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Abstract: Palmultang (PM) is an herbal decoction that has been used to treat anorexia,
anemia, general prostration, and weakness due to chronic illness since medieval times in
Korea, China, and Japan. The present study focused on the inhibitory effects of PM on the
production of inflammatory factors and on the activation of mechanisms in murine
macrophages. PM suppressed the expression of nitric oxide (NO), inflammatory cytokines
and inflammatory proteins by inhibiting nuclear factor (NF)-xB and mitogen-activated
protein kinase (MAPK) signaling pathways and by inducing heme oxygenase (HO)-/
expression. Collectively, our results explain the anti-inflammatory effect and inhibitory
mechanism of PM in macrophages stimulated with lipopolysaccharide (LPS).
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1. Introduction

Palmultang (PM) is a traditional herbal medication that has been used since medieval times in
East Asia. Currently, PM is usually prescribed as an herbal medicine for the treatment of various
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symptoms associated with body weakness. Previous studies demonstrated that PM was an effective
treatment for endometriosis [1]. In addition, a recent study revealed that PM has a beneficial effect on
reproductive function in female mice [2]. However, the effects of PM on inflammation and inflammatory
mechanisms still remain unknown.

Macrophages play a key role in the regulation of inflammatory and immune responses [3,4].
Activation of macrophages is induced by LPS stimulation, and activated macrophages secrete
inflammatory factors, such as NO, prostaglandin (PG)E> and inflammatory cytokines [5,6]. NO and
PGE; are synthesized by inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX)-2,
respectively, and the expression of iNOS is closely related to the induction of HO-1. HO-I is a
stress-inducible protein that catalyzes the oxidative degradation of heme; two other heme oxygenase
isoforms, HO-2 and HO-3, have also been identified [7]. Enhancing the production of HO-1 reduces
the expression of iNOS and the level of free radicals [8].

NF-xkB plays an important role in the expression of inflammatory genes. When unstimulated,
NF-xB is present in the cytoplasm attached to /xBa; NF-xB is released through degradation of /xkBa
when induced by LPS [9]. Activated NF-«xB can be transferred from the cytoplasm to the nucleus,
where it binds to promoters and induces the expression of various inflammatory genes [10,11]. MAPK
signaling pathways play an important role in transmitting inflammatory signals [12] and comprise
extracellular signal-regulated kinase (ERK), p38, and c-Jun NH,-terminal kinase (JNK) pathways.
MAPKs are activated by phosphorylation and induce activation of the NF-«xB pathway and expression
of the iNOS gene.

In the present study, we evaluated the suppressive effect of PM on inflammation induced by LPS in
RAW 264.7 macrophages. Further, we researched whether the effects of PM on NF-xB and MAPK
signaling pathways and on induction of HO-1 explain the anti-inflammatory mechanism of PM.

2. Results and Discussion

2.1. PM Did not Show Cytotoxicity and Had Inhibitory Activity against NO and Inflammatory Cytokine
Production in Macrophages

In the present study, we demonstrated anti-inflammatory activity of PM in murine macrophages
stimulated with LPS. First, we investigated the cytotoxicity of PM in RAW 264.7 macrophages at
concentrations of 10-1000 pg/mL. As shown in Figure 1A, PM did not show cytotoxicity at
concentrations up to 1000 pg/mL, indicating that it is not toxic to macrophages. Based on this result,
we did experiments using up to 1000 pg/mL concentrations of PM.

The overproduction of NO is associated with various inflammatory diseases [13,14], so we
preferentially investigated the inhibitory effect of PM on the production of NO induced by
LPS stimulation. As shown in Figure 1B, the positive control, dexamethasone, which is known to be
an anti-inflammatory drug, exerted a strong inhibitory effect on NO production. In addition, we
discovered that PM dose-dependently repressed NO secretion to a statistically significant degree.
Notably, PM inhibited NO production by more than 70% at a concentration of 500 pug/mL.

Further, we examined the inhibitory effect of PM on the production of the pro-inflammatory
cytokines tumor necrosis factor (7NF)-a, interleukin (/L)-6 and IL-1f. Cytokine expression was
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analyzed by ELISA and RT-PCR. PM did not inhibit 7NF-a secretion (Figure 1C) and did not
suppress the expression of 7NF-a mRNA (Figure 1F). By contrast, PM effectively inhibited both /L-6
production and mRNA expression in a dose-dependent fashion (Figure 1D,F). Likewise, PM strongly
suppressed IL-1p cytokine and mRNA production at high concentrations (Figure 1E,F).

Figure 1. (A) The cytotoxicity of PM in RAW 264.7 cells. And the suppressive effect of
PM on (B) NO production and (C—F) TNF-a, IL-6 and IL-1p expression induced by LPS
stimulation in macrophages. RAW 264.7 cells were pretreated with PM for 30 min before
incubation with LPS for (A-E) 24 h or (F) 6 h. (A) Cytotoxicity was determined using
CCK; (B) The culture supernatant was analyzed for nitrite production; (C—E) Production of
cytokines was measured by ELISA and (F) mRNA levels were analyzed by RT-PCR. RNA
values were quantitated using the i-MAX™ Gel Image Analysis System (Core Bio, Seoul,
Korea). As a control, cells were incubated with vehicle alone. * p < 0.01 and ** p < 0.001
were calculated via comparisons with the LPS-stimulation value.

A B

LPS (200 ng/ml)

2 R

Cell viability (%)
Nitric oxide (uM)

PM (ug/ml)

LPS (200 ng/ml) LPS (200 ng/ml)

g
H

§

TNF-c (pg/ml)
11-6 (pg/ml)
»

i

-

Control  LPS  Dex 10 100 500 1000 PM (ug/ml)

E F

N
LPS (200 ng/ml) LPS 200 ng/ml) - + + . . N

Dex (10 M)
PM (pg/ml)

TNF-o mRNA

IL-6 mRNA

1L-1p (pg/ml)

IL-1f mRNA

p-actin mRNA

3 10100 500 1000

TNF-u IL-6 IL-1p

2.2. PM Strongly Suppresses Expression of iNOS but not COX-2 in LPS-Stimulated Macrophages and
Induces HO-1 Induction

Because COX-2 and iNOS are enzymes for PGE, and NO synthesis, respectively, we further
investigated the inhibitory effects of PM on COX-2 and iNOS expression using Western blots and
RT-PCR. As shown in Figure 2A, PM did not affect expression of COX-2 at the protein or mRNA
level. By contrast, PM showed a strong dose-dependent inhibitory effect on iNOS expression that was
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statistically significant (Figure 2B). The inhibitory effect of PM on iNOS production was believed to
contribute to the suppression of NO secretion. These results indicate that PM has inhibitory activity
against the production of pro-inflammatory mediators.

Figure 2. Inhibitory effect of PM on expression of (A) COX-2 and (B) iNOS. And the
inductive effect of PM on (C,D) HO-1 in macrophages. Cells were treated with (A,B) LPS
alone or LPS plus PM for 24 h and (C,D) with PM alone for the indicated time periods.
Protein levels were determined by Western blot analysis, as described in the Materials and
Methods, and quantitated using the Davinch-chemi™ CAS-400SM Chemiluminescence
Imaging System (Core Bio, Seoul, Korea). Expression of mRNA was analyzed by RT-PCR.
* p < 0.0l and ** p < 0.001 were calculated via comparisons with the (A,B)
LPS-stimulation value or (D) vehicle alone.
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Increased HO-1 induction has a direct effect on iNOS expression [8]. Therefore, we investigated
whether the inhibitory effect of PM on iNOS expression was associated with increased HO-I
production. We assessed HO-1 induction in PM-treated macrophages using Western blot and RT-PCR
analyses. First, we measured the induction of HO-1 at 3-24 h after treatment with 1000 pg/mL PM.
Protein and mRNA levels of HO-1 were highest at 6 and 3 h, respectively (Figure 2C). Based on the
results in Figure 2C, we investigated HO-1 protein and mRNA expression at the indicated time points.
PM induced HO-1 expression at the protein and mRNA levels at concentrations of 500 and 1000 pg/mL in
a dose-dependent manner (Figure 2D). These results suggest that pretreatment with PM inhibits NO
and iNOS production by increasing HO-1 induction.



Int. J. Mol. Sci. 2014, 15 8447

2.3. PM Inhibited NF-kB Pathway Activation via Blockade of IkBoa Degradation in Macrophages upon
LPS Stimulation

We demonstrated a repressive effect of PM on secretion of the inflammatory cytokine /L-6. NF-«xB
is a key transcriptional factor associated with the cellular response to stimuli, such as LPS [15-17] and
with the production of NO, PGE>, inflammatory cytokines, and iNOS [18-20]. To investigate whether
the inhibitory effect of PM on the expression of inflammatory mediators is associated with activity
of the NF-xB pathway, we measured the effect of PM on NF-xB activation by analyzing translocation
of p65 to the nucleus and the phosphorylation of /kBa. Western blot analysis showed that PM
significantly repressed translocation of p65 to the nucleus at a concentration of 100 pg/mL or greater
(Figure 3A). In addition, the phosphorylation level of IxBa was depressed dose-dependently after PM
treatment (Figure 3B). Thus, PM inhibited the nuclear transcription of p65 by dose-dependently
inhibiting /xBa degradation induced by LPS stimulation. These findings are consistent with previous
studies showing that an NF-xB response drives the expression of the iNOS and /L-6 genes [21-23].

Figure 3. Inhibitory effects of PM on (A) translocation of NF-xB to the nucleus and
(B) phosphorylation of /kBa. Cells were treated with LPS alone or with LPS and PM for
30 min (IkBa) or 1 h (NF-«B). Proteins in the cytosol or nucleus were analyzed by Western
blotting. **p < 0.001 were calculated via comparisons with the LPS-stimulation value.
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2.4. PM Suppressed LPS-Induced Phosphorylation of MAPKs in RAW 264.7 Cells

Because MAPKs activated by phosphorylation upon LPS stimulation are related to iNOS expression
and NF-kB pathway activation in macrophages [24], we examined the inhibitory effect of PM on the
phosphorylation of MAPKs. We assessed the phosphorylation levels of MAPKs, including ERK 1/2,
p38 and JNK. When RAW 264.7 cells were stimulated with LPS after pretreatment with PM, the levels of
phosphorylated ERK and JNK MAPK were significantly decreased with no change in non-phosphorylated
MAPK levels (Figure 4A,C). By contrast, PM showed only a slight inhibitory effect on p38
phosphorylation (Figure 4B). These results indicate that the inhibitory effect of PM on the
phosphorylation of MAPKs is directly related to inhibition of NF-xB activation and reduced production
of inflammatory factors in RAW 264.7 cells.

Figure 4. Inhibitory effect of PM on the phosphorylation of (A) ERK; (B) p38 and
(C) JNK MAPK in macrophages. RAW 264.7 cells were treated with PM for 30 min and
then incubated with LPS for 30 min. Cell lysates were analyzed by Western blotting
using specific antibodies. ** p < 0.001 were calculated via comparisons with the
LPS-stimulation value.
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2.5. HPLC Analysis and Previous Reports on the Main Constituents of PM

HPLC-diode array detector (DAD) analysis conditions were successfully established for the
separation of peaks in PM extracts. The retention times of eight peaks were as follows:
5-hydroxymethylfurfural (5-HMF), 10.30 min; paeoniflorin, 27.22 min; albiflorin, 30.28 min; ferulic
acid, 35.20 min; nodakenin, 36.76 min; decursinol, 43.86 min; glycyrrhizin, 48.69 min; and decursin,
60.93 min. Figure 5 shows chromatograms of the reference components and of a 60% methanol extract
of PM, with detection of eluents at 205 nm (for decursinol), 250 nm (for 5-HMF, albiflorin, ferulic
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acid, nodakenin, glycyrrhizin, and decursin), 330 nm (for paeoniflorin), with ultraviolet rays (UV)
wavelengths selected according to the results of Figure 6. These compounds were identified by comparing
the retention time and DAD spectra with those of authentic standard compounds. Peak purity checking
and identification were conducted using a 190400 nm UV scan with a DAD.

Figure 5. HPLC chromatograms of (A) a standard mixture and (B) PM at 250 nm.
1, 5-HMF, 10.30 min; 2, paeoniflorin, 27.22 min; 3, albiflorin, 30.28 min; 4, ferulic acid,
35.20 min; 5, nodakenin, 36.76 min; 6, decursinol, 43.86 min; 7, glycyrrhizin, 48.69 min;
and 8, decursin, 60.93 min.
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Figure 6. Chemical structures and HPLC DAD spectra of the main constituents of PM.
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Calibration curves were obtained using standard solutions containing 1.25-10,000 pg/mL for
5-HMF, ferulic acid, nodakenin, decursinol, glycyrrhizin, and decursin, 20-20,000 pg/mL for
peaoniflorin and albiflorin as marker components. Calibration curve showed good linearity
(** > 0.9990). The limits of detection (LOD) and limits of quantification (LOQ) were 0.16-0.50 pg/mL
for 5-HMF, 0.22—-0.68 pg/mL for ferulic acid, 0.13—-0.40 ug/mL for nodakenin, 0.10-0.29 pg/mL for
decursinol, 0.63—0.19 pg/mL for glycyrrhizin and 0.45-0.12 pg/mL for decursin, 48.17-16.05 pg/mL
for peaoniflorin, 3.30-10.00 ug/mL for albiflorin (Table 1). The amounts of compounds 1-8 (5-HMF,
peaoniflorin, albiflorin, ferulic acid, nodakenin, decursinol, glycyrrhizin, and decursin, respectively)
were 11.09, 2.59, 2.30, 3.36, 8.23, 5.11, 0.36, and 1.17 mg/g, respectively. The analytical results for
each component identified are summarized in Table 2.

Table 1. Linearity, correlation coefficient, limits of detection (LOD), and limits of
quantification (LOQ) of the marker compound (n = 3).

Linear Range Correlation LOD"

LOQ¢

Compound (ng/mL) Regression Equation * Coefficient (r2) (ng/mL) (ng/mL)
5-HMF 1.25-10,000 y=403917x — 87212 0.9993 0.16 0.50
Ferulic acid 1.25-10,000 y=273782x + 89791 0.9998 0.23 0.68
Nodakenin 1.25-10,000 y=239585x — 25958 1.0000 0.13 0.40
Decursinol 1.25-10,000 y=1598246x + 235041 0.9996 0.10 0.29
Glycyrrhizin 1.25-10,000 y=43887x + 38994 0.9991 0.63 0.19
Decursin 1.25-20,000 y=116410x + 1188529 1.0000 0.45 0.12
Peaoniflorin 20-20,000 y=1871.8x + 16715 0.9990 16.05 48.17
Albiflorin 20-20,000 y=8026.8x + 6805.9 0.9993 3.33 10.00

® 3 = peak area (mAU) of the components, x = concentration (ug'mL') of the components;

> LOD = 3x signal-to-noise (S/S) ratio;  LOQ = 10x signal-to-noise (S/S) ratio.

Table 2. Content of the eight marker compounds of Palmultang (n = 3).

Content (mg/g)
Compound
Mean SD RSD (%)

5-HMF 11.09 0.35 3.11
Ferulic acid 2.59 0.00 0.15
Nodakenin 2.30 0.00 0.02
Decursinol 3.36 0.02 0.72
Glycyrrhizin 8.23 0.01 0.13
Decursin 5.11 0.00 0.01
Peaoniflorin 0.36 0.00 0.34
Albiflorin 1.17 0.03 2.41

A previous study reported that 5-HMF prevents TNF-a-induced monocytic cell adhesion to human
umbilical vein endothelial cells (HUVECs) by suppression of vascular cell adhesion molecule-1
expression, reactive oxygen species generation and NF-xB activation [25]. Additionally, it was
demonstrated that paeoniflorin suppresses TNF-a-induced chemokine production in human dermal
microvascular endothelial cells by blocking NF-«B and ERK pathways [26]. Another recent study
demonstrated that nodakenin exerts a suppressive effect on LPS-induced inflammatory responses in
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macrophages by inhibiting TNF receptor-associated factor 6 and NF-xB pathways, and it protects mice
from lethal endotoxin shock [27]. A further recent study showed that glycyrrhizin inhibits NO and PGE,
production in a bimodal fashion [28]. Another study demonstrated that decursin inhibits induction of
inflammatory mediators by blocking NF-xB activation in macrophages [29]. These facts suggest that
the anti-inflammatory activity of PM might be related to active components of PM, including 5-HMF,
paeoniflorin, nodakenin, glycyrrhizin, and decursin.

3. Experimental Section
3.1. Materials and Reagents

Products related to cell culture (RPMI 1640, fetal bovine serum (FBS) and antibiotics) were
purchased from Lonza (Basel, Switzerland). LPS and bovine serum albumin (BSA) were obtained
from Sigma (St. Louis, MO, USA). The Cell-Counting Kit (CCK) was obtained from Dojindo
Molecular Technologies, Inc. (Kumamoto, Japan). Various primary and secondary antibodies for
Western blot analysis were purchased from Cell Signaling Technology, Inc. (Boston, MA, USA).
Enzyme-linked immunosorbent assay (ELISA) antibody sets for cytokine detection were obtained
from eBioscience (San Diego, CA, USA). An RNA extraction kit was purchased from iNtRON
(Sungnam, Korea). DNA synthesizing kits and oligonucleotide primers were obtained from Bioneer
(Daejeon, Korea). 5-(Hydroxy-methyl)furfural (5-HMF) and ferulic acid were purchased from Sigma
(St. Louis, MO, USA). Paeoniflorin and glycyrrhizin were purchased from Tokyo Chemical Industry
Co., Ltd. (Tokyo, Japan). Decursinol was purchased from Elcom Science (Seoul, Korea), nodakenin
from Chem Faces (Wuhan, China), albiflorin from Wako (Osaka, Japan), and decursin from the
Ministry of Food and Drug Safety (Osong, Korea). The purity of all representative standards was
confirmed by high-performance liquid chromatography (HPLC) to be higher than 97%. HPLC grade
solutions, acetonitrile and trifluoroacetic acid were purchased from J. T. Baker Inc. (Philipsburg, NJ,
USA). Distilled water (DW) was filtered through a 0.45 pm membrane filter from ADVANTEC
(Tokyo, Japan) before analysis.

3.2. Preparation of PM Extract

PM is composed of eight medicinal herbs listed in Table 3. All herbs were purchased from
Yeongcheon Herbal Market (Yeongcheon, Korea). All voucher specimens were deposited in an herbal
tank, placed in 19,200 mL of DW and then extracted by heating for 3 h at 115 °C and under high
pressure (Gyeongseo Extractor Cosmos-600, Inchon, Korea). After extraction, the solution was filtered
using standard testing sieves (150 um) (Retsch, Haan, Germany), freeze-dried and kept in desiccators
at 4 °C before use. The acquisition was 591 g and the yield was 30.8%. The freeze-dried extract
powder was then dissolved in DW, centrifuged at 14,000 rpm for 10 min and supernatant was filtered
(pore size, 0.2 pm) and kept at 4 °C prior to use.
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Table 3. Herbal components and amount of Palmultang (PM) decoction.

Herbs Amount of Herbs (g)
Ginseng Radix 240
Atractylodes Rhizome White 240
Poria 240
Glycyrrhizae Radix et Rhizoma 240
Angelica Gigas Root 240
Prepared Rehmannia Root 240
Peony Root 240
Cinidium Rhizome 240
Total weight 1920

3.3. Cell Culture and Drug Treatment

RAW 264.7 cells were obtained from the Korea Cell Line Bank (Seoul, Korea) and grown in
complete RPMI 1640 medium. The cells were incubated in a humidified 5% CO, atmosphere at 37 °C.
To stimulate the cells, the medium was replaced with fresh RPMI 1640 medium, and LPS (200 ng/mL)
was added in the presence or absence of various concentrations of PM (10, 100, 500, and 1000 pg/mL)
for the indicated time periods.

3.4. Cell Viability Assay

PM was added to the cells, which were incubated for 24 h at 37 °C in 5% CO,. CCK solutions were
added to each well, and the cells were incubated for an additional 1 h. The optical density was then
read at 450 nm using an ELISA reader (Infinite M200, Tecan, Mannedorf, Switzerland).

3.5. Determination of NO, TNF-o, IL-6 and IL-1p Cytokine Production

The cells were pretreated with PM and stimulated with LPS for 24 h. NO production was analyzed
by measuring nitrite using Griess reagent (1% sulfanilamide, 0.1% naphthylethylenediamine
dihydrochloride, 2.5% phosphoric acid) according to a previous study [30]. Secretion of the
inflammatory cytokines TNF-a, IL-6 and IL-1f was analyzed using a mouse ELISA antibody set
(eBioscience, San Diego, CA, USA). The inhibitory effects of PM were determined at 570 and 450 nm
for NO and cytokines, respectively, using an ELISA reader.

3.6. Preparation of Whole-Cell, Cytosolic and Nuclear Fractions and Western Blot Analysis

The expression of various proteins was analyzed by Western blot analysis according to standard
procedures. Cells were stimulated with LPS with or without PM for the indicated time periods at 37 °C.
After incubation, the cells were harvested and resuspended in radio immunoprecipitation assay (RIPA)
lysis buffer (Millipore, Bedford, MA, USA) containing protease and phosphatase inhibitor cocktail
(Roche, Basel, Switzerland) to obtain whole-cell lysates. Cytosolic and nuclear fractions were isolated
using NE-PER Nuclear and Cytoplasmic Extraction Reagents (Thermo Scientific, Rockford, IL, USA)
according to the procedure described by the manufacturer. After cell debris was removed by
centrifugation, the concentration of protein was determined by Bradford’s method, and equal amounts
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of protein were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
The proteins were transferred onto a nitrocellulose membrane (Millipore, Bedford, MA, USA) and
blocked with 3% BSA in Tris-buffered saline containing 0.1% Tween 20 (TBS-T). The membrane
was then incubated with each primary antibody at 4 °C overnight, followed by incubation with
HRP-conjugated secondary antibodies. The specific proteins were detected using SuperSignal West
Femto Chemiluminescent Substrate (Thermo Scientific, Rockford, IL, USA).

3.7. RNA Extraction and Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

Total RNA was isolated using an easy-BLUE™ RNA extraction kit (iNtRON, Daejeon, Korea)
according to the procedure described by the manufacturer. cDNA was synthesized using AccuPower”
CycleScript RT PreMix (Bioneer, Daejeon, Korea). The sequences of specific primers used for
amplification by polymerase chain reaction are shown in Table 4. The following PCR conditions were
applied for TNF-a, IL-6, IL-1f, COX-2, iNOS, HO-1, and B-actin: 35 cycles of denaturation at 94 °C

for 30 s, annealing at the temperature indicated in Table 4 for 30 s, and extension at 72 °C for 30 s [30-34].

Table 4. Primer sequences and annealing temperatures used for RT-PCR analysis.

Target Gene Primer Sequence Annealing Temp

TNF F: 5'“AGCACAGAAAGCATGATCCG-3' 55 0C
“ R: 5'-GTTTGCTACGACGTGGGCTA-3'

1.6 F: 5-CATGTTCTCTGGGAAATCGTGG-3' 58 °C
) R: 5'-AACGCACTAGGTTTGCCGAGTA-3'

IL-1p F: 5-“TGCAGAGTTCCCCAACTGGTACATC-3' 64 °C
R: 5-GTGCTGCCTAATGTCCCCTTGAATC-3'

COX.2 F: 5-CACTCAGTTTGTTGAGTCATTC-3' 45 °C
R: 5'-GATTAGTACTGTAGGGTTAATG-3'

NOS F: 5-AGCCCAACAATACAAATGACCCTA-3' s6 oc
! R: 5-TTCCTGTTGTTTCTATTTCCTTTGT-3'

HO-1 F: 5-“TGAAGGAGGCCACCAAGGAGG-3' 62 °C
) R: 5'-AGAGGTCACCCAGGTAGCGGG-3'

F: 5'-ATGAAGATCCTGACCGAGCGT-3'

acti 58 °C
p-actin R: 5~AACGCAGCTCAGTAACAGTCCG-3'

F, forward; R, reverse.

3.8. Preparation of Standard Solutions and Samples

An aqua 60% methanol standard stock solution containing compounds 5-HMF, ferulic acid,
nodakenin, glycyrrhizin, decursinol, peaoniflorin, albiflorin, and decursin (each 1 mg/mL) were
prepared and stored below —4 °C. Working standard solutions were prepared by serial dilution of stock
solution with aqua 60% methanol. All calibration curves were obtains from assessement of peak areas
of standards in the concentration ranges. A sample of 10 mg PM extract was prepared in 1 mL DW,
extracted by ultra-sonication, and filtered through a 0.2 um syringe membrane filter from Whatman
Ltd. (Maidstone, UK) before injection into the HPLC system for analysis. Sample solutions were
stored at —4 °C in a refrigerator before analysis.
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3.9. General Experimental Procedures

Analytical HPLC data were obtained using an L-2130 pump, L-2200 auto-sampler, L-2300 column
oven and L-2455 UV/VIS DAD. The output signal of the detector was recorded using EZChrom Elite
software for the HPLC system (Hitachi, Tokyo, Japan). The OptimaPak C,g analytical HPLC column
(4.6 x 250 mm, 5 um; RS Tech Co., Daejeon, Korea) was used in this study.

3.10. Analytical Chromatographic Conditions

The mobile phase consisted of water containing (A) 0.1% trifluoroacetic acid and (B) acetonitrile
with gradient elution at a flow rate of 1.0 mL/min. The sample injection volume was 20 pL, and the
flow rate of the mobile phase was 1.0 mL/min (Table 5). The column temperature was maintained at
40 °C, and the wavelengths of the UV detector were set at 205, 250, and 330 nm.

Table 5. HPLC conditions used for the analysis of PM.

Item Condition
Time Water Acetonitrile
(min) (Containing 0.1% TFA)
0 5 95
Mobile phase > > 95
15 15 85
25 15 85
50 65 35
60 65 35
Flow rate 1.0 mL/min
Inject volume 20 uL
Column OptimaPak Cg (4.6 x 250 mm, 5 um, RS tech Co., Daejeon, Korea)
Column temperature 40 °C
UV wavelength 205, 250 and 330 nm

3.11. Statistical Analysis

The results are expressed as mean + SE values. Statistical significance for each treated group
compared with the negative control was determined using the Student’s ¢ test. Each experiment
was repeated at least three times to yield comparable results. p values of <0.01 and <0.001 were
considered significant.

4. Conclusions

In conclusion, PM shows significant inhibitory effects on the secretion of NO and expression of
IL-6, IL-1p and iNOS in LPS-stimulated RAW 264.7 cells. These effects are due to inhibition of
NF-kB activation through suppression of /kBa degradation and blockade of MAPK phosphorylation.
Furthermore, the induction of HO-I by PM inhibits inflammatory factor production. These results
show that PM could be developed as a new anti-inflammatory agent derived from natural products.



Int. J. Mol. Sci. 2014, 15 8455

Acknowledgments

This work was supported by the grant K14050 awarded to Korea Institute of Oriental Medicine
(KIOM) from Ministry of Education, Science and Technology (MEST), Korea.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Lee, M.J.; Lim, EM.; Kwon, K.R. Effect of Paljin-tang on Surgically Induced Endometriosis in
Rats. J. Orient. Obstet. Gynecol. 2006, 19, 83—94.

2. Joo, J.M.; Kim, D.C.; Back, S.H.; Kim, E.H. The Effect of Palmultang on the Ovarian Functions
and Differential Gene Expression of Caspase-3, MAPK and MPG in Female Mice. J. Orient.
Obstet. Gynecol. 2007, 20, 91-110.

3. Pierce, G.F. Macrophages: Important physiologic and pathologic sources of polypeptide growth
factors. Am. J. Respir. Cell Mol. Biol. 1990, 2, 233-234.

4. Wadleigh, D.J.; Reddy, S.T.; Kopp, E.; Ghosh, S.; Herschman, H.R. Transcriptional activation of
the cyclooxygenase-2 gene in endotoxin-treated RAW 264.7 macrophages. J. Biol. Chem. 2000,
275, 6259-6266.

5. Becker, S.; Mundandhara, S.; Devlin, R.B.; Madden, M. Regulation of cytokine production in
human alveolar macrophages and airway epithelial cells in response to ambient air pollution
particles: Further mechanistic studies. Toxicol. Appl. Pharmacol. 2005, 207, 269-275.

6. Kim, J.B.; Han, A.R.; Park, E.Y.; Kim, J.Y.; Cho, W.; Lee, J.; Seo, E.K.; Lee, K.T. Inhibition of
LPS-induced iNOS, COX-2 and cytokines expression by poncirin through the NF-kappaB
inactivation in RAW 264.7 macrophage cells. Biol. Pharm. Bull. 2007, 30, 2345-2351.

7. Pae, H.O.; Chung, H.T. Heme oxygenase-1: Its therapeutic roles in inflammatory diseases.
Immune Netw. 2009, 9, 12—-19.

8. Ashino, T.; Yamanaka, R.; Yamamoto, M.; Shimokawa, H.; Sekikawa, K.; Iwakura, Y.; Shioda, S.;
Numazawa, S.; Yoshida, T. Negative feedback regulation of lipopolysaccharide-induced inducible
nitric oxide synthase gene expression by heme oxygenase-1 induction in macrophages.
Mol. Immunol. 2008, 45,2106-2115.

9. De Martin, R.; Vanhove, B.; Cheng, Q.; Hofer, E.; Csizmadia, V.; Winkler, H.; Bach, F.H.
Cytokine-inducible expression in endothelial cells of an I kappa B alpha-like gene is regulated by
NF kappa B. EMBO J. 1993, 12, 2773-2779.

10. Pahl, H.L. Activators and target genes of Rel/NF-kappaB transcription factors. Oncogene 1999,
18, 6853-6866.

11. Baeuerle, P.A.; Baltimore, D. NF-kappa B: Ten years after. Cel/ 1996, 87, 13-20.

12. Robinson, M.J.; Cobb, M.H. Mitogen-activated protein kinase pathways. Curr. Opin. Cell Biol.
1997, 9, 180-186.

13. Guzik, T.J.; Korbut, R.; Adamek-Guzik, T. Nitric oxide and superoxide in inflammation and
immune regulation. J. Physiol. Pharmacol. 2003, 54, 469—487.



Int. J. Mol. Sci. 2014, 15 8456

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Southan, G.J.; Szabo, C. Selective pharmacological inhibition of distinct nitric oxide synthase
1soforms. Biochem. Pharmacol. 1996, 51, 383-394.

Brasier, A.R. The NF-kappaB regulatory network. Cardiovasc. Toxicol. 2006, 6, 111-130.
Gilmore, T.D. Introduction to NF-kappaB: Players, pathways, perspectives. Oncogene 2006, 235,
6680—6684.

Tian, B.; Brasier, A.R. Identification of a nuclear factor kappa B-dependent gene network.
Recent Prog. Horm. Res. 2003, 58, 95—-130.

Chen, F.; Kuhn, D.C.; Sun, S.C.; Gaydos, L.J.; Demers, L.M. Dependence and reversal of
nitric oxide production on NF-kappa B in silica and lipopolysaccharide-induced macrophages.
Biochem. Biophys. Res. Commun. 1995, 214, 839—-846.

Roshak, A.K.; Jackson, J.R.; McGough, K.; Chabot-Fletcher, M.; Mochan, E.; Marshall, L.A.
Manipulation of distinct NFkappaB proteins alters interleukin-1beta-induced human rheumatoid
synovial fibroblast prostaglandin E2 formation. J. Biol. Chem. 1996, 271, 31496-31501.

Xie, W.; Merrill, J.R.; Bradshaw, W.S.; Simmons, D.L. Structural determination and promoter
analysis of the chicken mitogen-inducible prostaglandin G/H synthase gene and genetic mapping
of the murine homolog. Arch. Biochem. Biophys. 1993, 300, 247-252.

Ahn, K.S.; Noh, E.J.; Zhao, H.L.; Jung, S.H.; Kang, S.S.; Kim, Y.S. Inhibition of inducible nitric
oxide synthase and cyclooxygenase II by Platycodon grandiflorum saponins via suppression of
nuclear factor-kappaB activation in RAW 264.7 cells. Life Sci. 2005, 76, 2315-2328.

Barnes, P.J.; Karin, M. Nuclear factor-kappaB. A pivotal transcription factor in chronic
inflammatory diseases. N. Engl. J. Med. 1997, 336, 1066—1071.

Kim, Y.M.; Lee, B.S.; Yi, K.Y.; Paik, S.G. Upstream NF-kappaB site is required for the maximal
expression of mouse inducible nitric oxide synthase gene in interferon-gamma plus lipopolysaccharide
induced RAW 264.7 macrophages. Biochem. Pharmacol. 1997, 236, 655-660.

Caivano, M. Role of MAP kinase cascades in inducing arginine transporters and nitric oxide
synthetase in RAW 264.7 macrophages. FEBS Lett. 1999, 429, 249-253.

Kim, HK.; Choi, Y.W.; Lee, E.N.; Park, JK.; Kim, S.G.; Park, D.J.; Kim, B.S.; Lim, Y.T.;
Yoon, S. 5-Hydroxymethylfurfural from black garlic extract prevents TNFa-induced monocytic
cell adhesion to HUVECs by suppression of vascular cell adhesion molecule-1 expression,
reactive oxygen species generation and NF-kB activation. Phytother. Res. 2011, 25, 965-974.
Chen, T.; Guo, Z.P.; Jiao, X.Y.; Jia, R.Z.; Zhang, Y.H.; Li, J.Y.; Huang, X.L.; Liu, H.J.
Peoniflorin suppresses tumor necrosis factor-a induced chemokine production in human
dermal microvascular endothelial cells by blocking nuclear factor-«B and ERK pathway.
Arch. Dermatol. Res. 2011, 303, 351-360.

Rim, H.K.; Cho, W.; Sung, S.H.; Lee, K.T. Nodakenin suppresses lipopolysaccharide-induced
inflammatory responses in macrophage cells by inhibiting tumor necrosis factor receptor-associated
factor 6 and nuclear factor-kB pathways and protects mice from lethal endotoxin shock.
J. Pharmacol. Exp. Ther. 2012, 342, 654—664.

Kato, T.; Horie, N.; Hashimoto, K.; Satoh, K.; Shimoyama, T.; Kaneko, T.; Kusama, K.
Sakagami, H. Bimodal effect of glycyrrhizin on macrophage nitric oxide and prostaglandin E2
production. In Vivo 2008, 22, 583-586.



Int. J. Mol. Sci. 2014, 15 8457

29.

30.

31.

32.

33.

34.

Kim, J.H.; Jeong, J.H.; Jeon, S.T.; Kim, H.; Ock, J.; Suk, K.; Kim, S.I.; Song, K.S.; Lee, W.H.
Decursin inhibits induction of inflammatory mediators by blocking nuclear factor-kappaB
activation in macrophages. Mol. Pharmacol. 2006, 69, 1783—-1790.

Choi, H.J.; Kang, O.H.; Park, P.S.; Chae, H.S.; Oh, Y.C.; Lee, Y.S.; Choi, J.G.; Lee, G.H.;
Kweon, O.H.; Kwon, D.Y. Mume Fructus water extract inhibits pro-inflammatory mediators in
lipopolysaccharide-stimulated macrophages. J. Med. Food 2007, 10, 460—466.

Jo, HY.; Kim, Y.; Nam, S.Y.; Lee, B.J.; Kim, Y.B.; Yun, Y.W.; Ahn, B. The inhibitory effect of
quercitrin gallate on iNOS expression induced by lipopolysaccharide in Balb/c mice. J. Vet. Sci.
2008, 9, 267-272.

Kim, H.Y.; Kim, J.K.; Choi, J.H.; Jung, J.Y.; Oh, W.Y.; Kim, D.C.; Lee, H.S.; Kim, Y.S.; Kang, S.S.;
Lee, S.H.; et al. Hepatoprotective effect of pinoresinol on carbon tetrachloride-induced hepatic
damage in mice. J. Pharmacol. Sci. 2010, 112, 105-112.

Srisook, K.; Palachot, M.; Mongkol, N.; Srisook, E.; Sarapusit, S. Anti-inflammatory effect of
ethyl acetate extract from Cissus quadrangularis Linn may be involved with induction of heme
oxygenase-1 and suppression of NF-kB activation. J. Ethnopharmacol. 2011, 133, 1008—-1014.
Kwon, D.J.; Ju, SM.; Youn, G.S.; Choi, S.Y.; Park, J. Suppression of iNOS and COX-2
expression by flavokawain A via blockade of NF-kB and AP-1 activation in RAW 264.7
macrophages. Food Chem. Toxicol. 2013, 58, 479—486.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



