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Abstract
The whitening effects of the flavonoid constituents of Alpinia officinarum Hance were investigated on melanin biosynthesis in
B16 mouse melanoma cells, tyrosinase inhibition and UV absorption. The melanin content was reduced to 1.276mg /105cell
for flavonoid mixture and 1.161mg /105cell for galangin while the melanin control was 1.632mg /105cell. Both flavonoid
mixture and galangin reduced melanin production with an inhibition of 21.81% and 28.86% at a concentration of
26.5m g/mL and 29mg /mL (107.4mM), respectively. Tyrosinase inhibition by the flavonoid mixture and galangin were higher
at lower concentrations and galangin showed competitive inhibition at a concentration less than 21.23mg/mL which was
soluble. In addition, the flavonoid mixture and galangin showed a broad absorption band at 270 , 290 nm related to the
UV-B area. These observations suggest that galangin may be a whitening agent and a promising candidate for prevention of
skin cancer. This is the first full scale report on the evaluation of the whitening effect of galangin.
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Introduction

Recently, much attention has been drawn to the

application of natural products as whitening agent in

cosmetics. The main characteristic of whitening agent

is to influence melanin biosynthesis. Melanin biosyn-

thesis commences with two conversions catalyzed by

tyrosinase, the hydroxylation of L-tyrosine to 3,4-

dihydroxyphenyl-L-alanine (L-Dopa) followed by the

oxidation of L-Dopa to dopaquinone [1]; further

polymerization reactions yield melanin pigments [2].

Tyrosinase is the key enzyme in melanogenesis and

there are many factors related to tyrosinase activity and

melanin biosynthesis. For instance, ultraviolet radi-

ation (UV) not only acts directly to stimulate melanin

biosynthesis and the proliferation of melanocytes [3],

but also induces the tyrosinase level in melanocytes [4].

Many natural products in plant extracts have been

investigated for inhibition of melanin biosynthesis,

including some plant extracts and natural standards

such as licorice roots [5], grape-seed extracts [6], and

arbutin [7] which are used to inhibit melanogenesis as

cosmetic additives.

Alpinia officinarum Hance (AO), a traditional herbal

plant, has been used as an aromatic stomachic,

analgesic, and antiemetic in Asia [8]. AO contains

many types of flavonoids, such as galangin and 3-O-

methyl galangin (Figure 1). Galangin has been

identified as a potent tyrosinase inhibitor and

inhibited tyrosinase activity using L-Dopa as substrate

[9]. Prior to the current study studies have not

reported on the flavonoid constituents of Alpinia

officinarum Hance on melanogenesis in B16 mouse

melanoma cells.
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In this study, the whitening effects of the flavonoid

constituents of AO were tested on melanin biosyn-

thesis, tyrosinase inhibition and their propensity for

UV absorption. Furthermore, we also investigated the

mechanism of the tyrosinase inhibition by galangin.

Materials and methods

Materials

Tyrosinase from mushroom (EC 1.14.18.1, T3824,

tyrosinase activity 3900 unit/mg solid) was purchased

from Sigma-Aldrich (St Louis, Mo). Dulbecco’s

modified Eagle’s medium (DMEM) was from GIBCO

BRL, Grand Island, (New York), synthetic melanin was

from Sigma-Aldrich Chemie GmbH (Germany) and

the standard compounds (kojic, arbutin) and L-3,4-

dihydroxyphenylalanine (L-DOPA) from Qiude Bio-

tech Ltd. (Shanghai, China). The standard galangin

was isolated and purified in our laboratory with

individual purity not less than 98% (HPLC-DAD

array). Alpinia officinarum Hance (AO) was collected in

Guangdong Province and voucher specimens were

identified and deposited at the Institute of Bioche-

mistry, East China University of Science and

Technology, Shanghai, 200237, China.

Preparation of flavonoid mixture and standard

Respective dried and pulverized medicinal materials

were thrice extracted with 50% ethanol at 858C for 2 h

and the ethanol eluate was concentrated to dryness

in vacuum. The red residue was then suspended in

water and partitioned with petroleum ether and ethyl

acetate to afford an ethyl acetate-soluble fraction.

This fraction was applied to a silica chromatography

column and the flavonoid mixture was collected

according to TLC monitoring. Finally, the flavonoid

mixture was passed through a Sephadex LH-20

column (Figure 2).

HPLC-DAD Analysis

The constituents of the flavonoid mixture were

analyzed by an Agilent 1100 series system, equipped

with a photodiode array detector working in the range

of 190 , 400 nm, a quatemary pump, and an

autosampler. Separation was achieved with a reverse

phase column (ZORBAX, Eclipse SB-C18, 5mm,

4.6 £ 250 mm, Agilent, USA) provided with a C18

guard column and methanol- water- phosphoric acid

(60-38-2,v/v/v, isocratically) was employed as the

mobile phase. The flow rate was kept constant at

0.8 mL·/min and the peaks were identified using UV

absorbance at 254 nm. The temperature of the

column during analysis was maintained at 408C. The

injection volume was 10mL on each occasion.

Cell lines and cultures

The B16 mouse melanoma cells were purchased

from the Chinese Type Culture Collection (Shanghai

Institute of Cell Biology, Chinese Academy of

Science, Shanghai, China). The cells were maintained

in 10% FBS-DMEM, containing penicillin (100 U/

mL) and streptomycin (100 U/mL) in a humidified

atmosphere with 5% CO2 at 378C.

MTTassay

Effects of test samples on cell viability were measured

by the MTT method. Subcultures of B16 cells

were seeded in 96-well plates at a density of 2 £ 105

Figure 1. Structures of galangin and 3-O-methyl galangin.

Figure 2. Separation of flavonoid mixture and galangin from

Alpinia officinarum Hance.
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cells/mL and cultured for 24 h. The medium was then

replaced with 200mL fresh 10% FBS-DMEM

containing 1% sample-DMSO solution. After 3 days

in culture, the medium was replaced with 90mL fresh

medium and 10mL 5.0 mg/mL MTT-PBS solution.

After culturing for 4 h, the medium and non-

metabolized MTT were carefully removed and

100mL of DMSO was added to each well. After

shaking for 30 min at room temperature, the plates

were read at 570 nm with an automated Bio-Rad 550

microtiter plate reader (Bio-Rad Laboratories, CA).

Controls containing DMEM instead of test samples

and blanks containing DMEM instead of DMSO were

also made.

Determination of melanin content

This assay followed Ando’s method [10] with slight

modification. Briefly, subcultures of B16 cells

were seeded in 24-well plates at a density of 2 £ 105

cells/mL and cultured for 24 h. The medium was then

replaced with 1.0 mL fresh 10% FBS-DMEM

containing 1% DMSO (v/v) to dissolve each test

sample. After culturing for 3 days, the cells were

harvested and suspended in 0.5 mL 1N NaOH-10%

DMSO solution (v/v), maintaining at 808C for 30 min.

The solution was then sonicated for 60 min and the

melanin content determined by reading the absor-

bance at 405 nm. Controls containing 1% DMSO

without test samples were also made. The melanin

content was determined by calculation from a

synthetic melanin standard curve.

Measurement of tyrosinase inhibition

Tyrosinase inhibitory activity was measured according

to the method of Mason and Peterson [11]. Phosphate

buffer (70mL, 0.1M) at pH 6.8, 30mL of mushroom

tyrosinase (167 units/mL) and 2mL of the tested

samples (galangin, 21.23mg/mL; flavonoid mixture,

18.16mg/mL) dissolved in DMSO were inserted

into 96-well plates. After 5 min of incubation at 308C,

Figure 3. HPLC chromatogram and DAD scan of flavonoid mixture.
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100mL L-DOPA (12 mmol/L) was added. Optical

density (OD) at 492 nm was measured on a

Technician Sunrise microplate reader.

Results and discussion

Determination of the constituents and UVabsorption

As shown in Figure 3, there were three constituents in

the flavonoid mixture. Compound A was identified as

galangin and compound B as 3-O-methyl galangin

[12]. In the chosen mixture the content of galangin

was 10.8 mg/g while that of 3-O-methyl galangin was

1.02 mg/g. The UV absorption of the flavonoid

mixture was the total absorption of compounds A, B

and C.

Both flavonoid mixture and galangin showed a

broad absorption band at 270 , 290 nm related to

the UV-B area and another band, in spite of a weak

absorption at 350 , 370 nm, corresponding to the

UV-A area (see Figure 3).

Effects on the viability of B16 mouse melanoma cells

The cell viability test was aimed at finding a relatively

safe dosage for further intracellular determination of

the melanin content in B16 cells. As shown in Figure 4,

both test samples gave significant antiproliferation

effect in B16 mouse melanoma cells with the

concentration ranging from 15 to 250mg/mL after

16 hours in culture. The estimated IC50 values of the

flavonoid mixture and galangin were 79.52mg/mL and

91.65mg/mL, respectively. For the range of concen-

tration without inhibition of cell growth, the flavonoid

mixture was less than 32.56mg/mL and galangin less

than 31.25mg/mL.

Effects on melanogenesis in B16 mouse melanoma cells

In a previous review, melanin synthesis is confined in

tyrosinase-rich specialized organelles, the melano-

somes. These can be found in the cytosol of

melanocytes in four different maturation stages,

defined according to their degree of melanin

deposition [13–14]. Stage I premelanosomes are

spherical vacuoles lacking an organized internal

structure, whereas in stage II, the organelle becomes

elliptical and a well-organized matrix is usually evident

[15]. Stage III melanosomes are fully functional

organelles, where melanogenesis is active, with

progressive deposition of the pigment. Finally, stage

IV melanosomes are fully electron-opaque granules,

where pigment deposition has completely obliterated

Figure 4. The effect of samples on cell growth.

Figure 5. Four stages of melanosomes production with treatment.

(Please see colour online).
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the underlying structure, and with little melanin

synthetic activity [16].

Based on the results of the MTT test, we chose

26.5mg/mL for the flavonoid mixture and 29mg/mL

for galanglin for determination of melanin content.

As a result, the test samples were used in the

concentration range where inhibition of cell growth

does not occur. We observed four stages of melano-

somes production with the treatments (Figure 5) and

there were no differences between treatments and

controls (photos not shown).

As shown in Table I, both flavonoid mixture and

galangin reduced melanin production with an inhi-

bition of 21.81% and 28.86%. The melanin content

was 1.276mg /105cell for the flavonoid mixture and

1.161mg /105 cell for galangin.

Inhibition of tyrosinase activity

The effects of increasing concentrations of both

samples on the diphenolase activated forms of

tyrosinase are shown in Figure 6. Both tested samples

are hardly soluble in the water-based test media so

their IC50 values could not be measured unequivocally

for precise comparison. Nevertheless, the flavonoid

mixture and galangin exhibited higher inhibitions at

lower concentrations. In addition, galangin seemed to

show almost competitive inhibitory activity at the

concentration (less than 21.23mg/mL) which it was

soluble (Figure 7).

Conclusion

By using different assay methods, we have demon-

strated that the flavonoid constituents of AO not

only inhibited the diphenolase activity of mushroom

tyrosinase and the biosynthesis of melanin in

melanocytes, but also had the propensity for UV

absorption. In addition, kinetic analysis of galangin

suggests that it acts as a competitive inhibitor. Based

on our results, galangin may be a whitening agent and

a promising candidate for prevention of skin cancer.

Furthermore, while it is important for cosmetic

additives to be safe, the application of galangin and

flavonoid mixture should be confined to a relatively

safe range of concentrations. Although the whitening

effect of flavonoid constituents of AO has been

established, further research is needed on the

inhibitory mechanism of melanogenesis.

Table I. The inhibitory effect of flavonoid mixture and galangin on production of melanin.

Treatment OD value Average Melanin content (mg/105cell) %Inhibition*

Control 0.238 0.242 1.632 0

0.249

0.239

Galangin** 0.165 0.1643 1.161 28.86

0.164

0.164

Flavonoid** 0.185 0.1833 1.276 21.81

0.189

0.176

*Inhibition% ¼ (Melanin content of Control—Treatment)/Control £ 100.

**Concentration of galangin ¼ 29mg/mL and flavonoid ¼ 26.5mg/mL.

Figure 6. Effect of diphenolase activity of tyrosinase, DMSO used

as control.

Figure 7. Lineweaver-Burk plots of galangin inhibition on

diphenolase activity of tyrosinase, Three curves of three

concentrations of galangin are: 0 (galangin-0), 9.08 mg/mL

(galangin-1) and 18.16mg/mL (galangin-2), respectively.
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