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Abstract: We examined the depigmentation effect on Korean traditional citrus 17 species. With B16 melanoma cells,
we have seen inhibition of the tyrosinase and melanin formation, which eventually were dose dependently decreased
by three citrus fruits, immature Citrus unshiy, Citrus hassaku, and Citrus sinensis * reticulata as compared with
positive control. Also, we examined expression of tyrosinase, DOPAchrome tautomerase (TRP-2), and DHICA oxidase
(TRP-1) which affect melanin synthesis. Especially, immature Citrus unshiu decreased the protein levels of tyrosinase
and TRP-1. In conclusion, immature Citrus unshue showed the strongest activity in all the experiments mentioned
above and we expect that it can be used for preventing UV-induced pigmentation.
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1. Introduction

Melanin is a major pigment for color of human skin.
The melanin synthesis inhibitors have been of interest
as target molecules of natural product chemistry
because they are related to localized hyperpigmenta-
tion in humans such as lentigi, nevus, epheils, post-
inflammatory state and melanoma of pregnancy. Epi-
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dermal and dermal hyper-pigmentation can be de-
pendant on ethier an increased number of melanocytes
or activity of melanogenic enzymes[1].

Melanin biosynthesis is regulated by melanogenic en-
zymes such as tyrosinase, tyrosinase-related protein 1
(TRP-1), and tyrosinase-related protein 2 (TRP-2)[2l.
Tyrosinase is bifunctional enzyme that plays a pivotal
role in the modulation of melanin production first by
catalyzing the hydroxylation of tyrosine to 34-dihydro-
xyphenylalanine (DOPA) and second by catalyzing
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the oxidation of DOPA to DOPAquinonel[3]. TRP-2,
which functions as DOPAchrome tautomerase, cata-
lyzes the rearrangement of DOPAchrome to 56-
dihydroxyindole-2-carboxylic acid (DHICA), and TRP-1
oxidizes DHICA to a carboxylated indole-quinone
[4,5].

Melanin biosynthesis can be inhibited by avoiding
ultraviolet (UV) exposure, by inhibition of melano-
cyte metabolism and proliferation, by inhibition of
tyrosinase, or by removal of melanin by corneal
ablation. Apart from avoiding UV exposure, ap-
plication of tyrosinase inhibitors may be the least
invasive procedure for maintaining skin whiteness;
such agents are increasingly used in cosmetic prod—-
ucts(6,7].

Oxidative stress may be induced by increasing
generation of ROS and other free radicals. UV radiation
can induce formation of ROS in skin such as singlet
oxygen and superoxide anion, promoting biological
damage in exposed tissues via iron-catalyzed oxidative
reactions{8]. These ROS enhance melanin biosynthesis,
DNA damage, and may induce proliferation of melano—
cytes. A previous study also found evidence for a role
of oxidative stress in pathogenesis of skin disorders[9].
It is known that ROS scavengers or inhibitors such as
antioxidant may reduce hyper—pigmentation[10].

Citrus fruits are a dietary source of abundant an-—
tioxidant and have been used in traditional medicine in
Korea, Japan and China. Many of the chemical con-
tained in citrus fruits have been reported to possess
biological activities. In particular, the citrus fruit peel
has been shown to be more efficient than corre-
sponding juice-containing portions at eliminating free
radical species[11]. This study is continuation of our
efforts to evaluate natural products for possible radical
scavenging activity that could be used in pharma-
ceutical and cosmetic formulation (mainly whitening).

2. Materials and methods

2.1. Reagents

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, sodium
nitroprusside (SNP), xanthine, xanthine oxidase (XO)
grade I from buttermilk (EC 1.1.3.22), phenazine metho-
sulfate (PMS), nicotinamide adenine dinucleotide (NADH)
and nitroblue tetrazolium chloride (NBT), 3-[4,5-dime-
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thylthiazol-2-v1]-2,5-diphenyl tetrazolium bromide (MTT),
trypsin-EDTA, synthetic melanin, melanocyte stimulat-
ing hormone (MSH), theophylline, sodium phosphate,
pyrocatechol, Triton X-100, sodium hydroxide were
purchased from Sigma-Aldrich (USA). Fetal bovine
serum (FBS), penicillin-streptomycin was purchased from
Gibco BRL Div. of Invitrogen (USA) and Dulbecco’s
modified Eagle’s medium (DMEM), BCA protein assay
reagent kit were purchased from Cambrex Bioscience
Walkersville (USA), Pierce Biotech (USA) respectively.

All organic solvents were used of analytical grade
and purchased from Fisher scientific (Loughborough,
Leics, UK)

2.2. Plant Materials and Preparation Extracts

The various citrus fruits were collected from the Jeju
High-Tech Industry Development Institute of Jeju-
island (South Korea). The dry powdered pees of fruits
were pulverized in a grinder and extracted with 70 %
ethanol solution at room temperature for 3 days and
then filtered. The procedure was repeated two times.
The filtrates were combined and were concentrated
under reduced pressure, freeze-dried, and stored in a
closed container until use.

2.3. Assay of Cellular Tyrosinase Activity

B16 melanoma cells were cultured for 3 days with
various concentrations of citrus fruits extract. The cells
(about 15 % 10° cells/well) were collected by cen-
trifugation and washed with ice-cold PBS, resuspended
in 1 mL of homogenization buffer (50 mM sodium
phosphate, pH 6.8, 1 % Triton X-100, 2 mM PMSF)
and homogenized by ultrasonication. The cell lysate
was centrifuged at 15000 X g for 30 min at 4 C and
resulting supernatants were used for tyrosinase assay
and protein determination. Tyrosinase activity was
measured as follows. The reaction mixture contained 50
mM sodium phosphate (pH 6.8), 0.3 mL of 1.5 mM
tyrosine, 30 pL of 0.06 mM DOPA and 0.3 mL of cell
lysate. The reaction mixtures were incubated at 37 T
for 30 min and absorbances were measured at 475
and 490 nm using an ELISA (Benchmark, BIO-RAD,
Japan) reader.

Inhibition rate of tyrosinase activity (%)

= {{A-B) / A} X 10
A : mean OD. value of negative control
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B : mean O.D. value of sample

2.4. Measurement of Melanin Content in Me-
lanocytes

We replaced the medium with new DMEM medium
containing citrus extracts of various concentration.
After 5 days, we washed the cells with phosphate
buffer saline (PBS) and collected the cells by tryp-
sinization and centrifugation. We separated melanin
from the pellet of the cells using 5 % trichloroacetic
acid and dissolved the melanin in 1 N NaOH solution.
We determined the melanin contents with an ab-
sorbance at 475 and 490 nm. The optical density (O.D.)
of each supermnatant was measured at 475 and 490 nm
using an ELISA reader. A standard curve for melanin
determination was prepared using synthetic melanin.
The cell number was determined with the counter. Our
citrus fruit extracts have an inhibitory effect on me-
lanogenesis.

Inhibition rate of melanin formation (%)

= {(A-B) / A} x 100
A mean O.D. value of negative control
B : mean O.D. value of sample

2.5. Western Blot Analysis

The protein was extracted using cold RIPA buffer
(25 mM TrissHCL, pH 75 150 mM NaCl, 1 mM
EDTA, 1 % NP40, 5 mM NaF, 01 mM PMSF, pro-
teinase inhibitor cortail) by separating melan a cell
from test phase and control phase. And separated
protein from 10 % SDS-PAGE and transferred to
nitrocellulose membrane and the primary antibody was
diluted in 1,000 fold and conjugated in 3 % BSA
reagent (1 X TBS; 0.05 % Tweens, 20 mM Tris-HCI,
150 mM NaCl, pH 7.5) overnight. The treatment of
second antibody which HRP is conjugated was diluted
in 5 % milk reagent in 2,000 fold for 1 h at a room
temperature. And the membrane was cleansed using
No. 3 TBS reagent and the band was traced using
ECL kit. On the moment, the x-ray film was contacted
to membrane for 1 to 3 min and developed in the
automatic film development device. For the primary
antibody, anti-tryrosinase and TRP-1, 2 were used
and for band detection, ECL detection kit was used
(Amersham, UK).
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2.6. Scavenging Effects on DPPH Radicals

DPPH radical-scavenging assay was carried out the
following procedure. The reaction mixture containing
various concentrations of the test samples and DPPH
methanolic solution (0.2 mM) was incubated at room
temperature for 30 min and the absorbance was
measured at 517 nm. The scavenging activity was
expressed as a percent compared to control DPPH
solution (100 %). The trolox and L-ascorbic acid were
included in experiments as a positive control.

2.7. Scavenging Effects on Hydroxyl Radical

The hydroxyl radical was generated by the Fenton
reaction using the luminescence method as modified by
Cheng et al. The reaction mixture contained 40 mM
luminol, 417 mM phosphate buffer (pH 75), 46 mM
Fe(ll) 23 mM EDTA, test preparation, and 96 mM
H:0s. The chemiluminescent reaction proceeded in
KH:PO,~NaOH buffer solution (pH 7.5) at room tem-
perature. Initiation of reaction was achieved by adding
Fe(lll) EDTA and then HxO: into the mixture. Lumi-
nescence intensity was monitored in the wavelength
range of 200 ~ 900 nm.

2.8. Scavenging effects on Nitrite Oxide

The scavenging effects of citrus fruit extracts on NO
were measured according to the method of Marcocci et
al. A total of 4 mL of citrus fruit extract solution was
added in the test tubes to 1 mL of SNP solution (25
mM) and the tubes were incubated at 37 C for 150
min. An aliquot (05 mL) of the incubation solution
was removed and diluted with- 0.3 mL of Griess
reagent (1 % sulfanilamide in 5 % HiPO4 and 0.1 %
naphthylethylenediaminedihydro chloride (NEDD)). The
absorbance of the chromo phore that formed during
diazotization of the nitrite with sulfanilamide and
subsequent coupling with NEDD was immediately read
at 550 nm and referred to the absorbance of standard
solutions of sodiumn nitrite salt treated in the same
way with Griess reagent.

Scavenging effect (%6) = [1 — (nitrite concentration of

the sample with 5 mM SNP / nitrite concentration of
the control)] X 100.
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3. Results

Therefore, we evaluated their effects on tyrosinase
and melanin content in B16 melanoma cells, as well as
their antioxidant activities. The 17 selected citrus fruit
were extracted with 70 % ethanol. In the present
study, we used B16 melanoma cells as an in vitro
model because of the need to measure cytotoxic ef-
fects. An MTT assay for cytotoxicity was employed
before further in vitro testing in B16 melanoma cells
was done to test tyrosinase inhibition and melanin
content. Among the 17 tested extracts showed rela-
tively lower cytotoxicity, with cell viability above 80 %
with a concentration of 50 ug/mL.

3.1. Effect of Citrus Fruit Extracts on Tyro-
sinase Activity in B16 Melanoma Cells
Recently, natural substances have been in increased
demand in the global market for new agents for
depigmenting, cosmeceutical and skin-lightening pur-
poses. Tyrosinase inhibitors are important constituents
of cosmetics and skin-lightening agents. Among
extracts, Citrus hassaku (2053 96) and Citrus erythrosa
(2088 %) showed potent tyrosinase inhibitory effects.
In comparison, arbutin a naturally occurring cosmetic
vehicle and whitening agent. Thus, our tested extracts

exhibited greater inhibitory activity than arbutin.

3.2. Effect of Citrus Fruit Extracts on Melanin
Formation of B-16 Melanoma Cells

In melanogenesis, the proximal pathway consists of
the enzymatic oxidation of tyrosine or [-DOPA to its
corresponding 0o-DOPAquinone catalyzed by tyrosinase.
After multi-biosynthesis steps, further polymerization
yields melanin. In the present study, normal human
melanocytes were used for determination of extract
effects and cellular melanin content (Table 1). The
most active anti-tyrosinase extracts, immature Citrus
unshiu (3468 %), Citrus hassaku (33.28 %), and Citrus
sinensis X reticulata (3549 %) show mhibition of mel-
anin formation. Thus, our tested extracts exhibited
greater inhibitory activity than arbutin.
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Figure 1. Cell tyrosinase activity assay of Citrus sinensis
X reticulata extracts in B16/F10 melanoma cells.

3.3. Effect of Protein Expression Inhibition of
Tyrosinase, ERK 1/2, TRP-1, 2 and a«-MSH
Induced Pigmentation

To scrutinize furtherthe role of tyrosinase in BI6
cells treated with three citrus fruit extracts (13 ~ 50
ug/mL), the level of protein expression was determined.
To examine the action of three citrus fruits extract on
skin pigmentation, we investigated its effects in B16
cells stimulated with «-MSH which are the best char-
acterized biologically relevant agents inducing melani-
genesis. After 48 h incubaton with @ -MSH, tyrosinase
activity increased dose-dependently, respectively, com—
pared with controls.

As a result of conditioning 50 ug/mL of citrus fruit
ethanol extract, it did not show the whitening effect at
the level of albutin (Figure 2). Also, it was analyzed of
the expression of ERK 1/2, tyrosinase, TRP-1, 2 pro-
teins using western blot and as a result the tyrosinase
and TRP-1 protein showed reduced in the citrus fruit
extract-treated cells (Figure 3).

The cell tyrosinase activity was compared in Citrus
hassaku ethanol extract. As a result, it showed similar
effect as albutin conditioning concentration at ethanol
extract test phase (Figure 4). Also, the expression of
ERK 1/2, tyrosinase, TRP-1, 2 proteins were analyzed
using western blot. As a result, millet article in the
phase of tyrosinase and TRP-1 protein showed sig-
nificant reduction (Figure 5). As a result of comparing
cell tyrosinase activation in immature Citrus unshiu
ethanol extract, it showed similar effect with albutin
conditional concentration from the Citrus unshiu ethanol
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Table 1. Inhibition of Tyrosinase Activity and Melanin Formation in B16 Melanoma Cells by the Selected Citrus Fruit
Extracts

Samples Concentration Inl.'xibition rate of Inh.jbition ra.te of
(ug/mL) tyrosinase activity (%) melanin formation (%)

Arbutin 62.5 10.80 13.20

125 2820 28.00

250 40.20 35.20

500 48.00 53.20
Citrus natsudaidai Hay 50 - 481
(Citrus unshiu X Citrus sinensis) X Citrus reticulate 50 - 2.81
Citrus unshiu X Citrus sinensis 50 281 -
Citrus natsudaidai Hay 50 - -
Citrus sulcata Hort. Ex. Tan 50 - 9.62
Citrus grandis X Citrus tangerina 50 3.03 -
Citrus sinensis X Citrus reticulata 50 9.25 35.49
Immature Citrus unshiu 50 11.38 3468
Citrus unshiu 50 - 21.85
Citrus hassaku Hort. Ex Y. Tan 50 2053 3328
Citrus grandis Osbecle 50 - -
Citrus erythrosa Hort. et Tanaka 50 20.88 23.55
Citrus paltymanna Hort. et Tanaka 20 1701 24.21
Citrus grandis Osbeck 50 17.84 2370
Citrus leiocarpa Hort et Tanaka 50 19.99 13.30
Citrus pseudogulgat Hort, et Tanaka 50 14.25 3025
Citrus aurantium L. 50 - 26.09

- ! not available
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Figure 2. Immunoblot analysis of p~ERK, tyrosinase, Trp-
1, Trp-2 and -actin in the BI6/F10 melanoma cells after
a treatment with extract of Citrus sinensis X reticulata

for a dose-dependent. B16/F10 melanoma cells were cul-
tured for 72 h inducing melanogenesis with @ -MSH 50
nM. When it passed for 36 h, media were exchanged and
samples were retreated. 1. without MSH, 2: MSH 50 nM
addition, 3 ~ 11: MSH 50 nM and sample (ug/mL) addition
3: arbutin 13, 4: arbutin 25, 5 arbutin 50, 6: Citrus sin-
ensis X reticulata extract 13, 7. Citrus sinensis * reticulata
extract 25, 8 Citrus sinensis X reticulata extract 50.

extract (Figure 6). Also, the expression of ERK 1/2,
tyrosinase, TRP-1, 2 proteins were analyzed using
western blot. As a result, the expression of tyrosinase
and TRP-1 protein showed reduced in the immature
Citrus unshiu extract-treated cells (Figure 7).

3.4. DPPH Scavenging Activities of Citrus Fruit
Extracts

DPPH is a stable radical that is used in a popular
method for screening free radical-scavenging ability of
compounds or antioxidant activity of plant extracts.
The three extracts immature Citrus unshiu, Ctrus
hassaku, and Citrus sinensis X reticulata showed dose-
response curves for DPPH radical-scavenging activity.
The ICsy; values were calculated and are presented in
Table 2. The results imply that these active extracts
may contain constituents with strong proton—donating
abilities. '

J. Soc. Cosmet. Scientists Korea, Vol. 33, No. 2, 2007
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Table 2. Radical Scavenging Activity of Citrus Fruits

.27
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DPPH scavenging

Samples

Superoxide scavenging Nitric oxide scavenging

1Csy (ug/mL) ICs (ug/mL) 1Cs0 (ug/mL)
Immature Citrus unshiu 1322 £ 164 67.12 = 169 2148 * 230
Citrus hassaku Hort. Ex Y. Tan 1044 £ 158 1971 £ 349 > 1000
Citrus sinensis X Citrus reticulata 609.8 = 842 2414 £ 770 85 £ 500
Trolox 112 * 06 595 * 155 > 1000
Butylated hydroxy anisole 683 ¥ 00 - > 1000
Allopurinol 12 £ 08 -
Quercetin - 14 £09 > 1000

ICso was calculated from regression line using thirteen different concentrations in triplicate experiments

- not available

120

0475 nm
0490 nm

Cell tyrosinase activity (%)

0 |, |
MSH. MSH+ 13 25 50 13 25 50 (pg/ml)
MSH 50 nM + Arhutin EtCH

MSH 50 nM + C. Hassalm

Figure 3. Cell tyrosinase activity assay of Citrus hassaku
extracts fraction in B16/F10 melanoma. '

3.5. Superoxide Scavenging Activity of Citrus
Fruit Extracts

The hydroxyl radical is one of the most reactive
radicals generated from biologic molecules and can
damage living cells. Some plant extracts have the
ability to scavenge hydroxyl radicals and may protect
cellular lipids agairist free radical reactions. The data in
Table 2 show that immature Citrus unshiu, Citrus
hassaku, and Citrus sinensis X reticulata can effec—
tively inhibit formation of OH in a concentration-
dependent manner.

3.6. Nitric Oxide Scavenging Activity of Citrus
Fruit Extracts

It is well-known that NO has an important role in

the various types of physiological processes. In the

present study, the citrus fruit extracts were evaluated

for their scavenging effects on NO derived from SNP.
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Figure 4. Immunoblot analysis of p-ERK, tyrosinase,
Trp-1, Trp-2 and B-actin in the B16/F10 melanoma cells
after a treatment with extract of Citrus hassaku for a
dose—-dependent. B16/F10 melanoma cells were cultured for
72 h inducing melanogenesis with «-MSH 50 nM. When
it passed for 36 h, media were exchanged and samples
were retreated. 1: without MSH, 2: MSH 50 nM addition,
3~8 MSH 50 nM and sample (ug/mL) addition, 3' arbutin
13, 4: arbutin 25, 5: arbutin 50, 6: Citrus hassaku extract
13, 7: C-M1 Citrus hassaku extract 25, 8 Citrus hassaku
extract 50.

The compound SNP is known to decompose in agueous
solution at physiological pH, producing NO. Under
aerobic conditions, NO reacts with oxygen to produce
the stable products nitrate and nitrite, which can be
determined using Griess reagent. Data in Table 2 show
that the scavenging effects of citrus fruit extracts on
NO.

With all test findings taken together, we saw that
immature Citrus unshiu, Citrus hassaku, and Citrus
sinensis X reticulata exhibited low cytotoxicity, potent
tyrosinase inhibitory activity, and the ability to reduce
melanin content. They also good hydroxyl radical
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Figure 5. Cell tyrosinase activity assay of immature Citrus
unshiu extracts in B16/F10 melanoma.

scavenging activities. In previous papers, antioxidants
may prevent or delay pigmentation by different mech-
anisms such as by scavenging ROS and reactive
nitrogen species (RNS) or by reducing o-quinones or
other intermediates in melanin biosynthesis thus de-
laying oxidative polymerization[12,13].

4. Discussion

The purpose of the present study was to investigate
the inhibitory effects of citrus fruits on melanin for-
mation, which is closely related to pigmentation of the
skin.

Melanogenesis a major differentiated function of me-
lanocytes plays an important role in protecting skin
from sun-related injuries and is principally responsible
for skin color[14,15]. Tyrosinase plays a critical regu-
latory role in melanin biosynthesis and it is suggested
that tyrosinase activity is pivotal[16]. Thus numerous
studies have focused on characterizing the melanogenic
pathways that regulate tyrosinase activity in melano-
cytes[17].

However, the effects of Korean traditional citrus fruits
associated with various in vitro on tyrosinase activity

_are currently not being investigated. Especially, immature
Citrus unshiu is the first report of the antioxidant and
depigment agent. Our study demonstrated that melanin
formation and tyrosinase activity were cleary sup-
pressed by citrus fruits at dose-dependently.

ROS scavengers or inhibitors such as antioxidants
may reduce hyper—-pigmentation while ROS enhances

1 3absl g5 B3 AF 75

1 2 3 4 5 6 7 8
7,,5@..\! p-ERK

| Tyrosinase

Figure 6. Immunoblot analysis of p-ERK, tyrosinase,
Trp-1, Trp-2 and S -actin in the B16/F10 melanoma cells
after a treatment with extract of immature Citrus unshiu
for a dose-dependent. B16/F10 melanoma cells were cul-
tured for 72 h inducing melanogenesis with «-MSH 50
nM. When it passed for 36 h. media were exchanged and
samples were retreated. 1. without MSH, 2: MSH 50 nM
addition, 3 ~ 8& MSH 50 nM and sample (ug/mL) addition,
3 arbutin 13, 4: arbutin 25, 5 arbutin 50, 6! immature
Citrus unshiu extract 13, 7 immature Citrus unshiu ex-
tract 25, 8 immature Citrus unshiu extract 50.

melanin biosynthests, damage DNA and may induce
proliferation of melanocytes. UV radiation can increase
the melanization and proliferation of melanocytes and
induce the formation of ROS in the skin. Endogenously
produced NO has a remarkably diverse range of
biological function. From the previous research, the
effect of melanogenesis on skin due to NO from UV is
recently reported in many times[18]. In this study,
immature Citrus unshiu is expected to affect the me-
lanogenesis due to the excellent NO scavenging ac-
tivity along with other antioxidant effects.

A positive relationship between tyrosinase activity
and tyrosinase mRNA levels in murine melanoma cells
has been reported although no correlation between
them was observed in human melanocytes or in hu-
man/murine melanoma cells [19-21]. Using melanogenic
regulatory agents, 12-O-tetradecanoylphorbol-13-acetate
was shown to decrease melanogenesis and to down-—
regulate the abundance of tyrosinase mRNA, while
cyclic adenosine monophosphate was shown to increase
melanogenesis and to up-regulate tyrosinase mRNA
levels. Induction of melanogenesis in B16 cells was
characterized by the stimulation of tyrosinase activity
resulting from an increase in tyrosinase protein ex-
pression. In this study, we observed that tyrosinase
activity and depigment related protein (tyrosinase,
TRP-1, TRP-2, ERK 1/2) expression level are sig-

J. Soc. Cosmet. Scientists Korea, Vol. 33, No. 2, 2007
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nificantly suppressed by citrus fruits.

Our results clearly demonstrate that citrus fruits are
effective inhibitor of tyrosinase activity and depigment
related protein expression in melanoma cells, which
eventually slow melanin biosynthesis. These results in-
dicate that citrus fruits may be a useful inhibitor of
melanogenesis and suggest that it may have beneficial
effects in the treatment of hyperpigmentation disorders
such as ephelis and melasma.
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