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Abstract
Radix Polygoni multiflori is a herb used effectively to prevent graying and treat skin depigmentation diseases in traditional
Chinese medicine but its active ingredients have not been discovered yet. In this investigation, we tested six compounds
isolated from Radix Polygoni multiflori, to discover the active component on melanogenesis. Three experiments were
performed in the present investigation: mushroom tyrosinase activity, melanin content B16 cell proliferation assay. Among all
the six components tested, THSG showed the most potent effects on tyrosinase activation and melanogenesis; it was shown to
be a potent tyrosinase activator and a melanogenesis stimulator in this study. On the other hand, we found that gallic acid
significantly inhibited tyrosinase and, in addition, anthraquinones were cytotoxic to melanoma cells. They were both harmful
to melanogenesis. Therefore, we propose that THSG acts as the active ingredient of Radix Polygoni multiflori on
melanogenesis.
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Introduction

Tyrosinase (EC 1.14.18.1) is an enzyme catalyzing

the rate-limiting step for melanin biosynthesis [1].

This enzyme catalyses two different reactions: the

hydroxylation of monophenols to o-diphenols (mono-

phenolase activity), and the oxidation of o-diphenols

to o-quinones (diphenolase activity), which, in turn,

are polymerized to melanin [2]. Therefore, tyrosinase

is a key enzyme involved in melanin biosynthesis and

of particular interest in repigmentation research.

Radix Polygoni multiflori (“Heshouwu” in chinese)

is a useful herb for preventing graying and treating

the depigmentation disease in traditional Chinese

medicine and is the dried root of the plant Polygonum

multiflorumThunb.(Ploygonaceae) [3]. In chinese

medicine, Radix Polygoni Multiflori is used to

improve the liver and kidney functions, as well as

rejuvenate and blacken the hair. Although it has been

used in repigmentation from ancient time in China,

its active ingredients have not been studied

previously.

Six components:

2,3,5,40-tetrahydroxystilbene-2-O-b-D-glucoside,chry-

sophanol, emodin, physcion, aloe-emodin and gallic

acid, have been isolated from it in our laboratory

(methods and data not shown). In this investigation, we

tested these six isolated compounds, to discover the

active component on melanogenesis.

Materials and methods

Reagents

2,3,5,40-tetrahydroxystilbene-2-O-b-D-glucoside

(THSG), chrysophanol, emodin, physcion, aloe-emo-

din and gallic acid were isolated from Radix Polygoni

multiflori in our laboratory (purity . 95%). Mushroom

tyrosinase, L-3,4-dihydroxyphenylalanine (L-DOPA)

and 8-Methoxypsoralen (8-MOP) was purchased from

Sigma Chemical Co. (St. Louis, U.S.A.). RPMI-1640

powdered medium, trypsin, fetal bovine serum (FBS),

3-(4,5-dimethylthiazol-2-yl)-2,5-iphenyltetrazolium

bromide (MTT), dimethyl sulfoxide (DMSO) was
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obtained from Gibco(Gibco-BRL, USA). All other

reagents were analytical grade.

Cell culture

Cultured murine B16 melanoma cells were from the

Cell bank of Shanghai Institutes for Biological

Sciences (Chinese Academy of Sciences, China).

The B16 cells were cultured in RPMI 1640 medium

with 10% FBS, 1% penicillin–streptomycin at 378C in

a humidified CO2 incubator.

Mushroom tyrosinase activity assay

Mushroom tyrosinase activity was measured by the rate

of oxidation of L-DOPA. The assay was performed

according to methods described previously [4] with

minor modifications. The initial rate of dopachrome

formation was determined by the increase in absorbance

at 492 nm per min (A492/min). Reactive reagents were

added to 96-well microplates (TPP, Switzerland) with a

total volume 200mL. The assay mixture contains 50mL

L-DOPA (3 mmol/L), 15mL solvent with or without

sample, and 85mL phosphate buffer (pH 6.8), which

was mixed with 50mL of tyrosinase (100 U/mL). After

incubation at 258C for 2 min, the reaction was

monitored at 492 nm using the microplate reader

(Multiskan MK 3, Labsystems, Holland) immediately.

The control reaction was conducted without the test

sample.

The activation of tyrosinase was expressed as

follows: activation (%) ¼ (A–B)/B £ 100%, where

A represents the absorbance of the test sample well,

and B represents the absorbance of the control well.

Melanin content assay

The melanin content assay was carried out as

previously described [5]. B16 cells were plated in

12-well plates at a density of 2 £ 104 cells/mL.

Various concentrations of test samples were prepared

by dissolving in DMSO and diluting in culture

medium. After adding the test samples, the plates

were incubated at 37 8C in a CO2 incubator for 3 days.

The final concentration of DMSO in the culture was

0.33% and this concentration was found to be non-

toxic to B16 cells (data not shown).

After incubation, the medium was removed and

the cells were washed with sterile phosphate

buffered saline (PBS, pH 7.4) and trypsinized

using trypsin/EDTA at 378C for 3–5 min. Cells

were collected and centrifuged at 500 rpm for

10 min. A pellet was formed and the media was

removed. After washing twice with fresh PBS, the

remaining pellet was dissolved in 1.0 M NaOH and

vortexed for 30 min. The melanin content was

calculated on the basis of the absorbance at 492 nm.

Cell proliferation assay

The study of cell proliferation was carried out as

previously described [6], using the MTT-based

colorimetric assay. B16 cells were diluted with RPMI

1640 medium. Aliquots (100mL) containing

0.6 £ 104 cells were inoculated into 96 well micro-

plates using a Gilson Pipette. A 50mL solution of each

compound was added into 6 replicates of 100mL of

cells in 96-well microplates. The final concentration of

each compound in the well was 0.2–12.5mg/mL. After

adding compounds into the B16 cells (96-well plate),

the plates were incubated at 37 8C in an incubator with

5% CO2 and 90% humidified air for 3 days.

At the end of the incubation, MTT solution (20mL,

0.5 mg/mL in phosphate-buffered saline) was added

to the wells. After another 4 h incubation, the medium

was removed, and 100mL DMSO was added to

dissolve the formazan produced in the cells. The

absorbance of each well was then read at 570 nm using

a Microplate Reader (Multiskan MK 3, Labsystems,

Holland). The optical density of formazan formed by

control cells was assumed to be 100%.

Statistical analysis

Results are expressed as mean ^ standard error. Data

were analyzed using the Student’s t-test. Values of

P , 0.01 were considered significant.

Results

Mushroom tyrosinase activity assay

Mushroom tyrosinase has been widely used as the

target enzyme for screening and characterizing

potential tyrosinase regulators. The diphenolase

activity of this enzyme was assayed using L-DOPA

as the substrate. THSG, gallic acid and 4 anthra-

quinones, which were isolated from Radix Polygoni

Multiflori, were tested for their effects on the oxidation

of L-DOPA by mushroom tyrosinase. The results

showed that THSG activated the diphenolase activity,

while gallic acid inhibited it (Figure 1). Dose-

dependent effects on enzyme activity were exhibited

by both THSG and gallic acid, respectively.

The effects of the anthraquinones are shown in

Figure 2. The 4 anthraquinones showed mild

activating effects on tyrosinase, and there was no

dose-dependency at the test concentrations. Thus, it

suggests that THSG and the 4 anthraquinones are the

active candidates, which will be further investigated.

Melanin content in cultured B16 cells

The melanin content of B16 melanoma cells is an

important indicator for evaluation of melanogenesis

activators since they can usually improve melanin

content in melanoma cells. THSG, chrysophanol and
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emodin showed significant melanogenesis stimulation

activities over the range of concentrations from 0.1 to

12.5 mg/ml (Figure 3). Physcion and aloe-emodin

stimulated melanogenesis slightly. These results

suggested that THSG, chrysophanol and emodin

can improve melanogenesis in B16 cells and THSG is

the most effective stimulator.

Effects of THSG on tyrosinase activity in cultured

B16 cells

The effects of THSG and 8-MOP on B16 cell

tyrosinase are shown in Figure 4. Both THSG and 8-

MOP showed significant activation effects on B16 cell

tyrosinase. Similarly, they activated tyrosinase over a

broad range of concentrations (from 0.1–25mg/mL) in

a dose-dependent manner (Figure 4). Yet, although

THSG showed more potent effects than 8-MOP, the

difference was not statistically significant (P . 0.05).

The results showed that THSG is a potent activator of

tyrosinase.

Cell proliferation

The 5 components with the tyrosinase activation effects

were tested in this assay. B16 cells were exposed to

the samples over a concentration range from 0.2 to

12.5mg/mL. We found that THSG-stimulated prolifer-

ation of B16 cells occurs over a broad range of

concentrations, from 0.1–12.5mg/mL, with maximal

stimulation at 5.0mg/mL (Figure 4). While the

anthraquinones inhibited the proliferation of B16 cells

in almost all the concentrations tested (Figure 3).

To conclude, this study demonstrated that THSG

stimulated the proliferation of melanocytes, and, there-

fore, it would be beneficial to melanogenesis. On the

contrary, theanthraquinoneswere foundtobecytotoxic.

Discussions

In our investigation, several experiments were per-

formed on RadixPolygonimultiflori components in order

to discover the substance with the most activating effect

on melanogenesis. Among all the 6 components tested,

THSG showed the most potent effects on tyrosinase

activation and melanogenesis. It proved to be a potent

tyrosinaseactivator and a melanogenesis stimulator and,

therefore, it acts as the activating ingredient of Radix

Polygoni multiflori on melanogenesis. On the other hand,

we found that gallic acid inhibited tyrosinase signifi-

cantly. In addition, anthraquinones were cytotoxic to

melanoma cells. Thus, they are both harmful to

melanogenesis.

THSG is one of the stilbene derivatives which are

distributed abundantly in plants and have a number of

interesting biological activities [7,8]. Although THSG is

similar to other stilbene derivatives in their chemical

structures, their effects on tyrosinase activity differ

greatly. Some studies showed that several stilbene

derivatives can inhibit tyrosinase activity

[9,10,11,12,13]. Among them, oxyresveratrol (2,30,

4,50-tetrahydroxy-trans-stilbene) [12] and gnetol

(2,30,50,6-tetrahydroxy-trans-stilbene) [13] are the

representative. We compared the structures of THSG,

oxyresveratrol and gnetol in order to determine the

possible causes for their different regulatory activities.

There are 4 hydroxy groups on the phenyl rings in all the

3 stilbene derivatives, however, there is one additional

glycosylation on THSG. Likhitwitayawuid’s study

showed that the glycosylation of the parent hydro-

xystilbene could abolish the inhibitory effect and lower

the affinity to enzymes [14]. The glycosylation of

polyphenols can help to protect these molecules from

enzymatic oxidation, which is the reason thatTHSGcan

coexist with tyrosinase without being oxidised. As a

result, glycosylation on THSG iscrucial for its activating

effect on tyrosinase.

To conclude, we found that THSG, the active

component of Radix Polygoni multiflori, activates

melanogenesis and, therefore, can beusedas acandidate

Figure 1. The effects of THSG and gallic acid on tyrosinase

activity (x̄ ^ s, n $ 6).

Figure 2. The effects of 4 anthraquinones on tyrosinase activity

(x̄ ^ s, n $ 6).
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for depigmentation disease. At the same time, com-

pounds, such as gallic acid and anthraquinones, were

found to be harmful to melanogenesis.
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Figure 3. The effects of test samples on melanin content in B16 cells (x̄ ^ s, n $ 6). Asterisks indicate a significant difference compared with

control group, *P , 0.05, **P , 0.01.

Figure 4. The cell proliferation assay under different

concentrations of samples (x̄ ^ s, n $ 6).
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