular ROS level

The B16 cells were cultured in 96-well plates and
treated with various concentrations of DNM or
positive standards (vitamin C and Trolox) for 2 or
24 h. The cells were washed with PBS, and 10
uM of DCFH-DA in PBS was added to the cells
for 30 min. After incubation, the cells were then
incubated with 100 uM H,O, at 37 °C for 30 min.
The fluorescence intensities of DCF were
measured at an excitation wavelength of 504 nm
and an emission wavelength of 524 nm using a
fluorescent reader (BioTech, Synergy2).

Determination of melanogenesis inhibitory
activity in zebrafish

Evaluation of melanogenesis inhibitory activity in
a zebrafish model system was done according to
the procedure of Choi et al [14] as modified by
Lin [15]. Adult zebrafish were obtained from a
commercial dealer and kept in acrylic tanks with
a 14 h/M10 h light/dark cycle at 28 °C.
Synchronized embryos were obtained from
natural spawning induced in the morning by
turning on the light. DNM were dissolved in 0.1%
DMSO and then added to the embryo medium
from 9 to 72 hpf (hours post-fertilization). Fifteen
synchronized embryos were included in each
assay, and three independent assays were
conducted for each drug concentration. The
number of successfully developed zebra fish
larvae was recorded at the end of the drug
treatment to calculate embryo survival. Six
successful developed larvae in each drug
concentration were randomly selected and
photographed with a digital camera under a
stereomicroscope. Melanin content on the skin of
the zebra fish larvae was quantified using
Software Image J, which marked the entire body
area and the melanin area for each larva. The
melanin  content was expressed as the
percentage of the melanin area in the total body
area.

Statistical analysis

All data in the present study are expressed as
mean = SD (at least n = 3). Statistical analysis
was performed using Student ¢ test. A value of p
< 0.05 (*) or p < 0.001 (**) was considered
statistically significant.

RESULTS

Effect of DNM on cellular melanogenesis
of B16 cells

The result of cytotoxicity of DNM on B16
melanoma cells is shown in Figure 2A. It was
found that DNM at a concentration of 12.5 pug/ml
had no significant cytotoxic effect on the cells
and 12.5ug/ml of DNM was used as the maximal
concentration for the antimelanogenic assay.
Figure 2B shows the result of the anti-
melanogenic assay. DNM treatment as low as
3.125 pg/ml resulted in significant reduction
(78.4%) of melanin content induced by IBMX in
the B16 cells. The inhibition of melanogenesis by
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Figure 2: Effect of DNM on cellular melanogenesis in
B16 cells. The cells were cultivated for 1 d and then
stimulated with 100 uM of IBMX for 2-d with various
concentrations of DNM; (A) Cell survival was
determined by MTT method and (B) melanin content
of the cells was determined by a spectrophotometer.
Data are mean + SD (n = 3); error bars denote
standard deviation (SD); p < 0.05 (*); p < 0.001 (*¥)
relative to IBMX-stimulated control.
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DNM was dose-dependent. In addition, the
melanin content of the treatment by 12.5
pg/ml of DNM (39.5%) was much lower than
that in the non-ibmx-stimulated cells
(71.0%).

Effect of DNM on intracellular tyrosinase
activity of B16 cells

The DNM did not reduce the tyrosinase activity of
the treated-cells in all tested DNM concentrations
(Figure 3A). To confirm that DNM did not reduce
the intracellular tyrosinase activity in advance,
we conducted a tyrosinase zymographic assay,
where active intracellular tyrosinase was
separated on an SDS-PAGE and then stained in-
gel with L-DOPA. The results are shown in Figure
3B and 3C. Consistently, the amount of active
intracellular tyrosinase was not reduced by DNM
treatment in all tested DNM concentrations.
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Figure 3: Effect of DNM on cellular tyrosinase
activity in B16 cells (A) and on tyrosinase
zymography (B). Data (A) are mean + SD (n = 3);
error bars denote standard deviation (SD); p < 0.05
(*); p < 0.001 (**) relative to IBMX-stimulated control

Antioxidant capacity of DNM

The results for antioxidant capacity of DNM are
shown in Figure 4. DNM exhibited potent DPPH
scavenging activity (Figure 4A) with an IC5, value
of 3.12 ug/ml, which is comparable with those of
vitamin C (ICsy = 2.10 pug/ml) and Trolox (ICsq =
211 pg/ml). In addition, DNM also exhibited
potent ABTS" scavenging activity (Figure 4B)
with an 1C5 value of 3.04 ug/ml, which is
comparable with those of vitamin C (ICs = 1.71
ug/ml) and Trolox (ICso = 2.88 pg/ml). Moreover,
DNM significantly reduced intracellular ROS in
B16 cells with 1Csy values of 14.1 ug/ml for 2 h-
treatment and 15.5 pg/ml for 24 h-treatment.
DNM exhibited much higher intracellular ROS
scavenging activity than the vitamin C and Trolox
(Figure 4C and D).

Evaluation of the in vivo melanogenesis
inhibitory activity of DNM

The result of cytotoxicity of DNM against
zebrafish is shown in Figure 5A. 100 pg/ml DNM
exhibited slight toxicity to the zebrafish embryo.
In addition, some embryos with 50 ug/ml DNM
treatment showed 12 — 24 h delay in embryo
development (data not shown). Therefore, we
used 25 pug/ml as a maximal concentration to
determine the inhibitory activity of DNM on
melanogenesis of zebrafish. The results are
showed in Figure 5B and 5C. Treatment of
embryos with 25 pg/ml of DNM significantly
reduced the skin melanin content in the
developed larvae. In addition, the reduction in the
skin melanin by DNM treatment was dose-
dependent.

DISCUSSION

For obvious reasons, during assaying of
prospective bioactive compounds for modulating
skin pigmentation, it is important to consider
possible adverse effects on melanocyte
proliferation and/or survival. Artificial anti-
melanogenic activity of a drug is obtained by
conducting the anti-melanogenic assay under the
cytotoxic concentrations of the drug. Therefore,
before the effect of DNM on melanogenesis of
mouse B16 melanoma cells is investigated, the
concentration range of DNM, which is non-toxic
to the cells, should be determined. From the
results of both MTT cytotoxicity and anti-
melanogenesis assays, it is obvious that DNM
exhibited potent anti-melanogenesis activity in
vitro in B16 cells at non-cytotoxic concentrations.
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The biosynthetic pathway of melanogenesis and
the key role of tyrosinase have been elucidated
[1. To study the effect of DNM on
melanogenesis, we investigated the effect of
DNM on intracellular tyrosinase activity in B16
cells. Surprisingly, DNM affected neither the
enzyme activity (Figure 3A) nor the intracellular
tyrosinase protein level (Figure 3B and 3C). Most
melanogenesis inhibitors discovered thus far
inhibit melanogenesis through down-regulation of
intracellular tyrosinase activity [2]. However, our
results suggest that DNM exhibited anti-
melanogenesis activity probably via a different
mechanism.
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Antioxidants can interfere with oxidation
processes by acting as free radical scavengers
or ROS scavengers, and then down-regulate
melanin production [12, 16-17]. For instance,
vitamin C or vitamin E can reduce the
photooxidation of preexisting melanin particles
[18]. These vitamins with antioxidant activities
are commonly applied in skin-lightening cosmetic
formulations.  Therefore, to explore the
mechanism of the antimelanogenesis activity of
DNM in B16 cells, the antioxidant capacity of
DNM was investigated. The result of (DPPH and
ABTS" scavenging activities) revealed that DNM
possesses potent antioxidant activity. DNM also
significantly reduced intracellular ROS in B16
cells treated for 2 h and 24 h. Moreover, although
vitamin C and Trolox have higher free radical
scavenging activity than DNM in cell-free
systems, DNM exhibited much higher
intracellular ROS scavenging activity than the
two vitamins. The results of the antioxidant
experiments imply that DNM exhibits potent
antimelanogenesis activity in B16 cells possibly
through antioxidant activity.

Zebrafish is a well-known vertebrate model
system in many research fields and has been
established as a new in vivo model for evaluating
the antimelanogenic activity of melanogenic
regulatory compounds [14]. This animal model
system has several advantages, including easy
maintenance and handling of the animals and
high efficiency of drug penetration through the
skin. For these reasons, the zebrafish model was
used as an in vivo system to evaluate the
inhibition of melanogenesis by DNM. Our results
showed that DNM significantly and dose-
dependently reduced the skin melanin content in
the developed larvae.

CONCLUSION

The methanol fraction of D. nipponica ethanol
extract inhibits melanogenesis in vitro in B16
melanoma cells as well as in vivo in zebrafish.
Furthermore, the extract exhibits potent inhibition
on melanogenesis that is not due to down-
regulation of intracellular tyrosinase activity, but
probably as a result of its antioxidant activity in
the cells. Based on the results of the study, the
apparent antioxidant capacity of the extract from
D. nipponica may find applications in cosmetic
formulations of skin care products to prevent skin
hyper-pigmentation. However, clinical studies
need to be carried out for human applications.
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