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bstract

Because tyrosinase catalyzes melanin synthesis, tyrosinase inhibitors are important in cosmetic skin-whitening. Oxidative stress contributes
o skin aging and can adversely affect skin health, which means antioxidants active in skin cells may support skin health. We examined 25
raditional Chinese herbal medicines that might be useful for skin-whitening and skin health. Extracts (100 �g/mL) were tested for cytotoxicity
n human epidermal melanocytes (HEMn); 12 exhibited low cytotoxicity. Their effects on tyrosinase and melanin inhibitory activities and free
adical scavenging activities were further assessed. Phenolic contents were evaluated using Folin–Ciocalteu reagent. Four herbs, Pharbitis nil,
ophora japonica, Spatholobus suberectus, and Morus alba, exhibited potent inhibitory effects on tyrosinase (IC50 values 24.9, 95.6, 83.9, and
8.3 �g/mL, respectively). Melanin inhibition was not dose-dependent. Sophora japonica (IC50: 14.46 �g/mL, 1,1-diphenyl-2-picrylhydrazyl
DPPH); 1.95 �g/mL, hydroxyl radical) and Spatholobus suberectus (IC50: 10.51 �g/mL, DPPH; 4.36 �g/mL, hydroxyl radical) showed good
ntioxidative activities and high phenolic contents (255 and 189 mg of gallic acid/g extract, respectively). Among active anti-tyrosinase extracts,
ophora japonica and Spatholobus suberectus were especially potent in HEMn cells in terms of free radical scavenging effects and high phenolic
ontents, making them the strongest candidates for cosmetic application found in the current study.

2006 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Melanin is the major pigment for color of human skin. It
s secreted by melanocyte cells in the basal layer of the epi-
ermis (Hearing, 2005). Melanin may be overproduced with
hronic sun exposure, melasma, or other hyperpigmentation
iseases (Briganti et al., 2003). Therefore, a number of depig-
enting agents have been developed for cases of undesirable

kin discoloration. Tyrosinase, a copper-containing monooxy-
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genase, is a key enzyme that catalyzes melanin synthesis in
melanocytes (Sturm et al., 2001). It catalyzes two major reac-
tions, including hydroxylation of tyrosine and oxidation of the
o-diphenol product, l-dopa. Dopa oxidation produces a highly
reactive intermediate that is further oxidized to form melanin by
a free radical-coupling pathway. If free radicals are inappropri-
ately processed in melanin synthesis, hydrogen peroxide (H2O2)
is generated, leading to production of hydroxyl radicals (HO•−)
and other reactive oxygen species (ROS) (Perluigi et al., 2003).
Melanin biosynthesis can be inhibited by avoiding ultraviolet
(UV) exposure, by inhibition of melanocyte metabolism and
proliferation (Seiberg et al., 2000), by inhibition of tyrosinase,
or by removal of melanin by corneal ablation. Apart from avoid-
ing UV exposure, application of tyrosinase inhibitors may be the
least invasive procedure for maintaining skin whiteness; such

378-8741/$ – see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2006.01.010
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agents are increasingly used in cosmetic products (Kadekaro et
al., 2003).

Oxidative stress may be induced by increasing generation
of ROS and other free radicals. UV radiation can induce for-
mation of ROS in skin such as singlet oxygen and super-
oxide anion, promoting biological damage in exposed tis-
sues via iron-catalyzed oxidative reactions (Yasui and Sakurai,
2003). These ROS enhance melanin biosynthesis, damage
DNA, and may induce proliferation of melanocytes. A pre-
vious study (Yamakoshi et al., 2003) also found evidence
for a role of oxidative stress in pathogenesis of skin dis-
orders. It is known that ROS scavengers or inhibitors such
as antioxidants may reduce hyperpigmentation (Ma et al.,
2001).

Traditional herbal medicines provide an interesting, largely
unexplored source for development of potential new drugs.
The potential use of traditional herbal medicines for develop-
ment of new skin-care cosmetics has been emphasized recently
(Kiken and Cohen, 2002). It is of great interest to know whether
preparations used cosmetically in folk medicine have activities
that might be useful in modern formulations. In the present
study, the anti-tyrosinase effects of 95% ethanol extracts of
some traditional Chinese herbal medicines used for skin-care in
ancient books were evaluated in cultures of human melanocytes.
Their antioxidant abilities and phenolic contents were also
tested.
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2.4. Cell culture

Primary cultures of normal human epidermal melanocytes
(HEMn, Cat. C-102-5C, Cascade Biologics, Inc., Portland, OR)
derived from neonatal foreskin were purchased from Cascade
Biologics Company. They were grown in Medium 254 (Cat.
M-254-500, Cascade Biologics) supplemented with Human
Melanocyte Growth Supplement (HMGS, Cat. S-002-5, Cas-
cade Biologics).

2.5. Assay of cell viability

Cell viability was determined using the MTT method. For
experiments, cells were plated in 24-well plates at 1 × 105

cells/well. After 24 h, the test sample was added to each well
and incubated for 24 h. Cell survival was determined in a
colorimetric assay using mitochondrial dehydrogenase activity
in active mitochondria to form purple formazan. Cell viabil-
ity was calculated as follows: cell viability (%) = (absorbance
of the sample tested/absorbance of the medium only)
× 100.

2.6. Assay of cellular tyrosinase activity

Tyrosinase activity was measured as described previously,
. Materials and methods

.1. Reagents

Triton X-100, l-3,4-dihydroxyphenylalanine (l-DOPA),
odium hydroxide (NaOH), luminol, melanin, 1,1-diphenyl-
-picrylhydrazyl (DPPH), 3-(4,5-dimethyl-thiazol-2-yl)-2,5-
iphenyl tetrazolium bromide (MTT), ethylenediaminete-
raacetic acid (EDTA), and Folin–Ciocalteu reagent were pur-
hased from Sigma (St. Louis, MO). Other chemicals were of
he highest grade commercially available.

.2. Materials

Chinese herbal medicines were purchased from Taipei local
edicinal markets in 2004, and identity was confirmed by Prof.
hang, H.C. at Bureau of Food and Drug Analysis, Depart-
ent of Health, Taiwan. The specimens were deposited in the
raduate Institute of Pharmacognosy, Taipei Medical Univer-

ity, Taipei, Taiwan.

.3. Preparation of extracts

Dried traditional Chinese herbal medicines were pulverized
n a grinder and extracted with 10-fold 95% ethanol solution at
oom temperature for 3 days and then filtered. The procedure
as repeated two times. The filtrates were combined and were

oncentrated under reduced pressure, freeze-dried, and stored in
closed container until use.
with slight modification (Jones et al., 2002). Briefly, normal
human melanocyte cells were cultured in 24-well plates. After
being treated with an individual herbal preparation for 24 h,
cells were washed with potassium phosphate buffered saline
(PBS) and lysed with PBS (pH 6.8) containing 1% Triton X-
100. Then, cells were disrupted by freezing and thawing, and
lysates were clarified by centrifugation at 10,000 × g for 10 min.
Protein content was determined using a Bio-Rad protein assay
kit (Bio-Rad, Hercules, CA, U.S.A.) after quantifying protein
levels and adjusting concentrations with lysis buffer until each
lysate contained the same amount of protein (40 �g). Each well
of a 96-well plate contained 40 �g protein, 2.5 mM l-DOPA,
and 0.1 M PBS (pH 6.8). After incubation at 37 ◦C for 1 h,
absorbance (as optical density, OD) was measured at 450 nm
using an ELISA (enzyme-linked immunosorbent assay) reader.
Tyrosinase inhibitory activity was calculated with the following
formula:

Tyrosinase inhibition (%) =
[

1 − OD450 of sample

OD450 of control

]
× 100

2.7. Measurement of melanin content in melanocytes

Melanin contents were measured as described previously,
with slight modification (Jones et al., 2002). Cells were
treated with tested individual preparations for 24 h. Cell pel-
lets were dissolved in 1N NaOH at 37 ◦C overnight and cen-
trifuged for 10 min at 10,000 × g. The optical density (OD)
of each supernatant was measured at 450 nm using an ELISA
reader.
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2.8. Assay for 1,1-Diphenyl-2-picrylhydrazyl (DPPH)
scavenging activity in vitro

Each individual test preparation underwent reaction with
160 �M DPPH in methanol solution. After incubating for 20 min
at room temperature in the dark, absorbance was read at 517 nm
as previously described (Hou et al., 2003).

2.9. Assay for hydroxyl radical scavenging activity in vitro

The hydroxyl radical was generated by the Fenton reac-
tion using the luminescence method as modified by Cheng
et al. (2003). The reaction mixture contained 40 �M luminol,
4.17 mM phosphate buffer (pH 7.5), 4.6 �M iron(III)–2.3 �M
EDTA, test preparation, and 96 mM H2O2. The chemilumines-
cent reaction proceeded in KH2PO4–NaOH-buffered solution
(pH 7.5) at room temperature. Initiation of reaction was achieved
by adding Fe(III)–EDTA and then H2O2 into the mixture. Lumi-
nescence intensity was monitored in the wavelength range of
200–900 nm.

2.10. Determination of total phenolic content

Total phenolic content of each extract was determined by
a modified Folin–Ciocalteu method (Yeh and Yen, 2005).
The sample solution (50 �L) was mixed with an equal vol-
ume of 1N Folin–Ciocalteu reagent–20% sodium carbonate
(Na2CO3). After a 25-min incubation period at room temper-
ature, the reaction mixture was centrifuged at 5000 rpm for
10 min. The supernatant was measured at 730 nm using a spec-
trophotometer. Total phenolic content was expressed as gallic
acid equivalents (GAE) in milligrams per gram (mg/g) dry plant
extract.

2.11. Statistical analysis

Data are presented as the mean ± standard deviation (S.D.)
of each triplicate test. Differences between groups were tested
for significance by means of the non-parametric Mann–Whitney
U-test. A P-value < 0.5 was considered to be statistically
significant.

Table 1
Selected traditional Chinese herbal medicines used on the skin, and their recommended uses

No. Family Scientific name Used part Traditional uses (Yen, 1992) Voucher specimen Yield (%)

1 Aristolochiaceae Asarum heterotropoides Fr. Schumidt
var. mandshuricum (Maxim.) Kitag.

Entire plant Wind-cold-effusing agent M128 5.3

e plan
e plan
e plan

of co
eal

1

1 and r
1 er
1
1 me
1
1 es
1

1 bark

1

2

2
2

2

2
2

2 Boraginaceae Lithospermum erythrorhizon Sieb. Et
Zucc.

Root

3 Convolvulaceae Pharbitis nil (L.) Choisy Seed

4 Cucurbitaceae Trichosanthes kirillowii Maxim. Root

5 Gentianaceae Gentiana macrophylla Pall. Root
6 Labiatae Elsholtzia ciliate (Thunb.) Hyland Entir
7 Labiatae Leonurus heterophyllus Sweet Entir
8 Labiatae Agastache rugosa (Fisch. et Mey) O.

Ktze.
Entir

9 Labiatae Prunella vulgaris L. Spike
self-h

0 Leguminosae Astragalus membranaceus (Fisch.)
Bunge

Root

1 Leguminosae Glycyrrhiza uralensis Fisch. Root
2 Leguminosae Sophora japonica L. Flow
3 Leguminosae Spatholobus suberectus Dunn. Stem
4 Liliaceae Polygonatum odoratum (Mill.) Druce Rhizo
5 Moraceae Cannabis sativa L. Seed
6 Moraceae Morus alba L. Leav
7 Phytolaccaceae Phytolaacca acinosa Roxb. Root

8 Ranunculaceae Paeonia suffruticosa Andr. Root-
9 Rosaceae Crataegus pinnatifida Bge. var. major N.
E. Br.

Fruit

0 Rosaceae Prunus persica (L.) Batsch Seed

1 Rutaceae Citrus reticulata Blanco Pericarp
2 Rutaceae Dictamnus dasycarpus Turcz. Root-bark

3 Saururaceae Houttuynia cordata Thunb. Entire plan

4 Vitaceae Ampelopsis japonica (Thunb.) Makino Root
5 Zingiberaceae Amornurn villosurn Lour. Fruit
Heat-clearing and
blood-cooling agent

M103 3.7

Potent precipitating and
water-expelling agent

M94 6.4

Heat-clearing and
fire-draining agent

M154 2.1

Wind-damp-dispelling agent M91 17.7
t Exterior-resolving agent M101 2.5
t Blood-rectifying agent M126 4.5
t Abducting dispersion agent M129 3.8

mmon Heat-clearing and
fire-draining agent

M97 2.3

Qi-boosting agent M25 17.1

hizome Qi-supplementing agent M21 24.0
Blood-staunching agent M108 6.5
Blood-rectifying agent M99 6.2
Yin-supplementing agent M123 2.5
Moist precipitating agent M127 10.4
Wind-heat-effusing agent M100 5.9
Potent precipitating and
water-expelling agent

M106 3.5

Heat-clearing and M109 4.7

blood-cooling agent
Abducting dispersion agent M93 33.5

Blood-quickening and
stasis-dispelling agent

M124 10.1

Qi-rectifying agent M89 20.1
Heat-clearing and
toxin-resolving agent

M125 2.4

t Heat-clearing and
toxin-resolving agent

M92 9.2

Heat-clearing agent M102 4.7
Aromatic
dampness-transforming agent

M105 13.2
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3. Results and discussion

In previous papers, inhibition of tyrosinase by a variety
of compounds has been studied, with the result that several
inhibitors are now used as cosmetic additives or as medici-
nal products for hyperpigmentation (Rescigno et al., 2002; An
et al., 2005). Recently, natural substances such as green-plant
products have been in increased demand in the global mar-
ket for new agents for depigmenting, cosmeceutical, and skin-
lightening purposes (Aburjai and Natsheh, 2003). Traditional
Chinese herbal medicines have been used in clinical practice for
centuries; they are often used to maintain good health or used to
treat various diseases. In the present study, these materials were
selected based on compiled ethnobotanical data that revealed the
agents are usually used clinically as skin applications (Table 1).
Therefore, we evaluated their effects on tyrosinase and melanin
content in human skin melanocytes, HEMn, as well as their
antioxidant activities. The 25 selected traditional Chinese herbal
medicines were extracted with 95% ethanol, with extract yields
ranging from 2.1 to 33.5% (Table 2).

In the present study, we used human skin melanocytes as an
in vitro model because of the need to measure cytotoxic effects.
An MTT assay for cytotoxicity was employed before further
in vitro testing in skin melanocytes was done to test tyrosinase
inhibition and melanin content. Among the 25 tested extracts,
12 extracts, Lithospermum erythrorhizon (M103), Pharbitis
n
s

tus (M99), Polygonatum odoratum (M123), Cannabis sativa
(M127), Morus alba (M100), Phytolaacca acinosa (M106), Cit-
rus reticulata (M89), and Amornurn villosurn (M105), showed
relatively lower cytotoxicity, with cell viability above 80% with
a concentration of 100 �g/mL (Fig. 1). After low cytotoxicity
was identified as a first test of possible clinical usefulness, the
12 appropriate extracts were further examined for inhibition of
tyrosinase activity and melanin content.

Tyrosinase inhibitors are important constituents of cosmetics
and skin-lightening agents (An et al., 2005). We used l-DOPA as
the substrate to detect any tyrosinase inhibitory effect in HEMn
cells (protein content per well, 40 �g). Among extracts, Phar-
bitis nil (M94), Sophora japonica (M108), Spatholobus suberec-
tus (M99), and Morus alba (M100) showed potent tyrosinase
inhibitory effects. Their IC50 values were 24.9, 95.6, 83.9, and
78.3 �g/mL, respectively. In comparison, arbutin, a naturally
occurring cosmetic vehicle and whitening agent with tyrosinase
inhibitory activity (Nihei and Kubo, 2003; Roh et al., 2004), has
an IC50 value of 3.0 mM in HEMn cells (Table 3). Thus, our
tested extracts exhibited greater inhibitory activity than arbutin.

Melanin formation is the most important determinant of
mammalian skin color (Hearing, 2005). Melanin is synthesized
in a multi-step biochemical pathway that operates within a spe-
cialized intracellular organelle, the melanosome. In melanogen-
esis, the proximal pathway consists of the enzymatic oxidation
of tyrosine or l-DOPA to its corresponding o-dopaquinone cat-
a
p

T
T nst DP

N otal p

21.4
56.9
39.5
25.4

8.9
83.4
29.9
29.3
60.0

1 8.1
1 95.2
1 54.5
1 88.7
1 12.8
1 29.3
1 50.9
1 99.5
1 49.2
1 71.1
2 2.9
2 37.9
2 11.0
2
2
2

–

il (M94), Gentiana macrophylla (M91), Glycyrrhiza uralen-
is (M21), Sophora japonica (M108), Spatholobus suberec-

able 2
he extracted yields and IC50 values of selected Chinese herbal medicines agai

o. Scientific name Yield (%) T

1 Asarum heterotropoides var. mandshuricum 5.3
2 Lithospermum erythrorhizon 3.7 1
3 Pharbitis nil 6.4
4 Trichosanthes kirillowii 2.1
5 Gentiana macrophylla 17.7
6 Elsholtzia ciliate 2.5
7 Leonurus heterophyllus 4.5
8 Agastache rugosa 3.8
9 Prunella vulgaris 2.3
0 Astragalus membranaceus 17.1
1 Glycyrrhiza uralensis 24.0
2 Sophora japonica 6.5 2
3 Spatholobus suberectus 6.2 1
4 Polygonatum odoratum 2.5
5 Cannabis sativa 10.4
6 Morus alba 5.9
7 Phytolaacca acinosa 3.5
8 Paeonia suffruticosa 4.7 1
9 Crataegus pinnatifida var. major 33.5
0 Prunus persica 10.1
1 Citrus reticulata 20.1
2 Dictamnus dasycarpus 2.4

3 Houttuynia cordata 9.2 126.0
4 Ampelopsis japonica 4.7 19.3
5 Amornurn villosurn 13.2 88.0

: enhances the generation of radicals.
lyzed by tyrosinase. After multi-biosynthesis steps, further
olymerization yields melanin (Kim and Uyama, 2005). In

PH and OH free radicals

henolic (mg GA/g) IC50 (�g/ml)

DPPH radical
scavenging activity

Hydroxyl radical
scavenging activity

>100 <1.00
24.1 2.4

>100 45.9
>100 16.6
>100 61.1

48.7 1.5
>100 4.5
>100 4.6

24.8 1.5
>100 27.7

– 64.5
14.5 1.9
10.5 4.4

>100 –
>100 2.8
>100 2.3

56.0 5.6
15.4 1.6
81.6 5.8

>100 >100
>100 33.4
>100 >100
72.5 4.2
>100 22.4

78.8 1.1
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Fig. 1. Cell viabilities of human epidermal melanocytes (HEMn) treated with
the Chinese herbal medicines. Differences in data were evaluated for statisti-
cal significance (P-value <0.5) with the non-parametric Mann–Whitney U-test.
C: Control; 1: Asarum heterotropoides var. mandshuricum; 2: Lithospermum
erythrorhizon; 3: Pharbitis nil; 4: Trichosanthes kirillowii; 5: Gentiana macro-
phylla; 6: Elsholtzia ciliate; 7: Leonurus heterophyllus; 8: Agastache rugosa;
9: Prunella vulgaris; 10: Astragalus membranaceus; 11: Glycyrrhiza uralensis;
12: Sophora japonica; 13: Spatholobus suberectus; 14: Polygonatum odoratum;
15: Cannabis sativa; 16: Morus alba; 17: Phytolaacca acinosa; 18: Paeonia suf-
fruticosa; 19: Crataegus pinnatifida var. major; 20: Prunus persica; 21: Citrus
reticulata; 22: Dictamnus dasycarpus; 23: Houttuynia cordata; 24: Ampelopsis
japonica; 25: Amornurn villosurn.

the present study, normal human melanocytes were used for
determination of extract effects and cellular melanin content
(Table 3). The most active anti-tyrosinase extracts, Pharbitis
nil (M94), Sophora japonica (M108), Spatholobus suberectus
(M99), and Morus alba (M100), did not show dose-dependent
inhibition of melanin production (Table 3). The extracts of Phy-
tolaacca acinosa (M106) and Citrus reticulata (M89) showed
little tyrosinase inhibitory activity, and cellular melanin content
was actually enhanced. Thus, in the present study, inhibition of
melanin synthesis was not related to level of tyrosinase inhibi-
tion. This finding may due to the fact that melanin is synthesized
by a multi-step pathway. Apart from tyrosinase, synthesis is
also controlled by other enzymes such as 5,6-dihydroxyindole-
2-carboxylic acid oxidase (DHICA oxidase) and dopachrome
tautomerase (DCT) (Kobayashi et al., 1995; Kim and Uyama,
2005). The increase in melanin content after treatment with two
extracts may be due to effects on other steps of melanin biosyn-
thesis.

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 five extracts Lithosper-
mum erythrorhizon (M103), Prunella vulgaris (M97), Sophora
japonica (M108), Spatholobus suberectus (M99), and Paeonia
suffruticosa (M109) showed dose–response curves for DPPH
radical-scavenging activity. The IC50 values were calculated and
are presented in Table 2. The results imply that these active
e
a

e

Table 3
Inhibition of tyrosinase activity and melanin production in HEMn cells by the selecte

Voucher specimen Sample Concentration (

Arbutin 5 mM
2.5 mM
1 mM
0.5 mM

M103 Lithospermum erythrorhizon 100
M94 Pharbitis nil 100

80
40
10

M91 Gentiana macrophylla 100
M21 Glycyrrhiza uralensis 100
M108 Sophora japonica 100

80
60
40

M99 Spatholobus suberectus 100
80
60
40

M100 Morus alba 100
80
60
40

M106 Phytolaacca acinosa 100
M89 Citrus reticulata 100

–
: enhances of the activity.
xtracts may contain constituents with strong proton-donating
bilities (Sawai and Moon, 2000).

The hydroxyl radical is one of the most reactive radicals gen-
rated from biologic molecules and can damage living cells

d Chinese herbal medicines

�g/ml) Tyrosinase inhibition (%) Melanin inhibition (%)

67.1 ± 1.8 5.7 ± 0.1
43.5 ± 3.2 7.1 ± 2.0
36.0 ± 3.2 6.5 ± 1.2
29.8 ± 1.2 −1.7 ± 1.6
26.4 ± 0.3 6.5 ± 0.6
56.6 ± 0.2 25.7 ± 1.9
55.6 ± 0.6 16.8 ± 4.2
53.1 ± 0.1 24.2 ± 2.8
47.4 ± 4.8 23.8 ± 0.7
– –

19.6 ± 4.2 9.5 ± 6.8
54.4 ± 1.3 12.1 ± 0.1
38.2 ± 1.5 9.0 ± 5.2
24.9 ± 0.7 8.1 ± 5.1
14.8 ± 1.9 7.6 ± 7.5
57.2 ± 0.2 3.5 ± 3.7
49.6 ± 0.5 11.1 ± 5.3
38.5 ± 2.6 4.5 ± 3.6
22.9 ± 0.7 6.6 ± 2.8
70.3 ± 0.2 16.3 ± 4.8
49.6 ± 8.7 14.19 ± 5.9
35.4 ± 1.1 12.1 ± 5.1
14.3 ± 6.1 12.5 ± 3.0
2.2 ± 1.10 –
7.4 ± 3.23 –
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(Bergamini et al., 2004). Some plant extracts have the ability
to scavenge hydroxyl radicals and may protect cellular lipids
against free radical reactions (Reiter et al., 2001). The data in
Table 2 show that Asarum heterotropoides var. mandshuricum
(M128), Lithospermum erythrorhizon (M103), Elsholtzia cili-
ate (M101), Leonurus heterophyllus (M126), Agastache rugosa
(M129), Prunella vulgaris (M97), Sophora japonica (M108),
Spatholobus suberectus (M99), Cannabis sativa (M127), Morus
alba (M100), Paeonia suffruticosa (M109), Houttuynia cordata
(M92), and Amornurn villosurn (M105) can effectively inhibit
formation of •OH in a concentration-dependent manner. The
IC50 values were lower than 5 �g/mL (Table 2).

In current epidemiological studies, phenolics have been
found to be one of the most plentiful classes of constituents
in the plant kingdom, and they have been reported to have
multiple biological effects (Rao, 2003). Previous papers have
also noted that many phenolic compounds are in plants show-
ing tyrosinase inhibitory activity (Sugumaran, 2002; Boissy
and Manga, 2004; Victor et al., 2004). Therefore, we used the
Folin–Ciocalteu method to determine the total phenolic content
of the 25 extracts (Table 2). Total phenolic content was expressed
as gallic acid equivalents (GAEs) per gram of dried plant extract.
The results showed that, in general, the stronger the antioxidant
and tyrosinase inhibitory activities of these extracts, the higher
the phenolic content. Thus, phenolics present in the extracts may
play a major role in producing the results we obtained with the
p
m
i
(

n
t
p
c
c
f
h
h
2
t
r
i
t
a
t
m
o
m

s
(
i
2
a
e
m

alba (M100) has been reported to show in vitro mushroom
tyrosinase inhibition (Shin et al., 1998; Baurin et al., 2002) and
inhibitory effects on tyrosinase activity and melanin formation
in B-16 melanoma cells (Lee et al., 2003) and melan-a cells (Lee
et al., 2002). This herbal medicine has been used as a cosmetic
additive for skin-whitening.

4. Conclusion

In the present study, 25 selected Chinese herbal medicines
were investigated for potential effectiveness as skin-whitening
agents and in maintaining skin health. Extracts of four herbal
preparations were shown to be potent tyrosinase and melanin
synthesis inhibitors in human skin melanocyte cells. In addition
to extracts of Morus alba (M100), which are currently in use as
cosmetic additives, results of this study indicate that extracts of
Pharbitis nil (M94), Sophora japonica (M108), and Spatholobus
suberectus (M99) are likely to be useful for cosmetic applica-
tions and products. Their bio-guided isolated components may
prove to have considerable value as cosmetics additives in the
future.
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otent tyrosinase inhibitory activity, and the ability to reduce
ellular melanin content. They also possessed higher phenolic
ontent and good hydroxyl radical scavenging activities, except
or Pharbitis nil (M94). In previous papers, phenolic compounds
ave been reported to have tyrosinase inhibitory activity and
ave been studied as depigmenting agents (Boissy and Manga,
004). Additionally, antioxidants may prevent or delay pigmen-
ation by different mechanisms, such as by scavenging ROS and
eactive nitrogen species (RNS) (Seo et al., 2003), or by reduc-
ng o-quinones or other intermediates in melanin biosynthesis,
hus delaying oxidative polymerization (Karg et al., 1993). The
ntioxidant �-tocopherol is usually considered to inhibit oxida-
ive polymerization of phenylalanines such as DOPA during

elanin formation (Nilsson et al., 2003). Therefore, the potency
f substances used as whitening agents in skin-care products
ay due at least in part to phenolic components.
Although some papers have studied the effects and con-

tituents of traditional Chinese herbal medicines, Pharbitis nil
M94) (Szmidt-Jaworska et al., 2003, 2004), Sophora japon-
ca (M108) (Wu et al., 1997; Kim et al., 2003; Lao et al.,
005), Spatholobus suberectus (M99) (Lam et al., 2000; Li et
l., 2003; Yoon et al., 2004), and Morus alba (M100) (Fujimoto
t al., 2000), few papers have reported that these Chinese herbal
edicines exhibit tyrosinase inhibitory activity. Only Morus
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