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Identification of depigmenting components from Nigella glandulifera Freyn
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Abstract—To develop a novel skin depigmenting agent from natural sources, the inhibition of melanogenesis by Chinese
plants, N. glandulifiea, was evaluated. The methanol extract of this plant showed significantly down-regulated melanin
synthesis in a dose-dependent manner at a non-toxic concentration in cultured B16F10 mouse melanoma cells. This
extract was further fractionated by using solvent-solvent partition and silica open column chromatography to identify
the active components. From GC-MS data, oleic acid methyl ester was found as one of the depigmenting agents. In
conclusion, we suggest that this fraction may be a safe and effective depigmentation agent.
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INTRODUCTION

Melanin is the phenolic biopolymer that is responsible for pig-
mentation [1]. Various skin colors for individuals are mostly deter-
mined by types, amount, and arrangement of melanin, which is syn-
thesized by epidermal melanocytes. Melanin plays an important
role in preventing ultraviolet (UV) light-induced skin damage. How-
ever, increased levels of epidermal melanin synthesis can darken
the skin. Various dermatologic disorders result in the accumulation
of excessive levels of epidermal pigmentation. Because of the visi-
ble nature of dermatologic diseases, they have a considerable psy-
chological effect on affected patients [2]. A number of melanogenesis
inhibitors such as arbutin, kojic acid, hydroquinone have already
been reported and used in cosmetics. However, the clinical effects
of those chemicals are unsatisfactory because of their low activity
and cell toxicity [3-5]. Therefore, it is clearly necessary to find safer
and more effective skin-whitening agents. Much effort has been
devoted toward developing novel agents, especially from traditional
herbs because of their safety and various bioactive components such
as sugars, fatty acid, flavonoids, tannins, saponins [6-10].

Nigella glandulifera (Ranunculaceae) is an annual erect herba-
ceous plant that is widely found in the southwest and west of China.
The whole herb has been used as a folk remedy for treatment of
colds, cough and insomnia. N. glandulifera seeds are commonly
eaten in many food preparations by the Uigur people in South West
China. The seeds are believed to have diuretic, analgesic, spas-
molytic, galactagogue, bronchodilator properties, and to cure edema,
urinary calculus, and bronchial asthma [11,12]. However, little work
has been done regarding the effects of active compounds isolated
from N. glandulifera against melanin synthesis activity, despite its
excellent pharmacological action.

In our previous study, dioctyl phthalate isolated in N. glandu-
lifera was found to inhibit melanin synthesis by inhibiting the cellu-
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lose tyrosinase activity in B16F10 melanoma cells [13]. In an effort
to find another skin whitening active compound, activity-guided
isolation was performed.

MATERIALS AND METHODS

1. Materials

Dulbecco’s modified eagle medium, fetal bovine serum, trypsin-
EDTA, Phosphate buffered saline (PBS), Penicillin/streptomycin
were purchased from Invitrogen Corp. (CA, U.S.A). Arbutin, DMSO
(dimethyl sulfoxide), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) were purchased from Sigma Chemical
Co. (St. Louis, U.S.A). Methanol, hexane, chloroform (99.5% purity)
was purchased from Samchun Chemical Co. (South Korea). Ana-
lytical grade HPLC solvents were purchased from J.T Baker U.S.A.
Silica gel 60 (0.063-0.2 mm) was purchased from Merck.

Dry sample
(3kg)
MeOH extract
(17733 g) (5.91%)
Hexane Fr. Chloroform Fr. BuOH Fr. Aqueous Fr.
(91.3g) (3.04%) (4.32) (0.14%) (24.2 g) (0.81%)

l
T T T 1 1

| Fr. 1 | | Fr.2 | Fr.3 Fr. 4 (42.0g)
(1.4%)

l

Oleic acid methyl ester
(1.12%)

Fig. 1. The fractionation scheme of the methanol extract of N. glan-
dulifera.



Depigmenting components from N. glandulifera 1071

2. Extraction Methods

The Nigella glandulifera was minced and extracted three times
with 99.5% Methanol (MeOH) for 24 h at room temperature. The
resulting mixture (177.3 g) was filtered and evaporated at 35 °C under
vacuum condition. Subsequently, the methanol extract was success-
fully partitioned with hexane, chloroform, butanol to obtain the hex-
ane (91.3 g), chloroform (4.3 g) and butanol fraction (24.2 g). The
hexane fraction was further chromatographed on a silica gel col-
umn with hexane-ethylacetate as mobile phases to obtain thirteen
fractions. The fraction number four (42.0 g) was analyzed by GC-
MS and oleic acid methyl ester (33.67 g) was identified as the main
component (Fig. 1).

3. GC-MS Analysis

The component in fraction four was determined by using a GC
model fitted with DB-23 fused silica capillary column (30 mx0.25
mm i.d.: 0.2 uM) and equipped with an FID. The temperatures of
the injection port and of the detector were set at 250 °C and 275 °C.
The oven temperature was increased from 150 to 250 °C at a rate
of 10 °C/min, maintained for 1 min at 150 °C, then increased at 10 °C/
min to 250 °C and maintained for 10 min at 250 °C. The carrier gas
was helium at a flow rate of 20 mL/min.

The mass spectrometer was fitted with EI source operated 70 eV,
and mass spectra were recorded in the m/z range of 35-400 a.m.u.
in the full-scan acquisition mode. Compounds were identified by
comparison of the obtained mass spectra of the relevant chromato-
graphic peaks with spectra of the NIST (National Institute of Stan-
dards and Technology, Gaithersburg, MD, USA) libraries. The main
active compound in fraction 4, oleic acid methyl ester, was con-
firmed by comparing its retention times with authentic standard.

4. Cell Culture

The B16F10 murine melanoma cells were purchased from the
ATCC (American Type Culture Collection) and cultured in DMEM
supplemented with 10% (v/v) fetal bovine serum and 1% (v/v) peni-
cillin/streptomycin (100 units/ml) at 37°C in a humidified atmo-
sphere with 5% CO,. The cells were subcultured every 3 days until
a maximal passage number of 20 was achieved.

5. Melanin Assay

To measure melanin inhibition, B16F10 murine melanoma cells
were used. B16 cells were seeded into 12-well plates at density of
1.5x10° cells/well. After 24 h, triplicate cultures were fed with fresh
media and samples. After 48 h, cells were detached by trypsi/EDTA
and harvested. Cell suspensions were then centrifuged for 5 min at
5,000 rpm, washed with PBS and then solubilized in 200 pl of ex-
traction buffer (1 N NaOH, 10% DMSO), heated at 80 °C for 1 h
and transferred to 96-well plates. Relative melanin content was de-
termined by absorbance at 405 nm in ELISA reader [14].

6. Cell Toxicity Assay

MTT assay was used to determine cell toxicity. After treatment
and incubation of the samples for 48 hr, the medium was removed
and 100 pl of 0.5 mg/mL MTT solution was added to each well
and incubated at 37 °C for 4 h. The MTT solution was then removed
and 200 pul DMSO was added to each well. The formazan forma-
tion was measured by absorbance at 570 nm in ELISA reader [14].
7. Statistical Analysis

All determinations were run in triplicate on at least two different
experiments, and the results were reported as the mean and stan-
dard deviation. The statistically significant differences from the con-

trol were analyzed by the Student’s #-test.
RESULTS AND DISCUSSION

1. Effect of Methanol Extract on Melanin and Cell Viability
Desirable skin-whitening agents should inhibit the synthesis of
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Fig. 2. Effect of methanol extract of N. glanduliferea on melanin
synthesis in B16F10 melanoma cells. B16F10 cells were
treated with Methanol extract of N. glandulifera (0 to 100
ug/ml) for 2 days and the cells were then harvested. Mela-
nin content and cell viability were measured as described
in Materials and Methods. Data were expressed as the
change of the melanin content level and cell viability rela-
tive to untreated control. Each determination was made in
triplicate and data shown are means£S.D. *P<0.05: statis-
tically significant vs. value of control group.
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Fig. 3. Effect of hexane fraction on melanin synthesis in B16F10
melanoma cells. B16F10 cells were treated with Hexane
fraction (0 to 100 pg/ml) for 2 days and the cells were then
harvested. Melanin content and cell viability were measured
as described in Materials and Methods. Data were expressed
as the change of the melanin content level and cell viability
relative to untreated control. Each determination was made
in triplicate and data shown are meansS.D. *P<0.05: sta-
tistically significant vs. value of control group.
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melanin in melanosomes by acting specifically to reduce the syn-
thesis. They should also exhibit low cytotoxicity and be non-muta-
genic. To investigate the effect of N. glandulifera in melanin syn-
thesis, the melanin content in B16F10 melanoma cells was meas-
ured after being treated with different concentrations of sample. The
results showed that the methanol extract of this plant can signifi-
cantly inhibit melanogenesis in a dose-dependent manner. To con-
firm that the melanin inhibition activity is not caused by cell toxicity,
an MTT assay was performed. The results showed that the metha-
nol extract did not show any toxicity up to 100 pg/ml (Fig. 2).
2. Effect of Hexane Fraction on Melanin Synthesis and Cell
Viability

To find the active fraction having melanin inhibition, solvent-
solvent partition was done. After successful partition by using hex-
ane, chloroform, butanol, these fractions were examined for their
effect on melanin and cell viability. Among these fractions, hexane
fraction showed significantly effect on melanin inhibition in a dose-
dependent manner. This fraction also exhibited low toxicity up to
the concentration 100 pg/ml (Fig. 3).
3.Effect of Fraction Four on Melanin Synthesis and Cell Via-
bility

Because of high inhibition on melanin synthesis, the hexane frac-
tion was further separated to find the main active components. By
using silica open column chromatography with hexane-ethylacetate
as the eluents, thirteen fractions were obtained. The fraction four
showed significant inhibition on melanin synthesis with low toxicity
up to 12.5 pg/ml (Fig. 4). By using GC-MS analysis and compar-
ing the retention time with authentic standards, oleic acid methyl
ester; 2,5-Cyclohexadien-1,4-dione,2-methyl-5-(1-methylethyl); phe-
nol, 2-methyl-5-(1-methylethyl); 11,14-Eicosadienoic acid methyl
ester; ether, p-menth-6-en-2-yl methyl were identified (Fig. 5 and
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Fig. 5. GC spectrum of fraction four extracted from N. glandulifera.
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Fig. 4. Effect of fraction 4 on melanin synthesis in B16F10 mela-
noma cells. B16F10 cells were treated with fraction 4 (0 to
25 pg/ml) for 2 days and the cells were then harvested. Mela-
nin content and cell viability were measured as described
in Materials and Methods. Data were expressed as the
change of the melanin content level and cell viability rela-
tive to untreated control. Each determination was made in
triplicate and data shown are means=S.D. *P<(.05: statis-
tically significant vs. value of control group.

Table 1). Oleic acid is known as a melanin inhibitor. This unsatur-
ated fatty acid inhibits melanin synthesis in B16F10 melanoma cell
and inhibits UVB-induced hyperpigmentation in brownish guinea
pigs by inhibiting the effect of tyrosinase activity. It also stimulates
the rate of turnover of the stratum cormeum [15,16]. Since oleic acid
methyl ester is the ester form of oleic acid, we also investigated the




Depigmenting components from N. glandulifera 1073

Table 1. Chemical composition of fraction four extracted from N. glandulifera

Peak No Compounds Retention time (min) Composition* (%)
1 Ether, p-menth-6-en-2-yl methyl 8.020 0.93
2 3-Cyclohexane-1-ol, 4-methyl-1(1-methylethyl) 9.054 <0.001
3 2,5-Cyclohexadien-1,4-dione, 2-methyl-5-(1-methylethyl) 10.061 2.59
4 Phenol, 2-methyl-5-(1-methylethyl) 10.767 224
5 2-Methoxy-4-ethyl-6methylphenol 14.142 <0.001
6 Palmitic acid methyl ester 17.949 12.50
7 Oleic acid methyl ester 19.637 80.16
8 Heptadecanoic acid, 16-methyl-, methyl ester 19.837 <0.001
9 9-Octadecenoic acid (Z) 20.021 1.59

*Relative area percentage (peak area relative to total peak area %)
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Fig. 6. Effect of oleic acid methyl ester on melanin synthesis in
B16F10 melanoma cells. B16F10 cells were treated with
oleic acid methyl ester (0 to 25 ng/ml) for 2 days and the
cells were then harvested. Melanin content and cell viabil-
ity were measured as described in Materials and Methods.
Data were expressed as the change of the melanin content
level and cell viability relative to untreated control. Each
determination was made in triplicate and data shown are
meansS.D. *P<0.05: statistically significant vs. value of
control group.

effect of this compound in B16F10 melanoma cells (Fig. 6). The
results showed that oleic acid methyl ester also inhibited melanin
synthesis in the dose dependent manner without toxicity. In N. glan-
dulifera, the yield of isolated oleic acid methyl ester is 1.12% (w/w)
and 80.16% in fraction four (w/w). Because oleic acid methyl ester
is the main active component in N. glandulifera, it is expected that
the melanin inhibition activity is due to the activity of oleic acid
methyl ester

CONCLUSION

The methanol extract of N. glandulifera seeds showed a dose-
dependent inhibitory effect on the melanin synthesis of melanoma
B16F10 cells without toxicity. To identify the compounds involved
in the melanin inhibiting effect of the methanol extract, solvent-
solvent partition, silica gel open column chromatography and GC-

MS analysis were used. Oleic acid methyl ester was found as the
main component that has depigmenting activity in this plant. In con-
clusion, N. glandulifera can be used as skin whitening agent.
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