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Licochalcone, a major phenolic constituent of the licorice species Glycyrrhiza inflata, a constituent of
licorice, exhibits various biological properties, including chemopreventive-, antibacterial-, and anti-
spasmodic activities. Recently, Licochalcone E (LicE) was isolated from the roots of Glycyrrhiza inflate
however its biological functions have not been fully examined. In the present study, we investigated
the ability of LicE to regulate inflammation reactions in macrophages. Our in vifro experiments using
murine macrophages, RAW264.7 cells, showed that LicE suppressed not only nitric oxide (NO) and
prostaglandin E generation, but also the expression of inducible NO synthase and cyclooxygenase-2
induced by lipopolysaccharide (LPS). Similarly, LicE inhibited the release of proinflammatory cyto-
kines induced by LPS in RAW264.7 cells, including tumor necrosis factor-a and interleukin-6. The
underlying mechanism of LicE on anti-inflammatory action correlated with down-regulation of the nu-
clear factor-kB. Our data collectively indicate that LicE inhibited the production of several in-
flammatory mediators and might be used in the treatment of various inflammatory diseases.
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Introduction

Inflammation is part of complex biological responses to
harmful stimuli, such as pathogens, damaged cells, or
irritants. An inflammatory reaction is self-limiting and in-
volves the down-regulation of proinflammatory protein ex-
pression and increased expression of anti-inflammatory pro-
teins that facilitate the initial immune cell recruitment proc-
ess [5,22,23,29]. During this response, inflammatory cells are
exposed to apoptosis-inducing stimuli and subsequently un-
dergo phagocytosis. Prolonged inflammation contributes to
the pathogenesis of many inflammatory diseases [11,31].

The macrophage plays a critical role in the inflammatory
response and serves as an essential interface between innate
and adaptive immunity. Following activation, macrophages
modulate the expression of accessory molecules, such as
CD14 and Toll-like receptor (TLR) 4 [27,35]. Stimulation of
TLR4 by lipopolysaccharide (LPS) in the presence of
LPS-binding protein, CD14, and the MD2 protein triggers
the recruitment of the cytoplasmic adaptor protein MyD88
and subsequently culminates in the activation of down-

stream signaling pathways, such as the transcription factor
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nuclear factor-kB (NF-kB) pathway [10]. This pathway in-
duces the expression of various inflammatory mediators, in-
cluding nitric oxide (NO), prostaglandins (PGs), and the in-
flammatory cytokines [3,12,14,28].

NF-xB, the key molecule in inflammatory responses, is
a generic term for a dimeric transcription factor that is
formed by the dimerization of proteins in the Rel family [8].
NF-kB activity is exerted through its ability to regulate the
expression of genes that encode inflammatory cytokines, ad-
hesion molecules, chemokines, growth factors, and inducible
enzymes, such as cyclooxygenase (COX)-2 and inducible NO
synthase (iNOS) [2].

PGs are produced by a variety of cell types, including
the activated macrophage [19]. The rate-limiting enzyme in
the synthesis of PGs is COX. Two main isoforms of COX
have been described: COX-1 and COX-2. COX-1 is expressed
constitutively in most tissues and is responsible for the ho-
meostatic production of PGs. In contrast, COX-2 is induced
by several stimuli, including growth factors, mitogens, cyto-
kines, and tumor promoters. Its uncontrolled activity is
thought to play an important role in the pathogenesis of
many chronic inflammatory diseases [1,19]. In addition to
PGs, NO is synthesized from l-arginine by NO synthases.
Overproduction of NO by iNOS has been involved in the
pathology of several inflammatory disorders, including sep-



tic shock, tissue damage following inflammation [16,20,21].
Based on these observations, it has been hypothesized that
the suppression of NO and PG production in macrophages
could be key mechanisms to utilize in anti-inflammatory
drug development.

Currently, a strong interest exists in developing new an-
ti-inflammatory drugs from various natural products used
in traditional medicine. Licorice has been used for more than
four millennia as a flavoring agent in foods, beverages, and
tobacco, as well as an alternative medicine to treat in-
dividuals with gastric or duodenal ulcers, sore throat, bron-
chitis, cough, arthritis, adrenal insufficiency, and allergies
[34]. Among the constituents of licorice, licochalcone E (LicE)
was isolated recently, however, its biological functions have
yet to be fully tested [33]. Therefore, the anti-inflammatory
effects of LicE were investigated using LPS-induced in-
flammatory response in the present study.

Materials and Methods

Chemicals and reagents

LPS derived from Escherichia coli and dimethylsulfoxide
(DMSO) was obtained from Sigma (St Louis, Mo, USA). The
Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine
serum (FBS), penicillin, and streptomycin used in this study
were obtained from Hyclone (Logan, Utah, USA). Synthetic
LicE (Fig. 1) was provided by Dr. Jong-Gab Jun [18]; it was
dissolved in DMSO and added directly to the culture media.
The final concentrations of DMSO never exceeded 0.1%,
which did not affect the assay systems. The antibodies (Abs)
used in this study were: anti-INOS rabbit polyclonal, an-
ti-COX-2 mAb, anti-IxB mAb, anti-phospho-JNK (pT183,
pY185) rabbit polyclonal, anti-ERK1/2 rabbit polyclonal, an-
ti-phospho-p38 (pT180, pY182) rabbit polyclonal, anti-p38
rabbit polyclonal (Cell Signaling Technology, Danvers, MA),
and anti-B-actin mAb (Sigma).

Cell culture and cell viability assay

RAW264.7 murine macrophages were obtained from the
Korean Cell Bank (Seoul, Korea) and cultured in DMEM con-
taining 10% FBS, 100 U/ml penicillin, and 100 ug/ml strep-
tomycin at 37°C in 5% CO,. The effects of LicE on cell via-
bility were tested using the CellTiter 96° AQueous One
Solution Assay of cell proliferation (Promega, Madison, WI),
which uses colorimetry to count the number of viable cells.
RAW264.7 cells were plated at a density of 2x10* cells in
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Fig. 1. Chemical structure of LicE.

a 96-well flat-bottom plate, and LicE were added to each
plate at indicated concentrations. After a 24 hr incubation
period, the number of viable cells was counted according
to the manufacturer’s instructions. This assay is based on
the reduction of a tetrazolium compound, MTS, to formazan,
which has an optimum absorption at 490 nm. Thus, the
quantity of the product in the cell culture is indicated by
the optical density of formazan at 490 nm, which is directly

proportional to the number of living cells.

Measurement of nitrite and PGE:

The amount of nitrite and PGE; produced by the mouse
macrophages was measured in the RAW264.7 cell culture
supernatant. RAW264.7 cells were plated at a density of
25x10° cells in a 48-well cell culture plate with 500 pil of
culture medium and incubated for 12 hr. They were then
treated with indicated concentrations of LicE plus LPS (100
ng/ml) and incubated for another 18 hr. The amount of ni-
trite produced was measured using the Griess reagent sys-
tem (Promega). The amount of PGE, produced was meas-
ured using an enzyme-linked immunosorbent assay (ELISA)
kit (R & D, Minneapolis, MI,) according to the manu-

facturer’s instructions.

Cytokine assays

The amount of TNF- @ and IL-6 in the cell culture super-
natant was measured using an ELISA kit (eBioscience, San
Diego, CA). RAW264.7 cells were plated in a 48-well cell
culture plate at a density of 25x10° cells and incubated with
indicated concentrations of LicE in 100 ng/ml LPS for 24
hr. The culture supernatant was collected and assayed ac-

cording to the manufacturer’s instructions to determine the
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amount of TNF-a¢ and IL-6 that had been released from the
cell.

Immunoblotting analysis

Whole cell extracts (30 ug protein/lane) were separated
on 10% SDS-polyacrylamide gels. The separated proteins
were electrophoretically transferred onto nitrocellulose
membranes. Immunoreactive bands were detected by in-
cubating the samples with horseradish peroxidase (HRP)-
conjugated secondary antibodies and WesternBreeze®
Chromogenic Kits (Invitrogen, Carlsbad, CA).

NF-kB activity

RAW264.7 cells were placed in a 24-well cell culture plate
at a density of 5x10° cells in 0.5 ml of culture medium and
incubated for 12 hr. The cells were then exposed to 0-20 tM
LicE and LPS (100 ng/ml) for 4 hr. The transcriptional activ-
ities of NF-xB were measured using TransAM (Active Motif,

Carlsbad, CA), according to the manufacturer’s instructions.

Statistical analysis

The data are depicted as the means*SE. The values were
evaluated by one-way analysis of variance (ANOVA) with
Bonferroni multiple comparison post tests using the
GraphPad Prism 4.0 software (GraphPad Software Inc., San
Diego, CA). Differences with p<0.05 were considered to be
statistically significant.
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Results

LicE inhibits the releases of NO and PGE;

To evaluate LicE-induced anti-inflammatory effects, we
used an in vifro model with the murine RAW264.7 macro-
phage cell line. Since LicE showed no cytotoxicity with con-
centrations up to 20 tM in RAW264.7 macrophages (Fig. 2),
we used up to 20 uM LicE for the rest of the experiments.
We first sought to determine the effect of LicE on the
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Fig. 2. Effects of LicE on murine macrophage viability.
RAW264.7 cells were treated with indicated concen-
trations of LicE for 24 hr, and proliferation was de-
termined as described in Materials and Methods.
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Fig. 3. Effects of LicE on LPS-induced NO and PGE; release. RAW264.7 cells were treated with 0-20 uM of LicE in the presence
of 100 ng/ml of LPS or with LPS alone for 18 hr, and NO (A) and PGE; (B) release were determined. The results are
reported as mean=SE of four independent experiments in triplicate. Statistical significance is based on the difference when

compared with LPS-stimulated cells (~ £<0.001).



LPS-stimulated release of the inflammatory mediators, NO
and PGEy, by RAW264.7 cells. As shown in Fig. 3A, LicE
inhibited LPS-induced NO and PGE, production in a
dose-dependent manner. The nitrite concentrations in
LPS-stimulated cells and in those exposed to 20 uM LicE
were 26.310.9 uM and 13.5£0.5 uM, respectively. The in-
hibitory effects of LicE on PGE, production in LPS-exposed
cells were similar to their effects on NO production (Fig.
3B). Consistent with the findings related to NO and PGE;
production, immunoblotting analysis showed that LPS-re-
lated iINOS and COX-2 induction in RAW264.7 cells was
also reduced by LicE treatment (Fig. 4). This indicates that
the LicE-induced reduction in iNOS and COX-2 expression
was responsible for the inhibition of NO and PGE;

production.

LicE inhibits  the
kines

release of proinflammatory  cyto-

We next examined if LicE reduced the release of proin-
flammatory cytokines in LPS-stimulated RAW264.7 cells.
The release of TNF-¢ and IL-6 was significantly impaired
by LicE co-treatment of LPS-exposed cells (Fig. 5). These re-
sults indicate that LicE suppressed various inflammatory
mediators including NO and PGE; as well as proin-

flammatory cytokines.
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Fig. 4. Effects of LicE on LPS-induced iNOS and COX-2
expression. RAW264.7 cells treated the same as in Fig.
2. Thirty pg of protein obtained from each cell lysate
was resolved on 10% SDS-PAGE for iNOS and COX-2
determination. B-actin expression is shown as a loading
control.

LicE-reduced mediator release is
regulated by NF-xB

We further investigated the mechanism by which LicE in-

inflammatory

hibited the production of inflammatory mediators. NF-xB is
a major transcription factor involved in the release of pro-
teins that mediate the inflammatory response, and the degra-
dation and phosphorylation of inhibitor of kB (Ix-B) are nec-
essary to release NF-kB from the cytoplasmic NF-xB/Ix-Ba
complex and allow its subsequent translocation to the cell
nucleus. We evaluated the effect of LicE on NF-kB activation
to determine if it is mediated by Ik-B degradation. We found
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Fig. 5. Effects of LicE on LPS-induced inflammatory cytokine production in murine macrophages. RAW264.7 cells were treated
with 0-20 uM of LicE in the presence of 100 ng/ml LPS or with LPS alone for 24 hr. The cell culture media were then
collected, and the amount of TNF-a (A) and IL-6 (B) released was measured as described in Materials and Methods. The
results are reported as mean=SE of three independent experiments in triplicate. Statistical significance is based on the difference
when compared with LPS-stimulated cells (" 2<0.01, ~ p<0.01).
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Fig. 6. Effect of LicE on LPS-induced Ix-B degradation and DNA-binding of NF-xB in LPS-stimulated murine macrophages. (A)
RAW264.7 cells were plated in 100-mm dishes. After 12 hr of seeding, cells were treated with different doses of LicE for
1 hr, followed by stimulation with 100 ng/ml of LPS for 20 min. Whole cell extracts were immunoblotted with the indicated
Abs. B-actin was used as a control. (B) RAW264.7 cells were treated with various concentrations of LicE in the presence
of 100 ng/ml LPS or with LPS alone for 4 hr. After nuclear protein extraction, 2 ug of nuclear protein were assayed for
the ability to bind to the immobilized NF-kB consensus site as described in Materials and Methods. The results are reported
as meantSE of three independent experiments in triplicate. Statistical significance is based on the difference when compared

with LPS-stimulated cells ("p<0.01, = p<0.001).

that LPS-induced Ix-B degradation was inhibited after 20 mi-
nutes of exposure to LicE (Fig. 6A).

LPS activates not only NF-xB, but also MAPK family
members such as ERK, p38, and JNK, and it plays a crucial
role in mediating the induction of proinflammatory
cytokines. We sought to determine if LicE modulated the
MAPK signal transduction pathway. As shown in Fig. 5A,
the activation of ERK, JNK, and p38 via LPS stimulation in
RAW264.7 cells was not altered by LicE.

To directly observe the effect of LicE on the nuclear trans-
location and DNA binding of NF-kB, we performed a tran-
scription factor ELISA assay. We found that LPS-induced
DNA-binding of NF-kB was significantly inhibited in
LPS-stimulated RAW?264.7 cells exposed to LicE in a
dose-dependent manner (Fig. 6B).

Discussion

Numerous studies have focused on herbal remedies and
botanicals since they offer much promise in health benefits
and disease treatments without excessive side effects and
cytotoxicity [17]. A wide variety of plant-derived products

have shown an anti-inflammatory effect, but only a few have

been examined to determine the molecular mechanism of
this inhibitory action. It has been reported that licorice is
one of the most common plants prescribed by practitioners
of traditional alternative medicine [12,16,21]. Indeed, our
previous study demonstrated that ethanol extracts of licorice
exert suppressive effects on LPS-induced inflammatory re-
actions [20]. Moreover, glabridin, a major component of the
hydrophobic fraction of licorice, has preventive and ther-
apeutic effects on DSS-induced colonic inflammation [21].
The focus of this report is on the anti-inflammatory potency
of LicE, the characteristic phenolic constituent of licorice
[3,27].

In this study, we investigated the anti-inflammatory prop-
erties of LicE and dissected its possible molecular mecha-
nism of action. The results presented herein showed that
LicE significantly decreased NO and PGE; production in
LPS-stimulated murine macrophages. The inhibition of NO
and PGE; was due to the inhibition of iNOS and COX-2 ex-
pression, respectively, at protein levels as shown by
immunoblot. Moreover, we demonstrated that LicE sup-
pressed iNOS and COX-2 expression as well as the release
of proinflammatory cytokines, possibly via the inhibition of

LPS-induced NF-xB activation. Several recent studies re-



ported that reduced NF-kB activation by LicE induces apop-
tosis in endothelial cells [7] and inhibits the symptoms of
chronic contact dermatitis in mice [9]. Although the exact
mechanisms by which LicE inhibits NF-kB activation are not
known, one possible explanation is that reduction of NO,
a reactive oxygen species, by LicE may be involved in NF-xB
inactivation because licochalcones are known to be reactive
oxygen scavengers [16].

Accumulated evidence indicates that dysregulation of cy-
tokines, such as TNF- ¢ and IL-6, plays an essential role in
many inflammatory conditions like septic shock, hemor-
rhagic shock, rheumatoid arthritis, and atherosclerosis
[13,25]. Inhibition of inflammatory cytokine and mediator
production or function serves as a key mechanism in the
control of inflammation, and agents that suppress the ex-
pression of these inflammation-associated genes have ther-
apeutic potential in the treatment of inflammatory diseases.
Therefore, natural phytochemicals have attracted clinical in-
terest as potential therapeutic agents for the treatment of
inflammation. In addition to proinflammatory cytokines,
COX-2 is an essential molecule to regulate inflammatory
responses. The PG production in LPS-treated macrophages
is primarily due to transcriptional activation of the COX-2
gene [24]. Thus, potential COX-2 inhibitors have been con-
sidered as anti-inflammatory agents.

Expression of iINOS, COX-2, TNF- ¢, and IL-6 requires the
activation of NF-kB, which is an important proximal mecha-
nism for the overproduction of the inflammatory mediators
in macrophages in response to LPS and cytokines [26].
Meanwhile, NF-kB plays a critical role in apoptosis, various
autoimmune diseases and inflammation [2,15]. Recently,
many investigations demonstrated that many anti-in-
flammatory drugs including dexamethasone can inhibit the
production of IL-13, TNE- @, and NO by suppression of NF-
kB activation [32]. Due to its ubiquitous role in the patho-
genesis of inflammatory gene expression, NF-kB is a current
target for treating various inflammation diseases [30]. Since
multiple studies have demonstrated the importance of these
inflammation factors in the inflammation process, the an-
ti-inflammatory action of several drugs at the cellular level
could be explained by their effects on these factors. Hence
we studied these key inflammation cytokines and mediators
in LPS-stimulated RAW 264.7 cells to elucidate the anti-in-
flammatory effects of LicE.

In conclusion, our observations suggest that LicE strongly

inhibits the production of inflammation-associated media-
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tors by suppressing NF-xB activation, and therefore, LicE
may be a potential candidate for treating various in-

flammatory diseases.
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