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KIOM-MA was recently reported as a novel herbal medicine effective for atopic dermatitis and asthma. In this study, we have
demonstrated the inhibitory effect of KIOM-MA on proinflammatory mediator produced in lipopolysaccharide (LPS)-stimulated
RAW 264.7 cells. KIOM-MA significantly inhibited the expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2
(COX-2) as well as nitric oxide (NO) and prostaglandin E, (PGE,). Consistent with the inhibitory effect on PGE,, KIOM-
MA suppresses the LPS-induced migration of macrophages and gelatinase activity and the expression of matrix metalloprotease-
9 (MMP-9) in a dose-dependent manner. Additionally, KIOM-MA showed a strong suppressive effect on the inflammatory
cytokines production such as tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6). We also found that KIOM-MA inhibits
the activation of nuclear factor-kB (NF-xB) and represses the activity of extracellular signal-regulated kinase (ERK), p38, and
c-Jun NH;-terminal kinase (JNK) mitogen-activated protein kinases (MAPKs). Taken together, we elucidated the mechanism of

anti-inflammatory effect of KIOM-MA using RAW 264.7 cells stimulated by LPS.

1. Introduction

Inflammation is an initial host immune response to protect
body from infection or tissue injury. In normal state,
inflammation-related mediators, such as NO, PGE,, and
cytokines, generated from immune cells including macro-
phage cells take an essential role in host survival and tissue
repair [1]. However, these inflammatory mediators are over-
expressed by stimuli and could cause autoimmune diseases
and inflammatory disorders [2—4]. Especially, NO produced
by iNOS and PGE, synthesized by COX-2 is well-known
mediators, responsible for inflammatory diseases. In addi-
tion, PGE, produced by LPS stimulation takes a role in the
migration of macrophage cells to the inflammatory sites [5]
and induces MMP-9 activity and expression [6]. In addition,
cytokines such as TNF-a, IL-1f, and IL-6 participate in the
process of inflammatory disorders.

During inflammation, the expressions of these cytokines
and their genes are regulated by NF-«B, which are critically

involved in the pathogenesis of various chronic inflamma-
tory diseases [7]. In unstimulated state, NF-«B is present as
an inactive form, bound with IxBa in the cytosol. When
cells are stimulated by LPS, activated IxBa kinase phospho-
rylates IxBa and phosphorylated IxBa are ubiquitinated and
degraded through proteasome pathway [8]. Free NF-«B is
translocated into the nuclei and binds to the promoters of
diverse proinflammatory mediators including COX-2, iNOS,
TNF-a, and IL-6, ultimately resulting in gene expression.
Most anti-inflammatory drugs are designed to suppress the
expression of these genes by inhibiting NF-«B signaling
pathway [9].

Furthermore, MAPK activated by phosphorylation is
well known to induce NF-xB activation and to increase iNOS
gene expression. Several studies have showed that specific
MAPK inhibitors could downregulate iNOS gene expression
[10-12].

A lot of reports demonstrated that natural herbal medi-
cines have potential anti-inflammatory activities [13, 14].
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Our group has developed novel herbal medicine KIOM-MA
and recently demonstrated that KIOM-MA exhibits anti-
atopic dermatitis and asthma activities through inhibiting
inflammatory factors [15, 16]. In this study, we evalu-
ated anti-inflammatory effect of KIOM-MA using RAW
264.7 macrophage cells stimulated with LPS. Furthermore,
we investigated the underlying mechanism of anti-inflam-
matory effect of KIOM-MA.

2. Materials and Methods

2.1. Materials and Reagent. RPMI 1640, fetal bovine serum
(FBS), and antibiotics were purchased from HyClone
(Logan, UT, USA). LPS, bovine serum albumin (BSA), 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenylthiazolium bromide
(MTT), and dexamethasone were purchased from Sigma (St.
Louis, MO, USA). TNF-a and IL-6 ELISA sets were pur-
chased from eBioscience (San Diego, CA, USA). iNOS,
COX-2, NF-«kB p65, phospho-IxBa, IxBa, S-actin, TATA
box-binding protein (TBP), phospho-ERK, ERK, phospho-
P38, p38, phospho-JNK and JNK primary antibodies, and
horseradish-peroxidase- (HRP-) conjugated secondary anti-
bodies were obtained from cell signaling technology, Inc.
(Boston, MA, USA). RNA extraction kit was obtained from
iNtRON biotechnology (Sungnam, Republic of Korea). The
oligonucleotide primers were synthesized from Bioneer
(Daejeon, Republic of Korea). Liquiritin, nodakenin, icariin,
glycyrrhizin, decursin, and decursinol angelate were pur-
chased from Sigma (St. Louis, MO, USA). High-per-
formance-liquid-chromatography- (HPLC-) grade water,
acetonitrile, and glacial acetic acid were purchased from J.
T. Baker (Austin, TX, USA).

2.2. Preparation of KIOM-MA. A novel herbal medicine,
KIOM-MA, is composed of Glycyrrhizae Radix, Polygoni
Cuspidati Rhizoma, Sophorae Radix, Cnidii Rhizoma, Arctii
Fructus, and so forth, which were purchased from Yeo-
ngcheon Oriental Herbal Market (Yeongcheon, Republic of
Korea). All voucher specimens were deposited in the herbal
bank and 1840.0 g of the KIOM-MA formula were placed in
18.4 L of distilled water and then extracted by heating for 3
hours at 115°C (Gyeongseo Extractor Cosmos-600, Incheon,
Republic of Korea). After extraction, the KIOM-MA was
filtered out using standard testing sieves (150 ym) (Retsch,
Haan, Germany). The freeze-dried extract was then dissolved
in phosphate buffered saline (PBS) and filtered (pore size,
0.45 ym), lyophilized, and kept at 4°C prior to use.

2.3. Cell Culture. RAW 264.7 cells were obtained from Korea
Cell Line Bank (Seoul, Republic of Korea) and grown in
RPMI 1640 medium added 10% FBS and 100 U/mL of
antibiotic sulfate. The cells were incubated in a humidified
5% CO; atmosphere at 37°C. To stimulate cells, the medium
was changed with fresh RPMI 1640 medium and LPS
(200 ng/mL) was added in the presence or absence of KIOM-
MA (10, 100, 250, and 500 pug/mL) for the indicated periods.

2.4. Cell Viability Assay. Cytotoxicity of KIOM-MA was ana-
lyzed using an MTT assay. Cells were seeded at a density of
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5% 10* cells/mL in 96-well culture plates. LPS or KIOM-MA
was added to the cells and incubated for 48 hours at 37°C
with 5% CO,. MTT solutions (5mg/mL in a PBS) were
added to each well and the cells were incubated for another 4
hours. The supernatant was discarded and then the formazan
was dissolved in dimethyl sulfoxide (DMSO). The optical
density was read at 570 nm.

2.5. Measurement of NO Production. NO production was
analyzed by measuring nitrite in the supernatants of cultured
RAW 264.7 macrophage cells. The cells were cultured in 96-
well culture plates (5 x 10° cells/mL) and pretreated with
KIOM-MA before LPS stimulation. The supernatant was
mixed with the Griess reagent and incubated at room tem-
perature (RT) for 5min [13]. The concentration of nitrite
was determined by reading at 570 nm using ELISA reader.

2.6. Measurement of PGE, Production. The RAW 264.7 cells
were cultured in 24-well culture plates (5 X 10° cells/mL).
The cells were pretreated with various concentrations of
KIOM-MA for 30 min and stimulated for 24 hours with LPS.
The supernatant was used to determine PGE, levels using a
PGE, Express EIA Kit (Cayman Chemical, Ann Arbor, MI,
USA) in accordance with the manufacturer’s instructions.

2.7. Enzyme-Linked Immunosorbent Assay (ELISA) for TNF-a
and IL-6 Cytokine Detection. Cells were seeded at a density of
5x 10° cells/mL in 24-well culture plates and pretreated with
KIOM-MA for 30 min before LPS stimulation. ELISA plates
(Nunc, Roskilde, Denmark) were coated overnight at 4°C
with TNF-a or IL-6 antibody diluted in 0.1 M carbonate and
then washed five times with phosphate-buffered saline (PBS)
containing 0.05% Tween 20. The nonspecific protein-
binding sites were blocked with assay diluent buffer (PBS
containing 10% FBS, pH 7.0) for more than 1 hour.
Promptly, samples and standards were added to each well.
After 2 hours of incubation at RT or overnight at 4°C, the
working detector solution (biotinylated TNF-a or IL-6
antibody and streptavidin-HRP reagent) was added and
more incubated for 1 hour. Subsequently, substrate solution
(tetramethylbenzidine) was added to the wells and incubated
for 30 min in darkness before the reaction was stopped with
stop solution (2N H3;PO,). The absorbance at 450 nm was
measured. All subsequent steps were conducted at RT and all
standards and samples were assayed in duplicate.

2.8. Cell Migration Assay. Macrophage migration assay was
established using 24-well transwell unit with polycarbonate
filters that have a diameter of 6.5mm and a pore size of
8.0 ym (Corning Costar, Cambridge, MA, USA) according to
a reference previously reported with some modifications
[17-19]. The cells (2 x 10° cells) were loaded into top
chamber containing 200 yL of serum-free RPMI 1640 and
pretreated with KIOM-MA. After LPS stimulation, the
chambers were incubated for 48 hours at 37°C in a humid-
ified 5% CO; incubator. Cells that had migrated to lower
surfaces of filter were fixed with 20% methanol for 30 min
and stained with 0.2% crystal violet for 30 min. Unmigrated
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macrophages on the surface of upper membrane were
replaced using cotton swab. Migrated macrophages were
quantified by counting 5 random spots per each independent
sample.

2.9. Gelatin Zymography Assay. RAW 264.7 cells were seeded
in 6-well culture plates (2 x 10° cells/well). After the medium
was changed with serum-free RPMI 1640 medium, the cells
were pretreated with KIOM-MA for 30min and then
stimulated with LPS for 48 hours. After the collection of
culture supernatant, cell debris in the culture supernatant
was discarded by centrifugation. The same volume of cul-
ture supernatant was electrophoresed in an 8% SDS-PAGE
containing 0.1% gelatin A (Sigma, St. Louis, MO, USA). Gels
were washed twice with washing buffer (50 mM Tris-HCI,
pH 7.5, 100 mM NaCl, and 2.5% Triton X-100) at RT for
30 min and then incubated in an incubation buffer (50 mM
Tris-HCI, pH 7.5, 150 mM NaCl, 10 mM CacCl,. 0.02% NaN,
and 1 uM ZnCl,) at 37°C for 24 hours, stained with 0.05%
Coomassie brilliant blue, 10% isopropanol, and 10% acetic
acid and destained with 10% isopropanol, 10% acetic acid.
MMP-9 and MMP-2 were detected as a white clear zone in a
dark blue field.

2.10. Western Blot Analysis. Protein expression was evaluated
by Western blot analysis according to standard procedures.
The cells were pretreated with KIOM-MA and stimulated
with LPS for indicated periods at 37°C. After incubation, the
cells were resuspended in protein lysis buffer (PRO-PERP,
iNtRON, Sungnam, Republic of Korea) and cell debris
was discarded by centrifugation. The protein concentration
present in the supernatant was determined using the Brad-
ford reagent (Bio-Rad Laboratories, Hercules, CA, USA) and
equal amounts of protein were subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The
membrane was blocked with 3% BSA in tris-buffered saline
(150 mM NaCl, 20 mM Tris-HCI, and pH 7.4) with 0.05%
Tween 20 (TBS-T) buffer. After blocking, the membrane was
incubated with primary antibodies against iNOS, COX-2,
NF-«B p65, phospho-1xBa, 1xBa, f-actin, TBP, phospho-
ERK, ERK, phospho-p38, p38, phospho-JNK, and JNK
(1:1000 diluted in TBS-T containing 3% BSA) for 18
hours at 4°C. The membrane was then washed with TBS-T
and incubated with anti-mouse or anti-rabbit horseradish
peroxidase (HRP)-conjugated immunoglobulin G secondary
antibodies (1:10000 diluted in TBS-T containing 3% BSA)
for 1 hour at RT. The specific proteins were detected using
enhanced chemiluminescence (ECL) (Millipore, Billerica,
MA, USA). The quantitation of protein was done using
Davinch-chemi Chemiluminescence Imaging System CAS-
400SM (Core Bio, Seoul, Republic of Korea).

2.11. Preparation of Cytosolic and Nuclear Extracts for NF-xB
and IxBa. The cells pretreated with KIOM-MA were stimu-
lated by LPS. For the isolation of cytosolic fractions, the cells
were washed twice in ice-cold PBS and incubated on ice for
10 min in lysis buffer (25 mM Tris-HCI (pH 7.4), 150 mM
NaCl, 1mM CaCl,, 1% Triton X-100, 1 mM PMSF, and

TaBLE 1: Primers used for RT-PCR analysis.

Target gene Primer sequence
TNF-a F: 5"-AGCCCACGTCGTAGCAAACCACCAA-3’
R: 5"-AACACCCATTCCCTTCACAGAGCAAT-3’
IL-6 E: 5"-CATGTTCTCTGGGAAATCGTGG-3'
R: 5'-AACGCACTAGGTTTGCCGAGTA-3'
INOS F: 5"-CCTCCTCCACCCTACCAAGT-3'
R: 5"-CACCCAAAGTGCTTCAGTCA-3’
COX-2 F: 5"-ACTCACTCAGTTTGTTGAGTCATTC-3’
R: 5'-TTTGATTAGTACTGTAGGGTTAATG-3’
B-actin F: 5'-TGGAATCCTGTGGCATCCATGAAA-3’

R: 5"-TAAAACGCAGCTCAGTAACAGTCCG-3’

F: forward; R: reverse.

10 uL/mL aprotinin), and the supernatant was collected after
10 min of centrifugation at 15,000 xg at 4°C. To prepare the
nuclear fractions, the cells were washed with 1 mL of ice-cold
PBS, resuspended in 400 yL of ice-cold hypotonic low-salt
buffer (10 mM HEPES-KOH (pH 7.9), 10 mM KCI, 2 mM
MgCl,, 0.1 mM EDTA, 1 mM DTT, and 0.5 mM PMSF), left
on ice for 10 min, vortex-mixed and centrifuged for 30 sec at
15,000 g. The pellets were resuspended in 50 uL of ice-cold
high-salt buffer (50 mM HEPES-KOH (pH 7.9), 50 mM KClI,
1 mM DTT, 300 mM NaCl, 0.1 mM EDTA, 10% glycerol, and
0.5mM PMSF), left on ice for 20 min, vortex-mixed, and
centrifuged for 5 min at 15,000 Xg at 4°C to save the nuclear
fraction. The cytosolic and nuclear extracts were used for the
detection of NF-«xB p65 or IxBa via Western blot analysis as
described previously.

2.12. RNA Extraction and Reverse Transcription-Polymerase
Chain Reaction (RT-PCR). Total cellular RNA was iso-
lated using the easy-BLUE RNA extraction kit (iNtRON,
Sungnam, Republic of Korea) according to the procedure
described by the manufacturer. The total RNA (2 ug) was
converted to cDNA using RevoScript RT PreMix (iNtRON,
Sungnam, Republic of Korea). Then, cDNA was amplified by
polymerase chain reaction using specific primers (Table 1).
The following PCR conditions were used: TNF-«, IL-6,
iNOS, COX-2, and f-actin, 35 cycles of denaturation at 94°C
for 30 seconds, annealing at 65°C (TNF-«), 57°C (IL-6),
50°C (COX-2), 60°C (iNOS), and 57°C (f-actin) for 30 sec-
onds, and extension at 72°C for 1 min [13, 20, 21].

2.13. Chromatographic Conditions. The HPLC-DAD system
(Hitachi, Tokyo, Japan) consisted of a pump (L-2130),
autosampler (L-2200), column oven (L-2350), and diode
array UV/VIS detector (L-2455). The output signal of the
detector was recorded using an EZchrom Elite software for
Hitachi. For analysis of sample, an OptimaPak C18 (4.6 mm
X 250 mm, 5 ym, RS tech, Seoul, Republic of Korea) was used
and the UV wavelength was 254 nm. The mobile phase was
water and acetonitrile with a gradient elution (Table 2) at a
flow rate of 1.0 mL/min and the column temperature was
maintained at 40°C. Ten microliters of samples were injected
to the column.
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Figure 1: Effect of KIOM-MA on LPS-induced (a) NO and (b) PGE, production in RAW 264.7 cells. RAW 264.7 cells were pretreated with
KIOM-MA for 30 min before being incubated with LPS for 24 hours. The culture supernatant was analyzed for nitrite or PGE, production.
As a control, the cells were incubated with vehicle alone. Data shows mean + SD values of duplicate determinations from three independent
experiments. *P < 0.05 and **P < 0.01 were calculated from comparing with LPS-stimulation value.

TaBLE 2: Mobile phase condition of chromatographic separation.

Time Water Acetonitrile Flow rate
(min)  (in 2% acetic acid) (in 2% acetic acid) (mL/min)
0 95 5 1
5 95 5 1
60 20 80 1
70 20 80 1
75 95 1
90 95 1

2.14. Preparation of Standard Solutions and Samples. Each
standard solution was prepared by dissolving each com-
pound, namely, liquiritin, nodakenin, icariin, glycyrrhizin,
decursin, and decursinol angelate in 100% methanol at the
concentration of 100 ug/mL. To prepare analytical samples,
KIOM-MA powder was accurately weighed and dissolved
with 100% H,O at a concentration of 40 mg/mL. Prior to
analysis, sample preparation was filtered through a 0.45 ym
filter.

2.15. Statistical Analysis. The results are expressed as mean +
SD values for the number of experiments. Statistical sig-
nificance was compared in each treated group with the
negative control and determined by one-way ANOVA test.
Each experiment was repeated at least three times to yield
comparable results. Values with P < 0.05 and P < 0.01 were
considered significant.

3. Results

3.1. Inhibitory Effect of KIOM-MA on NO and PGE, Produc-
tion. To investigate the effect of KIOM-MA on inflamma-
tion, we checked the levels of NO and PGE, secreted upon
LPS stimulation in macrophage cells. KIOM-MA at four
concentrations (10, 100, 250, and 500 yg/mL) was treated
to the cells before LPS stimulation and measured NO and

PGE, production. Since dexamethasone is widely used for
anti-inflammatory agent and contains a stronger efficacy
compared with hydrocortisone, we used dexamethasone
(10uM) as a positive control. In Figure 1(a), KIOM-MA
strongly repressed NO production in a dose-dependent
manner. Especially, KIOM-MA at 250 and 500 yg/mL inhib-
ited NO production more than 64% and 83% compared
with LPS alone, respectively. Moreover, KIOM-MA inhibited
PGE, production and showed statistical significance at
concentrations of 250 and 500 yg/mL (Figure 1(b)). These
results indicate that KIOM-MA effectively suppresses the
secretion of nitrite and PGE, from LPS-stimulated RAW
264.7 macrophage cells.

3.2. KIOM-MA Represses Proinflammatory Cytokine Expres-
sion in RAW 264.7 Cells. To investigate the effect of KIOM-
MA on TNF-a and IL-6 produced by LPS stimulation, ELISA
and RT-PCR analyses were conducted. The cells pretreated
with KIOM-MA at the different concentrations got stimu-
lated with LPS and the levels of TNF-a and IL-6 were mea-
sured. As shown in Figure 2, KIOM-MA effectively inhibited
both protein and mRNA expression of TNF-« at the con-
centration of 500 ug/mL and the effect was increased in
a dose-dependent manner. When we also checked the effect
of KIOM-MA on the production of other cytokine IL-
6, consistent with TNF-« result, KIOM-MA inhibited the
production of IL-6 cytokine and mRNA expression dose
dependently, as presented in Figure 3. Specially, KIOM-MA
showed a strong suppressive effect on IL-6 production more
than 50% at concentrations of 250 and 500 pg/mL.

3.3. KIOM-MA Inhibits LPS-Induced iNOS and COX-2
Expression. We investigated the inhibitory effect of KIOM-
MA on iNOS and COX-2 expression, which are synthetase
of NO and PGE,, respectively. In Figure 4(a), KIOM-MA
highly decreased the level of iNOS and COX-2 protein
at concentrations of 250 and 500 ug/mL. Also, KIOM-MA
significantly repressed iNOS and COX-2 mRNA expression
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FiGure 2: Effect of KIOM-MA on TNF-« (a) cytokine production and (b) mRNA expression upon LPS stimulation. RAW 264.7 cells were
pretreated with KIOM-MA for 30 min before being incubated with LPS for (a) 24 hours and (b) 6 hours, respectively. Production of TNF-«
cytokine was measured by ELISA and mRNA level was analyzed by RT-PCR. Data shows mean + SD values of duplicate determinations from
three independent experiments. *P < 0.05 and **P < 0.01 were calculated from comparing with LPS-stimulation value. The level of S-actin
mRNA was compared in parallel to confirm the equivalency of the cDNA preparation. The RNA value in the cells stimulated by LPS without
KIOM-MA treatment was set to 1.00 and the effect by treatment was quantitated using i-MAX Gel Image Analysis System (Core Bio, Seoul,
Republic of Korea). The experiment was repeated three times.
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FiGure 3: Effect of KIOM-MA on LPS-induced IL-6 (a) cytokine production and (b) mRNA expression. RAW 264.7 cells were pretreated
with KIOM-MA for 30 min before being incubated with LPS for (a) 24 hours and (b) 6 hours, respectively. Production of IL-6 cytokine
was measured by ELISA and mRNA level was analyzed by RT-PCR. Data shows mean + SD values of duplicate determinations from three
independent experiments. *P < 0.05 and **P < 0.01 were calculated from comparing with LPS-stimulation value. The level of f-actin
mRNA was compared in parallel to confirm the equivalency of the cDNA preparation. The RNA value in the cells stimulated by LPS without
KIOM-MA treatment was set to 1.00 and the effect by treatment was quantitated using i-MAX Gel Image Analysis System (Core Bio, Seoul,
Republic of Korea). The experiment was repeated three times.

in a dose-dependent fashion without affecting the level of
B-actin used as a control (Figure 4(b)). These results suggest
that KIOM-MA suppresses both iNOS and COX-2 expres-
sion in the transcriptional level in addition to protein level,
resulting in the reduced expression of NO and PGE,.

3.4. KIOM-MA Suppresses LPS-Induced Migration and Gela-
tinase Activity of MMP-9 in Macrophage. On the base of
inhibitory effects of KIOM-MA on the expression of COX-2
and PGE,, we investigated whether KIOM-MA could inhibit
the migration and MMP-9 activity and/or MMP-9 expres-
sion in LPS-stimulated macrophage cells. As shown in
Figure 5(a), LPS treatment increased the migration of RAW
264.7 cells compared with untreated control cells in transwell

migration assay. When cells were pretreated with various
concentrations of KIOM-MA, cell migration was signifi-
cantly inhibited, in a dose-dependent manner. Specially,
KIOM-MA at 500 ug/mL inhibited migration more than
80% compared with LPS-treated control group. Because
KIOM-MA represses the migration of macrophage, we also
investigated the activity and expression of MMP-9, which is
concerned in cell migration. When we checked the effect of
KIOM-MA on MMP-9 activity by gelatin zymography and
MMP-9 expression by Western blot, KIOM-MA significantly
inhibited gelatinase activity as well as expression of MMP-
9 in a dose-dependent manner (Figure 5(b)) and signifi-
cantly correlated with migration capacity of LPS-stimulated
macrophages.



6 Evidence-Based Complementary and Alternative Medicine
0.04 1 12 075 04 01 0 1 .09 113 082 054
el a3 -
— Tl s — iNOS protein iNOS mRNA
-_— e e o> s> e — (-actin f-actin mRNA
0 1 08 072 033 026 0 I 05 06l 031 0l
REL IR —~ — — — — r—
- + + + + +  LPS(200ng/mL) - + + + + + LPS (200 ng/mL)
- - 10 100 250 500 KIOM-MA (ug/mL) - - 10 100 250 500  KIOM-MA (ug/mL)

(a)

FIGURE 4: Effect of KIOM-MA on the expression of iNOS or COX-2 (a) protein and (b) mRNA in LPS-stimulated RAW 264.7 cells. RAW
264.7 cells were pretreated with KIOM-MA for 30 min before being incubated with LPS for 24 hours. Equal amounts of protein were
separated by SDS-PAGE and immunoblotted with iNOS and COX-2 antibodies. Equal loading of protein was confirmed by f-actin. iNOS
and COX-2 mRNAs were analyzed by RT-PCR in RAW 264.7 cells. The f3-actin mRNA was used to confirm the equivalency of the cDNA
preparation. The protein or mRNA value in the LPS-stimulated cells without KIOM-MA treatment was set to 1.00 and the effect by treatment
was quantitated. The experiment was repeated three times.
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FiGUre 5: Effect of KIOM-MA on LPS-induced (a) RAW 264.7 cell migration, (b) activity and expression of MMP-9. Cells were pretreated
with indicated concentrations of KIOM-MA for 30 min before LPS stimulation. After incubation for 48 hours, (a) cells on lower filter
surfaces were fixed and stained with 20% methanol/0.2% crystal violet (v/v). Migrated cells were determined under microscope by counting
cells in 5 random fields. Data shows mean + SD values from three independent experiments. * P < 0.05 and **P < 0.01 were calculated from
comparing with LPS-stimulation value. (b) The culture supernatant of RAW 264.7 cell was prepared and used for gelatin zymography and
Western blot analysis. The experiment was repeated three times independently.

3.5. Inhibitory Effect of KIOM-MA on Nuclear Transloca-
tion of NF-kB and IxBa Degradation by LPS Stimulation.
Expressions of iNOS and COX-2 genes are induced by NF-
kB activation. Upon activation, p65 protein of NF-xB is
translocated from cytosol to nucleus. Therefore, we checked

the level of p65 protein in the cytoplasm and nucleus
using the Western blot analysis. As shown in Figure 6(a),
the nuclear translocation of p65 by LPS stimulation was
strongly inhibited in the presence of KIOM-MA at a
concentration of 250 yg/mL, and the inhibitory effect was
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FiGurek 6: Effect of KIOM-MA on (a) translocation of the NF-«xB (p65) subunit into the nucleus and (b) release of IxBa into the cytosol
upon LPS stimulation. The cells were treated with LPS alone or with LPS and KIOM-MA for 1 hour. The level of I«kBa protein in the cytosol
and NF-«B (p65) protein present in the cytosol and nucleus was determined by the Western blot analysis using anti-IxkBa or anti-NF-«xB p65
antibody, as described in Section 2. f-actin and TBP were used for cytosolic and nuclear control protein, respectively. The protein value in
the cells stimulated by LPS without KIOM-MA treatment was set to 1.00 and the effect by treatment was quantitated. The experiment was

repeated three times independently.

increased in a dose-dependent manner. We also examined
whether the inhibition of p65 by KIOM-MA affects the
levels of IxBa and phosphorylated IxBa in the cytoplasm.
As a result, Figure 6(b) shows that KIOM-MA significantly
repressed IxBa phosphorylation dose dependently, implying
that KIOM-MA prevents IxkBa degradation and NF-xB
activation.

3.6. Effect of KIOM-MA on the Phosphorylation of MAPKSs in
LPS-Stimulated RAW 264.7 Cells. We investigated whether
MAPKs are involved in the inhibition of NF-xB activation
by KIOM-MA. To address that, we examined the effect of
KIOM-MA on the phosphorylation of three MAPKs in LPS-
stimulated RAW 264.7 cells. KIOM-MA reduced the levels
of all MAPK phosphorylation (Figure 7). Especially, KIOM-
MA significantly inhibited the activities of p38 and JNK
MAPKs, in a dose-dependent manner (Figures 7(b) and
7(c)).

3.7. HPLC Analysis of KIOM-MA. The main components
profile of KIOM-MA was analyzed via HPLC. The represen-
tative chromatogram is shown in Figure 8. The identification
of constituent of KIOM-MA was based on the retention
times and UV spectrum in comparison with authentic stan-
dards at a wavelength of 254 nm. Peak purity check and
identification were conducted via a 190-400nm UV scan
through a diode array detector. Six components (liquiritin,

22.11 min; nodakenin, 23.42 min; icariin, 31.14 min; gly-
cyrrhizin, 38.40 min; decursin, 48.50 min; decursinol ange-
late, 50.19 min) were identified in KIOM-MA.

4. Discussion

Many previous studies on natural herb and herbal medi-
cines have conducted to find the potential natural anti-
inflammatory products through in vitro and in vivo systems.
KIOM-MA is a novel herbal medicine composed of several
herbs, which are traditionally used for the treatment of
inflammatory and allergic diseases. Since ancient times, Gly-
cyrrhizae Radix has been used for the treatment of dermatitis
and eczema and Sophorae Radix and Arctii Fructus have
been prescribed for hepatitis, jaundice and laryngopharyn-
gitis, cough, and sputum. Recently, our group reported
that KIOM-MA contains the inhibitory activities on atopic
dermatitis and asthma [15, 16].

In this study, we have demonstrated the anti-inflam-
matory activity of KIOM-MA in LPS-stimulated RAW 264.7
macrophage cells. Because the overproduction of NO is
closely related with many inflammatory diseases [22, 23]
and PGE, is also a major indicator of inflammation, we first
examined the effect of KIOM-MA on the secretion of NO
and PGE,. As a result, KIOM-MA effectively inhibited LPS-
induced NO production at high concentrations. When we
checked the cytotoxicity of KIOM-MA using an MTT assay,
KIOM-MA did not affect the viability of RAW 264.7 cells,
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up to a concentration of 500 yg/mL (Figure 9). We further
explored whether the reduced production of NO and PGE,
by KIOM-MA is originated from the inhibition of their syn-
thesis. KIOM-MA significantly suppressed the expression of
both iNOS and COX-2 in a dose-dependent manner. These
results suggest that KIOM-MA contains a strong inhibitory
activity on a proinflammatory mediator production.

NEF-«B is a main regulatory transcription factor involved
in cellular responses to various stimuli such as stress, cyto-
kines, free radicals, ultraviolet irradiation, oxidized LDL,
and bacterial or viral antigens [24-28]. In addition, NF-xB
plays a pivotal role in the adjustment of cell survival and
the expression of proinflammatory cytokines [29-33]. When
we investigated whether KIOM-MA inhibits the activation of
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NF-xB, we found that nuclear translocation of p65 upon LPS
stimulation was blocked by KIOM-MA in a dose-dependent
manner through the inhibition of IxkBa degradation. These
findings are consistent with other reports, demonstrating
that NF-xB response elements are present on the promoter
of the iNOS, COX-2, and the inflammatory cytokine genes
[34-37].

Because activated MAPKs take an important role in LPS-
induced iNOS expression signaling pathway in mammalian
cells [38], we also investigated the effect of KIOM-MA on the
MAPKSs phosphorylation in RAW 264.7 cells. KIOM-MA sig-
nificantly decreased the levels of phosphorylation of p38 and
JNK MAPKs in a dose-dependent manner. These results sug-
gest that the inhibitory effect of KIOM-MA on the phospho-
rylation of MAPKs was directly involved in the reduced pro-
duction of proinflammatory mediators in RAW 264.7 cells.

MMP-9 is controlled by the inflammatory mediator NO
and PGE, [5, 39]. Also, MMP-9 activity and expression were
related to the ability of cell migration. In other words, inhib-
itory activity on NO and PGE, production was directly or
indirectly related with macrophage migration. Therefore, we
examined the effect of KIOM-MA on cell migration and
MMP-9 activity, expression upon LPS stimulation. KIOM-
MA dose dependently repressed the migration of macro-
phages and gelatinase activity, expression of MMP-9 and
showed a statistical significance.

As presented in Figure 8, HPLC analysis identified six
main components (liquiritin, nodakenin, icariin, glycyr-
rhizin, decursin, and decursinol angelate) in KIOM-MA.
A previous study reported that liquiritin exerts an anti-
inflammatory effect by inhibiting NO and PGE, production
in LPS-stimulated RAW 264.7 cells [40]. Additionally, it was
demonstrated that nodakenin suppresses NO production in
RAW 264.7 cells [41]. Another recent study has revealed
that icariin attenuates LPS-induced inflammation via the
inhibition of the CD14/TLR4 signaling pathway in human
monocytes [42] and represses LPS-induced acute inflamma-
tory responses through PI3 K/Akt and NF-«B signaling [43].
Also, a previouse study showed that glycyrrhizin suppresses
LPS sensor Toll-like receptor 4/MD-2 complex signaling

[44]. In addition, according to a previous study, decursin
contains the inhibitory activity on inflammatory mediators
by blocking NF-xB activation in macrophages [45]. These
facts suggest that the anti-inflammatory activity of KIOM-
MA might be related to active components in KIOM-MA,
such as liquiritin, nodakenin, icariin, glycyrrhizin, decursin,
and decursinol angelate.

In conclusion, KIOM-MA exerts significant inhibitory
effects on the production of NO, PGE,, and inflammatory
cytokines such as TNF-a, IL-6 and iNOS, and COX-2 expres-
sions in LPS-stimulated RAW 264.7 cells and this anti-
inflammatory effect was mediated by the suppression of NF-
xB activation through IxBa stabilization and the blockage of
MAPK phosphorylation. Additionally, KIOM-MA contains a
strong suppressive effect on LPS-induced macrophage mig-
ration, MMP-9 gelatinase activity and expression. These
results support that KIOM-MA could be developed as a new
anti-inflammatory herbal medicine without cytotoxicity
after further in vivo studies.

Conflict of Interests

All authors have no conflict of interests.

Authors’ Contribution

Y.-C. Oh and W.-K. Cho equally contributed to the paper.

Acknowledgment

This work has been supported by the Grant K12050 awarded
to Korea Institute of Oriental Medicine (KIOM) from Min-
istry of Education, Science and Technology (MEST), Repub-
lic of Korea.

References

[1] S. Becker, S. Mundandhara, R. B. Devlin, and M. Madden,
“Regulation of cytokine production in human alveolar macro-
phages and airway epithelial cells in response to ambient air
pollution particles: further mechanistic studies,” Toxicology
and Applied Pharmacology, vol. 207, no. 2, pp. 269-275, 2005.

[2] G.E Pierce, “Macrophages: important physiologic and patho-
logic sources of polypeptide growth factors,” American Journal
of Respiratory Cell and Molecular Biology, vol. 2, no. 3, pp. 233—
234, 1990.

[3] M. Guslandi, “Nitric oxide and inflammatory bowel diseases,”
European Journal of Clinical Investigation, vol. 28, no. 11, pp.
904-907, 1998.

[4] R. K. Simons, W. G. Junger, W. H. Loomis, and D. B. Hoyt,
“Acute lung injury in endotoxemic rats is associated with
sustained circulating IL-6 levels and intrapulmonary cinc
activity and neutrophil recruitment—role of circulating TNF-
a and IL-32” Shock, vol. 6, no. 1, pp. 39-45, 1996.

[5] T. Tajima, T. Murata, K. Aritake et al., “Lipopolysaccharide
induces macrophage migration via prostaglandin D2 and
prostaglandin E,,” Journal of Pharmacology and Experimental
Therapeutics, vol. 326, no. 2, pp. 493-501, 2008.

[6] J. H. Yen, V. P. Kocieda, H. Jing, and D. Ganea, “Prostaglandin
E, induces matrix metalloproteinase 9 expression in dendritic



10

(17]

(18]

cells through two independent signaling pathways leading to
activator protein 1 (AP-1) activation,” The Journal of Biological
Chemistry, vol. 286, no. 45, pp. 38913-38923, 2011.

S. S. Makarov, “NF-«xb as a therapeutic target in chronic
inflammation: recent advances,” Molecular Medicine Today,
vol. 6, no. 11, pp. 441-448, 2000.

R. de Martin, B. Vanhove, Q. Cheng et al., “Cytokine-inducible
expression in endothelial cells of an IxBa-like gene is regulated
by NF«B,” The EMBO Journal, vol. 12, no. 7, pp. 2773-2779,
1993.

D. W. Gilroy, T. Lawrence, M. Perretti, and A. G. Rossi,
“Inflammatory resolution: new opportunities for drug discov-
ery,” Nature Reviews Drug Discovery, vol. 3, no. 5, pp. 401-416,
2004.

E. D. Chan and D. W. H. Riches, “Potential role of the JNK/
SAPK signal transduction pathway in the induction of iNOS
by TNE-a,” Biochemical and Biophysical Research Communica-
tions, vol. 253, no. 3, pp. 790-796, 1998.

B. C. Chen, Y. H. Chen, and W. W. Lin, “Involvement of p38
mitogen-activated protein kinase in lipopolysaccharide-
induced iNOS and COX-2 expression in J774 macrophages,”’
Immunology, vol. 97, no. 1, pp. 124-129, 1999.

Y. H. Kim, S. H. Lee, J. Y. Lee, S. W. Choi, J. W. Park, and T.
K. Kwon, “Triptolide inhibits murine-inducible nitric oxide
synthase expression by down-regulating lipopolysaccharide-
induced activity of nuclear factor-xB and c-Jun NH2-terminal
kinase,” European Journal of Pharmacology, vol. 494, no. 1, pp.
1-9, 2004.

H. J. Choi, O. H. Kang, P. S. Park et al., “Mume Fructus
water extract inhibits pro-inflammatory mediators in lipo-
polysaccharide-stimulated macrophages,” Journal of Medicinal
Food, vol. 10, no. 3, pp. 460-466, 2007.

Y. C. Oh, W. K. Cho, J. H. Oh et al., “Fermentation by Lac-
tobacillus enhances anti-inflammatory effect of Oyaksungisan
on LPS-stimulated RAW 264.7 mouse macrophage cells,” BMC
Complementary and Alternative Medicine, vol. 12, no. 1, article
17,2012.

T. H. Chung, T. J. Kang, W. K. Cho et al., “Effectiveness of
the novel herbal medicine, KIOM-MA, and its bioconversion
product, KIOM-MA128, on the treatment of atopic dermati-
tis,” Evidence-Based Complementary and Alternative Medicine,
vol. 2012, Article ID 762918, 9 pages, 2012.

D. S. Kim, S. H. Kim, B. K. Kim, M. C. Yang, and J. Y. Ma,
“Antiasthmatic effects of herbal complex MA and its fer-
mented product MA128,” Evidence-Based Complementary and
Alternative Medicine, vol. 2012, Article ID 769508, 12 pages,
2012.

C. Li, G. Yang, and J. Ruan, “Sphingosine kinase-1/sphingo-
sine-1-phosphate receptor type 1 signalling axis is induced by
transforming growth factor-f1 and stimulates cell migration
in RAW264. 7 macrophages,” Biochemical and Biophysical
Research Communications, vol. 426, no. 3, pp. 415-420, 2012.
J. W. Rhee, K. W. Lee, D. Kim et al., “NF-«B-dependent reg-
ulation of matrix metalloproteinase-9 gene expression by
lipopolysaccharide in a macrophage cell line RAW 264.7,” Jour-
nal of Biochemistry and Molecular Biology, vol. 40, no. 1, pp.
88-94, 2007.

A. Kim, M. J. Kim, Y. Yang, J. W. Kim, Y. I. Yeom, and J. S.
Lim, “Suppression of NF-«B activity by NDRG2 expression
attenuates the invasive potential of highly malignant tumor
cells,” Carcinogenesis, vol. 30, no. 6, pp. 927-936, 2009.

Evidence-Based Complementary and Alternative Medicine

(20]

[21]

(22]

(23]

(24]

(25]

(30]

(32]

(33]

H. Y. Jo, Y. Kim, S. Y. Nam et al., “The inhibitory effect of
quercitrin gallate on iNOS expression induced by lipopolysac-
charide in Balb/c mice,” Journal of Veterinary Science, vol. 9,
no. 3, pp. 267-272, 2008.

H. Y. Kim, J. K. Kim, J. H. Choi et al., “Hepatoprotective effect
of pinoresinol on carbon tetrachloride-induced hepatic dam-
age in mice,” Journal of Pharmacological Sciences, vol. 112, no.
1, pp. 105-112, 2010.

T. J. Guzik, R. Korbut, and T. Adamek-Guzik, “Nitric oxide
and superoxide in inflammation and immune regulation,”
Journal of Physiology and Pharmacology, vol. 54, no. 4, pp. 469—
487, 2003.

G. J. Southan and C. Szabd, “Selective pharmacological inhi-
bition of distinct nitric oxide synthase isoforms,” Biochemical
Pharmacology, vol. 51, no. 4, pp. 383—-394, 1996.

A.R. Brasier, “The NF-«B regulatory network,” Cardiovascular
Toxicology, vol. 6, no. 2, pp. 111-130, 2006.

T. D. Gilmore, “Multiple mutations contribute to the onco-
genicity of the retroviral oncoprotein v-Rel,” Oncogene, vol. 18,
no. 49, pp. 69256937, 1999.

T. D. Gilmore, “Introduction to NF-«B: players, pathways, per-
spectives,” Oncogene, vol. 25, no. 51, pp. 6680—-6684, 2006.

N. D. Perkins, “Integrating cell-signalling pathways with NF-
«B and IKK function,” Nature Reviews Molecular Cell Biology,
vol. 8, no. 1, pp. 49-62, 2007.

B. Tian and A. R. Brasier, “Identification of a nuclear factor
x B-dependent gene network,” Recent Progress in Hormone
Research, vol. 58, pp. 95-130, 2003.

E Chen, D. C. Kuhn, S. C. Sun, L. J. Gaydos, and L. M. Demers,
“Dependence and reversal of nitric oxide production on NF-
xB in silica and lipopolysaccharide-induced macrophages,”
Biochemical and Biophysical Research Communications, vol.
214, no. 3, pp. 839-846, 1995.

A. K. Roshak, J. R. Jackson, K. McGough, M. Chabot-
Fletcher, E. Mochan, and L. A. Marshall, “Manipulation of
distinct NF«B proteins alters interleukin-1$-induced human
rheumatoid synovial fibroblast prostaglandin E, formation,”
The Journal of Biological Chemistry, vol. 271, no. 49, pp.
31496-31501, 1996.

J. E. Schmedtje Jr., Y. S. Ji, W. L. Liu, R. N. DuBois, and M. S.
Runge, “Hypoxia induces cyclooxygenase-2 via the NF-«B p65
transcription factor in human vascular endothelial cells,” The
Journal of Biological Chemistry, vol. 272, no. 1, pp. 601-608,
1997.

W. Xie, J. R. Merrill, W. S. Bradshaw, and D. L. Simmons,
“Structural determination and promoter analysis of the
chicken mitogen-inducible prostaglandin G/H synthase gene
and genetic mapping of the murine homolog,” Archives of
Biochemistry and Biophysics, vol. 300, no. 1, pp. 247-252, 1993.
Q. W. Xie, Y. Kashiwabara, and C. Nathan, “Role of transcrip-
tion factor NF-xB/Rel in induction of nitric oxide synthase,”
The Journal of Biological Chemistry, vol. 269, no. 7, pp. 4705—
4708, 1994.

K. S. Ahn, E. J. Noh, H. L. Zhao, S. H. Jung, S. S. Kang, and
Y. S. Kim, “Inhibition of inducible nitric oxide synthase and
cyclooxygenase II by Platycodon grandiflorum saponins via
suppression of nuclear factor-xB activation in RAW 264.7
cells,” Life Sciences, vol. 76, no. 20, pp. 2315-2328, 2005.

P. J. Barnes and M. Karin, “Nuclear factor-«B—a pivotal
transcription factor in chronic inflammatory diseases,” The
New England Journal of Medicine, vol. 336, no. 15, pp. 1066—
1071, 1997.



Evidence-Based Complementary and Alternative Medicine

(36]

[44]

Y. C. Chen, L. L. Yang, and T. J. E Lee, “Oroxylin A inhi-
bition of lipopolysaccharide-induced iNOS and COX-2 gene
expression via suppression of nuclear factor-xB activation,”
Biochemical Pharmacology, vol. 59, no. 11, pp. 1445-1457,
2000.

Y. M. Kim, B. S. Lee, K. Y. Yi, and S. G. Paik, “Upstream NF-
(x)B site is required for the maximal expression of mouse
inducible nitric oxide synthase gene in interferon-y plus
lipopolysaccharide-induced RAW 264.7 macrophages,” Bio-
chemical and Biophysical Research Communications, vol. 236,
no. 3, pp. 655-660, 1997.

M. Caivano, “Role of MAP kinase cascades in inducing argi-
nine transporters and nitric oxide synthetase in RAW264
macrophages,” FEBS Letters, vol. 429, no. 3, pp. 249-253, 1998.
I. G. Chae, M. H. Yu, N. K. Im et al., “Effect of Rosemarinus
officinalis L. on MMP-9, MCP-1 levels, and cell migration in
RAW 264. 7 and smooth muscle cells,” Journal of Medicinal
Food, vol. 15, no. 10, pp. 879-886, 2012.

C. S. Seo, J. A. Lee, D. Jung et al., “Simultaneous determi-
nation of liquiritin, hesperidin, and glycyrrhizin by HPLC-
photodiode array detection and the anti-inflammatory effect
of Pyungwi-san,” Archives of Pharmacal Research, vol. 34, no.
2, pp. 203-210, 2011.

D. Zhao, M. N. Islam, B. R. Ahn, H. A. Jung, B. W. Kim, and J.
S. Choi, “In vitro antioxidant and anti-inflammatory activities
of Angelica decursiva,” Archives of Pharmacal Research, vol. 35,
no. 1, pp. 179-192, 2012.

J. Wu, J. Zhou, X. Chen et al., “Attenuation of LPS-induced
inflammation by ICT, a derivate of icariin, via inhibition of
the CD14/TLR4 signaling pathway in human monocytes,”
International Immunopharmacology, vol. 12, no. 1, pp. 74-79,
2012.

C. Q. Xu, B. J. Liu, J. E Wu et al., “Icariin attenuates LPS-
induced acute inflammatory responses: involvement of
PI3K/Akt and NF«B signaling pathway,” European Journal of
Pharmacology, vol. 642, no. 1-3, pp. 146-153, 2010.

H. Honda, Y. Nagai, T. Matsunaga et al., “Glycyrrhizin and
isoliquiritigenin suppress the LPS sensor Toll-like receptor
4/MD-2 complex signaling in a different manner,” Journal of
Leukocyte Biology, vol. 91, no. 6, pp. 967-976, 2012.

J. H. Kim, J. H. Jeong, S. T. Jeon et al., “Decursin inhibits
induction of inflammatory mediators by blocking nuclear
factor-xB activation in macrophages,” Molecular Pharmacol-
0gys vol. 69, no. 6, pp. 1783-1790, 2006.

11



	Introduction
	Materials and Methods
	Materials and Reagent
	Preparation of KIOM-MA
	Cell Culture
	Cell Viability Assay
	Measurement of NO Production
	Measurement of PGE2 Production
	Enzyme-Linked Immunosorbent Assay (ELISA) for TNF- and IL-6 Cytokine Detection
	Cell Migration Assay
	Gelatin Zymography Assay
	Western Blot Analysis
	Preparation of Cytosolic and Nuclear Extracts for NF-B and IB
	RNA Extraction and Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
	Chromatographic Conditions
	Preparation of Standard Solutions and Samples
	Statistical Analysis

	Results
	Inhibitory Effect of KIOM-MA on NO and PGE2 Production
	KIOM-MA Represses Proinflammatory Cytokine Expression in RAW 264.7 Cells
	KIOM-MA Inhibits LPS-Induced iNOS and COX-2 Expression
	KIOM-MA Suppresses LPS-Induced Migration and Gelatinase Activity of MMP-9 in Macrophage
	Inhibitory Effect of KIOM-MA on Nuclear Translocation of NF-B and IB Degradation by LPS Stimulation
	Effect of KIOM-MA on the Phosphorylation of MAPKs in LPS-Stimulated RAW 264.7 Cells
	HPLC Analysis of KIOM-MA

	Discussion
	Conflict of Interests
	Authors' Contribution
	Acknowledgment
	References

