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Abstract  
Cerebral neuroinflammation models were established by injecting 10 μg lipopolysaccharide into the 
hippocampus of male Sprague-Dawley rats. The rats were treated with an intraperitoneal injection 
of 120, 90, or 60 mg/kg oxymatrine daily for three days prior to the lipopolysaccharide injection. 
Twenty-four hours after model induction, the hippocampus was analyzed by real-time quantitative 
PCR, and the cerebral cortex was analyzed by enzyme-linked immunosorbent assay and western 
blot assay. The results of the enzyme-linked immunosorbent assay and the real-time quantitative 
PCR showed that the secretion and mRNA expression of the pro-inflammatory cytokines interleu-
kin-1β and tumor necrosis factor-α were significantly decreased in the hippocampus and cerebral 
cortex of model rats treated with oxymatrine. Western blot assay and real-time quantitative PCR 
analysis indicated that toll-like receptor 4 mRNA and protein expression were significantly de-
creased in the groups receiving different doses of oxymatrine. Additionally, 120 and 90 mg/kg ox-
ymatrine were shown to reduce protein levels of nuclear factor-κB p65 in the nucleus and of phos-
phorylated IκBα in the cytoplasm of brain cells, as detected by western blot assay. Experimental 
findings indicate that oxymatrine may inhibit neuroinflammation in rat brain via downregulating the 
expression of molecules in the toll-like receptor 4/nuclear factor-κB signaling pathway. 
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Research Highlights 
(1) Cerebral neuroinflammation models were established by injecting lipopolysaccharide into the 
hippocampus of male rats. 
(2) Oxymatrine inhibits the expression of interleukin-1β and tumor necrosis factor-α mRNA in the 
hippocampus and the secretion of interleukin-1β and tumor necrosis factor-α in the cerebral cortex 
of model rats.  
(3) Oxymatrine decreases toll-like receptor 4 mRNA expression in the hippocampus and protein 
expression in the cerebral cortex. 
(4) Oxymatrine reduces protein levels of nuclear factor-κB p65 in the nucleus and of phosphorylated 
IκBα in the cytoplasm of brain cells of model rats. 
(5) Oxymatrine may inhibit neuroinflammation in rat brains via the toll-like receptor 4/nuclear fac-
tor-κB signaling pathway. 
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INTRODUCTION 
    
Neuroinflammation is a complex response to brain injury. 
Memory deficits have been observed following many 
neuroinflammatory insults including infection, traumatic 
brain injury, Alzheimer’s disease and others. Emerging 
evidence indicates that neuroinflammation within the 
central nervous system is a classical feature of ischemia, 
neurodegenerative disease, infections and trauma, and 
may often contribute to neuronal damage[1]. Cumulative 
evidence suggests that toll-like receptor 4 plays an im-
portant role in initiating the neuroinflammation related to 
Alzheimer’s disease, Huntington’s disease and Parkin-
son’s disease[2]. All toll-like receptors activate common 
signaling pathways: the nuclear factor-κB transcription 
factors and the mitogen-activated protein kinases. One 
of the most important downstream molecules in the 
toll-like receptor signaling pathway, nuclear factor-κB, is 
a transcriptional factor required for the gene expression 
of many pro-inflammatory cytokines, such as interleu-
kin-1β, tumor necrosis factor-α, interleukin-6 and inter-
cellular adhesion molecule-1[3].  
Oxymatrine, also called kushenin, has a tetracyclic quin-
olizine structure. Its molecular formula is C15H24N2O2 
(Figure 1).  
 
 
 
 
 
 
 
 
 
 
It is an alkaloid extracted from Sophora flavescens Ait (a 
traditional Chinese medicine). Oxymatrine has an-
ti-inflammatory, anti-apoptotic, anti-tumor, anti-viral and 
anti-arrhythmic effects[4-6]. Liu et al m[4] found that ox-
ymatrine can reduce the volume of infarct induced by 
permanent middle cerebral artery occlusion, especially at 
a dose of 120 mg/kg. Toll-like receptors are a group of 
pattern recognition receptors that are attracting increasing 
attention in the field of infectious and non-pathogenic in-
flammatory injury. Toll-like receptors in the central nervous 
system are not only involved in innate immunity, but also 
participate in and regulate inflammatory and neurodegen-
erative diseases. Nuclear factor-κB is downstream of the 
toll-like receptor signaling pathway, and its expression can 
lead to a cascading release of a variety of inflammatory 
factors, resulting in injury. 

The aim of the present study was to determine whether 
oxymatrine could attenuate the lipopolysaccha-
ride-induced activation of the toll-like receptor 4/nuclear 
factor-κB signaling pathway in the rat brain. We hypoth-
esized that the effect of oxymatrine on modulating the 
toll-like receptor 4/nuclear factor-κB signaling pathway 
could be a mechanism by which oxymatrine inhibits the 
induction of neuroinflammation. 
 
 
RESULTS 
 
Quantitative analysis of experimental animals 
Thirty rats were randomly divided into five groups (n = 6 
for each group): sham-operated group, lipopolysaccharide 
group, high-dose (rats with lipopolysaccharide and 120 
mg/kg oxymatrine treatment), medium-dose (rats with 
lipopolysaccharide and 90 mg/kg oxymatrine treatment) 
and low-dose (rats with lipopolysaccharide and 60 mg/kg 
oxymatrine treatment) oxymatrine groups. All 30 rats were 
involved in the final analysis. 
 
Oxymatrine inhibits the secretion and mRNA ex-
pression of interleukin-1β and tumor necrosis fac-
tor-α in the hippocampus and cerebral cortex of rats 
Twenty-four hours after surgery, the levels of interleu-
kin-1β and tumor necrosis factor-α mRNA in hippocam-
pus of each group were analyzed by real-time quantita-
tive PCR. Results showed that expression was signifi-
cantly higher in the lipopolysaccharide group than in the 
sham-operated group (P < 0.01), and was significantly 
lower in the oxymatrine groups than in the lipopolysac-
charide group (P < 0.01), especially the high-dose and 
medium-dose oxymatrine groups (Figure 2A). Meanwhile, 
the expression of interleukin-1β and tumor necrosis fac-
tor-α in the cerebral cortex of each group was tested by 
enzyme-linked immunosorbent assay, and the results 
were consistent with those of the real-time quantitative 
PCR (Figure 2B).  
 
Oxymatrine decreases the expression of toll-like 
receptor 4 mRNA and protein in the hippocampus 
and cerebral cortex of rats 
Twenty-four hours after surgery, the levels of toll-like 
receptor 4 mRNA in the hippocampus of each group 
were analyzed by real-time quantitative PCR. Results 
showed that expression was significantly increased in 
the lipopolysaccharide group compared with the 
sham-operated oxymatrine group (P < 0.01), and was 
significantly decreased in the oxymatrine groups com-
pared with the lipopolysaccharide group, especially in the 
high-dose oxymatrine group (P < 0.01; Figure 3A). 

Figure 1  Chemical structure of oxymatrine. 
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Meanwhile, the protein expression of toll-like receptor 4 
in the cerebral cortex was analyzed by western blot 
(Figures 3B, C). The expression was significantly in-
creased in the lipopolysaccharide group (P < 0.05). Only 
the high-dose and medium-dose oxymatrine groups had 
significant differences in toll-like receptor 4 expression 
compared with the lipopolysaccharide group (P < 0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Oxymatrine decreases levels of nuclear factor-κB 
p65 in the nucleus and of phosphorylated IκBα in the 
cytoplasm  
The protein levels of nuclear factor-κB p65 and of phos-
phorylated IκBα in the cerebral cortex were analyzed by 
western blot assay (Figure 4). Results showed that the 
protein levels of nuclear factor-κB p65 and of phosphor-
ylated IκBα in the cerebral cortex were significantly in-
creased in the lipopolysaccharide group  (P < 0.01). The 
levels were significantly decreased in the high-dose and 
medium-dose oxymatrine groups compared with the 
lipopolysaccharide group (P < 0.05).  90 mg/kg ox-
ymatrine significantly down-regulated the protein ex-
pression of nuclear factor-κB p65, while     120 mg/kg 
oxymatrine led to a significant reduction in the levels of 

phosphorylated IκBα in the cerebral cortex      (P < 
0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
 
The initiation of neuroinflammation may participate in 
secondary brain lesions, while a delayed inflammatory 
response may, on the contrary, be beneficial and repar-
ative[7]. Thus, the treatment of acute neuroinflammation 
is seen as a potential target for neuroprotective strate-
gies. The concept is emerging that the balance between 
pro-inflammatory cytokines and anti-inflammatory cyto-
kines affects the outcome of certain diseases such as 
neurodegenerative disorders[8]. Lipopolysaccharide, a 

Figure 2  Effect of different doses of oxymatrine on 
lipopolysaccharide (LPS)-induced production of 
interleukin-1β (IL-1β) and tumor necrosis factor-α (TNF-α).  

(A) The mRNA expression of the pro-inflammatory 
cytokines IL-1β and TNF-α in the hippocampus was 
examined by real-time quantitative PCR. Data were 
plotted as relative quantity (RQ, RQ=2-ΔΔCT). The 
expression of the target gene in the sham-operated group 
was standardized to one, and the RQ values of the other 
groups represent the fold changes compared with the 
sham-operated group.  

(B) The release of IL-1β and TNF-α in the cerebral cortex 
was examined by enzyme-linked immunosorbent assay.  

Data are represented as mean ± SD; there are three rats 
in each group. aP < 0.01, vs. sham-operated (Sham) 
group; bP < 0.01, vs. LPS group, one-way analysis of 
variance followed by a Scheffé test. 
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Figure 3  Effect of different doses of oxymatrine on 
lipopolysaccharide (LPS)-induced production of toll-like 
receptor 4 (TLR4) mRNA and protein. 

(A) The mRNA expression of TLR4 in the hippocampus 
was tested by real-time quantitative PCR. Data were 
plotted as relative quantity (RQ, RQ=2-ΔΔCT). The 
expression of the target gene in the sham-operated group 
was standardized to one, and the RQ values of the other 
groups represent the fold changes compared with the 
sham-operated group.  

(B) Representative western blot analysis of TLR4 protein 
(89-kDa) in the cerebral cortex of the different groups. 
β-actin (43-kDa) was used as a control. I–V: Sham, LPS, 
high, medium, low dose oxymatrine groups, respectively. 

(C) Graph showing changes in the levels of TLR 4 in the 
different groups.  

Data are expressed as mean ± SD (A, RQ; B, ratio of the 
absorbance value of TLR 4 to that of β-actin), there are 
three rats in each group. aP < 0.05, bP < 0.01, vs. 
sham-operated (Sham) group; cP < 0.05, dP < 0.01, vs. 
LPS group, by one-way analysis of variance followed by a 
Scheffé test.  

TLR4 

β-actin 

A 

B 

C 

Sham      LPS    High dose Medium dose Low dose 

R
el

at
iv

e 
le

ve
l o

f 
TL

R
4 

pr
ot

ei
n 

7 

6 
5 
4 

3 
2 
1 

0 

R
el

at
iv

e 
TL

R
4 

m
R

N
A 

ex
pr

es
si

on
 

Sham      LPS    High dose Medium dose Low dose 

7 
6 

5 
4 
3 

2 
1 
0 

b 
 

bd 
 

bd 
 

bd 
 

a 
 

c 
 c 

 

Oxymatrine 
 

Oxymatrine 
 

I      II      III      IV     V 



Mao JH, et al. / Neural Regeneration Research. 2012;7(30):2333-2339. 

 2336 

bacterial endotoxin, is known to activate microglia and 
astrocytes in brain, causing the release of 
pro-inflammatory cytokines such as interleukin-1β and 
tumor necrosis factor-α[9].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Recent reports suggest that microglia activated by lipo-
polysaccharide release pro-inflammatory cytokines and 
contribute to neurodegenerative processes[10]. With 
in-depth study of Alzheimer’s disease and the hypothesis 
of inflammatory pathogenesis in recent years, some 
scholars have also successfully established animal 
models of Alzheimer’s disease with lipopolysaccha-
ride[11-12]. Therefore, in the present study, lipopolysac-
charide was used to induce acute neuroinflammation in 
rat brain. After model establishment we examined 
changes of interleukin-1β and tumor necrosis factor-α in 
the rats’ brains. The levels of interleukin-1β and tumor 
necrosis factor-α mRNA in the hippocampus and the 
protein expression of interleukin-1β and tumor necrosis 
factor-α in the cerebral cortex were tested by real-time 
PCR and western blot, respectively. Results showed that 
they were both increased in the lipopolysaccharide 
group.  

A variety of toll-like receptors has been identified in hu-
man cells and the brains of some other species. Several 
studies have suggested that toll-like receptor 4 is critical 
for lipopolysaccharide-induced neurodegeneration in the 
central nervous system[13]. Toll-like receptor 4 seems to 
initiate inflammation following neurodegeneration. During 
preliminary experiments in our study, we found that hip-
pocampal neurons generally express mRNA for toll-like 
receptors 1–9. Among these toll-like receptors, the levels 
of toll-like receptor 4 were the highest (published in an-
other article, currently in press). To answer the question 
of whether toll-like receptor 4 can be activated by lipo-
polysaccharide in this model, we observed changes in 
the expression levels of toll-like receptor 4 mRNA and 
protein. The levels of toll-like receptor 4 mRNA in the 
hippocampus and the protein expression of toll-like re-
ceptor 4 in the cortex were increased in the lipopoly-
saccharide group. Thus, toll-like receptor 4 in hippo-
campal and cortex neurons can be activated by lipopol-
ysaccharide, and we assume that lipopolysaccharide 
combines with a lipopolysaccharide binding protein to 
activate membrane toll-like receptor 4 in hippocampal 
and cortex neurons.  
What we then wished to know was what the downstream 
signaling is after the activation of toll-like receptor 4 in 
hippocampal and cortex neurons treated with lipopoly-
saccharide. Transcription factor nuclear factor-κB was 
found in 1986 by Sen and Baltimore[14], and the family 
has five members, namely p65 (Rel-A), Rel-B, c-Rel 
(cytoplasmic Rel), p50 and p52. Nuclear factor-κB serves 
as a critical regulator of cytokine production, lymphocyte 
activation, and proliferation as a homodimer or hetero-
dimer[15-16]. In its inactive state, it is present as a dimer 
consisting of p65 and p50 subunits and binds the inhibi-
tor IκB. Nuclear factor-κB localizes to the cytoplasm. 
Stimulating IκB kinase, which phosphorylates IκB, may 
lead to the dissociation and translocation into the nucleus 
of nuclear factor-κB and the activation of target 
genes[17-18]. An important function of nuclear factor-κB in 
acute inflammation is its ability to regulate the promoters 
of a variety of genes whose products, such as interleu-
kin-1β, tumor necrosis factor-α, interleukin-6, intercellular 
adhesion molecule-1 and acute phase proteins, are crit-
ical to inflammatory processes[19-20]. The inhibition of 
nuclear factor-κB activation by corticosteroid hormones, 
antioxidants, protease inhibitors and other compounds 
may provide a pharmacological basis for interference 
with pathological inflammatory conditions[21]. The toll-like 
receptor-mediated intracellular signaling pathways con-
verge to activate nuclear factor-κB, which induces the 
transcription of a series of cytokine/

Figure 4  Effect of different doses of oxymatrine on 
lipopolysaccharide(LPS)-induced production of nuclear 
factor-κB (NF-κB) p65 in nucleus and phosphorylated IκBα 
(p-IκBα) in cytoplasm.  

(A) NF-κB p65 protein (65-kDa) levels in the cerebral 
cortex of rat brains were detected by western blot assay. 
β-actin (43-kDa) was used as an internal control. 

(B) p-IκBα protein (41-kDa) levels in the cerebral cortex of 
rat brains were detected by western blot analysis. β-actin 
(43-kDa) was used as an internal control. I–V: Sham, LPS, 
high, medium, low dose oxymatrine groups, respectively. 

(C) Graph showing changes in the levels of NF-κB p65 in 
the nucleus and p-IκBα in the cytoplasm in the different 
groups. Data are expressed as mean ± SD (ratio of the 
absorbance value of NF-κB p65/p-IκBα to that of β-actin); 
there are three rats in each group. aP < 0.05, bP < 0.01, vs. 
sham-operated (Sham) group; cP < 0.05, vs. LPS group, 
one-way analysis of variance followed by a Scheffé test. 
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chemokine genes that are involved in the initiation or 
regulation of the inflammatory response[2]. We detected 
the expression of phosphorylated IκBα in the cytoplasm 
and nuclear factor-κB p65 in the nucleus by western blot 
assay. In our present study, lipopolysaccharide signifi-
cantly increased the levels of phosphorylated IκBα in the 
cytoplasm and nuclear factor-κB p65 in the nucleus. 
These results indicate that lipopolysaccharide may induce 
neuroinflammation through the toll-like receptor 4/nuclear 
factor-κB signaling pathway. 
The anti-inflammatory effects of oxymatrine have at-
tracted attention over the past few years[4, 22]. A recent 
report demonstrated that oxymatrine can act on nonspe-
cific inflammatory reactions. It exerts its an-
ti-inflammatory effect directly on inflammatory cells[23]. In 
our preliminary experiments, oxymatrine was used for 
intraperitoneal injection at a dose of 90 mg/kg, in ac-
cordance with the clinical therapeutic dosage. We found 
that inflammatory cytokines are significantly decreased 
with this dose of oxymatrine. Thus, we used 60, 90 and 
120 mg/kg of oxymatrine in this study. Meanwhile, as 
previously described[4, 24], lipopolysaccharide was used to 
establish a neuroinflammatory model and 
pro-inflammatory cytokines were significantly increased 
24 hours after injection. We thus collected the brains 24 
hours after injection of lipopolysaccharide. In our study, 
administration of oxymatrine (especially in the high- and 
medium-dose groups) was sufficient to reduce the ex-
pression of interleukin-1β, tumor necrosis factor-α, nu-
clear factor-κB, phosphorylated IκB and toll-like receptor 
4. These results indicate that the down-regulation of the 
toll-like receptor 4/nuclear factor-κB signaling pathway by 
oxymatrine is a potential anti-inflammatory mechanism in 
the brain. We suggest that oxymatrine may be a novel, 
effective therapeutic drug for the treatment of neuroin-
flammation in the brain. 
 
 
MATERIALS AND METHODS 
 
Design 
A randomized, controlled trial. 
 
Time and setting 
The experiments were performed at the Department of 
Pathophysiology, Medical School of Nantong University, 
China, from June 2010 to November 2011. 
 
Materials 
Thirty clean three-month-old male Sprague-Dawley rats 
weighing 250 g were provided by the Experimental Ani-
mal Center of Nantong University, Jiangsu Province, 

China (license No. SYXK (Su) 2007-0021). All experi-
mental protocols were in accordance with the Guidance 
Suggestions for the Care and Use of Laboratory Animals, 
formulated by the Ministry of Science and Technology of 
China[25]. 
 
Methods 
Lipopolysaccharide microinjection  
Lipopolysaccharide was injected intracerebrally using a 
stereotaxic apparatus (Stoelting Co., Wheat Ln., Wood 
Dale, IL, USA), according to Sharma and Gupta[26]. Rats 
were anesthetized with chloral hydrate (300 mg/kg, in-
traperitoneal; Chemical Plant of Xiling, Shantou, 
Guangdong Province, China). The head was positioned 
in a stereotaxic frame and a midline sagittal incision was 
made in the scalp. Burr holes were drilled on both sides 
of the skull using the following coordinates[27]: 3.0 mm 
posterior to bregma, 2.0 mm lateral to the bregma,    
3.0 mm beneath the surface of the skull. Lipopolysac-
charide (prepared from E.coli, serotype 055:B5; Sigma, 
St. Louis, MO, USA) diluted in normal saline or plain 
normal saline was chronically infused into the hippo-
campus (0.5 μL/min, total 5 μL, 10 μg). The syringe was 
slowly withdrawn from the brain 5 minutes later. The 
incisions were sutured and the rats were injected with 1 × 
105 units of penicillin intramuscularly to prevent infection. 
After that the animals were returned to their cages and 
carefully tended antibiotics.  
 
Oxymatrine administration 
Oxymatrine (Baoji F.S. Biological Development Co. Ltd., 
Baoji, Shaanxi Province, China) with a purity of 98.5% 
was dissolved in saline. For the high-, medium- and 
low-dose oxymatrine groups, oxymatrinewas adminis-
tered once daily by intraperitoneal injection at doses of 
120, 90 and 60 mg/kg[28], respectively, for three days 
before surgery. In the sham-operated and lipopolysac-
charide groups, an equal volume normal saline was ad-
ministered in the same manner. 
 
Sampling of rat brains 
Rats were sacrificed 24 hours after lipopolysaccharide 
injection. The brain was carefully removed from each rat 
and kept over a glass plate placed on ice for 15 minutes 
and then dissected into different regions: cerebral cortex 
and hippocampus. 
 
Enzyme-linked immunosorbent assay 
The levels of interleukin-1β and tumor necrosis factor-α 
in the cerebral cortex were measured 24 hours after 
surgery using a commercially available enzyme-linked
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immunosorbent assay kit (Groundwork Biotechnology Di-
agnosticate, Santiago, CA, USA) following the manufactur-
er’s protocol. Absorbance was read at 450 nm using a mi-
crotiter plate reader (BIO-TEK, Winooski, VT, USA) within 
30 minutes of finishing the assay. The standard curve 
was generated by plotting the averageabsorbance (450 
nm) obtained for each of the three standard concentra-
tions on the vertical (Y) axis versus the corresponding 
concentration on the horizontal (X) axis.  
 
Real-time quantitative PCR analysis 
Total RNA was isolated from the hippocampus 24 hours 
after surgery using Trizol reagent (Invitrogen, Carlsbad, 
CA, USA). 2 μg of total RNA was reverse transcribed into 
cDNA following the reverse transcription protocol (Fer-
mentas, Burlington, Canada). Real-time PCR amplifica-
tion was carried out with a StepOnePlus™ Real-Time 
PCR System (ABI, Carlsbad, CA, USA). 1 μL of cDNA 
was replicated in a 10 μL PCR reaction system including 
5 μL SYBR Green/ROX qPCR Master Mix (Fermentas), 
1 μL of both forward and reverse primers and 3 μL nu-
clease-free water. cDNA was replaced with nuclease-free 
water in negative control.  
The cycle profile was as follows: an initial step at 95°C 
for 10 minutes, 40 cycles at 95°C for 15 seconds, 56°C 
(toll-like receptor 4) or 54°C (interleukin-1β and tumor 
necrosis factor-α) for 30 seconds, and 72°C for       
30 seconds. A melting curve analysis was carried out 
after amplification to verify the accuracy of the amplicon. 
The following primers were used:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The amplification efficiency of the target and internal 
control genes was verified to be equal or close to one 
before designing a new assay. The relative quantification 
of target genes is shown as the relative quantity value. 
Western blot analysis 

Total protein, cytoplasmic protein and nuclear protein 
were extracted from the cerebral cortex 24 hours after 
surgery with a protein extraction kit (Beyotime Institute of 
Biotechnology, Beijing, China) and stored in a –80°C 
freezer (Sanyo, Tokyo, Japan) until use. The protein 
concentrations were determined with a BCA protein 
concentration determination kit (Beyotime Institute of 
Biotechnology). Western blot analysis was performed 
using previously described protocols[29]. Briefly, sam-
ples were separated by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis, transferred to PVDF 
membranes, and blocked with 5% non-fat dried milk 
(skim milk powder; Guangming, Shanghai, China) in 
TBST (10 mM Tris-HCl, 150 mM NaCl and 0.1% 
Tween-20, pH 7.5) at room temperature. After washing 
three times with TBST buffer, the membranes were 
probed with a rabbit polyclonal antibody against toll-like 
receptor 4 (1:200; Santa Cruz, Santa Cruz, CA, USA), a 
rabbit polyclonal antibody against nuclear factor-κB p65 
(1:1 000; Kangchen Bio-Tech, Shanghai, China), a 
mouse monoclonal antibody against phosphorylated 
IκBα (1:1 000; Kangchen Bio-Tech) and a mouse mon-
oclonal antibody against β-actin overnight at 4°C. 
Membranes were then incubated with the horseradish 
peroxidase-tagged secondary antibodies goat an-
ti-rabbit IgG and goat anti-mouse IgG (1:5 000; Kang-
chen Bio-Tech), and visualized with the enhanced 
chemiluminescence plus detection system (Millipore, 
Billerica, MA, USA) followed by autoradiography. 
β-actin was used as an internal control. Quantity One 
software (Bio-Rad, Hercules, CA, USA) was used to 
analyze the absorbance of each band. The ratio be-
tween the absorbance of the proteins of interest and the 
internal control of the same sample was calculated, and 
expressed as relative content. 
 
Statistical analysis 
Data are expressed as mean ± SD. Statistical analysis 
was performed using SPSS 15.0 for Windows (SPSS, 
Chicago, IL, USA). The data were analyzed by a 
one-way analysis of variance followed by a Scheffé test. 
P < 0.05 was considered statistically significant.  
  
Funding: This study was supported by a project of the Priority 
Academic Program Development of Jiangsu Higher Education 
Institutions; Applied Research and Technology Plan of Nantong 
City, No. k2010036; 2011 Jiangsu Graduated Students’ Re-
search and Innovation Program, No. CX2211-0640; Nantong 
University Graduated Students’ Technological and Innovative 
Program, No. YKC11033; and Students’ Practice Innovative 
Training Project of Nantong University.

Gene Accession 
number Sequence 

Product 
length 
(bp) 

Toll-like 
receptor 4 

NM_019178 5’-GGC TTC TAA CCT 
CAA CGA CC-3’ 

165 

  5’-ACT GGG CCT TAG 
CCT CCT-3’ 

 

Interleukin- 
1β 

NM_0315122 5’-GAT GAT GAC GAC 
CTG CTA GTG T-3’ 

187 

  5’-CGT TGC TTG TCT 
CTC CTT GTA-3’ 

 

Tumor ne-
crosis fac-
tor-α 

NM_0126753 5’-CAC CAC GCT CTT 
CTG TCT ACT G-3’ 

171 

  5’-GCT TGG TGG TTT 
GCT ACG AC-3’ 

 

β-actin NM_031144 5’-CAG GTC ATC ACT 
ATC GGC AAT-3’ 

143 

  5’-AGG TCT TTA CGG 
ATG TCA ACG-3’ 
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