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Introduction

 Polygonum amphibium L. is a plant belonging to the

Section Persicaria of the Polygonum L family that grows

on both terrestrial and aquatic environments. Currently,

P. amphibium L. grows mainly in the temperate and

subpolar zones of the northern hemisphere, including

North America, East Asia, and Europe, and it is known

to be introduced in some parts of South America, Mexico,

and South Africa [1]. Not many studies on the biological

activities of P. amphibium L. exist, and there have been

only a few reports of its lymphocyte activating effect,

anti-cancer effect, and antioxidant effect [2−4]. So, we

revealed the melanogenesis inhibitory effect on the etha-

nol extract of P. amphibium L. [5]. 

Interest in skin whitening has greatly increased in

modern society, in which interest in appearance has

greatly increased. Whitening effect is closely related to

the control of melanogenesis. Melanin is produced to

protect the skin against high-energy light sources, such

as ultraviolet (UV) light [6]. However, overproduction of

melanin leads to skin problems, including melasma,

freckles, and wrinkles [7, 8]. In recent years, many stud-

ies have been conducted to discover materials that

inhibit such overproduction of melanin and control of the

skin pigmentation of melanin, and materials that are

currently widely used for industrial purposes, such as in

cosmetics, include arbutin and kojic acid [9, 10]. 

However, when used in excess, these materials pose a

risk of developing side effects, such as skin irritation and

allergies, and their use have thus been limited [11].

Therefore, continuous efforts to find a safe and effective

melanin inhibitor are being made, and, in particular,

many studies are being conducted to find a substance

with whitening activities from natural sources.

Therefore, the present study aimed to investigate the

whitening activities of epicatechin-3-O-gallate (ECG)

This study aimed to investigate the melanogenesis inhibitory activity of epicatechin-3-O-gallate (ECG) iso-

lated from Polygonum amphibium L. ECG was isolated from the ethanol extract of P. amphibium L, and its

chemical structure was determined using spectroscopic methods such as LC-ESI-MS, 1D-NMR, and UV

spectroscopy. ECG inhibited the melanogenesis of B16F10 cells in a dose-dependent manner. Particularly,

it decreased the melanin content by 27.4% at 200 µM concentration, compared with the control, in B16F10

cells, without causing cytotoxicity. It is noteworthy that the expression of three key proteins, including

tyrosinase, tyrosinase-related protein-1 (TRP-1), TRP-2, and microphthalmia-associated transcription fac-

tor (MITF), involved in melanogenesis, is significantly inhibited by ECG. The ECG isolated in this study

caused the inhibition of body pigmentation and tyrosinase activity in vivo in the zebrafish model. These

results suggest that the ECG isolated from P. amphibium L. is an effective anti-melanogenesis agent.
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isolated from P. amphibium L, the whitening activity of

which has never been studied, using B16F10 melanoma

cells and zebrafish embryo model. 

Materials and Methods

Equipment and reagents
Of the reagents used in the present study, L-tyrosine,

NaOH, 12-ο-tetradecanoylphorbol-13-acetate, and 1-

phenyl-2-thiourea (PTU) were purchased from Sigma

Chemical Co. (USA). Fetal bovine serum (FBS), penicillin/

streptomycin, and Dulbecco’s modified eagle’s medium

(DMEM) were purchased from Gibco Co. (USA) and

were used in cell culture. Cell counting kit-8 (CCK-8)

was purchased from Dojindo Lab. (Japan).

Isolation and purification of bioactive compounds from P.
amphibium L

Preparative HPLC was carried out on a Agilent Infin-

ity II system (Agilent, USA) with an ultra-violet (UV)

detector (320 nm) using a Phenomenex Kinetex C18 col-

umn (250 × 21.2 mm ID).  NMR spectra were recorded

on a Bruker AVACE III 400 spectrometer (400 and

100 MHz for 1H and 13C, respectively) in DMSO-d6.

Chemical shifts of the proton and carbon spectra mea-

sured in acetone-d6 were reported in reference to resid-

ual solvent peaks at 2.50 ppm and 39.5 ppm,

respectively. Ultra-high-performance liquid chromatog-

raphy (UPLC) ESI mass spectrometry was performed on

a SCIEX QTRAP 4500 system.

Plant collected from Gasan reservoir, dong-gu, Daegu

city, Korea, was identified as P. amphibium L. A

voucher specimen (NNIBRVP60052) was deposited at

the Plant Collection Storage, Nakdonggang National

Institute of Biological Resourced. P. amphibium is dis-

tributed in Russia, Mongolia, Japan, China, and Korea

in the Far East. It is a perennial plant and lives in water

or near water. Flowering in August and fruiting in Sep-

tember. Plant samples were washed thoroughly to elimi-

nate extraneous material, lyophilized, and stored in a

refrigerator at -15℃ until use.

The lyophilized P. amphibium L. (157 g) was extracted

twice with 70% ethanol (4 L) at room temperature and

filtered. The ethanolic extract (ca. 15 g) was suspended

in water and then successively partitioned with n-

hexane (Hx), chloroform (C), ethyl acetate (EA), and n-

butanol (BuOH), yielding 2.9, 0.74, 1.2, 1.1 and 10 g of

residue, respectively. To identify inhibition of melano-

genesis, each fraction was inhibited for melanogenesis in

B16F10 melanoma cell [5]. The active fraction, the EA-

soluble fraction (1.2 g), was first separated by normal-

phase open column chromatography with eluting by Hx/

EA (10:1, 5:1, 3:1, 1:3, 1:5, 0:10, v/v) yield six fraction,

1−6. Fraction 2 and 3 (700 mg) was separated by prep-

HPLC eluting water (A) and MeCN (B), both containing

0.1% formic acid, at a flow rate of 20 ml/min, using

gradient solvent systems (10% B over 5 min, 10−50% B

over 45 min, 95% B over 5 min) with a 320 nm UV detec-

tor to yield compound 1 (62 mg, retention time 21 min).

The compound 1 was identified as epicatechin 3-O-gal-

late by comparing following NMR analysis and by com-

paring with the information published reports [12]. The

structure of the compound identified is presented in

Fig. 1.

Epicatechin 3-O-gallate(1): Yellow amorphous Powder;
1H NMR (400 MHz, DMSO-d6) δ 6.86 (d, 1H, J = 2.0 Hz,

H-6’), 6.83 (s, 2H, H-2”), 6.76 (dd, 1H, J = 8.3, 2.0 Hz, H-

2’), 6.66 (d, 1H, J = 8.3 Hz, H-3’), 5.94 (d, 1H, J = 2.3 Hz,

H-8), 5.84 (d, 1H, J = 2.3 Hz, H-6), 5.36 (m, 1H, H-3),

5.03 (br s, 1H, H-2), 2.94 (dd, 1H, J = 17.3, 4.5 Hz, H-4a),

2.68 (d, 1H, J = 17.3 Hz, H-4b); 13C NMR (100 MHz,

DMSO-d6) δ 165.2(C=O), 156.6 (C-7), 156.5 (C-8a), 155.7

(C-5), 145.5 (C-2”), 144.8 (C-5’), 138.6 (C-4”), 129.4 (C-1’),

119.3 (C-1”), 117.6 (C-2’), 115.1 (C-3’), 114.3 (C-6’), 108.6

(C-2”), 97.3 (C-4a), 95.6 (C-6), 94.4 (C-8), 76.5 (C-2), 68.2

(C-3), 25.7 (C-4); LC-ESIMS m/z 441.1 [M-H]− (calcd for

C22H17O10 441.0822).

Cell culture
B16F10 murine melanoma cell line was purchased

from the Korean Cell Line Bank (Korea), widely used in

whitening activity experiments, were cultured at 37℃ in

a 5% CO2 incubator (Thermofisher Scientific, USA).

DMEM supplemented with 10% FBS, 1% penicillin/

streptomycin was used. Cytotoxicity was measured

using CCK-8. 

Measurement of melanin content
The melanin content was measured by a modification

of the method of Hosoi et al. [13]. B16F10 cells were

seeded into 24-well plates at 1 × 105 cells per well and

cultured overnight for use in the experiments. The cells
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were cultured for 3 days in medium containing various

concentrations of ECG with 200 nM α-MSH for use in

the experiments. Next, the cells were washed with phos-

phate-buffered saline and lysed by treatment with

200 μl of 1 N NaOH. The lysed cells were transferred to

a 96-well plate, and optical density was measured at

Fig. 1. 1H (up) and 13C (down) NMR data and chemical structure of epicatechin-3-O-gallate of isolated extracts produced
from the Polygonum. amphibium L.. 
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405 nm using a microplate reader (Biotek cytation3).

The melanin content was calculated as % relative to the

control group.

Western blot analysis
The expression of proteins involved in melanogenesis

(tyrosinase, tyrosinase related protein-1 (TRP-1), and

TRP-2) was analyzed by western blot. The abovemen-

tioned B16F10 cells were cultured and treated with 25

or 50 μg/ml EA fraction for 72 h, and these cells were sol-

ubilized with RIPA buffer solution (10 mM Tris-HCl (pH

7.5), 1% NP-40, 0.1% sodium deoxycholate, 0.1% SDS,

150 mM NaCl, 1 mM EDTA) with protease inhibitor

cocktail (Sigma, USA).

Next, the resulting cell lysate was centrifuged at

12,000 ×g at 4℃ for 5 min, and the protein concentra-

tions were measured using a BCA protein kit. Electro-

phoresis buffer solution was added to the proteins

extracted from the cells, and the lysate was heated at

100℃ for 5 min, before performing 8% sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).

After electrophoresis, the proteins separated by molecu-

lar weight were transferred from the gel onto a nitrocel-

lulose (NC) membrane. Here, the proteins were allowed

to react with phosphate buffered saline (PBS (pH 7.4),

0.1% Tween 20, 5% skimmed milk) at room temperature

for 1h to minimize nonspecific reaction. Each primary

antibody was diluted before use.

Antibody dilution was done using 5% skim milk for

18 h at 100℃ in cooled chamber. Next, the membranes

were washed 3 times for 5 min with washing buffer

(0.1% Tween-20, PBS) and reacted with secondary anti-

body (HRP-conjugated anti-goat IgG antibody) solution

diluted to 1:5000 for 1 h at room temperature. After sec-

ondary antibody reaction, the proteins were visualized

using enhanced chemiluminescence (ECL) reagent, and

the protein bands of interest were quantified. 

Maintenance of zebrafish embryo 
Adult zebrafish were maintained in a tank with a

closed-recirculating aquatic system (ZebTEC, Tecniplst)

at 28.5℃ with a 14:10 h light:dark cycle [14, 15]. Adult

zebrafish were housed in 3.5 L tanks with 3 to 5 per tank

and fed three times a day with live brine shrimp (San

Francisco BayBrand, Inc., USA). Embryos were

obtained from natural spawning that was induced in the

morning by turning on the light. Embryo collection was

completed in 30 min. The collected embryo were placed

in zebrafish embryo medium, reared for 24 h, and

treated with various concentrations of ECG.

Zebrafish melanin inhibition experiment
A modification of the method of Choi et al. was used in

the zebrafish melanin inhibition experiments [16]. Adult

female zebrafish were placed in a spawning tank a day

before egg collection and eggs were collected the next

day 1 to 2 h after the light cycle. The collected eggs were

placed in zebrafish embryo medium (Hank’s solution),

reared for 24 h, and treated with various concentrations

of each sample. 

Since it is not possible to know the degree of sample

penetration of chorion, a hole was made on the chorion of

each egg before sample treatment. Twenty-four hours

after ECG treatment and the chorion of the remaining

embryo was completely removed before treatment with

the second sample. Forty-eight hours after sample treat-

ment, the degree of pigment development in the ECG

treated group, compared with the control group, was

observed with a stereoscope. The amount of melanin

production in zebrafish was measured for 100 zebrafish

embryo with holed chorion subjected to ECG treatment

for 48 h.

For melanin extraction, the embryo were treated with

an equal volume of pro-prep protein extraction solution

(Intron, Korea). The lysate was clarified by centrifuging

at 10,000 g for 5 min. The resulting supernatant was

removed, and the precipitate was solubilized with 1N

NaOH (70℃). The solubilized precipitate was trans-

ferred to a 96-well plate, and t optical density was mea-

sured at 405 nm using a microplate reader (Biotek

cytation3). The melanin content was calculated as % rel-

ative to the control group.

Statistical analysis
Statistical analysis was performed using SPSS 25 soft-

ware. All experiments described were performed three

or more times. Data are expressed as the mean ± SD.

Significant differences between results were determined

by Student’s t-test. The statistical differences were con-

sidered significant at p < 0.05.
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Results and Discussion 

The effects of 5 single compounds isolated from P.
amphibium L. on melanogenesis in B16F10 cells

ECG (27.6 mg), Comp2 (60 mg), Comp3 (15 mg),

Comp4 (5 mg), and Comp5 (12 mg) were isolated from

the ethyl acetate fraction of the ethanol extract of 523 g

of P. amphibium L. The assessment of the isolated single

compounds’ inhibitory effect on melanogenesis using

B16F10 cells showed that the greatest inhibitory effect

was found at ECG concentration of 50 μM, which

inhibited melanogenesis by 19.9% (Fig. 2). 

ECG’s effect on melanogenesis in B16F10 cells
The cytotoxicity of ECG on B16F10 cells was analyzed

using CCk-8 assay kit (Fig. 3B). The results showed that

ECG was cytotoxic at 400 μM and higher concentrations,

and therefore ECG’s inhibitory effect on melanogenesis

on B16F10 cells was performed at 200 μM or lower con-

centrations. As shown in Fig. 3A, the melanin content of

B16F10 cells showed a tendency to decrease in a dose-

dependent manner, and at 200 μM, the melanin content

was reduced by 27.4% in the ECG-treated group com-

pared with the control group. 

Moreover, to investigate the melanogenesis inhibition

mechanism of ECG fraction, the expression levels of key

enzymes associated with melanogenesis, tyrosinase,

TRP-1, TRP-2, and MITF, were determined using west-

ern blot (Fig. 4). The results showed that the expression

of tyrosinase, TRP-1, TRP-2 and MITF were reduced.

Therefore, we believe tyrosinase, TRP-1, TRP-2, and

MITF are involved in the key mechanism and become

inhibited by ECG, resulting in melanogenesis inhibition.

In vivo, process of melanogenesis involves hydroxyl-

ation of tyrosine to 3,4-dihydroxyindolephenylamine (L-

DOPA) and oxidation of L-DOPA to L-DOPA quinone by

tyrosinase [17, 18]. It is known that subsequent polym-

erization of L-DOPA quinone with amino acid or protein

to produce melanin [19]. In addition, key proteins

involved in melanogenesis include tyrosinase, tyrosinase

related protein-1 (TRP-1), and TRP-2, after conversion of

3,4-dihydroxyphenylalanine (DOPA) to DOPA quinone

by these proteins, melanin is synthesized through a

series of steps [20, 21]. Moreover, it was reported that

epigallocatechin-3-gallate, epicatechin-3-gallate, and

gallocatechin-3-gallate inhibited tyrosinase, TRP-1, and

2 through down-regulation of cAMP/CREB/MITF signal-

ing pathway in B16F10 cells [22]. Additionally, it was

reported that ECG isolated from Ceratonia silique and

Fig. 2. Effect of compounds isolated from P. amphibium L.
on melanogenesis in B16F10 cell. melanin contents was
measured with triplicate experiment. The cells were cultured
with 50 µM of compounds for 3 days. Each value is expressed
a means ± SD of triplicate determinations. *p < 0.05, **p < 0.01
versus of control group. 

Fig. 3. Effects of ECG isolated from P. amphibium L. on mela-
nogenesis in B16F10 cell. (A) melanin contents was measured
with triplicate experiment. The cells were cultured with 25-
200 μM of ECG for 3 days. (B) Effect of cell cytotoxicity was mea-
sured with triplicate experiment. The cells were cultured with
0-400 μM of ECG for 3 days. Each value is expressed a means ±
SD of triplicate determinations. *p < 0.05, **p < 0.01, ***p < 0.001
versus of control group.
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red wine decreased tyrosinase activity in vitro [23, 24]. 

Except for the melangenesis inhibitory effect of our

reported P. amphibium L. ethanol extract, it has not

been studied [5]. The ethylacetate fraction and aglycon

fraction extracted from P. hydropiper L. have been

reported to have anti-whitening and anti-wrinkle effects

through their inhibitory effect on tyrosinase activity and

elastase activity [25]. In addition, Persicaria orientalis

extract has been patented for its weak inhibitory effect

(0.1% inhibition rate) on B16F10 cells. 

Therefore, the present study aimed to investigate the

whitening activities of epicatechin-3-O-gallate (ECG)

isolated from P. amphibium L, the whitening activity of

which has never been studied, using B16F10 melanoma

cells and zebrafish embryo model.

Inhibitory effect on melanogenesis in zebrafish
Zebrafish lay a large number of eggs (100 to 200 eggs)

at one time and develop quickly, allowing one to rapidly

evaluate results. Zebrafish have the advantages of pro-

viding various results that cannot be obtained from in

Fig. 4. Effects of ECG from P. amphibium L. on melanogen-
esis and expression of melanogenesis-related protein in
B16F10 cells. The cells were cultured with 0-200 μM of ECG for
72 h. Whole-cell lysate were then subjected to western blot
analysis using antibodies against tyrosinase, TRP-1, TRP-2, and
MITF. Equal protein loading was confirmed using β-actin anti-
body. 

Fig. 5. Effects of ECG from P. amphibium L. on melanogenesis of zebrafish. Synchronized embryos were treated with melano-
genic inhibitors at the indicated concentrations. ECG were dissolved in 0.1% DMSO then added to the embryo medium. The effects
on the pigmentation of zebrafish were observed under the steromicroscope. (A) Pigmentation of zebrafish, (B) Total melanin content
was quantified using spectrometer. (C) Tyrosinase activity was quantified using spectrometer. *p < 0.05, **p < 0.01, ***p < 0.001
versus of control group. 
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vitro experiments. Moreover, due to animal ethical

issues, animal experiments try to employ lower animals

or only conduct in vitro experiments. However, these

studies are limited because of complex mechanisms of

physiological activity [26]. For these reasons, zebrafish

have become a new popular model organism [16, 27].

In particular, zebrafish have the advantages of avoid-

ing many limitations when exploring new whitening

agents and are widely used because their transparent

body allows for easy pigment observation [28, 29]. Using

zebrafish model with these advantages, the effect of

ECG on melanogenesis was examined by treating

zebrafish embryos with ECG for 28 h, the results of

which are shown in Fig. 5A. ECG (200 μM) treatment

inhibited hyperpigmentation in the yolk portion, and

melanogenesis was inhibited in a dose-dependent man-

ner with ECG treatment. Moreover, the melanin content

was reduced by 27.0% and tyrosinase activity was inhib-

ited by 14.2% in the group treated with 200 μM ECG

compared with the control group (Fig. 5B, C).

To investigate the inhibitory effect of compounds iso-

lated from P. amphibium L. ethanol extract on melanin

synthesis, B16F10 cells and zebrafish embryo were

used. The results showed that ECG treatment inhibited

melanogenesis in B16F10 cells and greatly inhibited

melanogenesis in zebrafish embryos. Based on these

results, we believe the extract of freshwater riparian P.

amphibium L., which has not been studied until now,

will have a great application potential in whitening cos-

metics as a natural ingredient.
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