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Abstract. A normal inflammatory response is essential in
protecting the body from foreign substances. However, exces-
sive inflammation contributes to diseases such as oxidative
stress, heart disease, and cancer. In this study, we evaluated
the anti-inflammatory effects of RAPA (red ginseng marc,
Artemisia scoparia Waldst.et Kit, Paeonia japonica Miyabe
& Takeda, and Angelica gigas Nakai extract mixture) in
LPS-stimulated RAW 264.7 cells (macrophages). RAPA
suppressed the expression of inflammatory factors such as
iNOS and COX-2 and decreased the production of nitric oxide.
In addition, RAPA decreased the expression of the inflamma-
tory cytokines TNF-a and IL-6. Furthermore, RAPA inhibited
the phosphorylation of MAPKs such as JNK and ERK as well
as IxkB and NF-«B. In conclusion, RAPA inhibited production
of inflammatory mediators via downregulation of the MAPK
and NF-«B signaling pathways in LPS-stimulated RAW 264.7
cells. The results of this study demonstrated that RAPA regu-
lates excessive inflammatory responses at the cellular level.
Therefore, it is necessary to investigate whether the same
effect is observed in vivo through further research.

Introduction

Inflammation is a protective mechanism against harmful
stimuli, which is necessary for cells to maintain physiolog-
ical conditions (1). The inflammatory response is essential
in protecting the body; however, continuous inflammation
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can cause diseases such as cancer, high blood pressure,
arteriosclerosis, allergies, and asthma (2,3). Macrophages
play a role in cytokine production, antigen presentation,
phagocytosis, and immune regulation in inflammation.
Macrophages produce IL-6, TNF-a, IFN-y, and nitric
oxide (NO) following LPS stimulation (4,5). NO protects
cells from pathogenically induced DNA damage; however,
excessive production of iNOS exacerbates inflammation by
promoting the production of inflammatory mediators (6).
COX-2 induced by LPS and cytokines is involved in pros-
taglandin production in acute inflammatory responses (7).
High levels of NO, COX-2, and cytokines in the blood are
typical features of chronic inflammation, leading to cancer,
rheumatic diseases, and endocrine diseases (8-10). Therefore,
the control of these inflammatory mediators is a key topic
in the treatment of chronic inflammation. Drugs such as
Aspirin, Ibuprofen, and Dexibuprofen are used to suppress
excessive inflammation (11,12). However, anti-inflammatory
drugs cause hypotension, decreased gastrointestinal func-
tion, and mucosal damage bleeding due to a decrease in
cortisol levels (13,14). Therefore, studies on inflammation
control through natural products with relatively fewer side
effects are being increasingly studied (15). Red ginseng has
been widely used as a traditional medicine in Korea, China,
and Japan (16). It contains saponins, ginsenosides, polysac-
charides, and fatty acids, which have anti-inflammatory,
anti-cancer, and antioxidant effects (17).

Red ginseng (steamed and dried panax ginseng C.A.
Meyer) marc, a by-product of processed red ginseng prod-
ucts, is usually thrown away or used as feed for livestock.
However, red ginseng marc contains the active ingredients of
red ginseng, thus it has potential use (18). Paeonia japonica
Miyabe & Takeda is a plant of the Angelica family, known
for its antioxidant and immunomodulatory activities, and is
widely used in oriental medicine (19). The paeoniflorin and
paeonol contained in P. japonica possess analgesic, antipyretic,
anti-inflammatory and anti-ulcer effects (20). Angelica gigas
Nakai belongs to the Umbelliferae family and is a traditional
medicinal plant distributed throughout North Asia, and it has
been reported to be efficacious in the treatment of anemia
and cancer, and possess anti-inflammatory properties (21).
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Artemisia scoparia Waldst.et Kit, a perennial plant in the
Asteraceae family, grows on sandy beaches and is known to
possess anti-inflammatory and antioxidant effects (22-24).
Although natural products each have their own health benefits,
several studies have been reported that show synergistic effects
when they are used as a mixture (25,26).

Therefore, the aim of this study is to evaluate the
anti-inflammatory effects of red ginseng marc, P. japonica,
A. gigas, and A. scoparia complexes in LPS-stimulated RAW
264.7 cells.

Materials and methods

Materials. Antibodies against JNK (cat. no. sc-7345),
p-JNK (cat. no. sc-293136), ERK (cat. no. sc-514302),
p-ERK (cat. no. sc-81492), NF-kB (cat. no. sc-8008),
p-NF-kB (cat. no. sc-136548), p-IkB (cat. no. sc-8404), and
[B-actin (cat. no. sc-8432) were purchased from Santa Cruz
Biotechnology, Inc. Antibodies against iNOS (cat. no. 13120)
and COX-2 (cat. no. 4842) were acquired from Cell Signaling
Technology, Inc. The Qunati-MAX™ WST-8 Cell Viability
Assay Kit and WestGlow™ Chemiluminescent substrate
were obtained from Biomax FBS, RIPA buffer and DMEM
were purchased from Gibco; Thermo Fisher Scientific, Inc.
Penicillin/streptomycin antibiotics, carboxy-H,DCFDA and
Goat anti-Mouse IgG Alexa Fluor 488 (cat. no. A-11001)
were purchased from Invitrogen; Thermo Fisher Scientific,
Inc. (Thermo Fisher Scientific, Inc.). Griess reagent and
lipopolysaccharide (LPS, cat. no. L2630) were procured from
Sigma-Aldrich; Merck KGaA. ELISA kits for IL-6 and TNF-a
were obtained from R&D Systems, Inc. The Bradford assay
reagent and SDS-PAGE sample loading buffer were purchased
from Bio-Rad Laboratories, Inc.

Plant extract preparation. Red ginseng marc, A. scoparia,
P. japonica and A. gigas were purchased from Jinandang
Farming Association Corporation (Jeollabuk-do). The plants
were authenticated by Prof Kim Hong-Jun at the College of
Oriental Medicine, Woosuk University. Red ginseng marc,
A. scoparia, P. japonica and A. gigas (100 g each) were boiled
in distilled water (21) for 2 h at 121°C, 15 psi. After incubation,
these extracts were filtered thrice using an 7 ym filter paper
(cat. no. AD.01511110; Advantec) concentrated, dried and
further stored at -20°C. Each extract was mixed in a ratio of
red ginseng marc 50: A. scoparia 20: P. japonica 20: A. gigas
10. The mixture was termed RAPA.

Cell culture. RAW 264.7 cells derived from mice were
purchased from ATCC and cultured in DMEM containing
10% FBS and 1% penicillin & streptomycin in a CO, incu-
bator (5% CO, and 95% atmosphere) with sufficient humidity
at 37°C.

Cell cytotoxicity. RAW 264.7 cells were aliquoted to a final
concentration of 2x10° cells/ml in a 96-well plate and cultured
for 24 h at 37°C in an incubator under 5% CO, conditions.
Cultured cells were treated with RAPA extract at a concentra-
tion of 40-400 ug/ml, and after 24 h of incubation, cytotoxicity
was measured using Qunati-MAX™ WST-8 Cell Viability
Assay Kit (Biomax).

NO assay. NO assays were performed as described previ-
ously (25).

ELISA. ELISA for IL-6 and TNF-a cytokines were performed
using the ELISA Kits on the collected culture medium
according to the manufacturer's protocol.

Western blot. A total of 2x10° cells/ml RAW264.7 cells
were inoculated into a 60 mm dish for 24 h, pretreated with
RAPA mixture (0, 100, or 400 pg/ml) for 1 h, and stimulated
with LPS (1 pg/ml) for 30 min or 24 h. To collect the cells,
1 ml PBS was added to the cells, collected with a scraper,
and centrifuged twice using PBS. RIPA buffer (100 ul) was
added, the cells were incubated on ice for 15 min and the total
protein was extracted by centrifugation at 14,000 x g. The
protein content was quantified using a Bradford assay, and the
extracted proteins from the cell lysate were resolved using a
10% SDS-gel and SDS-PAGE. Resolved proteins were trans-
ferred to PVDF membranes, which were subsequently blocked
with 5% skimmed milk [0.01 M Tris-HCL buffer (TBST)]
for 60 min at room temperature. Next, the PVDF membranes
were washed 5 times with TBST and then incubated with the
antibodies (iNOS 1:1,000; COX-2 1:1,000; p-JNK 1:200; INK
1:200; p-ERK 1:200; ERK 1:200; p-NF-xB 1:200; NF-xB
1:200; p-IxB 1:200; IxB 1:200; and B-actin 1:1,000) for 16 h
at 4°C. After 16 h of incubation, the membranes were washed
5 times for 5 min with TBST, incubated with horseradish
peroxidase-conjugated secondary primary antibodies for 2 h
at room temperature, washed 5 times for 5 min with TBST,
and examined using a UVItec Chemiluminescence Imaging
System. The protein band densities were analyzed using
Image] version 1.53 (National Institutes of Health).

Intracellular ROS measurements. A total of 2x10° cells/ml
RAW 264.7 were inoculated into a 60 mm dish, and treated
with 400 pg/ml RAPA mixture after 24 h. After 1 h, the cells
were stimulated with LPS (1 yg/ml) and cultured for 24 h. The
cells were treated with carboxy-H,DCFDA (5 uM) for 30 min,
harvested, and counted at a FITC wavelength (488 nm) in a
flow cytometer (Cyto FLEX LX; Beckman Coulter, Inc.).

Immunofluorescence assay. RAW264.7 cells were aliquoted in
4-well cell culture slides at a concentration of 2x10° cells/ml
and cultured for 24 h. After 24 h of incubation, the cells were
mixed with RAPA (0, 100, or 400 pg/ml) for 30 min and
stimulated with 1 yg/ml LPS for 24 h. The cells were fixed
with methanol, blocked with PBS containing 1% BSA, and
then incubated at 4°C for 16 h after addition of the p65 NF-xB
antibody (1:50). After washing 3 times for 10 min with PBST,
the secondary antibody was reacted with goat anti-Rabbit IgG
Alexa Fluor 488, followed by mounting with a ProLong® Gold
Antifade Reagent (cat. no. #9071; Cell Signaling Technology
Inc.). After drying the slides overnight, images were captured
using a fluorescence microscope (Carl Zeiss GmbH; x100
magnification).

Statistical analysis. Data are presented as the mean + SD.
Differences between groups were compared using a one-way
ANOVA followed by a Tukey's post-hoc test. P<0.05 was
considered to indicate a statistically significant difference.
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Figure 1. Effect of RAPA on cell viability and NO production in RAW 264.7 cells. (A) RAW 264.7 cells were pretreated with the indicated concentrations of
RAPA for 24 h. (B) Cells were pretreated with RAPA at the indicated concentrations and stimulated with 1 zg/ml LPS for 16 h. The levels of NO in the culture
supernatants were analyzed using a Griess assay. Data are presented as the mean + SD. "P<0.05 vs. untreated cells; "P<0.05 vs. LPS treated cells. RAPA, red
ginseng marc, Artemisia scoparia Waldst.et Kit, Paeonia japonica Miyabe & Takeda, and Angelica gigas Nakai extract mixture.

Results and discussion

Effect of RAPA on NO production in LPS-treated RAW 264.7
cells. The effect of RAPA on the viability of RAW 264.7 cells
was investigated. RAPA did not show any notable toxicity
between 40-400 pg/ml (Fig. 1A). Therefore, in this study,
cells were treated with <400 pg/ml RAPA. Next, the effect
of RAPA on NO production by LPS was investigated using
an NO assay. The results showed that treatment with RAPA
suppressed NO production. In particular, 400 yg/ml RAPA
treatment reduced NO production by 62% compared with the
positive control group (Fig. 1B). NO protects cells from patho-
gens; however, excessive NO production has a cytotoxic effect
on the surrounding tissues (27). Therefore, regulation of NO
production is essential in the control of chronic inflammation.
Based on the above results, it is suggested that RAPA may
be useful in managing chronic inflammation as it effectively
suppressed NO production in LPS-treated RAW 264.7 cells.

Effect of RAPA oniNOS and COX-2 production in LPS-treated
RAW 264.7 cells. iNOS and COX-2 induce inflammation
through the production of NO and PGE,. According to
previous studies, natural products such as red ginseng marc,
A. scoparia, and P. japonica, A. gigas have been reported to
exert an anti-inflammatory effect via regulation of iNOS and
COX-2 expression. (25,28). Therefore, in this study, the expres-
sion of iNOS and COX-2 were determined in the LPS-treated
RAW 264.7 cells. iNOS and COX-2 expression levels were
significantly increased in the group treated with LPS alone,
but their expression was suppressed in the cells pretreated with
RAPA (Fig. 2). These results suggest that RAPA suppresses
inflammation by suppressing iNOS and COX-2 expression.

Effect of RAPA on IL-6 and TNF-a production in LPS-treated
RAW 264.7 cells. The role of cytokines in inflammation is very
important, and TNF-a and IL-6 are considered representative

pro-inflammatory cytokines, as they both regulate the inflam-
matory response (29). Herbs such as Rehmannia glutinosa
and Suaeda japonica are known to inhibit inflammation
by regulating IL-6 and TNF-a expression (30,31). ELISA
was performed to investigate the effect of RAPA on IL-6
and TNF-a expression LPS-treated RAW 264.7 cells. IL-6
and TNF-a expression increased significantly in the posi-
tive control group, and their expression decreased in the
RAPA-pretreatment group (Fig. 3A and B). These results show
that RAPA suppresses inflammation by suppressing cytokine
expression.

Effect of RAPA on the MAPK signaling pathway in LPS-treated
RAW 264.7 cells. Representative members of the MAPK
signaling pathway include JNK, p38 and ERK1/2, which are
important signal transmitters in the inflammatory response.
MAPKSs are associated with COX-2 expression in iNOS and
play an important role in NF-kB activation (32,33). Western
blotting was used to assess whether the anti-inflammatory
effects of RAPA were mediated through the MAPK signaling
pathway. Increased ERK1/2 and JNK phosphorylation were
observed in the LPS-treated group (Fig. 4), and RAPA
pretreatment inhibited ERK1/2 and JNK phosphorylation. Of
note, p38 activation was not affected (data not shown). These
results suggest that RAPA is involved in anti-inflammatory
activity through inhibition of the ERK1/2 and JNK pathways.

Effect of RAPA on the activity of NF-xB signaling pathway
in LPS-treated RAW 264.7 cells. To investigate the effects of
RAPA on the NF-«B signaling pathway, western blotting and
immunofluorescence staining were performed. Western blot
results demonstrated that RAPA treatment effectively inhib-
ited the activity of NF-«B and IkB in LPS-treated RAW 264.7
cells (Fig. 5A). Immunofluorescence staining results also
showed that RAPA treatment inhibited the translocation of
NF-«B to the nucleus (Fig. 5B). The NF-kB signaling pathway
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Figure 2. Effect of RAPA on iNOS and COX-2 expression in LPS-treated RAW 264.7 cells. Cells were retreated with the indicated concentrations of RAPA
for 1 h and subsequently stimulated with 1 gzg/ml LPS for 24 h. The expression of iNOS and COX-2 were determined by western blot analysis (A) and analyzed
using ImageJ software (B) and (C). Data are presented as the mean + SD. “P<0.05 vs. untreated cells; "P<0.05 vs. LPS treated cells. RAPA, red ginseng marc,
Artemisia scoparia Waldst.et Kit, Paeonia japonica Miyabe & Takeda, and Angelica gigas Nakai extract mixture.
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Figure 3. Effect of RAPA on IL-6 and TNF-a expression in LPS-treated RAW 264.7 cells. The cells were treated with 100 or 400 yg/ml RAPA and stimulated
with 1 yg/ml LPS.IL-6 (A) and TNF-a (B) were measured by ELISA. Data are presented as the mean + SD. “P<0.05 vs. untreated cells; "P<0.05 vs. LPS treated
cells. RAPA, red ginseng marc, Artemisia scoparia Waldst.et Kit, Paeonia japonica Miyabe & Takeda, and Angelica gigas Nakai extract mixture.

plays a key role in LPS-induced inflammation models. In the transcription of inflammatory genes (34,35). In this study,
resting state, NF-xB is present in the cytoplasm and is bound the activation of NF-xB and IxB was significantly increased
to the repressor protein IkB, which has no transcriptional in the LPS-treated RAW 264.7 cells, and this was decreased
activity. Stimulation by LPS liberates and activates NF-xkB by RAPA pretreatment. Therefore, in the LPS inflamma-
from IxB, and it then translocates to the nucleus to induce tion model, it was hypothesized that RAPA may suppress
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Figure 4. Effect of RAPA on JNK and ERK phosphorylation in LPS-treated RAW 264.7 cells. Cells were pretreated with the indicated concentrations of
RAPA for 1 h and subsequently stimulated with 1 gg/ml LPS for 30 min. JNK and ERK expression were measured by western blot analysis (A) and analyzed
using ImageJ software (B) and (C). Data are presented as the mean + SD. “P<0.05 vs. untreated cells; “P<0.05 vs. LPS treated cells. RAPA, red ginseng marc,
Artemisia scoparia Waldst.et Kit, Paeonia japonica Miyabe & Takeda, and Angelica gigas Nakai extract mixture.
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Figure 5. Effect of RAPA on NF-kB signaling pathway activity in LPS-treated
RAW 264.7 cells. Cells were pretreated with the indicated concentrations
of RAPA for 1 h and subsequently stimulated with 1 gg/ml LPS for 30 min.
Phosphorylation of NF-kB and IkB were measured by western blot analysis (A)
and analyzed using ImagelJ software (B) and (C). Translocation of NF-kB was
determined by immunofluorescence analysis (C). Scale bar, 40 ym. NF-xB was
stained green, the nucleus was stained with DAPI (blue). Each bar represents the
mean = SD. “P<0.05 vs. untreated cells; “P<0.05 vs. LPS treated cells. RAPA,
red ginseng marc, Artemisia scoparia Waldst.et Kit, Paeonia japonica Miyabe
& Takeda, and Angelica gigas Nakai extract mixture.
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Figure 6. Effects of RAPA on ROS production in LPS-treated RAW 264 7
cell. ROS scavenging was determined using carboxy-H,DCFDA. Data are
presented as the mean + SD. “P<0.05 vs. untreated cells; “P<0.05 vs. LPS
treated cells. RAPA, red ginseng marc, Artemisia scoparia Waldst.et Kit,
Paeonia japonica Miyabe & Takeda, and Angelica gigas Nakai extract
mixture.

excessive inflammatory responses by inhibiting the NF-kB
signaling pathway. Medicinal plants with anti-inflammatory
activity contain substances such as alkaloids, flavonoids, sapo-
nins, condensed tannins, terpenoids, phenylpropanoids and
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hydrolysable tannins (36). Whilst RAPA was shown to exhibit
an anti-inflammatory effect, it is not known which specific
component(s) exerted the anti-inflammatory effects.

Effect of RAPA on ROS generation in LPS-treated RAW 264.7
cells. Flow cytometry was performed to investigate the effects
of RAPA on ROS generation in LPS-treated RAW 264.7 cells.
The results showed that LPS treatment significantly increased
ROS production in cells (Fig. 6). However, pretreatment
with RAPA inhibited the production of LPS-induced ROS.
LPS-induced ROS participates in the regulation of NF-xB
activation, and activated NF-«B is involved in the production
of COX-2, iNOS, and cytokines in macrophages (37). Thus,
it is hypothesized that the inhibition of NF-xB activity in
RAPA pretreated LPS-treated cells may have contributed to
the inhibition of ROS production.

In conclusion, the anti-inflammatory effects of RAPA in
LPS-treated cells were demonstrated. It is hypothesized that
the anti-inflammatory effects of RAPA are achieved though
the induction of production of inflammatory mediators such as
IL-6, COX-2, iNOS, and TNF-a via inhibition of the MAPK
and NF-«xB signaling pathway. These results suggest that
RAPA may be used as an anti-inflammatory agent derived
from natural products.
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