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Abstract

Cosmetically, hyperpigmentation is an important issue and the most prominent target for inhibiting hyperpigmentation is,
tyrosinase, the rate-limiting enzyme in melanogenesis. Therefore, in this research, we have screened several medicinal plants
collected from Bangladesh for their anti-tyrosinase activity and found that roots of Persicaria orientalis have potent
inhibitory activity. Nine compounds, including five phenylpropanoid sucrose esters (1-5), were isolated from the EtOH
extract of P. orientalis roots. The chemical structures were determined based on spectroscopic methods. All the tested
compounds (1-5), significantly reduced extracellular melanin formation in B16 melanoma cells and inhibited tyrosinase
monophenolase and diphenolase activity in a dose dependent manner. Compound 4 was twice as effective as kojic acid,
when L-DOPA was used as the substrate. Compound 1 and 4 showed better inhibitory activity (>59%) on melanin synthesis
at a treated concentration of 50 uM compare with arbutin (730 uM). At 6.25 uM concentration, compounds 2 and 5, inhibited
extracellular melanin production by 53.1% and 40.2%, respectively. Structure-activity-relationship suggested that both the
feruloyl (C-6") and acetyl (C-2'/ C-4") groups in sucrose moiety is essential for cytotoxicity. Our finding indicated the roots
of P. orientalis is a potential source of natural compounds that could be used in dermatological and cosmetological research.
To the best of our knowledge, this is the first study to report the potential melanogenesis inhibitory activity of
phenylpropanoid sucrose esters.

Keywords Persicaria orientalis * Phenylpropanoid sucrose esters * NMR * melanin - Anti-tyrosinase

Introduction

Cosmetic skin concerns have a major impact on the
quality of life of an individual (Salsberg et al. 2016).
Abnormal skin pigmentation, apart from causing serious
esthetic problems may also lead to life threatening dis-
eases. Melanin, a major pigment in mammalian skin, is
produced form melanocytes by the enzymatic oxidation of
tyrosine. It is known to protect the skin against harmful
effects of ultraviolet (UV) irradiation, oxidative stress,
and DNA damage. Moreover, it is also thought to play an
important role in the prevention of skin cancer by
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protecting cells from UV rays. However, it is believed that
melanin is also a reason for sunburns and mottle; there-
fore, compounds inhibiting melanin synthesis are expec-
ted to have cosmetic applications as whitening agents
(Yamauchi et al. 2011; Baek et al. 2015). Melanin is
synthesized in melanosomes and subsequently transferred
to the surrounding epidermal keratinocytes (Ando et al.
2007). Melanogenesis is regulated by several melanocyte-
specific enzymes such as tyrosinase, tyrosinase-related
protein 1 (TRP1), and tyrosinase-related protein 2 (TRP2)
(Kobayashi et al. 1994; Yokoyama et al. 1994; Pawelek
and Korner 1982). Tyrosinase, a binuclear copper
enzyme, is a key regulatory enzyme of melanogenesis.
Inhibition of tyrosinase with high efficacy and less
adverse side effects, has been a long standing challenge in
dermatological and cosmetological sciences (Briganti
et al. 2003). Natural products from different biological
sources have been extensively utilized in the cosmetic
industry because of their lower tendency to cause adverse
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effects and high safety (Kim and Uyama 2005; Parvez
et al. 2006; Fuyuno 2004; Chen et al. 2015).

Phenylpropanoid sucrose esters (PSEs) are an important
class of plant-derived natural products with great pharma-
ceutical potential because of their structural diversity and a
broad-array of pharmacological and biological activities.
PSEs are mostly isolated from plants belonging to the
families Rosaceae, Sparganiaceae, Polygonaceae, Rutaceae,
Liliaceae, Arecaceae, and Smilacaceae (Gafner et al. 1997,
Seidel et al. 1997; Shimomura et al. 1986; Shoyama et al.
1987). The PSEs have antitumor, antioxidant, antidiabetic,
neuroprotective, and anti-inflammatory properties (Panda
et al. 2011; Takasaki et al. 2001). The number of acetyl
moieties plays a useful role in the cytotoxic activities of
PSEs (Zhao et al. 2014). Several PSEs have been isolated
from different species of Polygonaceae (e.g., P. lapathifo-
lium, P. perfoliatum, and P. hydropiper) (Narasimhulu et al.
2014). One study identified vanicoside A, B and C from P.
orientalis using high performance liquid chromatography
coupled with mass spectrometry but not purified (Shin et al.
2018).

P. orientalis L. belongs to Polygonaceae family and
originated in East Asia, but is now widely distributed
throughout Japan. It is used in traditional Chinese medicine
to treat various diseases including bacterial infections,
tumor, hypertension and cardiomyopathy (Zhong 1999). P.
orientalis, locally known as Bishkatali in Bangladesh, is an
herb widely distributed throughout the country in low-lying
areas. It is used in traditional medicine to treat wounds,
whooping cough, menorrhagia, fever, and splenic diseases
(Medicinal plants of Bangladesh, http://www.mpbd.info).
Flavonoids are the major active compounds in P. orientalis
(Kuroyanagi and Fukushima 1982). Many studies reported
the chemical constituents of this plant, including taxifolin,
myricitrin, luteolin, protocatechuic acid, apocynin, lappaol
B, orientalin, naringenin, quercitrin, kaempferol, f-sitos-
terol, etc. (Li et al. 2005; Zheng et al. 1997; Philippine
Medicinal plants, http://www.stuartxchange.org). Extracts
of P. orientalis have been found to exhibit important
pharmacological effects including anti-diabetic, cardio-
protective, osteoblastic, and antioxidant effects (Wei et al.
2009; Nigam et al. 2013; Liao et al. 2013; Xiang et al.
2011). However, to date, there have been no reports on the
pharmacological properties of PSEs from P. orientalis.
Moreover, their effect on melanogenesis has not been
thoroughly investigated. In this study, we screened seven
different medicinal plants collected from Bangladesh and
found that roots of P. orientalis have potent tyrosinase
inhibition properties. This study aims to describe the
isolation and structural elucidation of secondary metabo-
lites from P. orientalis roots, as well as the evaluation of
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their (particularly, PSEs) inhibitory effects on melano-
genesis by testing on mushroom tyrosinase and murine
B16 cells.

Materials and methods
General experimental procedures

The 1H-NMR (600MHz) and 13C-NMR (150 MHz)
spectra were recorded in chloroform-d, acetone-d6 and
methanol-d4 using a JEOL ECA-600 NMR spectrometer
(JEOL, Tokyo, Japan) and chemical shifts () are reported
in ppm using tetramethylsilane as an internal standard.
Matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF-MS) spectra were mea-
sured on a Shimadzu AXIMA Resonance spectrometer
(Shimadzu Corporation, Kyoto, Japan). High-performance
liquid chromatography (HPLC) analysis was performed
using an Inertsil ODS-3 column (4.6 mm ® x 250 mm; GL
Sciences) equipped with a Jasco MD-2018 Plus photodiode
array detector, and preparative HPLC (Shimadzu LC-6AD)
was performed using an Inertsil ODS-3 column (20 mm
@ x 250 mm; GL Sciences). Column chromatography was
performed on silica gel (BW-200; Chromatotex) and
Sephadex LH-20 (18-111 um; GE Healthcare). Thin layer
chromatography (TLC) was performed on pre-coated silica
gel 60 F254 glass plates (Merck, Germany). Visualization
of the spots was done using 5% H,SOy (ethanolic) and heat
treatment. The other products were commercially available
and purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan).

Plant material

P. orientalis L. was collected from Mymensing, Bangladesh
in May 2017 and identified by Dr. Syed Hadiuzzaman,
former Professor Dept. of Botany, University of Dhaka,
Bangladesh. A voucher specimen was designated with the
code DUBMB2017-005 and deposited at the Dept. of
Biochemistry and Molecular Biology, University of Dhaka,
Bangladesh.

Extraction and isolation

Air-dried roots of P. orientalis were powdered (~1.5kg)
and extracted with methanol (MeOH) on a rotary shaker for
a day at room temperature. This process was repeated thrice.
The solvent was removed under reduced pressure to give
MeOH extract (105 g), which was successively extracted
with hexane, ethyl acetate (EtOAc), and ethanol (EtOH) to
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yield hexane extract (7 g), EtOAc extract (11 g), and EtOH
extract (25 g), respectively. The EtOH extract (25 g) was
subjected to normal-phase silica gel column chromato-
graphy (CC) and eluted with gradient conditions of
chloroform: MeOH (9:1-1:3 v/v) to give 12 fractions (Fr.
E1-E12) by TLC analysis. Fr.E2 (520 mg) was subjected to
silica gel CC and eluted with chloroform:MeOH (7:1 v/v) to
obtain compound 6 (6.1 mg). Fr.E5 (890 mg) was separated
over a Sephadex LH-20 column using MeOH (70% aq) to
obtain compound 5 (19 mg). Fr.E6 (1230 mg) was isolated
over a Sephadex LH-20 column using MeOH:H,O (7:3 v/v)
and purified by semi-preparative HPLC (Inertsil ODS-3,
10 mm @ x 250 mm, gradient condition, MeOH:H,O [6:4—
8:2 v/v]) to obtain compound 2 (56 mg). Fr.E7 (1100 mg)
was subjected to Sephadex LH-20 CC with MeOH:H,0
(8:2, v/v) and give four subfractions (Fr.E7.1-E7.4). Fr.E7.2
and E7.4 purified by semi-preparative HPLC (gradient
condition, MeOH:H,O [5:5-8:2 v/v]) to obtain compound 3
(45 mg) and compound 4 (21 mg). Fr.E8 (1050 mg) was
subjected to Sephadex LH-20 CC with MeOH:H,0 (7:3, v/
v) to obtain five subfractions (Fr.E8.1-E8.5). Fr.E8.1 and
E8.5 were purified by semi-preparative HPLC to obtain
compound 9 (5.1 mg) and compound 1 (19 mg). Compound
7 3.2mg) and 8 (12 mg) were obtained from Fr.E9 by
Sephadex LH-20 CC with MeOH and purified by semi-
preparative HPLC.

Compound 1 (Hydropiperoside)

Colorless amorphous powder; UV (MeOH): A, 228 and
312nm; 'H NMR (600 MHz, Acetone-Dy): 6H (ppm):
fructose: 4.28 (1H, s, H-1), 5.60 (1H, d, /= 8.2 Hz, H-3),
4.61 (1H, m, H-4), 4.22 (1H, t, J=7.56 Hz, H-5), 4.52—
4.56 (2H, m, H-6), glucose: 5.50 (1H, d, J=7.5 Hz, H-1"),
3.38 (1H, m, H-2"), 3.68 (1H, t, J=9.6 Hz, 8.9 Hz, H-3"),
4.04 (1H, m, H-5"), 3.92 (1H, d, J=11.7 Hz, H,-6"), 3.77
(1H, dd, J = 6.8 Hz, Hy-6"), trans-p-coumaroyl moiety:7.49,
7.54 (2H, 4H, d, J=8.2Hz, H-2"/6" - H-2""/6""), 6.83,
6,86 (2H, 1H, d, J=8.2Hz, 7.6 Hz, H-3"/5"- H-3""/5""),
7.63 (2H, dd, J=6.8 Hz, H-7", H-7""), 7.71 (1H, d, J=
15.8 Hz, H-7""), 6.43 (1H, s, H-8"), 6.37 (2H, d, /=9.0
Hz, H-8"’, H-8""); 3*C NMR (150 MHz, Acetone-Dy): 5C
(ppm): fructose: 64.8 (C-1), 102.4 (C-2), 77.8 (C-3), 72.9
(C-4), 80.1 (C-5), 64.7 (C-6); glucose: 92.2 (C-1"), 71.3 (C-
2", 74.2 (C-3"), 72.1 (C-4"), 73.2 (C-5"), 62.4 (C-6"), trans-
p-coumaroyl moiety: 126.07 x2, 126.12(C-1"- C-1""),
130.25x2, 130.3x2, 130.5x2 (C-2"/6"- C-2""/6""),
115.89%x2, 11591 x2, 115.94%x2 (C-3"/5"- C-3""/5""),
159.89, 159.92, 160.0 (C-4"- C-4""), 145.1 x2, 145.9 (C-
7"— C-7""), 114.0, 114.4x2 (C-8"- C-8""), 166.1,166.2,
166.8 (C-9"— C-9""). ESI-MS m/z 803 [M+Na]™, corre-
sponding to the molecular formula C39H40O;7. All data were
comparable to the published data (Fukuyama et al. 1983).

Compound 2 (Vanicoside A)

Colorless amorphous powder; UV (MeOH): A,,,: 228 and
316 nm; 'H NMR (600 MHz, CD30D): 6H (ppm): fructose:
4.17 (1H, m, H-1a), 4.67 (1H, m, H-1b), 5.54 (1H, d, /=
8.2 Hz, H-3), 4.57 (1H, m, H-4), 4.17 (1H, m, H-5), 4.49
(2H, m, H-6), glucose: 5.68 (1H, d, J=3.4 Hz, H-1'), 4.65
(1H, m, H-2"), 3.86 (1H, m, H-3"), 3.39 (1H, t,/=9.0Hz &
9.6 Hz, H-4"), 4.21 (1H, m, H-5"), 4.27 (2H, m, H-6"),
feruloyl moiety: 7.18 (1H, d, J=7.6 Hz, H-2"), 7.68 (1H,
m, H-4"), 6.79 (1H, m, H-5"), 7.10 (1H, t, /= 8.2 Hz & 6.8
Hz, H-6"),7.71 (1H, d, J=6.2 Hz, H-7"), 6.47 (1H, d, /=
5.5Hz, H-8"), 3.86 (3H, s, O-Me), trans-p-coumaroyl
moiety: 7.33 (2H, d, J=8.2Hz, H-2"'/6’"), 7.39 (2H, d,
J=8.2Hz, H-2"""/6""), 7.48 (2H, d, J = 8.2 Hz, H-2"""/6""
", 6.72-6.75 (6H, m, H-3"'/5"" - H3""'/5"""), 7.69 (1H, s,
H-7""), 7.60 (1H, d, J=2.6 Hz, H-7""), 7.58 (1H, d, J =
3.5Hz, H-7"""), 6.45 (1H, d, J=5.5Hz, H-8""), 6.34 (1H,
d, J=15.8 Hz, H-8""), 6.27 (1H, d, /= 15.8 Hz, H-8"""),
acetyl moiety: 2.07(1H, s, CO-CH3); °C NMR (150 MHz,
CD;0D): 6C (ppm): fructose: 64.1 (C-1), 102.2 (C-2), 78.1
(C-3), 72.9 (C-4), 79.7 (C-5), 64.1 (C-6), glucose: 89.3 (C-
1), 72.9 (C-2"), 70.9 (C-3), 70.8 (C-4"), 71.0 (C-5"), 65.0
(C-6"), feruloyl moiety: 125.7(C-1"), 110.0 (C-2"), 149.2(C-
3"), 147.9 (C-4"), 115.0 (C-5"), 123.2(C-6"), 145.57 (C-7"),
113.24 (C-8"), 167.0(C-9”), 55.12 (O-Me), trans-p-
coumaroyl moiety: 125.81, 126.3, 126.4(C-1""- C-1""""),
129.9x2, 1299x2, 130.2x2 (C-2"/6""- C-2""'/6"""),
115.1x2, 1154x2, 115.5%x2 (C-3"'/5""— C-3""'/5"""),
159.9, 160.0, 160.2 (C-4"'— C-4""""), 145.9, 146.7 (C-7",
C-7"'"), 113.5, 113.9, 114.5 (C-8"'- C-8""""), 167.5, 167.8
(C-9", C-9""), acetyl moiety: 19.7 (CO-CH3) and 171.1
(CO-CHs). ESI-MS m/z 1021 [M+Na]™, corresponding to
the molecular formula Cs5;Hs¢0;;. All data were comparable
to the published data (Zimmermann and Sneden 1994).

Compound 3 (Vanicoside B)

Colorless amorphous powder; UV (MeOH): A, 232 and
316 nm; 'H NMR (600 MHz, Acetone-Dy): 6H (ppm):
fructose: 4.26/4.29 (2H, m, H-1), 5.63 (1H, d, J=8.2 Hz,
H-3), 4.71 (1H, m, H-4), 4.25 (1H, m, H-5), 4.55/4.61 (2H,
m, H-6), glucose: 5.53 (1H, d, J=3.4 Hz, H-1"), 4.33 (1H,
m, H-2"), 3.69 (1H, t, /= 8.2 Hz & 8.9 Hz, H-3"), 3.34 (1H,
s, H-4"), 3.36 (1H, t, J=9.6 Hz & 8.9 Hz, H-5"), 4.22/4.70
(2H, m, H-6"), feruloyl moiety: 7.33 (1H, s, H-2"), 6.84 (1H,
d, J=3.4Hz, H-5"), 7.09 (1H, d, J=8.2 Hz, H-6"), 7.63
(1H, d, J=4.1Hz, H-7"), 6.40 (1H, d, J= 6.8 Hz, H-8"),
3.85(3H, s, O-Me), trans-p-coumaroyl moiety: 7.56 (2H, d,
J=8.9Hz, H-2"'/6""), 7.50 (2H, d, J= 8.9 Hz, H-2"""/6""),
7.48 2H, d, J=8.9 Hz, H-2""'/6"""), 6.81-6.86 (6H, m, H-
37/5"" - H3""'/5"""), 7.48 (1H, d, J = 8.9 Hz, H-6""), 7.69
(1H, s, H-7""), 6.32-6.54 (3H, m, H-8"’ - 8"""); >*C NMR
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(150 MHz, Acetone-Dg): 6C (ppm): fructose: 64.8 (C-1),
102.2 (C-2), 77.8 (C-3), 73.1 (C-4), 80.1 (C-5), 64.6 (C-6),
glucose: 91.8 (C-1"), 71.1 (C-2"), 74.2 (C-3'), 71.9 (C-4"),
71.2 (C-5'), 64.4 (C-6'), feruloyl moiety: 126.1 (C-1"),
110.4 (C-2"), 1479 (C-3"), 149.2 (C-4"), 115.9 (C-5"),
123.4(C-6"), 145.1 (C-7"), 114.9 (C-8"), 166.8 (C-9"),
55.5 (O-Me), trans-p-coumaroyl moiety: 126.1, 126.14,
126.16 (C-1"— C-1"""), 130.22x 2, 130.24 x 2, 130.5x2
(C-2""16""— C-2""16"""), 1159x%x2, 115.8x2, 115.1x2
(C-3"/5""— C-3"""/5"""), 159.80, 159.83, 160.0 (C-4"'- C-
47", 145.1 x 2, 1459 (C-7""-C-7""""), 114.9, 114.3, 113.9
(C-8""—=C-9""""), 166.6, 166.1, 166.0 (C-9"'— C-9""""). ESI-
MS m/z 979 [M+Na]*, corresponding to the molecular
formula Cy49Hyg0,9. All data were comparable to the pub-
lished data (Kiem et al. 2008).

Compound 4 (Vanicoside ()

Yellow amorphous powder; UV (MeOH): A, 232 and
316 nm; 'H NMR (600 MHz, Acetone-Dy): 6H (ppm):
fructose: 428 (2H, d, J=11.6 Hz, H-1), 5.56 (1H, d, /=
8.2 Hz, H-3), 4.59 (1H, d, J=3.42 Hz, H-4), 4.20 (1H, m,
H-5), 4.50 (1H, d, J=4.80Hz, H,-6), 4.10 (1H, d, J=
10.98 Hz, Hy-6), glucose: 5.61 (1H, d, J=3.42 Hz, H-1'),
4.61 (1H, d, J=3.4Hz, H-2"), 3.90 (1H, d, J=7.5 Hz, H-
31, 3.50 (1H, t, J=9.6 Hz & 8.9 Hz, H-5"), 3.92 (1H, d,
J=71.56Hz, H-6"), trans-p-coumaroyl moieties: 7.51, 7.55
(2H, 4H, d, J=8.2 Hz, H-2"'/6"-H-2""""/6"""), 6.83 - 6.86
(6H, m, H-3"/5"- H3""/5""),7.59 (1H, d, J = 8.9 Hz, H-7"),
7.66 (1H, d, J=4.08 Hz, H-7""), 7.73 (1H, d, J=3.42 Hz,
H-7"""), 6.38 (1H, d, J=4.08 Hz, H-8"), 6.41 (1H, d, J=
3.48 Hz, H-8""), 6.48 (1H, d, J=16.0Hz, H-8"""), acetyl
moieties: 2.05 (3H, 2’-COCH3); '3C NMR (150 MHz,
Acetone-Dg) 6C (ppm); fructose: 64.8 (C-1), 102.4 (C-2),
77.9 (C-3), 73.2 (C-4); 80.1 (C-5), 64.6 (C-6); glucose: 89.6
(C-1"), 73.2 (C-2), 71.0 (C-3"), 71.1 (C-4"), 71.9 (C-5"),
62.0 (C-6'), trans-p-coumaroyl moieties: 126.09 %2,
126.2(C-1"- C-1"""), 130.26 x 2, 130.27 x 2, 130.5x 2 (C-
2"16"—-C-2""16""),114.9%x2,115.8 x2, 1159 %2 (C-3"/5"—
C-3"7/5""), 159.8, 159.9, 160.0 (C-4"- C-4"""), 145.0,
145.2, 145.9 (C-7"- C-7"""), 113.9, 114.2, 114.4 (C-8"- C-
8”'"), 166.1,166.2, 166.6 (C-9” — C-9”"), acetyl moieties:
170.3 (2’-COCH3). ESI-MS m/z 845 [M+Na]*t, corre-
sponding to the molecular formula C4,H4,0,5. All data were
comparable to the published data (Brown et al. 1998).

Compound 5 (Vanicoside E)

Colorless amorphous powder, UV (MeOH): ,,,: 232 and
316 nm; ESI-MS: 'H-NMR (600 MHz, Acetone-Dy): 6H
(ppm): fructose: 4.06 (2H, m, H-1), 5.56 (1H, d, J =7.5 Hz,
H-3), 4.63 (1H, m, H-4), 4.23 (1H, m, H-5), 4.58 (2H, m,
H-6), glucose: 5.71 (1H, dd, /=4.2 Hz, H-1"), 4.78 (1H, d,
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J=17.2Hz, H-2), 491 (1H, d, J=9.6 Hz, H-5"), 4.44 (2H,
m, H-6"), feruloyl moiety: 7.32 (1H, d, J=2.8 Hz, H-2"),
6.89 (1H, d, J=8.4Hz, H-5"), 7.1 (d, J=11.9 Hz, H-6"),
6.33 (1H, d, J = 15.8 Hz, H-8"), 3.86 (3H, s, O-Me), trans-
p-coumaroyl moieties: 7.49, 7.60, 7.78 (2H, 2H, 2H, d, J =
82Hz, H-2""/6""-H-2"""/6"""), 6.81-6.87 (6H, m,
H-3"7'/5""-H3""'/5"""),7.58,7.64,7.71 (1H, 1H, 1H, d, J =
8.9Hz, 11.0Hz & 15.8 Hz, H-7"'-H-7""""), 6.41, 6.46, 6.50
(1H, 1H, 1H, d, J=16.0Hz, 8.2Hz, & 15.8 Hz, H-8"
-H-8""""), and acetyl moieties: 2.05 (3H, 2’-COCHj3) and
1.96 (3H, 4-COCHj;); *C-NMR (150 MHz, Acetone-Dy):
O6C (ppm): fructose: 68.8 (C-1), 102.6 (C-2), 80.2 (C-3),
73.3 (C-4), 80.4 (C-5), 63.1 (C-6), glucose: 89.3 (C-1°),
72.7 (C-2"), 72.5 (C-3"), 73.1 (C-4"), 71.4 (C-5’), 68.6 (C-
6’), feruloyl moiety: 126.6 (C-1"), 113.7 (C-2”), 147.9 (C-
3", 149.3 (C-4"), 116.0 (C-5"), 123.5 (C-6"), 145.1 (C-7"),
114.1 (C-8"), 167.0 (C-9”), 55.5 (O-Me), trans-p-
coumaroyl moieties: 125.9, 126.0, 126.3 (C-1"'- C-1""""),
130.5x2, 130.3x2, 130.2x2 (C-2"'/6""— C-2"""16""""),
1152%x2, 1153%x2, 1159x%x2 (C-3"/5""— C-3"""[5"""),
159.8 x2, 159.9 (C-4"- C-4""""), 145.3, 145.4, 145.5 (C-7"
'— C-7"""), 114.3, 1144, 114.6 (C-8”'- C-8""""), 166.0,
166.1, 166.5 (C-9"'— C-9”"""), and acetyl moieties: 20.1 (2'-
COCHj3;), 170.1 (2'-COCH3;), 20.0 (4’-COCHj3), and 169.6
(4’-COCHj3). ESI-MS m/z 1063 [M+Na]™ and 1039 [M—H]
~, corresponding to the molecular formula C53Hs,0,,. All
data were comparable to the published data (Kiem et al.
2008).

Compound 6 (Exoticin)

Pale yellow needles. UV (MeOH): A, 288 and 332 nm;
'"H NMR (600 MHz, CD5;0D): 6H (ppm) = 7.52 (2H, s, H-
2'/ H-6), 4.08 (3H, s, 7-OMe), 3.99 (3H, 8-OMe), 3.91
(6H, s, 3'-OMe, 5’-OMe), 3.90 (3H, s, 6-OMe), 3.89 (3H, s,
5-OMe), 3.84 (3H, s, 4’-OMe), 3.83 (3H, s, 3-OMe); °C
NMR (150 MHz, CD;0D): 6C (ppm) = 174.4 (C-4), 153.6
(C-2), 153.2 (C-3' and C-5'), 151.9 (C-7), 147.8 (C-5),
146.9 (C-9), 141.0 (C-6), 140.9 (C-4"), 138.0 (C-8), 125.8
(C-1'), 114.4 (C-10), 105.6 (C-2" and C-6'), 61.3 (5-OMe),
61.2 (8-OMe), 60.9 (7-OMe), 60.8 (6-OMe), 59.9 (4'-
OMe), 59.1 (3-OMe), 55.4 (3'-OMe and 5'-OMe); ESI-MS
m/z 462.9 [M+H]", corresponding to the molecular formula
Cy3H6010. All data were comparable to the published data
(Shajib et al. 2017).

Compound 7 (EpiCatechin-3-o-gallate)

Pale red solid; UV (MeOH): Apax: 204 and 276 nm; 'H
NMR (600 MHz, CD;0D): 6H (ppm) 5.01 (1H, s, H-2),
5.50 (1H, br s, H-3), 2.96, 2.82 (1H, dd, J=4.8 Hz & 4.9
Hz, H-4), 5.94 (1H, s, H-5), 5.93 (1H, s, H-6), 6.90 (1H, d,
J=2.1Hz, H-2'), 6.67 (1H, d, /= 8.2 Hz, H-5"), 6.78 (1H,
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d, /J=8.2Hz, H-6"), 6.92 (1H, s, H-2"), 6.92 (1H, s, 6");
B3C NMR (150 MHz, CD;0D): 8C (ppm) 77.3 (C-2), 68.6
(C-3), 25.5 (C-4), 98.0 (C-4a), 95.15 (C-5), 94.1 (C-6),
156.6 (C-7), 156.5 (C-8), 155.9 (C-8a), 130.1 (C-1"), 113.8
(C-2"), 144.6(C-3"), 144.9 ((C-4"), 114.6 (C-5'),118.0 (C-
6"), 120.0 (C-1"), 108.6 (C-2"), 144.9 (C-3") 138.5 (C-4"),
144.9 (C-5"), 108.8 (C-6"), 166.3 (CO). ESI-MS m/z 442
[M-H]*, corresponding to the molecular formula
C»H;304¢. All data were comparable to the published data
(Davis et al. 1996).

Compound 8 (Gallic acid)

Colorless solid; UV (MeOH): Apa: 216 nm and 272 nm; 'H
NMR (600 MHz, CD-0D): 6H (ppm) 7.02 (1H, s, H-2); 1*C
NMR (150 MHz, CD;0D): 6C (ppm) 121.0 (C-1), 108.95
(C-2 & C-6), 145.0 (C-3 & C-5), 138.1 (C-4), 169.3 (C-7,
C=0). ESI-MS m/z 171 [M+H]", corresponding to the
molecular formula C;HgOs. All data were comparable to the
published data (Kamatham et al. 2015).

Compound 9 (3,4-dihydroxy benzoic acid)

Colorless solid; UV (MeOH): Apax: 204, 220, 260 and 296
nm; '"H NMR spectra (600 MHz, Acetone-Dg): 6H (ppm)
7.50 (1H, d, J = 1.4 Hz, H-2), 6.86 (1H, d, J = 8.2 Hz, H-5),
7.44 (1H, dd, J=3.6 Hz & 2.0 Hz, H-6); '°C NMR (150
MHz, Acetone-Dg): 6C (ppm) 122.3 (C-1), 116.6 (C-2),
144.7 (C-3), 149.9 (C-4), 114.9 (C-5), 122.7 (C-6), 166.8
(C-7, COOH). ESI-MS m/z 177 [M+Na] ' and 154[M-H]",
corresponding to the molecular formula C;HgO4. All data
were comparable to the published data (Guria et al. 2013).

Tyrosinase activity assay

The tyrosinase activity assay was performed with minor
modifications using a previously described method (Batu-
bara et al. 2010; Batubara et al. 2011). The extract (60 ul)
was placed in a 96-well plate and 30 ul of mushroom tyr-
osinase (333 U/mL in phosphate buffer, 50 mM, pH 6.5)
and 110pl of substrates (2mM L-tyrosine or 2mM
L-DOPA) were added. After incubation at 37 °C for 15 min,
the absorbance was measured at 510 nm using a microplate
reader. The tyrosinase activity is expressed as the half-
maximal inhibitory concentration (ICs,), which is the con-
centration of the samples producing 50% inhibition.

Cell culture
The mouse melanoma B16-FO cells (DS Pharma Biomedi-

cal, Osaka, Japan) were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 9% fetal

bovine serum, 78 mg/L penicillin, and 111 mg/L strepto-
mycin at 37 °C in a humidified atmosphere of 5% CO,.

Measurement of cellular melanin content

The measurement of cellular melanin was performed
according to a previously described method (Yamauchi
et al. 2014) with minor modifications. In brief, confluent
cultures of B16 melanoma cells were rinsed in phosphate-
buffered saline (PBS) and detached using 0.25% trypsin/
ethylenediaminetetraacetic acid (EDTA). The cells were
placed in a 24-well plate (5.0 x 10* cells/well) and allowed
to adhere at 37 °C for 24 h. Samples were added to the cells
followed by incubation for 72h, and then 200 ul of the
culture medium was added to a 96-well plate. The extra-
cellular melanin content was determined by measuring the
absorbance of the medium at 510 nm using a microplate
reader. The cells were then washed with PBS followed by
lysis in 600 ul of 1M sodium hydroxide (NaOH) with
heating at 100 °C for 30 min to solubilize the melanin. The
resulting lysate (250 ul) was placed in a 96-well microplate,
and the intracellular melanin content was determined by
measuring the absorbance at 405 nm using a microplate
reader. Each experiment was repeated thrice. The melanin
production activity is expressed as a percentage of that of
the control cells treated with dimethyl sulfoxide (DMSO)
alone.

Cell viability

Cell viability measurement was performed according to a
previously described method (Arung et al. 2011), using the
microculture tetrazolium (MTT) assay. Cells were cultured
in 24-well plates at a density of 5.0 x 10* cells/well. After
incubation, 50 pl of the MTT reagent (3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide in PBS, 5
mg/mL) was added to each well. The plates were incubated
in a humidified atmosphere of 5% CO, at 37 °C for 4 h.
After the medium was removed, 1.0 mL isopropyl alcohol
(containing 0.04 N hydrochloric acid, HCI) was added to
each well to dissolve the formazan crystals that formed, and
150 pl was transferred to a 96-well plate. The absorbance
was measured at 590 nm using a microplate reader. Each
experiment was performed in triplicate. The cell viability is
expressed as a percentage of that of the control cells treated
with the DMSO vehicle alone.

Statistical analysis
Cells experiments were performed in triplicate (n =3) and

data are expressed as mean values and standard deviation.
Statistical significance was evaluated using the Student’s
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t test. A p-value of<0.05 was considered statistically
significant.

Results and discussion

We screened seven medicinal plants (MeOH extracts) col-
lected from Bangladesh for their tyrosinase inhibitory
activity and found that only P. orientalis possesses potent
anti-tyrosinase activity with an ICsy values of 13 and
17 ug/mL (Table 1). Roots of P. orientalis were extracted
with MeOH and partitioned into n-hexane, EtOAc, and
EtOH fractions, respectively. The anti-tyrosinase effects of
different extracts were evaluated by measuring their
potential to inhibit mushroom tyrosinase using L-tyrosine
and L-DOPA as substrates. EtOH extracts exhibited pro-
mising tyrosinase monophenolase and diphenolase inhibi-
tory activity with an ICsy values of 22 and 39 pg/mL,
respectively, compared to Kojic acid, used as a control
(Table 2). To isolate the active components, the EtOH
extracts were subjected to silica gel and Sephadex LH-20
CC followed by C-18 reversed-phase HPLC to obtain nine
compounds (1-9) (Fig. 1). Among them five were PSEs
(compounds 1-5) and the major secondary metabolites of
the root of P. orientalis. Compounds 1-9 were identified
from the detailed analysis of their 1D, 2D NMR and ESI
mass spectroscopic data in comparison with data reported in

Table 1 Tyrosinase inhibitory activities of MeOH extracts of different
medicinal plants collected from Bangladesh

Plants name L-Tyrosine ICs L-DOPA ICs
(ng/mL) (ug/mL)

Tectona grandis (L) >1000 >1000
Coriandrum sativum (W) >1000 >1000
Persicaria orientalis (L) 903 >1000
Persicaria orientalis (R) 13 17
Trigonella foenum-graecum (w) >1000 >1000
Calotropis gigantean (L) >1000 >1000
Calotropis gigantean (S) >1000 >1000
Calotropis gigantean (R) >1000 >1000
Amorphophallus campanulatus (TR) 339 >1000
Allamanda (L) 441 >1000
Kojic acid 2 26

L leaf, R root, S stem, W whole plant, 7R tuber root

Table 2 Tyrosinase inhibitory activities of different extracts prepared
from P. orientalis root

Extracts L- Tyrosine ICsy (ug/mL)  L-DOPA ICs, (ug/mL)
n-Hexane >1000 >1000

Ethyl Acetate 80 311

Ethanol 22 39

Kojic acid 2 26

@ Springer

the literature. Compounds 1-5 were purified from P.
orientalis for the first time.

The phenylpropanoid pathway in plants is responsible
for the biosynthesis of a huge amount of secondary meta-
bolites derived from phenylalanine and tyrosine. Phenyl-
propanoid compounds and their glycosides are produced by
the shikimate pathway. Glycosylation can change phenyl-
propanoid solubility, stability, and toxicity. It also influ-
ences compartmentalization and biological activity
(Waterman and Mole 1994; Le Roy et al. 2016). The phe-
nylpropanoid glycosides such as vanicosides have been
found in many plants belonging to the families Poly-
gonaceae, Rosaceae, Brassicaceae, Bignoniaceae, Ballota-
ceae, and Liliaceae. Vanicoside and vanicoside-related
substances have been reported to exhibit several pharma-
cological activities including antioxidant, cytotoxic, protein
kinase C inhibitory, anti-tumor, anti-inflammatory, and
antimicrobial activities (Fukuyama et al. 1983; Zimmer-
mann and Sneden 1994; Kiem et al. 2008; Brown et al.
1998). One study reported that plant-derived phenylpropa-
noid compounds and their synthesized glycosides have the
potential for practical application as whitening cosmetic
agents (Tanimoto et al. 2006). However, there have been no
reports on the anti-melanogenic activity of vanicosides. The
present report is the first to demonstrate the inhibition of
mushroom tyrosinase activity and melanin production in
B16 melanoma cells by vanicoside A, B, C, E, and
hydropiperoside isolated from the roots of P. orientalis.

Hyperpigmentary disorders, responsible for over-
production of melanin, are a common cosmetic concern
globally. Melanogenesis is regulated by several
melanocyte-specific enzymes such as tyrosinase, tyrosinase-
related protein 1 (TRP1), and tyrosinase-related protein 2
(TRP2) (Kobayashi et al. 1994; Yokoyama et al. 1994),
with tyrosinase being the key regulatory enzyme of mela-
nogenesis. Targeting tyrosinase inhibition, with high effi-
cacy and less adverse side effects, is an obvious target in
dermatological and cosmetological research for the pre-
vention of hyperpigmentation. To examine the effect of
isolated PSEs on the activity of mushroom tyrosinase,
L-tyrosine and L-DOPA were used as substrates with kojic
acid as the positive control (An et al. 2005). Isolated
compounds 1-5 were evaluated for their whitening effects
by testing their inhibition of mushroom tyrosinase activity
(Table 3). All five compounds showed promising tyrosinase
monophenolase and diphenolase inhibitory activity. Using
L-tyrosine as a substrate, compound 1 showed strongest
inhibition of tyrosinase activity (ICsqy value 27.1 uM), with a
potency of approximately half of that of kojic acid, a well-
known inhibitor of tyrosinase (ICsy value 14.15uM).
Compounds 2 and 4 inhibit tyrosinase monophenolase
activity with ICsy values of 37.29 and 39.0 uM, respec-
tively. Feruloyl sucrose esters (3,6-diferuloyl-3’,6'-diacetyl
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1 R'=R2=R3=H

2 R'=feruloyl, R2=Ac, R3=H
3 R'=feruloyl, R2=R3=H

4 R'=R3=H, R2=Ac

5 R'=feruloyl, R2=R3=Ac

OCH

feruloyl =

OH 8 R'=0OH
9 R'=H

Fig. 1 Structures of isolated compounds 1-9 from root of Persicaria orientalis

Table 3 Tyrosinase inhibitory activities of compounds 1-5 isolated
from P. orientalis root

Compounds L- Tyrosine I1Csy (uM) L-DOPA IC5y (uM)
1 27.1 166.15
2 37.29 135.91
3 62.0 113.13
4 39.0 91.38
5 45.23 189.96
Kojic acid 14.15 181.40

sucrose and smilaside A) isolated from Oryza sativa roots
inhibit tyrosinase monophenolase activity with an ICs,
value of 47.33 and 45.13 puM, respectively (Cho et al. 2015),
which also supports our findings. Compounds 1-4 exhibited
better diphenolase inhibitory activity with ICs, values of
166.15, 135.9, 113.1, and 91.38 pM, respectively, as com-
pared to kojic acid, used as a positive control (ICs, value
181.4 uM). Compound 4 was twice as effective as kojic
acid, when L-DOPA was used as the substrate. This result is
also reflected by the decrease in extracellular melanin for-
mation by compounds 1-5 (Table 4).

To ascertain the depigmentation activities of compounds
1-5, the inhibitory effects on melanin synthesis were eval-
uated in B16 cells. The compounds were applied to these

cells at concentrations of 50, 25, 12.5, and 6.25 uM for three
days, and cell viability was assessed by MTT assay. The
results for extracellular and intracellular melanogenic
activity of compounds 1-5 are presented in Table 4. Our
previous study suggested that extracellular melanin contents
in control wells was 23 times more than intracellular mel-
anin (Yamauchi et al. 2015). Compounds 1 and 4 showed
non-cytotoxic effects at all tested concentrations and com-
pound 3 was slightly toxic at high concentration. In con-
trast, compounds 2 and 5§ were found to be toxic to B16
cells at all tested concentrations except 6.25 uM. This can
be attributed to the addition of feruloyl and acetyl groups in
the glucose moiety. As shown in Table 4, all the compounds
have an inhibitory effect on melanin synthesis in a dose-
dependent manner. Notably, compound 3 showed a sig-
nificantly higher extracellular (71.9% and 72.0%) and
intracellular (35.3 and 27.3%) melanin inhibitory activity at
50 and 25 uM, respectively. Compounds 1 and 4 inhibited
extracellular melanin production by 59.6% and 59.5%, at a
concentration of 50 uM without affecting cell viability.
Compounds 2 and 5, which are non-toxic at 6.25 uM to B16
cells, inhibited extracellular melanin production by 53.1 and
40.2%, respectively at the same concentration. It has been
found that arbutin, a whitening agent, exhibits an inhibitory
effect of 58% on melanin synthesis at 730 uM. Compared
with arbutin, compounds 1, 3, and 4 showed better
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Table 4 Intra- and extracellular melanogenesis activities and cell
viabilities of compounds 1-5, isolated from root of P. orientalis

Compound Cell viability Intracellular Extracellular
name and (%) melanogenesis melanogenesis
concentration activity (%) activity (%)
(LM)

Hydropiperoside

50 105+1.7 88+2.3" 40£1.3"
25 97+54 97+2.9 59 +14.8"
12.5 101+ 14.1 104+1.9 73+1.1"
6.25 102+20.8 10342 91+1.2"
Vanicoside A

50 5+0.3" 59+1.5" 29+0.68"
25 5+02" 56+1.3" 26+11.1"
12.5 47 £4.8" 64+1.5" 26+0.84"
6.25 122+35"  146x6.7" 46+£12.5"
Vanicoside B

50 75+2.5" 64+12" 28 +0.54™
25 79+2.3" 72£3.1" 28+7.0"
12.5 78+2.9" 89+1.3" 48 32"
6.25 8422 97 +0.57 7653
Vanicoside C

50 90+2.1 11523 40£0.56"
25 96+5.7 124 +1.5™ 62+11.9"
12.5 115+4.2 121 +4.8" 91 +4.4
6.25 129 4.0 120+0.98" 112+8.6
Vanicoside E

50 52+0.12"7  58%1.1" 24+0.417
25 54+025" 57+037" 24+12.8™
12.5 44 +32™ 71+4.7" 23127
6.25 125+73"  100+21.6 59+8.1"
Arbutin

730 99.2+2.2 109+3.9" 42+12"

All data were expressed as the mean + S.D. Differences were examined
for statistical significance using Student’s r-test. n=23. “p<0.05
compared with respective control values. = p<0.01 compared with
respective control values

inhibitory activity on melanin synthesis even at a fifteen
fold lower concentration of 50 uM (Table 4).

A comparison of the chemical structures showed that the
presence of a hydroxyl group on the aromatic ring may be
essential to inhibit tyrosinase activity, as most tyrosinase
inhibitors have a specific hydroxyl group on the aromatic
ring (Chang 2009). This is also supported by the finding
that the hydroxyl group in the benzene ring is required for
improved tyrosinase-inhibitory activity of phenylpropanoid
compounds (Tanimoto et al. 2006). The results showed a
structure-activity-relationship (SAR) where the presence of
the feruloyl group at C-6" and the acetyl group at C-2’ and
C-4’ of sucrose increases cytotoxicity to B16 melanoma

@ Springer

cells. A study suggested that 6’-feruloylated PSEs had
marked cytotoxicity in vitro (Zheng et al. 2012), but our
findings suggested that both the feruloyl (C-6") and acetyl
(C-2'/ C-4") groups in the sucrose moiety are essential for
cytotoxicity. Feruloyl group at the C-6" of sucrose showed
slight toxicity in B16 cells. However, neither feruloyl (C-6")
nor acetyl (C-2’) groups alone, in the sucrose moiety,
exhibited cytotoxicity. Further research on P. orientalis root
extract and isolated PSEs is necessary to fully understand
their therapeutic potential as whitening cosmetic agents.

Conclusion

The present phytochemical investigation of P. orientalis
roots resulted in the purification of five known PSEs for the
first time, of which compounds 1 and S first reported from
this plant. We evaluated the cytotoxicity and the inhibitory
activity of these compounds on tyrosinase and melanin
synthesis with a broader objective of using them as
whitening agents in cosmetics. All tested compounds sig-
nificantly reduced extracellular melanin formation in B16
melanoma cells and inhibited tyrosinase monophenolase
and diphenolase activity. Among them, compound 1 and 4
were the best candidates to use as whitening agents in
cosmetics without negatively affecting cell viability. Taxi-
folin, a known tyrosinase inhibitor, was also isolated from
this plant (Wei et al. 2009). Hence, the root extract of P.
orientalis has several promising compounds that could be
used as skin-whitening agents. However, additional inves-
tigation is required to elucidate the mechanism of action of
these compounds. To the best of our knowledge, this is the
first study to report the potential melanogenesis inhibitory
activity of compounds 1-5 from P. orientalis root extract.
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