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Abstract: Until now, the physiological effects of Soroseris hirsuta were primarily unknown. Here we 
have evaluated the anti-inflammatory and antioxidant effects of Soroseris hirsuta extract (SHE) on 
lipopolysaccharide (LPS)-activated murine macrophages RAW 264.7 cells. SHE inhibited nitric ox-
ide expression and inducible nitric oxide synthase expression in RAW 264.7 cells treated with LPS. 
Moreover, SHE suppressed LPS-induced phosphorylation of IκB kinase, inhibitor of kappa B, p65, 
p38, and c-JUN N-terminal kinase. Western blot and immunofluorescence analyses showed that 
SHE suppressed p65 nuclear translocation induced by LPS. Furthermore, SHE inhibited the reactive 
oxygen species in LPS-treated RAW 264.7 cells. SHE significantly increased heme oxygenase-1 ex-
pression and the nuclear translocation of nuclear factor erythroid 2-related factor 2. SHE suppressed 
LPS-induced interleukin-1β mRNA expression in RAW 264.7 cells. Thus, SHE is a promising 
nutraceutical as it displays anti-inflammatory and antioxidant properties. 
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1. Introduction 
An immune response against foreign pathogens is essential to maintaining homeo-

stasis of the human organism. However, impaired control of the immune system leads to 
inflammation and subsequent chronic diseases including obesity, atherosclerosis, neuro-
degenerative diseases, and cancers [1,2]. Likewise, hyperactivated innate immune cells, 
such as macrophages, abnormally release nitric oxide (NO), pro-inflammatory cytokines 
and reactive oxygen species (ROS) [3]. Macrophages recognize the pathogen-associated 
molecular pattern (PAMP) from pathogens, including virus and bacteria [4]. For example, 
the binding of lipopolysaccharides (LPS), which are PAMPs, to the toll-like receptor 4 
(TLR4) induces an inflammatory response and the production of NO, pro-inflammatory 
cytokines, and ROS [5]. NO is one of the most critical factors involved in the development 
of inflammation [6]. Low-to-normal concentrations of ROS exert beneficial effects by par-
ticipating in physiological functions and cellular signaling pathways [7]. However, over-
production of ROS can interfere with cellular homeostasis and cause nonspecific damage 
to the cell components, causing various diseases including cancers and neurological dis-
orders [8]. Therefore, using natural materials to control inflammatory mediators, such as 
ROS and NO, constitutes a promising therapeutic strategy to prevent chronic diseases by 
regulating the inflammatory responses [9,10]. 
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ROS damage the cells and are upstream regulators of the nuclear factor kappa-light-
chain-enhancer of the activated B cells (NF-κB) signaling pathway [11]. Antioxidants pro-
mote the nuclear translocation of the nuclear factor erythroid 2-related factor 2 (NRF2), 
which up-regulates the production of heme oxygenase-1 (HO-1); cells were protected by 
antioxidants from oxidative stress [12]. Thus, both NRF2 and HO-1 can reduce the onset 
of inflammation through detoxification and ROS scavenging [13]. The transcription factor 
NF-κB plays a central role in inflammation by regulating the inflammatory cytokines 
[14,15]. Activation of the catalytic subunit of NF-κB, p65, is the result of the phosphoryla-
tion of the inhibitor of nuclear factor kappa B (IκB) by the IkB kinase (IKK), leading to the 
proteasomal degradation of IκB [16]. After disassociation from IκB, p65 translocates from 
the cytosol into the nucleus and regulates the expression of the genes encoding inducible 
nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and inflammatory cytokines, 
such as interleukin-1β (IL-1β) [17,18]. 

Nutraceuticals are derived from food sources and provide, beside their basic nutri-
tional values, extra health benefits. Although many laboratories and scientists have at-
tempted to produce antioxidant and anti-inflammatory nutraceuticals, new and efficient 
substances still need to be developed. Soroseris hirsuta (J. Anthony) C. Shih is a plant of the 
Asteraceae family found in Vietnam, southeastern China, and the Himalayas. 

In this study, we screened 100 botanical extracts and demonstrated that Soroseris hir-
suta extract (SHE) displayed a significant inhibitory effect on NO produced when LPS was 
stimulated in RAW 264.7 cells. We also found that SHE suppressed LPS-induced iNOS 
and IL-1β expression by inhibiting the NF-κB signaling cascade and p65 nuclear translo-
cation, in addition to the phosphorylation of mitogen-activated protein kinases (MAPKs). 
SHE displayed a potent antioxidant role by inhibiting ROS production and increasing 
HO-1 expression in RAW 264.7 cells. 

2. Materials and Methods 
2.1. Procurement of Materials and Reagents 

Fetal bovine serum (FBS), Dulbecco’s modified Eagle’s medium (DMEM), and peni-
cillin/streptomycin solution were purchased from Thermo Fisher Scientific Inc. (Logan, 
UT, USA). LPS from Escherichia coli O127:B8 and 2′,7′-dichlorofluorescein diacetate 
(DCFH-DA) were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Antibodies 
against iNOS, COX-2, p65, phosphorylated p65 (Ser536), IκBα, phosphorylated IκBα 
(Ser32), IKKα, phosphorylated IKKα/β (Ser176/180), extracellular signal-regulated kinase 
(ERK)1/2, p38, c-JUN N-terminal kinase (JNK), phosphorylated ERK1/2, phosphorylated 
p38, phosphorylated JNK, Heme oxygenase (HO)-1, α-tubulin, and Kelch-like ECH-asso-
ciated protein 1 (KEAP1) were acquired from Cell Signaling Technologies (Danvers, MA, 
USA). The nuclear factor erythroid 2-related factor 2 (NRF2) antibody was purchased 
from Novus Biological (Centennial, Colorado, USA). The Lamin B1 antibody was obtained 
from Abcam (Cambridge, UK). The primary antibody against β-actin was obtained from 
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). 
2.2. Plant Collection and Extraction 

Soroseris hirsuta was collected at Mt. Daxueshan, Sanggelilia, Yunnan in China and 
identified by Dr. Sangwoo Lee of the Korea Research Institute of Bioscience and Biotech-
nology in 2010. A voucher specimen (accession number KRIB 0061860) of the retained 
material is preserved at the herbarium of YAAS. The dried and refined aerial parts of So-
roseris hirsuta (100 g) were extracted with 800 mL of 95% ethanol and resting (2 h) for 2 
times at 40 °C. The resultant product was filtered with non-fluorescence cotton, and con-
centrated by rotary evaporator (R-215, BUCHI) under reduced pressure at 40 °C. Finally, 
a total 7.63 g of ethanol extract of Soroseris hirsuta was obtained by freeze-drying. 
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2.3. Cell Culture 
Murine macrophage RAW 264.7 cell lines were procured in the Korean cell line bank 

(Korean Cell Line Research Foundation, Seoul, Republic of Korea). RAW 264.7 cells were 
maintained in DMEM, supplemented along with 10% FBS and 1% antibiotics in a 5% CO2 
humidified atmosphere incubator at 37 °C. When the cell confluency reached 80–90%, a 
subculture was performed at 2 × 105 cells/mL, and the cycle was repeated for about 2 days. 

2.4. Nitrite Assay 
To investigate the production of nitric oxide, RAW 264.7 cells were cultured, and the 

seeding was 2 × 105 cells/mL density in a 96-well plate. After RAW 264.7 cells were ex-
posed to SHE (25, 50, or 100 μg/mL) for 1 h, LPS (1 μg/mL) stimulated the cells. After 24 
h, the amount of nitric oxide in the cell medium was measured at 100 μL volume, consist-
ing of a 1:1 ratio mixture of A regent (1% 4-aminobenzenesulfonamide, 0.2% N1-(naph-
thalen-1-yl)ethane-1,2-diamine dihydrochloride) and B reagent (5% phosphoric acid), 
which was added with an equal volume of medium. After 15 min, the measurement of 
absorbance at 550 nm was performed using a microplate reader (Bio-Rad, Hercules, CA, 
USA). 

2.5. Cell Viability Assays 
The cytotoxic effect of SHE concentrations, from 0 to 200 μg/mL on RAW 264.7 cells, 

was measured by the thiazolyl blue (MTT) assay to reference the protocol. In short, RAW 
264.7 cells (2 × 105 cells/mL) were cultured onto a 96-well plate. After 24 h, the wells were 
treated with SHE at different concentrations (0 to 200 μg/mL) and incubated under normal 
cell culture conditions for 24 h. Next, 10 μL of MTT solution was mixed to each cell and 
further incubated for 4 h at 37 °C. Then, 80 μL of the cell culture medium was discarded, 
and 100 μL dimethyl sulfoxide was mixed to the cells. After 30 min, the measurement of 
absorbance was calibrated using a microplate reader at 595 nm (Bio-Rad Inc., Hercules, 
CA, USA), and the value was analyzed using Microplate Manager 6 software (Bio-Rad 
Inc., Hercules, CA, USA). 

2.6. Western Blotting 
RAW 264.7 cells (5 × 105 cells/mL) on 6 cm dishes were cultured overnight. Cells were 

pretreated for 1 h with SHE. Cells were exposed to LPS (1 μg/mL) and incubated for sev-
eral periods. The protein was obtained with a lysis buffer (Cell Signaling Technologies, 
Danvers, MA, USA), combined with a phosphatase inhibitor cocktail and protease 
(Thermo Fisher Scientific Inc., Waltham, UT, USA), and vortexed every 10 min while 
maintaining 4 °C temperature for 30 min. The whole lysates were measured using a de-
tergent-compatible protein assay (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The 
proteins were electrophoretically divided on SDS-PAGE gel. The transferred membranes 
(Immobilon®-P, Millipore, Burlington, MA, USA) were blocked in TBS-T buffer, which 
included 5% skim milk, and the membranes were kept at 4 °C with antibodies against 
iNOS (1:1000), COX-2 (1:1000), p65 (1:1000), p-p65 (1:1000), IκBα (1:1000), p-IκBα (1:1000), 
IKKα (1:1000), p-IKKα/β (1:1000), JNK (1:1000), p-JNK (1:1000), ERK1/2 (1:1000), p-ERK1/2 
(1:1000), p38 (1:1000), p-p38 (1:1000), KEAP1 (1:1000), HO-1 (1:1000), NRF2 (1:1000), α-
tubulin (1:1000), β-actin (1:1000), and Lamin B1(1:10000) overnight. After the reaction with 
secondary antibodies, protein intensity was measured using GeneGnome XRQ NPC 
(Syngene, Cambridge, UK) and Ez West Lumi plus (ATTO, Tokyo, Japan). 

2.7. Separation of Cytosol and Nuclear Protein 
RAW 264.7 cells on 6 cm dishes were cultured, and the seeding was 5 × 105 cells/mL 

in density and grown overnight. SHE was pretreated to the cells for 1 h, and LPS (1 
mg/mL) was added for 30 min. After washing the cells with PBS, cytosol and nuclear pro-
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teins were collected using Thermo Scientific™ NE-PER nuclear and cytoplasmic extrac-
tion kits (Thermo Fisher Scientific Inc., Logan, UT, USA) under the manufacturer’s man-
ual. The extracts were analyzed with Western blotting. 

2.8. Immunofluorescence 
Seeding of RAW 264.7 cells was performed with a density of 1 × 105 cells/mL in a 

chambered coverslip with 8 wells for cell culture (Ibidi, Gräfelfing, Germany). When 60% 
confluency was reached, it was sequentially exchanged and cultured with medium con-
taining SHE (50 and 100 μg/mL) and LPS (1 μg/mL) and incubated for 30 min. Cells were 
exposed to formaldehyde for fixation and then treated with MeOH to increase permeabil-
ity. After being incubated with the p65 antibody at 4 °C overnight, goat anti-rabbit IgG 
H&L conjugated to Alexa Fluor® 488-conjugated antibodies were attached for visualiza-
tion. Cells were stained with VECTASHIELD (Vector Laboratories, Burlingame, CA, USA) 
for nuclear staining. The translocation of p65 was determined using fluorescence micros-
copy (Leica-Microsystems, Wetzlar, Germany). 

2.9. Measurement of ROS 
DCFH-DA, a fluorescent probe, was used to determine the intracellular ROS genera-

tion. In brief, RAW 264.7 cells were seeded in 96-well plates at a concentration of 2 × 105 
cells/mL. Cells were then treated with SHE at a concentration of 25, 50, or 100 μg/mL for 
1 h before stimulation with LPS (1 μg/mL) for 24 h. The medium was shaken off, and cells 
were washed once with PBS and discarded. Afterward, the cells were treated with DCFH-
DA diluted to a concentration of 20 μM in warm DMEM (no phenol red, no FBS) for 30 
min. Next, the cells were washed twice with warm PBS. The fluorescence levels were as-
sessed with a microplate fluorometer (Molecular Device, Danville, PA, USA), and an anal-
ysis was performed using Softmax Pro v5.4.1 (Molecular Device, Danville, PA, USA). The 
localization of DCFH-DA was determined using a fluorescence microscope (Leica-Mi-
crosystems, Wetzlar, Germany). Image analysis was performed using MetaMorph soft-
ware (Molecular Devices, Danville, PA, USA). 

2.10. ABTS and DPPH Assay 
The radical scavenging ability of SHE was analyzed using 2,2-diphenyl-1-picryl-hy-

drazyl-hydrate (DPPH) and 2,2-azinobis-(3-ethylbenzothiazoline-sulfonic acid (ABTS) as-
say. For the ABTS scavenging assay, ABTS was diluted in distilled water to prepare a 7 
mM solution. ABTS radical cations (ABTS• +) were generated by incubating the ABTS so-
lution with 2.45 mM potassium peroxydisulfate in the shadowy room at RT. After 12–16 
h, the ABTS•+ solution was diluted with PBS (pH 7.4) to an absorbance at 750 nm of 0.7 ± 
0.02. A SHE volume of 100 μL (25, 50, or 100 μg/mL) and ascorbic acid (4 or 8 μg/mL) 
diluted in PBS were added to ABTS• + in a dark room for 30 min at RT. Absorbance was 
measured with a microplate reader (Bio-Rad Inc., Hercules, CA, USA) at 750 nm. For the 
DPPH assay, 100 μL of DPPH (40 μg/mL) in methanol was mixed with equal volume of 
SHE (25, 50, or 100 μg/mL) and ascorbic acid (2 or 4 μg/mL) diluted in methanol for 30 
min in a dark room at RT. The measurement of absorbance was performed with a micro-
plate reader (Bio-Rad Inc., Hercules, CA, USA) at 595 nm, and the value was analyzed 
using Microplate Manager 6 (Bio-Rad Inc., Hercules, CA, USA). 

2.11. Quantitative Real-Time Polymerase Chain Reaction(PCR) 
The RAW 264.7 cells were loaded in 6 cm cell culture dishes, and the culturing den-

sity was 2 × 105 cells/mL. After one day, when the cells were approximately 50% full, the 
cells were treated with SHE, and after 1 h, the LPS was treated. After 24 h, when the cells 
covered approximately 90% of the dish, the RNA isolation buffer was treated to extract 
the total RNA. The use of the buffer was carried out following the manufacturer’s manual 
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(TaKaRa, Kyoto, Japan). cDNA was manufactured by reverse transcription with the ex-
tracted RNA using the ReverTra Ace™ qPCR Rt kit (TOYOBO, Osaka, Japan). Specific 
oligonucleotide primers and a thermal cycler (TaKaRa, Kyoto, Japan) were used to am-
plify the target gene. Real-time PCR was performed using the SYBR Green Real-Time PCR 
Master Mix (TOYOBO, Osaka, Japan), and relative gene expression intensity was exam-
ined. Data were normalized using the comparative ΔΔCq method and the GAPDH gene. 

2.12. Statistical Analysis 
Results were calculated for the mean ±SD. Each experiment was performed at least 

three times. The two-sample equal variance and Student’s t-test were used for statistical 
analyses. p < 0.05 was used when there was statistical significance. 

3. Results 
3.1. SHE Inhibits NO Production and iNOS and COX-2 Expression in RAW 264.7 Cells by 
LPS Treatment 

Because inflammation is associated with an abnormal release of NO from hyperac-
tivated macrophages [19], we investigated the efficacy of SHE on NO produced by LPS 
treatment in RAW 264.7 cells. First, SHE had no cytotoxic affect at the given concentration 
in RAW 264.7 cells (Figure 1A). SHE dose-dependently decreased NO production by LPS 
significantly (Figure 1B). Because NO production is regulated by iNOS [20], we investi-
gated the effect of SHE on increasing iNOS expression in RAW 264.7 cells due to LPS 
treatment. It can be seen from Figure 1C that the increased iNOS due to LPS treatment 
decreased as the concentration of SHE increased.  

 
Figure 1. Effects of Soroseris hirsuta extract (SHE) on lipopolysaccharide (LPS)-induced nitrite pro-
duction, inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) expressions, and 
cell viability in RAW 264.7 cells. (A) SHE does not incur toxicity to RAW 264.7 cells at the given 
concentration for 24 h. (B) SHE effectively inhibited the increased nitrite from LPS treatment in a 
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concentration-dependent manner to RAW 264.7 cells. (C) LPS-induced iNOS expression was sup-
pressed by SHE treatment, but COX-2 did not. Cells were treated with SHE 1 h before exposure to 
LPS for 24 h. # p < 0.05 between the LPS-only group and the control group; * p < 0.05 and *** p < 
0.001 between the SHE and LPS co-treatment groups and the LPS-only group. Data are presented 
as the mean ± SD from n = 3. 

3.2. SHE Suppressed the Phosphorylation of NF-kB Signaling Cascade and MAPK in  
LPS-Stimulated RAW 264.7 Cells 

NF-κB is a signaling molecule, regulating the transcription of inflammatory genes, 
including COX-2 and iNOS [21]. We detected the efficacy of SHE on LPS-induced NF-κB 
signaling pathways. As demonstrated in Figure 2A, SHE inhibited LPS-induced phos-
phorylation of IKKα/β and p65 in RAW 264.7 cells. The hyper-activation of MAPK signal-
ing pathways by LPS is also critical for inflammation [5,22]. SHE defended phosphoryla-
tion of LPS-induced JNK1/2 and p38; thus, the p-ERK1/2 was not decreased by SHE (Fig-
ure 2B). 

 
Figure 2. Effects of Soroseris hirsuta extract (SHE) on lipopolysaccharide (LPS)-induced nuclear 
factor kappa-light-chain-enhancer of activated B cells (NF-κB) and mitogen-activated protein ki-
nase (MAPK) signaling pathways in RAW 264.7 cells. (A) SHE inhibited the LPS-induced phos-
phorylation of the inhibitor of nuclear factor κB kinase (IKK) and p65. SHE protected dose-de-
pendent degradation of IκB by LPS treatment. Cells were treated with SHE 1 h before exposure to 
LPS (1 μg/mL) for 30 min. (B) SHE inhibited the LPS-induced phosphorylation of p38 and c-JUN 
N-terminal kinase (JNK) 1/2, but did not affect the phosphorylation of extracellular signal-regu-
lated kinase 1/2 in RAW 264.7 cells. Cells were treated with SHE 1 h before exposure to LPS for 30 
min. The phosphorylation and expression of each protein were detected by Western blotting using 
specific antibodies. 

3.3. In RAW 264.7 Cells, Cytosol to Nuclear Translocation of p65 due to LPS Treatment Is 
Inhibited by SHE 

In order to regulate the expression of inflammatory genes, such as iNOS and COX-2, 
the p65 subunit of NF-κB translocates from the cytosol to the nuclear and binds to specific 
promoter sequences [23,24]. Here, we assessed the efficacy of SHE cytosol to nuclear trans-
location of p65 due to LPS treatment in RAW 264.7 cells. After separating the cytosolic 
and nuclear fractions, we performed Western blot and immunofluorescence assays and 
found that LPS-induced nucleus translocation of p65 was significantly suppressed by SHE 
(Figure 3A,B). 
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Figure 3. Effects of Soroseris hirsuta extract (SHE) on lipopolysaccharide (LPS)-induced p65 nuclear 
translocation in RAW 264.7 cells. (A,B) The p65 nuclear translocation induced by LPS was inhib-
ited by SHE. (A) Western blotting, and the value obtained by quantifying the intensity of p65 in 
the nucleus of the Western blotting result, using image J. (B) Immunofluorescence measurement of 
p65 was performed as reported in the Materials and Methods, and cells were treated with SHE 1 h 
before exposure to LPS for 30 min. Data represent the mean ± SD of three independent experi-
ments. # p < 0.05 between the control and LPS-exposed cells (no SHE); ** p < 0.01 and *** p < 0.001 
between the control and LPS-exposed cells with SHE. N, nucleus; C, cytosol. 

3.4. SHE Has an Antioxidant Activity Characteristic by Regulating ROS Production, Radicals, 
and NRF2/HO-1 Signaling Pathway in RAW 264.7 Cells 

ROS, which are chemically unstable, cause damage and inflammation in mammalian 
cells [25,26]. We examined whether SHE had an antioxidant capacity by using DCFH-DA 
as a ROS sensor. Fluorescence image analysis and quantification of ROS showed that SHE 
decreased on LPS-induced ROS production in RAW 264.7 cells (Figure 4A,B). Moreover, 
SHE significantly scavenged DPPH and ABTS radicals (Figure 4C,D). HO-1 plays a critical 
role in maintaining intracellular redox homeostasis [27]. Thus, we investigated the effect 
of SHE on the NRF2/HO-1 pathway in RAW 264.7 cells. SHE increased HO-1 induction 
regardless of whether LPS treatment was administered (Figure 5A). Nuclear translocation 
and accumulation of NRF2 has a relationship with HO-1 expression [28]. Dose-de-
pendently, SHE promoted NRF2 translocation to nuclear in RAW 264.7 cells (Figure 5B). 
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Figure 4. Radical scavenger effects and antioxidant of Soroseris hirsuta extract (SHE) after lipopoly-
saccharide (LPS) treatment in RAW 264.7 cells. (A) Reactive oxygen species (ROS) were induced in 
RAW 264.7 cells due to LPS treatment (1 μg/mL) for 24 h. The reduction of ROS production due to 
the SHE pretreatment was carried out by measuring the amount of fluorescence expression using 
2′,7′-dichlorofluorescein diacetate (DCFH-DA) analysis. (B) The measurement of ROS inhibition 
was performed using a fluorescence microscope to verify the fluorescence emitted by DCFH-DA 
and was performed in the same experimental method as (A). (C,D) SHE scavenging activity of 
DPPH and ABTS radicals. A series of processes was carried out as described in the Materials and 
Methods section. #p < 0.001, ** p < 0.01 and *** p < 0.001. 

 
Figure 5. Effects of Soroseris hirsuta extract (SHE) on the nuclear factor erythroid 2-related factor 2 
(NRF2) and heme oxygenase-1 (HO-1) pathway in RAW 264.7 cells. (A) SHE increased HO-1 dose-
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dependently with or without LPS. Before the cells were treated for 6 h with LPS, SHE was treated 
for 1 h. (B) Western blotting of nuclear and cytoplasmic fractions. Fractionation was performed as 
described in Materials and Methods section. LPS was treated for 4 h, and SHE was treated 1 h ear-
lier. * p < 0.05 and *** p < 0.001. The data represent the mean ± SD of three separate experiments. 

3.5. SHE Suppressed IL-1β mRNA Expression 
When p65 plays as a transcription factor, it causes the transcription of genes encoding 

for cytokines, including IL-1β [29,30]. We determined the effect of SHE on LPS-induced 
mRNA expression. Quantitative RT-PCR clearly showed that LPS-induced IL-1β mRNA 
expression was suppressed significantly by SHE (Figure 6). 

 
Figure 6. Effects of Soroseris hirsuta extract (SHE) on lipopolysaccharide (LPS)-induced interleukin-1 
beta (IL-1β) mRNA expression in RAW 264.7 cells. The cells were first treated with SHE 1 h, and 
then LPS and SHE were co-treated and left for 24 h. Subsequent procedures were carried out as 
described in the Materials and Methods section. # p < 0.001 and *** p < 0.001. 

4. Discussion 
Chronic inflammation and the overproduction of ROS are precursors of metabolic 

diseases, such as cancer, atherosclerosis, and diabetes [31]. Controlling ROS synthesis and 
inflammatory processes constitutes a promising strategy to prevent metabolic diseases. 
Therefore, extensive work has previously focused on the development of efficient and 
novel antioxidants and anti-inflammatory molecules. Various natural antioxidants have 
been characterized, and several anti-inflammatory agents, such as aspirin, are widely used 
[32]. However, the development of effective anti-inflammatory agents is still necessary. 

Although appropriate amounts of ROS and NO play essential roles in signaling, cel-
lular homeostasis, and cardioprotection [10,33], ROS overexpression causes inflammation 
and tissue damage [34]. We assessed the inflammatory and antioxidant effects of plant 
extracts by measuring the efficacy of LPS on the level of NO and ROS, markers of inflam-
mation and oxidative stress, respectively [35,36]. Among the 100 plant extracts tested, So-
roseris hirsuta had the greatest effect on the inhibition of NO levels (Supplemental Table 
S1). Soroseris hirsuta has not been studied well, and the anti-inflammatory and antioxidant 
effects of Soroseris hirsuta are unknown. Thus, we investigated the effect of several con-
centrations of SHE on LPS-induced NO levels and cell viability in RAW 264.7 cells. As 
expected, consistent with the normal dose of SHE, the other concentrations of SHE signif-
icantly inhibited NO levels without causing cell cytotoxicity in LPS-induced RAW 264.7 
cells. The production of NO and prostaglandin E2 (PGE2) by iNOS and COX-2, respec-
tively, contribute to inflammation [37]. Although SHE did not inhibit COX-2 expression 
in LPS-stimulated cells, it was shown to significantly inhibit iNOS expression. The results 
of specifically suppressing iNOS expression suggested that SHE exhibits anti-inflamma-
tory properties. Cranberry is well known for its inhibitory action on NO production. 
Moore et al. suggested that cranberry polyphenol and volatile extracts induced a 46-fold 
decrease in NO production in LPS-activated RAW 264.7 macrophages [38]. In the present 
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study, SHE caused 38% inhibition of NO production induced by LPS in RAW 264.7 cells. 
Therefore, SHE and cranberry have very similar inhibitory activities on NO production. 
Moreover, the inhibitory effect of SHE on the increase in IL-1β mRNA expressed by LPS 
treatment in RAW 264.7 cells was significantly different from that of the group not treated 
with SHE. This is of particular interest as inflammatory cytokines can cause systemic in-
flammation [39] and, particularly, IL-1β causes a fibrosis reaction and an acute inflamma-
tory reaction in the lungs [40,41]. 

Macrophages recognize LPS through TLR4, a membrane receptor that activates an 
intracellular signaling cascade. Consequently, IKK phosphorylates the regulator of NF-
κB, signaling IκB, that undergoes proteasome degradation. NF-κB then freely moves to 
the nucleus to stimulate transcription [42]. NF-κB plays a pivotal role in the development 
of inflammation by activating the transcription of inflammatory genes. Therefore, NF-κB 
signaling molecules constitute promising targets to prevent inflammation. Because iNOS 
and IL-1β are target genes of NF-κB [43], we assumed that the inhibitory effect of SHE on 
LPS-induced iNOS and IL-1β mRNA expressions may affect the NF-κB signaling pathway. 
Our results clearly displayed that SHE blocked the phosphorylation of IKK and p65 in-
duced by LPS in RAW 264.7 cells. Moreover, SHE blocked the translocation of p65 from 
the cytosol to the nucleus. In addition to the NF-κB signaling cascade, MAPK pathways 
participate in LPS-mediated NO production in RAW 264.7 cells [44]. In our previous 
study, we determined that seaweed extracts suppressed LPS-induced NO production by 
regulating MAPKs without affecting NF-κB in RAW 264.7 cells. In the present study, we 
found that SHE suppressed LPS-induced phosphorylation of p38 and JNK, but not of ERK 
in RAW 264.7 cells. Therefore, the inhibitory effect of SHE on iNOS and IL-1β mRNA ex-
pression induced by LPS is due to the regulation of NF-κB, p38, and JNK signaling. 

In patients with inflammation and/or tissue damage, an abnormal ROS upregulation 
and excessive amount of oxygen-derived free radicals are commonly observed [45]. Ex-
cessive accumulation of ROS causes iNOS and COX-2 expression [46]. Therefore, we in-
vestigated whether SHE has antioxidant effects in RAW 264.7 cells. SHE significantly sup-
pressed LPS-induced ROS production and effectively scavenged free radicals, such as 
DPPH and ABTS. NRF2 is known to counteract the inflammatory response triggered by 
NF-κB [47]. NRF2 translocation from the cytoplasm to the nucleus, and the upregulation 
of HO-1 expression, are critical for the antioxidant effect [48]. Park et al. also reported that 
the translocation of NRF2 and overexpression of HO-1 increased the antioxidant effect in 
Taraxacum officinale [49]. Based on the results of immunofluorescence and Western blot 
analyses, we confirmed that SHE promotes nuclear translocation of NRF2 and induces 
HO-1 expression. 

5. Conclusions 
To discover anti-inflammatory materials, we have proven that SHE suppressed LPS-

induced inflammatory NO/iNOS and IL-1β production by regulating NF-κB and MAPK 
signaling pathways in RAW 264.7 cells. Moreover, SHE scavenged the excessive accumu-
lation of ROS by increasing NRF2 translocation to the nucleus and, subsequently, HO-1 
expression. As far as we know, these findings have not been reported before, and SHE 
might constitute an effective nutraceutical with great anti-inflammatory and antioxidant 
effects. 

Supplementary Materials: The following are available online at www.mdpi.com/2076-
3417/11/10/4711/s1, Table S1: The effects of 100 kinds of extracts delivered from KRIPP on LPS-in-
duced nitrite in RAW264.7 cells. 
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Abbreviations 

SHE Soroseris hirsuta extract 
NO nitric oxide 
ROS reactive oxygen species 
TLR4 toll-like receptor4 
LPS lipopolysaccharide 

NF- κB nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells 

NRF2 nuclear factor erythroid 2-related factor 2 
HO-1  heme oxygenase-1 
IκB inhibitor of nuclear factor kappa B 
IKK inhibitor of nuclear factor kappa B kinase 
iNOS inducible nitric oxide synthase 
COX-2 cyclooxygenase-2 
IL-1β interleukin-1β 
MAPK mitogen-activated protein kinases 
KEAP1 Kelch-like ECH-associated protein 
ERK extracellular signal-regulated kinase 
JNK c-JUN N-terminal kinase 
DPPH 2,2-diphenyl-1-picryl-hydrazyl-hydrate 

ABTS 2,2-azinobis-(3-ethylbenzothiazoline-sulfonic 
acid 
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