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Abstract

Objective The purpose of the present study was to eval-

uate the potential therapeutic effects of NZ on

lipopolysaccharide (LPS)-induced RAW264.7 cells and

explore its underlying mechanisms.

Methods The effect of NZ on NO generation in LPS-

activated macrophage was measured by Griess assay. The

concentrations of TNF-a, IL-18, IL-1b were analyzed with

ELISA kits. The LPS-induced production of reactive oxy-

gen species (ROS) was determined by flow cytometry. The

protein expressions of TLR4, NF-jB and NLRP3 signaling

pathway were investigated with Western blot analysis.

Results It was shown that NZ significantly reduced the

production of NO and the generation of pro-inflammatory

cytokines in LPS-induced RAW264.7 cells. In addition,

NZ markedly inhibited the up-regulation of toll-like

receptor 4 (TLR4), myeloid differentiation factor 88

(MyD88) and the activation of nuclear factor kappa B (NF-

jB) in LPS-stimulated RAW 264.7 macrophages. Of note,

NZ suppressed the expression of the inflammasome com-

ponent such as NOD-like receptor 3(NLRP3), apoptosis-

associated speck-like protein containing CARD(ASC), as

well as the levels of cytokines including Interleukin-18(IL-

18) and Interleukin-1b(IL-1b).
Conclusion These results indicated that NZ inhibited the

generations of NO and pro-inflammatory cytokines by

suppressing TLR4/MyD88/NF-jB pathway, suggesting

that NZ could be an effective candidate for ameliorating

LPS-induced inflammatory responses.

Keywords NZ � LPS � RAW264.7 � NO � NF-jB �
NLRP3

Introduction

Inflammation, primarily featured by many pathological

conditions including tissue injuries, is well recognized as a

localized protective response and plays a significant role in

scavenging pro-inflammatory substances. On the other

hand, chronic inflammation associated with excessive pro-

inflammatory mediators may disturb the normal function of

the body and lead to lung injury [1], infarction [2], car-

diovascular diseases [3], neurodegenerative disorders [4] or

even death. Therefore, the duration and magnitude of

inflammation must be controlled. However, few effective

therapeutic drugs with assuasive side effects have been

discovered to date, which suggests the significance for

seeking more effective and non-cytotoxic anti-inflamma-

tory agents.

Macrophage, known as one of the most dominant and

widely distributed inflammatory cells, is involved in the

initiation and maintenance of acute inflammatory response

[5]. Lipopolysaccharide (LPS), the major component of the

cell outer membrane of Gram-negative bacteria, is essen-

tially important to pathogen-induced inflammation [6]. LPS

is capable of triggering a cascade of inflammatory pro-

cesses, among which the initiation of toll-like receptor 4

(TLR4) signaling pathway could further lead to more

intricate biological responses including the secretion of a

number of pro-inflammatory mediators.

Responsible Editor: John Di Battista.

& Hui Ji

huijicpu@163.com

1 State Key Laboratory of Natural Medicines, China

Pharmaceutical University, No. 24 Tongjiaxiang,

Nanjing 210009, China

Inflamm. Res. (2015) 64:799–808

DOI 10.1007/s00011-015-0863-4 Inflammation Research

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s00011-015-0863-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00011-015-0863-4&amp;domain=pdf


When bound with LPS, the receptor TLR4 is initiated,

which consequently promotes the downstream events. [7].

NF-jB drives a classical signal transduction pathway and

gene regulation, which is implicated in various diseases

including inflammatory disorders. Inactive NF-jB in the

cytoplasm is normally governed by a family of inhibitory

proteins (IjBs). The IjB kinase complex (IKK) is also

involved in NF-jB pathway and is activated by various

stimuli associated with tissue lesion. IKK contributes to the

phosphorylation and degradation of IjB [8]. Subsequently,

NF-jB is activated and initiates the transcription and

expression of pro-inflammatory gene, then leads to excessive

accumulation of various mediators such as tumor necrosis

factor (TNF)-a, interleukin (IL)-1b and nitric oxide (NO).

Particularly, NO, a crucial inflammatory mediator which is

synthesized by inducible form of nitric oxide synthase

(iNOS), is paradoxical in the pathogenesis of inflammation

depending on its concentration [9]. Appropriate amount of

NO is beneficial for regulating considerable physiological

condition, whereas the sustained over-expression of NO is

believed to be dangerous to human. Therefore, the regulation

of the NO amount is a promising therapeutic strategy for

many inflammatory diseases.

As is well known, pro-inflammatory cytokines are the

most essential NF-jB target and play critical roles in

numerous immune processes. Apart from TNF-a and IL-18,

IL-1b acts as an indispensable pro-inflammatory cytokine as

well. The production of IL-1b requires proteolytic cleavage

changed from inactive precursor pro-IL-1b to an active form

by caspase-1 promoting [10]. Moreover, the formation of

inflammasome is the premise of the activation of caspase-1.

NLRP3, a multiprotein complex composed of the Nod-like

receptor (NLR) family of intracellular recognition mole-

cules, the adapter protein apoptosis-associated speck-like

protein containing a caspase recruitment domain (ASC) and

pro-caspase-1, is one of the best studied inflammasomes

[11]. Upon initiated by stimuli including LPS, NLRP3 pro-

teins polymerize and combine with ASC adaptor, which in

turn accelerates the recruitment and activation of pro-cas-

pase-1 [12]. After that the inactive precursors of IL-18 and

IL-1b are proteolytic cleaved by the promotion of caspase-1.

With the release of pro-inflammatory cytokines, the

numerous inflammatory process is exacerbate.

Triterpenoids, recognized as a family of natural prod-

ucts, have been widely applied for medicinal purposes in

their natural forms or as templates for synthetic modifica-

tion in many countries. Oleanolic acid (OA), as the well-

known major triterpenoid acid, is widely distributed

throughout the plant kingdom. OA possesses a wide variety

of properties such as hepatoprotective, anti-viral, and anti-

inflammatory effects [13]. On account of the comparatively

low activity of triterpenoids in their natural forms, new

derivatives have been synthesized to meet the clinical

purposes. It is noteworthy that a typical synthetic oleanane-

type triterpenoid, 2,3-dichloro-5,6-dicyano-1,4-benzo-

quinone (CDDO) has been served as an effective structural

template for searching more potent anticancer and antiox-

idant agents over the past decade [14]. Our previous studies

demonstrated that CDDO-Me significantly attenuated the

mRNA expression of TNF-a, IL-1b and IL-6 in LPS-

stimulated RAW264.7 cells, which are involved in block-

ing activation of NF-jB [15]. While only few CDDO

derivatives have been designed and synthesized to enhance

the anti-inflammatory activities. Taking CDDO as an

effective structural template, we conducted a great deal of

chemical modification and structural transformation. Thus,

olean-28,13b-olide 2 (NZ) was designed and synthesized.

Encouragingly, NZ is shown to overcome poor water sol-

ubility and enhance anti-inflammatory activity. However,

its molecular mechanism of anti-inflammatory activity in

RAW264.7 cells remains poorly understood. Thus, the

present study was aimed to evaluate the anti-inflammatory

activity of NZ in LPS-induced RAW264.7 cells and

explore its potential mechanism.

Materials and methods

Reagents

NZ (Fig. 1a, purity more than 99 %, was synthesized by

Pro. Yihua Zhang as previously described [16]) was dis-

solved in DMSO at a concentration of 200 mM and stored

at 4 �C. The final concentration of DMSO was less than 0.1

% [v/v] in any of the experiments. LPS (E. coli: Serotype

055:B5) and NO kit (catalog no. S0021) were purchased

from Beyotime Institute of Biotechnology (Nanjing,

China). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra-

zolium bromide (MTT) was supplied by Sigma Chemical

Company (St. Louis, MO, U.S.). Mouse IL-18, IL-1b, and
TNF-a enzyme-linked immunosorbent assay (ELISA) kits

were purchased from Biolegend (San Diego, CA, USA).

Dulbecco’s modified Eagle’s medium (DMEM) was pur-

chased from Life Technologies (Carlsbad, CA, USA).

Primary antibodies against iNOS, TLR-4, MyD88, IKKa,
p-IKKa/b, p-IjB-a, IjB-a, p65, NLRP3, ASC, caspase-1,
b-actin and horseradish peroxidase-conjugated anti-rabbit

antibodies were obtained from Cell Signaling Technology

(Beverly, MA, USA).

Cell culture

Murine macrophage cell line RAW264.7 was obtained

from the American Type Culture Collection (ATCC,

Rockville, MD). The cells were cultured in Dulbecco’s

modified Eagle’s medium (DMEM) supplemented with
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10 % heat-inactivated fetal bovine serum (FBS, Hyclone,

South America), 100 IU/ml penicillin and 100 lg/ml

streptomycin (Amresco, USA) in a humidified incubator

containing 5 % CO2 at 37 �C.

Cell viability assay

The RAW264.7 cells were plated at a density of 1.0 9 104

cells/well in 96-well plates and incubated in humidified

environment at 37 �C for 24 h. The cells were treated with

different concentrations of NZ for another 20 h. Cell via-

bility was assessed using methylthiazoletetrazolium (MTT)

assay. Briefly, 20 ll of MTT (5 mg/ml) working solution

was added to each well and incubated at 37 �C for 4 h.

Then, the culture medium was removed and dimethyl

sulfoxide (DMSO) of 150 ll was added to dissolve the

formazan crystals. The absorbance values were measured

at 490 nm using a microplate spectrophotometer (Tecan,

Switzerland). The optical density of formazan crystals in

the control group was taken as 100 % of viability. The

assay was performed in triplicate at each concentration.

Determination of nitric oxide (NO) production

1 9 104 cells/well RAW264.7 cells were seeded on 96-well

plates and incubated overnight, followed by the treatment

with various concentrations of NZ for 2 h before LPS

stimulation. Cells were treated with LPS (1 lg/ml) for an

additional 24 h. Nitric oxide in culture medium was mea-

sured directly using a commercially available kit (Beyotime,

China) based on the Griess reaction. Culture supernatants

(50 ll) were mixed with 100 ll Griess reagent for 3 min at

room temperature. The absorbance values were measured at

540 nm on a microplate spectrophotometer.

Enzyme-linked immunosorbent assay (ELISA)

After incubated with various concentrations of NZ for

2 h, the RAW 264.7 cells (1 9 105 cells/well in 6-well

plates) were subsequently treated with or without LPS

(1 lg/ml) for 6 h. We collected the cell culture super-

natants for further cytokine analysis. The contents of

tumor necrosis factor (TNF)-a, interleukin (IL)-1b and

IL-18 were evaluated with their respective commercially

available enzyme-linked immunosorbent assay (ELISA)

kits according to the manufacturer’s instructions. Then the

absorbance of each well was read at 450 nm with a

microplate spectrophotometer. Finally, the contents were

calculated according to the standard curves.

Detection of intracellular ROS

The production of intracellular ROS was assessed in

RAW264.7 cells using the oxidation-sensitive fluorescent

dye carboxy-DCFH-DA. To summarize, the RAW264.7

cells were cultured at 1 9 105 cells/well in 6-well plates.

Cells were pre-treated with various concentrations of NZ

(2 nM, 4 nM, 8 nM) in the presence or absence of LPS

(1 lg/ml) and incubated for 4 h. Then they were washed

twice with 19 washing buffer and loaded with 10 mM

2,7-dichlorofluorescein diacetate (DCFH-DA) detection

reagent. After incubated in darkness for a further 20 min

at 37 �C, cells were washed twice with 19 washing

buffer. Finally, DCF fluorescence distributions were ana-

lyzed by the flow cytometry with excitation wavelength

and emission wavelength of 488 and 525 nm,

respectively.

Western blotting

The RAW264.7 cells pre-treated with NZ (2, 4 nM, 8 nM)

with or without LPS were collected, washed twice by cold

PBS and lysed in a RIPA buffer (Beyotime, China). The total

protein concentration was measured using a BCA protein

assay kit (Beyotime, China). 60 lg cellular proteins were

mixed with five times loading dye (Laemmli Buffer) and

2-mercapto ethanol, then were heated at 95 �C for 5 min.

The protein samples were resolved and separated by 8–12 %

Fig. 1 Effect of NZ on the

viability of LPS-induced

RAW264.7 cells. The chemical

construction of NZ (a). Cell
viability was evaluated by MTT

assay (b). All values are the

mean ± S.D. of three

experiments performed in

triplicates
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sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE). After that the blots were transferred to

polyvinylidene difluoride membranes (Millipore, MA,

USA), which subsequently were blocked with 5 % (w/v)

non-fat milk in TBST buffer for 1 h at room temperature.

Then the membranes were treated with corresponding pri-

mary antibodies overnight at 4 �C. The membranes were

washed three times with 19 TBST, followed by incubated

with appropriate horseradish peroxidase-conjugated sec-

ondary antibodies (1:5000; Bioworld, MN, U.S.) for 2 h.

Finally, protein bands were visualized with an enhanced

chemiluminescence (ECL) system (KeyGEN Biotechnol-

ogy, Nanjing, China) and scanned with a

Chemiluminescence imaging system (Gel Catcher 2850,

China). The relative optical densities of protein bands were

analyzed with a ChemiScope analysis program.

Statistical analysis

The results in this study were analyzed using one-way

ANOVA with Tukey multiple comparison test. They were

presented as the mean ± standard deviation (S.D.). A

p value of less than 0.05 was considered to be statistically

significant (p\ 0.05).

Results

Effects of NZ on cell viability

To investigate whether NZ has any cytotoxic in RAW264.7

macrophages, we first examined its effects on cell viability

using MTT assay. The RAW264.7 cells incubated with

various concentrations of NZ were harvested after 24 h

incubation. As shown in Fig. 1b, NZ did not display any

cellular toxicity with NZ at 2, 4, 8 nM. These results

proved that the inhibitory effect caused by NZ treatment

was not due to its cytotoxicity. For the above reason, all

subsequent experiments were conducted at different con-

centrations (2, 4 and 8 nM) of NZ.

Effects of NZ on LPS-induced NO production

in RAW264.7 cells

The production of nitric oxide (NO) after LPS challenge

was an important reflection of the inflammatory process.

To assess whether NZ inhibited LPS-induced inflam-

mation, the production of NO was determined in

RAW264.7 macrophages. As shown in Fig. 2a, in LPS-

stimulated RAW264.7 cells, NO production markedly

LPS(1μg/ml)

NZ (nM)

- + + + +

- -              2            4             8 

B

A

iNOS

β-actin

C

Fig. 2 Effects of NZ on NO production and iNOS protein expression

in LPS-stimulated RAW264.7 cells. RAW264.7 cells were seeded on

96-well plates with 1 9 104 cells/ml for 24 h. Then they were

incubated with different concentrations of NZ (2, 4, 8 nM) for 2 h,

and subsequently treated with or without LPS (1 lg/ml) for another

24 h. The nitrite in the culture supernatants was collected and

assessed by Griess reaction. The absorbance was measured at 540 nm.

b-Actin was used as an internal controls for Western blot analysis.

a Effect of NZ on the suppression of NO production in LPS-induced

RAW264.7 cells. b Effect of NZ on LPS-induced iNOS protein in

RAW264.7 cells. All data were expressed as mean ± SD of three

separate experiments, ###p\ 0.001 compared with control group,
***p\ 0.001, **p\ 0.01 compared with LPS group
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up-regulated, which was dramatically suppressed with

the pre-treatment with NZ in a concentration-dependent

manner. Since the overproduction of NO is mainly on

account of high expression of iNOS, we also analyzed

the ability of NZ to regulate the LPS-induced iNOS

expression. As shown in Fig. 2b, iNOS expression was

significantly attenuated by the pre-treatment with NZ (2,

4 and 8 nM) in LPS-induced RAW264.7 cells. Together,

these results indicated that NZ exerted inhibitory effect

by reducing the production of NO and the expression of

iNOS.

Effects of NZ on LPS-induced pro-inflammatory

cytokines in RAW264.7 cells

Cytokines are important mediators in regulating host

responses to inflammation. To further evaluate the anti-

inflammatory effect of NZ on LPS-stimulated pro-inflam-

matory cytokines, we investigated the productions of TNF-

a (Fig. 3a), IL-1b (Fig. 3b) and IL-18 (Fig. 3c) by treating

RAW264.7 cells with LPS. As expected, in normal cells,

the productions of several pro-inflammatory cytokines

were almost unobserved. The levels of pro-inflammatory

cytokines increased significantly in LPS treatment alone.

Whereas these conditions were markedly attenuated by

pre-treatment with NZ (2, 4 and 8 nM). These results

showed that NZ inhibited the synthesis and release of

pro-inflammatory cytokines TNF-a, IL-1b and IL-18

in concentration-dependent manners in LPS-stimulated

RAW264.7 cells.

Effects of NZ on ROS production

The TLR4-dependent production of ROS was required

for the activation of NLRP3 inflammasome, and ROS

could be significantly increased by LPS. To detect the

involvement of ROS during LPS-induced inflammation

in RAW264.7 cells, the production of ROS was mea-

sured using DCFH-DA probe. RAW264.7 cells were pre-

treated with different concentrations of NZ with or

without LPS. DCF fluorescence was monitored by flow

cytometry. As shown in Fig. 4, treatment with NZ sig-

nificantly inhibited ROS production compared with that

of treatment with LPS alone. Based on these results, we

could draw a conclusion that NZ might reduce the

secretions of IL-18 and IL-1b via suppressing ROS

production.

Effects of NZ on activation of TLR4 and MyD88

in RAW264.7 cells

To assess the effect of NZ on the LPS-activated TLR4

signaling pathway, we used Western blot analysis to

examine whether NZ influences TLR4 protein expres-

sion. The results showed that TLR4 protein expression

was significantly up-regulated in the LPS-treated group

compared with that in the normal group (Fig. 5b).

However, NZ could markedly decrease the protein levels

of TLR4. In addition, MyD88 was an adaptor protein for

TLR4, so we further checked the protein level of

MyD88. Our data demonstrated that NZ could suppress

Fig. 3 Effects of NZ on the

expressions of TNF-a, IL-1b
and IL-18 in LPS-induced

RAW264.7 cells. The

RAW264.7 cells were treated

with various concentrations of

NZ for 2 h and subsequently

stimulated with LPS (1 lg/ml)

for another 6 h. Then the culture

supernatant was collected and

assessed for cytokines TNF-a,
IL-1b and IL-18 by ELISA kit.

NZ also inhibited LPS-induced

TNF-a (a), IL-1b (b) and IL-18

(c) secretions in RAW264.7

cells. All data were expressed as

mean ± SD of three separate

experiments, ###p\ 0.001

compared with control group,
***p\ 0.001, **p\ 0.01,
*p\ 0.05 compared with LPS

group
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LPS(1μg/ml)  -             +              +             +            +
NZ (nM)           - -               2            4            8

TLR4 

MyD88

β-actin

A

B C

Fig. 5 The inhibitions of NZ on

TLR4 and MyD88 expressions.

Cells were incubated with NZ

(2, 4, 8 nM) for 2 h and then

treated with 1 lg/ml LPS. The

protein samples were analyzed

using Western blot analysis. b-
Actin was used as a control.

Three independent experiments

were performed and the results

are presented as the

mean ± SD. ###p\ 0.001

compared with control group,
***p\ 0.001, **p\ 0.01,
*p\ 0.05 compared with LPS

group

Fig. 4 NZ suppressed ROS

generation in RAW264.7 cells.

The cells were treated with

various concentrations of NZ (2,

4, 8 nM) in the presence or

absence of LPS (1 lg/ml). Then

they were incubated for 4 h and

added 100 lL DCFH-DA, prior

to a further 30-min incubation at

37 �C. ROS production was

measured using flow cytometry.

All data were presented as

mean ± SD of three

experiments performed in

duplicate. ###p\ 0.001

compared with control group,
***p\ 0.001 compared with

LPS group
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LPS-induced activation of MyD88 in RAW264.7 cells

(Fig. 5c). Therefore, it was indicated that LPS-induced

activation of TLR4 signaling pathway was probably

restrained by NZ.

Effects of NZ on NF-jB (p65) activation

and translocation in RAW264.7 cells

NF-jB pathway is a crucial regulator in mediating the

expression of iNOS genes and pro-inflammatory cytokines

in activated RAW264.7 cells. To better demonstrate the

mechanisms, we sought to measure whether the NF-jB
signaling activation was also related to the inhibitory effects

of NZ. The activation degree of NF-jB was assessed by

Western blotting. Our data revealed that LPS-induced

increase in protein levels of the phosphorylation of IjB-a
(Fig. 6c) and IKKa/b (Fig. 6b) was dramatically blocked

by co-treated with LPS and NZ. Furthermore, the protein

level of cytosolic NF-jB p65 subunit was significantly

alleviated (Fig. 6d), while the nuclear phosphorylation of

p65 was attenuated by co-treatment with NZ (Fig. 6e).

Taken together, these results suggested that NZ might be

involved in NF-jB pathway-mediated inflammatory process

in LPS-induced RAW264.7 cells.

Effects of NZ on the activation of the NLRP3

inflammation and caspase-1 in RAW264.7 cells

In our study, it was showed that NZ could reduce IL-18 and

IL-1b productions in LPS-induced RAW264.7 cells in

Fig. 3b, c. Moreover, recent literature has revealed that IL-

18 and IL-1b are inactive cytoplasmic precursors (pro-IL-

1b and pro-IL-18) before turning to the active forms, which

are cleaved by caspase-1. The activation of caspase-1 was

mediated by NLRP3 inflammasome. Consequently, to

elucidate whether its anti-inflammatory effect was related

with NLRP3 inflammasome, we further explored the level

of NLRP3 inflammasome in RAW264.7 cells (Fig. 7).

Western blot analysis showed that co-treated with NZ and

LPS dramatically blocked the LPS-induced up-regulations

of NLRP3, ASC and pro-caspase-1 compared with treat-

ment with LPS alone. These results indicated that NZ

might reduce the promotion of NLRP3 inflammasome to

inhibit inflammation.

LPS(1μg/ml)  -             +            +             +            +
NZ (nM)   - -             8             4            2

p-IKKα/β 

IKKα

p-IκB-α   

IκB-α 

p65

β-actin

p-p65

Lamin A

A B

C

D

E

Fig. 6 NZ decreased the

activation of NF-jB signaling in

RAW264.7 cells. Cytosolic total

and phosphorylation of IjB-a,
IKKa/b and NF-jB p65

expressions were determined by

representative Western blotting

in RAW264.7 macrophages. b-
Actin was used as internal

control. Relative protein levels

were quantified by

densitometry, c the degradation

and phosphorylation of IjB-a,
b the phosphorylation of IKKa/
b, d, e the activation of NF-jB
p65. Each value represents the

mean ± SD of three

experiments performed in

triplicates. ###p\ 0.001

compared with control group,
***p\ 0.001, **p\ 0.01,
*p\ 0.05 compared with LPS

group
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Discussion

In the present study, the inhibitory effects of NZ on

inflammatory pathogenesis and molecular mechanism were

evaluated in LPS-stimulated RAW264.7 cells. The data

showed that NZ prevented inflammation via a underlying

mechanism involved in the activation of NF-jB and

NLRP3 inflammasome in LPS-induced RAW264.7 cells.

Inflammation is a complex localized physiological

response accounting for high morbidity and mortality in

various diseases such as cancer, rheumatoid, atherosclero-

sis and lung injury [17]. LPS, a pivotal inducer in

inflammatory process, promotes the inflammatory patho-

genesis via triggering the acute massive accumulation of

neutrophils and the release of inflammatory mediators such

as TNF-a, IL-1b, IL-18 [18].

NZ, a new derivative synthesized from ODDO, has

attracted extensive attention due to its anticancer properties

and anti-inflammatory. Our study was conducted to explore

the underlying molecular effects of NZ on pro-inflamma-

tory cytokines generation and inflammasome activation in

RAW264.7 macrophages. RAW264.7 cells treated with

lipopolysaccharide are considered as a canonical model on

inflammation research. Our experimental data revealed that

NZ took non-cytotoxic effects on macrophages when given

alone with the experimental concentrations, or when given

in combination with 1 lg/ml LPS.

As one of the most important pattern recognition, TLR4

acts as an integral role in innate immune system. Treat-

ments aimed at modulating TLR4 signaling might have

potential therapeutic advantages for inflammatory diseases

[19]. Upon LPS stimulation, macrophages could be typi-

cally activated via TLR4 receptors and subsequently

secreted excessive inflammatory cytokines including TNF-

a, IL-1b and IL-18 [19]. The elevated levels of inflam-

matory cytokines are observed in the early stage of a

variety of inflammatory diseases. TNF-a is acknowledged

as the earliest and primary cytokine of inflammation

reaction, which stimulates the production of other cytoki-

nes and promotes the process of immune response [20]. IL-

18 functions as an important role in the regulation of

immune network and inflammatory cascade [21]. IL-1b, a
‘‘administrator’’ that arranges the following immune

responses at both the local and systemic levels, stimulates

macrophages to secret other inflammatory cytokines [22].

To explore the potential anti-inflammatory effects of NZ,

the LPS-induced generations of these cytokines with the

treatment of NZ were examined. Our results demonstrated

that NZ was an effective anti-inflammatory compound

down-regulated the LPS-stimulated productions of TNF-a,
IL-1b, IL-18. Therefore, we supposed that the inhibitory

effect of NZ on inflammation might be related to TLR4

signaling pathway.

NO is acknowledged as an intracellular messenger

during the pathogenesis of inflammation. It was previously

reported that the expression of iNOS could be up-regulated

in LPS-induced RAW264.7 cells, which subsequently

caused NO generation in large amounts and physiological

dysfunction [23]. In the present study, we analyzed the

efficacy of NZ against LPS-induced NO release in

RAW264.7 macrophages. As expected, NZ was found to

efficaciously elevate NO generation and iNOS expression

in LPS-induced RAW264.7 cells.

It has been illustrated that the activation of NF-jB is

implicated in the signaling pathways which involved in the

generation of pro-inflammatory cytokines when LPS is

recognized by TLR4 receptors. Thus, NF-jB has been

investigated as a key target for the treatment of inflam-

mation [24]. NF-jB functions as a major transcription

factor, interacting with promoter of the cytokines genes in

LPS-stimulated macrophages [25]. To elucidate the precise

mechanism involved in LPS-induced inflammation in

RAW264.7 cells, the effects of NZ on NF-jB activation

were examined. LPS stimulation leads to the activation of

TLR4-MyD88 and subsequent the activation of NF-jB via

the phosphorylation and degradation of IjBa [26]. IjBa,

LPS(1μg/ml)   -             +            +             +            + 
    NZ (nM)     - -             2            4            8

NLRP3

ASC

Caspase-1

  β-actin

A B

Fig. 7 NZ inhibited NLRP3 inflammasome activation in RAW264.7

cells. Protein levels of NLRP3, ASC, caspase-1 were determined by

Western blotting and analyzed by densitometry. The representative

data are shown. Data were presented as mean ± SD of three

experiments performed in duplicate. ###p\ 0.001 compared with

control group, ***p\ 0.001, **p\ 0.01, *p\ 0.05 compared with

LPS group
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known as inhibitors of NF-jB, is regulated by IjB kinases

(IKKs). Once activated, NF-jB subunit p65 separates from

IjBa and translocates from cytoplasm to nucleus, which

triggers the transcription of the target genes such as TNF-a,
IL-1b and IL-6 [27]. As shown in our present study, NZ

pre-treatment significantly inhibited the phosphorylation of

IKKa/b, IjBa and p65 NF-jB activation in LPS-induced

RAW264.7 macrophages. These results indicated that NZ

inhibited the levels of NO and pro-inflammatory cytokines

by suppressing TLR4/MyD88/NF-jB pathway.

Recent studies have found that NLRs is another vital

factor except TLR-NF-jB signaling. NLRP3 inflamma-

some, one of NLRs extensively studied in recent, is

consisted by three sections including NLRP3, ASC and

caspase-1. Previous evidence indicated that NLRP3 gov-

erned the productions of pro-inflammatory cytokines [28].

Recent studies have suggested that the NLRP3 region is

implicated in the pathogenesis of more common inflam-

matory diseases [29]. The activation of caspase-1 is

required to convert pro-IL-1b to its mature active form IL-

1b, which depends on activated NLRP3 inflammasome.

Upon activation, NLRP3 proteins combine to ASC adaptor

and subsequently induce the translocation and activation of

pro-caspase-1 [30]. Moreover, caspase-1 is responsible for

triggering pro-inflammatory cytokines and allowing for the

secretions of mature forms [31]. We observed that pre-

treated with NZ effectively decreased the levels of IL-1b
and IL-18 in RAW264.7 macrophages, which was due to

the down-regulation of NLRP3 protein expression and the

inhibition of ASC adaptor as well as caspase-1 activity.

Oxidative stress caused by ROS is one of the causative

factors of various inflammatory diseases [32]. ROS is also

known to be a proposed common NLRP3 inflammasome

activator, which leads to the generation and modification of

ligand for NLRP3 or the assembly of NLRP3 proteins [33,

34]. Of note, we found that pro-incubated NZ reduced ROS

production in LPS-stimulated macrophages. The result

suggested that NZ could ameliorate oxidative stress to

inhibit NLRP3 inflammasome. Simplified overview of the

above signaling pathways was as illustrated in Fig. 8.

In conclusion, we explored the effect of NZ on the inhi-

bition of inflammation in RAW264.7 macrophage. Our

results showed that NZ reduced the generations of inflam-

matory cytokines. Suppressions of IL-18 and IL-1b
secretions by NZ are related to the production of ROS.

Furthermore, it could at least partially suppress TLR-NF-jB
signaling, NLRP3 expression and caspase-1 activation.

These results indicated that NZ exerted its anti-inflammatory

effect via the inhibitions of NF-jB signaling and NLRP3

inflammasome, suggesting that NZ might be a promising

agent for the therapy of inflammatory-associated diseases.
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