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Abstract

These days there is a constant possibility of expo-
sure to UV radiation which can cause abnormal pro-
duction of melanin and result in skin disease such as
hyperpigmentation and melanoma. Many materials
were investigated for skin whitening and protection
against UV radiation. In this study, we assessed the
melanogenesis inhibitory activities of Korean Red
Ginseng (KRG, Ginseng Radix Rubra) and Ginkgo
(EGb 761 Ginkgo Biloba) in an attempt to develop a
new skin whitening agent derived from natural pro-
ducts. B16F10 melanoma cells were treated for 48 hr
with KRG and EGb 761. The inhibitory effect on me-
lanogenesis was measured and related cytokines
and proteins expression were also investigated by
RT-PCR and Western blotting. In addition, we also
assessed the effects of these substances on the skin
of C57BL/6 mice. Cell growth, melanin content and
tyrosinase activity were inhibited effectively in B16F10
melanoma cells treated with KRG and EGb 761.
Moreover, tyrosinase mRNA expression was inhibit-
ed clearly and melanogenesis related proteins (MRPs)

containing tyrosinase, TRP1 and TRP2 were also
reduced by KRG and EGb761, while cytokines such
as IL-1ββ and IL-6 were induced. In the case of UV
irradiated mice, we observed induction of cytokine
mRNA levels and reduction of MRPs mRNA expres-
sion. In addition, a decrease in pigmentation from
treatment with KRG and EGb 761 on the skin of mice
was observed. These results indicate that KRG and
EGb 761 inhibit melanogenesis in B16F10 cells and
have display protective activities against UVB. There-
fore, we suggest that KRG and EGb 761 are good
candidates to be used as whitening agents and UVB
protectors for the skin.
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These days there is a constant possibility of expo-
sure to UV radiation which can cause skin diseases
such as hyperpigmentation and melanoma. Hyperpig-
mentation increases the amount of melanin in epider-
mis. Melanin synthesis is regulated by melanogenic
enzymes such as tyrosinase, tyrosinase-related protein
1 (TRP-1), and tyrosinase-related protein 2 (TRP-2)1.
Tyrosinase is a bifunctional enzyme which plays an
essential role in the modulation of melanin produc-
tion. First, it catalyzes the hydroxylation of tyrosine
to DOPA, and second it catalyzes the oxidation of
DOPA to DOPAquinone2. Moreover, TRP-2, which
functions as DOPAchrome tautomerase, catalyzes the
rearrangement of DOPAchrome to 5,6-dihydroxyin-
dole-2-carboxylic acid (DHICA), and TRP1 oxidizes
DHICA to carboxylated indole-quinone3,4. Both of
these enzymes work at downstream points in the me-
lanin biosynthetic pathway. Accordingly, regulation
of tyrosinase may control melanin production and as
a result tyrosinase inhibitors have become increasing-
ly important in medicine and the cosmetic industry.
Several tyrosinase inhibitors have been reported from
natural and synthetic sources, and have been screened
for their effect as skin-lightening compounds.
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and Ginkgo extract (EGb761, Ginkgo Biloba) are
well-known products, and their biological activities
have been investigated extensively5-7. Furthermore, it
was reported recently that red ginseng treatment inhi-
bited B16 cell growth8 and EGb 761 has an important
effect both as a protective and therapeutic agent, in
sunburn after UVB irradiation9. Consequently, the
present study was undertaken to evaluate the melano-
genesis inhibitory activity of KRG and EGb 761 both
in B16F10 melanoma cells and on the skin of C57BL
/6 mice. In addition, we assessed their protective ef-
fects against UVB irradiation.

Effects of EGb 761 and KRG in B16F10
Melanoma Cells

B16F10 murine melanoma cells were treated with
predetermined concentrations of EGb 761 and/or KRG
(Figure 1). Subsequently, the effect of each substance

or mixture on cell proliferation was determined by
MTT assay. Each substance showed inhibitory effect
on cell proliferation, but in the case of mixture, cyto-
toxic effect was observed. Therefore, we selected the
concentration of each substance at the point where
each substance did not inhibit cell proliferation in
order to assess the effect of mixture. Therefore, each
substance could not inhibit cellular melanin content
effectively, while the mixture inhibited effectively
(Figure 2A). In order to induce melanin synthesis, we
added α-MSH, which resulted in the 2-fold increase
of cellular melanin content in control cell, and then
cellular content of melanin decreased as a result of
treatment with both test substances and also with the
combination treatment of EGb 761 and KRG (G/
KRG) (Figure 2B). Figure 3 shows that cellular tyro-
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Figure 1. Effect of EGb761 and KRG on the cell prolifer-
ation. B16F10 cells were seeded at 5×103 cells/well. After
24 hr, the cells were treated with various concentrations of
EGb761 and KRG for 48 hr. Cell proliferation was measured
by MTT assay as described in Materials and Methods. (A)
Each substance was treated with indicated concentrations.
(B) EGb761 (300µg/mL), KRG (300µg/mL), and G/KRG
(each 300µg/mL) were treated for 48 hr. In all experiments,
arbutin (100µg/mL) was used as positive control. Data is
presented as % of control and the values are presented as
mean±SE. of three independent experiments. 

Figure 2. Effect of EGb761 and KRG on melanin content.
B16F10 cells were treated with EGb761 (300µg/mL), KRG
(300µg/mL), and G/KRG (each 300µg/mL) for 72 hr. Data
is presented as % of control and the values are presented as
mean±SE. of three independent experiments.
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Figure 3. Effect of EGb761 and KRG on tyrosinase activity.
B16F10 cells were treated with EGb761 (300µg/mL), KRG
(300µg/mL), and G/KRG (each 300µg/mL) for 96 hr. Data
is presented as % of control and the values are presented as
mean±SE. of three independent experiments. 



sinase activity was increased by EGb 761 and KRG.
Furthermore, treatment with G/KRG significantly in-
hibited cellular tyrosinase activity. 

mRNA Level of Several Cytokines in B16F10
Melanoma Cells and in C57BL/6 Mice Skin

To define the effects of our substances on regulation
of endogeneous cytokines such as IL-1β, IL-6 and
TNF-α, we extracted total RNA from the B16F10
cells treated with EGb 761 or KRG and G/KRG for
48 hr. mRNA levels of each cytokines were then mea-
sured using semi quantitative RT-PCR method. In this
study, induction of IL-1β was observed, but we were
not able to detect IL-6 mRNA levels. IL-1β expres-
sion levels were lower than the untreated control, but
IL-1β was induced by treatment with KRG, and treat-
ment with G/KRG showed a synergic effect on the
induction of IL-1β (Figure 4).

We also attempted to define the effect of EGb 761
and KRG in vivo. To accomplish this we applied the
test substances to the skin of C57BL/6 mice for 5
days. EGb 761 and KRG were dissolved in a PEG
lotion at a concentration of 1% (w/v) and 200µL of
each lotion was applied to the shaved dorsal skin. IL-
1β and IL-6 was effectively induced by treatment
with EGb 761 and KRG, although we were unable to
detect TNF-α mRNA expression (Figure 5). Unlike
the in vitro experiments, both test substances display-
ed clear effects in the in vivo experiments. However,
we did not observe any advantage as a result of the
combination treatment (G/KRG).

mRNA Level of Melanogenic Enzymes 
in B16F10 Melanoma Cells and in C57BL/6
Mice Skin

It is well known that several specific proteins are
associated with melanogenesis. Melanogenic enzymes
containing tyrosinase, tyrosinase-related protein 1
(TRP-1) and tyrosinase-related protein 2 (TRP-2)
were examined10-12. We observed a reduction in mRNA
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Figure 4. mRNA level of several cytokines following treat-
ment with EGb761 and KRG in B16F10 melanoma cells.
B16F10 cells were treated with EGb761 (300µg/mL), KRG
(300µg/mL), and G/KRG (each 300µg/mL) for 48 hr. Total
RNA was extracted using TRIzol reagents as described in
Materials and Methods. Two or three micrograms of intact
total RNA was reversibly transcribed into first strand cDNA
and amplified using PCR. The products were analyzed on 1
% agarose gel electrophoresis. The data shown is from one of
the two independent experiments performed.
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Figure 6. mRNA level of melanogenic enzymes following
treatment with EGb761 and KRG in B16F10 melanoma cells.
B16F10 cells were treated with EGb761 (300µg/mL), KRG
(300µg/mL), and G/KRG (each 300µg/mL) for 48 hr. Total
RNA was extracted using TRIzol reagents as described in
Materials and Methods. Two or three micrograms of intact
total RNA was reversibly transcribed into first strand cDNA
and amplified using PCR. The products were analyzed on 1
% agarose gel electrophoresis. The data shown is from one of
the two independent experiments performed.

Figure 5. mRNA level of several cytokines following treat-
ment with EGb761 and KRG or UVB on C57BL6 mice skin.
The dorsal skin of C57BL/6 mice was shaved one day prior
to UVB irradiation. EGb761 and KRG were dissolved in a
PEG lotion at a concentration of 1% (w/v) and each lotion
was applied to the shaved dorsal skin for 5 days. The skin
was then exposed to 1MED UVB radiation for 6 days. Total
RNA was extracted from the skin and RT-PCR was perform-
ed. The products were analyzed on 1% agarose gel electro-
phoresis. The data shown is from one of the two independent
experiments performed.
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levels of tyrosinase, and TRP-2 mRNA was reduced
by treatment with G/KRG (Figure 6). mRNA expres-
sion of melanogenic enzymes such as tyrosinase, TRP
-1 and TRP-2 was also reduced significantly by the
test substances in vivo(Figure 7).

The dorsal skin of C57BL/6 mice was shaved one
day prior to UVB irradiation. EGb 761 and KRG
were dissolved in a PEG lotion at a concentration of
1% (w/v) and 200µL of each lotion was applied to the
skin for 5 days. The skin was then exposed to 1MED
UVB radiation and immediately treated with the PEG

lotion containing the test substances (1%) for 6 days.
Total RNA was extracted from the skin and RT-PCR
was performed. Inflammatory cytokines were induced
by irradiation with a high level. Consequently, we
were unable to observe changes in mRNA levels of
cytokines by the test substances (Figure 5). However,
tyrosinase and TRP-1 were slightly decreased by
treatment with EGb 761 and KRG (Figure 7). In addi-
tion, the degree to which pigmentation decreased from
treatment with EGb 761 and KRG was comparable to
the vehicle group, which was treated with PEG lotion
without substances, against UVB irradiation. The de-
gree to which pigmentation decreased was signifi-
cantly increased by treatment with EGb 761 and KRG
(Figure 8).

Discussion

Recently, many studies have focused on the me-
chanism associated with melanogenesis in an attempt
to develop new agents for skin-whitening. In this
regard, agents which are able to inhibit tyrosinase ac-
tivity and melanin production, such as arbutin, kojic
acid, vitamin C and their derivatives and placenta ex-
tract have been used8,13-16. This study focused on the
effects of Ginkgo (EGb 761) and Korean Red Gin-
seng (KRG) extracts on melanogenesis. 

These substances displayed superior results to that
of arbutin, which is normally used as a whitening
agent. According to these results, we suggest that
these substances and its mixture are good candidates
to be used as whitening agents from.

We also attempted to explain the mechanism by
which melanogenesis is suppressed by these sub-
stances. The epidermal melanin unit is dynamic and
highly responsive to endogeneous and exogeneous
stimuli containing multiple inflammatory mediators,
cytokines, and growth factors that may alter constitu-
tive melanocyte function. These inflammatory media-
tors and cytokines affect not only melanocyte pig-
ment production, but also proliferation. However, the
contribution of each to the eventual increase or decre-
ase in melanocyte numbers remains unclear17. These
cytokines are multifunctional cytokines which exhibit
different biologic effects on various different cell
types. In addition, they have an opposite effect to pig-
ment production, although these cytokines are releas-
ed during inflammation18,19. Nakajima S et al.10 also
reported that KRG is an effective inducer of IL-1β
and accelerates endothelial cell proliferation and pro-
motes physiological activities. TNF-α remained un-
changed following treatment with the test substances
(Figure 4), although it has been reported that TNF-α
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Figure 7. mRNA level of melanogenic enzymes following
treatment with EGb761 and KRG or UVB on C57BL6 mice
skin. The dorsal skin of C57BL/6 mice was shaved one day
prior to UVB irradiation. EGb761 and KRG were dissolved
in a PEG lotion at a concentration of 1% (w/v) and each lo-
tion was applied to the shaved dorsal skin for 5 days. The
shaved skin was then exposed to 1MED UVB radiation for 6
days. Total RNA was extracted from the skin and RT-PCR
was performed. The products were analyzed on 1% agarose
gel electrophoresis. The data shown is from one of the two
independent experiments performed. 
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Figure 8. Level of protection against pigmentation by treat-
ment with EGb 761 & KRG. The degree to which pigmenta-
tion decreased (∆L-value) before, and 12 days after daily
topical application of vehicle group, which was treated with
PEG lotion without substances, and compounds treated group
(1% EGb 761, KRG). The data are expressed as a mean ∆L-
value±SEM, t-test was used for the statistical analysis of the
data (P⁄0.05 vs. control).



inhibited melanogenesis in B16F10 melanoma cells20.
Therefore, the whitening effect of G/KRG may be
due to its ability to regulate mRNA of IL-1β and IL-
1β induction which is also related to the inhibition of
cell growth. This is consistent with a previous study
which reported that IL-1β has an inhibitory effect on
melanocyte functions such as pigmentation and cell
growth17-20.

Consequently, these results confirm that these sub-
stances are good candidates to be used as whitening
agents. Consistent with results from a previous study
in which arbutin did not affect the expression of these
proteins, the results of this study also showed that
mRNA levels of these proteins remained unchanged
by arbutin. Although arbutin did not affect mRNA
expression of melanogenic enzymes, the test substan-
ces were able to regulate mRNA levels effectively.
Therefore, these results suggest that these natural
substances help to regulate the endogeneous cytokine
and melanogenic enzymes expression at the transcrip-
tion level and then mediate melanogenesis inhibitory
activity. 

We were also interested in hyperpigmentation,
which abnormally increases the amount of melanin in
the skin by UV irradiation, and wondered whether the
regulatory activities of EGb 761 and KRG can medi-
ate protection against UVB irradiation. Therefore,
these substances were also effective in protecting
against hyperpigmentation caused by UVB irradia-
tion. 

In conclusion, these results clearly demonstrate that
these natural substances, EGb 761 and KRG, are po-
tent inhibitors of melnogenesis in B16F10 melanoma
cells and C57BL/6 mice skin. In addition, these sub-
stances may be useful for protection against UVB
irradiation. We suggest that EGb 761 and KRG could
be developed as ingredients of whitening or UV pro-
tective agents. 

Methods

Cell Cultures and Treatment 
The murine melanoma cells, B16F10 (provided by

the Korean Cell line Bank, Seoul, Korea) were incu-
bated in DMEM media supplemented with 10% fetal
bovine serum, 50µg/mL streptomycin, and 50µg/mL
of penicillin at 37�C in 5% CO2. The cells (1×105

cells/well) were seeded in 12-well or 6-well plates,
and treatment with test substances (EGb 761, Korean
red ginseng) began 24 hr after seeding. 

Animal Treatment
Female C57BL/6 mice were purchased from Sam-

tako Bio Korea Co., Ltd (Gyeonggi-do, Korea). The
animals were 8 weeks of age and were housed in
temperature-controlled (23±1�C), humidity-controll-
ed (55±5%) cages. There were four mice housed in
each cage. They were fed water and a commercial
diet (Sam31, SCF co., Ltd, Korea). 

Reagents
EGb 761 extract (Yuyu industrial co., Ltd, Seoul,

Korea), KRG extract (Cheong-Kwan-Jang, Korea
Ginseng Corp. Seoul, Korea) were purchased from
the companies mentioned above. For topical treat-
ment, EGb 761 extract and KRG extract were dissolv-
ed in a PEG lotion at a concentration of 1% (w/v) and
200µL of each lotion was applied to the shaved dor-
sal skin of the mice. The PEG lotion was prepared as
outlined by Lee SK et al.21. Topical treatment was
applied for 5 days pre-irradiation and immediately
after irradiation for 6 or 12 days.

MTT Assay
The cells (1×105 cells/well) were seeded in 12-well

plates, and then incubated in the supplemented DMEM
medium which also contained the test substances at
37�C in 5% CO2 for 2 days. Next, 100µL of the MTT
solution (5 mg/mL) was added to each well, and the
plates were then incubated for an additional 4 hr.
Following the incubation period the supernatants
(with MTT solution) were removed. The formazan
crystals were resolved in 1.0 mL 0.04 N HCl in iso-
propanol for 5 min at room temperature. Optical den-
sity was determined at 570 nm using an ELISA read-
er (Molecular Devices, Sunnyvale, CA, USA).
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Table 1. Oligonucleotide primers used in RT-PCR.

Oligo Primer sequence

IL-1β GCT ACC TGT GTC TTT CCC GTG G
TTG TCG TTG CTT GGT TCT CCT TG

IL-6 TGG AGT GAG AGA AGG AGT GGC TAA G
TCT GAC CAC AGT GAG GAA TGT CCA C

TNF-α GGC ACC TCT ACT TTA GAG TCA TTG C
ACA TTC GAG GCT CCA GTG AAT TCG G

Tyrosinase TTC AAA GG GTG GAT GAC CG
GAC ACC ATA GTA ATG CAT CC

TRP-1 GCT GCA GGA GCC TTC TTT CTC
AAG ACG CTG CAC TGC TGG TCT

TRP-2 GGA TGA CCG TGA GCA ATG GCC
CGG TTG TGA CCA ATG GGT GCC

β-actin AGG CTG TGC TGT CCC TGT ATG C
ACC CAA GAA GGA AGG CTG GAA A

GAPDH GTC ATT GAG AGC AAT GCC AG
GTG TTC CTA CCC CCA ATG TG



Measurement of Melanin Contents
Melanin content in the cultured B16F10 cells was

measured using a previously reported method22. Brief-
ly, the B16F10 cells (5×105 cells/well) were seeded
in 6-well plates and incubated in the supplemented
DMEM medium which also contained the test sub-
stances for 3 days. Cells were washed twice with
phosphate-buffered saline (PBS) and lysed with 1 N
NaOH for 30 min at 100�C. Relative melanin content
was determined by absorbance at 405 nm using an
ELISA reader.

Measurement of Tyrosinase Activity
Tyrosinase activity was measured as described pre-

viously23. The B16F10 cells (5×105 cells/well) were
seeded in 6-well plates and incubated in the sup-
plemented DMEM medium which also contained the
test substances for 3 days. The cells were washed
twice with PBS, and lysed with 1% Triton X-100/PBS
(pH 6.8). After freezing and thawing, the extracts and
30µL of 10 mM L-Dopa were incubated at 37�C for
1 hr or 3 hr. Absorbance was measured at 475 nm.
Mushroom tyrosinase was used the standard.

Semi-Quantitative Reverse Transcriptase-
Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted from the B16F10 cells
and treated with the test substances using TRI-zol
solution according to the manufacturer’s instructions.
RNA concentrations were determined spectrophoto-
metrically from absorbance at 260 nm. One microgram
of total RNA was reversibly transcribed into first
strand cDNA, which was then amplified using PCR.
The PCR primers were purchased or synthesized from
Bioneer Co. (Seoul, Korea). RT reactions were per-
formed at 42�C, for 1 hr and then PCR was performed
in same tube using RT-PCR pre-mix according to the
manufacturer’s manual. The oligo-nucleotide primers
used for PCR are shown in Table 1. The reaction was
cycled 25-30 times through 1 min at 95�C, 1 min at
55-60�C and 1 min at 72�C. The products were analyz-
ed by electrophoresis on 1% agarose gels and stained
with ethidium bromide. Each experiment was perform-
ed a minimum of three times. 

UVB Irradiation 
The UVB source was a bank of four T-15M lamps

(Vilber lourmat, Germany). The UVB irradiance was
measured using a VLX-3W radiometer (6501-54,
France). The dorsal skin of mice was shaved with
clipper one day prior to UVB irradiation. On the fol-
lowing day, the shaved skin was exposed to 1MED
UVB radiation for 6 or 12 days. The minimal erythe-
mal dose (MED) was determined by a statistically

significant increase in mid-dorsal skin fold thickness
at 24 hr post-irradiation, to be 1.4 KJ/m2 UVB under
our laboratory conditions.

UVB-Induced Pigmentation in C57BL/6 Mice
The mice were divided into six groups with each

group containing eight mice. The shaved skin was
exposed to 1MED (1.4 KJ/m2) UVB radiation for 12
days. The irradiated skin was treated immediately
after irradiation with lotion containing EGb 761 and
KRG. The degree of pigmentation was assessed as
the L-value measured from a chromameter (Spectron
Tech color measurement system).
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