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ABSTRACT

Hypochoeris radicata, an invasive plant species, is a large and growing threat to ecosystem
integrity on Jeju Island, a UNESCO World Heritage site. Therefore, research into the utiliza-
tion of H. radicata is important and urgently required in order to solve this invasive plant
problem in Jeju Island. The broader aim of our research is to elucidate the biological activities
of H. radicata, which would facilitate the conversion of this invasive species into high value-
added products. The present study was undertaken to identify the pharmacological effects of
H. radicata flower on the production of inflammatory mediators in macrophages. The results
indicate that the ethyl acetate fraction of H. radicata extract (HRF-EA) inhibited the produc-
tion of pro-inflammatory molecules such as NO, iNOS, PGE,, and COX-2, and cytokines
such as TNF-a, IL-1B, and IL-6 in LPS-stimulated RAW 264.7 cells. Furthermore, the phos-
phorylation of MAPKSs such as p38, ERK, and JNK was suppressed by HRF-EA in a concen-
tration-dependent manner. In addition, through HPLC and UPLC fingerprinting, luteolins
were also identified and quantified as extract constituents. On the basis of these results, we
suggest that H. radicata may be considered possible anti-inflammatory candidates for phar-
maceutical and/or cosmetic applications.

Keywords: Hypochoeris radicata, alien plant invader, inflammation, mitogen-activated pro-
tein kinases (MAPKSs)

INTRODUCTION family Compositae. H. radicata grows
mainly in pastures, but is also found in
lawns, and the plant prefers nutrient-poor,
slightly acidic soils. A typical flower head
consists of 50 to 100 single yellow florets.
They are known to produce achenes (here-
after called seeds) that have a pappus and

Hypochoeris radicata, also known as
hairy cat’s ear, spotted cat’s ear, flatweed,
common cat’s ear, frogbit, gosmore, rough
cat’s ear, or false dandelion, is a perennial
member of the Hypochoeris genus in the
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are adapted to long-distance dispersal by
wind (Soons and Heil, 2002). While the
plant is native to Europe, it has also been
introduced in America, Japan, Australia,
New Zealand, and Korea, where it can be
considered an invasive weed. It has also
been listed as a harmful weed in the state of
Washington, USA.

On Jeju Islands, a UNESCO World
Heritage site in Korea, several invasive
non-native species have altered both plant
and insect communities. Currently, the en-
vironmental weed H. radicata, a representa-
tive invader plant, threatens the biodiversity
of the Jeju Island ecosystem, including the
Hallasan National Park and the adjacent
natural area. For this reason, research into
the utilization of H. radicata is urgently
needed in order to address the problems re-
lated to invasion of non-native plants in Je-
ju Island. The aim of this research was to
elucidate the biological activities of H. rad-
icata, which would facilitate the conversion
of this invader plant into high value-added
products for pharmaceutical and/or cosmet-
ic materials.

Inflammation is the response of an or-
ganism to invasion by foreign pathogens
such as parasites, bacteria and viruses. Ac-
tivation by inflammatory stimuli produces a
variety of inflammatory mediators such as
nitric oxide (NO), prostaglandin E, (PGE;)
and pro-inflammatory cytokines including
TNF-a, IL-1B and IL-6. However, if left un-
controlled, the inflammatory mediators be-
come involved in the pathogenesis of many
inflammatory disorders (Park et al., 2013;
Yang et al., 2013). For this reason, regula-
tion of the production of NO and PGE; in
macrophages are current research topics for
the development of new anti-inflammatory
agents. There have been many attempts to
derive new anti-inflammatory agents from
natural compounds (Chen et al., 2013; Lee
et al., 2013; Yang et al., 2013). Therefore,
this study was designed to explore the anti-
inflammatory effects of H. radicata extracts
by measuring their effects on the produc-
tion of pro-inflammatory factors (TNF-a,

IL-1B, IL-6, INOS, cyclooxygenase (COX)-
2, and prostaglandin [PG]E;). Furthermore,
we sought to elucidate the mechanism of
these anti-inflammatory effects by investi-
gating the role of mitogen-activated protein
kinase (MAPK) pathways in murine mac-
rophage RAW 264.7 cells. To the best of
our knowledge, this is the first report of the
anti-inflammatory biological activity of H.
radicata.

MATERIALS AND METHODS

Materials and solvent extraction

H. radicata flowers were collected from
Namwon (a region on Jeju Island, Korea) in
May 2009. The voucher specimen was
identified by Dr. Gwanpil Song, of the Jeju
Biodiversity Research Institute (JBRI), Je-
ju, Korea, and deposited in the herbarium of
that institution. The materials for extraction
were freeze-dried and then ground into a
fine powder by using a blender. The dried
powder (2 kg) was extracted with 80 % eth-
anol (EtOH; 30 L) at room temperature for
3 days and then evaporated under a vacu-
um. The evaporated EtOH extract (5 g) was
suspended in water (1 L) and fractionated
with ethyl acetate (EtOAc; 1 L). The yield
and recovery of EtOAc fractions were
0.80 g and 16 %, respectively.

Chemicals and reagents

Dulbecco’s modified Eagle’s medium
(DMEM) and fetal bovine serum (FBS)
were obtained from Invitrogen-Gibco
(Grand Island, NY, USA). ELISA kits for
PGE,, TNF-a, IL-1B, and IL-6 were pur-
chased from R & D Systems, Inc. (St. Lou-
is, MO, USA) and BD Biosciences (San
Diego, CA, USA). Anti-JNK, anti-
phosphorylated JNK (anti-p-JNK), anti-
ERK1/2, anti-phosphorylated ERK1/2 (an-
ti-p-ERK1/2), anti-p38, and anti-phos-
phorylated p38 (anti-p-p38) mouse or rabbit
antibodies were purchased from Cell Sig-
naling Technology (Beverly, MA, USA).
Pyrrolidine dithiocarbamate (PDTC), a spe-
cific inhibitor of NF-«B, was purchased
from Calbiochem (San Diego, CA, USA).
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All other reagents were purchased from
Sigma-Aldrich Chemical Co. (St Louis,
MO, USA).

RAW 264.7 cell culture

RAW 264.7 cells were obtained from
the Korean Cell Line Bank (KCLB; Seoul,
Korea) and maintained at sub-confluence in
a humidified atmosphere of 95 % air and
5 % CO, at 37 °C. The medium for routine
sub-cultivation was DMEM supplemented
with FBS (10 %), penicillin (100 units/mL),
and streptomycin (100 pg/mL). Cells were
counted with a hemocytometer, and the
number of viable cells was determined by
trypan blue dye exclusion. The cell line was
mechanically passaged by dissociation eve-
ry 2 days.

LDH assay for measuring cell toxicities

RAW 264.7 cells were (1.8 x 10°
cells/mL) plated in 24-well plates and pre-
incubated for 18 h. They were then treated
with LPS (1 pg/mL), as well as with ali-
quots of the 80 % EtOH extract and each
solvent fraction at 37 °C for 24 h. The re-
lease of lactate dehydrogenase (LDH) from
the cells was used to assess cytotoxicity, by
using an LDH cytotoxicity detection kit
(Promega, Madison, WI, USA) to deter-
mine LDH activity from the production of
NADH during the conversion of lactate to
pyruvate. The optical density of the solution
was measured at a wavelength of 490 nm,
by using an ELISA plate reader (Bio-TEK
Instruments Inc., Vermont, WI, USA). The
cytotoxicity percentage was determined rel-
ative to the control group. All experiments
were performed in triplicate.

MTT assay for measuring cell
proliferation

Cell viability was determined by the 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT) assay. RAW
264.7 cells (1.8 x 10° cells/mL) were plated
onto 96-well plates for 18 h, followed by
treatment with various concentrations of
extract samples. After incubation for 24 h,

MTT was added to the medium for 4 h. Fi-
nally, the supernatant was removed and the
formazan crystals were dissolved in
DMSO. Absorbance was measured at
540 nm. The percentage of cells showing
cytotoxicity was determined relative to the
control group.

Assay for NO production by activated
macrophages

After pre-incubating RAW 264.7 cells
(1.8 x 10° cells/mL) with LPS (1 pg/mL)
for 18 h, they were then treated with LPS
(1 pg/mL) as well as aliquots of the 80 %
EtOH extract and each solvent fraction at
37 °C for 24 h. The quantity of nitrite in the
culture medium was measured and used as
an indicator of NO production. Briefly,
100 pL of the cell culture medium was
mixed with 100 pL of Griess reagent (1 %
sulfanilamide and 0.1 % naphthylethylene-
diamine dihydrochloride in 2.5 % phos-
phoric acid) and incubated at room temper-
ature for 10 min. Absorbance at 540 nm
was then measured using a microplate read-
er (Bio-TEK Instruments Inc., Vermont,
WI, USA). The quantity of nitrite was de-
termined on the basis of a sodium nitrite
standard curve. All experiments were per-
formed in triplicate.

Measurement of PGE; and cytokine assays

The levels of cytokines TNF-a, IL-1,
and IL-6 in the cell culture supernatant
were measured using an ELISA kit (R&D
Systems Inc., Minneapolis, MI, USA) as
described previously (Yoon et al., 2009a,
b). RAW 264.7 cells were plated in a 24-
well cell culture plate at a density of 1.8 X
10° cells/well in the presence of various
concentrations of extract samples and 1 pg
mL" LPS, and then incubated for 24 h. The
culture supernatant was collected and as-
sayed for PGE,; TNF-a, IL-1B, and IL-6
according to the manufacturer’s instruc-
tions.
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Western blot analysis

RAW 264.7 cells were pre-incubated
for 18 h in a 6-well cell culture plate at a
density of 1.5 x 10° cells/well before being
stimulated with LPS (1 pg/mL) in the pres-
ence of extracts for 24 h. After incubation,
the cells were collected and washed twice
with cold phosphate-buffered saline (PBS).
The cells were lysed in a lysis buffer
(1XRIPA [Upstate USA Inc., NY, USA],
1 mM Na3;VO,, 1 mM NaF, 1 mM phenyl-
methylsulphonyl fluoride, 1 pg/mL apro-
tinin, 1 pg/mL pepstatin, and 1 pg/mL
leupeptin) and kept on ice for 1 h. The cell
lysates were centrifuged at 15,000 rpm and
4 °C for 15 min, and the supernatants were
stored at -70 °C until use. Protein concen-
trations were then determined using a Brad-
ford Assay (Bio-Rad, Richmond, CA,
USA). Aliquots of the lysates (30~50 pg of
protein) were separated on an 8~12 % SDS-
polyacrylamide gel. After electrophoresis,
the proteins were electrotransferred to pol-
yvinylidene fluoride (PVDF) membranes
(BIO-RAD, HC, USA), blocked with 5 %
non-fat milk in TBS-T buffer and blotted
with each primary antibody (1:1,000, ex-
cept for INOS (1:5,000) and P-actin
(1:10,000)) and its corresponding secondary
antibody (1:5,000 or 1:10,000) according to
the manufacturer’s instructions. Immunoac-
tive proteins were detected using an en-
hanced chemiluminescence (ECL) Western
blotting detection kit (Amersham Biosci-
ences, NJ, USA).

High and ultra-performance liquid chro-
matography (HPLC and UPLC) finger-
print of H. radicata extracts

The various H. radicata extracts were
redissolved to a 1 mg/mL concentration and
filtered through a 0.22 um membrane filter
(Millipore). A luteolin analysis was carried
out using high-performance liquid chroma-
tography (Waters 2695). The analysis was
performed on a 100 x 4.6 mm i.d. XTerra
RP8 column with 3.5 pm particles (Waters).
Eluents were ACN/H,0 [10:90, by vol. (A)
and 90:10, by vol. (B). The flow rate was

0.8 mL/min. Sample volumes of 20 pL
were injected. Gradient conditions were as
follows: 0-30 min, linear from 10 % to
50 % A; 30-35 min, linear from 50 % to
100 % A; 35-40 min, linear 100 % to 10 %
A; and 40-50 min, isocratic 10 % A. For
the calibration curve, luteolin was dissolved
with methanol, and 4 concentration levels
(10, 25, 50, 100 mg/mL) were analyzed.
For quantification, peak areas were corre-
lated with the concentrations according to
the calibration curve. The Ultra Perfor-
mance Liquid Chromatography (LCQ-
Fleet) analyses were performed using a
Hypersil Gold column (2.1 mm x 50 mm,
1.8 pm, C,g) with a binary phase at a flow
rate of 0.2 mL/min. Eluent A was acetoni-
trile and eluent B was water/formic acid
(99.9/0.1, v/v). The elution gradient was 0-
8 min, 5-100 % A. Mass spectrometry was
performed on a Thermo mass spectrometer
operating in negative ion electrospray
mode. The capillary and spray voltage were
set at 42 V and 5 kV for negative elec-
trospray mode. The capillary temperature
was set to 275 °C and collision energy was
setat35eV.

Statistical analysis

Differences between conditions were
assessed using a one-way analysis of vari-
ance (ANOVA) and the Student’s t-test,
with p < 0.05 considered to be statistically
significant. In all instances, the means of
data from three independent experiments
were analyzed.

RESULTS

Effect of H. radicata extracts on NO
synthesis in activated macrophages

To evaluate whether extracts of H. radi-
cata could modulate NO production by ac-
tivated macrophages, we examined the ef-
fects of 80 % EtOH extracts of each part
(flower, leaf, stem, root, aerial part, or
whole plant) of H. radicata, as well as 2-
amino-4-methylpyridine (10 uM) and dexa-
methasone (20 uM) on NO production by
the murine macrophage cell line, RAW
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264.7. As shown in Figure 1A, among the
six parts, the flower extract (100 pg/mL)
markedly inhibited LPS-induced RAW
264.7 cell NO production by 47 %. 2-ami-
no-4-methylpyridine (10 uM), a NO inhibi-
tor and positive control, also inhibited LPS-
induced NO production by 88 %. There was
no basal NO production after treatment
with only the crude extract from H. radica-
ta without LPS (data not shown). As shown
in Figure 1B, the numbers of viable activat-
ed macrophages were not altered by either
each part of H. radicata (flower, leaf, stem,
root, aerial part, and whole plant extracts),
2-amino-4-methylpyridine, or dexame-
thasone as determined by LDH and MTT
assays, indicating that the inhibition of NO
synthesis by each of the treatments was not
due to cytotoxic effects.
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Figure 1: Effects of 80 % EtOH extract of H.
radicata L. on cytotoxicity and NO produc-
tion in LPS-stimulated RAW 264.7 cells.
Cells (1.8 x 10° cells/mL) were pre-incubated
for 18 h, and then stimulated with LPS
(1 pg/mL) for 24 h in the presence of 80 %
EtOH extracts of each part of H. radicata L.
(100 pg/mL A: flower; B: leaf; C: stem; D: root;
E: aerial part; F: whole plant), 2-amino (10 uM
2-amino-4-methylpyridine), or dex (20 uM dexa-
methasone). (A) Cytotoxicity was determined
by MTT and LDH assay. (B) NO production
levels. Data are presented as means + S.D. of
three independent experiments. *p < 0.05; **p <
0.01 compared to positive control

Comparison of the anti-inflammatory
effects of the H. radicata flower (HRF)
and the T. platycarpum flower (TRF)

H. radicata is also known as “false dan-
delion,” as it is commonly mistaken for true
dandelions (Taraxacum), since both carry
similar flowers that form windborne seeds.
In particular, the shape of H. radicata, es-
pecially the flower part, is similar to that of
T. platycarpum, a Korean medicinal plant.
Therefore, we compared the anti-
inflammatory activity of 80 % ethanol ex-
tracts of the H. radicata flower (HRF) and
the T. platycarpum flower (TRF). This
comparison was performed using RAW
264.7 murine macrophage cells, which can
produce both NO and PGE, upon stimula-
tion with LPS. Cells were pre-incubated
with HRF and TRF for 1 h, after which they
were stimulated with 1 pg/mL LPS for
24 h. Neither LPS nor extract samples were
present in the control group. Cell culture
media were collected and nitrite and PGE,
levels determined. Though both HRF and
TRF were found to dose-dependently inhib-
it the production of NO and PGE, (Figure
2), HRF showed a higher level of inhibition
than TRF. At concentrations of 100 pg/mL,
200 pg/mL, and 400 pg/mL, HRF decreas-
ed the production of NO by LPS-treated
macrophages by 35 %, 51 %, and 82 %,
respectively, as compared with LPS-treated
macrophages not exposed to HRF. The
same concentrations of HRF also inhibited
PGE, production by 30 %, 43 %, and 76 %,
respectively. 2-amino-4-methylpyridine
(10 uM) also markedly reduced NO levels
in RAW 264.7 macrophages. In contrast,
dexamethasone (20 puM) significantly re-
duced PGE, levels, but did not affect NO
production. The potential cytotoxicity of
HRF and TRF was evaluated by LDH assay
after incubating cells for 24 h in the ab-
sence or presence of LPS. However, cell
viability was negligibly affected at the con-
centrations used (100, 200, or 400 pg/mL)
to inhibit NO and PGE, (Figure 2A). Thus,
the inhibitory effects of HRF and TRF were
not attributable to cytotoxicity.
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Figure 2: Effects of 80 %
EtOH extracts of H. radicata
flower (HRF) or T. platy-
carpum flower (TRF) on NO
and PGE, production, and on
cytotoxicity in LPS-stimulated
RAW 264.7 cells. Cells (1.8
x 10° cells/mL) were pre-
incubated for 18 h, and then
stimulated with LPS
(1 ug/mL) for 24 h in the
presence of each of the 80 %
EtOH extracts (100, 200, or
400 pg/mL), 2-amino (10 uM
¥ 2-amino-4-methylpyridine),

" or dex (20 puM dexame-
thasone). (A) NO and (B)
PGE, production levels. Data
are presented as means t
S.D. of three independent
experiments. *p < 0.05; **p <
0.01 compared to positive
control
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Effects of HRF and TRF on LPS-induced
expression of INOS and COX-2 proteins

Western blot analyses were performed
to determine whether the inhibitory effects
of HRF and TRF on the pro-inflammatory
mediators NO and PGE, were related to a
modulation of iNOS and COX-2 expres-
sion. We did not detect iNOS and COX-2
protein expression in unstimulated RAW
264.7 cells. However, iNOS and COX-2
protein levels were markedly upregulated
by LPS, an effect that was inhibited by co-
treatment with HRF, but not TRF (Figure
3). On the other hand, HRF and TRF did
not affect the expression of [-actin, a
housekeeping gene. In general, these results
suggest that the inhibitory effects of HRF
on LPS-induced NO and PGE; production
are the result of the suppression of iNOS
and COX-2 protein expression.

Effects of 80 % EtOH extract and solvent
fractions of H. radicata flower on cytotox-
icity and the production of NO and PGE
Since HRF was observed to modulate
macrophage-mediated inflammatory func-
tions such as the overproduction of NO and
PGE,, extracts of differing polarities were

TPF (pg/mL)

prepared by extraction of HRF and ethyl
acetate for the further study. To assess the
effect of HRF, ethyl acetate, and water frac-
tions on LPS-induced NO and PGE, pro-
duction, RAW 264.7 cells were treated with
LPS using the process described above in
the presence or absence of various concen-
trations of HRF, ethyl acetate, and water
fractions (12.5, 25, or 50 pg/mL). As shown
in Figure 4, NO production was induced by
treatment with LPS, which was inhibited by
16, 44, and 60 % by the addition of the
ethyl acetate fraction (HRF-EA) at 12.5, 25,
50 pg/mL, respectively. Furthermore, LPS-
induced PGE; production was also dose-
dependently decreased by the ethyl acetate
fraction (9, 25, and 47 % decrease after
treatment with 12.5, 25, and 50 pg/mL, re-
spectively). However, the HRF and water
fractions did not exert a strong influence on
either NO or PGE, production. Potential
cytotoxic effects were also assessed in the
presence or absence of LPS via an LDH
assay. HRF-EA did not influence cytotoxi-
city in RAW 264.7 cells at the tested con-
centrations (12.5, 25, or 50 pg/mL) that had
been observed to inhibit NO and PGE..
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Figure 3: Effects of 80 % EtOH ex-
tract of H. radicata flower (HRF) and
T. platycarpum flower (TRF) on pro-
tein levels of INOS and COX-2 in LPS-
stimulated RAW 264.7 cells. Cells (1.0
x 10° cells/mL) were pre-incubated for
18 h, and then stimulated with LPS
(1 pg/mL) for 24 h in the presence of
each of the 80 % EtOH extracts (100,
200, or 400 pg/mL), 2-amino (10 M
2-amino-4-methylpyridine), or dex
(20 yM dexamethasone). The protein
levels were determined using Western
blotting. 80 % EtOH extract of (A)
HRF and (B) TPF.

Figure 4. Effects of H.
radicata flower (HRF)
and ethyl acetate extract
of H. radicata flower
(HRF-EA) on NO and
PGE, production, and on
cytotoxicity in  LPS-
stimulated RAW 264.7
cells. Cells (1.8 x 10°
cellsi/mL) were pre-
incubated for 18 h, and
then stimulated with LPS
120 (1 pg/mL) for 24 h in the
presence of 80 % EtOH
extract and solvent frac-
tions of H. radicata L.
(12.5, 25, or 50 pg/mL),
2-amino (10 upM 2-
amino-4-methylpyridine),
or dex (20 yM dexame-
thasone). (A) NO and
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Effect of HRF-EA on the production of
INOS and COX-2

Because iNOS and COX-2 are the key
enzymes for the production of NO and
PGE,, respectively, we analyzed the ex-
pression level of iNOS and COX-2 proteins
in LPS-stimulated RAW 264.7 cells by
Western blotting. As shown in Figure 5,
HRF-EA strongly suppressed the expres-
sion of iINOS and COX-2 proteins in a
dose-dependent manner (p < 0.05). These
results suggest that HRF-EA-mediated in-
hibition of NO and PGE, production is as-
sociated with down-regulation of iNOS and
COX-2 protein expressions.

LPS - + * + + + +
2-amino - - + - - - -
dex - - - + - - -
HRF-EA 125 25 50 (Hg/mL)
iNOS L —
COX-2 S S . e  — —
: - S-S
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Figure 5: Effects of ethyl acetate extract of H.
radicata flower (HRF-EA) on the protein levels
of INOS and COX-2 in LPS-stimulated RAW
264.7 cells. Cells (1.0 % 10° cells/mL) were pre-
incubated for 18 h, and then stimulated with
LPS (1 pg/mL) for 24 h in the presence of HRF-
EA (12.5, 25, or 50 yg/mL), 2-amino (10 uyM 2-
amino-4-methylpyridine), or dex (20 pM dexa-
methasone). The protein levels were deter-
mined using Western blotting.

Effect of HRF-EA on the production of
pro-inflammatory cytokines

Because TNF-a, IL-1B, and IL-6 are
early phase pro-inflammatory cytokines and
elevated levels of these molecules can be
detected in a variety of acute and chronic
inflammatory diseases, we determined the
effects of HRF-EA on secreted levels of
these cytokines in LPS-treated cells using
an enzyme immunoassay (EIA). As ex-
pected, RAW 264.7 cells treated with LPS
displayed notably increased levels of TNF-
a, IL-1B, and IL-6. The induction of pro-
inflammatory cytokines was significantly
decreased by HRF-EA in a dose-dependent

manner (p < 0.05). As shown in Figure 6,
TNF-a, IL-1p, and IL-6 production was de-
creased to 61 %, 86 %, and 62 %, respec-
tively. This result indicates that HRF-EA
efficiently suppressed LPS-induced TNF-a,
IL-1pB, and IL-6 production, suggesting that
HRF-EA inhibits the initial phase of the
LPS-stimulated inflammatory response.
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Figure 6: Effect of ethyl acetate extract of H.
radicata flower (HRF-EA) on production of pro-
inflammatory cytokines in LPS-stimulated RAW
264.7 cells. Cells (1.8 % 10° cells/mL) were pre-
incubated for 18 h, and then stimulated with
LPS (1 pg/mL) for 24 h in the presence of HRF-
EA (12.5, 25, or 50 ug/mL). (A) TNF-q, (B) IL-6,
and (C) IL-18 production were analyzed by
ELISA kit. The data are expressed as means +
S.D. of three determinations. *p < 0.05; **p <
0.01 compared to positive control.
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Effect of HRF-EA on the phosphorylation
of MAPKSs in LPS-stimulated RAW 264.7
cells

MAPKSs play critical roles in the regula-
tion of cell growth and differentiation as
well as in the control of cellular responses
to cytokines and stressors. To further inves-
tigate whether HRF-EA regulates MAPKs,
we used Western blotting to evaluate the
effects of HRF-EA on LPS-induced phos-
phorylation of ERKI1/2, p38, and JNK
MAPKSs in RAW 264.7 cells. As shown in
Figure 7, LPS (1 pg/mL) significantly pro-
moted the phosphorylation of ERKI1/2,
JNK, and p38 MAPKs in RAW 264.7 cells.
HRF-EA (12.5, 25, and 50 pg/mL) treat-
ment dramatically reduced the phosphoryla-
tion of ERK1/2, p38, and JNK MAPKs in a
dose-dependent manner. However, the ex-
pressions of unphosphorylated ERKI1/2,
p38, and INK MAPKSs were unaffected by
either LPS alone, or LPS in combination
with HRF-EA. These results suggest that
phosphorylation of MAPKs may be in-
volved in the inhibitory effects of HRF-EA
on LPS-stimulated inflammation in RAW
264.7 cells.

Quantification of luteolin (3,4,5,7-tetra-
hydroxyflavone) in H. radicata extracts
Although the constituents in extracts of
H. radicata have not been previously re-
ported, several natural products such as
quercetin, naringenin, luteolin, and catechin
have been previously described as constitu-
ents of extracts of members of the Com-
positae/Asteraceae family. Identification of
the flavonoids quercetin, naringenin, luteo-
lin, catechin, etc., was performed by com-
parison of HPLC retention times. Figure 8
shows the HPLC chromatogram of HRF-
EA, HRF extract, and TPF extract. The bib-
liographical data, the UV/Vis spectra, and
the retention times permitted the identifica-
tion of luteolin. The HPLC analysis showed
the presence of luteolin in HRF-EA, HRF
extract, and TPF extracts. The luteolin con-
tent in the individual extracts was calculat-
ed from the calibration curve and expressed

as the mass percentage of the dry flower. In
order to further confirm the structures of the
constituents, luteolin and HRF-EA were
analyzed by UPLC/MS (Figure 9). The de-
tection of the fragment corresponding to
luteolin (m/z 284.9) corroborated its identi-
fication. Moreover, the fragmentation of
this base peak provided a fragment corre-
sponding to m/z 150.9, 174.9, 198.9, 216.9,
256.9, and 284.9, typical of luteolin. The
main peak provided a fragment of m/z
284.9, and was tentatively assigned to lute-
olin, as it is shown in Figure 9. An MS ba-
ses peak ([M-H]-) of m/z 284.9 was detect-
ed, as well as a fragment of m/z 150.9, 175,
198.9, 216.9, 242.9, 257, and 284.9, thus
clearly indicating the presence of luteolin.
The content of luteolin in the individual ex-
tracts was calculated from the calibration
curve and expressed as the mass percentage
of the dry flower. The luteolin contents of
HRF-EA, HRF extracts, and TPF extracts
were 70 mg/g, 29 mg/g, and 16 mg/g, re-

spectively.
LPS - + + + + +
Inhibitor - - + - - -
HRF-EA - 125 25 50 (pg/mL)
p-p38 — _— — -
p38 e S — a— v ——
p-JNK —- R e S
JNK — —
ERK |— SN
B-actin | et O S T

Figure 7: Effects of ethyl acetate extract of H.
radicata flower (HRF-EA) on p38, JNK, and
ERK protein levels in LPS-stimulated RAW
264.7 cells. Cells (1.5 % 10° cells/mL) were pre-
incubated for 18 h, incubated with HRF-EA
(12.5, 25, and 50 pg/mL) and each of the indi-
cated inhibitors (SB [10 yM SB203580], SP
[20 uM SP600125], and PD [20 uM PD98059])
for 2 h, and then stimulated with LPS (1 pg/ml)
for 30 min. The protein levels were determined
using Western blot.
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Figure 8: HPLC chromatogram of luteolin, ethyl acetate extract of H. radicata flower (HRF-EA), and
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Figure 9: UPLC/MS of luteolin and ethyl acetate extract of H. radicata flower (HRF-EA). An HPLC
chromatogram of luteolin (A), precursor ions (B), and their corresponding fragments (C) obtained by a
UPLC/MS (negative mode) analysis chromatogram of luteolin. An HPLC chromatogram of the HRF-
EA (D), precursor ions (E), and their corresponding fragments (F) obtained by a UPLC/MS (negative

mode) analysis chromatogram of HRF-EA

DISCUSSION

H. radicata, an alien plant invader, is a
large and growing threat to ecosystem in-
tegrity in Jeju Island, a UNESCO World
Heritage site in Korea, with negative con-

sequences for the conservation of biodiver-
sity. Consequently, billions of dollars have
been spent controlling this invasive species.
This point highlights the urgent need for
new approaches to deal with invasive alien
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species, particularly as a strategy to inhibit
new invasion and expansion. To help elimi-
nate the invasive plant H. radicata, we fo-
cused our studies on the plant’s flower,
which forms windborne seeds during breed-
ing.

The present study was designed to elu-
cidate the pharmacological and biological
effects of the flower of H. radicata on the
production of pro-inflammatory cytokines
and inflammatory mediators in macrophag-
es. We discovered that H. radicata inhibits
NO and PGE; production in LPS-stimulated
RAW264.7 macrophages. H. radicata at-
tenuated LPS-induced synthesis of iNOS
and COX-2, in parallel, and inhibited LPS-
induced TNF-a, IL-1B, and IL-6 produc-
tion. The mechanism of the anti-
inflammatory action of H. radicata —
suppression of MAPK activation—was also
investigated.

Inflammation is the first response of the
immune system to infection or irritation.
Macrophages play a salient role in these
inflammatory responses, and become acti-
vated by a variety of stimuli, such as LPS
(Zhang et al., 2011). A variety of studies
have shown that the pleiotropic inflamma-
tory mediators NO and PGE,, which are
generated by iINOS and COX-2, are in-
volved in the pathogenesis of infection and
inflammation, including sepsis and arthritis.
Thus, the inhibition of pro-inflammatory
cytokines, or iNOS and COX-2 expression
in inflammatory cells offers a new thera-
peutic strategy for the treatment of inflam-
mation (Moon et al., 2011; Yoon et al.,
2010a-d). In order to validate the use of H.
radicata flower (HRF) as an anti-inflam-
matory material, we investigated the effects
of HRF on the production of NO and PGE,
in LPS-activated RAW 264.7 macrophages.
We found that HRF and its ethyl acetate
extract (HRF-EA) inhibit PGE, and NO
production in macrophage cells, and that it
probably does so by acting at transcription-
al and/or translational levels, as evidenced
by dose-dependent reductions in protein
expression.

Owing to the fact that the therapeutic
actions of herbal extracts are based on the
integral interaction rational combinations of
multiple  ingredients, = chromatographic
methods are essential for developing mo-
lecular fingerprints of traditional oriental
medicines and their raw materials. There-
fore, a simple HPLC and UPLC fingerprint
of this plant was generated, and is presented
in this paper. Luteolin is a common dietary
flavonoid widely distributed in plants. Its
beneficial effect attenuating inflammation
has been previously demonstrated in other
human gestational tissues and LPS-induced
microglia (Huang et al., 2011; Wall et al.,
2013). The potent photoprotective and anti-
oxidative properties of luteolin has recently
been demonstrated in solar simulator irradi-
ated human skin fibroblasts (Wolfle et al.,
2013). Since luteolins were reported as in-
gredients in the dandelion plant, and were
also shown to be effective inhibitors of in-
flammation (Park et al., 2010, 2011a, b), we
investigated their presence as standard sub-
stances in HRF. The HPLC analysis
showed the presence of luteolin in HRF-
EA, HRF extract, and TPF extract. Fur-
thermore, the structures of the constituents
of luteolin and HRF-EA were analyzed by
UPLC/MS (Figure 9). The luteolin content
of HRF-EA was more abundant than HRF
or TPF extracts (70 mg/g vs. 29 mg/g vs.
16 mg/g).

One of the most extensively investigat-
ed transduction pathways involved in the
inflammatory process is the mitogen-
activated protein kinase (MAPK) pathway.
Previous studies have shown that MAPKs
have a significant role in the regulation of
COX-2 and iINOS, and in pro-inflammatory
cytokine production in LPS-stimulated
macrophages (Yoon et al., 2012; Kim et al.,
2013a, b). Furthermore, specific MAPK
inhibitors suppress NO, PGE,, and pro-
inflammatory cytokine production. There-
fore, a number of anti-inflammatory drugs
target MAP kinases to control the transcrip-
tions of COX-2, iINOS, and pro-
inflammatory cytokines since the promoters
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of these pro-inflammatory genes possess an
active NF-xB binding site (Yamamoto and
Gaynor, 2001; Kaminska, 2005). In agree-
ment with these previous observations, our
data demonstrated that HRF-EA inhibited
JNK, ERK, and p38 phosphorylation in
LPS-stimulated RAW264.7 cells in a dose-
dependent manner (Figure 7), suggesting
that p38, ERK, and JNK MAP kinase may
be involved in the suppression of LPS-
stimulated inflammation by HRF-EA.

In summary, the findings of the present
study suggest that H. radicata flower is a
potent inhibitor of LPS-induced NO, PGE,,
TNF-0, IL-1pB, and IL-6 production in mac-
rophage cells. Moreover, the inhibitory ef-
fects of H. radicata flower were found to be
associated with an inactivation of MAPKs
that resulted from a blockade of INK, ERK,
and p38 phosphorylation. Since MAPK is a
transcription factor that regulates the tran-
scription of many genes associated with in-
flammation, its inhibition by H. radicata
flower offers a possible approach to the
treatment of severe inflammatory diseases
for pharmaceutical and/or cosmetic applica-
tions.
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