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Plants extracts are good resources to find functional compounds for human health. The following eight plants
were collected and total phenolic contents were determined. Acer psedo-siebolianum showed the highest phe-
nolic contents, 16.4 mg/g, whereas Cercidiphyllum japonica showed the lowest contents, 1.9 mg/g. The DPPH
free radical scavenging capacities of the plant extracts showed high activity in following order : Acer ginnala
(21.3 ug/mL) > Cornus walteri (23.9 ug/mL) > Distylum racemosum (29.2 ug/mL) > Castanopsis cuspidata
var. Thunbergii (31.7 ug/mL) > Acer psedo-siebolianum (34.6 wg/mL) > Thuijopsis dolabrata cv. Aurea (53.1
wg/mL) > Cercidiphyllum Japonica (115.2 ug/mL). Also the mushroom tyrosinase inhibitory activities of total
extracts were determined at different concentration. D. racemosum extract showed highest (49.1% at 1,000
mg) in inhibitory activity than other seven extracts. The ethanol fraction (ICsy value: 118.1 ug/mL) from D.
racemosum showed more inhibitory activity than ethyl acetate fraction (ICsy value: 203 pg/mL). The ethanol
fraction on showed no significant cytotoxicity in B16/F1 cells line up to 60 pg/mL. Over 80 ug/mL of ethanol
fraction showed cytotoxicity in B16/F1 cells. The melanin contents of cells were significantly attenuated by

ethanol fraction in a dose-dependent manner. The ICs, value of ethanol fraction was 75.4 ug/mL.
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Introduction

Plant extracts have been traditionally used as medicines
for disease treatments, and widely used as topical applica-
tions for wound-healing and anti-aging. Examples of these
include ginkgo biloba, echinacea, ginseng, grape seed,
green tea, lemon, lavender, rosemary, sarsaparilla, soy, prickly
pear, sagebrush, jojoba, aloe vera, allantoin, feverwort,
bloodroot, apache plume, and papaya. With the above
reason, plant extracts were thought as good materials for
human health care [14, 22].

Reactive oxygen species (ROS) are produced during
several intracellular pathways, and they induce oxidative
stress. Accumulation of ROS can cause oxidative alteration
on cell constituents, and the alteration cause an irreversible
oxidative damage over lifetime of a cell [11]. Oxidative

*Corresponding author
Tel: 82-41-540-5979, Fax: 82-41-541-5979
E-mail: yongsub@hoseo.edu

stress is generally related to generation of several diseases
such as Alzheimer's diseases [18], Parkinson's disease [5],
rheumatoid arthritis [25], the pathologies caused by dia-
betes [7, 13], neurodegeneration in motor neurone disease
[9], and cardiovascular disease [6, 23]. Antioxidants were
used to represent the chemicals that prevented the con-
sumption of oxygen. For this reason, antioxidants become
necessary for the use as supplements to human health.
Although several strong synthetic antioxidants have already
been reported and used, the antioxidants from natural
sources are used as supplements to human health. A wide
range of natural compounds including phenolic compounds,
nitrogen compounds, and careteniods has good antioxida-
tive properties [22].

Melanin is the major pigment secreted by melanocyte
cells in basal layer of human skin, and overproduced by
chronic sun exposure, or other hyperpigmentation diseases
[4, 12]. Tyrosinase is a key enzyme that catalyzes melanin
synthesis in melanocyte cells. Melanin biosynthesis can be
inhibited by inhibition of melanocyte metabolism and



proliferation, by inhibition of tyrosinase.

A number of tyrosinase inhibitors have been identified
from both natural and synthetic sources and may be used
for the treatment of some skin disorders associated with
melanin hyperpigmentation. Also, they are important in
cosmetics for skin whitening effects [15]. Thus, there is a
need to identify the compounds that inhibit tyrosinase
activity.

Materials and Methods

Plant materials and extraction

Eight plants, Distylum racemosum, Thuijopsis dolabrata
cv. Aurea, Cercidiphyllum japonica, Acer psedo-siebolia-
num, Acer geiseum, Castanopsis cuspidata var. thunbergii,
Conus walteri, Acer ginnala were collected from various
places in Korea in September, 2008, and all identified
before extracted.

The dried plants were crushed with a pulverizer. The
plant materials were extracted two times with a 70%
ethanol at room temperature for 24 hours and centrifuged
to remove the debris. The extracts were evaporated to
dryness using a rotary evaporator (Eyela, Japan). The
extract powders were stored at -20°C until use.

Chemical and media

Folin-Ciocalteu reagent was purchased from Wako
chemical Co. (Japan), and catechin, 1,1-diphenyl-2-picryl-
hydrazyl, linoleic acid, muchroom tyrosinase, dihydroxy-
phenylalanine (L-DOPA), 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromide (MTT), trichloroacetic acid
(TCA), Dimethyl sulfoxide (DMSO) and all other chemical
were purchased from Sigma (WI, USA). Organic solvents
were purchased from J.T. baker (USA) at HPLC grade.
Dulbecco's Modified Eagle's Medium, fetal bovine serum,
DPBS, trypsin, FBS, penicillin, and streptomycin were
purchased from the Thermo Scientific Co. (USA).

Total polyphenolic content assay

Polyphenolic contents were determined using a protocol
similar to the method described by Folin-Denis method
[10]. The total extracts (1.0 mL) was quantitatively trans-
ferred to a glass tube with a mixture of 95% ethanol (1.0
mL), distilled water (5.0 mL), and 50% Folin-Ciocalteu
reagent (0.5 mL). The mixtures were allowed to react for 5
min and the ImL NaCO; was added. The mixture was
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thoroughly mixed and placed in the dark for 1 hour. Absor-
bance of each sample was measured by spectrophotometer
(Bio-Rad, USA) at 735 nm, and catechin was used as a
standard for the calibration of phenolic content.

Radical scavenging activity using 1,1-Diphenyl-2-Pi-
crylhydrazyl (DPPH)

The free radical scavenging activity of plant extracts was
measured by DPPH using the method of Blios [2]. The
plants extract (0.1 mL) were transferred to a glass tube with
a mixture of 95% ethanol (2.5 mL), and 0.2 mM DPPH
solutions (0.5 mL) and mixed throughly, and allowed at
room temperature in the dark, and in the absorbance was
measured at 517 nm after 15 min.

All experiments were performed in triplicate. Linoleic
acid was used as a standard. The ICs (inhibitory concen-
tration) is a concentration of plant extracts required to
scavenge 50% DPPH radical.

DPPH radical scavenging activity was calculated as
follows: Scavenging effect (%) = (A-B)/A x 100, where A
= absorbance at 517 nm without test sample, where B =
absorbance at 517 nm with test sample.

Tyrosinase inhibition assay

The procedure developed by Yagi ef al. [26] was adapted
for tyrosinase inhibition assay. The test substance was
dissolved in 60 mM sodium phosphate buffer (pH 6.8). The
reaction mixture was prepared by adding different concen-
tration of plants extract (0.5 mL) and was incubated at
25°C for 10 min. After incubation, mushroom tyrosinase
(0.2 mL, 110 U/mL) and 10 mM L-DOPA (0.5 mL) were
added. The reaction mixture was incubated for 2 min at
25°C. The amount of dopachrome formed was determined
by measuring absorbance at 475 nm. The percent of inhi-
bition of tyrosinase was calculated as follows: % inhibition
= (A-B)/A x 100, where A = absorbance at 475 nm without
test sample, where B = absorbance at 475 nm with test
sample. The ICs (inhibitory concentration) is a concentra-
tion of plant extracts required to inhibit 50% tyrosinase
activity.

Cell cuture and cell viability assay

The B16/F1 melanoma cells line was obtained from
Korean cell Line Bank (Seoul, Korea). Cells were cultured
in DMEM containing FBS (10%), penicillin (100 U/mL),
streptomycin (0.1 mg/mL) at 37°C in a humidified atmos-
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phere of 5% CO,. Cells were harvested after incubation for
24 hours.

Viability of cultured cells was determined by MTT
method [17]. Cells were added to each well in 96-well
plates, and cultured for 24 hours. After samples treatment,
MTT (5 mg/mL in PBS) was added 100 uL to each well.
Cells were incubated at 37°C for 30 min, and DMSO was
added to dissolve the formazan crystals. The absorbance
was measured at 560 nm with a spectrophotometer.

Melanin contents

The melanin content of the cultured B16/F1 cells was
measured as described previously [27]. The cells were
washed twice with PBS buffer, and lysed with 20 mM Tris-
0.1% Triton X-100 (pH 7.5). Cell lysates were precipitated
with the same amount of 20% TCA. After washing twice
with 10% TCA, the pellets were treated with a 3:1 mixture
of ethyl alcohol and diethyl ether. Samples were air-dried,
dissolved in ImL of 0.85 M KOH, and boiled for 15 min.
After cooling, absorbance was measured with a spectro-
photometer at 440 nm. The amount of cellular melanin was
corrected according to the protein content of the samples.
The protein content was determined by the method of
Bradford [3].

Results and Discussion

Determination of total polyphenolic content

The polyphenolic contents of eight extracts varied sig-
nificantly (Fig. 1). Acer psedo-siebolianum showed the
highest phenolic content, 16.4 mg/g, whereas Cercidiphyllum
Japonica showed the lowest content, 1.9 mg/g. The other
extracts were shown as follow : Acer ginnala (14.9 mg/g)
> Distylum racemosum (14.2 mg/g) > Acer geiseum (12.6
mg/g) > Conus walteri (10.3 mg/g) > Thuijopsis dolabrata
cv. Aurea (9.8 mg/g) > Castanopsis cuspidata var. thun-
bergii (8.7 mg/g).

Antioxidant activity of plant extracts

Antioxidant activity of the eight plant extracts was deter-
mined by DPPH free radical scavenging activity (Table 1).
DPPH is a free radical donor widely used to evaluate the
free radical scavenging effects of natural antioxidants [16].
The DPPH free radical scavenging capacities of the plant
extracts showed high activity in following order : Acer
ginnala (21.3 pug/mL) > Cornus walteri (23.9 pug/mL) >

16 ]
—l
a 14 4 = T
=
o 12 4
= T
© 10 4
C
2 4]
[=%
5 1
€
o 2
@)
0 T T T T T T T
DR TD CJ APS AGE CC Cw AGI

Fig. 1. Concentration of total polyphenolic compounds of eight
plant extracts. D.R : Distylum racemosum, T.D: Thuijopsis dola-
brata cv. Aurea, C.J: Cercidiphyllum japonica, A.P.S: Acer psedo-
siebolianum, A.GE: Acer geiseum, C.C: Castanopsis cuspidata
var. thunbergii, C.W: Conus walteri, A.Gl: Acer ginnala.

Table 1. Antioxidative activity of total extracts by DPPH assay.

Antioxidative activity
Plant extract

(ICso pg/mL)
Acer geiseum 38.5
Acer ginnala 213
Acer psedo-siebolianum 34.6
Castanopsis cuspidata var. thunbergii 31.7
Cercidiphyllum japonica 115.2
Cornus walteri 23.9
Distylum racemosum 29.2
Thuijopsis dolabrata cv. Aurea 53.1

Distylum racemosum (29.2 pg/mL) > Castanopsis cuspi-
data var. Thunbergii (31.7 ug/mL) > Acer psedo-siebolia-
num (34.6 ug/mL) > Thuijopsis dolabrata cv. Aurea (53.1
wg/mL) > Cercidiphyllum Japonica (115.2 ug/mL).

The antioxidant activity of phenolic compound depends
on properties of their molecular structure, such as the
availability of phenolic hydrogen and the possibility of
stable phenoxyl radical formation. In addition, it has been
reported that there is linear correlation between DPPH
radical scavenging activity and concentration of phenolic
compounds in various vegetable and fruits [20]. The above
report showed the same results that there was a nearly
linear correlation between DPPH radical scavenging
activity and concentration of phenolic compounds.

Inhibitory effect of mushroom tyrosinase by total
extracts

The mushroom tyrosinase inhibitory activities of total
extracts were determined using L-DOPA as a substrate



(Fig. 2). Total extracts were assayed at different concentra-
tion. The Distylum racemosum extract showed the highest
(49.1% at 1,000 mg) in tyrosinase inhibitory activity than
other plant extracts, whereas the Thuijopsis dolabrata cv.
Aurea extract showed the lowest activity.

Tyrosinase inhibitory and antioxidant activity of Dis-
tylum racemosum fractions

The tyrosinase inhibitory and antioxidant activity of
fractions were determined using L-DOPA and DPPH as
substrates (Table 2). The 1Csy concentration of fractions
was calculated after linear regression analysis. The ethanol
fraction (ICso value: 118.1 pug/mL) from D. racemosum
showed more inhibitory effect than ethyl acetate fraction
(ICsg value: 203 pug/mL) on tyrosinase inhibition. Also the
ethanol fraction (0.9 pg/mL) showed the highest DPPH
free redical scavenging capacities.
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Fig. 2. Tyrosinase inhibition activity of eight plant extracts. |
Distylum racemosum, @: Cercidiphyllum japonica, &3: Acer psedo-
siebolianum, W: Acer geiseum, . Castanopsis cuspidata var.
thunbergii, @: Cornus walteri, . Acer ginnala, (. Thuijopsis
dolabrata Cv. Aurea (not detection).

Table 2. DPPH radical scavenging activity and tyrosinase inhi-
bition of fractions of Distylum racemosum.

Antioxidative Tyrosinase
treatment activity inhibition activity
(ICso ug/mL) (ICso pg/mL)
Total extract 29.2 1010
Ethyl acetate fraction 2.6 203
Ethanol fraction 0.9 118

TYROSINASE INHIBITION OF EIGHT PLANT EXTRACTS 417

B16/F1 cells were treated with ethanol fraction to deter-
mine whether it has a cytotoxicity effect. The results showed
that ethanol fraction was not significant cytotoxicity to
B16/F1 cells up to 60 ug/mL. Over 80 pug/mL of ethanol
fraction showed cytotoxicity in B16/F1 cells (Fig. 3).

Effect of ethanol fraction on melanin content

Changes of the melanin contents in the B16/F1 cells
treated with ethanol fraction were evaluated for depigment-
ation activity. The melanin contents of cells were signifi-
cantly attenuated by ethanol fraction in a dose-dependent
manner (Fig. 4). The ICsy value of ethanol fraction was
75.4 ug/mL.
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Fig. 3. Effects of ethanol fraction on cell viability were deter-
mined by MTT assay. C: control.
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Fig. 4. Effect of ethanol fraction on melanin content in B16/F1

melanoma cells incubated with various concentration of etha-
nol fraction for 24 hours. C: control.
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All living organisms have self defence mechanism
against reactive oxygen species inside the cell. But
sometimes there are the disturbances in normal metabolic
process which disrupt the balances by increasing the
formation of free radicals. As the results, these free radicals
damage various components of the cell including protein,
lipids and DNA. In human, oxidative stress is related to
generation of several diseases such as Alzheimer's diseases
[19], the pathologies caused by diabetes [7, 13], and cardio-
vascular disease [23]. In addition to these, oxidative stress
is also related to aging [1, 8]. However, it is still the matter
of confusion whether the oxidants trigger the disease, or
they were produced as a consequence of the disease and
cause the disease [19]. Melanocytes contain a large number
of specific membranous organelles, the melanosomes
which hold the full capacity for biosynthesis and distribu-
tion of the melanins [24]. Although melanins play a crucial
role in the absorption of free radicals generated within the
cytoplasm and protecting the host from UV light, the over-
production and accumulation of melanin in skin could be a
serious problem resulting in a large number of skin
disorders such as melanoma, freckles, senile lentigines, and
sites of actinic damage [21]. In cosmetics industry, melanin
contents in human skin play a negative role due to reducing
skin whitening effects. As the results, there is a need to find
new compounds to reduce melanin contents in human skin,
and the use of the inhibitors is primary in the cosmetic
industry. In this study, we attempted to find new compo-
nents to reduce melanin synthesis in cells, and found some
possibility.
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