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Abstract In this study, derivatives of trimethoxybenzene were

investigated as inhibitors of melanogenesis. We examined the

effects of methyl 3,4,5-trimethoxybenzoate (MTB), ethyl 3,4,5-

trimethoxybenzoate (ETB), methyl 3,4,5-trimethoxycinnamate

(MTC), and ethyl 3,4,5-trimethoxycinnamate (ETC). First, the

inhibitory effects of these agents on melanin production were

evaluated using α-melanocyte-stimulating hormone (α-MSH)-

stimulated B16F10 melanoma cells. We found that all derivatives

decreased α-MSH-induced melanin production in B16F10

melanoma cells; ETC showed a strong inhibitory effect at half of

the concentration of the other derivatives. As tyrosinase is

considered a key enzyme of melanogenesis, we also examined

whether the derivatives inhibited tyrosinase activity. MTC and

ETC reduced mushroom tyrosinase activity and expression levels

of α-MSH-induced B16F10 cellular tyrosinase protein. Inhibitory

effects of all derivatives on α-MSH-induced B16F10 cellular

tyrosinase activity were shown in a dose-dependent manner.

Additionally, the derivatives were exposed to diphenylpicryl-

hydrazyl free radical to examine their antioxidant characteristics.

All derivatives showed considerable antioxidant activity, which

was 2-fold higher than that of arbutin. In conclusion, the

trimethoxybenzene derivatives, including MTB, ETB, MTC, and

ETC exerted anti-melanogenic and antioxidant effects on α-MSH-

stimulated melanogenesis, demonstrating their potential for use as

novel hypopigmenting agents and antioxidants.

Keywords Alpha-MSH · Antioxidants · Benzoates · Cinnamates

· Melanocytes · Skin pigmentation

Introduction

Melanin is a pigment produced by epidermal melanocytes and

malignant melanoma cells in response to ultraviolet light and is

responsible for developing various skin colors among different

ethnic groups [1,2]. Although melanin is essential for protecting

the human skin from severe ultraviolet light-mediated injury,

excessive or unrestrained melanin production induces hyper-

pigmentation such as freckles and melasma.

During melanin biosynthesis, also known as melanogenesis,

tyrosinase functions as a critical enzyme by catalyzing the first

rate-limiting step in which 3,4-dihydroxyphenylalanine (L-DOPA)

is hydrolyzed to dopaquinone [3]. This enzymatic oxidation

activity of tyrosinase is highly correlated with the pigment level in

cultured melanocytes [4,5]. Moreover, it is widely accepted that

tyrosinase’s total protein or mRNA level is correlated with

melanin content. One study demonstrated that α-melanocyte-

stimulating hormone (α-MSH)-induced tyrosinase activation is

associated with increased tyrosinase protein levels [6]. This

suggests that regulation of tyrosinase activity represents a

fundamental approach to preventing the development of

hyperpigmentation.
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Melanogenesis is also affected by several reactive oxygen

species (ROS), including hydrogen peroxide, which serves as a

mediator that controls the activation of transcription factors of

signaling pathways [7,8]. As ROS represents critical components

in melanogenesis regulation, ROS scavengers are used to decrease

the level of UV-induced melanin production [9]. Previous studies

of ROS scavengers such as N-acetyl cysteine, which downregulates

UVB-induced α-MSH showed that treating melanocytes with

ROS scavengers could induce depigmentation [10].

Skin-whitening agents are highly demanded in the global

cosmetic industry, particularly in Asian countries [11]. Although

many natural-derived skin-whitening agents are commercially

available, it is unlikely to utilize practically in industrial applications

due to their structural instability [12]. For instance, arbutin is a

natural product extracted from the bearberry plant and can be

produced by in vitro culture of Schisandra chinensis [13]. However,

natural derivatives of arbutin have unstable structures that can

release the highly toxic compound hydroquinone [14]. L-Ascorbic

acid is easily oxidized and susceptible to heat [15]. Because of the

limitations of existing tyrosinase inhibitors, novel tyrosinase

inhibitors with relatively better stabilities are needed.

Trimethoxybenzene, which has a structural similarity with

benzoates and cinnamates, is a natural flavonoid found in plants

and functions as an antioxidant and an inflammasome inhibitor

[16]. It is widely accepted that antioxidative polyphenol chemicals

can potentially be hypopigmenting agents due to their structural

correlation between tyrosinase and the impact of oxidative stress

on melanogenesis, as previously mentioned [17-20]. However,

effective antioxidative compounds without structural modifications

quickly degrade by external environmental factors such as light

[21]. According to Kim et al. [22], methyl gallate, which has

significant structural similarity with trimethoxybenzene, decreased

the protein expression of microphthalmia-associated transcription

factor (MITF), which regulates several enzymes along melanogenesis.

Nonetheless, the dermatological application of other derivatives of

trimethoxybenzene has not been widely examined. Herein, we

investigated the potential anti-melanogenic and antioxidant effects

of the following derivative: methyl 3,4,5-trimethoxybenzoate

(MTB), ethyl 3,4,5-trimethoxybenzoate (ETB), methyl 3,4,5-

trimethoxycinnamate (MTC), and ethyl 3,4,5-trimethoxycinnamate

(ETC).

Materials and Methods

Reagents and antibodies

Dulbecco’s phosphate-buffered saline (PBS) was purchased from

Cytiva (Logan, UT, USA). The 2N sodium hydroxide standard

solution, dimethyl sulfoxide (DMSO), and sodium carbonate were

purchased from Daejung (Siheung-si, Korea). Trimethoxybenzoic

acid, trimethoxycinnamic acid, α-MSH, sodium phosphate dibasic

anhydrous, sodium phosphate monobasic anhydrous, tyrosinase

derived from mushroom, and L-DOPA were purchased from

Sigma-Aldrich (St. Louis, MO, USA). 2,2-Diphenyl-1-picrylhydrazyl

free radical (DPPH) was purchased from Alfa Aesar (Thermo

Fisher Scientific, Waltham, MA, USA). Cell lysis buffer (10×) was

purchased from Cell Signaling Technology (Danvers, MA, USA).

Skim milk was purchased from BD Biosciences (Franklin Lakes,

NJ, USA). Western enhanced chemiluminescence substrates and

Triton X-100 were purchased from Bio-Rad Laboratories

(Hercules, CA, USA). Antibodies against tyrosinase and horseradish

peroxidase-conjugated anti-rabbit immunoglobulins were from

Santa Cruz Biotechnology (Dallas, TX, USA). Antibodies against

heat shock protein 90 (HSP90) were obtained from Abcam

(Cambridge, UK).

General procedure for preparation of derivatives

For the preparation of MTB or CTB, 3,4,5-trimethoxybenzoic

acid (0.1 mol, 21.2 g) was dissolved in 150 mL of DMSO. The

solution was stirred and heated at 50 oC in 500 mL round bottom

flask. Sodium carbonate (0.2 mol, 21.2 g) was slowly added to the

reaction solution, followed by methyl bromide (0.15 mol, 127.5 g)

for MTB or ethyl bromide (0.15 mol, 154.5 g) for ETB. The

reaction mixture was stirred for 4 h. After completion of the

reaction, 150 mL of distilled water was poured into the reaction

mixture, and the reaction flask was cooled to room temperature.

The reaction flask formed the precipitation depending on

temperature, which was getting down. The white precipitate was

filtered with a vacuum to obtain the product.

For the preparation of MTC or ETC, 3,4,5-trimethoxycinnamic

acid (0.1 mol, 23.8 g) was dissolved in 150 mL of DMSO. The

solution was stirred and heated at 50 oC in 500 mL round bottom

flask. Sodium carbonate (0.2 mol, 21.2 g) was added to the

reaction solution, followed by methyl bromide (0.15 mol, 127.5 g)

for MTC or ethyl bromide (0.15 mol, 154.5 g) for ETC. (0.15 mol,

127.5 g) slowly. The reaction mixture was stirred for 4 h. After

completion of the reaction, 150 mL of distilled water was poured

into the reaction mixture, and the reaction flask was cooled to

room temperature. The reaction flask formed the precipitation

depending on temperature, which was getting down. The white

precipitate was filtered with a vacuum to obtain the product.

Cell culture

B16F10 melanoma cells were obtained from the Korean Cell Line

Bank (Seoul, Korea) and incubated at 37 oC in a 5% CO2

incubator in Dulbecco’s Modified Eagle Medium (Cytiva)

containing 10% fetal bovine serum (Thermo Fisher Scientific) and

1% antibiotic-antimycotic mixture (Sigma-Aldrich).

Cell viability

Cell viability was determined via the Aqueous One Solution Cell

Proliferation Assay (MTS). B16F10 melanoma cells were cultured

in serum-free media at a density of 5×104 cells/well in 24-well

plates and incubated overnight. The cells were treated with or
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without MTB, ETB, MTC, ETC, or arbutin at different

concentrations. After 24, 48, or 72 h incubation, CellTiter 96®

solution (MTS solution; Promega, Madison, WI, USA) was

added, and the cells were incubated at 37 oC in a 5% CO2

incubator for 3 h and transferred to 96-well plates. The absorbance

was measured at 475 nm using a SpectraMax 190 plate reader

(Molecular Devices, Sunnyvale, CA, USA).

Measurement of inhibition of mushroom-derived tyrosinase

activity

The direct enzyme-inhibitor interactions between tyrosinase and

derivatives can be explored by spectrophotometrically measuring

enzymatic activity of mushroom tyrosinase (23-24). In 96-well

plates, MTB, ETB, MTC, or ETC (0, 2, 5, or 10 μg/mL,

respectively), or arbutin (125 μg/mL) was mixed with 10 mM L-

DOPA and mushroom tyrosinase (200 U/mL) in sodium phosphate

buffer (100 mM; pH 6.8). The plates were incubated at room

temperature for 2 min, and absorbance was measured at 475 nm

using SpectraMax 190 plate reader. Inhibition of mushroom

tyrosinase activity was calculated using the following equation:

Mushroom tyrosinase activity inhibition (%)

=

where A is the absorbance of the 200 U/mL mushroom tyrosinase

treatment group, B is the absorbance of the 200 U/mL mushroom

tyrosinase and derivative group, and C is the absorbance of the

derivative treatment group, and D is the absorbance of sodium

phosphate buffer without treatment with mushroom tyrosinase or

derivative.

Measurement of intracellular and extracellular melanin

The in vitro intracellular and extracellular melanin content was

measured to evaluate the attenuation of α-MSH-stimulated

melanin production [23]. B16F10 melanoma cells were cultured

in serum-free media at a density of 5×104 cells/well in 24-well

plates and incubated overnight. The cells were treated with or

without MTB, ETB, MTC, or ETC (0, 2, 5, or 10 μg/mL,

respectively), or arbutin (125 μg/mL) as the positive control in the

presence or absence of α-MSH (500 ng/mL). After 24 h incubation,

the culture medium was collected, and the absorbance was

measured at 405 nm using SpectraMax 190 plate reader to

determine the extracellular melanin content. To evaluate the

intracellular melanin content, after 72 h incubation with or without

the derivatives or arbutin, the cell suspensions were disrupted

using cell lysis buffer containing protease inhibitor. After washing

with PBS and centrifugation, the pellets were dissolved in 1 N

NaOH containing 10% DMSO. The solution was heated in an

oven at 60 oC for 2 h, and the absorbance was measured at 405 nm

using SpectraMax 190 plate reader to determine the intercellular

melanin content.

Measurement of inhibition of intracellular tyrosinase activity

in B16F10 melanoma cells

Inhibition of in vitro intracellular tyrosinase activity was measured

as described by Molagoda et al. [25], with minor modifications.

B16F10 melanoma cells were cultured in serum-free media at a

density of 5×104 cells/well in 24-well plates and incubated

overnight. The cells were then treated with and without MTB,

ETB, MTC, or ETC (0, 2, 5, and 10 μg/mL, respectively), or

arbutin (125 μg/mL) in the presence or absence of α-MSH (500

ng/mL). After 72 h of incubation, the cell pellets were disrupted

using PBS containing 1% Triton X-100, and the cell extracts were

mixed with freshly prepared 10 mM L-DOPA. The absorbance

was measured at 475 nm using SpectraMax 190 plate reader.

Protein extraction and western blotting

B16F10 melanoma cells were cultured in serum-free media at

5×104 cells/dish in 100 dishes and incubated overnight. The cells

were then treated with MTB, ETB, MTC, or ETC (0, 2, 5, and

10 μg/mL, respectively) in the presence or absence of α-MSH

(500 ng/mL). After 72 h incubation, the cells were disrupted using

cell lysis buffer containing protease inhibitor cocktails and

centrifuged. The protein content was quantified using a Bio-Rad

protein assay. An equal amount of protein (30 μg/well) was

separated using 10% polyacrylamide gels and transferred onto

polyvinylidene fluoride membranes. Immunoblotting was performed

using primary antibodies against tyrosinase and HSP90. Immuno-

blotting was performed using horseradish peroxidase-conjugated

anti-rabbit immunoglobins, and the results were visualized using

enhanced chemiluminescence substrates. The protein expression

levels were quantified using ImageJ software (National Institutes

of Health, Bethesda, MD, USA).

Measurement of DPPH free radical-scavenging activity

To evaluate the reduction of oxidative stress, the antioxidant

activity of the samples was measured using a method based on

DPPH free radical-scavenging activity as described previously,

with minor modifications [1,26]. First, preliminary experiments

were performed using ETB (0, 2, 5, and 10 μg/mL) under various

DPPH reaction times and initial concentrations (0, 20, 50, and 100

μmol/L). The absorbance was measured at 517 nm to determine

the optimal condition. Following optimization, DPPH (20 μmol/

L) was added to the derivatives (0, 2, 5, and 10 μg/mL) and

incubated at room temperature for 80 min. The absorbance was

measured at 517 nm using SpectraMax 190 plate reader. Arbutin

(125 μg/mL) was used as a positive control. DPPH scavenging

activity was estimated using the following equation:

DPPH scavenging activity (%)

=

where A is the absorbance of DPPH solution not treated with a

1 1
B C–

A D–
-----------–

⎩ ⎭
⎨ ⎬
⎧ ⎫

– 100×

1 1
B C–

A D–
-----------–

⎩ ⎭
⎨ ⎬
⎧ ⎫

– 100×
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derivative and B is the absorbance of the DPPH solution treated

with a derivative.

Results

Anti-melanogenic effects of trimethoxybenzene derivatives on

B16F10 melanoma cells without cytotoxicity

The cytotoxicity of MTB, ETB, MTC, and ETC in B16F10

melanoma cells was evaluated to determine the non-cytotoxic

conditions. Cell viability was estimated via MTS assays at 24-h

intervals and was estimated as approximately >80% (expressed as

a percentage of the viability of the control) following treatment

with all derivatives at concentrations of 2, 5, 10, 25, 50, and 100

μg/mL for 24, 48, and 72 h, respectively (Fig. 1). This suggests

that a relatively higher concentration (≥25 μg/mL) induces

cytotoxicity in B16F10 cells, in agreement with previous data

[27]. Additionally, the cytotoxic effect of arbutin was measured as

a positive control at various concentrations. At concentrations of

>250 μg/mL, arbutin treatment considerably decreased the cell

population.

To evaluate the inhibitory effects of MTB, ETB, MTC, and

ETC on melanin production, the intracellular and extracellular

melanin content in B16F10 cells was determined after 72 h

incubation with or without MTB, ETB, MTC, and ETC (0, 2, 5,

and 10 μg/mL, respectively) in the presence or absence of α-MSH

(500 ng/mL). The α-MSH-stimulated melanin production rate

was calculated as a percentage of the melanin content in the

untreated group (0 μg/mL). A considerable reduction in extracellular

and intracellular melanin content was observed after treatment

with MTB, ETB, and MTC in a dose-dependent manner. The

extracellular melanin content decreased to 86.9±2.1, 88.4±1.6,

and 85.7±3.5% upon treatment with MTB, ETB, and MTC,

respectively. ETC at a concentration of 5 μg/mL showed the

strongest inhibitory effect and decreased the α-MSH-induced

extracellular melanin production rate to 81.7±4.6%. The

intracellular melanin content showed considerable reduction after

the treatment of MTB, ETB, MTC, and ETC likewise (Fig. 2).

Inhibitory effects on catalytic activity and protein expression

of tyrosinase

The catalytic activity of tyrosinase can be estimated by

quantifying monophenolase activity using L-DOPA rather than L-

tyrosine as a substrate [28]. Mushroom-derived tyrosinase is most

commonly used in an in vitro assay for evaluating inhibitors that

target tyrosinase to develop skin-brightening agents [15]. MTB,

ETB, MTC, and ETC (0, 2, 5, and 10 μg/mL) were treated with

110 U of mushroom tyrosinase with 10 mM L-DOPA, and the

DOPA oxidase activity of mushroom tyrosinase was estimated as

a percentage compared to the control. This method did not reveal

significant inhibitory effects of MTB and ETB on mushroom

tyrosinase activity (Fig. 3A).

In the intracellular melanogenesis signaling pathway, various

factors regulate tyrosinase activation and melanin synthesis [29].

Accordingly, we evaluated the effect of MTB, ETB, MTC, ETC

on α-MSH-stimulated cellular tyrosinase in B16F10 cell lysates

(Huang et al., 2014). Particularly, B16F10 cells were treated with

MTB, ETB, MTC, and ETC (0, 2, 5, and 10 μg/mL) in the

presence or absence of α-MSH (500 ng/mL) for 72 h. The cell

lysates were then extracted and mixed with L-DOPA. The

monophenolase activity of α-MSH-stimulated cellular tyrosinase

was calculated as a percentage in the untreated group (0 μg/mL).

Tyrosinase activity was reduced by MTB, ETB, MTC, and ETC

in a dose-dependent manner (Fig. 3B).

Western blotting was performed to determine the effects of the

derivatives on tyrosinase protein expression levels. Precisely, the

amount of protein in B16F10 cells was quantified after treatment

with MTB, ETB, MTC, ETC (0, 2, 5, and 10 μg/mL) in the

presence or absence of α-MSH (500 ng/mL) for 72 h. GAPDH

was used as a control to normalize the tyrosinase protein

Fig. 1 Cell viability via MTS assays. B16F10 melanoma cells were incubated with MTB, ETB, MTC, ETC, and arbutin, as a positive control, for 24,

48, and 72 h. Control, untreated group; MTB, methyl 3,4,5-trimethoxybenzoate; ETB, ethyl 3,4,5-trimethoxybenzoate; MTC, methyl 3,4,5-

trimethoxycinnamate; ETC, ethyl 3,4,5-trimethoxycinnamate
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expression, and the expression levels were analyzed using ImageJ

software (Fig. 4). The protein expression levels of tyrosinase in

B16F10 cells were considerably reduced after treatment with ETB

(10 μg/mL) and MTC (10 μg/mL) compared to those after

treatment with arbutin (125 μg/mL); ETC decreased tyrosinase

protein expression levels in a dose-dependent manner.

Antioxidant activity

The antioxidant activity of MTB, ETB, MTC, ETC was evaluated

using DPPH, a stable radical that can react with antioxidants [25].

Arbutin (125 μg/mL), known as an antioxidant reducing ROS

levels and intracellular production of cellular hydroxyl radical,

was used as a positive control [30,31]. The DPPH concentration

(Fig. 5A) and reaction time (Fig. 5B) were evaluated as independent

variables following based on the results of preliminary experiments

[26,27]. We thereby conditioned the variables as 20 μmol/L for

DPPH concentration and 80 min for reaction time, respectively

considering the suitable amount of free radicals for derivative

concentrations and the sufficient time to determine the scavenging

effect of derivatives, which related to the saturated region of

scavenging activity (5 μg/mL, Fig. 5B). Subsequently, MTB,

ETB, MTC, ETC (0, 2, 5, and 10 μg/mL, respectively) were

mixed with DPPH (20 μmol/L), and the DPPH scavenging

activity was measured after 80 min. As shown in Fig. 5C, MTB,

ETB, MTC, and ETC considerably reduced the levels of DPPH

free radicals in a dose-dependent manner, and all derivatives at

10 μg/mL reduced free radicals, showing approximately 2-fold

more potent effects compared to that of arbutin (125 μg/mL).

Discussion

We evaluated derivatives of trimethoxybenzene to determine their

suitability for use as skin-whitening agents by measuring cytotoxicity,

melanin content, inhibitory effects on tyrosinase activity, and

protein expression. The results were compared with those of a

well-known inhibitor of tyrosinase, arbutin.

MTB, ETB, and MTC inhibited α-MSH-induced melanin

production in a dose-dependent manner, whereas ETC showed a

substantial dose-independent reduction in activity. Arbutin, a

Fig. 2 Inhibitory effects of (A) MTB, (B) ETB, (C) MTC, and (D) ETC on α-MSH-induced melanin. Statistical significance was compared with "0”

group (*p <0.05, **p <0.01). MTB, methyl 3,4,5-trimethoxybenzoate; ETB, ethyl 3,4,5-trimethoxybenzoate; MTC, methyl 3,4,5-trimethoxycinnamate;

ETC, ethyl 3,4,5-trimethoxycinnamate; α-MSH, alpha-melanocyte-stimulating hormone
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positive control, is a well-known skin-brightening agent, which

decreased α-MSH-stimulated melanin production to 83.1±2.2%.

Thus, the anti-melanogenic effects of MTB (≥10 μg/mL), ETB

(≥10 μg/mL), MTC (≥10 μg/mL), and ETC (≥5 μg/mL) were

comparable to that of arbutin (125 μg/mL).

MTC and ETC significantly reduced the protein expression

while suppressing the L-DOPA oxidase activity of mushroom

tyrosinase and intracellular tyrosinase. This potent inhibition

induced by trimethoxycinnamates is attributable to the previous

finding that cinnamic acid and its derivatives function as

noncompetitive and irreversible mushroom tyrosinase inhibitors

[32]. MTB and ETB reduced the overall activity and protein

expression level of intracellular tyrosinase, whereas they did not

directly inhibit mushroom tyrosinase. These results comply with

previous studies of methyl gallate, which has a structural similarity

with MTB and CTB. Methyl gallate did not show a direct

inhibition of tyrosinase activity but decreased melanogenesis in

Mel-Ab melanoma cells by inducing regulation of MITF, which

orchestrates the expression of tyrosinase in melanocyte [2,33].

This indicates that trimethoxycinnamates exerted direct tyrosinase

inhibition, whereas trimethoxybenzoates did not induce a direct

inhibition of tyrosinase activity but decreased melanogenesis.

Using ROS scavengers as alternative skin-brightening agents

have received considerable attention regarding ROS-induced

melanin synthesis. All derivatives considerably reduced DPPH

radical molecules in a dosage- and time-dependent manner and all

derivatives at a concentration of 10μg/mL exerted strong scavenging

effects on free radicals, which were approximately 2-fold higher

than that of arbutin (125 μg/mL). These results indicated that

derivatives of trimethoxybenzene can still effectively reduce

oxidative stress even after the esterification to improve structural

stability.

In conclusion, the derivatives of trimethoxybenzoate exerted

anti-melanogenic and antioxidant effects on α-MSH-stimulated

melanogenesis. Thus, derivatives of trimethoxybenzoate may be

helpful in developing novel hypopigmenting and antioxidant agents.

Conflicts of Interest The authors declare no conflict of interest.

Fig. 3 Tyrosinase activation inhibition assays. (A) Mushroom tyrosinase activity and (B) B16F10 cellular tyrosinase activity. Statistical significance was

compared with “Control” group for Fig. 3A and “α-MSH” group for Fig. 3B (*p <0.05). Control: not treated with α-MSH and derivative; α-MSH:

100 nM α-MSH treatment group; arbutin: 100 nM α-MSH and 125 μg/mL arbutin treatment group. MTB, methyl 3,4,5-trimethoxybenzoate; ETB,

ethyl 3,4,5-trimethoxybenzoate; MTC, methyl 3,4,5-trimethoxycinnamate; ETC, ethyl 3,4,5-trimethoxycinnamate; α-MSH, alpha-melanocyte-

stimulating hormone
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Fig. 4 Measurement of tyrosinase protein expression levels via western blotting. Tyrosinase levels were normalized to those of HSP90. Control: not

treated with α-MSH and derivative; α-MSH: 100 nM α-MSH treatment group; arbutin: 100 nM α-MSH and 125 μg/mL arbutin treatment group.

MTB, methyl 3,4,5-trimethoxybenzoate; ETB, ethyl 3,4,5-trimethoxybenzoate; MTC, methyl 3,4,5-trimethoxycinnamate; ETC, ethyl 3,4,5-

trimethoxycinnamate; α-MSH, alpha-melanocyte-stimulating hormone; HSP90, heat shock protein 90

Fig. 5 DPPH scavenging activity assay. Preliminary experiments were performed to optimize DPPH experimental conditions: (A) the optimal initial

DPPH concentration with ETB (10 μg/mL) and (B) the optimal reaction with DPPH (20 μmol/L) using 3B2 (2, 5, and 10 μg/mL) or arbutin (125 μg/

mL). (C) Antioxidant activity of derivatives was determined using DPPH (20 μmol/L) after 80 min. Statistical significance was compared with "0”

group for Fig. 5A and “Control” group for Fig. 5C (*p <0.05, **p <0.01). Control: DPPH (20 μmol/L) without derivative; arbutin: arbutin (125 μg/mL)

treatment group. MTB, methyl 3,4,5-trimethoxybenzoate; ETB, ethyl 3,4,5-trimethoxybenzoate; MTC, methyl 3,4,5-trimethoxycinnamate; ETC, ethyl

3,4,5-trimethoxycinnamate; α-MSH, alpha-melanocyte-stimulating hormone; DPPH, 2,2-diphenyl-1-picrylhydrazyl
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