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The present study investigated the mechanisms of licochalcone B (LicB)-mediated inhibition of the inflammatory 
response in murine macrophages. RAW264.7 murine macrophages were cultured in the absence or presence of 
lipopolysacharide (LPS) with LicB. LicB suppressed the generation of nitric oxide and the pro-inflammatory cytokines 
interleukin (IL)-1β, IL-6 and tumor necrosis factor-α. LicB also inhibited the expression of mRNA for inducible nitric 
oxide synthase and pro-inflammatory cytokines induced by LPS. Moreover, LicB inhibited nuclear factor-κB (NF-κB) 
and activator protein-1 translocation into the nucleus in a dose-dependent manner. Thus, LicB mainly exerts its anti-
inflammatory effects by inhibiting the LPS-induced NF-κB and activator protein-1 signaling pathways in macrophages, 
which subsequently diminishes the expression and release of various inflammatory mediators. LicB shows promise as a 
therapeutic agent in inflammatory diseases. 
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INTRODUCTION 

 
Inflammation is a protective response of host defense 

against injury or infection, and begins the healing process. 
However, when inflammation becomes chronic, it is harmful 
and may lead to a host of diseases, such as arthritis, athero- 
sclerosis, and even cancer (Libby et al., 2002; Hartman and 
Frishman, 2014; Guina et al., 2015). Among cells that 
regulate inflammatory responses, macrophages are important 
in the host defensive system against microbial infections 
through growth suppression (Gilroy and Maeyer, 2015; 
Smith et al., 2015). Macrophages generate and release several 

inflammatory mediators that include nitric oxide (NO), pro- 
staglandins, interleukin (IL)-1β, IL-6 and tumor necrosis 
factor-alpha (TNF-α) in response to regulating agents like 
lipopolysaccharide (LPS) or other microbial agents. Toll-like 
receptors (TLRs) play key roles in helping to recognize 
microbial insults with subsequent immune responses in 
macrophages (Dinarello, 2011; Chun et al., 2012; Arango 
and Descoteaux, 2014). LPS activates TLR4 and induces 
two signaling pathways: the myeloid differentiation primary 
response protein 88-dependent and Toll-like/IL-1 receptor-
containing adapter inducing interferon-β (TRIF)-dependent 
signaling pathways (Kawai and Akira, 2006). The first 
pathway induces the activation of mitogen-activated protein 
kinases (MAPKs) and nuclear factor-κB (NF-κB), leading 
to the release of pro-inflammatory cytokines including IL-1β, 
IL-6 and TNF-α (Kawai and Akira, 2006; O'Neill and Bowie, 
2007). The second pathway activates the downstream of 
TRIF kinases, leading to the phosphorylation and activation 
of interferon regulatory factor 3 and the consequent expression 
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of type I interferons (Kawai and Akira, 2006; O'Neill and 
Bowie, 2007). 

Botanical dietary supplements are popularly used as 
natural alternatives to traditional therapy and often possess 
a variety of anti-inflammatory, antioxidant and chemopre- 
ventive activities (Balunas and Kinghorn, 2005; Snelten et 
al., 2012; Di Lorenzo et al., 2013). They provide extraordi- 
narily diverse chemical scaffolds on which chemical modifi- 
cation can be applied to recognize the structural requirements 
that are responsible for the related biological activity and to 
derive new lead drug molecules with superior activity. In 
addition, an increasing number of studies also indicate that 
diets rich in anti-inflammatory phytochemicals may have 
beneficial effects in ameliorating metabolic syndrome, a 
constellation of abnormal cardiometabolic factors that in- 
crease risk of cardiovascular disease and type 2 diabetes 
(Agarwal et al., 2012; Xiao and Högger, 2015). However, 
the mechanisms by which such beneficial effects are mediated 
are not well understood. 

Licorice root from Glycyrrhiza inflate has been used in 
traditional and herbal medicines. This species contains 
unusual phenolic compounds, called retrochalcones, which 
include licochalcone (Lic) A to E, and echinatin (Kao et al., 
2014). In our previous screening for anti-inflammatory small 
molecule compounds, we identified LicB (Fig. 1A) and 
demonstrated its' suppression of NO production (Kim et al., 
2014). However, whether it regulates LPS-induced inflam- 
matory signaling and whether it could be a potential anti-
inflammatory agent remain unknown. In the present study, 
we investigated the anti-inflammatory properties of LicB in 
response to LPS, and explored the underlying mechanisms 
involved in its actions. 

 
MATERIALS AND METHODS 

Chemicals and reagents 

LicB was synthesized as previously described (Kim et al., 
2014). LPS derived from Escherichia coli and dimethyl- 
sulfoxide (DMSO) were obtained from Sigma-Aldrich (St. 
Louis, MO, USA). Dulbecco's modified Eagle's medium 
(DMEM), fetal bovine serum (FBS), penicillin, and strepto- 
mycin were obtained from Hyclone (Logan, UT, USA). 

The final concentrations of DMSO never exceeded 0.1%, 
which did not affect the assay systems. The rabbit polyclonal 
antibodies (Abs) used were anti-inducible NO synthase 
(iNOS), anti-phospho-c-Jun N-terminal kinase (JNK), anti-
extracellular signal-regulated kinase (ERK1/2), anti-phospho-
p38 rabbit polyclonal, anti-p38, anti-poly ADP ribose poly- 
merase (PARP), anti-NFκB-p65, anti-c-Fos and anti-c-Jun 
(all from Cell Signaling Technology, Danvers, MA, USA). 
Monoclonal Abs (mAbs) used were anti-β-actin (Sigma-
Aldrich) and anti-inhibitor of NF-κB (Iκ-B; Cell Signaling 
Technology). 

Cell culture and cell proliferation assay 

RAW264.7 murine macrophages obtained from the Korean 
Cell Bank (Seoul, Korea) were cultured in DMEM con- 
taining 10% FBS, 100 U/ml penicillin and 100 μg/ml strepto- 
mycin at 37℃ in 5% CO2. The effect of LicB on cell pro- 
liferation was tested using the CellTiter 96® AQueous One 

Fig. 1. Chemical structure of LicB (A) and effects of LicB on
murine macrophage viability (B). RAW264.7 cells were treated
with the indicated concentrations of LicB for 24 h and proliferation
was determined as described in Materials and Methods. The results
are reported as mean ± SEM of three independent experiments
done in triplicate. Statistical significance is based on the difference
when compared with 0 μM-treated cells (***P < 0.001). 

A

B
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Solution Assay of cell proliferation (Promega, Madison, WI, 
USA), which uses colorimetry to count the number of viable 
cells. RAW264.7 cells were plated at a density of 2 × 104 
cells in a 96-well flat-bottom plate. LicB was added to each 
plate at indicated concentrations. After 24 h incubation, the 
number of viable cells was counted according to the manu- 
facturer's instructions. The assay is based on the reduction 
of 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl) 
-2-(4-sulfophenyl)-2H-tetrazolium (MTS) to formazan. 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 

The amount of nitrite produced by the mouse macrophages 
was measured in the RAW264.7 cell culture supernatant. 
RAW264.7 cells were plated at a density of 2.5 × 105 cells 
in a 48-well cell culture plate with 500 μl of culture medium 
and incubated for 12 h. They were then treated with in- 
dicated concentrations of LicB plus LPS (500 ng/ml) and 
incubated for another 24 h. The amount of nitrite produced 
was measured using the Griess reagent system (Promega). 

Cytokine measurement 

The amount of IL-1β, IL-6 and TNF-α in the cell culture 
supernatant was measured using an ELISA kit (eBioscience, 
San Diego, CA, USA). RAW264.7 cells were plated in a 
48-well cell culture plate at a density of 2.5 × 105 cells 
and incubated with indicated concentrations of LicB in 500 
ng/ml LPS for 24 h. The culture supernatant was collected 
and assayed according to the manufacturer's instructions to 
determine the amount of IL-1β, IL-6 and TNF-α released 
from the cells. 

Quantitative real-time reverse-transcription polymerase 
chain reaction (qRT-PCR) 

Total RNA was isolated from RAW264.7 cells using 
Trizol Reagent (Invitrogen, Carlsbad, CA, USA). DNA was 
eliminated from total RNA using RNA Qualified RNase-Free 
DNase (Promega) and cDNA was synthesized by GoScriptTM 
Reverse Transcription System (Promega). qRT-PCR assay 
was carried out with LightCycler (Roche Diagnostics, Basel, 

Switzerland) using LightCycler FastStart DNA Master SYBR 
Green I (Roche Diagnostics). All the experiments were 
repeated twice in triplicate. Transcripts of glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) as a housekeeping 
gene were quantified as endogenous RNA of reference to 
normalize each sample. Relative quantities were estimated 
by the -ΔΔCt method. The primers used in this study cor- 
responded to mouse iNOS: F 5'-CCT CCT CCA CCC TAC 
CAA GT-3', R 5'-CAC CCA AAG TGC TTC AGT CA-3', 
mouse IL-1β: F 5'-TGT CTC AGC CTC TTC TCA TT-3', 
R 5'-AGA TGA TCT GAG TGT GAG GG-3', mouse IL-6: 
F 5'-CAT CCA GTT GCC TTC TTG GGA-3', R 5'-CTG 
AAG GAC TCT GGC TTG TC-3', mouse TNF-α: F 5'-
TGT CTC AGC CTC TTC TCA TT-3' R 5'-AGA TGA 
TCT GAG TGT GAG GG-3' and mouse GAPDH: F 5'-TCT 
TGC TCA GTG TCC TTG C-3'. R 5'-CTT TGT CAA GCT 
CAT TTC CTG G-3' 

Western blotting 

Whole cell and nuclear extracts (30 μg protein/lane) were 
separated by 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE). The separated proteins 
were electrophoretically transferred to nitrocellulose mem- 
branes. The membranes were incubated with the indicated 
Abs and specific bands were visualized using an enhanced 
chemiluminescence kit (Amersham Biosciences, Piscataway, 
NJ, USA). 

Statistical analyses 

The data were presented means ± SEM. The values were 
evaluated by one-way ANOVA with Bonferroni multiple 
comparison range tests using GraphPad Prism 4.0 software 
(GraphPad Software Inc, San Diego, CA). Statistically sig- 
nificant differences were considered at a P-value < 0.05. 

 
RESULTS 

Effect of LicB on RAW264.7 macrophage viability 

To evaluate the effect of LicB on the proliferation of 
RAW264.7 macrophages, we applied various concentrations 
of LicB and performed a MTS assay. LicB had an obvious 
cytotoxic effect at 40 μM, but had no cytotoxic effect at 
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≤20 μM (Fig. 1B). Concentrations of 1, 5 and 20 μM were 
used for further exploration of the anti-inflammatory activity 
of LicB. 

LicB inhibits NO release and iNOS expression 

Since the release of NO by macrophages is a hallmark 
inflammatory reaction, we first measured NO levels in 
LPS-stimulated RAW264.7 cells to investigate the anti-
inflammatory effect of LicB. LPS stimulation led to a signifi- 
cant increase in the levels of NO in the culture supernatant 

(Fig. 2A). Treating the RAW264.7 cells with LicB inhibited 
LPS-induced generation of NO in a concentration-dependant 
manner. The nitrite concentrations in LPS-stimulated RAW- 
264.7 cells, in cells exposed to 5 and 20 μM LicB were 30.5 
± 0.2 μM, 21.2 ± 0.1 μM and 8.2 ± 0.2 μM respectively. 
Consistent with the findings related to NO production, the 
protein expression of iNOS induced by LPS in RAW264.7 
cells was also reduced significantly by LicB treatment (5 
and 20 μM; Fig. 2B). This indicated that the LicB-induced 
reduction in iNOS expression is responsible for the in- 
hibition of NO production. 

LicB suppresses pro-inflammatory cytokine production 
in LPS-stimulated RAW 264.7 cells 

Other pro-inflammatory cytokines play important roles 
in various inflammatory diseases in addition to NO. So, we 
also examined whether LicB regulates production of major 
pro-inflammatory cytokines, IL-1β, IL-6 and TNF-α. To 
assess the inhibitory effects of LicB on LPS-induced pro- 
duction of pro-inflammatory cytokines, ELISA was per- 
formed on supernatants after 24 h in the presence of LicB. 
The release of these cytokines was scarcely detectable in 
resting RAW 264.7 macrophages, whereas large amounts 
of IL-1β, IL-6 and TNF-α were induced upon exposure to 
LPS alone (Fig. 3). Addition of LicB (5 and 20 μM) to the 
cells significantly decreased the LPS-induced release of these 
pro-inflammatory cytokines in a concentration-dependent 
manner. 

LicB down-regulates expression of inflammatory medi- 
ators at the transcriptional level in LPS-stimulated 
RAW264.7 cells 

Next, we determined whether the changes in protein levels 
of iNOS and pro-inflammatory cytokines in LicB-treated 
RAW264.7 cells was caused by the alternations of their 
mRNA levels. RAW264.7 cells were stimulated for 8 h 
with LPS in the presence of increasing concentrations of 
LicB, and qRT-PCR analysis was performed. LicB treatment 
decreased mRNA levels of iNOS, IL-1β, IL-6 and TNF-α in 
a concentration-dependent manner (Fig. 4), suggesting that 
LicB could suppress LPS-induced iNOS, IL-1β, IL-6 and 
TNF-α expression at the transcriptional level and protein level. 

Fig. 2. Effects of LicB on LPS-induced NO release and iNOS 
expression. (A) RAW264.7 cells were treated with 0~20 μM of 
LicB in the presence of 500 ng/ml of LPS or with LPS alone for 
24 h, and NO release were determined. (B) Thirty micrograms of 
protein obtained from each cell lysate was resolved by 10% SDS-
PAGE for iNOS determination. β-actin expression is shown as a 
loading control. The bands were quantified using NIH image analysis
software and their relative intensity was expressed as fold-change 
against the image of the LPS-stimulated RAW264.7 cells. The 
results are reported as mean ± SEM of three independent experi-
ments. Statistical significance is based on the difference when 
compared with LPS-stimulated cells (***P < 0.001). 

A 

B 
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Fig. 3. Effects of LicB on LPS-induced pro-inflammatory cytokine production in murine macrophages. RAW264.7 cells were treated
with 0~20 μM LicB in the presence of 500 ng/ml LPS or with LPS alone for 24 h. The cell culture medium was collected and the amount
of (A) IL-1β, (B) IL-6 and (C) TNF-α released was measured as described in Materials and Methods. The results are reported as mean ±
SEM of three independent experiments in triplicate. Statistical significance is based on the difference when compared with LPS-stimulated
cells (***P < 0.001). 

Fig. 4. Effect of LicB on LPS-induced mRNA expression of inflammatory mediators. RAW264.7 cells were treated with the indicated
concentrations of LicB in the presence of 500 ng/ml LPS or with LPS alone for 6 h. Quantification of mRNA levels was performed using
real-time RT-PCR described in Materials and Methods. The histogram showing the fold difference in (A) iNOS (B) IL-1β (C) IL-6 and
(D) TNF-α mRNA levels was normalized to GAPDH. Each value represents the mean ± SEM of three separate experiments. Statistical
significance is based on the difference when compared with LPS-stimulated cells (**P < 0.01, ***P < 0.001). 

BA 

DC 
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LicB-reduced inflammatory mediator release is regulated 
by NF-κB and MAPK 

NF-κB is a key transcription factor that mediates pro-
inflammatory responses (Pasparakis, 2009; Baker et al., 2011). 
To better demonstrate the mechanisms involved in the 
inhibition of inflammatory mediators gene expression, we 
sought to determine whether LicB could suppress LPS-
induced degradation of IκB, which leads to the activation 
of NF-κB and its translocation to the nucleus. As shown in 
Fig. 5A, IκB-α was degraded after treatment with LPS in 
RAW264.7 cells. However, co-treatment with LicB at 5 and 

20 μM markedly inhibited LPS-induced degradation of 
IκB-α, thereby preventing the translocation of p65 into the 
nucleus. LPS-induced nuclear translocation of p65 was sup- 
pressed by co-treating cells with LPS and LicB (Fig. 5B). 

LPS-induced MAPK signaling pathways, such as the ERK, 
p38, and JNK pathways, play main roles in TLR4-mediated 
pro-inflammatory cytokines production (Kaminska, 2005). 
We, therefore, evaluated the regulatory effects of LicB on 
LPS-induced MAPK activity by profiling the expression of 
phospho-MAPKs. LicB markedly inhibited LPS-induced 
phosphorylation of ERK and JNK, while phosphorylation 
of p38 was unchanged by treatment with LicB (Fig. 5A). 

A B

Fig. 5. Effect of LicB on LPS-induced NF-κB and MAPK activation. (A) RAW264.7 cells were plated in 100-mm dishes. After 12 h of
seeding, cells were treated with different doses of LicB in the presence of LPS (500 ng/ml) for 20 min. Whole cell extracts were immuno-
blotted with the indicated Abs. β-actin was used as a control. (B) RAW264.7 cells treated with LPS alone or with various concentrations of 
LicB in the presence of LPS for 1 h. Nuclear protein was prepared and subjected to Western blot analysis by using antibodies specific for
indicates Abs and equivalent loading of nuclear protein was determined by reprobing the blots with anti-PARP. The bands were quantified 
using NIH image analysis software and their relative intensity was expressed as fold against the image of the LPS-stimulated RAW264.7 
cells. The results are reported as mean ± SEM of three independent experiments. Statistical significance is based on the difference when 
compared with LPS-stimulated cells (*P < 0.05, **P < 0.01, ***P < 0.001).
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Since MAPKs mainly regulate AP-1, we investigated if LicB 
exerts anti-inflammatory activities by affecting AP-1 activity. 
Nuclear translocation of c-Fos and c-Jun, a subunit of AP-1, 
was inhibited by LicB treatment in a dose-dependent manner 
(Fig. 5B). Taken together, these results demonstrated that 
exogenous addition of LicB in the culture medium sup- 
presses LPS-induced inflammatory mediators by inhibiting 
the activation of NF-κB and MAPKs. 

 
DISCUSSION 

 
Licochalcone is a molecule contained in licorice root 

(Radix Glycyrrhizae) extract. The root is obtained from 
perennial plants native to Mediterranean countries, central 
to southern Russia, and certain regions of Asia. Glycyrrhiza 
glabra L. and Glycyrrhiza uralensis Fisch. (Fam. Legu- 
minosae) roots are the commonest sources of licorice used 
in cosmetics, foods, tobacco and in both traditional and 
herbal medicines. Licorice contains several classes of secon- 
dary metabolites that have been associated with numerous 
human health benefits. Licorice and its bioactive ingredients 
such as glycyrrhizin, glabridin, licochalcone A, licoricidin 
and licorisoflavan A possess potential beneficial effects in 
oral diseases. More specifically, the pharmacological activities 
of licorice and their effects in the treatment for different 
human diseases, such as cancer, atherosclerosis, gastric ulcers, 
hepatitis, bacterial infections and immunodeficiency, have 
been demonstrated (Isbrucker and Burdock, 2006; Asl and 
Hosseinzadeh, 2008). The aim of this study was to evaluate 
the anti-inflammatory effects of LicB in LPS-stimulated 
RAW264.7 macrophages. 

A variety of transcription factors including NF-κB and 
AP-1 are involved in the transcriptional regulation of in- 
flammatory mediators including iNOS, TNF-α, IL-1β and 
IL-6 (Kaminska, 2005; Pasparakis, 2009; Baker et al., 2011; 
Schonthaler et al., 2011). NF-κB transcription factors are 
pivotal regulators of inflammation and immunity that control 
expression of important immunoregulatory genes (Pasparakis, 
2009; Baker et al., 2011). In unstimulated cells, the inactive 
p50/p65 element of NF-κB is maintained as a heterodimer in 
the cytoplasm that are bound to IκB proteins. IκB inhibits 
NF-κB activation in the cytoplasm of unstimulated macro- 

phages. Stimulation of cells with LPS induces IκB degra- 
dation, which releases the NF-κB heterodimer leading to 
the transcription of inflammatory genes like iNOS and 
inflammatory cytokines, such as IL-1β, IL-6 and TNF-α 
(Pasparakis, 2009; Baker et al., 2011). The transcription factor 
NF-κB plays a vital role in the development of immune 
and inflammatory responses by controlling the expression of 
inflammation associated with proteins, such as iNOS and 
inflammatory cytokines (Pasparakis, 2009; Baker et al., 2011). 
The expression levels of iNOS and inflammatory cytokines 
are regulated by NF-κB activation, which is the major 
regulator of the transcription of these proteins (Pasparakis, 
2009; Baker et al., 2011). These inflammatory mediators 
play a central role in inflammatory disorders, and their sup- 
pression is the major objective of anti-inflammatory therapies. 
Presently, LicB down-regulated NF-κB pathways and in- 
hibited the expressions of iNOS, IL-1β, IL-6 and TNF-α. 
These observations indicate that LicB have beneficial roles 
in the regulation of inflammation. 

Independent or synergistic with NF-κB, AP-1 is a hetero- 
dimeric protein constituted by members of the Jun and Fos 
families of DNA-binding proteins (Jochum et al., 2001). 
Both c-Jun and c-Fos are phosphorylated and activated by 
MAPKs, such as ERK, p38 and JNK kinase (Pulverer et al., 
1991; Chen et al., 1996). Many stimuli induce the binding of 
AP-1 to the promoter region of various genes that govern 
cellular processes including inflammation, proliferation and 
apoptosis (Wisdom, 1999). Thus, AP-1 proteins are recog- 
nized as regulators of cytokine expression and important 
modulators in inflammatory diseases (Pulverer et al., 1991; 
Chen et al., 1996; Wisdom, 1999; Jochum et al., 2001; Zenz 
et al., 2008; Schonthaler et al., 2011). Presently, LicB in- 
hibited c-Jun and c-Fos activation by blocking the phos- 
phorylation of ERK and JNK. 

Taken together, our results demonstrate that LicB inhibits 
the production of inflammatory mediators in LPS-induced 
RAW264.7 cells through suppression of the ERK and JNK-
mediated AP-1 pathway, as well as NF-κB pathwa. Since 
AP-1 is a critical transcription factor during the process of 
inflammation, LicB could be an interesting lead compound 
for novel anti-inflammatory drugs. 

LicB might exert a broad range of anti-inflammatory 
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effects by controlling the activities of key transcription factors. 
It is not yet clear whether these seemingly pleiotropic effects 
of LicB are the result of its control of several individual 
proteins, such as NF-κB and AP-1, or of a 'master' upstream 
factor. Further investigations are warranted to unravel the 
molecular mechanism underlying the anti-inflammatory 
activities of LicB and to sort out the complex relationship 
between the large number of signaling molecules and tran- 
scription factors involved in the regulation of inflammation. 
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