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ABSTRACT

Acute lung injury (ALI) is a life-threatening inflammatory disease owing to 
the lack of specific and effective therapies. Oridonin (Ori) is an active diterpenoid 
isolated from Rabdosiarubescens (R.rubescens) that has been shown to possess a 
broadspectrum pharmacological properties including anti-inflammatory, antitumour, 
antioxidative and neuroregulatory effects. However, its potential protective 
mechanism in ALI is not well characterized. In this study, we demonstrated that Ori 
reduces the mortality of mice with ALI induced by a high dose of lipopolysaccharide 
(LPS), which suggests that Ori has a protective effect on LPS induced ALI. Next, our  
results confirmed that Ori improves LPS-induced localized pulmonary pathology and 
decreased the concentration of pro-inflammatory cytokines (IL-1β, IL-6, and TNF-α) 
in the serum. Nuclear factor-kappa B (NF-κB) is capable of regulating the transcription 
of pro-inflammatory factors. Interestingly, our results showed that Ori inhibits 
the expression of TLR4/MyD88 and phosphorylation of NF-κB p65 in lung tissues. 
To confirm this, we further validated the possible regulatory anti-inflammatory 
mechanisms of Ori  in vitro. LPS-induced RAW264.7 cells, which are widely used as 
an inflammation model to evaluate the potential protective effect of drugs  in vitro, 
were chosen for this study. Similar results were observed, that is, pre-treatment 
with Ori, markedly inhibited the nuclear translocation and phosphorylation of NF-κB 
p65 induced by LPS and subsequently decreased the release of pro-inflammatory 
cytokines that were increased by LPS. Overall, these results demonstrated that Ori 
exerts a therapeutic effect on ALI by inhibiting the release of pro-inflammatory 
cytokines, such as IL-1β, IL-6, and TNF-α, through the TLR4/MyD88/NF-κB axis.

INTRODUCTION

Acute lung injury (ALI), a serious and common 
clinical syndrome involving acute hypoxemic respiratory 
failure, is a mild form of acute respiratory distress 
syndrome (ARDS)associated with an estimated mortality 
of 40–50% [1]. It can be characterized by an overwhelming 
inflammatory response in the lung such as recruitment of 
neutrophils, perivascular and interstitial oedema, elevation 

of microvascular permeability, disruption of epithelial 
integrity and impairment of gas exchange [2, 3]. In recent 
years, specific management protocols and supportive 
therapies have been developed; however, the mortality 
rate has not significantly improved. Therefore, exploring 
the molecular mechanisms of ALI and discovering novel 
therapeutic options are crucial.

LPS (lipopolysaccharide), the primary pathogenic 
factor of ALI, is an outer membrane component of 
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gram-negative(G-)bacteria that acts as an effective 
initiator of local acute inflammation and is thus widely 
used to induce ALI in animal models for the preclinical 
evaluation of anti-inflammatory drug candidates [4–
6]. Macrophages are widely distributed in the body 
and participate in immune response by providing an 
immediate defence against foreign agents, and their 
activation in response to microbial infection depends on 
Toll-like receptors (TLRs), which are a family of pattern 
recognition receptors (PRRs) involved in the regulation 
of both innate and adaptive immunity via the recognition 
of conserved microbial structures [7]. Among TLRs, 
TLR4has been discovered to be a sensory receptor for 
bacterial LPS [8]. Myeloid differentiation factor 88 
(MyD88) is a key and universal downstream adapter for 
most TLRs that plays an important role in both innate 
and adaptive immune responses [9]. Following the 
recognition of pathogen-associated molecular patterns 
(PAMPs), TLRs first recruit MyD88, which induces a 
downstream signalling cascade and activates the NF-
κB signalling eventually leading to the expression of 
genes encoding inflammatory factors such as tumour 

necrosis factor alpha (TNF-α), interleukin-6 (IL-6) 
and interleukin-1 beta (IL-1β) to induce a core set of 
inflammatory responses [10–12].

Traditional Chinese herbs containing a variety of 
natural bioactive compounds have been demonstrated to 
have a good effect on the treatment of various diseases 
[13, 14]. Ori is a natural diterpenoid isolated from the 
traditional Chinese herb Rabdosiarubescens (R.rubescens) 
(Figure 1A and 1B). Previous studies have found that Ori 
possessesa broad-spectrum pharmacological properties, 
including anti-inflammatory and neuroregulatory 
effects [15, 16], antitumour [17, 18] and antioxidative 
[16] effects. A number of studies have addressed the 
therapeutic potential of Ori. However, few studies have 
demonstrated the effects of Ori on ALI, and its potential 
protective mechanism is not well characterized. In this 
study, we investigated the effects of Ori on LPS-induced 
ALI  in vivo. Additionally, we examined the effect of Ori 
on LPS-stimulated murine macrophages. Our findings 
provide experimental evidence that Ori can be used as a 
potential therapeutic agent in treatment for patients with 
lung disease.

Figure 1: (A) Rabdosiarubescens. (B) Chemical structure of Ori. (C) HPLC chromatogram of Ori.
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RESULTS

Oridonin alleviates LPS-induced ALI

Lung tissues of animals were collected, and lung 
injury was assessed by pathological sectioning, the wet/dry 
weight ratio (W/D ratio), and the MPO assay. The results 
of histopathology showed that the control group displayed 
normal tissue structures with no histopathological changes 
(Figure 2A). The LPS group showed severe lung injury, 
manifesting as inflammatory cell infiltration, alveolar 
wall thickening, alveolar collapse, oedema, pulmonary 
interstitial hyperaemia, and haemorrhage (Figure 2B). 
Treatment with Ori (10, 20, and 40 μg/mL) reduced the 
severity of lung pathology (Figure 2C to 2E, respectively). 
The W/D ratios showed similar results, whereas LPS 
dramatically increased the lung wet/dry weight ratio, 
confirming that pulmonary oedema occurred in the 
mice inoculated with LPS (Figure 2F). Ori significantly 
decreased the W/D ratio in a dose-dependent manner (P 
< 0.05 vs. LPS). To confirm the effects of Ori on LPS-
induced ALI, we also measured MPO activity. The results 
showed that MPO activity in the LPS group was markedly 
increased compared with that in the control group. In 

contrast, MPO activity was significantly decreased in the 
Ori-treated groups compared with that in the LPS group 
(Figure 2G), which further strengthens the evidence 
that Ori exerts a potential protective effect against LPS-
induced ALI.

Oridonin increases the survival rate in mice with 
ALI

As previously described, the mice were treated with 
Ori (40 mg/kg, once every 8 h for a total of 3 times) or an 
equal volume of physiological saline after the induction 
of ALI (24 h after treatment with LPS at 3 mg/kg), and 
mortality was observed. As shown in Figure 2H, 60% 
of mice died within72 h in the LPS group from ALI. 
However, pre-treatment with Ori significantly increased 
the survival rate of mice within 72 h. For 40 mg/kg Ori, 
the survival rate increased from 40% (LPS) to 67.5% 
(LPS + Ori) (P < 0.05).

Oridonin exerts negligible effect on cell viability

The potential cytotoxicity of Ori was evaluated 
using the Cell Counting Kit-8 (CCK-8) assay. The 

Figure 2: Histopathological analysisof lung tissues (HE, 200x).  Lungs from each experimental group were processed for 
histological evaluation. (A) Lung tissue of the control group, (B) the LPS group, and (C) to (E) the Ori-treated groups (10, 20, 40 μg/mL, 
respectively). The green arrows indicate alveolar macrophages. Effects of Ori on lung W/D ratio (F) and MPO activity;“g” represents tissue 
weight (G). CG is the control group; LPS is the LPS group; and 10, 20 and 40 represent the Ori-treated groups at 10 mg/kg, 20mg/kg and 
40mg/kg of Ori per animal, respectively. The values are shown as the means ± SEM (n=3). (H) Administration of Ori improved survival 
during ALI. Oridonin (Ori) was administered after establishment of LPS-induced ALI (3 mg/kg). Kaplan–Meier survival curve shows that 
Ori significantly improved the survival rate during 72 h compared to the LPS group. Data represent the mean ±SEM (n = 15), #p< 0.05, ##p< 
0.01 versus CG; *p< 0.05, **p< 0.01 versus LPS.
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results showed that cell viability was not affected by 
Ori (5, 10, 20 and 40 μg/mL) treatment (Figure 3, P > 
0.05 vs. CG).

Oridonin decreases the expression of pro-
inflammatory cytokines

Pro-inflammatory cytokines including IL-1β, IL-6, 
and TNF-α in the serum and cell culture supernatants were 
analysed using ELISA, and their mRNA levels in cells 
were detected using qPCR. The results showed that LPS 
significantly increased the mRNA level of IL-1β, IL-6, 
and TNF-α in RAW264.7 cells compared with those in the 
control group (P<0.05vs. CG). Treatment with Ori, however, 
reversed this trend in a dose-dependent manner (Figure 4). 
ELISA displayed similar results as those of qPCR, showing 
that stimulation with LPS led to a robust increase in TNF-α, 
IL-1β, and IL-6 production both in sera (Figure 5A) and cell 
culture supernatants (Figure 5B), which were decreased by 
Ori treatment in a dose-dependent manner.

Oridonin inhibits the LPS-induced activation of 
TLR4/MyD88

TLR4 was demonstrated to be involved in LPS-
induced inflammatory processes [19]. To detect whether 
Ori reduced LPS-induced inflammation by inhibiting the 
expression level of TLR4/MyD88, western blotting was 
performed. The results showed that the expression of 
TLR4 or MyD88wasinhibited by Ori both in LPS-induced 
ALI (Figure 6A) and in cells (Figure 7A).

Oridonin inhibits the LPS-induced activation of 
the NF-κB pathway

It is well known that NF-κB is a key regulator 
involvedin inflammatory process. Our results showed 
that Ori inhibits the LPS-induced activation of TLR4/
MyD88. However, the activation of TLR4/MyD88 can 
directly affect the NF-κB pathway [19, 20]. To further 
confirm that Ori restricts inflammatory responses by 

Figure 3: Effects of Ori on the viability of RAW 264.7 cells. Cells were cultured with different concentrations of Ori (5, 10, 20, 
and 40 μg/mL) for 24 h. Cell viability was determined using the CCK-8 assay. CG represents the control group. The Ori-treated cell groups 
with 5, 10, 20 and 40 μg/mL Ori are represented as 5, 10, 20 and 40, respectively. The values presented are the means ± SEM (n=5).

Figure 4: Effects of Ori on the mRNA level of TNF-α, IL-1β, and IL-6 in LPS-induced RAW 264.7 cells. The cells were 
pre-treated with Ori (5, 15, and 30 μg/mL) for 1 h and then stimulated with LPS (1 μg/mL) for 3 h. Untreated cells served as control. qPCR 
was used to measure the mRNA level of TNF-α, IL-1β, andIL-6. CG represents the control group; LPS represents the LPS group; and the 
Ori-treated groupswith5, 15, and 30 μg/mL Ori are represented as 5, 15, and30, respectively. The values presented are the means ± SEM 
(n=3). #p< 0.05, ##p< 0.01 versus CG; *p< 0.05, **p< 0.01 versus LPS.
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targeting the TLR4/MyD88-mediated NF-κB signalling 
pathway, the nuclear translocation of NF-κB was detected 
using immunofluorescence assay. The immunostaining for 

phosphorylated NF-κB p65 (p-p65) revealed that 3 h of 
exposure to LPS (1 μg/mL) induced the translocation of NF-
κB from the cytosol to the nucleus. However, treatment with 

Figure 5: Effects of Ori on pro-inflammatory cytokines in Serum (A) and cell culture supernatants (B) CG represents the 
control group; LPS represents the LPS group; and the Ori-treated groups10, 20, and 40 represent 10 mg/kg, 20mg/kg and 
40mg/kg Ori per animal, respectively and 5, 15, and 30 represent 5μg/mL, 15μg/mL, and 30μg/mL Ori in cells, respectively. 
The values presented are the means ± SEM (n=3). #p< 0.05, ##p< 0.01 versus CG; *p< 0.05, **p< 0.01 versus LPS.

Figure 6: Effects of Ori onTLR4-mediated activation of the NF-κB signalling pathway in ALI. Western blots were 
performed to detected TLR4, MyD88 (A) and NF-κB p65, IκBα (B) protein levels. β-actin or corresponding total protein (NF-κB p65 
and IκBα) was used as control. CG represents the control group; LPS represents the LPS group; and the Ori-treated groups10, 20, and 40 
represent 10 mg/kg, 20mg/kg and 40mg/kg of Ori per animal, respectively. The values presented are the means ± SEM (n=3). #p< 0.05, ##p< 
0.01 versus CG; *p< 0.05, **p< 0.01 versus LPS.
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Ori effectively blocked the nuclear translocation of NF-κB 
in a dose-dependent manner (Figure 8A). To further confirm 
the effect of Ori on the activation of NF-κB, we measured 
the protein expression levels of IκBα and p65 by western 
blotting. The results showed there was a significant increase 
(P < 0.05) in the phosphorylated IκBα and p65 levels in the 
LPS group (LPS) compared to that in the control groups(CG); 
however, these values were decreased by Ori treatment in 
a dose-dependent manner both in tissues (Figure 6B) and 
cells (Figure 7B). These results indicating Ori inhibits LPS-
induced inflammatory responses by attenuating the release of 
pro-inflammatory cytokines through the inhibition ofTLR4/
MyD88/NF-κB activation.

DISCUSSION

Treatment of infectious diseases and cancer has 
benefited from the abundance of natural products that are 
able to interact with many specific targets within cells, 
and indeed for many years, natural products have been the 
source of inspiration for most FDA-approved drugs [21]. 
Ori is an active diterpenoid isolated from R.rubescens that 
has potent anti-tumour activities in many human cancer 
types [22] and antioxidant properties in broiler chickens 
[16]. It also exhibits anti-inflammatory effects in some 

animal models, such as the cecal ligation and puncture 
(CLP)-induced septic mouse model [23]. Although Zhao 
et al. have reported that Ori ameliorates lung injury in 
CLP-induced septic mice [23], their study focused on 
the therapeutic effect of Ori on sepsis, and its potential 
protective mechanism was not well characterized. The 
present study was particularly aimed at studying the 
protective mechanism of Ori in LPS-induced ALI, which 
is considered a valid model to find drugs that have 
potential anti-inflammatory activities in various diseases.

ALI, an inflammatory disorder, is characterized 
by excessive inflammation. Inflammatory cascades 
play an essential role in the development of ALI. LPS 
acts as a primary infectious stimulus leading to severe 
inflammatory diseases, including ALI [24]. LPS-mediated 
murine lung injury is a disease model that shares many 
characteristics of sepsis-induced ALI/ARDS in humans 
[25]. Pulmonary oedema and excessive inflammatory 
cell infiltration are both characteristics of ALI [26, 27]. 
It has been demonstrated that activated neutrophils and 
alveolar macrophages cause extensive lung inflammation, 
destroy the basement membrane and alter the permeability 
of alveolar capillary membranes. The migration of 
neutrophils also leads to mechanical injury in the alveolar 
space, which further aggravates the flow of alveolar fluid 

Figure 7: Effects of Ori on TLR4-mediated activation of the NF-κB signalling pathway in RAW 264.7 cells. Western blots 
were performed to detected TLR4, MyD88 (A) and NF-κB p65, IκBα (B) protein levels. β-actin or corresponding total protein (NF-κB 
p65 and IκBα) was used as control. The Ori-treated groups 5, 15, and 30represent5, 15, and 30μg/mL Ori in cells, respectively. The values 
presented are the means ± SEM (n=3). #p< 0.05, ##p< 0.01 versus CG; *p< 0.05, **p< 0.01 versus LPS.
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[28]. MPO, known as a PMN (polymorph nuclear) marker 
enzyme, is used to assess the presence of multinucleated 
cells in the lung parenchyma andneutrophil accumulation 
in the alveolar space [29]. In our study, we found that LPS 
induced significant pulmonary oedema and aggregation 
and infiltration of neutrophils in mice with ALI. However, 
treatment with Ori significantly improved the histological 
changes in the lung tissues and decreased MPO activity 
and lung W/D ratio in mice with LPS-induced ALI. 
Taken together, our results demonstrated that Ori exerts a 
protective effect against inflammatory cell infiltration in 
the lungs after LPS challenge.

Macrophages plays an important role in the 
regulation of numerous chronic inflammatory diseases, 
infectious disorders and, particularly, certain autoimmune 
diseases by the secretion of a series of pro-inflammatory 
cytokines and chemokines [30, 31]. Murine macrophage 
RAW264.7 cells are widely used to mimic inflammation 
to evaluate the potential protective effect of drugs in vitro 
for conditions such as wound healing in diabetic rats [32], 
acute lung injury [33], and mice ear oedema [34]. Previous 
studies have demonstrated that macrophages release many 

pro-inflammatory cytokines, such as IL-1β, TNF-a and IL-
6, in the early stages of inflammation induced by various 
pathogenic stimulants, such as LPS; excessive production 
of pro-inflammatory cytokines increases the extent of 
immune responses, which in turn results in inflammatory 
cascades and tissue injury [35–37]. Thus, inhibiting the 
release of inflammatory cytokines may be a target for 
anti-inflammatory drug therapies. Our results showed that 
Ori could significantly suppress the production of IL-1β, 
TNF-α and IL-6 in vitro and  in vivo. Additionally, Ori did 
not display any cytotoxicity in RAW264.7 cells, indicating 
that Ori can be useful for the development of novel anti-
inflammatory therapies against inflammatory diseases.

Accumulating evidence has shown that NF-κB 
is the key regulator of inflammatory processes. Once 
activated, NF-κB induces the transcription of downstream 
inflammatory genes, such as the pro-inflammatory 
molecules IL-1β, TNF-α and IL-6, [38]. LPS belongs to a 
prototypical class of PAMPs and is specifically recognized 
by TLR4 [39]. MyD88 has been shown to be canonical 
adaptor closely involved in inflammatory signalling 
pathways mediated by TLRs [40], and the transcription 

Figure 8: (A) Translocation of the p65 subunit from the cytoplasm into the nucleus was evaluated by immunofluorescence. 
Blue spots represent cell nuclei, and green spots represent p-p65 staining; scale bar: 50 μm. The integrated option density (IOD) of DAPI 
was used as an internal control. All of the data represent the mean ± SEM (n=3).#p< 0.05, ##p< 0.01 versus CG; *p< 0.05, **p< 0.01 versus 
LPS. (B) Time axis of experimental animal treatment. (C) Schematic diagram of the signalling pathway related to the anti-inflammatory 
effects of Ori on LPS-induced ALI. LPS can induce NF-κB activation via TLR4-MyD88 signalling, IκBα acts as an inhibitor of NF-κB, 
Once the pathway is activated and IκBα is degraded, the NF-κB subunit p65 translocates from the cytoplasm to nucleus, which triggers the 
transcription of target genes, including TNF-α, IL-1β, and IL-6, and thus regulates inflammatory responses. However, Ori attenuates the 
release of pro-inflammatory cytokines by inhibiting TLR4/MyD88/NF-κB activation.
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factor NF-κB is activated by MyD88 [41]. The activation 
of NF-κB and subsequent increase in the production of 
pro-inflammatory cytokines such as IL-1β, IL-6, and 
TNF-α are thought to be important for the generation 
of ALI [42]. In this study, our results demonstrated 
that Ori inhibits the expression of TLR4/MyD88 and 
phosphorylation of IκBα, which are increased in LPS-
induced ALI mouse model. These results are consistent 
with those reported by a previous study [43]. This was 
also confirmed by in vitro experiments where Ori clearly 
inhibited the nuclear translocation and phosphorylation of 
NF-κB p65 in RAW264.7 cells. These results indicate that 
Ori exert sits potential protective effects on LPS-induced 
ALI by reducing the production of pro-inflammatory 
cytokines through theTLR4/MyD88/NF-κB signalling 
pathway (Figure 8C).

In conclusion, we described the therapeutic effects 
of Ori on LPS-induced ALI using a mouse model, 
as evidenced by the reduction of inflammatory cell 
infiltration, decrease of inflammatory cytokines and 
inhibition of NF-κB activation, which suggests that Ori 
could be a novel therapeutic option for ALI or other 
inflammatory diseases.

MATERIALS AND METHODS

Reagents

Oridonin (HPLC ≥ 98 %) was purchased from 
Shanghai Yuanye Biological Technology Co., Ltd. 
(Shanghai, China). The purity of Ori was determined by 
HPLC. The assay was performed on an EChrom2000 
DAD Data System (Elite, Dalian, China). Chromatography 
was performed using a Hyper ODS-2 C18 column (5μm, 
250×4.6 mm, Dikma Technology, California, USA). 
Elution was performed with acetonitrile/water (30:70), 
and the flow rate was 1.0 mL/min with DAD detection 
at 242 nm (Figure 1B). LPS (from Escherichia coli 055: 
B5) was purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). The indicated primary antibodies and actin 
were obtained from Cell Signalling Technology (Beverly, 
MA, USA). qPCR was carried out using the SYBR Green 
Plus Reagent kit (Roche Applied Science, Mannheim, 
Germany). All of the other chemicals and reagents were 
of the highest commercial grade available.

Animals and treatments

Six- to eight-week-old BALB/c mice were obtained 
from the Animal Experiment Center of Huazhong 
Agricultural University (Wuhan, China). The mice were 
housed at constant temperature (23°C) and relative 
humidity (60%) with a fixed 12 h light: 12 h dark cycle 
and free access to food and water. All of the experimental 
procedures involving animals and their care were approved 
by the Animal Welfare and Research Ethics Committee 
of Huazhong Agricultural University. Tissue collection 

was performed under sodium pentobarbital anaesthesia to 
minimize suffering.

The mice were randomly divided into five 
groups: control group, LPS group, and three LPS + Ori 
groups (10, 20, and 40 mg/kg). LPS-induced ALI was 
performed as our previously described [44]. Briefly, 
the mice were anaesthetized with an intraperitoneal 
injection of 100 μL of PBS containing 0.2% xylazine 
and 1% ketamine. Then, the mice were intranasally 
instilled with LPS (2 mg/kg), and the control group 
received equal volumes of saline. The mice were 
kept in a vertical position for 30 s to allow the LPS 
to go down the bronchoalveolar tree. After 24 h, the 
LPS + Ori groups were intraperitoneally injected with 
10, 20, and 40 mg/kg Ori three times every 8 h (for 
a total of 3 times). The control group and LPS group 
were intraperitoneally given equal volumes of saline 
(Figure 8B). The mice were euthanized with CO2, and 
the serum samples and lung tissues were collected and 
stored at −80 °C until analysis.

Histological analysis

The lung tissues from each group were harvested and 
immersed in 4% paraformaldehyde, embedded in paraffin, 
cut into 4-μm sections, stained with haematoxylin/eosin 
(H&E) and then examined with a microscope (Olympus, 
Japan).

Lung W/D ratio

The mice were euthanized, and the lung tissues from 
each group were immediately weighed and placed in an 
incubator at 60°C for 48 h. After complete dehydration, 
the dry lungs were weighed again. The ratio of wet weight 
and dry weight (W/D) was calculated.

Measurement of pulmonary MPO

The right lungs from each group of mice 
were separated. The infiltration of neutrophils and 
macrophages in the lung tissue was evaluated by MPO 
activity as previously described [45]. MPO activity was 
detected with assay kits (Jiancheng Company, Nanjing, 
China) according to the manufacturer’s instructions, and 
the results were measured with a spectrophotometer at 
460 nm.

Survival curve

Based on previous experimental data, a survival 
curve for the different experimental groups (LPS group, 
control group and LPS + Ori 40 mg/kg group)was 
constructedat72 h after the induction of ALI. The animals 
that were still alive were euthanized using an excessive 
dose of chloral hydrate solution (0.6-0.7 mL of 5% per 
mouse, subcutaneous injection). After that, the mice were 
sacrificed by cervical dislocation.
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Cell culture and treatment

RAW264.7 cells were purchased from American 
Type Culture Collection (ATCC TIB-71™). The cells 
were cultured in DMEM containing 10% FBS and 
incubated at 37 °C with 5 % CO2. The cells were pre-
treated with Ori (5, 15, and 30 μg/mL) for 1 h and then 
stimulated with LPS (1 μg/mL) for 3 h. Untreated cells 
served as control.

CCK-8 assay

A Cell Counting Kit-8 (CCK-8; Dojindo 
Laboratories) was used to assess cell viability. RAW 
264.7 cells were seeded in 96-well cell culture plates 
at a density of 2 × 104 cells/mL and then cultured with 
different concentrations of Ori (5, 10, 20, and 40 μg/
mL) for 24 h. Subsequently, the cells were cultured 
with 10 μL CCK-8 in each well at 37°C for 2 h. The 
cell viability was measured from the absorbance 
(optical density) read with a microplate reader (Bio-
Rad Instruments) at 450 nm and calculated using the 
following formula: Cell viability = (Treatment Group 
OD − Blank Group OD)/(Control Group OD − Blank 
Group OD).

Cytokine assays

Cytokines levels (IL-1β, TNF-α and IL-6) in serum 
samples or cell supernatants were measured using ELISA 
kits according to the manufacturer’s instructions (Bio-
Swamp, China).

RNA extraction and qPCR

Total RNA was isolated using TRIzol according to 
the manufacturer’s recommendation (Invitrogen, USA). 
Then, the samples were treated with DNase I and reverse 
transcribed using oligo-dT primers. The total cDNA was 
used as starting material for real-time PCR with FastStart 
Universal SYBR Green Master Mix (Roche Applied 
Science, Germany) on a StepOne Real-time PCR System 
(Life Technologies Corp.). The specific primers for 

TNF-α, IL-1β, IL-6and GAPDH were designed based on 
known sequences (Table 1). The expression level of each 
target gene was normalized to corresponding GAPDH 
threshold cycle (CT) values using the 2−ΔΔCT comparative 
method. ΔΔCt = (target gene Ct of experimental group − 
reference gene Ct of experimental group) − (target gene 
Ct of control group − reference gene Ct of control group).

NF-κB p65 immunofluorescence assay

The cells were pre-treated with Ori (5, 15, and 30 
μg/mL) for 1 h and then stimulated with LPS (1 μg/mL) 
for 3 h. Untreated cells served as control. Subsequently, 
cells were fixed in paraformaldehyde 4% pH 7.4 or 
methanol at -20°C for 3 min and then washed four times 
in PBS. Cells were permeabilized with 0.1% TritonX-100, 
exposed to the blocking solution (PBS/3% BSA) and 
incubated with primary antibodies against NF-κB p65 at 
4°C overnight. After four washes in PBS, the cells were 
incubated with secondary fluorescently labelled DyLight 
488 antibodies (Thermo, Rockford, USA) for 45 min at RT 
and washed three times in PBS. Nuclei were stained using 
DAPI (Roche Applied Science, Mannheim, Germany). 
Fluorescent images were captured with an AX70 wide-
field microscope (Olympus, Japan). All morphometric 
measurements were observed by at least three independent 
individuals in a blinded manner.

Western blot analysis

The total protein of lung tissues and cells were 
extracted according to the manufacturer’s recommended 
protocol (Vazyme, USA). The protein concentrations were 
determined using the BCA Protein Assay Kit (Vazyme, 
USA). Samples with equal amounts of protein (50 μg) 
were fractionated on 10% SDS polyacrylamide gels, 
transferred to polyvinylidene difluoride membranes, and 
blocked in 5% skim milk in TBST for 1.5 h at 25 ± 1 °C. 
The membranes were then incubated at 4 °C overnight 
with 1:1000 dilutions (v/v) of primary antibodies. After 
washing the membranes with TBST, incubations with 
1:4000 dilutions (v/v) of secondary antibodies were 

Table 1: Oligonucleotide primers used for qPCR

Name Accession number Primer sequence (5′-3′) Product size 
(bp)

TNF-α NM_013693.3 Forward:CTTCTCATTCCTGCTTGTG
Reverse:ACTTGGTGGTTTGCTACG 198

IL-1β NM_008361.4 Forward:CCTGGGCTGTCCTGATGAGAG
Reverse:TCCACGGGAAAGACACAGGTA 131

IL-6 NM_031168.1 Forward:GGCGGATCGGATGTTGTGAT
Reverse:GGACCCCAGACAATCGGTTG 199

GAPDH NM_001289726.1 Forward:CAATGTGTCCGTCGTGGATCT
Reverse:GTCCTCAGTGTAGCCCAAGATG 124



Oncotarget68162www.impactjournals.com/oncotarget

conducted for 2 h at 25 ± 1 °C. Protein expression was 
detected using the ECL Plus Western Blotting Detection 
System (ImageQuant LAS 4000 mini, USA). β-Actin was 
used as a loading control.

Statistical analysis

The results were analysed using GraphPad Prism 5 
(GraphPad InStat Software, USA). Comparisons among 
groups were performed with one-way ANOVA. Data were 
expressed as the mean ± standard error of mean (SEM). 
P values < 0.05 were considered statistically significant 
differences.
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