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Introduction

Inflammation is a protective mechanism of blood vessel 

tissues. In inflammatory conditions, pathogens, cell injury and 

infection cause impairment (Yagi et al., 2009). Generally, the 

activated immune cells, such as macrophages and lymphocytes, 

accompany inflammation (Limtrakul et al., 2015). Particularly, 

macrophages play significant roles in the inflammation 

reaction and immune responses are included in variety of 

disease processes (Qian et al., 2015). Activated macrophages, 

stimulated by lipopolysaccharide (LPS), produce pro-inflammatory 

cytokines that activate other macrophages and recruit 

immune cells (Medzhitov et al., 1997.). Macrophages are 

distributed in all tissues of the body and eliminate 

unnecessary elements of human body such as aging cells and 

cancer cells as well as bacteria and viruses. In addition, 

macrophages play an important mediator role in maximizing 

secondary immune response by releasing antigen and various 

cytokines (NamKoong et al., 2012).

The nitric oxide (NO), produced by inducible nitric oxide 

synthase (iNOS), is secreted in activated macrophages. Also, 

inflammatory cytokines such as tumor necrosis factor (TNF)-

α, interleukin (IL)-6 and IL-1βare produced in activated 

macrophages. Inflammatory mediators and cytokines are 

essential to repair tissue injury for host condition (Chen et al., 

2014). Inhibition of the production of inflammatory cytokines 

and mediators serves as a key mechanism to control 

inflammatory reactions. Various anti-inflammatory factors 

against NO, IL-6, TNF-α and prostaglandin E2 have already 

entered clinical trials as treatment for inflammatory diseases 

(Reinhart et al., 2001). Therefore, the drugs that regulate the 

expression of inflammatory mediators have potential interest 

as therapeutics for the treatment of inflammatory diseases 

(Park et al., 2011). 

Inflammation induces the phosphorylation of p38 mitogen- 

activated protein kinase (MAPKs), c-Jun NH2-terminal kinase 

(JNK) and extracellular signal-related kinase (ERK)-1/2, 

which induce the transcription of inflammatory genes such as 

nuclear factor-kappa B (NF-κB) (Ajizian et al., 1999). In 

unstimulated cell conditions, NF-κB in bound to the inhibitory 

protein I kappa B (IκB) in cytosol. In response to LPS- 

stimulation, IκB is rapidly phosphorylated by IκB kinase 

The Effect of Barbaloin on LPS-stimulated Inflammatory Reaction in 

Mice Peritoneal Macrophages

Yong-Deok Jeon1 and Jong-Hyun Lee2*
1Department of Oriental Medicine Resources, Chonbuk National University, Iksan 54596, Korea

2College of Pharmacy, Dongduk Women’s University, Seoul 02748, Korea

Abstract - Barbaloin is a major component of Aloe vera, which has been used for a laxative. Also, barbaloin is C-glucoside 

of aloe emodin anthrone which is founded in Aloe vera. Barbaloin has varieties of pharmacological activity such as 

inhibitory effects on inflammation, histamine release, cancer and microbial infection. But the effect of barbaloin on 

lipopolysaccharide (LPS)-stimulated macrophages has not been understood. In this study, we evaluated the effects of 

barbaloin against LPS-stimulated production of nitric oxide (NO), inflammatory cytokines and MAPKs activation in 

macrophage. We treated barbaloin (0.1 , 1 , 10 , 100 µM) in LPS-stimulated mice peritoneal macrophage. Our results 

showed that barbaloin significantly inhibited production of NO and cytokines of tumor necrosis factor (TNF)-α, interleukin 

(IL)-6, interleukin (IL)-1β in LPS-stimulated peritoneal macrophage. Moreover, barbaloin inhibited the phosphorylation of 

ERK and JNK in a dose dependent manner. These results indicated that barbaloin could be useful for inflammatory diseases. 

Key words - Barbaloin, Cytokine, Inflammation, Macrophage, Nitric oxide

*Corresponding author. E-mail : naturalmed@dongduk.ac.kr

Tel. +82-2-940-4485

ⓒ 2017 by The Plant Resources Society of Korea

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Korean J. Plant Res. 30(3):280-286(2017)

https://doi.org/10.7732/kjpr.2017.30.3.280

Print ISSN 1226-3591

Online ISSN 2287-8203

Original Research Article



The Effect of Barbaloin on LPS-stimulated Inflammatory Reaction in Mice Peritoneal Macrophages

- 281 -

(IKK) and degraded. Consequently, the free NF-κB dimers 

translocate to the nucleus regulating the transcription of 

target genes, which include cyclooxygenage-2 (COX-2) and 

iNOS (Li et al., 2002). Therefore, regulation of MAPKs and 

transcription factor pathway is a potential therapeutic strategy 

for inflammatory diseases. 

Barbaloin is C-glucoside of aloe emodin anthrone which is 

founded in Aloe vera, called as healing plant (Tina et al., 

2003). Barbaloin can be recrystallized for increase purity 

(Hattori et al., 1988). Barbaloin is known as having various 

pharmacological activities such as inhibition of histamine 

release, anti-cancer and anti-microbial. Also, barbaloin is 

known as having anti-inflammatory effect by regulating 

COX-2 pathway (Park et al., 2009). However, it has not been 

reported that barbaloin has anti-inflammatory effects on 

LPS-stimulated mice peritoneal macrophages by suppressing 

secretion of inflammatory cytokines. 

In this study, we investigated the anti-inflammatory effects 

and mechanisms of barbaloin in LPS-stimulated mice peritoneal 

macrophages. The findings suggest that barbaloin suppresses 

inflammatory mediators and may be potentially useful in the 

treatment of inflammatory diseases. 

Materials and Methods

Reagents

LPS were purchased from Sigma Aldrich (St. Louis, MO, 

USA). Anti-mouse TNF-α, biotinylated anti-mouse TNF-α, 

recombinant mouse TNF-α, anti-mouse IL-6, biotinylated 

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

from BD Pharmingen (San Diego, CA, USA). The specific 

Anti-phospho-ERK, -p38 and -JNK were purchased from 

Cell Signalling (Massachusetts, MA, USA). Anti-ERK, -JNK, 

-p38 and –COX-2 antibodies were purchased from Santa 

Cruz Biotechnology (Woodland, CA, USA). Anti-GAPDH 

antibody and β-actin were purchased from Thermo scientifc 

(Pittsburgh, PA, USA). Barbaloin was obtained from the 

Wako Pure Chemical Industry Co (Osaka, Japan) and purified 

by column chromatography on silica gel, followed by re-

crystallization from EtOH.

Animals

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

SAMTAKO (Osan, Korea), and the animals were maintained 

in the college of Oriental Herb Science Medicine, Chonbuk 

National University. The mice were housed five to six per 

cage in a laminar air-flow room maintained at a temperature 

of 25-27℃ throughout the study. The research was conducted 

in accordance with the internationally accepted principles for 

laboratory animal use and care as found in Jeon Buk 

University guidelines.

Isolation of peritoneal microphages

All experiment protocols (CBNU2016-0016) were approved 

by the Committee on the Care of Laboratory Animal 

Resources, Chonbuk National University and were conducted 

in accordance with the Guide for the Care and Use of 

Laboratory Animals. Mice were i.p. injected with 3 mL of 

thiogllicholate (TG), and TG-elicited macrophages were 

harvested after 3days. By using 7 mL of Dulbecco’s Modified 

Eagles Medium (DMEM), peritoneal lavage was performed. 

Then, the cells were distributed in DMEM, which was 

supplemented with 10% heat-inactivated Fetal bovine serum 

(FBS), in 24-well cell culture plates (3×105 cells/well) incubated 

for 24 h at 37℃ in an atmosphere of 5% CO2 .

MTT assay

Cell viability was determined using MTT assay. Briefly, 

500 ㎕ of peritoneal macrophage cells suspension (3×105 

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

with various concentrations of barbaloin. 50 ㎕ of MTT 

solution (5 ㎎/㎖) 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 ㎚. The optical density of formazan formed in untreated 

control cells was taken as 100% of viability.

Enzyme-linked immunosorbent assay (ELISA)

Cytokine assay was performed by a modified enzyme- 

linked immunosorbent assay (ELISA). In briefly, the wells of 

96-well plates were pre-coated with mouse monoclonal Abs 
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specific for TNF-α, IL-6 and IL-1β overnight at 4℃. The 

pre-coated plates were washed with phosphate-buffered 

saline (PBS) containing 0.05% Tween 20 prior to subsequent 

steps in the assay. After washing with PBST, samples and 

standards were incubated for 2 hours at room temperature. 

Recombinant IL-6, TNF-α and IL-1β were used as standards. 

Serial dilutions from 10 ng/㎖ solution were used to establish 

the standard curve. The assay plates were sequentially 

exposed to biotinylated mouse IL-6, TNF-α and IL-1β 

secondary Abs, avidin peroxidase, and 2,20-azino-bis(3- 

ethylbenzthiazoline-6-sulfonic acid) (ABTS) substrate solution 

containing 30% distilled water. The absorbance values of the 

plate were measured at 405 ㎚.

Nitrite Assay

To measure the nitrite content, 100 ㎕ aliquots were 

removed from the conditioned medium and incubated with an 

equal volume of Griess reagent (1% sulfanilamide/0.1% 

N-(1-naphthyl)-ethylenediamine dihydrochloride/2.5% H3PO4) 

for 10 minutes at room temperature. The absorbance was 

measured by a microplate reader at a wavelength of 540 ㎚. 

The NO2- level was determined using sodium nitrite as a 

standard. The value was recorded in each experiment and 

subtracted from that obtained for the medium containing the 

peritoneal macrophages.

Western blot analysis

A total of 3 × 105 mouse macrophages per well were grown 

in 6 ㎝ dish and treated with barbaloin at different concentrations 

(1 μM, 10 μM, 100 uM) after 1 hour later, stimulated with 

LPS (1㎍/㎖) for 30 min. Then, cells were harvested on ice 

and washed once with ice-cold PBS. Lysis buffer with phos-

phatase and protease inhibitors (iNtRON Biotech, Republic 

of Korea) was added to lyse the cells. After incubating 30 

min, cell extracts were centrifuged at 14,463×g in a refrigerated 

centrifuge (5418R, Eppendorf, Germany) at 4°C for 10 min 

to collect cell total proteins, the amount of which was 

quantified using a BCA protein assay kit (Sigma. USA). 

SDS-PAGE (10%) was used to separate proteins, which were 

electro-transferred to PVDF membranes (Roche, UK). 

Membranes were blocked with 5 % (wt/vol) dried skimmed 

milk for 1 h, and incubated with various specific primary 

antibodies, namely, anti-P38, anti-P-P38, anti-ERK, anti-P- 

ERK, anti-JNK, anti-P-JNK, to probe corresponding target 

proteins. Bound antibodies were detected using peroxidase 

conjugated secondary antibodies, and the amount of bound 

antibody was assessed by enhanced chemiluminescence 

(ECL). Relative levels of target proteins were obtained based 

on the optical density of electrophoresis bands with GAPDH 

serving as an internal control. The protein-antibody complexes 

were visualized by ECL Western blotting luminol reagent 

(Santa Cruz Biotech, USA) and detected by LAS-4000 image 

reader (Fugi film).

Statistical Analysis

All results are presented as the mean ± S.E.M. Results were 

analyzed using Graph Pad Prism version 5.0 program (Graph 

Pad Software, Inc, La Jolla, CA, USA). One-way analysis of 

variance with Tukey post hoc test was used to determine 

statistically significant differences. P <0.05 was considered 

significant.

Results

Effect of barbaloin on cell viability in mice peritoneal 

macrophages

The effect of barbaloin on the cell viability was examined 

using MTT assay. The cells were treated with various 

concentrations (0.1 μM – 100 μM) of barbaloin. And then the 

Fig. 1. Effect of barbaloin on cell viability in mice peritoneal 

macrophages. Cells (5× 105 cell/well) were pre-treated with 

various concentration of barbaloin (0.1 – 100 μM) for 4 hours 

and then stimulated with LPS (1 ㎍/㎖) for 24 hour. Cell 

viability was measured by MTT assay.
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absorbance of formazan crystal was measured at 540 ㎚. 

Barbaloin did not show a cytotoxic effect up to 100 μM (Fig. 1). 

Effect of barbaloin on secretion of inflammatory cytokines 

in LPS-stimulated mice peritoneal macrophages

To investigate the anti-inflammatory effect of Barbaloin, 

the production of IL-6, IL-1β and TNF-α were measured by 

ELISA. The cells were pre-treated with various concentrations 

of barbaloin (100 nM – 100 μM). After 4 hours later, 1 μM of 

LPS were treated for 24 hours. The stimulation of LPS 

significantly increased the secretion of IL-6, IL-1β and TNF-

α. However, the treatment of barbaloin suppressed the 

secretion of IL-6, IL-1β and TNF-α in a dose dependent 

manner in LPS-stimulated peritoneal macrophages (Fig. 2).

Effect of barbaloin on NO production in LPS-stimulated 

mice peritoneal macrophages

To investigate the regulatory effect of barbaloin on NO 

production, Griess assay was performed. The cells were 

pre-treated with various concentrations of barbaloin (0.1 μM – 

100 μM). After 4 hours later, 1 μM of LPS were treated for 48 

hours. NO was increased by LPS treatment in mice peritoneal 

macrophages. However, barbaloin decreased LPS-stimulated 

NO production in a dose dependent manner (Fig. 3).

Effect of barbaloin on phosphorylation of MAPKs in 

LPS-stimulated mice peritoneal macrophages

The western blot analysis was performed to investigate the 

effect of barbaloin on MAPK phosphorylation. Phosphorylation 

of MAPK pathway plays a role in inflammatory reactions. 

Among the MAPKs, barbaloin inhibited the phosphorylation 

Fig. 2. Effect of barbaloin on secretion of inflammatory cytokines in LPS-stimulated mice peritoneal macrophages. Cells (5× 105

cell/well) were pre-treated with various concentration of barbaloin (0.1 – 100 μM) for 4 hours and then stimulated with LPS (1 ㎍/㎖) 

for 24 hour. The secretion of cytokines was measured by ELISA. (A) IL-6, (B) IL-1β, (C) TNF-α. Values represent mean ± S.E.M.. 

Data were analyzed by Tukey post hoc test (*P < 0.05 versus non-treatment and **P < 0.05 versus LPS alone).
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of ERK and JNK, but not p38 in LPS-stimulated peritoneal 

macrophages (Fig. 4).

Discussion

Barbaloin is the main constituent of Aloe vera which has 

been used for traditional medicine. Aloe vera has been 

reported that has beneficial effects for health such as 

anti-inflammation, anti-cancer and disinfection (Barbara et 

al., 2014). However, the exact effects and mechanism of 

barbaloin have not been understood well. Barbaloin is a 

C-glycoside that can be hydrolyzed in the gut. Barbaloin and 

aloe-emodin were known to have possibility to remedy 

chronic inflammatory diseases (Park et al., 2009). In this 

study, the anti-inflammatory effect of barbaloin was tested in 

mice peritoneal macrophages.

The macrophage was used to evaluate the anti-inflammatory 

effect. Macrophage is known to have crucial role in both 

non-specific and acquired immune responses. LPS-stimulated 

macrophages lead to activate phospholipase A2, which 

produces lipid metabolites of arachidonic acid, and the 

production of NO, and the secretion of inflammatory 

cytokines such as IL-6, IL-1β and TNF-α (Kim et al., 2014). 

Inflammatory cytokines such as IL-6, IL-1β and TNF-α 

are important role in inflammatory diseases. IL-6, IL-1β and 

TNF-α are involved in the inflammatory responses, which are 

associated with autoimmune diseases such as inflammatory 

bowel disease, asthma, and psoriasis (Rincon et al., 2012). In 

this study, we demonstrated that the treatment of barbaloin 

suppressed the secretion of IL-6, IL-1β and TNF-α in 

LPS-stimulated mice peritoneal macrophages (Fig. 2). 

NO has been known as an important regulatory molecule 

in various physiological functions including inflammation, 

vasodilation, and cellular communication (MacMicking et 

al., 1997). The overproduction of NO has been proven to be 

harmful and resulted in septic shock and auto immune 

diseases (Kim et al., 2015). The present result showed that 

barbaloin attenuated inflammation by reducing NO production 

in LPS-stimulated macrophages.

The phosphorylation of MAPKs has been known to regulate 

inflammatory mediators in LPS-stimulated macrophages. 

Activation of p38 regulates TNF-α and iNOS production 

through NF-κB pathway (Kaminska, 2005). The activation of 

JNK regulates various inflammatory mediators such as the 

phosphorylation of c-Jun and activation of AP-1 (Karin et al., 

Fig. 3. Effect of barbaloin on NO production in LPS-stimulated 

mice peritoneal macrophages. Cells (5× 105 cell/well) were 

pre-treated with various concentration of barbaloin (0.1 – 100 

μM) for 4 hours and then stimulated with LPS (1 ㎍/㎖) for 48 

hour. The production of nitric oxide was measured by Griess 

assay. Values represent mean ± S.E.M.. Data were analyzed by 

Tukey post hoc test (*P < 0.05 versus non-treatment and **P < 

0.05 versus LPS alone).

Fig. 4. Effect of barbaloin on phosphorylation of MAPKs in 

LPS-stimulated mice peritoneal macrophages. Cells (5× 106

cell/well) were pre-treated with various concentration of 

barbaloin (1 – 100 μM) for 1 hours and then stimulated with 

LPS (1 ㎍/㎖) for 30 minutes. The phosphorylation of MAPKs 

was measured by western blot analysis.
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1997). In addition, ERK is involved in iNOS expression and 

in the production of cytokines in monocytes and macrophages 

(Chang et al., 2003). In this study, the treatment of Barbaloin 

attenuated LPS-induced phosphorylation of ERK and JNK, 

but not that of p38 (Fig. 4). This result showed that barbaloin 

inhibits the expression of inflammatory mediators by blocking 

the phosphorylation of ERK and JNK in LPS-stimulated 

peritoneal macrophages.

This study demonstrated anti-inflammatory effect of 

barbaloin through down-regulation of phosphorylation of 

MAPKs (ERK and JNK) and suppression of inflammatory 

cytokine secretion. Taken together, these results suggest that 

barbaloin is an effective medicine for anti-inflammatory 

agent.
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