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Figure 1. General synthetic pathway for the production of hydroxy-
cinnamic esters from hydroxycinnamic acid.

Melanin is a human skin pigment produced in the melano-
some, a unique intracytoplasmic organelle of melanocytes.1 
The level of melanin synthesis determines the degree of skin 
pigmentation.2 Thus, controlling melanin synthesis is an impor-
tant strategy in treating abnormal skin pigmentations, such as 
melanoma, freckles, and dark spots.3 In melanogenesis, melanin 
is the final product passing through numerous biological path-
ways and complex processes; at least 125 distinct genes are 
involved in the regulation of melanogenesis either directly or 
indirectly.4-6 Therefore, Measurement of the melanin content 
in melanocytes has been used as general means to examine 
depigmenting agents.7-9 Although numerous synthetic natural 
compounds, such as hydroquinone and retinoic acid, have been 
reported as skin depigmenting agents,10 serious side effects 
and cytotoxicity have limited their cosmetic application. The 
‘return to nature’ trend in recent years has been accompanied 
by a booming interest in depigmenting agents from natural pro-
ducts.11 Representative synthetic natural product analogues 
that are currently in use in the depigmenting industry include 
arbutin and kojic acid derivatives.12,13

Many research groups have undertaken the synthesis of 
natural product analogues to find effective melanogenesis inhi-
bitors for use as cosmetic ingredients. Our previous results with 
a 2,4-dihydroxycinnamic ester prompted us to examine the 
inhibitory activity of mono-hydroxycinnamic esters on melano-
genesis and evaluate their potential as new effective depigment-
ing agents.14 Natural hydroxycinnamic acid can be obtained 
from various plants, such as Panax ginseng and Cinnamomum 
cassia Blume, and has been studied by food and drug researchers 
for its monophenolase and diphenolase activities.15-17 Specifi-
cally, considerable interest has been expressed in p-hydroxy-
cinnamic acid due to its structural similarity with tyrosine. 
Despite the interesting results of hydroxycinnamic acid deriva-
tives in food and drug research, investigation of their use as 
depigmenting agents in the cosmetic industry has been limited.

In our continuing research on hydroxycinnamic acid, we 
have synthesized benzylic mono-hydroxycinnamic substituted 
esters and tested their inhibitory effects on melanin synthesis 
within a non-cytotoxic concentration range using B16 mela-
noma cells.

Results and Discussion

The general synthetic pathway for mono-hydroxycinnamic 

ester derivatives is outlined in Figure 1. Hydroxycinnamic acid 
reacted with a phenyl-substituted alkyl bromide in the presence 
of KHCO3 at room temperature. The reaction conditions pro-
vided reasonable yields of several substituted benzyl bromides. 
The phenyl substituents were chosen considering electronic 
effects.18,19 Mono-hydroxycinnamic acids, kojic acid, and arbutin 
were tested as reference compounds for activity comparisons. 

The cytotoxicity of the compounds was determined by MTT 
assay. The degree of inhibitory activity on melanin synthesis 
was determined using the melanin content assay at the low cyto-
toxicity concentration (100 µM). The results are presented in 
Table 1.

Regardless of their suitability for pharmaceuticals and cos-
metics, all compounds were tested for their inhibition of melanin 
synthesis (IC50). From the MTT assay, several 2-hydroxyl- 
substituted compounds exhibited moderate cytotoxicity. On the 
other hand, 3- or 4-hydroxy-substituted compounds showed 
low cytotoxicity (IC50 > 100 µM) as a cosmetic ingredient.

The effect of mono-hydroxycinnamic esters on melanin syn-
thesis in B16 melanoma cells was investigated. For 4-hydroxy-
cinnamic esters, electron-donating substituted benzylic cinna-
mic esters (1-4) showed potent inhibitory activity compared 
to those containing electron-withdrawing substituents (5, 6). 
However, 3-hydroxycinnamic esters (9-15) displayed much 
weaker inhibitory activity and the opposite electronic effect, 
compared to the 4-hydroxycinnamic ester derivatives. Although 
several 2-hydroxycinnamic esters showed potent inhibitory 
activity, many of these exhibited severe cytotoxicity at low 
concentrations. The 4- and 3-hydroxycinnamic esters (8, 16), 
which were extended by one carbon at the benzylic position, 
displayed excellent inhibitory activity compared to the corres-
ponding benzylic cinnamic esters. These biological results re-
vealed that the inhibitory activity of substituted benzyl esters 
depended on the position of the hydroxyl group on the phenyl 
ring of the cinnamic acid. In addition, mono-hydroxycinnamic 
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Table 1. Inhibition of melanin synthesis by hydroxycinnamic ester 
derivatives

R1 R2 n
% 

Inhibition
at 10 µM

% 
Inhibition
at 100 µM

IC50 
(µM)

Cyto-
toxicity

IC50 (µM)

1 4-OH 4-H 1 35 35 > 100
2 4-OH 4-OCH3 1 38 14 > 100
3 4-OH 2-CH3 1 43 13 > 100
4 4-OH 4-CH3 1 24 27 > 100
5 4-OH 4-F 1 20 98 > 100
6 4-OH 4-Cl 1 3 - a 82
7 4-OH 4-NO2 1 19 37 > 100
8 4-OH 4-H 2 61 3 > 100
9 3-OH 4-H 1 14 18 - a > 100
10 3-OH 4-OCH3 1 16 32 - a > 100
11 3-OH 2-CH3 1 8 16 - a > 100
12 3-OH 4-CH3 1 37 45 - a > 100
13 3-OH 4-F 1 5 36 - a > 100
14 3-OH 4-Cl 1 37 20 > 100
15 3-OH 4-NO2 1 33 85 > 100
16 3-OH 4-H 2 56 8 > 100
17 2-OH 4-H 1 1 5 - a > 100
18 2-OH 4-OCH3 1 20 - a 83
19 2-OH 2-CH3 1 33 16 31
20 2-OH 4-CH3 1 16 - a 32
21 2-OH 4-F 1 8 - a 63
22 2-OH 4-Cl 1 15 88 > 100
23 2-OH 4-NO2 1 43 14 > 100
24 2-OH 4-H 2 3 - a 34
4-Hydroxycinnamic acid 38 127
3-Hydroxycinnamic acid 12 > 400
2-Hydroxycinnamic acid 22 359
Arbutin 37 147
Kojic acid 15 369

aIC50 value not shown within the range of non-cytotoxic concentration.

esters, with specific substituents on the benzyl ester compo-
nents, exhibited greater inhibition of melanogenesis than their 
corresponding hydroxycinnamic acids. The results demonst-
rated that benzylic 4-hydroxycinnamic esters have strong in-
hibitory activities on melanin synthesis and low cytotoxicity, 
compared to benzylic 2- or 3-hydroxycinnamic esters.

Since tyrosinase is known to be the enzyme responsible for 
the oxidation of tyrosine, the first and rate-limiting step in 
melanin synthesis,20 the effective compounds (1-5, 7-8, 14-16, 
and 22-23) reported in this study were evaluated for their tyro-
sinase inhibitory activity by using the mushroom tyrosinase 
assay. The substituted compounds 5 (IC50 = 71 µM) showed 
stronger inhibitory activity than kojic acid (IC50 = 212 µM). 
The other compounds not showed IC50 values within the range 
of non-cytotoxic concentration (100 µM). The results revealed 
the inhibition activity on melanin synthesis of our substituted 
compounds may not be related to the direct inhibition of 
tyrosinase activity.

Conclusions

The esterification of mono-hydroxycinnamic acid by substi-
tution with specific benzyl groups could increase the inhibitory 

activity on melanin synthesis. Specifically, benzylic 4-hyd-
roxycinnamic esters displayed excellent inhibition of melanin 
synthesis, compared to kojic acid (IC50 = 367 µM) or arbutin 
(IC50 = 147 µM), which are well known depigmenting agents. 
Although these findings are too limited and premature for 
direct cosmetic applications, they provide a general direction 
for future research on hydroxycinnamic esters as effective 
depigmenting agents. Future researches on their more detail 
inhibitory activities in melanin synthesis and in vivo test are 
under way.

Experimental Section

Melting points were determined using a Thermo Scientific 
Electro thermal 9100 melting point apparatus. 1H and 13C NMR 
spectra were recorded on a JEOL JNM-AL400 spectrometer 
(400 MHz for 1H and 100 MHz for 13C). Mass spectra were 
obtained using a Waters Quattro premier XE mass spectrometer. 
UV spectra were collected using a Molecular Devices Spectra 
Max microplate reader.

Materials. Kojic acid (5-hydroxy-2-(hydroxymethyl)-4H- 
pyran-4-one), o-hydroxycinnamic acid, m-hydroxycinnamic 
acid, p-hydroxycinnamic acid, MTT (3-(4,5-dimethylthiazol- 
2-yl)-2,5-diphenyltetrazolium bromide) was purchased from 
Aldrich Chemical Co. All other chemicals and solvents were 
used with the highest grade commercially available.

General procedure for the synthesis of compound 1.21 p- 
Hydroxy cinnamic acid (328 mg, 2.0 mmol) was dissolved in 
10.0 mL DMF, and KHCO3 (240 mg, 2.4 mmol) was added 
slowly. The resultant mixture was stirred for several minutes at 
room temperature. Then, benzyl bromide (513 mg, 3.0 mmol) 
was added and stirred for 8 - 10 h at room temperature. Upon 
completion, the reaction mixture was added to water and ex-
tracted with ethyl acetate. The organic layer was washed with 
brine and dried over anhydrous magnesium sulfate. The solution 
was filtered and concentrated. The residue was purified by 
column chromatography using ethyl acetate-hexane (3:1) as 
an eluent. The following compounds were prepared by this 
general procedure.

Benzyl 3-(4-hydroxyphenyl)acrylate (1). Yield 65%; white 
solid; mp 90 - 92 oC; 1H NMR (400 MHz, CDCl3) δ 7.66 (d, 
1H, J = 16.0 Hz), 7.40-7.30 (m, 7H), 6.84 (d, 2H, J = 8.0 Hz), 
6.32 (d, 1H, J = 16.0 Hz), 5.24 (s, 2H); 13C NMR (100 MHz, 
CDCl3) δ 168.1, 158.5, 145.7, 135.7, 130.1, 128.6, 128.2, 128.1, 
126.4, 115.9, 114.4, 66.5; MS m/z 253 [M-H]‒.

4-Methoxybenzyl 3-(4-hydroxyphenyl)acrylate (2). Yield 
53%; white solid; mp 90 - 92 oC; 1H NMR (400 MHz, acetone-d6) 
δ 7.64 (d, 1H, J = 16.0 Hz), 7.54 (d, 2H, J = 8.8 Hz), 7.37 (d, 2H, 
J = 8.4 Hz), 6.93 (d, 2H, J = 8.4 Hz), 6.89 (d, 2H, J = 8.8 Hz), 
6.37 (d, 1H, J = 16.0 Hz), 5.12 (s, 2H), 3.79 (s. 3H); 13C NMR 
(100 MHz, acetone-d6) δ 167.3, 160.6, 145.5, 130.9, 130.8, 
129.6, 126.9, 116.6, 115.5, 114.6, 66.1, 55.5; MS m/z 283 
[M-H]‒.

2-Methylbenzyl 3-(4-hydroxyphenyl)acrylate (3). Yield 
50%; white solid; mp 86 - 88 oC; 1H NMR (400 MHz, acetone-d6) 
δ 7.66 (d, 1H, J = 16.0Hz), 7.55 (d, 2H, J = 8.8 Hz), 7.39 (d, 
1H, J = 7.2 Hz), 7.25-7.20 (m, 3H), 6.90 (d, 2H, J = 8.8 Hz), 6.41 
(d, 1H, J = 16.0 Hz), 5.23 (s, 2H), 2.37 (s, 3H); 13C NMR (100 
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MHz, acetone-d6) δ 167.2, 160.6, 145.6, 137.6, 135.4, 131.0, 
130.9, 129.9, 129.1, 126.9, 126.7, 116.6, 115.2, 64.7, 18.9; MS 
m/z 267 [M-H]‒.

4-Methylbenzyl 3-(4-hydroxyphenyl)acrylate(4). Yield 63%; 
white solid; mp 106 - 108 oC; 1H NMR (400 MHz, CDCl3) δ 7.67 
(d, 1H, J = 16.0 Hz), 7.37 (d, 2H, J = 8.8 Hz), 7.30 (d, 2H, J = 
8.4 Hz), 7.18 (d, 2H, J = 8.4 Hz), 6.84 (d, 2H, J = 8.8 Hz), 6.32 
(d, 1H, J = 16.0 Hz), 5.21 (s, 2H), 2.35 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 167.7, 158.0, 145.2, 138.1, 132.9, 130.0, 129.3, 
128.4, 126.9, 115.9, 115.0, 66.4, 21.2; MS m/z 267 [M-H]‒.

4-Fluorobenzyl 3-(4-hydroxyphenyl)acrylate (5). Yield 65%; 
white solid; mp 99 - 101 oC; 1H NMR (400 MHz, CDCl3) δ 7.67 
(d, 1H, J = 16.0 Hz), 7.44-7.38 (m, 4H), 7.09-7.05 (m, 2H), 6.85 
(d, 2H, J = 8.8Hz), 6.34 (d, 1H, J = 16.0 Hz), 5.21 (s, 2H); 13C 
NMR (100 MHz, CDCl3) δ 168.1, 163.8, 161.4, 158.5, 145.8, 
131.6, 130.2, 130.1, 126.4, 115.9, 115.5, 115.3, 114.2, 65.8; MS 
m/z 271 [M-H]‒.

4-Chlorobenzyl 3-(4-hydroxyphenyl)acrylate (6). Yield 43%; 
white solid; mp 114 - 116 oC; 1H NMR (400 MHz, acetone-d6) 
δ 7.67 (d, 1H, J = 16.0 Hz), 7.56 (d, 2H, J = 8.8 Hz), 7.47-7.37 
(m, 4H), 6.91(d, 1H, J = 8.8 Hz), 6.42 (d, 1H, J = 16.0Hz), 5.22 
(s, 2H); 13C NMR (100 MHz, acetone-d6) δ 167.1, 160.6, 145.9, 
136.6, 134.1, 131.0, 130.6, 129.3, 126.8, 116.6, 115.0, 65.4; MS 
m/z 287 [M-H]‒.

4-Nitrobenzyl 3-(4-hydroxyphenyl)acrylate (7). Yield 56%; 
white solid; mp 151 - 153 oC; 1H NMR (400 MHz, acetone-d6) 
δ 8.18 (d, 2H, J = 8.4 Hz), 7.67-7.61 (m, 3H), 7.50 (d, 2H, J = 
8.8 Hz), 6.86 (d, 2H, J = 8.4 Hz), 6.40 (d, 1H, J = 16.0 Hz), 
5.32 (s, 2H); 13C NMR (100 MHz, acetone-d6) δ 167.1, 160.7, 
148.4, 146.2, 145.2, 131.1, 129.1, 126.7, 124.2, 116.7, 114.6, 
65.0; MS m/z 298 [M-H]‒.

Phenethyl 3-(4-hydroxyphenyl)acrylate (8). Yield 27%; whi-
te solid; mp 90 - 92 oC; 1H NMR (400 MHz, CD3OD) δ 7.57 
(d, 1H, J = 16.0 Hz), 7.38 (d, 2H, J = 8.8 Hz), 7.29-7.17 (m, 6H), 
6.85 (d, 1H, J = 8.8 Hz), 6.25 (d, 1H, J = 16.0 Hz), 4.33 (t, 2H, 
J = 7.0 Hz), 2.94 (t, 2H, J = 7.0 Hz); 13C NMR (100 MHz, 
CD3OD) δ 169.2, 161.2, 146.6, 139.3, 131.3, 130.0, 129.5, 127.6, 
127.1, 116.9, 115.2, 66.1, 36.1; MS m/z 267 [M-H]‒.

Benzyl 3-(3-hydroxyphenyl)acrylate (9). Yield 59%; white 
solid; mp 93 - 95 oC; 1H NMR (400 MHz, CDCl3) δ 7.54 (d, 
1H, J = 16.0 Hz), 7.29-7.20 (m, 5H), 7.08 (t, 1H, J = 8.2 Hz), 
6.91-6.89 (m, 2H), 6.78 (d, 1H, J = 8.0 Hz), 6.30 (d, 1H, J = 
16.0 Hz), 5.22 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 167.5, 
156.3, 145.6, 135.6, 135.5, 130.0, 128.5, 128.3, 128.2, 120.6, 
117.8, 117.6, 114.6, 66.7; MS m/z 253 [M-H]‒.

4-Methoxybenzyl 3-(3-hydroxyphenyl)acrylate (10). Yield 
60%; white solid; mp 108 - 110 oC; 1H NMR (400 MHz, ace-
tone-d6) δ 7.64 (d, 1H, J = 16.0 Hz), 7.38 (d, 2H, J = 8.0 Hz), 
7.25 (t, 1H, J = 7.8 Hz), 7.15-7.13 (m, 2H), 6.94-6.91 (m, 3H), 
6.50 (d, 1H, J = 16.0 Hz), 5.16 (s, 2H), 3.79 (s, 3H); 13C NMR 
(100 MHz, acetone-d6) δ 167.0, 160.6, 158.6, 145.5, 136.7, 
130.9, 130.8, 129.3, 120.5, 118.8, 118.4, 115.3, 114.6, 66.4, 
55.5; MS m/z 283 [M-H]‒.

2-Methylbenzyl 3-(3-hydroxyphenyl)acrylate (11). Yield 
68%; white solid; mp 94 - 96 oC; 1H NMR (400 MHz, CDCl3) 
δ 7.69 (d, 1H, J = 16.0Hz), 7.39 (d, 1H, J = 7.0 Hz), 7.31-7.22 
(m, 4H), 7.07-7.06 (m, 2H), 6.94 (d, 1H, J = 8.0 Hz), 6.46 (d, 
1H, J = 16.0 Hz), 5.32 (s, 2H), 2.40 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 167.9, 156.6, 145.9, 137.2, 135.7, 133.7, 130.6, 
130.2, 129.4, 128.8, 126.2, 120.9, 118.1, 117.7, 114.9, 65.4, 
19.0; MS m/z 267 [M-H]‒.

4-Methylbenzyl 3-(3-hydroxyphenyl)acrylate (12). Yield 
73%; white solid; mp 101 - 103 oC; 1H NMR (400 MHz, ace-
tone-d6) δ 7.64 (d, 1H, J = 16.0 Hz), 7.34 (d, 2H, J = 8.0 Hz), 
7.26 (t, 1H, J = 8.0 Hz), 7.21 (d, 2H, J = 8.0 Hz), 7.18-7.12 (m, 
2H), 6.92 (d, 1H, J = 8.0 Hz), 6.52 (d, 1H, J = 16.0 Hz), 5.19 
(s, 2H), 2.33 (s. 3H); 13C NMR (100 MHz, CDCl3) δ 167.7, 
156.3, 145.5, 138.2, 135.5, 132.5, 130.0, 129.2, 128.4, 120.6, 
117.8, 117.6, 114.6, 66.7, 21.1; MS m/z 267 [M-H]‒.

4-Fluorobenzyl 3-(3-hydroxyphenyl)acrylate (13). Yield 
68%; white solid; mp 105 - 107 oC; 1H NMR (400 MHz, CDCl3) 
δ 7.66 (d, 1H, J = 16.0 Hz), 7.42-7.38 (m, 2H), 7.22 (t, 1H, J = 
7.8 Hz), 7.10-7.00 (m, 4H), 6.88 (d, 1H, J = 8.0 Hz), 6.44 (d, 
1H, J = 16.0 Hz), 5.21 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 
167.4, 163.9, 161.4, 159.5, 145.6, 135.5, 131.5, 130.2, 130.1, 
120.7, 117.8, 117.6, 115.6, 115.4, 114.6, 65.9; MS m/z 271 
[M-H]‒. 

4-Chlorobenzyl 3-(3-hydroxyphenyl)acrylate (14). Yield 
48%; white solid; mp 158 - 160 oC; 1H NMR (400 MHz, DMSO- 
d6) δ 7.60 (d, 1H, J = 16.0 Hz), 7.45-7.38 (m, 4H), 7.20(t, 1H, 
J = 7.8 Hz), 7.10-7.06 (m, 2H), 6.85 (d, 1H, J = 8.0 Hz), 6.54 (d, 
1H, J = 16.0 Hz) 5.18 (s, 2H); 13C NMR (100 MHz, DMSO-d6) 
δ 166.2, 157.9, 145.4, 135.4, 135.3, 132.9, 130.1, 130.0, 128.6, 
119.6, 118.0, 117.5, 114.8, 65.0; MS m/z 287 [M-H]‒.

4-Nitrobenzyl 3-(3-hydroxyphenyl)acrylate (15). Yield 57%; 
white solid; mp 135 - 137 oC; 1H NMR (400 MHz, acetone-d6) 
δ 8.19 (d, 2H, J = 8.0 Hz), 7.67-7.63 (m, 3H), 7.21(t, 1H, J = 7.8 
Hz), 7.11-7.09 (m, 2H), 6.88 (d, 1H, J = 8.0 Hz), 6.52 (d, 1H, 
J = 16.0 Hz), 5.33 (s, 2H); 13C NMR (100 MHz, acetone-d6) δ 
166.7, 158.7, 148.4, 146.3, 145.0, 136.5, 130.8, 129.3, 124.3, 
120.6, 118.6, 118.1, 115.4, 65.2; MS m/z 298 [M-H]‒.

Phenethyl 3-(3-hydroxyphenyl)acrylate (16). Yield 27%; 
white solid; mp 78 - 79 oC; 1H NMR (400 MHz, CD3OD) δ 
7.56 (d, 1H, J = 16.0 Hz), 7.29-7.17 (m, 6H), 7.00-6.99 (m, 2H), 
6.85 (d, 1H, J = 8.0 Hz), 6.39 (d, 1H, J = 16.0 Hz), 4.35 (t, 2H, 
J = 7.0 Hz), 2.96 (t, 2H, J = 7.0 Hz); 13C NMR (100 MHz, 
CD3OD) δ 168.6, 159.0, 146.5, 139.3, 136.9, 130.0, 129.5, 127.6, 
120.9, 118.6, 115.4, 66.3, 36.1; MS m/z 267 [M-H]‒.

Benzyl 3-(2-hydroxyphenyl)acrylate (17). Yield 58%; white 
solid; mp 86 - 88 oC; 1H NMR (400 MHz, CDCl3) δ 8.12 (d, 
1H, J = 16.0 Hz), 7.40-7.27 (m, 6H), 7.16 (t, 1H, J = 8.4 Hz), 
6.85-6.79 (m, 2H), 6.71 (d, 1H, J = 16.0 Hz), 5.25 (s, 2H); 13C 
NMR (100 MHz, CDCl3) δ 168.7, 155.9, 141.9, 135.8, 131.6, 
129.3, 128.5, 128.2, 128.1, 121.4, 120.3, 117.4, 116.4, 66.7; 
MS m/z 253 [M-H]‒.

4-Methoxybenzyl 3-(2-hydroxyphenyl)acrylate (18). Yield 
64%; white solid; mp 128 - 130 oC; 1H NMR (400 MHz, ace-
tone-d6) δ 8.04 (d, 1H, J = 16.0 Hz), 7.58 (d, 1H, J = 8.0 Hz), 
7.38 (d, 2H, J = 8.0 Hz), 7.24 (t, 1H, J = 7.6 Hz), 6.99-6.92 (m, 
3H), 6.88 (t, 1H, J = 7.6 Hz), 6.66 (d, 1H, J = 16.0 Hz), 5.16 (s, 
2H), 3.78 (s, 3H); 13C-NMR (100 MHz, acetone-d6) δ 167.5, 
160.5, 157.4, 141.1, 132.2, 130.8, 129.7, 129.5, 122.2, 120.7, 
118.5, 117.0, 114.6, 66.2, 55.5; MS m/z 283 [M-H]‒.

2-Methylbenzyl 3-(2-hydroxyphenyl)acrylate (19). Yield 
61%; white solid; mp 110 - 112 oC; 1H NMR (400 MHz, CDCl3) 
δ 8.12 (d, 1H, J = 16.0 Hz), 7.42-7.37 (m, 2H), 7.27-7.16 (m, 
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4H), 6.86 (t, 1H, J = 7.2 Hz), 6.77 (d, 1H, J = 8.0 Hz), 6.73 (d, 
1H, J = 16.0 Hz), 5.28 (s, 2H), 2.37(s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 168.9, 155.9, 141.8, 137.0, 133.7, 131.6, 130.4, 129.3, 
128.6, 126.0, 121.4, 120.4, 117.4, 116.4, 65.1, 18.9; MS m/z 
267 [M-H]‒.

Cell culture. B16F1 murine melanoma cells were purchased 
from the American Type Culture Collection. The cells were 
grown in DMEM (Gibco BRL, Grand Island, NY, USA) supple-
mented with 10% fetal bovine serum (Gibco BRL) and 1% 
penicillin-streptomycin (Gibco BRL). The cells were main-
tained in a humidified incubator with 5% CO2 at 37 oC. All of 
the tested compounds were prepared in DMSO. 

MTT assay. The MTT assay has been described by Mos-
mann.22,23 Briefly, a cell suspension was seeded in a microplate, 
and the cells were allowed to adhere completely to the plate 
overnight. Each test compound was added to the plate and then 
incubated at 37 oC in a CO2 incubator. After 24 h, 10 µL of MTT 
solution (5 mg/mL in PBS) was added to each well, and the 
incubation was continued for 4 h. The supernatant was then 
removed, and formazan was solubilized by adding 100 µL of 
DMSO to each well with gentle shaking. The absorbance was 
then measured using a microplate reader at 570 nm.

Melanin content assay. The melanin content was measured 
using the method reported by Shimizu et al.,24 with a slight 
modification. Briefly, B16F1 murine melanoma cells were rins-
ed in PBS and removed using 0.05% trypsin/EDTA. The cells 
were incubated at density 1 × 105 cells in six-well plates over-
night. The cells were treated with the test compound at various 
concentrations in phenol red-free DMEM for 3 d. After removing 
the medium and washing the cells with PBS, the cells were 
dissolved in 1 N NaOH containing 10% DMSO. The relative 
melanin content was determined by optical density (OD) at 405 
nm using a microplate reader.

Mushroom tyrosinase assay. The tyrosinase activity was 
determined using the method described by Masamoto et al. 
with a slight modification.25 The test compound solution was 
prepared by mixing the compound with DMSO and a 0.1M 
phosphate buffer (pH 7.0). Then a test tube was filled with 80 
µL of the 0.1 M phosphate buffer (pH 7.0), 40 µL of the test 
compound solution, and 40 µL of mushroom tyrosinase (1,500 - 
2,000) U/µL. Then 40 µL of 2.5 mM L-dopa was added. The 
same control solution without the test compound was also pre-
pared. The UV absorbance was measured using a microplate 
reader at 475 nm, and the percent inhibitions (%) were calculated 
using the following formula:

Percent inhibitions (%)  =  [(Ac ‒ As) / Ac] × 100

where Ac and As are the absorbance for the control and for the

samples, respectively. Each sample was assayed at different 
concentrations.
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