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Abstract

Although melanogenesis is a defense mechanism against ultraviolet (UV)-induced skin damage, abnormally
excessive melanin production causes pigmentation disorders. Tyrosinase, as a key factor for melanin synthesis,
plays an important role in inducing skin pigmentation. Therefore, the inhibition of tyrosinase is crucial in
preventing skin pigmentation in the cosmetics and medicine fields. However, the majority of well-known
tyrosinase inhibitors have been discontinued due to toxic effects on the skin or lack of selectivity and/or
stability. In this study, we evaluated possible anti-melanogenic effects of catechin-7-O-a-L-rhamnopyranoside
(C7R) isolated from the stem bark of Ulmus parvifolia, to discover a new tyrosinase inhibitor that has both safety
and stability. When C7R was pretreated in BI6FI0 melanoma cells stimulated by a-melanocyte-stimulating
hormone, this compound reduced melanin accumulation and murine tyrosinase activity. In line with these
results, C7R inhibits tyrosinase purified from a mushroom in vitro like kojic acid and arbutin. Furthermore, C7R
exhibited a competitive inhibition on a Lineweaver-Burk plot. Next, the underlying mechanisms of the
C7R-mediated tyrosinase inhibitory effect were sought through docking simulation and pharmacophore
analysis between tyrosinase residues and C7R. The results of these analyses showed that C7R had binding
energy of -14.5kcal/mol, and indicated that C7R interacts with tyrosinase through an aromatic ring and various
hydrophobic and hydrogen bonds. Together, our results suggest that C7R can be applied as a novel natural
anti-melanogenic agent that inhibits tyrosinase.
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Introduction

Melanin is an essential factor in determining skin ~ and then the produced melanosomes are transferred

color and melanogenesis is a defense mechanism
against ultraviolet (UV)-induced skin injury.
Therefore, dark-skinned people have a lower risk of
skin cancer than white-skinned people because the
protective effect of melanogenesis by UV is higher [1].
However, when melanin is uncontrolled and
abnormal, it causes hyperpigmentation and
pigmentation disorders such as freckles, age spots,
and melasma due to excessive accumulation of
melanin [2, 3]. Generally, when the skin epidermis is
exposed to UV, melanin is synthesized in
melanocytes, leading to the making of melanosomes,

to keratinocytes via dendrite [4-6].

When UVB is irradiated to the epidermis,
melanogenesis is induced by several factors, of which
alpha-melanocyte-stimulating hormone (a-MSH)
triggers the melanin production. Mechanisms under-
lying melanosome transfer have also been studied a
lot [7]. a-MSH binds melanocortin 1 receptor to
express  microphthalmia-associated transcription
factor (MITF), a transcription factor that expresses
tyrosinase. When MITF gets phosphorylated, it moves
into the nucleus to express tyrosinase [7]. Tyrosinase
is a key enzyme in the synthesis of melanin. It is
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involved in two catalytic reactions. First, through
hydroxylation reactions, tyrosine is converted to
3,4-dihydroxy-L-phenylalanine (L-DOPA) by
monophenolase activity of tyrosinase. Second,
through oxidation reactions, L-DOPA is converted to
DOPA-quinone by diphenolase activity of tyrosinase
[8,9].

As whitening compounds, many tyrosinase
inhibitors including hydroxyquinone, koiic acid and
arbutin, are studied in the pharmaceutical and
cosmetic industries, but conventional agents often
show low efficacy as well as side effects. Thus, many
conventional compounds were initially used and then
discontinued due to safety concerns [10-12].
Therefore, it is important to search for a new
compound that has a better effect on tyrosinase
inhibitory activity and fewer side effects.

A deciduous arboreous tree, Ulmus parvifolia is
distributed throughout the temperature zone of the
Northern hemisphere, including China, Korea and
Japan. The stem or root bark has been traditionally
used for inflammation and gastric diseases [13].
Recent studies have shown antioxidant,
anti-inflammatory, and skin wound healing effects of
Ulmus parvifolia [14, 15]. Catechin-7-O-a-L-rhamno-
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pyranoside (C7R), a catechin glycoside has been
isolated as a major component from the stem bark of
Ulmus parvifolia. Interestingly, catechin is known to
inhibit melanin synthesis in B16F10 melanoma cells
and tyrosinase expression [16]. Thus, this study
investigated a possible inhibitory effect of a catechin
glycoside, C7R on skin melanogenesis.

Results

Inhibition of a-MSH-induced melanogenesis by
C7R in B16F10 cell

C7R is a catechin glycoside that belongs to
phenols and flavonoids. It has a flavan-3-ol backbone
and a rhamnopyranose moiety at the 7t carbon (Fig.
la). To confirm that C7R is not cytotoxicity, we
performed a cell viability assay. And we then tested
whether an inhibitory effect of C7R on melanin
biosynthesis and tyrosinase activity in B16F10 cells.
This compound showed no cytotoxicity at 10-50 pM in
B16F10 cells (Fig. 1b). The inhibitory melanogenesis
effect of C7R was measured at non-cytotoxic
concentrations with kojic acid as a positive control.
Cells were pretreated with various concentrations of
C7R (5-20 pM) for 24 hours as well as 20 pM kojic acid
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Figure 1. Inhibitory effect of C7R on melanogenesis in BI16F10 melanoma cells. (A) The chemical structure of C7R. (B) Cell viability assay was tested in B16F10
melanoma cells with various doses (10-50 pM) of C7R for 72 hours. The cell viability was measured by cell cytotoxicity assay solution (See based on materials and methods). The
results are expressed as the relative percentage of the untreated group (n=3/group). BI6F10 melanoma cells were pretreated with C7R or kojic acid for 3 hours, and then the
cells were stimulated with 1 M a-MSH for (C) 72 hours or (D) 48 hours at each concentration, respectively. All data (n=3) represent the mean + SEM. Data were analyzed using
one-way ANOVA and then Dunnett's test. ##p < 0.001 compared to non-treated group. *p < 0.05, *p < 0.01, **p < 0.001 compared to the a-MSH treated group.
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for 24 hours. Melanogenesis and tyrosinase were
induced by a-MSH for 2 days or 3 days. As shown in
the Figure 1lc-d, the results demonstrated that C7R
notably decreased a-MSH-induced melanin contents
and tyrosinase activity in B16F10 melanoma cells in a
dose-dependent manner. Furthermore, the brighten-
ing effects of C7R in cell culture media were also
observed (Fig. 1). In addition, when C7R was treated
with the same concentration as kojic acid, a
well-known positive control, it showed a similar
melanogenesis and inhibition of tyrosinase activity
compared to kojic acid (Fig. 1c-d). From these things,
it was suggested that C7R has an anti-melanin effect
on a-MSH-induced melanogenesis.

Inhibitory effect of C7R on tyrosinase activity
in vitro

From data in Fig. 1d, C7R has an inhibitory effect
on tyrosinase activity in B16F10 cells. To evaluate on
direct inhibition of tyrosinase activity of C7R, we
further analyzed the dose-dependent inhibitory effect
of C7R on tyrosinase activity, and ICso values were
calculated (Table 1). From Table 1, in our in vitro
experiment using tyrosinase purified from a
mushroom, the ICso value of C7R was 113.1 pM while
ICso values of kojic acid and arbutin as positive control
were 18.4 pM and 306.1 pM, respectively. Although
the ICsp value of kojic acid indicates a better inhibitory
effect on tyrosinase activity than C7R, it is a new
compound for a tyrosinase inhibitor, at least, much
better than arbutin (Fig. 2).

The in vitro mechanism on the inhibition of
tyrosinase activity by C7R

To elucidate the mechanism of inhibition on
tyrosinase activity by C7R, the Lineweaver-Burk

(a) Tyrosinase Activity (mushroom)

% of Control
% of Control

analysis was performed. From Fig. 3a, four lines of
different concentrations of C7R intersected at the
same y-axis. These data suggest that C7R inhibits
tyrosinase activity in a competitive manner.
Furthermore, when C7R was applied with various
concentrations of 10, 20, 50 pM, respectively, resulting
Michalis constants (Kn) were 0.45, 0.73, 1.62 mM and
maximum velocity (Vmax) was 1.35%102 mM/min (Fig.
3b). Because Kn for tyrosinase increased in a
dose-dependent manner without changing Vmay, these
results demonstrate a competitive inhibition of
tyrosinase by C7R. And these results were consistent
with those of kojic acid, which is a known competitive
inhibitor of tyrosinase [17].

Table 1. ICso (uM) values for Catechin-7-O-a-L-rhamno-
pyranoside
Compounds Concentration Tyrosinase 1Cs0 (nM)
(EM) Inhibition (%)
Kojic acid 0 100 +3.74 18.40
5 87.92 £2.30
10 75.28+2.25
20 55.87 £1.79
25 26.52+0.39
Catechin-7-O-a-L-rhamno- 0 100 +3.65 113.05
pyranoside 5 102.33 £7.60
50 85.52+ 3.42
100 63.85 £5.46
150 49.79+ 0.41
250 42.60+3.48
Arbutin 0 100 +2.39 306.09
160 60.73 £15.96
310 38.71+£14.12
620 17.64 £5.05

(b) Tyrosinase Activity (mushroom)

(c) Tyrosinase Activity (mushroom)
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Figure 2. Inhibitory effects of C7R on tyrosinase activity in the cell-free system. (A) Kojic acid, (B) C7R, and (C) arbutin were used to determine the effect on
tyrosinase activity by using | mM L-tyrosine as the substrate and mushroom tyrosinase (500 units) in various concentrations, respectively. The results are expressed as the
relative percentage of the untreated group. All data (n=3) represent the mean value * SEM. Data were analyzed using one-way ANOVA and then Dunnett's test. *p < 0.05, *p

< 0.01, *p < 0.001 compared to the untreated group (n=3/group).
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Figure 3. C7R competitively inhibits tyrosinase. (A) Lineweaver-Burk plot and kinetic analysis were performed to investigate the inhibition mode by C7R on mushroom
tyrosinase. The inhibitory tyrosinase mechanism of C7R was investigated using a kinetic assay with various concentrations of L-DOPA (0.45, 0.73, 1.62 mM) and C7R (0, 10, 20,
and 50 uM). The Lineweaver-Burk plot was made by calculating the reciprocal of each value. On the basis of the point of convergence of lines on the plot that shows the inverse
of reaction velocity (1/v) vs. the inverse of substrate concentration (1/[S]), an inhibitory mechanism was determined. (B) Vimax is the maximum reaction rate based on the Line

Weaver-Buck plot result, and Kn is the Michaelis-Menten constant.

Binding of C7R to tyrosinase by using in silico
analysis

Since C7R inhibited tyrosinase activity in vitro
analysis using a mushroom tyrosinase, it is expected
that C7R directly binds to tyrosinase and then
inactivates tyrosinase. To confirm this idea, in silico
docking simulation was conducted using the
AutoDock 4.2 program. The expected binding energy
affinity values between mushroom tyrosinase (PDB
ID: 2Y9X) and C7R were investigated in three
dimensional (3D) structures. From Fig. 4, the docking
simulation image showed that C7R binds to the
known active site of tyrosinase. When C7R was
combined with the active site pocket of tyrosinase, the
binding energy value was -5.5 kcal/mol for kojic acid,
whereas the value for C7R was -14.5 kcal/mol (Fig.
4a-c). These results indicated that C7R may bind to
tyrosinase active site as well as it was much higher
than kojic acid for inhibitory tyrosinase activity.

For a pharmacophore analysis, we used Ligand
Scout 3.1 program to investigate amino acid residues
of tyrosinase that bind to C7R or kojic acid. Kojic acid
can have three hydrogen-bonded receptors and two
hydrogen-bonded donors associated with tyrosinase
binding, and also can form one aromatic interaction
with tyrosinase. On the other hand, C7R can have ten
hydrogen-bonded receptors and seven hydrogen-

bonded donors associated with tyrosinase binding,
and also can form one hydrophobic and one aromatic
interaction with tyrosinase (Fig. 4d-e).

Discussion

This study was conducted to discover a new
natural compound with whitening effects like kojic
acid and arbutin which reduce melanogenesis by
inhibiting tyrosinase activity in B16F10 cells. Here, we
investigated the effect of C7R on a-MSH-induced
melanogenesis in B16F10 cells. In addition, we also
assessed anti-melanogenesis effects of C7R through in
vitro and in silico analysis. C7R did not cause
cytotoxicity in B16F10 melanoma cells, and the
pretreatment with C7R  suppressed a-MSH
induced-melanogenesis and tyrosinase activity in
B16F10 melanoma cells. While C7R has a lower effect
on inhibition of purified mushroom tyrosinase
compared to kojic acid, it inactivates tyrosinase in
B16F10 melanoma cells as much as kojic acid. From
our docking simulation and pharmacophore analysis,
C7R may inhibit tyrosinase activity by directly
binding to tyrosinase because of forming multiple
hydrogen bonds, aromatic and hydrophobic
interactions with the active site of tyrosinase.
Together, these results indicate that C7R can reduce
melanogenesis by inhibiting tyrosinase.

https://www.medsci.org



Int. J. Med. Sci. 2022, Vol. 19 1135
(a) Kojic acid (b) Catechin-7-O-a-L-rhamnopyranoside (c)
Tyrosinase
Compounds Autodock4.2
(kcal/mol)
Kojic acid -5.5

Catechin-7-O-a-L-

rhamnopyranoside ~HE

Figure 4. In silico docking simulation and pharmacophore analysis of tyrosinase and C7R. Protein-ligand docking simulation was analyzed using AutoDock 4.2.
Docking simulation is the result between the expected 3D structure of tyrosinase, and (A) kojic acid and (B) C7R, respectively. As the 3D structure of tyrosinase molecule, we
used the crystal structure of Agaricus bisporus (PDB ID: 2Y9X). (C€) The binding energy values of kojic acid and C7R were -5.5 and -14.5 kcal/mol, respectively. It was the binding

residues analyzed between human tyrosinase and (D) kojic acid, and (E) C7R as a pharmacophore analysis.

Interestingly, it was reported that the catechin
family has a skin whitening effect by suppressing
tyrosinase expression [16]. In addition, it was
suggested that the catechin structure is a candidate for
the anti-melanogenesis agent and may be effective in
hyperpigmentation disorders. In this study, we
showed that C7R has inhibitory effects on tyrosinase
activity. However, it may also affect tyrosinase
expression and this possibility should be tested in
further study.

Currently, some whitening ingredients are used
in clinical practice, but side effects of them are still
problematic. For example, kojic acid is an effective
compound that inhibits melanogenesis and has been
used continuously in cosmetics. But its use was
banned in 2003 due to safety problems [10]. On the
other hand, in November 2005, the Japanese Ministry
of Health, Labor, and Welfare conducted a toxicity
test of kojic acid and confirmed that there was no
particular problem in safety. And although the use of
kojic acid in cosmetics is now permitted, it is still
controversial for its use [18, 19]. In addition, kojic acid
is not oil-soluble and is unstable at high temperature
when stored for a long period of time. Thus, because
of these disadvantages, it cannot be added to cosmetic
products that are oil-soluble as raw materials [12, 18].

For another example, arbutin which is another
whitening ingredient has a structure in which glucose
is bound to hydroquinone. Thus it is likely to be
decomposed by high temperature and UV [11].
Furthermore, there are safety issues such as skin
toxicity and skin inflammation because it can produce
hydroquinone, which is known for causing skin
disease and cancer [11]. Whereas, a natural product
C7R is potentially safer than kojic acid and arbutin
from the cell experimental results, suggesting its
potential use as an excellent whitening agent.
However, additional experiments are required to
reconfirm the melanin inhibitory effect and safety of
C7R using artificial skin or in an animal model if
possible.

In conclusion, C7R efficiently inhibited
a-MSH-induced melanogenesis in B16F10 melanoma
cells without cytotoxicity. In addition, C7R shows a
competitive inhibition of tyrosinase activity like kojic
acid and arbutin. Our results also indicate that C7R
directly binds to tyrosinase and competitively inhibits
tyrosinase in melanocytes. Thus, our results suggest
that C7R can be applied as a novel modulating
molecule to control skin aging process and/or
pigmentation disorders.
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Materials and Methods
Materials
Tyrosinase from mushroom (T3824-25KU,

tyrosinase  activity =~ 7164  unit/mg  solid),
L-3,4-dihydroxyphenlyalanine (L-DOPA, D9628),
3-(4-Hydroxyphenyl)-L-alanine (L-tyrosine, T3754),
5-hydroxy-2-(hydroxymethyl)-4H-pyran (kojic-acid),
Arbutin and a-Melanocyte Stimulating Hormone
(a-MSH, M4135) were purchased from Sigma Aldrich
(St, Louis, US). Dulbecco modified Eagle medium
(DMEM), Fetal Bovine Serum (FBS), Phosphate
Buffered Saline (PBS), and Trypsin were purchased
from WELGENE (Gyeongsangbuk-do, Korea). Cell
Viability Assay Kit (EZ-Cytox) was purchased from
DOGEN (Seoul, Korea).

Sample preparations

C7R was isolated from the stem bark of U.
parvifolia in our laboratory according to our
previously reported method [20]. The chemical
structure was identified by comparing the MS, 'H-
and C-NMR spectroscopic data with the previously
reported ones [21].

Cell culture and cell cytotoxicity assay

B16F10 mouse melanoma cells were purchased
from the Korean cell line bank (Seoul, Korea). B16F10
melanoma cells were cultured in DMEM (Dulbecco’s
Modified Eagle Medium; WELGEN) medium at 37 °C
including 2 mM L-glutamine, 100 wunits/mL
streptomycin, and 10% heat-activated FBS (fetal
bovine serum; WELGENE). Cells were incubated at
37°C in a humidified atmosphere with 5% CO..

To measure cell cytotoxicity with an EZ-Cytox
assay kit, B16F10 melanoma cells (1x10* cells/well)
were seeded in 96 well plates for 24 hours (e.g., at 37
°C, 5% CO,). B16F10 melanoma cells were pretreated
with 10-50 pM of the C7R to each well. After 72 hours,
each well was added to 10 pL of EZ-Cytox and reacted
in the incubator for 2 hours, and then shaken for 1
minute before measuring the absorbance. The
absorbance was measured at 450 nm using a plate
reader.

Measurement of melanin contents in B16F10
cells

To investigate melanin contents, cells were
pretreated with C7R at various concentrations (5-20
uM) for 1hr, and then melanogenesis was stimulated
by 1 pM a-MSH for 3 days at each concentration. Cells
lysis was used with 1 N sodium hydroxide (NaOH).
Melanin contents were measured of absorbance at 490
nm using a microplate reader, and as a positive
control, kojic acid. The level of melanin was expressed

as a percentage compared to the untreated a-MSH.

Tyrosinase activity assay in vitro

Tyrosinase activity was measured using
tyrosinase purified from a mushroom as previously
described method [6]. In cell free-system, 20 pL of 1
mM L-tyrosine substrate was used in 170 pL of 50 mM
sodium phosphate buffer (pH 6.8) and 10 pL of C7R
(5, 50, 100, 150, 250 uM) or positive control, and then
20 pL of mushroom tyrosinase (500 units) were added
to each well and incubated at 37 °C for 30 min. The
generated DOPA chrome was measured at 475 nm
wavelength. Tyrosinase inhibitory activity was
expressed as the absorbance reduction rate of the
group with and without the sample solution. Based
on the measurement of C7R on tyrosinase activity,
tyrosinase inhibitory concentration 50 (ICs)) was
calculated using a log-linear curve and its equation.

To evaluate the tyrosinase inhibitory mechanism
of C7R, a kinetic assay was used with various
concentrations of L-DOPA (0.125-4 mM) and C7R.
And kojic acid and arbutin were also used as positive
controls. The values of the kinetic constants were
calculated using Lineweaver-Burk plot analysis, and
the maximum velocity (Vmax) and Michaelis constant
(Km) were also calculated by the Lineweaver-Burk
plots with the various concentration of L-DOPA
substrate [22].

In silico docking simulation between C7R to
tyrosinase

AutoDock 4.2 was used to perform in silico
protein-ligand docking simulations. In order to obtain
a successful binding between the protein and the
ligand, the crystal structure from Agaricus bisporus
(PDB ID: 2Y9X) as the 3D structure of tyrosinase was
used, and then a predefined tyrosine binding site was
designated and applied as a docking pocket. After
performing docking simulations between tyrosinase
and C7R or kojic acid, the pharmacophores analysis
was used by Ligand Scout 3.0 to find the prediction of
possible binding residues between compounds and
tyrosinase.

Statistical analysis

The experimental group in each experiment was
analyzed by one-way ANOVA using the Dunnette
test. P-values less than 0.05 were reported as
significant. Data were presented as means + SEM of at
least three independent experiments conducted in
triplicate.
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