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The Anti-inflammatory Mechanism of Xanthoangelol E is Through the 
Suppression of NF-κB/Caspase-1 Activation in LPS-stimulated 

Mouse Peritoneal Macrophage 

Jung-Ho Seoa and Su-Jin Kim† 

Department of Cosmeceutical Science, Daegu Hanny University, Yugok-dong, Kyungsan 712-715, Korea 

Angelica keiskei has exhibited numerous pharmacological effects including antitumor, antimetastatic, and antidiabetic 
effects. However, the anti-inflammatory effects and mechanisms employed by xanthoangelol E isolated from Angelica 
keiskei are incompletely understood. In this study, we attempted to determine the effects of Xanthoangelol E on the 
lipopolysaccharide (LPS)-stimulated mouse peritoneal macrophage. The findings of this study demonstrated that 
xanthoangelol E inhibited the production of tumor necrosis factor (TNF)-α, interleukin (IL)-6, and prostaglandin E2 
(PGE2). Xanthoangelol E inhibited the enhanced levels of cyclooxygenase (COX)-2 and inducible nitric oxide synthase 
(iNOS) caused by LPS. Additionally, we showed that the anti-inflammatory effect of xanthoangelol E is through the 
regulation of the activation of nuclear factor (NF)-κB and caspase-1. These results provide novel insights into the 
pharmacological actions of xanthoangelol E as a potential candidate for the development of new drugs to treat 
inflammatory diseases. 
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INTRODUCTION 

 

Inflammation is a process that involves the action of 

multiple factors within a complex network. The movement 

of leukocytes to the inflammation site is important for the 

pathogenesis of inflammatory conditions. In the presence of 

infection, bacteria or bacterial products may activate resident 

macrophages and lymphocytes. Macrophage activation has 

been determined to perform an important role in the in- 

flammatory process (Adamson and Leitinger, 2011; Beutler, 

2000) and to generate potent pro-inflammatory cytokines 

such as tumor necrosis factor (TNF)-α, and interleukin 

(IL)-6, which induce inflammation and recruit other immune 

cells (Bunikowski et al., 2001). Although TNF-α and IL-6 

are beneficial host defenses, they can also trigger pathological 

conditions when expressed in excess quantities (Moudgil 

and Choubey, 2011). For example, massive stimulation of 

macrophages after a severe Gram-negative bacterial in- 

fection can result in excessive production of inflammatory 

cytokines and the development of fatal septic shock 

syndrome, as well as multiple organ failure (Tamayo et al., 

2011). Additionally, higher levels of inflammatory cytokines 

have also been implicated in a variety of chronic inflam- 

matory diseases including rheumatoid arthritis, psoriasis, 

and Crohn's disease (Guerreiro et al., 2009; Mircic and 

Kavanaugh, 2011). Hence, there is currently a strong interest 

in agents that can block the generation or activities of 

inflammatory cytokines. 

Cyclooxygenases (COX) generate a variety of prosta- 

glandins (PGs), which have been implicated in a number of 

physiological events, including the progression of inflam- 

mation, immunomodulation, and the transmission of pain 

(Ulmann et al., 2010). Two COX isoenzymes were identified: 
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COX-1, the constitutive enzyme, generates PGs that protect 

the stomach and kidney against damage; and COX-2, the 

inducible enzyme induced by inflammatory stimuli such as 

cytokines, generates PGs that contribute to the inflammatory 

pain and swelling (Kamei et al., 2004). Although COX-2 is 

normally expressed at very low levels, it is rapidly induced 

by a variety of stimuli, such as cytokines, growth factors, 

hormones, and carcinogens, and is believed to be responsible 

for producing the prostaglandins associated with the 

mediation of inflammation (Li et al., 2011; Ghoshal et al., 

2011). 

Nitric oxide (NO) generated by the inducible NO synthase 

(iNOS) isoform is an essential component of hosts' innate 

immune and inflammatory responses to a variety of patho- 

gens, including intracellular bacteria, viruses, fungi, and 

parasites. However, the overproduction of NO can prove 

harmful and can result in septic shock, rheumatoid arthritis, 

and autoimmune diseases (Leiro et al., 2004). Therefore, 

therapeutic agents that inhibit iNOS may effectively amelio- 

rate these inflammatory conditions. 

Nuclear factor-kappa B (NF-κB) performs a crucial 

function in the expression of many genes involved in 

immune and inflammatory responses (Tak and Firestein, 

2001; Stark et al., 2001). NF-κB is a member of the Rel 

family of transcription factors and typically occurs as a 

heterodimer composed of a p50 and p65 subunit. After a 

variety of stimuli, the IκB proteins are phosphorylated, 

ubiquinated, and degraded, allowing for NF-κB to trans- 

locate into the nucleus where it can bind specific DNA 

sequences located in the promoter regions of target genes 

and activate gene transcription (Jobin and Sartor, 2000). 

Recently, many studies have reported the role of NF-κB in 

inflammatory disorders (Ma et al., 2004; Ishiguro et al., 

2006). Therefore, NF-κB is currently regarded as an ideal 

target for molecular therapies to treat inflammation. 

Caspase-1 is a member of a family of caspases with 

large prodomains, and its activation is involved in apoptosis 

and inflammation (Lee et al., 2001; Wang et al., 2005). 

Activation of caspase-1 induces an inflammatory response 

via the production of pro-inflammatory cytokines and the 

recruitment of neutrophils (Faubel et al., 2007). It has been 

reported that caspase-1 deficiency reduced intestinal in- 

flammation (Siegmund et al., 2001). The results of these 

studies demonstrated that caspase-1 activation is an attractive 

target for the treatment of inflammatory diseases. 

Angelica keiskei has traditionally been used as a diuretic, 

laxative, analeptic and galactagogue. Xanthoangelol E 

isolated from Angelica keiskei is a chalcone constituent 

(Fig. 1). However, the precise molecular mechanisms of 

xanthoangelol E on the inflammatory response have yet to 

be clearly elucidated. In an effort to elucidate the mechanism 

responsible for xanthoangelol E's anti-inflammatory effect, 

we evaluated the effects of xanthoangelol E in lipopol- 

ysaccharide (LPS)-induced the production of inflammatory 

cytokine and PGE2, and expression of COX-2 and iNOS 

proteins. Additionally, we evaluated the effects of xantho- 

angelol E on the activation of NF-κB and caspase-1 in 

mouse peritoneal macrophages. 

 

MATERIALS AND METHODS 

Reagents 

3-(4,5-dimethylthiazol-2-yl)-diphenyl-tetrazoliumbromide 

(MTT) bicinchoninic acid protein (BCA), and LPS were 

purchased from Sigma (St. Louis, MO). Rabbit polyclonal 

antibody (Ab) to iNOS was obtained from Transduction 

Laboratories (Lexington, KY). Anti-mouse TNF-α, bio- 

tinylated anti-mouse TNF-α, recombinant mouse TNF-α 

and caspase-1 assay kit were purchased from R&D Systems 

(Minneapolis, MN). Anti-mouse IL-6, biotinylated anti-

mouse IL-6 and recombinant mouse IL-6 were purchased 

from Pharmingen (Sandiego, CA). Dulbeccos Modified 

Fig. 1. Chemical structure of xanthoangelol E 
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Eagles Medium (DMEM) and thioglycollate (TG) were 

purchased from Difco Laboratories (Detroit, MI). The 

specific Ab against COX-2, NF-κB and β-actin were 

purchased from Santa Cruz Biotechnology (Santa Cruz, 

CA). 

Animals 

The Male C57BL/6 (6 weeks old) mice were purchased 

from the Dae-Han Experimental Animal Center (Eumsung, 

South Korea), and the animals were maintained in the 

College of Pharmacy, Wonkwang University. The mouse 

were housed five to ten per cage in a laminar air-flow room 

maintained at a temperature of 22 ± 1℃ and relative 

humidity of 55 ± 10% throughout the study. Animal 

experimental procedures were approved by the ethics 

committee of Daegu Haany University. 

Isolation and identification of xanthoangelol E 

The aerial parts of Angelica keiskei (4.2 kg) were 

extracted with 70% aqueous ethanol (EtOH, 8 L × 3) at 

room temperature for 24 h and subsequently filtered a filter 

paper. The filtrate was concentrated in vacuo. The EtOH 

extracts was dissolved in water (1 L) and then successively 

partitioned with ethyl acetate (EtOAc, 1 L × 3) and 

n-buthanol (n-BuOH, 1 L × 3). They were concentrated 

to afford the residues of EtOAc (43.5 g, AKE), n-BuOH 

(108 g, AKB) and the water fractions. 

The EtOAc fraction (43 g) was applied to a SiO2 c.c. (Ø 

10 × 25 cm), which was eluted successively with solvents 

of increasing polarity [n-hexane-EtOAc (10:1 → 8:1 → 

5:1 → 3:1); CHCl3-MeOH (15:1 → 10:1 → 8:1 → 5:1 → 

3:1); CHCl3-MeOH-H2O (7:3:1 → 65:35:10 → 6:4:1)] to 

afford 31 fractions (ASE-1~ASE-31). Fraction ASE-15 

(792 mg) was purified using a silica gel column chro- 

matography (SiO2 c.c) (Ø 5 × 10 cm) and eluted with 

n-hexane-EtOAc (50:1) to produce xanthoangelol E. The 
1H-NMR (400 MHz) and 13C-NMR (100 MHz) spectra 

were recorded using a Varian Unity Inova AS-400 FT-NMR 

spectrometer (Palo Alto, CA). 

Peritoneal macrophage cultures 

Mice were i.p. injected with 2.5 ml TG, and TG-elicited 

macrophages were harvested after 3~4 days, as reported 

previously (Jeong et al., 2004). Using 8 ml of HBSS 

containing 10 U/ml heparin, peritoneal lavage was per- 

formed. Then, the cells were distributed in DMEM, which 

was supplemented with 10% heat-inactivated FBS, in 

4-well tissue culture plates (3 × 105 cells/well) incubated 

for 4 h at 37℃ in an atmosphere of 5% CO2, washed three 

times with HBSS to remove non-adherent cells, and 

equilibrated with DMEM that contained 10% FBS before 

treatment. 

MTT assay 

Cell viability was determined using MTT assay. Briefly, 

500 μl of peritoneal macrophage cells suspension (3 × 

105 cells) was cultured in 4-well plates for 24 h after 

treatment by each concentration of xanthoangelol E. 50 μl 

of MTT solution (5 mg/ml) was added and then cells were 

incubated for 4 h at 37℃. After washing the supernatant 

out, the insoluble formazan product was dissolved in DMSO. 

Then, optical density of 96-well culture plates was measured 

using enzyme-linked immunosorbent assay (ELISA) reader 

at 540 nm. The optical density of formazan formed in 

untreated control cells was taken as 100% of viability. 

Cytokines assay 

Cytokine (TNF-α and IL-6) assay was performed by a 

modified ELISA. In this method, the wells of 96-well 

plates were coated with mouse monoclonal Abs specific 

for TNF-α and IL-6. The coated plates were washed with 

PBS containing 0.05% Tween 20 prior to subsequent steps 

in the assay. All reagents used in this assay were incubated 

for 2 h at 37℃. Recombinant TNF-α and IL-6 were diluted 

and used as standards. Serial dilutions that started from 10 

ng/ml were used to establish the standard curve. The assay 

plates were sequentially exposed to biotinylated mouse 

TNF-α, IL-6, avidin peroxidase, and ABTS substrate 

solution containing 30% H2O2. The absorbance values of 

the plates were recorded at 405 nm. 

Prostaglandins E2 (PGE2) assay 

The PGE2 concentration in colon tissue was measured 

by enzyme-linked immunosorbent assay (ELISA) using a 
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PGE2 assay kit (Stressgen Biotechnologies, USA) according 

to the manufacturer's directions. Duplicate aliquots of 

supernatant were measured for each sample. 

Measurement of nitrite (NO) concentration 

Peritoneal macrophages (3 × 105 cells/well) were 

pretreated with xanthoangelol E for 1 h, and then treated 

with rIFN-γ (10 U/ml) and LPS (1 μg/ml). To measure the 

nitrite content, 100 μl aliquots were removed from con- 

ditioned medium and incubated with an equal volume of 

Griess reagent (1% sulfanilamide/0.1% N-(1-naphthyl)-

ethylenediamine dihydrochloridey/2.5% H3PO4) at room 

temperature for 10 min. The absorbance at 540 nm was 

determined in a plate reader. The NO2
- level was determined 

using sodium nitrite as the standard. This value was 

determined in each experiment and subtracted from the 

value obtained from the medium with peritoneal macro- 

phages. 

Preparation of cytoplasmic and nuclear extract 

Nuclear and cytoplasmic extracts were prepared as 

described previously (Schoonbroodt et al., 1997). Briefly, 

after the cells were activated with LPS and then washed 

with ice-cold phosphate-buffered saline (PBS). These cells 

were resuspended in 60 μl of buffer A (10 mM Hepes/ 

KOH, 2 mM MgCl2, 0.1 mM EDTA, 10 mM KCl, 1 mM 

DTT, and 0.5 mM PMSF, pH 7.9). The cells were allowed 

to swell on ice for 15 min, lysed gently with 2.5 μl of 10% 

Nonide P (NP)-40, and centrifuged at 2,000 g for 10 min 

at 4℃. The supernatant was collected and used as the 

cytoplasmic extracts. The nuclei pellet was resuspended in 

40 μl of buffer B (50 mM HEPES/KOH, 50 mM KCl, 300 

mM NaCl, 0.1 mM EDTA, 10% glycerol, 1 mM DTT, and 

0.5 mM PMSF, pH 7.9), left on ice for 20 min, inverted 

and the nuclear debris was spun down at 15,000 g for 15 

min to remove nuclear debris. The supernatant (nuclear 

extract) was collected, frozen in liquid nitrogen and stored 

at -70℃ until ready for analysis. 

Western blot analysis 

For analysis of the level of indicated proteins in the text, 

stimulated cells were rinsed twice with ice-cold PBS and 

then lysed in ice-cold lysis buffer (PBS containing 0.1% 

SDS, 1% triton and 1% deoxycholate). Cell lysates were 

centrifuged at 15,000 ×g for 5 min at 4℃; the supernatant 

was then mixed with an equal volume of 2 × SDS sample 

buffer, boiled for 5 min and then separated through a 10% 

denaturing protein gel. After electrophoresis, the protein 

was transferred to nylon membranes by electrophoretic 

transfer. The membranes were blocked in 5% skim milk for 

2 h, rinsed and incubated overnight at 4℃ with primary 

antibodies. After three washes in PBST/0.1% Tween 20, 

the membranes were incubated for 1 h with HRP-conjugated 

secondary antibodies. After three washes in PBST/0.1% 

Tween 20, the antibody-specific proteins were visualized 

using an enhanced chemiluminesence detection system 

according to the recommended procedure (Amersham Corp. 

Newark, NJ, USA). 

Caspase-1 activity assay 

The enzymatic activity of caspase-1 was assayed using a 

caspase colorimetric assay kit according to the manufacturer's 

protocol (R & D systems, Minneapolis, USA). The lysed 

cells were centrifuged at 14,000 rpm for 5 min. The protein 

supernatant was incubated with 50 μl reaction buffer and 5 

μl caspase substrate at 37℃ for 2 h. The absorbance was 

measured was measured using a plate reader at a wavelength 

of 405 nm. Equal amounts of the total protein from each 

lysate were quantified using a BCA quantification kit. 

Statistical analysis 

The results are presented as the mean ± S.E.M. of at 

least three experiments. The results were examined using 

an independent t-tests and ANOVA with a Tukey post hoc 

test. A P value < 0.05 of was considered significant. 

 

RESULTS 

The effects of xanthoangelol E on production of TNF-α 

and IL-6 in LPS-stimulated mouse peritoneal macro- 

phage 

The effects of xanthoangelol E on TNF-α and IL-6 

production from LPS-stimulated mouse peritoneal macro- 

phages were evaluated. As shown in Fig. 2, the production 
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of TNF-α and IL-6 in response to LPS was inhibited via 

pre-treatment with xanthoangelol E (10~100 μM). The 

maximal inhibition percentage of TNF-α and IL-6 pro- 

duction by xanthoangelol E (100 μM) were approximately 

46.7% (P < 0.05) and 40.2% (P < 0.05), respectively. No 

cell cytotoxicity by xanthoangelol E was observed (data 

not shown). 

The effects of xanthoangelol E on the production of 

PGE2 and the expression of COX-2 in LPS-stimulated 

mouse peritoneal macrophage 

Western blot analysis was conducted to determine the 

effects of xanthoangelol E on LPS-induced COX-2 

expression. The cells were pretreated for 1 h with xantho- 

angelol E and then treated for 24 h with LPS. As shown in 

Fig. 3A, LPS enhanced the levels of COX-2 expression 

relative to that observed in un-stimulated cells. However, 

xanthoangelol E inhibited the enhanced COX-2 levels. 

COX-2 catalyzes the biosynthesis of PGE2; therefore, 

we evaluated xanthoangelol E to determine whether or not 

it exerted an effect on PGE2 production. As shown in Fig. 

3B, PGE2 production was enhanced in response to LPS 

treatment; however, this increase was inhibited significantly 

by xanthoangelol E pretreatment in a dose-dependent manner. 

The maximal inhibition percentage of PGE2 production by 

xanthoangelol E (100 μM) was approximately 33.4% (P < 

0.05). 

The effects of xanthoangelol E on the production of NO 

and expression of iNOS expression in LPS-stimulated 

mouse peritoneal macrophage 

In order to investigate the effects of xanthoangelol E on 

LPS-induced NO production, cells were pretreated for 1 h 

with xanthoangelol E and then cultured for 6 h with rIFN-γ 
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Fig. 3. Effect of xanthoangelol E on COX-2 expression and 
PGE2 production in LPS-stimulated mouse peritoneal macro-
phages. (A) Cells (5 × 106 cells/ml) were pretreated for 1 h with 
xanthoangelol E (10~100 M), and then stimulated for 24 h with
LPS (1 g/ml). The protein extracts were assayed via Western blot 
analysis for COX-2. (B) Cells (3 × 105 cells/ml) were pretreated 
for 1 h with xanthoangelol E (10~100 M), and then stimulated 
for 24 h with LPS (1 g/ml). The amount of PGE2 production was
measured with immunoassay kits. All data represent the means ±
S.E.M of three independent experiments (#P < 0.05 vs. control,
*P < 0.05 vs. LPS alone). 

Fig. 2. Effect of xanthoangelol E on TNF- and IL-6 production
in LPS-stimulated mouse peritoneal macrophages. Cells (3 × 105

cells/ml) were pretreated for 1 h with xanthoangelol E (10~100 
M), and then stimulated for 24 h with LPS (1 g/ml). The levels
of TNF- and IL-6 in the supernatant were measured via ELISA.
All data are expressed as the means ± S.E.M of three independent
experiments (#P < 0.05 vs. control, *P < 0.05 vs. LPS alone).
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(10 U/ml), after which they were stimulated for 24 h with 

LPS (1 μg/ml). The resultant NO production was then 

determined by measuring the nitrite concentrations in the 

cell supernatants. Xanthoangelol E was shown to induce a 

reduction in NO production in a dose-dependent manner 

(Fig. 4A), with a maximal inhibition rate of NO production 

by xanthoangelol E (100 μM) being measured as 41.1% (P 

< 0.05). Next, the Western blot analysis was conducted to 

determine the effect of xanthoangelol E on LPS-induced 

iNOS expression in murine peritoneal macrophages. As 

shown in Fig. 4B, LPS treatment induced a significant 

increase in iNOS expression; however, xanthoangelol E 

treatment inhibited this increase in iNOS expression. 

The effects of xanthoangelol E on NF-κB activation in 

LPS-stimulated mouse peritoneal macrophage 

As NF-κB activation requires nuclear translocation of 

the RelA/p65 subunit of NF-κB, we assessed the effects of 

xanthoangelol E on the nuclear pool of RelA/p65 protein 

levels via Western blot analysis. In LPS-stimulated cells, 

the levels of Rel/p65 were increased in the nucleus, but 

xanthoangelol E reduced these enhanced levels of Rel/p65 

(Fig. 5A). The relative level of Rel/p65 was represented in 

Fig. 5B. 

The effects of xanthoangelol E on caspase-1 activation 

in LPS-stimulated mouse peritoneal macrophage 

We investigated whether xanthoangelol E could suppress 

activation of caspase-1 in LPS-stimulated cells. The cells 

were pretreated for 1 h with xanthoangelol E and then 

treated for an additional 12 h with LPS. We measured the 

effects of xanthoangelol E on caspase-1 activation using a 

caspase-1 assay kit. As shown in Fig. 6, LPS treatment in- 

duced caspase-1 activation. However, the enhanced caspase-

1 activity was significantly reduced by xanthoangelol E 

Fig. 4. Effect of xanthoangelol E on NO production and iNOS
expression in LPS-stimulated mouse peritoneal macrophages. (A) 
Cells were pretreated for 1 h with xanthoangelol E (10~100 M),
followed by 6 h of treatment with rIFN- (10 U/ml), and 24 h of 
LPS stimulation (1 g/ml). NO production in the medium was 
measured via the Griess reaction. The amount of NO production 
was quantitatively assessed using NaNO2 as a standard. (B) The 
protein extracts were assayed by Western blot analysis for iNOS.
All data are expressed as the means ± S.E.M of three independent
experiments (#P < 0.05 vs. control, *P < 0.05 vs. LPS + rIFN-).

A 

: LPS + IFN-γ 

: Xanthoangelol (μM)

B 

: LPS (1 μg/ml) 

: Xanthoangelol (μM)

N
O

 c
o

nc
en

tr
a

tio
n 

(μ
M

) 

Fig. 5. Effect of xanthoangelol E on NF-B activation in LPS-
stimulated mouse peritoneal macrophages. (A) Cells (5 × 106) 
were pretreated for 1 h with xanthoangelol E (50~100 M) and 
then treated for 1 h with LPS (1 g/ml). Nuclear extracts were 
prepared as described in the Materials and Methods section and 
evaluated for RelA/p65 via Western blot analysis. (B) The relative 
expression level of RelA/p65 was measured using an image 
analyzer. All data are expressed as the means ± S.E.M of three
independent experiments (#P < 0.05 vs. control, *P < 0.05 vs. LPS
alone). 

R
el

at
iv

e 
le

ve
l o

f N
F

-κ
B

 (
p6

5)
 

B 

: LPS (1 μg/ml) 

: Xanthoangelol (μM)

A 

: LPS (1 μg/ml) 

: Xanthoangelol (μM)

Nuclear NF-κB (p65)



- 351 - 

treatment in a dose-dependent manner. 

 

DISCUSSION 

 

The findings of this study show that xanthoangelol E 

inhibits the production of TNF-α, IL-6, and PGE2 and the 

expression of COX-2 and iNOS. In addition, this anti-

inflammatory effect of xanthoangelol E is through the 

regulation of NF-κB and caspase-1 activation in mouse 

peritoneal macrophages. These results suggest an important 

molecular mechanism by which xanthoangelol E reduces 

inflammation. 

Macrophages play key roles in inflammation. During the 

onset of the inflammatory process, these phagocytic cells 

become activated and have destructive effects. At the in- 

flammation site, a macrophage is activated to release a host 

of inflammatory mediators such as TNF-α and IL-6. These 

mediators may contribute to the initiation and progression 

of the distributive inflammatory process. TNF-α has an 

important amplifying effect in asthmatic inflammation and 

stimulates airway epithelial cells to produce cytokines 

(Woolley and Tetlow, 2000). IL-6 is a multifunctional cyto- 

kine that is rapidly elevated in response to inflammatory 

triggers. Recently in Japan, humanized anti-human IL-6 

receptor monoclonal Ab has been clinically developed as a 

therapeutic agent for some autoimmune inflammatory 

diseases, such as rheumatoid arthritis and Crohn's disease 

(Nishimoto, 2005). It was reported that cyclosporin A has 

been used to treat atopic dermatitis, owing to the suppression 

of IL-6 and IL-8 production in cases of severe pediatric 

atopic dermatitis (Bunikowski et al., 2004). Therefore, the 

development of new biological therapies for inflammatory 

disease has generally focused on the blockage of members 

of the inflammatory cascade, such as cytokines. In this 

study, we focused on how xanthoangelol E regulates the 

TNF-α and IL-6 levels in LPS-simulated mouse peritoneal 

macrophage. We showed that xanthoangelol E inhibited the 

secretion of TNF-α and IL-6 induced by LPS. The results 

suggest that xanthoangelol E may have a potential effect on 

the anti-inflammatory response through the regulation of 

cytokine production. Although xanthoangelol E inhibited 

the TNF-α and IL-6 level, the effect of xanthoangelol E on 

other cytokine levels is not elucidated in the present study. 

Thus, further study is necessary to clarify the effect of 

xanthoangelol E on various cytokines levels in a LPS-

stimulated macrophage. 

COX-2, one of the major mediators of inflammatory 

reactions, is also strongly induced in activated macrophages 

and performs a crucial function in some physiological 

processes. COX-2 is an inducible enzyme that is detected at 

low concentrations in healthy tissues. During inflammation, 

COX-2 levels are up-regulated (Crofford et al., 2000). 

Several recent studies have shown that PGs, which are a 

metabolite of COX-2, contribute to the pain and swelling 

associated with inflammation (Jones and Lamdin, 2010; 

Eisenach et al., 2010). It is reported that COX-2 expression 

is increased in the inflamed mucosa of patients with 

inflammatory bowel disease and PGs are also essential for 

the pathogenesis of eosinophilic airway inflammation 

(Roberts et al., 2001; Bochenek et al., 2004). COX-2 in- 

hibitors are widely prescribed to reduce inflammation and 

alleviate pain (Mastbergen et al., 2006). NO is also critical 

for numerous biological processes including inflammation. 

Although NO has been shown to perform a crucial role in 

host defenses against a variety of pathogens, overproduction 

of NO has been proven to be harmful and may result in 

septic shock, rheumatoid arthritis, and autoimmune diseases 

Fig. 6. Effect of xanthoangelol E on caspase-1 activation in 
LPS-stimulated mouse peritoneal macrophages. The cells were
pretreated with xanthoangelol E (10~100 M) for 1 h prior to LPS
stimulation for 12 h. The enzymatic activity of caspase-1 was tested
by a caspase colorimetric assay. All data are expressed as the 
means ± S.E.M of three independent experiments (#P < 0.05 vs. 
control, *P < 0.05 vs. LPS alone). 

: LPS (1 μg/ml) 

: Xanthoangelol (μM)
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(Nagy et al., 2010). Therefore, therapeutic agents that 

inhibit iNOS may be useful in relieving such inflammatory 

conditions. In this study, we attempted to investigate whether 

the anti-inflammatory effect of xanthoangelol E is through 

the suppression of inflammatory mediators such as COX-2, 

PGs and NO in mouse peritoneal macrophage. The results 

showed that xanthoangelol E inhibited the expression of 

COX-2 and iNOS and production of PGE2 and NO in a 

dose-dependent manner. From this, we propose that the 

anti-inflammatory activity of xanthoangelol E may be 

associated with reductions of inflammatory mediators. 

Accumulating evidence demonstrated that the increase 

of inflammatory mediators (e. g., TNF-α, IL-6, and COX-2) 

are associated with NF-κB activation. In its inactive state, 

NF-κB is sequestered in the cytoplasm bound to its in- 

hibitory protein, IκB-α, which, when stimulated, is degraded 

--thus allowing NF-κB translocate into the nucleus and 

activate pro-inflammatory genes expression. The degradation 

of IκB-α is a key step in the NF-κB-induced transcription 

of certain inflammatory genes, including inducible COX-2 

and iNOS. Therefore, NF-κB has been recognized as an 

ideal target for molecular therapies employed to treat 

inflammatory diseases. For this reason, extensive efforts have 

been made to develop new treatments that target NF-κB. In 

this study, the results showed that xanthoangelol E inhibited 

the NF-κB translocation in murine peritoneal macrophages. 

Therefore, we hypothesize that xanthoangelol E might exert 

anti-inflammatory effects via NF-κB activation. Although 

xanthoangelol E attenuated the activation of NF-κB, the 

effect of xanthoangelol E on the pathways involving NF-κB 

(phosphorylation of IκB-α, IKK activation, and TLR) was 

not determined. Therefore, further studies will be necessary 

in order to precisely clarify the role of xanthoangelol E on 

the NF-κB pathway in inflammatory response. 

The increase of inflammatory mediators is associated with 

increased activation of caspase-1 (Wang et al., 2005). It was 

reported that caspase-1-/- mice demonstrated a reduced 

IL-6 production (Humke et al., 2000; Druilhe et al., 2001). 

In another study, it was revealed that the activation of 

caspasse-1 induced NF-κB and MAPK-signaling pathways 

leading to the activation of p38 and ERK (Bauernfeind et 

al., 2009; Taxman et al., 2011). Previously, we demonstrated 

that caspase-1 inhibitor reduced the production of TNF-α 

and IL-6 in LPS-stimulated mouse peritoneal macrophage 

(Kim et al., 2011). Correctly, these studies suggested that 

the activation of caspase-1 is an attractive target for 

therapies for the treatment of inflammatory diseases. There- 

fore, we postulated that the anti-inflammatory effects of 

xanthoangelol E are mediated, at least in part, via the 

suppression of caspase-1 activation. In this study, we noted 

that xanthoangelol E suppressed the LPS-induced activation 

of caspase-1. This finding demonstrated that the inhibitory 

effects of xanthoangelol E on inflammation be derived 

from the regulation of caspase-1 activation. Although 

xanthoangelol E attenuated caspase-1 activation, the effect 

of xanthoangelol E on other pathways-involved caspase-1 

upstream/downstream is not elucidated in the present study. 

Thus, further investigation is necessary to clarify the role 

of xanthoangelol E on caspase-1 associated pathway in a 

LPS-stimulated mouse peritoneal macrophage. 

In conclusion, the anti-inflammatory activities of xantho- 

angelol E could be attributed, at least in part, to the regula- 

tion of inflammatory mediators. These anti-inflammatory 

effects of xanthoangelol E are caused by the inhibition of 

LPS-induced NF-κB activation and caspase-1 activation. 

These results provide experimental evidence showing that 

xanthoangelol E might be potential candidate in the treat- 

ment of inflammatory diseases. 
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