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Tyrosinase Inhibitor from Black Rice Bran
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The inhibitor of tyrosinase activity in black rice bran was investigated. The methanol extract from
black rice bran was re-extracted with hexane, chloroform, ethyl acetate, or water. The ethyl acetate
extract had the most potent inhibition against tyrosinase activity by 80.5% at a concentration of 0.4
mg/mL. Inhibitory compound in the ethyl acetate fraction was isolated by silica gel column
chromatography, and identified as protocatechuic acid methyl ester (compound 1) by GC, GC—MS,
IR, and 'H and 3C NMR spectroscopy. Compound 1 inhibited 75.4% of tyrosinase activity at a
concentration of 0.50 umol/mL. IDsg (50% inhibition dose) value of compound 1 was 0.28 umol/mL.
To study the structure—activity relationship, protocatechuic acid (2), vanillic acid (3), vanillic acid
methyl ester (4), isovanillic acid (5), isovanillic acid methyl ester (6), veratric acid (7), and veratric
acid methyl ester (8) were also assayed.
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INTRODUCTION effects. It is superior to robust nourishment and acts as enhancer

of spleen, liver, stomach, and intestine, and as a hematopoietic
agent in pharmacy. Anthocyanin pigments, cyanidin 3-glucoside
and peonidin 3-glucoside, were isolated from this pldr&)(
Various compounds, such as phenolic acids, ferulic acid, vanillic
acid, and protocatechuic acid, phenolic acid egteryzanol,
and phytic acid, and inositol were found from rice bran (17—
20). Phenolic acids act as an antioxida2it {25), as a radical
scavengerd?), as an inhibitor of hepatic cytochrome P426)(

as an antibacterial ager24), and also as an antiinflammatory
ﬁgent (28, 29). Besides, they contain a lot of proteins, various
amino acids, and vitamins of every kind. As for minerals, they
contain 2—3 times as much iron and calcium as polished rice
does. In searching for biologically natural products, the inhibitor
of tyrosinase activity in black rice bran was investigated.

Melanin biosynthesis inhibitory compounds are useful not
only for the material used in cosmetics as skin-whitening agents
but also as a remedy for disturbances in pigmentation. The color
of mammalian skin and hair is determined by a number of
factors. The most important factor is the degree and distribution
of melanin pigmentation. Tyrosinase (phenol oxidasg)ig
known to be a key enzyme for melanin biosynthegjsr{ plants,
microorganisms, and mammalian cells. Therefore, many tyro-
sinase inhibitors have been reported and tested as cosmetic
(3) and pharmaceuticals to prevent overproduction of melanin
in epidermal layers. For example, hydroquinoAe-{), kojic
acid (8), azelaic acid 9 10), electron-rich phenolslY),
corticosteroids (12, 13), resinoids (14, 15), and arbutin have
been utilized as cosmetic agents. Also, tyrosinase is one of the
most important key enzymes in the insect molting process, and
investigating its inhibitors may be important in finding alterna- MATERIALS AND METHODS
tive insect control agents. Furthermore, melanin formation is
considered to be deleterious to the color quality of plant-derived  Materials. Black rice bran was obtained from Real Co., Ltd. (Kobe,
food. This broadens the possible use of tyrosinase inhibitors astPan)- Tyrosinase was purchased from Funakoshi Co., Ltd. (Tokyo,

i : . . Japan).L-Tyrosine, veratric acid, and protocatechuic acid were pur-
food additives, in addition to uses as insect control agents andChase d from Wako Pure Chemical Co., Ltd. (Osaka, Japan). Polyoxy-
whitening agents.

ethylene nonyl phenyl ether was purchased from Dai-ichi Kogyo
Black rice (Oryza satival. Indica), having dark purple-  seiyaku Co., Ltd. (Kyoto, Japan). Vanillic acid and isovanillic acid

colored grains, is a major rice crop in South Asia and Mainland were from Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan).

China. It is broadly known as an enriched rice with medicinal =~ General Procedure.Gas chromatography (GC) was performed on

a Hewlett-Packard 5890A gas chromatograph equipped with a flame

N - ionization detector (FID). GEMS was performed on a Hewlett-

672;- gav;’gorgai(ﬂgelsgogffpiesgfogI%;F ﬁ%‘gﬁg@gﬂsﬁ%%%}gc_m Packard 5972A series mass spectrometer interfaced with a Hewlett-
tKinki University. Packard 5890 gas chromatograph fitted with a column (DB-5MS, 30
*Real Co., Ltd. m lengthx 0.25 mm i.d.). IR spectra were determined with a FT/IR-
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Figure 1. Isolation scheme for the inhibitory compound from black rice bran.

100

470 Plus Fourier Transform Infrared Spectrometer (JASCO Co., Ltd.,
Japan). Nuclear magnetic resonance (NMR) speéiraif hertz) were
recorded on a JEOL GSX 500 NMR spectrometer (Japan Electron
Optics Laboratory Co., Ltd., Tokyo, Japan). Tetramethylsilane (TMS)
was used as the internal referenae Q.00) for *H NMR spectra
measured in CDGJ acetone-g or DMSO-d.

Enzymatic Assay of Tyrosinase.Tyrosinase activity using.-
tyrosine as the substrate was assayed spectrophotometrically. Phos-
phorus buffer (1.7 mL of 0.1 M P-buffer (pH 6.8)), 20 of 20%
polyoxyethylene nonyl phenyl ether, 2aQ of 0.03%L-tyrosine, and
100uL of test compounds solution (dissolved in DMSO) were added
in a test tube and incubated at 32 for 10 min. After incubation, 250
uL of tyrosinase solution (3000 units/mL, dissolved in water) was added
in the test tube and incubated at 37 for 60 min. Enzymatic activity
was quantified by measuring the absorbance at 475 nm. Tyrosinase
activity was obtained by the following formula:

50

Tyrosinse Activity (%)

0 L . L )
0 0.1 0.2 0.3 0.4

Dose (mg/mL)

whereA is absorbance of test sample (0.1 M P-buffer, polyoxyethylene Figure 2. Inhibitory effects of extracts from black rice bran against
nonyl phenyl ether,-tyrosine and sample solution is absorbance  tyrosinase activity: (<) effect of hexane extract; (OJ) effect of chloroform

of blank (0.1 M P-buffer, polyoxyethylene nonyl phenyl ether, distilled eyyract: () effect of ethylacetate extract; and (x) effect of water extract.
water, and sample solution); Cp is absorbance of positive control (0.1

Tyrosinase activity (%5 [(A — B)/(Cp— Cn)] x 100

M P-buffer, polyoxyethylene nonyl phenyl etherstyrosine, and
DMSO); and Cn is absorbance of negative control (0.1 M P-buffer,
polyoxyethylene nonyl phenyl ether, distilled water, and DMSO)
Fractionation and Isolation of Inhibitory Compound 1. To prepare
the inhibitory compound, fractionation of black rice bran was carried
out as described ifrigure 1 using the tyrosinase inhibitory activity

acetate fraction was divided into fractions-4 by silica gel column
chromatography with chloroform and methanol as eluents. Fraction 1
showed tyrosinase inhibitory activity and was further divided into
fractions 5—8 by silica gel column chromatography with chloroform
and acetone as eluents. Fraction 6 showed tyrosinase inhibitory activity
and was re-chromatogramed on silica gel to yield 359 mg of compound

test as a guide. Black rice bran (4.0 kg) was refluxed with methanol 1. CompoundL was identified as protocatechuic acid methyl ester by

(8000 mL) for 12 h to give a methanol extract (606 g). This extract

was suspended in water (3000 mL), and re-extracted with hexane,

GC, GC—MS, IR, andH and*C NMR.
Structures of Compounds.Esterification of Compound4, 6, and

chloroform, ethyl acetate, or water. Each soluble fraction was concen- 8. Compounds3, 5, and7 were prepared by esterification of the vanillic
trated under reduced pressure to give hexane (163 g), chloroform (3.60acid (4, isovanillic acid 6), and veratric acidg) treated with methanol
g), ethyl acetate (12.4 g), and water (427 g) fractions. The ethyl acetateand concentrated sulfuric acid to determine whether esterification of

fraction showed the strongest inhibitory effeEigure 2). The ethyl

protocatechuic acid2) would affect their ability to inhibit tyrosinase



Tyrosinase Inhibitor from Black Rice Bran J. Agric. Food Chem., Vol. 51, No. 24, 2003 6955

COOCH; COOCHj3 COOCH;3 COOCH;
1
6 2
5 3
f OH OMe OH OMe
OH OH OMe OMe
Protocatechuic acid Vanillic acid Isovanillic acid Veratric acid
methyl ester (1) methyl ester (3) methyl ester (5) methyl ester (7)
COOH COOH COOH COOH
OH OMe OH OMe
OH OH OMe OMe
Protocatechuic acid (2) Vanillic acid (4) Isovanillic acid (6) Veratric acid (8)

Figure 3. Structures of compounds 1-8.

activity. These structures were identified by GC, €@@S, and IR.
Structures of compounds—8 are given inFigure 3.

Protocatechuic Acid Methyl Estell. Compoundl was a whitish
yellow oil. EIMS, m/z168 ([M]*, 35.4%), 137 (100%), 109 (25.3%),
81 (18.2%), 63 (11.1%), 53 (18.2%). IR (KBfyaxcm1) 3338, 1685,
1604, 1521, 1438, 1303H NMR (500 MHz, acetonel) ¢ 7.39 (1H,
d,J = 2.0 Hz, H-2),6 7.34 (1H,dd, J = 2.0, 8.3 Hz, H-6),0 6.80
(1H, d, J = 8.3 Hz, H-5),6 3.80 (3H,s, H-8).°C NMR (125 MHz,
acetone-g) 0 166 (—COOCH), ¢ 150 (C-4),6 145 (C-3),0 123 (C-
6), 6 122 (C-1),6 117 (C-2),6 115 (C-5),6 51 (—COOCH).
Compoundl was identified as protocatechuic acid methyl ester (methyl
3,4-dihydroxy benzoate) from these spectral data.

Tyrosinase Actiivity (%)

RESULTS AND DISCUSSION

A methanol extract of black rice bran was fractionated as
described inFigure 1 to identify tyrosinase inhibitory com-
pounds in this rice species. To obtain desesponse data, test

samples were evaluated at dose levels of 0.4, 0.2, and 0.04 mg/ 0 . . . . .

mL. The ethyl gqetatg extract exhibited an inhibitqry gffect on 0 0.1 0.2 03 0.4 0.5
tyrosinase activity Kigure 2). To prepare the inhibitory Dose (umol/mL)

compound, fractionation of the ethyl acetate extract was carried "

out as described iffigure 1. Finally, inhibitory compound. Figure 4. Inhibitory effects of compounds 1-8 against tyrosinase activity
(395 mg) was isolated from black rice bran. Compodndas ~ in black rice bran: (@) effect of compound 1; (M) effect of compound 2;

identified as protocatechuic acid methyl ester (methyl 3,4- (O) effect of compound 3; (0) effect of compound 4; (O) effect of
dihydroxy benzoate) by GC, GAMS, IR, and'H and3C NMR compound 5; (a) effect of compound 6; () effect of compound 7; (%)

spectroscopy. effect of compound 8.
The inhibitory effect of compounds protocatechuic acid umol/mL, and the IRy (50% inhibition dose) value was 0.28
methyl ester 1), protocatechuic acid2f, vanillic acid @), umol/mL. To study the structureactivity relationship, com-

vanillic acid methyl ester (4), isovanillic acid (5), isovanillic  pounds2—8 were also assayed. Compoudhhibited 60.1%
acid methyl ester (6), veratric acid (7) and veratric acid methyl of tyrosinase activity at a concentration of 0&®ol/mL, and
ester (8) against tyrosinase activity are shownFigure 4. the IDsp value was 0.42tmol/mL. However compound3—8
Compoundsd and2 inhibited 75.4 and 60.1% of the tyrosinase did not inhibit tyrosinase activity. These results indicate that a
inhibitory activity at a concentration of 0.50nol/mL, and their hydroxyl group at the C-3 and C-4 position is the most important

IDso (50% inhibition dose) values were 0.28 and O 4Rol/ factor for inhibition of the tyrosinase activity. Compourd
mL, respectively. However compounds-8 did not inhibit showed stronger inhibition compared with compo@dhese
tyrosinase activity. results indicated that a methylesterification of carboxyl group

Melanin synthesis in mammals proceeds from the amino acid of compoundl is an important factor for inhibition of the
L-tyrosine through a series of enzymatic and chemical stepstyrosinase activity.
initiated by tyrosine hydroxylation to yield DOPA and DOPA Our data imply that the depigmenting effect of black rice
oxidation toL-DOPA quinone. Both reactions are catalyzed by bran components likely involves an inhibition of tyrosinase
tyrosinase (monophenol monooxygenase), a melanocyte-specificactivity. To substantiate that possibility, further investigation
copper-containing glycoprotein located within specialized or- will be accomplished by carrying out an in vitro study of the
ganelles called melanosomes. In this study, we investigatedblack rice bran components with defined cultured cells. Inves-
tyrosinase inhibitor from black rice bran. As a result, the tigations of the possible therapeutic use of these compounds
inhibitor of tyrosinase activity in black rice bran was clearly for the treatment of malignant melanoma, and their chemical
identified as protocatechuic acid methyl estex. CompoundL and structure—activity relationship are in progress in our
inhibited 75.4% of tyrosinase activity at a concentration of 0.5 laboratory.
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