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ABSTRACT

Inflammatory and oxidative stimuli play a critical role not only in the process of transforming normal cells into
cancer cells, but also in the proliferation process of cancer cells. Sipyukmiryukieum (SYMRKU), a traditional Korean
herb-combined remedy, is composed of 16 kinds of herbal medicines, which were recorded for “Ongjeo” treatment in
“Dongeuibogam’. In this study, we investigated the inhibitory effect of SYMRKU against inflammatory and oxidative
responses in lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages. Our results showed that SYMRKU
significantly inhibited LPS-induced secretion of pro-inflammatory mediators including nitric oxide (NO) and
prostaglandin E without showing any significant cytotoxicity. Consistent with these results, SYMRKU down-regulated
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LPS-induced expression of their regulatory enzymes such as inducible NO synthase and cyclooxygenase-2. SYMRKU
also inhibited LPS-induced production and expression of pro-inflammatory cytokines such as tumor necrosis factor-a,
interleukin (IL)-1B and IL-6. In addition, SYMRKU significantly reduced the production of reactive oxygen species by
LPS and showed a strong, which was associated with induction of nuclear factor erythroid 2-related factor 2 and
heme oxygenase-1 expression. Although further studies are needed to fully understand the anti-inflammatory effects
associated with the antioxidant capacity of SYMRKU, the findings of the current study suggest that SYMRKU may
have potential benefits by inhibiting the onset and/or treatment of inflammatory and/or oxidative diseases.
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Korean (Chinese) name Pharmaceutical name Dose (g)
FAES QY Glycyrrhiza uralensis Fisch 2
73 (R Platycodon grandiflorum (Jacq.) A. DC 1.2
A () Angelica gigas Nakai 4
HFORAE) Inula helenium L. 2
S (B ) Ledebouriella seseloides (Hoffm.) Wolff 2
ZFok( Aj4) Paeonia japonica (Makino) Miyabe & Takeda 2
A2 (1) Angelicae dahuricae Radix 2
R CHAE) Areca catechu Linné (Palmae) 2
Q. OF(F54E) Lindera strichnifolia Fernandez—Villar 2
SA (AEE) Cinnamomum cassia Presl 2
AA(AZ) Panax ginseng C. A. Meyer 4

A4 CERAREE) Perilla frutescens (L.) Britton 6
A ZHBGE) Poncirus trifoliata Rafin 2
HAZUIE) Cnidium officinale Makino 2
7] () Astragalus membranaceus (Fisch.) Bunge 4
k(AN Machilus thunbergii Siebold & Zucc. 2

Total Amounts 41.2

Table 2. Primary and secondary antibodies used for immunoblotting.
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Antibody Manufacturer Item No. Dilution

iINOS BD Biosciences 610333 1:1,000

COX-2 Santa Cruz Biotechnology, Inc. sc—19999 1:500

TNF—a Cell signaling Technology 3707S 1:1,000

IL-183 Santa Cruz Biotechnology, Inc. sc—32294 1:1,000

IL-6 Abcam, Inc. ab6672 1:1,000

HO-1 Merck Milipore 374090 1:1,000

Nrf2 Santa Cruz Biotechnology, Inc. sc—13032 1:1,000

Keap 1 Santa Cruz Biotechnology, Inc. sc—15246 1:1,000

Actin Santa Cruz Biotechnology, Inc. sc—1615 1:1,000

Goat anti—mouse IgG—HRP Santa Cruz Biotechnology, Inc. sc—2005 1:5,000
Goat anti—rabbit IgG—HRP Santa Cruz Biotechnology, Inc. sc—2004 1:5,000
Bovine anti—goat IgG—HRP Santa Cruz Biotechnology, Inc. sc—2350 1:5,000

Figure legends
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Figure 1. Effects of SYMRKE on the cell Vlablhty in LPS stimulated RAW 264.7 macrophages.

80  SYMRKE (ug/ml)
+  LPS (100 ng/ml)

Cultured
RAW 264.7 macrophages were treated with various concentrations of SYMRKE for 24 h or
pre—treated with indicated concentrations of SYMRKE for 1 h prior to treatment with 100
ng/ml LPS for 24 h. (A) Cell viability was assessed by MTT assay. Results are expressed
as the percentage of surviving cells over control cells (no addition of SYMRKE or LPS).
Values represent the mean * SD of three independent experiments (#p< 0.05 compared to
control). (B) After treatment, cell images were obtained using an inverted microscope
(original magnification, 200%). These images are representative of at least three
independent experiments.
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Figure 2. Effects of SYMRKE on LPS—induced production NO and PGE, in RAW 264.7 macrophages.
Cells were pre—treated with the indicated concentrations of SYMRKE for 1 h prior to
incubation with 100 ng/ml LPS for 24 h. The levels of NO (A) and PGE, (B) in culture
media were measured by Griess assay and a commercial ELISA kit, respectively. Each
value indicates the mean £ SD as representative result obtained from three independent
experiments (#p <0.05 compared to control; #p< 0.05 compared to cells cultured with 100

ng/ml LPS).
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Figure 3. Effects of SYMRKE on LPS—induced expression of iNOS and COX—2 in RAW 264.7 macrophages.

Cells were pre—treated with the indicated concentrations of SYMRKE for 1 h prior to
incubation with 100 ng/ml LPS for 24 h. (A) Expression of iINOS and COX—2 at protein
levels determined by Western blot analysis with cell lysates wusing anti—iNOS and
anti—COX—2 antibodies and an ECL detection system. Actin was used as an internal
control. (B) Bands were quantified using ImageJ, normalized to actin and ratios were
determined. Data are presented as the means =+ SD obtained from three independent
experiments (“p<0.05 compared with the control group; #p<0.05 compared with the LPS
group).
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Figure 4. Inhibition of LPS—induced production of TNF—q IL—108 and IL—-6 by SYMRKE in RAW 264.7

—
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macrophages. Cells were pre—treated with various concentrations of SYMRKE for 1 h
followed by treatment with 100 ng/ml LPS for 24 h. The levels of TNF—a (A), IL-18 (B)
and IL—-6 (C) present in the supernatants were measured using the corresponding ELISA
kits. Each value indicates the mean = SD as representative result obtained from three
independent experiments (*p <0.05 compared to control; #p< 0.05 compared to cells
cultured with 100 ng/ml LPS).
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Figure 5. Inhibition of LPS—induced expression of TNF—q IL—108 and IL—6 by SYMRKE in RAW 264.7

macrophages. Cells were pre—treated with various concentrations of SYMRKE for 1 h
followed by treatment with 100 ng/ml LPS for 24 h. (A) The protein levels of each
cytokine were determined by Western blot analysis using the indicated antibodies and an
ECL detection system. Actin was used as an internal control. (B) Bands were quantified
using ImageJ, normalized to actin and ratios were determined. Data are presented as the
means * SD obtained from three independent experiments ("p<0.05 compared with the
control group; #p<0.05 compared with the LPS group).
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Figure 6. Suppression of LPS—induced ROS generation by SYMRKE in RAW 264.7 macrophages. Cells
were pre—treated with 80 pg/ml SYMRKE or 10 mM NAC for 1 h followed by stimulation
with or without 100 ng/ml LPS for 6 h. (A) After staining with DCF—DA, images were
obtained by fluorescence microscopy (original magnification, *<200). These images are
representatives of at least three independent experiments. (B) Cells were incubated with
DCF—DA and DCF fluorescence was measured by flow cytometry. (C) Each value indicates
the mean * SD as representative result obtained from three independent experiments
using flow cytometry (#p <0.05 compared to control; #*p <0.05 compared to cells cultured
with 100 ng/ml LPS).
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Figure 7. Effects of SYMRKE on the expression of Nrf2, Keapl and HO—1 protein levels in RAW
264.7 macrophages. Cell were treated with 80 pg/ml SYMRKE for the indicated times (A
and B) or treated with the indicated concentrations of SYMRKE for 24 h (C and D). (A and
C) The protein levels of each cytokine were determined by Western blot analysis using the
indicated antibodies and an ECL detection system. Actin was used as an internal control.
(B and D) Bands were quantified using ImageJ, normalized to actin and ratios were
determined. Data are presented as the means * SD obtained from three independent
experiments (*p<0.05 compared with the control group; #p<0.05 compared with the LPS group).

29



