1976

Biol. Pharm. Bull. 27(12) 1976—1978 (2004) Vol. 27, No. 12

Inhibitory Effects of Active Compounds Isolated from Safflower
(Carthamus tinctorius L.) Seeds for Melanogenesis
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In order to develop a new skin whitening agent, safflower (Carthamus tinctorius L.) seeds were evaluated for
melanogenesis inhibitory activity and its active principles were identified following activity-guided isolation. The
80% aqueous methanol extract and ethyl acetate fraction from safflower seeds showed a significant inhibition for
mushroom tyrosinase. Three active compounds, N-feruloylserotonin, N-(p-coumaroyl)serotonin, and acacetin,
were isolated from the ethyl acetate fraction as the active principles. Compared with arbutin (IC,=0.223 mm),
the IC,, values of these compounds were 0.023, 0.074, and 0.779mm for N-feruloylserotonin, N-(p-
coumaroyl)serotonin, and acacetin, respectively. It was also found that N-feruloylserotonin and N-(p-
coumaroyl)serotonin strongly inhibited the melanin production of Streptomyces bikiniensis and B16 melanoma
cells in comparison with a known melanogenesis inhibitor, arbutin.
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The melanin synthesis inhibitors have been of interest as
target molecules of natural product chemistry because they
are related to localized hyper-pigmentation in humans such
as lentigo, nevus, ephelis, post-inflammatory state and
melanoma of pregnancy. Epidermal and dermal hyper-pig-
mentation can be dependent on either an increased number
of melanocytes or activity of melanogenic enzymes.'? Ty-
rosinase (EC 1.14.18.1) is the key enzyme in the undesirable
browning of fruits and vegetables, and the coloring of skin,
hair and eyes in animals.> This enzyme plays a role in oxi-
dation from L-tyrosine to 3,4-dihydroxyphenylalanine (L-
DOPA) and from DOPA to DOPAquinone, which is the ini-
tial step in melanin synthesis.” This enzymatic oxidation of
L-tyrosine to melanin is important because melanin has many
functions, and alterations in melanin synthesis occur in many
disease states. Therefore, tyrosinase inhibitors have become
increasingly significant in the food industry as well as in
medicinal and cosmetic products.*” A number of tyrosinase
inhibitors are reported from both natural and synthetic
sources, but only a few of them are used as skin-whitening
agents, primarily due to various safety concerns. For exam-
ple, linoleic acid, hinokitiol, kojic acid, naturally occurring
hydroquinones, and catechols were reported to inhibit en-
zyme activity but also exhibited side effects.®)

In the course of research on the isolation of biologically
active substances from safflower seeds, we discovered that
the 80% aqueous methanol extract and ethyl acetate fraction
possessed potent tyrosinase inhibitory activity. Safflower
seeds rich in unsaturated fatty acid and o-linoleic acid have
been commonly consumed as vegetable oils in the USA and
Europe, and also used for clinical treatments of osteoporosis
and rheumatism in Korea.” Although the biological activities
of this plant have been reported extensively, there is no docu-
mentation related to inhibitory activity with respect to
melanogenesis. Thus, the present study was undertaken to in-
vestigate the melanogenesis inhibitory activity of safflower
seeds and to identify further the active compounds.
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MATERIALS AND METHODS

Materials and Reagents Safflower seeds were pur-
chased from a safflower suppler in Kimchun, Kyungbuk,
Korea. Special grade organic solvents for HPLC work were
purchased from Burdick & Jackson, USA. Mushroom tyrosi-
nase, L-DOPA, and arbutin were purchased from Sigma
Chemical Co. (St. Louis, U.S.A.).

Extraction and Isolation Safflower seeds were washed
several times with distilled water and stored in a 40 °C dry
oven until the water was largely removed. Five volumes of
80% MeOH was added to the pulverized samples and the
mixture was stirred for 24 h. The resulting mixtures were fil-
tered and extracts were concentrated to dryness at 40°C
under vacuum to produce the MeOH extract. The MeOH ex-
tract was partitioned successively with CHCI;, EtOAc,
BuOH, and H,0. The EtOAc extract was separated by silica
gel column chromatography with a CHClL,-MeOH system
(CHCL,-MeOH, 9:1—4:1—CHCl,-MeOH-H,0, 5:4:1)
to give seven fractions. Fr. 2 was further purified by recycling
preparative HPLC (LC-908, JAI, Japan) on a JAIGEL W-252
column (¢20 mmX500mm) using 100% MeOH at a flow
rate of 3.8 ml/min, monitored at 280 nm to yield three com-
pounds. The chemical structures of these compounds were
identified as N-feruloylserotonin, N-(p-coumaroyl)serotonin,
and acacetin (Fig.1), respectively, based on the spectral re-
sults of a previous study.!”

Inhibition of Tyrosinase The tyrosinase assay was per-
formed by the method of Masamoto et al. with slight modifi-
cations.'" First, 65 ul of 2.5mm L-DOPA solution, 10 ul of
DMSO with or without a sample and 105 ul of 0.1 M phos-
phate buffer (pH 6.8) were mixed. The mixture was preincu-
bated at 25 °C for 10 min. before 20 ul of 1380 units/ml ty-
rosinase in aqueous solution was added, and the reaction was
monitored at 475 nm. A control reaction was conducted with
DMSO. The O.D. values were measured by a UV spectropho-
tometer at 475 nm using an ELISA Microplate Reader (Pow-
erWaveX, Bio-Tek, U.S.A.). Arbutin was used as a reference.

Inhibition of Melanin Production in S. bikiniensis
Melanin synthesis inhibitory activity was determined by a
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Seeds

Chemical Structures of Active Compounds Isolated from Safflower

paper-disc agar diffusion method using the inhibition of
melanin production in Streptomyces bikiniensis.'"> A pre-
served culture of S. bikiniensis NRRL B-1049 (Korean Col-
lection for Type Cultures, Daejon, Korea) was inoculated on
a Papavizas’ VDYA agar slant. After incubation at 28 °C for
2 weeks, the spore mass formed on the aerial mycelium was
scraped with an inoculating loop. The spore suspension of S.
bikiniensis was inoculated on an agar medium ISP No.7.
After drying of the agar surface, a paper disc (8 mm) soaked
with sample solution was placed on the agar plate. The plate
was incubated at 28 °C for 48 h and the resulting zone of in-
hibition of melanin formation was measured from the reverse
side of the plate.

Inhibition of Melanin Production in B16 Melanoma
Cells BI16 F1 melanoma cells, strain C57BL/6J, were pur-
chased from the Korean Collection for Type Cultures (Dae-
jon, Korea) and grown in a humidified atmosphere with 5%
CO, at 37°C. Cells were placed in a 25 ml T-flask at a den-
sity of 1X10° cells/flask in Dulbecco’s Modified Eagle’s
Medium (DMEM, Sigma) containing 4.5 g/1 of glucose, 10%
(v/v) fetal bovine serum (FBS), and 1% (v/v) antibiotic-an-
timycotic (Gibco, Auckland, N.Z.). After 24 h of cultivation,
the medium with new DMEM medium containing test sam-
ples of various concentrations was replaced. After 5-d incu-
bation, the adherent cells were washed with phosphate-
buffered saline (PBS) and detached from the T-flask by
trypsinization. The cells were collected in a test tube and
washed twice with PBS. The number was determined by
means of tryptan blue, and analyzed for melanin content. In
order to extract melanin from the B16 F1 melanoma cells,
1.0 ml of the cell suspension was shaken with an equal vol-
ume of a mixture of 10% DMSO and 1n NaOH and stored at
room temperature for 10min. After centrifugation at
3000 rpm for 10 min, the melanin content was determined at
475 nm using the ELISA Microplate Reader (PowerWaveX,
Bio-Tek, U.S.A.).

RESULTS AND DISCUSSION
We examined the inhibitory effect on mushroom tyrosi-

nase activity using L-DOPA as a substrate. As shown in Fig.
2, the MeOH extract of safflower seeds clearly showed tyrosi-
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Fig. 2. Tyrosinase Inhibitory Activity of Safflower Seeds

(O) MeOH extract, (@) EtOAc fraction. Each value represents the mean =standard
error in triplicate.

Table 1. Inhibitory Activity on Tyrosinase and Melanin Formation of S.
bikiniensis
S. bikiniensis Tyrosinase
Compound
Inhibition zone (mm)® ICs, (mm)
N-Feruloylserotonin 35 0.023
N-(p-Coumaroyl)serotonin 28 0.074
Acacetin 11 0.779
Arbutin 0 0.223

a) compound 30 mg/paper disk.

nase inhibitory activity in a concentration-dependent manner.
Among the four fractions tested, the EtOAc fraction exhib-
ited higher inhibitory activity for tyrosinase than the CHCI,,
BuOH, and H,O fractions. Activity-guided isolation was car-
ried out using the EtOAc fraction and recycling preparative
HPLC finally led to the isolation of three active compounds,
N-feruloylserotonin, N-(p-coumaroyl)serotonin, and acacetin
as active principles. The ICy, values for N-feruloylserotonin,
N-(p-coumaroyl)serotonin, and acacetin were 0.023, 0.074,
and 0.779 mwm, respectively (Table 1), while the IC,, value of
the reference compound, arbutin, was 0.223 mm.

We also examined the inhibitory effects of active com-
pounds isolated from safflower seeds on melanogenesis by a
paper-disc diffusion method using the inhibition of melanin
production in S. bikiniensis. N-Feruloylserotonin and N-(p-
coumaroyl)serotonin potently inhibited melanin production
of S. bikiniensis in comparison with the known melanogene-
sis inhibitor arbutin (Table 1).

According to Nakajima et al.,'” arbutin at concentrations
in the range of 0.5—8 mm increased the pigmentation of cul-
tured melanocytes. As cosmetics are usually used daily, the
effects of the ingredients of cosmetics applied at concentra-
tions in the high-dose range should be examined. Thus, the
pigmentation-promoting effect of arbutin at concentrations
higher than 1 mm should be given attention to.

A general strategy was described by Dooley for the dis-
covery and development of novel topical skin-lightening
products.'” A desirable skin-lightening agent should inhibit
the synthesis of melanin in melanosomes by acting specifi-
cally to reduce the synthesis or activity of tyrosinase, exhibit
low cytotoxicity, and be nonmutagenic. Table 2 presents the
assessment of active compounds in melanoma cells. The IC,,
values of inhibition of cultured B16 melanoma cell pigmen-
tation due to melanin synthesis were compared to the cyto-
toxicity effects of the compounds. N-Feruloylserotonin and
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Table 2. Effects of Active Compounds on Melanin Synthesis in B16
Melanoma Cells

Melanin Cytotoxicity
Compound
ICs (mm) ICs (mm)
N-Feruloylserotonin 0.191 >20
N-(p-Coumaroyl)serotonin 0.245 >20
Acacetin >20 0.423
Arbutin 0.122 >20

N-(p-coumaroyl)serotonin were very effective agents, with
ICs, of 0.191 and 0.245 mwm, respectively. In addition, these
compounds did not show any cytotoxicity, while acacetin ex-
hibited some cytotoxicity with an ICs, of 0.423 mm. Accord-
ing to Curto et al.,'” a potentially efficacious skin depigmen-
tation agent is one that inhibits tyrosinase with an
IC4y<<25 pg/ml, inhibits melanocyte pigmentation with an
IC4,<<100 pg/ml, and is noncytotoxic to cells with an
IC5,>100 pg/ml. Of the compounds tested in the present
study, N-feruloylserotonin and N-(p-coumaroyl)serotonin
satisfied these requirements.

The inhibitory effects on the DOPA oxidase activity of ty-
rosinase and the melanin production of S. bikiniensis and
B16 melanoma cells by N-feruloylserotonin and N-(p-
coumaroyl)serotonin were evaluated in order to examine the
relationship between structure and activity. Although N-feru-
loylserotonin and N-(p-coumaroyl)serotonin bear the same
serotonin skeleton, the aromatic group is different. On the
basis of the inhibitory activity on tyrosinase and melanin for-
mation in Tables 1 and 2, N-feruloylserotonin bearing a
methoxy group in the aromatic ring at the 3’ position
stronger than that bearing a hydrogen group.

The first steps in the biosynthetic pathway of melanin are
the hydroxylation of monophenol tyrosine to o-diphenol
DOPA and the oxidation of DOPA to DOPAquinone, both
using molecular oxygen. Tyrosinase catalyzes these steps,
and antioxidants may inhibit these oxidation steps. We have
previously reported that N-feruloylserotonin and N-(p-
coumaroyl)serotonin showed the highest free radical scav-
enging activity and the inhibition of lipid peroxidation in-
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duced by ascorbic acid/Fe’~ and ADP/Fe’* /NADPH in rat
liver microsomes.'” These results indicate that N-feru-
loylserotonin and N-(p-coumaroyl)serotonin exhibited a po-
tent antioxidant effect as well as melanin synthesis inhibition.
Therefore, the strong effects of N-feruloylserotonin and N-
(p-coumaroyl)serotonin on melanin synthesis inhibition may
be attributed to the combined antioxidant and tyrosinase inhi-
bition activities.

It is meaningful to note the present investigation revealed
for the first time that N-feruloylserotonin and N-(p-
coumaroyl)serotonin are potent melanin synthesis inhibitors
and thus may be considered as promising candidates for
novel whitening agents.
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