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Suppression of inflammation by the rhizome of
Anemarrhena asphodeloides via regulation of nuclear factor-xB
and p38 signal transduction pathways in macrophages
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Abstract. The rhizome of Anemarrhena asphodeloides Bunge
(A. asphodeloides) has been used as a traditional East Asian
medicine for the treatment of various types of inflammatory
disease. However, to the best of our knowledge, there have
been no systemic studies regarding the molecular mechanisms
of action of the A. asphodeloides rhizome anti-inflammatory
effects. The aim of the present study was to elucidate the
anti-inflammatory effects and underlying mechanism of
action of ethanol extracts of the rhizome of A. asphodeloides
(EAA) in murine macrophages. Non-cytotoxic concentrations
of EAA (10-100 pug/ml) significantly decreased the produc-
tion of NO and interleukin (IL)-6 in lipopolysaccharide
(LPS)-stimulated macrophages, while the production of tumor
necrosis factor-a was not regulated by EAA. EAA-mediated
reduction of nitric oxide (NO) was due to reduced expression
levels of inducible NO synthase (iNOS). Furthermore, protein
expression levels of LPS-induced cyclooxygenase-2, another
inflammatory enzyme, were alleviated in the presence of
EAA. EAA-mediated reduction of those proinflammatory
mediators was due to inhibition of nuclear factor-xB (NF-xB)
and activator protein 1 transcriptional activities followed by
the stabilization of inhibitor of k Ba and inhibition of p38,
respectively. These results indicate that EAA suppresses
LPS-induced inflammatory responses by negatively regulating
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p38 and NF-«B, indicating that EAA is a candidate treatment
for alleviating inflammation.

Introduction

Inflammatory responses elicit a host defense to external
stimuli, including bacterial contamination. Invasion of
pathogens triggers sequential innate immune responses. The
main immune cells that act in the innate immune response
include neutrophils, dendritic cells and macrophages, whose
inflammatory properties involve phagocytic action, antigen
presentation, and production of inflammatory mediators (1).
In particular, macrophages initiate and maintain inflammation
via the production of inflammatory mediators, including nitric
oxide (NO), prostaglandin E, (PGE,), and proinflammatory
cytokines (2). An adequate degree of inflammation rescues
the human body from infectious diseases; however, the tight
regulation of inflammatory responses is important, as exces-
sive inflammatory responses cause severe inflammatory
diseases, such as inflammatory bowel disease, atherosclerosis
and rheumatoid arthritis (3). Therefore, identifying candidate
molecules possessing anti-inflammatory properties is a valu-
able strategy for the treatment of severe inflammatory states.

Nuclear factor-kB (NF-kB) and activator protein 1 (AP-1)
transcription factors are major signaling molecules involved
in the regulation of inflammatory mediators (4). NF-«B is
a pivotal regulator of inflammation that controls expres-
sion of proinflammatory genes (5). AP-1, a heterodimeric
protein consisting of members of the Jun and Fos families of
DNA-binding proteins, activates cellular processes, such as
inflammation, proliferation and apoptosis, by binding to the
promoter regions of various genes (6). Thus, AP-1 proteins are
recognized as regulators of cytokine expression and important
modulators of inflammatory diseases.

Many traditional medicines have been used for the treat-
ment of various inflammatory diseases. Of them, the rhizome
of Anemarrhena asphodeloides Bunge (Asparagaceae) is
widely administered as traditional medicine in China, Korea
and Japan for the treatment of inflammatory disorders,
including fever, coughs, allergies, diabetes, and Alzheimer's
disease (7,8). Numerous previous studies support the use of
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A. asphodeloides for the treatment of various inflammatory
disorders. Lee Mo Tang, a mixture of A. asphodeloides and
Fritillaria cirrhosa, was reported to exhibit anti-asthmatic
effects via the inhibition of ovalbumin-induced eosinophil
accumulation and Th2-mediated bronchial hyperresponsive-
ness in a murine model of asthma (9). Zi Shen Pill, another
agent containing A. asphodeloides, exerted effects on benign
prostatic hyperplasia via inhibition of vascular endothelial
growth factor and basic fibroblast growth factor expression in
rats (10). Furthermore, methanol extracts of A. asphodeloides
were reported to inhibit the binding activity of leukotriene
B4 on human neutrophils (11). Certain active components of
A. asphodeloides, including anemarsaponin B, broussonin B,
mangiferin, and timosaponin AIII, have also been reported
to exhibit anti-inflammatory effects in various experimental
models, such as models of learning and memory deficits, ear
edema and colitis mouse models (12-14).

Despite its traditional uses and many studies on the
anti-inflammatory effects of its active components, to the best
of our knowledge, there are no studies regarding the molecular
mechanisms of action of ethanol extracts of A. asphodeloides
(EAA). In the current study, the anti-inflammatory effects
of EAA and mechanisms of action in lipopolysaccharide
(LPS)-stimulated murine macrophage cells were investigated.

Materials and methods

EAA preparation. A 95% ethanol extract (code no. PBC345AS)
of A. asphodeloides was obtained from the Korea Plant Extract
Bank (KPEB Daejeon, South Korea). The concentrated ethanol
extract was manufactured according to the manufacturer's
instructions. Briefly, the rhizomes of A. asphodeloides were
dried at room temperature (RT), treated with ethanol (GR
grade), and sonicated numerous times at 45°C. The extracts
were filtrated to remove solid substances and concentrated
with reduced pressure at 45°C. A stock solution (200 mg/ml)
of the extract was prepared in Sigma-Aldrich dimethoxysulf-
oxide (DMSO; Merck KGaA, Darmstadt, Germany) and this
was stored at -20°C before use.

Cell culture and reagents. RAW 264.7 macrophages, a mouse
monocytic cell line and HEK 293 cells, a human embryonic
kidney cell line, were purchased from ATCC (Manassas,
VA, USA) and maintained in Dulbecco's modified Eagle's
medium (GE Healthcare Bio-Sciences, Pittsburgh, PA,
USA) containing 10% fetal bovine serum (GE Healthcare
Bio-Sciences), 50 U/ml penicillin, and 50 ug/ml strepto-
mycin (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) at 37°C in a humidified atmosphere containing
5% CO,. Rabbit anti-inhibitor of kBa (IkBa; cat. no. sc-371)
and mouse anti-o-tubulin (cat. no. sc-5286) antibodies were
purchased from Santa Cruz Biotechnology, Inc. (Dallas,
TX, USA). Rabbit anti-inducible NO synthase (iNOS; cat.
no. 2982), anti-cyclooxygenase-2 (COX-2) (cat. no. 4842),
anti-p-IkBa (Ser32/36; cat. no. 9246), anti-p38 (cat. no. 9212),
anti-p-p38 (Thr180/Tyrl82; cat. no. 9211), anti-extracellular
signal-regulated kinase (ERK; cat. no. 9102), anti-c-Jun
N-terminal kinase (JNK; 9252), anti-p-JNK (Thrl183/Tyr185;
cat. no. 9251) and mouse anti-p-ERK (Thr202/Tyr204; cat.
no. 9106) were purchased from Cell Signaling Technology,
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Inc. (Danvers, MA, USA). Goat anti-rabbit immunoglobulin
G (IgG; cat. no. LF-SA8002) and goat anti-mouse IgG (cat.
no. LF-SA8001) secondary antibodies were purchased from
AbFrontier (Young In Frontier Co., Ltd., Seoul, South Korea).
Ez-cytox solution was purchased from Daeil Lab (Seoul,
South Korea). Ready-SET-Go! ELISA kits for the detection
of interleukin (IL)-6 and tumor necrosis factor (TNF)-a were
obtained from Ebioscience, Inc. (Thermo Fisher Scientific,
Inc.).

Measurement of cell viability. RAW 264.7 macrophages were
pretreated with EAA (10, 20, 50, 100 and 200 pg/ml) for 2 h
and further incubated for 24 h at 37°C in the absence or pres-
ence of LPS (1 ug/ml). Following incubation, Ez-cytox solution
(one-tenth of the culture medium) was added to each well and
incubated for 1 h at 37°C. Supernatants were transferred to
fresh 96-well plates and the absorbance was measured at a
wavelength of 450 nm using a Synergy H1 Microplate Reader.

Measurement of NO production. NO production in acti-
vated macrophages was measured according to the method
described in our previous study (15). Briefly, cells were seeded
in 96-well plates (4.0x10* cells/well) and incubated at 37°C
overnight. Cells were pretreated with various concentrations
of EAA (10, 20, 50 and 100 ug/ml) for 2 h prior to LPS treat-
ment. Following stimulation with LPS (1 pg/ml) for 24 h,
the supernatants (100 pl) were transferred to fresh 96-well
plates and 100 ul Griess reagent (1% sulfanilamide, 0.1%
N-1-naphthylenediamine dihydrochloride and 2.5% phos-
phoric acid) was added to each well. Nitrite standard solution
(NaNO,; 2.5, 5, 10, 25, 50 and 100 uM) was used to generate
a standard curve for calculating the quantity of NO in the
supernatants. The absorbance was measured at a wavelength
of 540 nm using a Synergy H1 Microplate Reader (BioTek
Instruments, Inc., Winooski, VT, USA).

Enzyme-linked immunosorbent assay (ELISA). Cells were
seeded in 96-well plates (4.0x10* cells/well) and incubated at
37°C overnight. Cells were pretreated with various concen-
trations of EAA (10, 20, 50 and 100 pg/ml) for 2 h prior to
LPS treatment. Subsequent to stimulation with LPS (1 pg/ml)
for 24 h, the culture supernatants were collected and diluted
according to a predetermined dilution rate for each proin-
flammatory cytokine. The production of proinflammatory
cytokines, including IL-6 and TNF-a, was measured using
Ready-SET-Go! ELISA kits for each type of cytokine, according
to the manufacturer's instructions. Briefly, 96-well plates were
coated with coating solution overnight at 4°C, washed with
1X phosphate-buffered saline (PBS)/Tween-20 (PBST) three
times, and treated with 1X Assay Diluent for 1 h at RT. The
wells were emptied and diluted supernatant and standard solu-
tions were added to each well. Following incubation (2 h) at
RT, the plates were washed with 1X PBST three times and
detection antibody solution diluted in 1X Assay Diluent was
added to each well. The plates was washed after 1 h of treat-
ment, horseradish peroxidase (HRP)-streptavidin solution was
added for 30 min and the plates were washed five times with 1X
PBST. Tetramethylbenzidine solution was subsequently added
to the plates and they were incubated for 10 min in the dark.
Additional 1 N H;PO, was added to the wells to terminate the
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Figure 1. Effects of EAA on the production of inflammatory mediators. RAW 264.7 macrophages were pre-treated with EAA (10, 20, 50, 100 and 200 pg/ml)
for 2 h, and were incubated in the presence or absence of LPS (1 yg/ml) for an additional 24 h. (A) Cell viability was determined using EZ-Cytox solution.
Cell viability data are presented as the mean + SEM and analyzed using one-way ANOVA. "P<0.01 vs. LPS-untreated or -treated control groups. (B) NO
levels in the supernatants were measured using Griess reagent. NO levels were calculated with a standard curve using nitrite standard solution (NaNo,). The
relative production of NO in the EAA-treated compared with the LPS-treated group is presented as the mean + SEM and analyzed using one-way ANOVA.
“P<0.001 vs. LPS-untreated control groups. *P<0.05 and °P<0.01 vs. LPS-treated groups. Western blot analysis was performed with total cell lysates and the
expression levels of (C) iNOS and (D) COX-2 were detected using specific antibodies. The results were normalized to tubulin (loading control). The relative
expression of iNOS in the EA A-treated compared with the LPS-treated group is presented as the mean = SEM and analyzed using one-way ANOVA. “P<0.001
vs. LPS-untreated control groups. *P<0.05,°P<0.01, and “P<0.001 vs. LPS-treated groups. EAA, ethanol extracts of the rhizome of A. asphodeloides; LPS, lipo-
polysaccharide; SEM, standard error of the mean; ANOVA, analysis of variance; NO, nitric oxide; iNOS, inducible NO synthase; COX-2, cyclooxygenase-2.

reaction and the absorbance in each well was measured using
a Synergy H1 Microplate Reader at a wavelength of 450 nm.

Luciferase reporter assays. HEK 293 cells were seeded into
a 100-mm dish (70% confluence on the day of transfection)
and transfected with pNF-«kB-luc or pAP-1-luc cis-reporter
plasmids (Agilent Technologies, Inc., Santa Clara, CA, USA),
which contains the NF-kB or AP-1 promoters, respectively
[gWIZ-green fluorescent protein (GFP; Aldevron, Fargo,
ND, USA) served as an internal control for transfection effi-
ciency]. Transfected cells were divided into 12-well plates,
incubated at 37°C overnight, and treated with various concen-
trations of EAA (10, 20, 50 and 100 pxg/ml) in the presence of

phorbol-12-myristate-13-acetate (PMA). After 24 h of incuba-
tion at 37°C, cells were lysed using cell culture lysis reagent
(Promega Corporation, Madison, WI, USA) and luciferase
activity was measured using luciferin as a substrate. The GFP
expression levels were determined using the fluorescence
change of excitation at 485 nm and emission at 525 nm.

Preparation of total cell lysates. RAW 264.7 macrophages
pretreated with EAA were further stimulated with LPS
(1 pg/ml) for the optimal duration for detecting target proteins
[IxBa and transforming growth factor (3-activated kinase 1
(TAK1) for 3 min; mitogen-activated protein kinases (MAPKs)
for 15 min; and iNOS and COX-2 for 24 h]. Following
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Figure 2. Inhibitory effects of EAA on the production of proinflammatory cytokines. RAW 264.7 macrophages were pre-treated with EAA (10, 20, 50 and
100 pg/ml) for 2 h, and incubated with LPS for 24 h. IL-6 and TNF-a production in the supernatants were measured using ELISA. Relative production of
(A) IL-6 (B) TNF-a in the EAA-treated compared with the LPS-treated group is represented as the mean + standard error of the mean Data were analyzed
using one-way analysis of variance. "P<0.001 vs. LPS-untreated control groups. *P<0.05 vs. LPS-treated groups. EAA, ethanol extracts of the rhizome of
A. asphodeloides; LPS, lipopolysaccharide; IL-6, interleukin-6; TNF-a, tumor necrosis factor.

stimulation for the indicated durations, cells were washed
three times with ice-cold PBS. Lysis buffer (0.5% NP-40,0.5%
Triton X-100, 150 mM NacCl, 20 mM Tris-HCI (pH 8.0), | mM
ethylenediaminetetraacetic acid, 1% glycerol, I mM phenyl-
methylsulfonyl fluoride, 10 mM NaF and 1 mM Na;VO,) was
added to the washed wells and collected into microtubes after
10 min. Following centrifugation at 15,814 x g for 30 min at
4°C, the supernatants were prepared in fresh microtubes.

Immunoblot analysis. After boiling the mixture of lysates and
sample buffers, aliquots of the samples (20 ug) were separated
by 10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred to nitrocellulose membranes with
transfer buffer [192 mM glycine, 25 mM Tris-HCI (pH 8.8),
and 20% methanol (v/v)] at 100 V for 1 h. After blocking with
5% non-fat dried milk, each membrane was incubated over-
night at 4°C with the primary antibodies (dilution, 1:1,000).
Each membrane was then incubated for an additional 1 h with
the secondary peroxidase-conjugated IgG antibodies (1:5,000).
Subsequent to washing five times with 1X PBST, the target
proteins were detected using enhanced chemiluminescence.
Protein levels were quantified by scanning of the immunoblots
and analysis with LabWorks software 4.6 (UVP, LLC, Upland,
CA, USA).

Statistical analysis. The data are represented as the
mean + standard error of the mean (SEM). Comparisons
between multiple experimental groups were performed using
one-way analysis of variance followed by Dunnett's post-hoc
test using GraphPad Prism 3.0 (GraphPad Software, Inc.,
San Diego, CA, USA). P<0.05 was considered to indicate a
statistically significant difference. The data from nine repli-
cates were analyzed, including three independent experiments
with three replicates in each.

Results

Inhibitory effects of EAA on LPS-induced NO production
and expression levels of iNOS and COX-2. As the inhibitory

effect of an anti-inflammatory agent should be assessed at
concentrations that do not exhibit cytotoxicity, the maximal
non-cytotoxic concentration was determined with a cell
viability assay. EAA did not exhibit cytotoxicity in concentra-
tions up to 100 pug/ml. However, significant cytotoxicity was
observed at 200 ug/ml (Fig. 1A). Thereafter, concentrations
of <100 ug/ml EAA were used throughout the current study.
To evaluate the anti-inflammatory properties of EAA, the
effect of EAA on the production of NO, a proinflammatory
mediator, was measured in LPS-treated RAW 264.7 cells. As
shown in Fig. 1B, EAA inhibited LPS-induced NO production
in a dose-dependent manner. The results indicate that EAA
inhibits LPS-induced NO production in macrophages.

Subsequently, the effect of EAA on the protein expression
levels of iNOS, an NO synthesizing enzyme, and COX-2, an
enzyme responsible for the production of PGE,, was evalu-
ated in order to investigate the transcriptional regulation of
proinflammatory mediators. As shown in Fig. 1C and D, the
immunoblot analysis with iNOS- and COX-2-specific anti-
bodies revealed an inhibitory effect of EAA on LPS-induced
iNOS and COX-2 expression levels in a dose-dependent
manner. These data indicate that NO and PGE, production are
tightly regulated at the protein level by EAA.

Inhibitory effects of EAA on LPS-induced production of
IL-6. As the excessive production of inflammatory mediators,
including IL-1f, IL-6 and TNF-a, as well as NO and PGE,,
in macrophages is accompanied by severe inflammation (16),
the effect of EAA on the production of proinflammatory cyto-
kines in LPS-treated RAW 264.7 macrophages were measured
to investigate the additional anti-inflammatory properties of
EAA. As presented in Fig. 2A, EAA inhibited LPS-induced
production of IL-6. However, LPS-induced TNF-a production
was not alleviated by EAA (Fig. 2B). These results indicate that
EAA inhibits the production of IL-6, whereas TNF-a produc-
tion is not regulated by EAA in LPS-treated macrophages.

Selective inhibition of the NF-«B and p38 pathways by EAA.
To identify which transcription factors are involved in the



BIOMEDICAL REPORTS 6: 691-697, 2017 695

>
=~}

120 - 120
L ] L ]

= 100 = 100 l

1B 1

g 80 - E 80

< T b 80

= > b
b 60 = 60 b
g b 8

m 40 = 40

»® c 1

= 2

~ 20 ""‘ 20

0 T - T - r - ) 0 | . | : - - T : )

EAA (ug/ml) - s 100 20 50 100 EAA (ug/ml) - 5 10 20 50 100
PMA (10nM) - + + + + + PMA (100 nM) - + + + + +

Figure 3. Inhibitory effects of EAA on the transcriptional activation of NF-xB and AP-1. HEK 293 cells were transfected with (A) pNF-«xB-luc or (B) pAP-1-luc
cis-reporter plasmids and gWIZ-green fluorescent protein. Transfected cells were pre-treated with EAA (10, 20, 50 and 100 gg/ml) for 2 h and then incubated
with PMA (10 nM for NF-«xB-luc and 100 nM for AP-1-luc) for 24 h. Cells were lysed, and luciferase activity and fluorescence intensity were measured.
Luciferase activity of each group was calculated by applying the fluorescence intensity values as internal controls for transfection efficiency. Relative luciferase
activity compared to the PMA-treated group is presented as the mean + standard error of the mean. "P<0.001 vs. PMA-untreated control groups. *P<0.05,
°P<0.01, and °P<0.001 vs. PMA-treated groups. EAA, ethanol extracts of the rhizome of A. asphodeloides; nuclear factor-«xB; AP-1, activator protein 1; PMA,
phorbol-12-myristate-13-acetate.
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Figure 4. Inhibitory effects of EAA on inflammatory signaling pathways. RAW 264.7 macrophages were pre-treated with EAA (10, 20, 50 and 100 pg/ml) for
2 h, and incubated with LPS (1 xg/ml) for the indicated times. Total cell lysates were prepared following LPS stimulation for (A) 3 and (B) 15 min. Western
blot analysis was performed using the appropriate antibodies. The expression levels and phosphorylation levels of IkBa, p38, ERK and JNK were measured
using enhanced chemiluminescence solutions. The results are presented following normalization to endogenous tubulin level. the relative IkBa level compared
with the non-treated group and p-IxBa, p-p38, p-ERK and p-JNK levels compared with the LPS-treated group are presented as the mean + standard error of
the mean. Data were analyzed using one-way analysis of variance. “P<0.01 and "P<0.001 vs. LPS-untreated control groups. “P<0.05 and "P<0.01 vs. LPS-treated
groups. EAA, ethanol extracts of the rhizome of A. asphodeloides; LPS, lipopolysaccharide; IkBa, inhibitor of kBa; ERK, extracellular regulated kinase; INK,
c-Jun N-terminal kinase; p, phosphorylated.

inhibitory effects of EAA on the production of proinflam-  responses, were measured using luciferase reporter assays.
matory mediators, the transcriptional activities of NF-kB ~ HEK 293 cells were treated with various concentrations of
and AP-1, major transcription factors in the inflammatory =~ EAA in the presence of PMA, which induces transcriptional
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activation of NF-kB- or AP-1-dependent genes. The lucif-
erase reporter gene is placed under the control of NF-xB or
AP-1 transcriptional activity. As presented in Fig. 3A and B,
PMA-induced luciferase activities, which are regulated
by NF-kB or AP-1 transcription factor, respectively, were
reduced by EAA treatment. This indicates that EAA exerts
anti-inflammatory responses via the inhibition of NF-xB and
AP-1 transcriptional activities.

LPS-induced NF-kB activation in macrophages is predom-
inantly mediated by IkBa phosphorylation at Ser-32/36,
followed by IkBa degradation and the translocation of
released cytoplasmic p5S0 and p65 complex to the nucleus (17).
Phosphorylation in the activation loops of MAPKs leads to
their activation, which results in transcriptional activation of
AP-1, a transcription factor that binds to the promoter regions
of inflammatory mediator genes (4). EAA-mediated IkBa
phosphorylation levels in LPS-treated RAW 264.7 cells were
measured to assess whether EAA regulates NF-«B activation.
The p-IkBa levels were reduced and the IkBa levels were
increased by EAA treatment in a dose-dependent manner
(Fig. 4A), indicating that EAA inhibits IkBa phosphoryla-
tion at Ser-32/36 and, thus, reduces degradation of IkBa.
Subsequently, the phosphorylation levels in the activation loops
of three MAPKs (ERK, JNK and p38) were measured by EAA
in LPS-treated RAW 264.7 cells. As shown in Fig. 4B, EAA
selectively inhibits the phosphorylation of p38 without altering
the total p38 levels, whereas ERK and JNK phosphorylation
was not regulated by EAA. These results indicate that EAA
exhibits its anti-inflammatory properties in macrophages by
inhibiting the activation of the major inflammatory signaling
pathways, NF-«B and p38.

Discussion

iNOS triggers its effector molecule, NO, which is a free
radical that is synthesized from l-arginine and results
in cellular damage at sites of inflammation (18). COX-2
catalyzes the production of PGE, from the lipid arachidonic
acid, which ultimately induces inflammation and fever (19).
However, improper upregulation of iNOS and COX-2 by
proinflammatory stimuli has been associated with the
pathophysiology of certain types of inflammatory disorders,
including sepsis and arthritis (20). Numerous studies have
demonstrated that natural products that inhibit iNOS and
COX-2 expression levels could be valuable phytomedicines
for the treatment of severe inflammatory states (21-23). In
the present study, it was demonstrated that EAA attenuates
LPS-induced iNOS and COX-2 expression levels in RAW264.7
macrophages without causing cytotoxic effects (Fig. 1). These
results indicate that EAA is a promising candidate for an
anti-inflammatory phytomedicine.

In addition to iNOS and COX-2, activated macrophages
produce pro-inflammatory cytokines, such as TNF-a, IL-1p
and IL-6 (24). These proinflammatory cytokines stimulate
an increase in blood flow and permeability of capillaries,
lead to infiltration of immune cells and cause inflammatory
responses (24). Notably, EAA reduced the production of IL-6,
but not TNF-a, in LPS-induced RAW264.7 macrophages
(Fig. 2), indicating that EAA may suppress LPS-induced
inflammation by selectively inhibiting IL-6 expression levels.
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IL-6 has a vital role in the earliest stages of inflammation;
when its activation persists, acute inflammation becomes
chronic inflammation (25). Furthermore, IL-6 is an endog-
enous mediator of LPS-induced fever (26). Therefore, selective
inhibition of IL-6 production by EAA may alleviate the acute
response to LPS, thereby reducing LPS-induced inflammation.

In the current study, EAA suppressed LPS-induced phos-
phorylation of IxBa and p38 (Fig. 4), although it did not affect
ERK and JNK phosphorylation. Selective regulation of major
inflammatory signal transductions by EAA may be accom-
plished by targeting individual kinases upstream of NF-kB
and MAPK. LPS binding to toll-like receptor 4 (TLR4) on the
surface of macrophages leads to the recruitment of accessory
molecules and subsequent activation of TAKI1, an upstream
kinase that regulates NF-xB and MAPK signal transduc-
tion (27). Following TAK1 activation, NF-kB is regulated
by IxB kinases (IKKs), and each MAPK is activated by its
specific upstream kinase (27). Therefore, EAA may selectively
regulate NF-«B and p38 or their specific upstream kinases,
IKKs and MKK3/6, respectively, but not TAK1 or TLR4
accessory molecules.

In conclusion, the current results indicate that EAA may
serve as a potent anti-inflammatory phytomedicine via the
inhibition of NF-kB and p38, and subsequent production of
inflammatory mediators, including iNOS, COX-2 and IL-6.
Although the current study clarified the anti-inflammatory
effects of EAA and its underlying mechanisms of action in
murine macrophages, further studies using experimental
animal models of inflammation are required to provide further
support of EAA as a valuable candidate for the treatment of
severe inflammatory states.
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