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Abstract The ethyl acetate fraction of Bat Faeces (Ye Ming Sha:

natural products used in Chinese Medicine) after fermentation

(EFBF-AF) showed enhanced anti-oxidative effects in 2,2-diphenyl-

1-picrylhydrazyl and 2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid) diammonium salt assays. Fermentation of the Bat

Faeces by using the crude enzyme extract from Aspergillus

kawachii, significantly increased the anti-inflammatory effects.

Fermented Bat Faeces markedly inhibited nitric oxide production,

inducible nitric oxide synthase, and cyclooxygenase-2 expression

in lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophage

cells. The EFBF-AF reduced the nuclear translocation of nuclear

factor kappa B (NF-κB) via IKKα and IκBα phosphorylation, and

decreased the phosphorylated the extracellular signal-regulated

kinases (ERK) and p38 expression in LPS-treated RAW 264.7

macrophages. In addition, the EFBF-AF suppressed the expression

of pro-inflammatory genes, such as interleukin-1β, interleukin-6,

and tumor necrosis factor-α. These results suggest that fermented

Bat Faeces may suppress pro-inflammatory responses in LPS-

stimulated RAW 264.7 macrophages cells via ERK, p38 mitogen-

activated protein kinase and NF-κB signaling pathways.
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Introduction

Bat Faeces (Vespertilio superans Thomas), Ye Ming Sha, is one of

the natural products used in Chinese medicine [1]. The other

natural products used by Chinese medical practitioners include

plants, minerals and animal substances [2]. Bat Faeces is a coarse

powder, dark brown in color, resembles tea-dust in appearance,

and includes debris of the Mylabris insect, Bat dung, dirt, and

other extraneous substances. Bat dung is popularly referred to as

night-bright sand. It is used in the treatment of chronic eye

diseases in China [3].

Reactive oxygen species (ROS) is classified into two

categories. The first category includes the oxygen radicals such as

alkoxy (RO•), superoxide anion (O2
• –), peroxy (ROO·), hydroxy

(HO•), and hydroperoxy (HOO•) radicals. Non-radical derivatives

of oxygen including hydrogen peroxide (H2O2), ozone (O3), and

singlet oxygen (1O2) from the second category [4]. Excess

production of ROS in body results in many biological changes,

such as ageing, DNA damage, heart disease and cancer [5].

Antioxidants help to protect the body against damage caused by

ROS. Medicinal plants and other natural substances have gained

much interest in the recent times as sources of biologically active

substances such as antioxidants, antimutagens, and anticarcinogens

[6]. Inflammation is one of the defensive reactions of living

tissues to physical damage, toxic substances and external chemical

stimuli [7]. In murine RAW 264.7 cells, an innate immune

response may involve recognition of lipopolysaccharide (LPS) by

the Toll like receptor 4 (TLR4) and activation of NF-κB [8].

Exposure to LPS leads to increased expression of inducible nitric
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oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), which in

turn increases the levels of nitric oxide (NO) resulting in

inflammation [9,10]. NF-κB activation and signaling play a

central role, releasing inflammatory cytokines such as interleukin-

1β (IL-1β), interleukin-6 (IL-6) and tumor necrosis factor-α

(TNF-α) in LPS-induced inflammatory RAW 264.7 cells [11,12].

Phosphorylation of the mitogen-activated protein kinases (MAPKs)

is also associated with inflammatory responses including mitosis,

differentiation, and cell survival/apoptosis [13].

Fermentation is one of the commonly used food processing

techniques for increasing the flavor or fragrance [14]. Further, it is

used as a method for increasing the content of the physiologically

active substances. For example, fermentation of licorice (crude

enzyme treatment) increased the content of liquiritigenin which

has anti-oxidant, anti-dementia, and anti-microbial activities [15].

Another example is the enhancement of the active form of

quercetin in onion by enzyme treatment. Bioavailability and

physiological activity of quercetin are very low in onion, because

quercetin mostly exists in the glycoside form in combination with

glucose. β-Glycosidase treatment enhances the antioxidant activity

by increasing the active quercetin content in onion [16].

Based on this background knowledge, we attempted to improve

the anti-oxidant and anti-inflammatory activities of Bat Faeces by

fermentation. In addition, we investigated whether the ethyl acetate

fraction of Bat Faeces after fermentation (EFBF-AF) increase

inhibition of the inflammatory response such as NF-κB activation

and phosphorylation of ERK and p38 in LPS-stimulated RAW

264.7 cells.

Materials and Methods

Chemicals

Extraction solvents, including methanol (MeOH), ethanol (EtOH),

n-hexane (hexane), ethyl acetate (EtOAc) and n-butanol (BuOH)

were purchased from Duksan Chemical Co. (Seoul, Korea).

Chemical reagents such as 2,2-diphenyl-1-picrylhydrazyl (DPPH),

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium

salt (ABTS), potassium persulfate, 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT) and LPS (Escherichia

coli 0111:B4) were purchased from Sigma Chemical Co. (St.

Louis, MO, USA). Primary antibodies for iNOS, NF-κB, β-actin,

Lamin B, p-IKKα/β, IKKα, p-IκBα, IκBα, p38, p-p38, p-ERK,

and ERK were purchased from Cell Signaling Technology Inc.

(Boston, MA, USA) and COX-2 antibodies were purchased from

Abcam (Cambridge, MA, USA). Horseradish peroxidase (HRP)-

conjugated secondary antibodies were purchased from Santa Cruz

Biotechnology (Santa Cruz, CA, USA).

Bat Faeces and preparation of Aspergillus kawachii enzyme

extract

Bat Faeces (500 g), purchased from Daegu Oriental Medicine

Market, in Korea was refluxed two times with 3.5 L of 70%

MeOH for 3 h. The extract was filtered through the filter paper

and concentrated using Rotary evaporator. Crude enzyme extract

was prepared from the soybean paste fungi, Aspergillus kawachii,

according to the previous report with some modification [16]. Ten

grams of wheat bran in 10 mL of distilled water was sterilized at

121 oC for 30 min. A. kawachii grown in potato dextrose agar

media (Difco Laboratories, Detroit, MI, USA) was inoculated into

the sterilized wheat bran and incubated at 30oC for 3 days.

Incubated wheat bran was suspended in 100 mL of 100 mM

sodium phosphate buffer (pH 7.0) and kept at 4 oC for 18 h. The

reaction mixture was then centrifuged at 10,000 rpm for 15 min.

The supernatant was used for the fermentation of Bat Faeces. This

solution contained 0.276 U/mL (1 U is defined as the enzyme

activity needed to produce 1 μmol of p-nitrophenol from p-

nitrophenyl-β-D-glucopyranoside per min) of β-glucosidase activity.

Fermentation of Bat Faeces

The methanol extract of the Bat Faeces was re-suspended in 200

mL of distilled water and 100 mL aliquot of this suspension was

treated with 100 mL of active or inactive crude enzyme extract.

The mixture was incubated with shaking at 100 rpm at 30 oC [16].

After 18 h, the reaction mixture was partitioned sequentially in

three different solvents, hexane, EtOAc and BuOH. Inactive crude

enzyme was prepared by autoclaving at 121 oC for 30 min, served

as the control.

UPLC conditions for fermentation of Bat Faeces

The UPLC was performed to compare changing compounds

during the fermentation. The fermented Bat Faeces were quantified

by AcquityTM Ultraperformance LC system (UPLC, Waters,

Milford, MA, USA) with the wavelength set at 280 nm. The

UPLC analyses were performed using a ACQUITY UPLC CSH

C18 (2.1×100 mm, 1.7 µm; Waters, Milford, USA) reverse phase

column and the and the mobile phase consisted of water (solvent

A) and acetonitrile (solvent B) each containing 0.1% formic acid.

After 2 µL of the sample was injected into the column, solvent B

increased from 0% to 100% in 9 min, held at 100% for 1 min. The

solvent flow rate was 0.3 mL/min.

DPPH radical scavenging assay

The DPPH assay was performed according to a method described

by Yoshiki [17] with some modifications. DPPH (150 µM in

EtOH, 190 µL) was mixed with samples in dimethyl sulfoxide

(DMSO, 10 µL) at different concentrations (10, 25, 50 and 100

μg/mL). After 30 min in the dark room, the absorbance was

measured at 517nm.

ABTS radical cation decolorization assay

In order to generate ABTS cation free radicals, ABTS (7 mM in

H2O) solution and potassium persulfate (2.45 mM in H2O)

solution were mixed in 2:1 ratio by volume and kept at 4 oC for
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24 h in dark. The ABTS·+ solution was diluted with 80% EtOH to

an absorbance of 0.7±0.02 at 734 nm [18]. The samples were

dissolved in DMSO to various final concentrations. Antioxidant

effect of these samples was evaluated by incubating 10 µL of

sample solution with 190 µL of the ABTS solution in a 96-well

plate at room temperature, and the optical density at 734 nm was

read using microreader.

Cell culture and viability

Murine RAW 264.7 cells, a macrophage-like cell line, was purchased

from Korean Cell Line Bank and cultured in Dulbecco’s modified

Eagle’s medium (DMEM, Welgene, Daegu, Korea) supplemented

with 10% fetal bovine serum (Gibco BRL, Grand Island, NY,

USA), 100 U/mL of penicillin and 100 μg/mL of streptomycin (P/

S, Gibco BRL, Grand Island, NY, USA) and incubated at 37 oC

in an atmosphere of 5% CO2. For the cell viability analysis, RAW

264.7 cells were seeded at a density of 5×104 cells/well in 96-well

plates. After 24 h, fermented and unfermented samples of different

concentrations (10, 25, 50 and 100 μg/mL) were added to the

wells and incubated for additional 24 h. The culture medium was

then removed and MTT in phenol red free DMEM (Welgene,

Daegu, Korea) was added to a concentration of 0.5 mg/mL. After

incubation at 37 oC for 4h, the supernatant was removed and the

formazan blue formed was dissolved in 100 μL of DMSO. Optical

density at 575 nm was determined with a microplate reader.

Nitric oxide assay

Cells were seeded into 96-well plates at a density of 5×104 cells/

well for 24 h. Cells were treated with each of the samples for 1 h,

and then with LPS (final concentration, 1 μg/mL) for 24 h. After

24 h of incubation, 100 μL of the cell supernatant medium was

used for NO determination. The NO produced in culture medium

was measured by the method of the Griess reaction. Briefly, 100

μL of the cell culture medium was mixed with 100 μL of Griess

reagent, in which N1 and N2 were mixed in a ratio of 1:1 by

volume (N1 reagent: 1% (w/v) sulfanilamide in 5% (v/v) phosphoric

acid, N2 reagent: 0.1% (w/v) naphthylethylenediamide-HCl),

incubated in dark at room temperature for 10 min, and then the

absorbance was measured at 540 nm [19], using a microplate

reader.

Reverse transcription polymerase chain reaction (RT-PCR)

analysis

Total RNA was prepared with TRIzol reagent (Ambion, Austin,

TX, USA) from LPS-treated RAW 264.7 cells, and stored at −70
oC until used. To synthesize cDNA from RNA, PrimeScriptTM 1st

strand cDNA synthesis kit (Takara, Otsu, Japan) was used. The

reverse transcription reaction cocktail (20 μL) was incubated at 42
oC for 45 min and 95 oC for 5 min. The synthesized cDNA was

diluted 20-fold in diethyl pyrocarbonate water. Conventional PCR

for target gene amplification using specific gene primers, was

performed using Takara Ex Taq kit (Takara). The reaction

comprised 30 cycles of 98 oC for 10 s (denaturing), 55 oC for 30

s (annealing) and 72 oC for 1 min (primer extension). The primers

was designed as reported previously [20] and were purchased

from Bioneer (Daejeon, Korea). The primer sequences were as

follows: iNOS sense 5'-CCCTTCCGAAGTTTCTGGCAGCAGC-

3'; iNOS antisense 5'-GGCTGTCAGAGCCTCGTGGCTTTGG-

3'; COX-2 sense 5'-CACTACATCCTGACCCACTT-3'; COX-2

antisense 5'-ATGCTCCTGCTTGAGTATGT-3'; β-actin sense 5'-

GTGGGCCGCCCTAGGCACCAG-3'; β-actin antisense 5'-GGA

GGAAGAGGATGCGGCAGT-3'; IL-1β sense 5'-CAGGATGAG

GACATGAGCACC-3'; IL-1β antisense 5'-CTCTGCAGACTC

AAACTCCAC-3'; IL-6 sense 5'-GTACTCCAGAAGACCAGA

GG-3'; IL-6 antisense 5'-TGCTGGTGACAACCACGGCC-3';

TNF-α sense 5'-TTGACCTCAGCGCTGAGTTG-3'; TNF-α antisense

5'-CCTGTAGCCCACGTCGTAGC-3'. PCR products of iNOS,

COX-2, β-Actin, IL-1β, IL-6 and TNF-α were electrophoresed in

1.2% agarose gels and stained with EcoDyeTM DNA staining

solution (Biofact, Daejeon, Korea). Image J was used to quantify

RT-PCR products.

Western blot analysis

EtOAc fraction of fermented and unfermented Bat Faeces was

added to LPS-treated RAW 264.7 cells as described above. After

washing with 1X PBS, the cells were lysed using Pro-Prep protein

extraction solution (iNtRON Biotechnology Inc., Seoul, Korea) to

obtain whole cell lysate. Nuclear proteins were extracted using

Nuclear Extraction Kit (Abcam, MA, USA). The amount of

protein was measured using the BCA protein assay kit (Thermo

Fisher Scientific, Waltman, MA, USA). Twenty micrograms of

proteins from each sample was mixed with 5X loading buffer

(Biosesang, Sungnam, Korea), boiled for 10 min and electrophoresed

in 10% sodium dodecyl sulfate polyacryamide gel and transferred

to polyvinylidene difluoride membranes. The membranes were

blocked with 5% skim milk in Tris-Buffered Saline and Tween 20

solution, followed by incubation with primary antibodies against

iNOS, COX-2, β-actin, Lamin B, IKKα, p-IKKα/β, IκB, p-IκB,

ERK, p-ERK, p38, p-p38 and NF-κB. After washing, the membranes

were treated with HRP-conjugated secondary antibodies (1:1000)

for 40 min. β-Actin was used as protein loading controls. Bands

were detected using ECL kit (Thermo Fisher Scientific, Waltman,

MA, USA) and measured with LAS instrument. Image J was used

to quantify western blot signals.

Statistical analysis

All experiments were performed in triplicate. The results were

presented as mean ± standard deviation (SD). Statistical significance

was determined using one-way analysis of variance (ANOVA),

followed by Tukey’s tests. P values less than 0.05 were considered

to be significant.
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Results and Discussion

UPLC patterns of fermented Bat Faeces fractions

The UPLC profile of activated enzyme-treated Bat Faeces

fractions were compared with those from inactivated enzyme-

treated Bat Faeces fractions. The UPLC chromatogram of each

fraction had changing peaks due to the fermentation. Especially,

the EtOAc fractions of Bat Faeces had significant new peaks after

fermentation (black arrows) (Fig. 1).

Antioxidant effects of EFBF-AF

Endogenous ROS is generated in the course of metabolic

activities as well as on exposure to cytokines, chemotherapeutic

agents, ultraviolet radiation, and hyperthermia. ROS can perturb

the normal redox balance and shift the cells into a state of

oxidative stress [21]. In a recent study, a wide range of spectro-

photometric assays have evaluated the antioxidant capacity of

substances, using methods such as DPPH and ABTS radical

scavenging assays [22]. We investigated the antioxidant effect of

EFBF-AF using both of these methods. DPPH in EtOH solvent is

a stable, free radical, and the solution is violet in color with strong

absorbance at 517 nm. When an antioxidant substance scavenges

the DPPH radicals, the color of the solution changes to yellow,

and the consequent change in absorbance is a measure of the

antioxidant activity of the substance under study [23]. The DPPH

radical scavenging activity of EFBF-AF was 60.96±6.72% at a

concentration of 100 μg/mL, while the control (autoclaved enzyme-

treated Bat Faeces) showed only a negligible effect at the

concentration (10.77±4.08%: Fig. 2B), thus indicating that fermentation

of Bat Faeces increased the DPPH radical scavenging activity by

about 5.7 fold. EFBF-AF also showed higher ABTS radical

scavenging effect than the ethyl acetate fraction of Bat Faeces

before fermentation (EFBF-BF). In particular, at 100 μg/mL, the

ABTS radical scavenging activity of EFBF-AF was 95.40±0.17%,

whereas that of the control (EFBF-BF) was 10.73±3.79% (Fig.

2F). There was no difference between the antioxidant activities of

hexane and BuOH fractions of the fermented Bat Faeces. This

data clearly suggests that fermentation enhanced both the DPPH

and the ABTS radical scavenging activity of Bat Faeces.

Effects of EFBF-AF on LPS-stimulated NO production in

RAW 264.7 cells

Excess NO results in apoptosis of some cell types, including

macrophages [24]. Activated macrophages produce large amounts

of NO from L-arginine by iNOS. NO is an important intracellular

and intercellular regulatory molecule, involved in multiple biological

functions such as macrophage-mediated cytotoxicity, smooth

muscle relaxation, and neurotransmission [19]. In the present

study, we compared the inhibitory effects of the EtOAc fraction of

Bat Faeces before and after fermentation, on the LPS-induced pro-

inflammatory molecules, including NO production [25]. The

effect on cell viability of the EtOAc fraction from pre- and post-

fermentation Bat Faces at different concentrations was investigated

using the MTT assay. As shown in Fig. 3A and 3B, EFBF-BF and

EFBF-AF did not affect the cell viability at concentrations up to

100 µg/mL. Therefore, we used samples between 10-100 µg/mL

concentrations in all subsequent experiments. The result for NO

production is presented in Fig. 2C. When the RAW 264.7 cells

were exposed to LPS, NO levels increased significantly, by 100%

over the control. The EFBF-AF decreased the NO production in

a dose-dependent manner, whereas the NO production inhibition

activity of EFBF-BF was negligible. EFBF-AF suppressed the

NO production by 83.5% at 50 µg/mL, and by 50% at 100 µg/mL,

in LPS-stimulated RAW 264.7 macrophages. Based on these data,

EFBF-BF and EFBF-AF were used at concentrations of 50 and

100 µg/mL, respectively, in subsequent experiments.

Fig. 1 Comparison of UPLC chromatogram of Bat Faeces before and after crude enzyme extract from A. kawachii treatment. BF, Bat Faeces; B.F,

before fermentation (inactivated crude enzyme extract from A.kawachii); A.F, after fermentation (activated crude enzyme extract from A. kawachii).

Black arrows represent increased peaks
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Fig. 2 Antioxidant activity of fractions of Bat Faeces treated with inactivated crude enzyme extract from A. kawachii or activated crude enzyme extract

from A.kawachii. DPPH radical scavenging effect of hexane (A), EtOAc (B), and BuOH (C) fractions. ABTS radical scavenging effect of hexane (D),

EtOAc (E), and BuOH (F) fractions. CA, crude enzyme extract from A.kawachii; BF, before fermentation (inactivated crude enzyme extract from

A.kawachii); AF, after fermentation (activated crude enzyme extract from A.kawachii). Values represent mean±SD of relative OD obtained from three

independent experiments. *p <0.05, **p <0.01, and ***p <0.001 compared to control. ###p <0.001 when compared with fermentation of the EtOAc

soluble fraction
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Effects of EFBF-AF on LPS-stimulated iNOS and COX-2

expression in RAW 264.7 cells

iNOS and COX-2 are important enzymes that mediate inflammatory

processes. Overproduction of iNOS and/or COX-2 has been

associated with pathophysiology of certain types of human cancers

as well as inflammatory disorders [26]. Expression of iNOS and

COX-2 genes increases in response to pro-inflammatory and

inflammatory mediators [27]. To investigate the inhibitory effect

of EFBF-AF on the mRNA and protein expression of iNOS and

COX-2, we performed RT-PCR and western blotting experiments.

RAW 264.7 cells exposed to 1 µg/mL of LPS, both with and

without pretreatment with the EFBF-BF, showed markedly

increased expression of both iNOS and COX-2 expression.

However, The EFBF-AF pretreatment significantly suppressed the

mRNA and protein levels of iNOS in a dose-dependent manner in

LPS-stimulated RAW 264.7 cells, indicating that EFBF-AF reduced

the LPS-stimulated NO production by inhibiting the iNOS gene

expression at the mRNA and protein levels. Pretreatment with

EFBF-AF also significantly repressed mRNA and protein expression

of COX-2 in LPS-stimulated RAW 264.7 macrophage cells (Fig. 4).

Effects of EFBF-AF on LPS-stimulated cytokine expression in

RAW 264.7 cells

Pro-inflammatory cytokines such as IL-1β, IL-6, and TNF-α, are

up-regulated in LPS-stimulated RAW 264.7 macrophage cells

[28]. Cytokines are an important cellular defense mechanism,

because cytokine production is the first cellular response to a

microbial infection [7,29]. We investigated whether EFBF-AF has

an effect on the production of pro-inflammatory cytokines, including

IL-1β, IL-6, and TNF-α. The expression and secretion of these

cytokines in RAW 264.7 macrophage cells were measured using

RT-PCR. As depicted in Fig. 4, RAW 264.7 cells incubated with

LPS (1 µg/mL) for 24 h exhibited significantly increased expression

of IL-1β, IL-6, and TNF-α as evaluated by RT-PCR. However,

pretreatment with EFBF-AF inhibited the LPS-induced secretion

of IL-1β, IL-6, and TNF-α in a dose-dependent manner. Conversely,

Fig. 3 Effect of EFBF-AF on the viability of RAW 264.7 cells and suppression of LPS-induced NO production. Cultured cells were treated with

different concentrations of Bat Faeces EtOAc fraction before (A) and after (B) fermentation to confirm cell cytotoxicity. Cells were pre-treated with 5-

100 µg/mL of EFBF-BF and EFBF-AF prior to LPS (1 µg/mL) treatment. Supernatants were collected following 24 h in culture to determine their NO

production (C). EFBF-BF, ethyl acetate fraction of Bat Faeces before fermentation; EFBF-AF, ethyl acetate fraction of Bat Faeces after fermentation.

**p <0.01 and ***p <0.001 compared to LPS alone. ##p <0.01 and ###p <0.001 when compared with fermentation of the EtOAc-soluble fraction
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EFBF-BF showed only a negligible inhibitory effect at the same

concentration. These data indicate that EFBF-AF exerts its anti-

inflammatory effect by the down-regulation IL-1β, IL-6, and

TNF-α expression (Fig. 5).

Effects of EFBF-AF on LPS-stimulated NF-κB translation in

RAW 264.7 cells

NF-κB is a transcription factor that controls various genes,

including iNOS, COX-2, IL-1β, IL-6, and TNF-α. The role of

NF-κB signaling pathways in immunity and inflammation in LPS-

stimulated RAW 264.7 macrophage cells is well documented [30].

In unstimulated cells, NF-κB is comprised mainly of proteins p50

and p65, and is combined with I kappa B (IκB) in the cytoplasm.

However, when the cells are treated with LPS, IκB is phosphorylated

and detaches from NF-κB, resulting in translocation of NF-κB to

the cell nucleus [31]. To evaluate whether EFBF-AF was related

to the NF-κB signaling pathway, the cells were pre-treated with

EFBF-AF for 1 h, followed by LPS treatment for 1.5 h. NF-κB

Fig. 4 Inhibition of LPS-induced iNOS and COX-2 protein (A) and mRNA (B) expression by the addition of EtOAc fraction of fermented Bat Faeces

to RAW 264.7 macrophage cells. RAW 264.7 cells were pre-treated with EFBF-BF and EFBF-AF (50, 100 µg/mL respectively) for 24 h prior to LPS

(1 µg/mL) treatment. Cellular proteins were used for the detection of iNOS and COX2 by western blotting. mRNA levels of iNOS and COX-2 were

then measured using RT-PCR. β-Actin expression was used as the internal control. CNT, control; LPS, 1 µg/mL of LPS; BF, EtOAc fraction of Bat

Faeces before fermentation; AF, EtOAc fraction of Bat Faeces after fermentation. *p <0.05, **p <0.01, and ***p <0.001 compared to LPS alone.
#p <0.05, ##p <0.01 and ###p <0.001 when compared with fermentation of the EtOAc-soluble fraction 
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translocation was observed by western blot analysis. EFBF-AF

treatment decreased the nuclear levels of NF-κB p65, relative to

those in the LPS only treatment and EFBF-BF-treated samples.

Translocation of NF-κB is associated with p-IKK and p-IκB as

TLR4 pathway [32]. As shown in Fig. 6, when EFBF-AF treatment

preceded the LPS treatment, the phosphorylation of IKK and IκB

levels were significantly reduced. Pretreatment of the cells with

EFBF-BF showed negligible effect on the phosphorylation of

Fig. 5 Inhibitory effect of EFBF-AF on LPS-induced IL-1β, IL-6, and TNF-α production in RAW 264.7 macrophages. RAW 264.7 cells were

pretreated with EFBF-BF and EFBF-AF (50, 100 µg/mL respectively) for 1 h and then stimulated with LPS (1 μg/mL) for 24 h. The levels of IL-1β

(B), IL-6 (C), and TNF-α (D) mRNA were determined by RT-PCR. Each value is mean ± SE from three independent experiments. *p <0.05,

**p <0.01, and ***p <0.001. ##p <0.01 when compared with fermentation of the EtOAc-soluble fraction

Fig. 7 Effect of the EFBF-AF on phosphorylation of p38 and ERK in

LPS-stimulated RAW 264.7 cells. Total protein levels were analyzed by

western blot. The cells were incubated with EFBF-BF or EFBF-AF for 1

h and then exposed to 1 µg/mL of LPS for 24 h

Fig. 6 Effect of the EFBF-AF on the regulation of NF-κB (A) via IKKα/β

and IκBα phosphorylation (B). Nuclear fraction and total cell lysates were

prepared for Western blot analysis. RAW 264.7 cells were pre-treated with

EFBF-BF and EFBF-AF (50, 100 µg/mL respectively) for 1 h followed by

treatment with LPS for 1.5 h to detect NF-κB translocation. Cellular proteins

were used for the detection of phosphorylated forms of IKKα/β and IκBα by

western blotting. β-Actin and Lamin B were used as loading controls.; LPS

treatment for 30 min to confirm phosphorylation of IKKα and IκBα/β
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these two proteins. These data suggest that fermentation of Bat

Faeces extract inhibits NF-κB translocation by regulation of the

NF-κB signaling pathway. These results also suggest that the

transcriptional down-regulation of the iNOS, COX-2 and several

pro-inflammatory mediators, such as TNF-α, IL-6 and IL-1β, by

EFBF-AF results from an inhibition of the NF-κB signaling

pathway.

Effects of EFBF-AF on LPS-stimulated ERK and p38

phosphorylation in RAW 264.7 cells

The activation and phosphorylation of ERK is an important

signaling pathway of inflammation. The MAPKs are also

involved in the modulation of iNOS as well as the expression of

various cytokines in LPS-induced RAW 264.7 cells [33-35]. The

inhibitory effects of the EFBF-AF on LPS-induced ERK and p38

phosphorylation were studied using a western blot assay. The

phosphorylation levels of ERK and p38 significantly increased in

the LPS-treated RAW 264.7 cells, and the phosphorylation of

ERK and p38 were clearly attenuated by the EFBF-AF. These

results indicate that the EFBF-AF might partially suppress pro-

inflammatory mediator cytokine expression via ERK and p38

signaling pathways (Fig. 7).
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