
Crocus sativus L., commonly known as saffron, is a stem-
less perennial herb of the Iridaceae. It is distributed in South
Europe, Middle Iran and South Asia, and has been cultivated
in mainland China. This plant is highly economical because
it can be used as a dye for coloring and as a spice for food
preparations. The stigma of this plant is a well-known tradi-
tional Chinese medicine and is used similarly to safflower
(Carthamus tinctorius L.), with stronger action to stimulate
blood flow and relieve pain by removing stagnated blood; it
is used in the treatment of amenorrhea, menostasis, melan-
cholia, chest and abdominal pain, painful swellings due to
bloodstasis, hepatomegaly, splenomegaly, convulsion, pain of
traumatic wounds, and as a sedative.1) Earlier investigations
have reported the isolation of carotenoids, monoterpenoids,
flavonoids, anthocyanins from the stigma, leaves, petals and
pollen of this plant,2—13) as well as the use of saffron as an
important phytotherapeutic agent.9—11) In our search for
novel biologically active compounds from natural sources,
we were interested in the constituents of the pollen of C.
sativus due to its significant antityrosinase activity. Bioassay-
directed fractionation of the methanolic extract led to the iso-
lation and characterization of five new naturally occurring
monoterpenoids, crocusatins-A (1), -B (2a), -C (3), -D (4a),
and -E (5), and a new lactate, sodium (2S)-(O-hydroxy-
phenyl)lactate (6), along with eighteen known compounds
(7—24). Among them, isorhamnetin-3,49-diglucoside (20)
has been characterized as a strong tyrosinase inhibitor.

Crocusatin-A (1) was isolated as an optically active color-
less oil. Its molecular formula was determined to be C9H14O2

by high-resolution mass spectrometry (HR-MS). The IR ab-
sorption bands at 3500 and 1672 cm21 and UV absorption at
232 nm indicated the presence of a hydroxyl group and a
conjugated carbonyl group in the molecule. The 1H-NMR of
1 showed the presence of a gem-dimethyl group at d 1.15 and
1.11, a vinyl methyl group at d 1.79, an ABX system at d
4.58 (1H, ddd, J55.2, 2.4, 1.6 Hz), 2.15 (1H, dd, J512.8,
5.2 Hz) and 1.83 (1H, dd, J512.8, 2.4 Hz), and a vinyl proton
at d 6.60 (1H, d, J51.6 Hz). The signal at d 4.58 was as-
signed to an oxygenated methine proton. To establish the pla-
nar structure of 1, a heteronuclear multiple-bond correlation
(HMBC) experiment (Fig. 1) was conducted. The gem-di-
methyl (d 1.11 and 1.15), vinyl methyl (d 1.79), methylene
(d 2.15, 1.85) and vinyl (d 6.60) protons showed 3J correla-
tion to the carbonyl carbon (d 203.6). Therefore, the car-
bonyl group must be located at C-1. The relative stereochem-
istry of a chiral center of the ring was deduced from the cou-

pling constant of H-4 and from a nuclear Overhauser en-
hancement spectroscopy (NOESY) experiment (Fig. 2). The
results showed that H-4 (d 4.58) was within NOE distance
from methylene protons (d 2.15, 1.83) and vinyl proton (d
6.60). The coupling constant of H-4 (J55.2, 2.4, 1.6 Hz),
coupled with the NOE experiment, suggested that the H-4
was located at the equatorial. The absolute configuration at
C-4 was determined to be S. because Widmer et al. had syn-
thesized (4S )-4-hydroxy-2,6,6-trimethyl-cyclohex-2-en-one
and shown a negative optical rotation.14) Crocusatin-A also
displayed the same optical rotation. Based on the evidence,
structure 1 was assigned to crocusatin-A. This is the first re-
port of 1 from the natural source.

Crocusatin-B (2a) was isolated as an optically active col-
orless powder. The molecular formula was established as
C10H16O3 by HR-MS. The presence of an a ,b-unsaturated
carboxylic acid was indicated by IR and UV absorption
bands at 1651 cm21 and at 221 nm, respectively, together
with 13C-NMR signals at d 181.6 (s), 142.0 (s), 124.1 (s).
Compound 2a contained 10 distinct carbon signals attribut-
able to three methyls (one vinylic and two geminal on a qua-
ternary carbon), two methylenes, one methine bearing oxy-
gen, and four quaternary carbons (two olefinic, one carbon-
yl) from the heteronuclear multiple quantum coherence
(HMQC) experiment spectrum. The 1H-NMR spectrum of 2a
showed signals for the gem-dimethyl group (d 1.12, 1.22),
and a vinyl methyl group (d 1.68). A multiplet signal at d
3.93 (1H, dddd, J59.6, 8.0, 6.0, 3.6 Hz) was interpreted as a
methine proton which was germinated to a secondary alcohol
and coupled with two sets of methylene protons at d 2.23
(1H, dd, J516.4, 6.0 Hz), 1.88 (1H, dd, J516.4, 9.6 Hz),
1.67 (1H, dd, J58.0, 3.6 Hz) and 1.38 (1H, t, J58.0 Hz). The
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1H–1H shift correlation spectroscopy (COSY) and HMQC
and HMBC (Fig. 1) experiments established the connectivi-
ties and planar structure of the molecule. The relative stereo-
chemistry of 2a at C-4 was determined by the coupling con-
stant of H-4 and by a NOESY experiment (Fig. 2). The
NOEs were observed between H-4 and Me-8 (d 1.22), H-5eq

(d 1.67) and H-3eq (d 2.23), respectively. Thus, the hydroxyl
group at C-4 must be located at an equatorial orientation.
Takeda et al. obtained (4S )-4-hydroxy-2,6,6-trimethylcyclo-
hex-1-ene carboxylic acid (2b) as an aglycone of natural glu-
coside, and it showed a negative optical rotation.15) However,
crocusatin-B displayed a positive optical rotation. Therefore,
the absolute configuration of 2a at C-4 was proposed to be R,
and the structure of crocusatin-B was assigned as 2a.

Crocusatin-C (3) was obtained as a colorless oil, and its
molecular formula, C10H16O2 (M1 at m/z 168.1156), indi-
cated three degrees of unsaturation. The following spectro-
scopic evidence revealed that compound 3 should be a mono-
cyclic monoterpenoid, with a ketonic group conjugated with
a trisubstituted double bond [lmax 239 nm; nmax 1670 cm21;
dH 5.98 (1H, s), 2.03 (3H, s); dC 199.7 (s), 127.6 (d), 160.8
(s), 23.9 (q)]; a gem-dimethyl [dH 1.03, 1.15 (each 3H, s); dC

35.4 (s), 29.4 (q), 27.1 (q)]; a methylene [dH 2.05, 2.63 (each
1H, d, J517.2 Hz); dC 48.5 (t)]. In addition, the 1H-NMR
and HMQC spectra appeared an ABX type signals at d 3.95
(1H, dd, J511.6, 3.6 Hz), 3.88 (1H, dd, J511.6, 3.6 Hz) and
1.99 (1H, t, J53.6 Hz), which was attributed to the oxy-
genated methylene (dC 61.5) protons, H-7a, H-7b and H-1,
respectively. According to the above data, compound 3 has
an isophorone skeleton of monoterpene, which possesses a
hydroxyl group at C10. The relative stereochemistry of H-1
was determined to be an equatorial orientation based on the
cross-peaks between H-1 and methylene protons (dH 3.95,
3.88), one of the gem-dimethyl and vinylic methyl protons in
the NOESY spectrum (Fig. 2). From the above results, struc-
ture 3 was assigned for crocusatin-C. Though this compound
was synthesized by Surmatis et al.,16) and also obtained as 
a hydrolysis product of (4S )-4-(hydroxymethyl)-3,5,5-tri-
methylcyclohex-2-enone-b-D-glucopyranoside,17) this is the
first example from the natural source.

Crocusatin-D (4a) was isolated as a colorless oil, and HR-
electron impact (EI)-MS established the molecular formula
as C10H16O3. The presence of an isophorone skeleton of 4a
was indicated by a close resemblance of UV and IR spectra

to that of 3. The 1H-NMR spectrum of 4a revealed signals of
a gem-dimethyl group at d 1.30 and 1.24, a vinylic methyl
group at d 1.94, a hydroxymethyl group at d 4.35, 4.28 (each
1H, d, J512.0 Hz) and d 3.60 (1H, br s, exchangeable with
D2O), and an ABX type protons at d 2.15 (1H, dd, J512.8,
5.6 Hz), 1.78 (1H, t, J512.8 Hz) and 4.32 (1H, dd, J512.8,
5.6 Hz). The downfield proton at d 4.32 was assigned to the
oxygenated methine H-4, which was supported by a carbon
signal at d 69.3 in the 13C-NMR spectrum. The relative stereo-
chemistry of H-4 was established as an axial orientation
based on the coupling constant. In the NOESY experiment
(Fig. 2), the hydroxymethyl signal appeared within NOE dis-
tance from the gem-dimethyl and vinylic methyl groups.
Therefore, the hydroxymethyl group must be located at C-1.
NOEs between the gem-dimethyl and H-5 were observed. On
the other hand, the location of the carbonyl group at C-3 was
established by the 3J correlation between the vinylic methyl
proton (d 1.94) and a carbonyl carbon (d 201.1) in the
HMBC experiment (Fig. 1). The absolute configuration at C-
4 was determined to be S by the negative optical rotation,
which was compared with 4b.18) Based on the above data,
structure 4a was assigned as crocusatin-D.

Crocusatin-E (5) was isolated as a colorless oil, and its
molecular formula, C9H14O (M1 at m/z 138.1051), indicated
three degrees of unsaturation. The IR absorption band at
1710 cm21 indicated the presence of an unconjugated car-
bonyl group. The 1H-NMR spectrum showed the presence of
a gem-dimethyl group (d 1.07, 1.11), a vinylic methyl group
(d 2.04), a vinyl proton (d 5.91) and two pairs of isolated
methylene protons at d 3.92, 3.69 (each 1H, d, J510.8 Hz)
and d 2.54, 2.25 (each 1H, d, J517.6 Hz). The downfield sig-
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Fig. 1. The HBMC Correlations of 1, 2a, and 4a

Fig. 2. The NOE Correlations of 1, 2a, 3, 4a, and 5



nals at d 3.92 and 3.69 were assigned to a methylene group,
which was located between the carbonyl and olefinic carbon.
Based on the above data, 5 was suggested to be a b ,g-unsatu-
rated ketonic structure of isophorone.19) A NOESY experi-
ment (Fig. 2) showed that the vinyl methyl (d 2.04) was
within NOE distance from the vinyl proton (d 5.91) and H-3
(d 3.69, 3.92), and also the NOEs of vinyl proton (d 5.91)
with gem-dimethyl and vinyl methyl protons. All of the
above data led to the assignment of structure 5 for cro-
cusatin-E, which was synthesized by Kharasch et al.19)

Sodium (2S )-(O-hydroxyphenyl)lactate (6) was isolated as
an optically active colorless powder. The UV absorption
bands at 253, 258 and 264 nm were considered to be charac-
teristic of a benzenoid.20) The IR absorptions at 3300 and
1567 cm21 indicated the presence of a hydroxyl group and a
carbonyl group, respectively. In the 1H-NMR spectrum, four
mutually coupled protons appearing at d 7.31—7.24 (3H,
m), and 7.19 (1H, d, J57.6 Hz) were attributed to ortho-di-
substituted aromatic protons. ABX pattern aliphatic protons
at d 3.85 (1H, dd, J58.0, 5.2 Hz), 3.15 (1H, dd, J514.8,
5.2 Hz) and 2.98 (1H, dd, J514.8, 8.0 Hz) were assigned to
the a- and b-protons of an a-hydroxy-b-arylpropanoic acid
moiety. The above data for compound 6 was similar to O-hy-
droxyphenyllactic acid. However, the IR spectrum of 6 dis-
played carbonyl absorption at 1567 cm21, indicating that this
carbonyl should be in salt form. Acidification of 6 with
HCl(aq) afforded sodium chloride, which was determined with
an atomic absorption spectrometer and (S )-O-hydroxy-
phenyllactic acid ([a]D 159°, c50.08, MeOH). The absolute
structure was determined to be S by comparison with (S )-
(1)-methyl 3-phenyllactate, which was synthesized in 1991
by Mash et al. and showed a positive optical rotation.21) On
the basis of the above data, structure 6 was assigned to be
sodium (2S )-(O-hydroxyphenyl)lactate. Kenneth et al. have
already synthesized (6)-sodium O-hydroxyphenyllactate22);
this is the first example of an optically active form from the
natural source.

The 18 known compounds, 3,5,5-trimethyl-2-hydroxy-1,4-
cyclohexadion-2-ene (7),2) 2,4,4-trimethyl-3-formyl-6-hy-
droxy-2,5-cyclohexadien-1-one (8),2) 3,5,5-trimethyl-4-hy-
droxy-1-cyclohexanon-2-ene (9),2) methylparaben (10),23)

protocatechuic acid methyl ester (11),24) 4-hydroxybenzoic
acid (12),25) kaempferid (13),26) 4-hydroxyphenethyl alcohol
(14),27) benzoic acid (15),28) pyridin-3-yl-methanol (16),29)

nicotinamide (17),30) 1-O-(4-hydroxybenzoyl)-b-D-glucose
(18),31) adenosine (19),32) isorhamnetin-3,49-diglucoside
(20),33) isorhamnetin-3-O-robinobioside (21),34) isorham-
netin-3-b-D-glucoside (22),35) 5-methyluracil (23)36) and
uracil (24)37) were also isolated and identified by comparison
of their spectroscopic data (UV, IR and mass spectroscopy)
with literature values.

Among them, compounds 2a, 6, 7, 9, 17, 19, 20, 23, 24
were subjected to evaluation of their antityrosinase activity.
As a result (Table 1), isorhamnetin-3,49-diglucoside (20) in-
hibited tyrosinase, and its activity was stronger (IC50 ca.
1.8 mM) than that of arbutin (IC50 ca. 24 mM)38) or hydro-
quinone (IC50 ca. 4.5 mM),39) but weaker than kojic acid (IC50

235.2 mM),40) which are usually present in commercial
whitening cosmetics. The results suggested that the pollen of
Crocus sativus could be used as an additive product in
whitening cosmetics, since tyrosinase inhibitors have become

important for cosmetic products related to hyperpigmenta-
tion.

Experimental
Melting points were measured on a Yanagimoto MP-S3 micro melting

point apparatus and are uncorrected. The UV spectra were recorded on a Hi-
tachi UV-3210 spectrophotometer in MeOH solution. The IR spectra were
measured on a Shimadzu FTIR-8501 spectrophotometer as KBr disks. The
1H- (400 MHz) and 13C-NMR (100 MHz) spectra were recorded on a Varian-
400 Unity Plus 400 spectrometer. Chemical shifts are shown in d values
with tetramethylsilane as an internal reference. The mass spectra were per-
formed in the EI or FAB (matrix: glycerol) mode on a VG70-250S mass
spectrometer. Optical rotations were obtained on a Jasco DIP-370 polarime-
ter.

Plant Material The pollen of Crocus sativus L. was bought from
Shanghai and verified by Prof. C. S. Kuoh. A voucher specimen was de-
posited in the Herbarium of Cheng Kung University, Tainan, Taiwan.

Extraction and Separation The pollen of C. sativus L. (180 g) was ex-
tracted with MeOH (35) at room temperature, and concentrated to give a
deep brown syrup (100 g). The crude extract was partitioned between H2O
and Et2O. The Et2O layer (40 g) was directly chromatographed on a silica gel
column by elution with a gradient of n-C6H14–Me2CO to afford 11 fractions.
Fraction 6 underwent column chromatography over silica gel using n-
C6H14–EtOAc (19 : 1) as an eluent to yield 7 (10 mg). Fraction 7 was also
treated in a manner similar to fr. 6 to give 8 (40 mg), 9 (10 mg), and 1
(4 mg), successively. Fraction 8 was rechromatographed on a silica gel col-
umn and eluted with C6H6–EtOAc (14 : 1) to get 10 (6 mg) and 2a (36 mg),
respectively. Fraction 9 underwent column chromatography over silica gel,
and was eluted with a gradient of (i-Pr)2O–MeOH to obtain 11 (4 mg), 12
(6 mg), and 13 (5 mg), successively. Fraction 10 was treated in a similar
method as that for fr. 9 to obtain 14 (80 mg), 3 (3 mg), 4a (3 mg) and 15
(5 mg), successively. Fraction 11 was rechromatographed on silica gel and
eluted with a gradient of CHCl3–MeOH to yield 5 (8 mg). The H2O soluble
layer (60 g) was chromatographed on Diaion HP-20 and eluted with a gradi-
ent of H2O and MeOH to give 12 fractions. Fraction 3 was rechro-
matographed on silica gel using CHCl3–MeOH–H2O (75 : 25 : 1) as an elu-
ent to afford 6 (36 mg), 16 (4 mg) and 17 (12 mg), successively. Fraction 4
was column chromatographed on silica gel and eluted with CHCl3–MeOH–
H2O (80 : 20 : 1) to give 18 (8 mg) and 19 (25 mg), respectively. Fraction 8
was treated in a similar manner to fr. 3 to afford 20 (100 mg) and 21
(280 mg), respectively. Similarly, fr. 10 underwent column chromatography
over silica gel using CHCl3–MeOH–H2O (75 : 25 : 1) as an eluent to yield 22
(50 mg). Fraction 12 was rechromatographed on silica gel and eluted with
CHCl3–EtOAc–MeOH–H2O (60 : 20 : 20 : 1) to afford 23 (20 mg) and 24
(10 mg), respectively.

Crocusatin-A (1): Colorless oil. [a]D 245° (c50.06, MeOH). HR-MS
m/z: 154.0988 [M]1 (Calcd for C9H14O2: 154.0994). UV lmax nm: 232. IR
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Table 1. Inhibition Effects on Tyrosinase Activity of the Constituents Iso-
lated from the Pollen of Crocus sativus and Kojic Acid

Compound Conc. (mM/ml) Inhibition (%) IC50

2a 333.3 11.5
166.7 5.7

6 333.3 7.5
7 333.3 11.3

166.7 5.7
9 333.3 13.3

166.7 4.6
17 333.3 13.5

166.7 9.6
19 333.3 21.6

166.7 5.9
20 2666.7 55.7

1333.3 44.9 1.84 mM

666.7 34.0
23 333.3 7.8
24 333.3 5.3

Kojic acid 333.3 59.8
166.7 40.2 235.2 mM

83.3 19.5



nmax cm21: 3500, 2968, 2927, 1672, 1454, 1353. EI-MS (rel. int.) m/z: 154
(M1, 35), 153 (42), 139 (27), 123 (30), 109 (49), 91 (28), 55 (100). 1H-NMR
(CDCl3) d : 6.60 (1H, d, J51.6 Hz, H-3), 4.58 (1H, ddd, J55.2, 2.4, 1.6 Hz,
H-4), 2.15 (1H, dd, J512.8, 5.2 Hz, H-5), 1.83 (1H, dd, J512.8, 2.4 Hz, H-
5), 1.79 (3H, s, Me-7), 1.15 (3H, s, Me-9), 1.11 (3H, s, Me-8). 13C-NMR
(CDCl3) d : 203.6 (C-1), 145.8 (C-3), 133.9 (C-2), 65.0 (C-4), 46.8 (C-5),
41.9 (C-6), 25.8 (C-9), 24.5 (C-8), 16.2 (C-7).

Crocusatin-B (2a): Colorless powder. [a]D 171° (c50.07, MeOH). HR-
MS m/z: 184.1094 [M]1 (Calcd for C10H16O3: 184.1100). UV lmax nm: 221.
IR nmax cm21: 3365, 2962, 1651, 1539, 1434. EI-MS (rel. int.) m/z: 184 (M1,
11), 169 (43), 151 (100), 121 (37), 107 (57), 95 (31). 1H-NMR (CDCl3) d :
3.93 (1H, dddd, J59.6, 8.0, 6.0, 3.6 Hz, H-4), 2.23 (1H, dd, J516.4, 6.0 Hz,
H-3eq), 1.88 (1H, dd, J516.4, 9.6 Hz, H-3ax), 1.68 (3H, Me-7), 1.67 (1H, dd,
J58.0, 3.6 Hz, H-5eq), 1.38 (1H, t, J58.0 Hz, H-5ax), 1.22 (3H, s, Me-8),
1.12 (3H, s, Me-9). 13C-NMR (CDCl3) d : 181.6 (C5O), 142.0 (C-1), 124.1
(C-2), 65.7 (C-4), 48.8 (C-5), 41.3 (C-3), 36.4 (C-6), 30.5 (C-9), 29.6 (C-8),
21.4 (C-7).

Crocusatin-C (3): Colorless oil. [a]D 263° (c50.06, MeOH). HR-MS
m/z: 168.1156 [M]1 (Calcd for C10H16O2: 168.1151). UV lmax nm: 239. IR
nmax cm21: 3350, 2962, 1670, 1066. EI-MS (rel. int.) m/z: 168 (M1, 34), 153
(8), 138 (13), 123 (100), 112 (40), 109 (27). 1H-NMR (CDCl3) d : 5.98 (1H,
s, H-3), 3.95 (1H, dd, J511.6, 3.6 Hz, H-7a), 3.88 (1H, dd, J511.6, 3.6 Hz,
H-7b), 2.63 (1H, d, J517.2 Hz, H-5eq), 2.05 (1H, d, J517.2 Hz, H-5ax), 2.03
(3H, s, Me-8), 1.99 (1H, t, J53.6 Hz, H-1), 1.15 (3H, s, Me-9), 1.03 (3H, s,
Me-10). 13C-NMR (CDCl3) d : 199.7 (C-4), 160.8 (C-2), 127.6 (C-3), 61.5
(C-7), 53.6 (C-1), 48.5 (C-5), 35.4 (C-6), 29.4 (C-10), 27.1 (C-9), 23.9 (C-
8).

Crocusatin-D (4a): Colorless oil. [a]D 242° (c50.07, MeOH). HR-MS
m/z: 184.1108 [M]1 (Calcd for C10H16O3: 184.1100). UV lmax nm: 247. IR
nmax cm21: 3561, 2963, 1677, 1673, 1083. EI-MS (rel. int.) m/z: 184 (M1,
3), 166 (56), 140 (57), 135 (10), 125 (100), 95 (40). 1H-NMR (CDCl3) d :
4.35 (1H, d, J512.0 Hz, H-10a), 4.32 (1H, dd, J512.8, 5.6 Hz, H-4), 4.28
(1H, d, J512.0 Hz, H-10b), 3.60 (1H, br s, –OH), 2.15 (1H, dd, J512.8,
5.6 Hz, H-5eq), 1.94 (3H, s, Me-7), 1.78 (1H, t, J512.8 Hz, H-5ax), 1.30 (3H,
s, Me-8), 1.24 (3H, s, Me-9). 13C-NMR (CDCl3) d : 201.1 (C-3), 161.0 (C-
1), 130.7 (C-2), 69.3 (C-4), 59.2 (C-10), 45.3 (C-5), 36.5 (C-6), 29.1 (C-9),
25.2 (C-8), 11.4 (C-7).

Crocusatin-E (5): Colorless oil. HR-MS m/z: 138.1051 [M]1 (Calcd for
C9H14O: 138.1045). IR nmax cm21: 2963, 2927, 1710, 1489, 1375, 1281. EI-
MS (rel. int.) m/z: 138 (M1, 13), 123 (24), 107 (57), 83 (59), 57 (100). 1H-
NMR (CDCl3) d : 5.91 (1H, s, H-1), 3.92 (1H, d, J510.8 Hz, H-3ax), 3.69
(1H, d, J510.8 Hz, H-3eq), 2.54 (1H, d, J517.6 Hz, H-5ax), 2.25 (1H, d,
J517.6 Hz, H-5eq), 2.04 (3H, s, Me-7), 1.11 (3H, s, Me-9), 1.07 (3H, s, Me-
8). 13C-NMR (CDCl3) d : 197.7 (C-4), 127.9 (C-1), 126.6 (C-2), 65.2 (C-3),
49.7 (C-5), 40.8 (C-6), 29.9 (C-9), 23.9 (C-8), 20.3 (C-7).

Sodium (2S )-(O-hydroxyphenyl) lactate (6): Colorless powder. [a]D 177°
(c50.07, MeOH). UV lmax nm: 253, 258, 264. IR nmax cm21: 3300, 2963,
1567, 1495, 1307. 1H-NMR (D2O) d : 7.31—7.24 (3H, m, H-49, H-69, H-59),
7.19 (1H, d, J57.6 Hz, H-39), 3.85 (1H, dd, J58.0, 5.2 Hz, H-2), 3.15 (1H,
dd, J514.8, 5.2 Hz, H-3), 2.98 (1H, dd, J514.8, 8.0 Hz, H-3). 13C-NMR
(D2O1DMSO-d6) d : 175.8 (C-1), 137.0 (C-29), 131.2—131.0 (C-49, C-69,
C-59, C-19), 129.6 (C-39), 57.8 (C-2), 38.2 (C-3).

Acidification of 6: 6 (2 mg) was dissolved in 1 ml 5% HCl(aq). The solu-
tion was eluted on a Sephadex LH-20 column with H2O to afford NaCl
(0.5 mg), which was determined with an atomic absorption spectrometer. It
was then eluted with MeOH to give (2S)-(O-hydroxyphenyl) lactic acid
(1.4 mg) ([a]D 159°, c50.08, MeOH).

Tyrosinase Inhibitory Activity The mushroom tyrosinase and L-dopa
used for the bioassay were purchased from Sigma Chemical Co. Antityrosi-
nase activity was measured by spectrophotometry according to the method
of Mason and Peterson,41) with minor modifications. The test substance was
dissolved in 0.1 ml DMSO–H2O (10% DMSO solution) and incubated with
0.1 ml mushroom tyrosinase (135 U/ml, PBS pH 6.8) at 25 °C for 10 min,
then 0.1 ml 0.5 mM L-dopa phosphate buffer solution (PBS, pH 6.8) was
added. The reaction mixture was incubated for 5 min. The amount of
dopachrome in the mixture was determined by the optical density (OD) at
475 nm using a m Quant universal microplate spectrophotometer. Kojic acid
(Sigma Chemical Co.) was used as a standard agent. The inhibitory percent-
age of tyrosinase was calculated as follows:

% inhibition={[(A2B)2(C2D)]/(A2B)}3100

A: OD at 475 nm without test substance
B: OD at 475 nm without test substance and tyrosinase
C: OD at 475 nm with test substance

D: OD at 475 nm with test substance, but without tyrosinase
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