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a b s t r a c t

Pectolinarin and pectolinarigenin have been reported to be major compounds in Cirsium setidens. In the
present study, we demonstrated inhibitory effects of pectolinarin and pectolinarigenin from C. setidens
on melanogenesis. Melanin synthesis was decreased in both pectolinarin- and pectolinarigenin-treated
melan-a cells and in a reconstructed human skin model. However, pectolinarigenin treatment showed
more potent inhibitory activity of melanin synthesis than did pectolinarin treatment. The concentrations
of pectolinarin and pectolinarigenin in C. setidens water extracts were determined by HPLC. Unfortu-
nately, the amount of pectolinarigenin of C. setidens water extract was lower than that of pectolinarin. To
increase the pectolinarigenin content in C. setidens water extract, several component conversion
methods were studied. Consequently, we identified that microwave irradiation under 1% acetic acid was
an optimum sugar elimination method.

© 2017 Elsevier Inc. All rights reserved.
1. Introduction

Melanin is a natural pigment that is produced by a specialized
group of cells known as melanocytes and melanoma cells and by
the oxidation of the amino acid tyrosine followed by polymeriza-
tion. It plays a key role in protecting cells from cytotoxic light and
determines the skin color of mammals [1e3]. In the skin, melanin is
synthesized to defend against UV damage through a complex
process that involves various enzymes and a series of signal path-
ways [4]. The biosynthesis of melanin, calledmelanogenesis, begins
with the oxidation of tyrosinase to DQ (DOPAquinone) via the in-
termediate DOPA (3,4-dihydroxyphenylalanine) [5]. Second, TRP-2
(tyrosinase-related protein 2) converts DQ into DOPAchrome and
subsequently converts DOPAchrome into DHICA (indole 5,6-
quinone 2-carboxylic acid) or DHI (5,6-dihydroxyindole). Finally,
TRP-1 (tyrosinase-related protein 1) converts DHICA and forms
eumelanins [6]. However, the overproduction of melanin causes
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medical problems such as melanoderma, post-inflammatory dis-
eases and melasma [7,8]. Since the development of anti-
melanogenic agents is an important goal in the clinical and
cosmetic fields, many studies have focused on understanding the
exact mechanism of melanogenesis. Traditionally, researchers tried
to develop anti-melanogenic agents and have focused on small
molecules or natural products that serve as inhibitors of tyrosinase,
the rate-limiting enzyme in melanogenesis [9].

Cirsium setidens Nakai is a perennial plant of the aster family in
the genus Cirsium. C. setidens, also known as “gondre” in English, is
found mainly in the Kangwon province of Korea [10]. The young
leaves and stems of C. setidens are rich in protein, calcium, and
vitamin A and are edible as namul, soup and fries [11]. Gondre-
namul-bap is a common type of namul that is made with dried
gondre, seasoned with perilla oil, and served over rice as a local
cuisine in Kangwon Jeongseon [12]. In this process, boiled gondre is
used for namul manufacture, with boiled water produced as
byproducts.

C. setidens has been used as a Korean traditional medicine to
treat hemostasis, hematoma, hematuria and hypertension [13].
Pectolinarin has been reported as a major compound in Cirsium
species such as C. setidens and has various biological activities,
including antioxidant, anti-melanogenesis, anti-tumor, anti-
inflammatory, anti-cancer, and hepato-protective effects [14e20].
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C. setidens and its isolate scopoletin have been reported to inhibit
melanin biosynthesis in B16F10 cells [21,22]. However, many
studies have identified the major compounds from C. setidens as
pectolinarin and its derivative pectolinarigenin [20,23e26]. How-
ever, the effects of pectolinarin and pectolinarigenin on melano-
genesis have not been reported. Pectolinarin was isolated as a
primary compound with hepatoprotective activity and was then
converted into pectolinarigenin via acid hydrolysis. Both pectoli-
narin and pectolinarigenin have protective effects against GalN-
induced hepatic injury via antioxidant activity and an anti-
inflammatory decrease of eicosanoid formation [18,19,27].
Byproducts of Gondre namul may be useful as melanogenesis in-
hibitors because boiled Gondre water is a rich source of water
soluble secondary metabolites from C. setidens. In our present
study, we investigated the inhibitory effect of pectolinarin and
pectolinarigenin on melanogenesis and an efficient component
conversion method to convert pectolinarin from C. setidens into its
pectolinarigenin aglycone.

2. Materials and methods

2.1. Cell culture

Melan-a cells were obtained from Dr. Dorothy C. Bennett (Uni-
versity of London, London, UK) and grown in RPMI 1640 medium
(Roswell Park Memorial Institute 1640; HyClone, Logan, UT, USA)
supplemented with 10% FBS (fetal bovine serum; HyClone), 100 U/
ml penicillin and 100 mg/ml streptomycin (HyClone) and 200 nM
TPA (tetradecanoylphorbol 13-acetate; Sigma-Aldrich Co. St. Louis,
MO, USA) at 37 �C in a humidified incubator with a 5% CO2/95% air
atmosphere. Cells were sub-cultured every 3 days until a maximum
passage of 40 was reached.

2.2. Cell viability assay

Cell viability was tested by the MTT assay. Cells were seeded in a
96-well plate (2 � 104 cells/well) for 24 h, washed with PBS
(Phosphate Buffered Saline; Welgene, Gyeongsan, Korea), and
treated with or without pectolinarin (30 mM) or pectolinarigenin
(30 mM). After 72 h of incubation, the MTT reagent was added to
each well, and the platewas incubated at 37 �C for 2 h. The medium
was discarded, and the plate was washed with PBS. The intracel-
lular formazanwas dissolved in DMSO (Dimethyl sulfoxide; Sigma-
Aldrich Co.) and absorbance measured at 595 nm using a micro-
plate reader (BIO-TEK Power Wave XS, Winooski, VT, USA).

2.3. Melanin content measurements

The melan content of melan-a cells were measured as described
previously [28]. Briefly, melan-a cells were seeded in 24-well plates
(1 � 105 cells/well), incubated for 24 h, washed with PBS, and
treated with or without pectolinarin (30 mM) or pectolinarigenin
(30 mM). After 72 h, cells were washed with PBS and lysed with 2 N
NaOH. The lysed cells were transferred into 96-well plates, and
absorbance was measured at 475 nm using a microplate reader
(BIO-TEK Power Wave XS) to determine the melanin content.

2.4. Measurement of intracellular tyrosinase activity

Cells were seeded in a 60-mm dish (4 � 105 cells/dish) for 24 h,
washed with PBS (Welgene), and treated with or without pectoli-
narin (30 mM) or pectolinarigenin (30 mM). After 72 h of incubation,
the cells were washed with PBS and lysed in 1% Triton X-100. Then,
the lysed cells were chilled on ice for 10 min and centrifuged, and
supernatant was collected to determine the enzyme source of the
tyrosinase assay. The reaction mixture contains 100 mL of 0.1 M
phosphate buffer (pH 6.5),100 mL of 20mM L-DOPA and 40 mg of cell
lysates in each well of a 96-well microplate. The initial absorbance
was measured at 490 nm using a BIO-TEK Power Wave XS micro-
plate reader, and the reaction mixture was incubated at room
temperature. After 1 h, the final absorbance was measured at the
same wavelength. Intracellular tyrosinase activity was estimated
the ratio to control.

2.5. Western blotting analysis

For protein expression analysis, melan-a cells were harvested
and homogenized at 4 �C in lysis buffer. After centrifugation, cell
debris was discarded, and the protein concentrations were deter-
mined using the BCA (bicinchoninic acid) assay. Twenty mg of
protein was separated in 10% SDSePAGE gels and then transferred
to PVDFmembranes (polyvinylidene fluoride membrane, Millipore,
Billerica, MA, USA). The membranes were blocked with 5% skim
milk at room temperature for 2 h and then incubated with primary
antibodies. Anti-Tyrosinase, anti-TRP-1, anti-TRP-2 (Santa Cruz, CA,
USA) and anti-MITF (Microphthalmia-associated transcription fac-
tor, Cell signaling Technology, Beverly, MA, USA) for western blot-
ting were used as primary antibodies. Anti-goat IgG-horseradish
peroxidase (HRP) and anti-mouse IgG-HRP were purchased from
Santa Cruz and used as secondary antibodies. The reaction was
progressed using a SuperSignal® West Femto Maximum Sensitivity
Substrate (Pierce, Rockford, IL, USA). Immuno-reactive bands were
visualized using an enhanced LAS 4000 film (Fuji film, Tokyo,
Japan). An anti-GAPDH antibody was used to monitor protein
loading in each lane. Densitometric analysis was performed using
the ImageJ software.

2.6. Quantitative real-time PCR (Q-PCR) analysis of mRNA
expression

Total RNA was extracted using an RNeasy mini kit (Qiagen,
Valencia, CA, USA) according to the manufacturer's protocols and
stored at -80 �C until use. cDNA was amplified using a ImProm-II
Reverse Transcription System (Promega, Madison, WI, USA) ac-
cording to the manufacturer's guidelines. Then, SYBR green-based
quantitative PCR was performed using the Applied Biosystems
7500 Fast Real-Time PCR system and Fast SYBR® Green Master Mix
(Life technologies, UK). All reactions were run in triplicate, and the
data were analyzed using the 2�DDC

T values method [29]. The se-
quences of the primers used in this study were MITF forward: 50-
ATG GAC GAC ACC CTT TCT C-3’; MITF reverse: 50-GGAGGATTC GCT
AAC AAG TG-3’; Tyrosinase forward: 50-GGC CAG CTT TCA GGC AGA
GGT-3’; Tyrosinase reverse: 50-TGG TGC TTC ATG GGC AAA ATC-3’;
TRP1 forward: 50-AAG CAG ACA TCC AAC AAC ACT AG-3’; TRP1
reverse: 50-GCA AGA GTT CAG AAC ACA GGT C-3’; TRP2 forward: 50-
GCA AGAGATACA CGG AGGAAG-3’; TRP2 reverse: 50-CTA AGG CAT
CAT CAT CAT CAC TAC-3’; b-ctin forward: 50-GAC AGGATG CAGAAG
GAG ATT ACT-3’; b-actin reverse: 50- TGA TCC ACA TCT GCT GGA
AGG T-3’. The quantity of each transcript was calculated as
described in the instrument manual and normalized to the amount
of b-actin.

2.7. Evaluation of inhibitory efficacy of PG on the reconstructed skin
model

A reconstructed human skin model (Neoderm®-ME; Tego
Science, Seoul, Korea) consisting of human epidermal melanocytes
and human-derived epidermal keratinocytes was incubated in
serum-free maintenance medium (Tego Science). The recon-
structed human skin was incubated in the presence of
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pectolinarigenin (30 mM) for 2 days. Reconstructed human
epidermis was fixed in 10% formalin, blocked in paraffin and
stained for melanin using L-DOPA and the Fontana-Masson staining
method.
2.8. Plant material and extraction

The dried aerial parts of Cirsium setidens (Dunn) Nakai were
purchased at Jeongseon Herb market (Jeongseon, Korea) in June
2016 and identified by Prof. Eun Ju Jeong of the Department of
Agronomy and Medicinal Plant Resources, Gyeongnam University
of Science and Technology. A voucher specimen (SN20160611) has
been deposited at the KIST Gangneung Institute of natural products.
Dried aerial parts (100 g) of C. setidens were extracted thrice with
water (1 L) under heating for 3 h. The hot-water extract was
concentrated under reduced pressure to yield a water extract
(13.7 g) for further study.
Fig. 1. Inhibitory effects of pectolinarin and pectolinarigenin on melanin synthesis in melan-
content (B) and intracellular tyrosinase activity (C) in melan-a cells incubated with 30 mM o
vs. control (CON).
2.9. Hydrolysis of hot-water C. setidens extract

Themicrowave system used was aMicrowave Digestion System,
Model MDS 2000 (CEM Corporation, Seoul, Korea). The unit offers a
wide range of hydrolysis conditions and can operate at 150e205 �C
(power: 100 W, 2455 MHz). Each C. setidens extract dissolved in
water or 1% acetic acid (2 mL) was poured into a PTFE reactor,
sealed and heated at 100 W. The reactor was allowed to cool be-
tween each heating and finally cooled to room temperature.
2.10. LC/MS analyses

Test samples were analyzed for pectolinarin and pectolinar-
igenin using the LC/MS method reported previously.19 The LC/MS
system consisted of an Agilent 1200 Series HPLC system (Agilent
Technologies, Palo Alto, CA, USA), equipped with ESI mode. Test
samples and standard compounds were dissolved in MeOH using
a cells. (A) Chemical structures of pectolinarin (PN) and pectolinarigenin (PG). Melanin
f PN and PG. Each bar represents the mean ± S.D. of triplicate measurements. *P < 0.05
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an ultrasonicator and a vortexmixer andwere then filtered through
a 0.45 mm syringe filter before injection. The mobile phase was a
mixed solvent of 0.05% trifluoroacetic acid (TFA) in acetonitrile
(solvent A) and 0.05% TFA inwater (solvent B). The gradient elution
system was as follows: (A)/(B) ¼ 10/90 (0 min; hold for 3 min) /
90/10 (13 min) /90/10 (13 min; hold for 5 min) / 95/5 (20 min).
Column temperature was maintained at 40 �C using a temperature
controller. Analysis was performed at a flow rate of 1.00 mL/min,
with the detection wavelength fixed at 340 nm.

2.11. Statistical analysis

Data were analyzed for statistical significance using Student's t-
test. P values of <0.05 were considered to indicate statistically
significant differences. The mean, SD and SEM were calculated for
all variables.

3. Results

3.1. Inhibitory effects of pectolinarin and pectolinarigenin on
melanin biosynthesis in melan-a cells

To study the effects of pectolinarin and pectolinarigenin (Fig.1A)
on melanin biosynthesis, after treatment with pectolinarin and
pectolinarigenin at 30 mM for 72 h, the melanin content and
viability were measured. Neither pectolinarin nor pectolinarigenin
showed cytotoxicity at indicated concentrations. Treating melan-a
cells with pectolinarin (30 mM) or pectolinarigenin (30 mM) reduced
the melanin content to 17.4 ± 6.2% and 31.5 ± 2.2%, respectively,
compared with controls (Fig. 1B and C). These results showed that
pectolinarigenin suppressed melanin biosynthesis without cyto-
toxicity to a significantly higher degree than did pectolinarin
treatment of melan-a cells. Reduced tyrosinase activity in melan-a
cells could be produced either by the repression of tyrosinase gene
expression or by the direct inhibition of tyrosinase. Cell lysates
treated with pectolinarin and pectolinarigenin were utilized as
tyrosinase sources. Intracellular tyrosinase activity was suppressed
by pectolinarigenin treatment, but pectolinarin did not inhibit
intracellular tyrosinase activity in melan-a cells. Treating melan-a
cells with pectolinarigenin (30 mM) decreased the intracellular
tyrosinase activity to 46.9 ± 4.5% of the control group (Fig. 1D).

3.2. The effects of pectolinarin and pectolinarigenin on melanin
biosynthesis-related proteins and gene expression in melan-a cells

We investigated the effect that pectolinarin and pectolinar-
igenin had on expression of melanin biosynthesis-related proteins,
MITF, tyrosinase, TRP1, and TRP2, by western blotting using cell
lysates treated with pectolinarin and pectolinarigenin. Pectolinar-
igenin reduced the protein expression of Tyrosinase, TRP1, and
TRP2 by 37.9 ± 3.2%, 42.0 ± 2.6%, and 38.3 ± 3.8%, respectively,
compared with the control group (Fig. 2A and B). MITF is the most
important transcription factor that regulates the expression of
melanin biosynthesis-related genes [30]. Pectolinarigenin dramat-
ically suppressedMITF protein expression by 51.5 ± 8.5% inmelan-a
cells. It has been suggested that the down-regulation of melanin
biosynthesis-related proteins by pectolinarigenin might be related
to MITF signaling. To investigate whether the inhibition of protein
expression was associated with reduced the mRNA levels of
melanin biosynthesis-related genes, the mRNA expression levels of
Tyrosinase, TRP-1, TRP-2, and MITF were confirmed using Q-PCR.
Pectolinarigenin reduced the gene expression of Tyrosinase, TRP-1
and MITF by 55.0 ± 6.1%, 10.7 ± 3.3%, and 32.3 ± 1.0%, respectively
(Fig. 2C). These results indicate that the presence of pectolinar-
igenin suppressed the expression of tyrosinase-related genes,
suggesting a mechanism of down-regulated MITF transcription.

3.3. Effect of melanin biosynthesis by pectolinarigenin in a
reconstructed human skin model

To approximate human usage, a reconstructed human skin
model was used to identify the depigmenting effect of pectolinar-
igenin. The melanin content was significantly reduced in
pectolinarigenin-treated reconstructed human skin compared with
the control group according to visual and spectrophotometric
evaluations (Fig. 3A). Treating reconstructed human skin with
pectolinarigenin decreased the melanin content to 20.8% of the
control group (Fig. 3B). Additionally, treating reconstructed human
skinwith pectolinarigenin decreased the L-DOPA content compared
with the control group (Fig. 3C). These results imply pectolinar-
igenin is an anti-melanogenic material and has useful applications
in human skin.

3.4. Conversion of pectolinarin to pectolinarigenin

For the simultaneous determination of pectolinarin and pecto-
linarigenin in C. setidens hot-water extract, the optimized chro-
matographic conditions were investigated. Peaks of 2 compounds
in the chromatograms were determined by comparing on-line UV
spectra and the retention times with those of the standards.
Retention time for pectolinarin and pectolinarigenin of C. setidens
hot-water extract were 10.33 and 13.57 min, respectively (Fig. 4A).
C. setidens hot-water extract with microwave hydrolysis (205 �C)
increased pectolinarigenin contents 66.3% compared with that of
the control group. In comparison, pectolinarin content was
decreased to 14.5% (Fig. 4B). These results indicate that microwave
irradiation efficiently converted the pectolinarin into pectolinar-
igenin. Additionally, this reaction occurred more efficiently under
the 1% acetic acid conditions than in neutral solution. These results
suggest that microwave irradiation under 1% acetic acid conditions
is optimal to convert pectolinarin of C. setidens hot-water extract
into pectolinarigenin.

4. Discussion

Cirsium setidens, gondre, used as a type of namul made with
dried gondre, is a favored local cuisine in Kangwon Jeongseon. In
this process, boiled gondre is used for namul manufacture, with
boiled water produced as byproducts. However, no previous study
has examined the anti-melanogenic activity and byproduct utili-
zation of C. setidens. Among the constituents of C. setidens, pecto-
linarin was isolated as a primary compound possessing several
activities, and it was converted into pectolinarigenin via acid hy-
drolysis [18,19,27]. Through a preliminary study, we found that
pectolinarin were recrystallized from gondre-boiled water
byproducts. In this study, we investigated anti-melanogenesis ef-
fects of pectolinarin from C. setidens and its aglycone pectolinar-
igenin in melanocytes and a reconstituted skin model.
Furthermore, to increase the active component content in
C. setidens water extracts, several component conversion methods
were studied.

We performed in vitro tests to investigate anti-melanogenic ef-
fects by pectolinarin and pectolinarigenin. Both pectolinarin and
pectolinarigenin inhibited melanin synthesis without cytotoxicity
in melan-a cells. Pectolinarigenin treatment showed more potent
inhibitory activity of melanin synthesis than did pectolinarin
treatment. In agreement with the observed effects on melanin
content, the intracellular tyrosinase activity was also significantly
reduced by pectolinarigenin. However, treatment with pectolinarin
increased the intracellular tyrosinase activity. As a result,



Fig. 2. Inhibitory effects of pectolinarin and pectolinarigenin on expression of melanogenesis-related protein and mRNA. (A and B) The protein expression levels of MITF, tyrosinase
(TYR), tyrosinase-related protein-1 (TRP-1), and tyrosinase-related protein-2 (TRP-2) were determined by western blot analysis and normalized to GAPDH expression. Each bar rep-
resents the mean ± S.D. of triplicate measurements. *P < 0.05 vs. control (CON). (C) Relative gene expression of MITF, tyrosinase (TYR), tyrosinase-related protein-1 (TRP-1), and
tyrosinase-related protein-2 (TRP-2) were examined by Q-PCR and normalized to b-actin. Each bar represents the mean ± S.D. of triplicate measurements. *P < 0.05 vs. control (CON).



Fig. 3. The inhibitory effect of pectolinarigenin on melanin production in a reconstructed human skin model. (A) Histopathological features of Pigmentation and L-DOPA in
reconstructed skin. The sections were stained with Fontana-Masson (FM) and L-DOPA (magnification, 100 � ). Melanin (B) and L-DOPA (C) contents were determined using ImageJ
software. The results are expressed as the mean ± S.D. of three randomly selected sites. *P < 0.05 vs. control (CON). AA: Ascorbic acid, PG: pectolinarigenin.
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pectolinarigenin was effective at inhibiting the signs related to
melanogenesis in melan-a cells.

We studied the effects that pectolinarin and pectolinarigenin
had on the expression of melanin biosynthesis-related proteins
MITF, Tyrosinase, TRP-1, and TRP-2, by western blotting. Only
pectolinarigenin inhibited the protein expression of MITF, tyrosi-
nase, TRP-1, and TRP-2. MITF is a key transcription factor that
regulates the expression of most melanogenesis-related genes [30].
Pectolinarigenin dramatically suppressed MITF mRNA and protein
expression in melan-a cells. This finding suggests that pectolinar-
igenin could be associated with altered MITF signaling to down-
regulate melanogenesis-related proteins. However, treatment
with pectolinarin did not suppress melanogenesis-related proteins
and genes. There are significant differences between the anti-
melanogenic effects of the two compounds.

To investigate the depigmenting activity of pectolinarigenin in a
human skin-like system, we used Neoderm®-ME, a reconstructed
human skin model. In agreement with the inhibition of
melanogenesis in cells, the melanin and L-DOPA contents in
reconstructed human skin were decreased by pectolinarigenin.
These results suggest the possibility of using pectolinarigenin as an
anti-melanogenic agent that is applicable in human skin. Based on
these and previous results, we confirmed that pectolinarigenin,
unlike pectolinarin, may be an effective approach for developing
anti-melanogenesis therapeutics.

The concentrations of pectolinarin and pectolinarigenin were
determined in C. setidens water extract by HPLC. Unfortunately, the
amount of pectolinarigenin of C. setidens water extract was lower
than that of pectolinarin. To increase the pectolinarigenin content
in C. setidenswater extract, several component conversionmethods
were studied. C. setidens hot-water extract with high power mi-
crowave irradiation increased the pectolinarigenin content and
decreased the pectolinarin content. These results indicate that
microwave irradiation efficiently converted the pectolinarin into
pectolinarigenin. Additionally, this reaction occurred more effi-
ciently under the 1% acetic acid conditions than in aqueous



Fig. 4. The conversion effect of pectolinarin to pectolinarigenin by microwave irradiation. (A) HPLC chromatogram of C. setidens hot-water extract and microwave irradiated extract.
The presence of PN (tR 10.33 min) and PG (tR 13.57 min), in extracts were verified by comparing each retention time and UV spectrum. (B) The efficiency of conversion to PG by
microwave irradiation and under acidic conditions.
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solution. These results suggest that microwave irradiation under 1%
acetic acid conditions converts pectolinarin from C. setidens hot-
water extract into pectolinarigenin. Consequently, we identified
that microwave irradiation under 1% acetic acid was the optimum
sugar elimination method. These results indicate that pectolinarin
could be isolated from gondre byproducts as a primary compound
used for anti-melanogenesis activity and then converted into pec-
tolinarigenin via microwave irradiation.

In conclusion, pectolinarigenin treatment showed more potent
inhibitory activity of melanin synthesis than did pectolinarin
in vitro. There are significant differences in the anti-melanogenesis
effects of the two compounds. Pectolinarigenin inhibited the
melanogenesis without toxicity in vivo. Additionally, pectolinar-
igenin decreased the melanin content and L-DOPA in reconstructed
human skin. Based on the results obtained for pectolinarin and
pectolinarigenin, we confirmed that only pectolinarigenin may be
an effective approach for anti-melanogenesis. Pectolinarin could be
isolated from gondre byproducts as a primary compound used for
anti-melanogenesis activity and then converted into pectolinar-
igenin via microwave irradiation.
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