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Abstract
The classic NLRP3 inflammasome and NF-κB molecular pathways are activated in many inflammatory-related diseases, 
such as pleurisy. Because oridonin (Ori) has been indicated as a covalent NLRP3 inhibitor with strong anti-inflammasome 
activity, we herein aimed to assess the effects of Ori in a mouse model of carrageenan (CAR)-induced pleurisy. The results 
showed that CAR caused hemorrhaging and exudation of lung tissues and the release of inflammatory factors (TNF-α, IL-6 
and IL-1β), effects that were significantly reduced by treatment with Ori. In addition, increased neutrophil infiltration, pro-
tein concentrations and volumes were found in the exudates of the CAR group, and these phenomena were suppressed by 
Ori treatment. Regarding cellular pathways, Ori could alleviate the CAR-activated NF-κB and TXNIP/NLRP3 pathways. 
Additionally, oxidative stress was shown to be involved in the pathogenesis of pleurisy, but possible mechanisms remain 
to be explored. Herein, Ori reversed the CAR-induced depletion of GSH and SOD and the CAR-induced increases in ROS, 
MPO and MDA levels. Furthermore, Ori inhibited NOX-4 levels, initiated the dissociation of KEAP-1 from Nrf2, activated 
the downstream genes HO-1 and exerted antioxidative effects on CAR-induced pleurisy. In conclusion, Ori conferred protec-
tion against CAR-induced pleurisy via Nrf2-dependent antioxidative and NLRP3-dependent anti-inflammatory properties.
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Introduction

Many pathogenic factors, usually viruses and bacteria, stim-
ulate the pleura and cause pleurisy. In pleurisy, neutrophils 
and exudate accumulate and exacerbate local inflammation, 
ultimately leading to chest pain and dyspnea (Light 2003). 
Carrageenan (CAR)-induced pleurisy is a classic animal 

model of acute inflammation that is used to assess the effects 
of inflammatory mediators and agents (Ekuadzi et al. 2018). 
Administration of CAR into the chest can cause polymor-
phonuclear leukocyte (PMN) accumulation and advance the 
progression of local inflammation and lung injury (Fusco 
et al. 2017). The production of inflammatory cytokines, 
chemokines, and reactive oxygen species (ROS) enhances 
the inflammatory response. In the occurrence and develop-
ment of pleurisy, many inflammatory pathways are involved 
(Ward 2010). The NOD-like receptor NLRP3 inflammasome 
and its upstream signaling receptor NF-κB are the most 
important components that enhance the production of the 
abovementioned inflammatory mediators (Fusco et al. 2017). 
NF-κB is a heterodimer consisting of P50 and P65 and is 
normally retained in the cytoplasm. Once stimuli induce the 
phosphorylation of its inhibitor IκB, NF-κB is activated and 
translocates to the nucleus to initiate the downstream effec-
tors (Pereira Dos Santos Nascimento et al. 2016; Bayir et al. 
2019). Increasing evidence shows that thioredoxin-interact-
ing protein (TXNIP) detaches from thioredoxin (TRX) and 
binds to NLRP3 in response to ROS (Ye et al. 2017). The 

Inflammopharmacology

Huahong Yang, Jingbo Huang, Zhongmei Wen, Liping Peng and 
Xinxin Ci have contributed equally to this paper.

 *	 Liping Peng 
	 plp640317@163.com

 *	 Xinxin Ci 
	 cixinxin@jlu.edu.cn

1	 Institute of Translational Medicine, The First Hospital 
of Jilin University, Changchun, China

2	 Department of Respiratory Medicine, The First Hospital 
of Jilin University, Changchun, China

3	 Department of Pediatric Ultrasound, The First Hospital 
of Jilin University, Changchun 130061, China

http://orcid.org/0000-0001-7369-4048
http://crossmark.crossref.org/dialog/?doi=10.1007/s10787-019-00644-y&domain=pdf


514	 H. Yang et al.

1 3

NLRP3 inflammasome is an assembled molecular complex 
that includes NLRP3, the adaptor ASC and the effector pro-
caspase-1. Upon activation, pro-caspase-1 converts IL-18 
and IL-1β into their active forms to induce inflammation 
(Hou et al. 2018).

In addition, oxidative stress is also an important compo-
nent of pleurisy induced by CAR (Yang et al. 2018; Nardi 
et al. 2007). Once inflammation is established, excessive 
production of ROS will lead to an imbalance between pro-
oxidants and antioxidants, which eventually leads to oxi-
dative stress (Islam 2017). When the levels of glutathione 
(GSH) and superoxide dismutase (SOD), critical free-radical 
scavengers in the body, are insufficient to resist the accu-
mulation of pro-oxidants, the products of lipid peroxidation 
[malondialdehyde (MDA) and myeloperpxidase (MPO)] 
are increased, thus exacerbating cellular injury (Lv et al. 
2017). Among the related molecular pathways, nuclear 
factor (erythroid-derived 2)-like 2 (Nrf2) plays a vital role 
(Hybertson et al. 2011). As a transcriptional factor, Nrf2 
in its inactive form combines with KEAP-1 in the cyto-
plasm. Upon activation, Nrf2 regulates the expression of 
downstream antioxidative enzymes, such as GSH and heme 
oxygenase-1 (HO-1) (Zhu et al. 2017). Furthermore, the 
NADPH oxidase system is widely considered important in 
the production of ROS and induces the activation of Nrf2 
(Wu et al. 2017). Many studies have verified that Nrf2 acti-
vators exert therapeutic effects on many inflammatory and 
oxidative-related diseases, such as pleurisy (Hybertson et al. 
2011; Yang et al. 2018).

Oridonin (Ori), an active diterpenoid compound isolated 
from the plant Rabdosia Rrubescens, possesses antioxida-
tive, anti-inflammatory and antitumor properties. On one 
hand, Ori induces the nuclear transcription of Nrf2 and acts 
as an antioxidative molecule (Lu et al. 2018). On the other 
hand, Ori forms a covalent bond with the cysteine 279 of 
NLRP3 to block the interaction between NLRP3 and NEK7, 
thereby inhibiting NLRP3 inflammasome assembly and acti-
vation (He et al. 2018). However, the effects of Ori on CAR-
induced pleurisy have not been studied. Therefore, the aim 
of our study was to investigate whether Ori can inhibit the 
pleurisy and the related molecular pathways.

Methods and materials

Reagents and antibodies

Ori (purity > 98% tested by HPLC) was obtained from 
Chengdu Pufei De Biotechnology Company. CAR and 
Giemsa stain were purchased from Sigma Aldrich. Mouse 
TNF-α, IL-6 and IL-1β enzyme-linked immunosorbent assay 
(ELISA) kits were obtained from Biolegend. MPO, MDA, 
GSH, and SOD determination kits were provided by Nanjing 

Jiancheng Bioengineering Institute. The ROS assay kit was 
obtained from Beyotime Biotechnology and the BCA detec-
tion kit was provided by Thermo. Primary antibodies against 
NOX-4, KEAP-1, Nrf2, HO-1, NLRP3, CASPASE-1, IL-1β, 
ASC, TRX-1, TXNIP, p-p65, p-IκB, IκB and β-actin were 
purchased from Cell Signaling or Abcam. The horseradish 
peroxidase-conjugated anti-rabbit and anti-mouse IgG were 
obtained from Proteintech.

Animal

BALB/c female mice (18–20 g) were obtained from the 
Liaoning Changsheng Technology Institute (Certificate 
SCXK2015-0001) and housed at a temperature of 23 ± 1 °C 
with a light–dark cycle and access to a standard diet and 
water. This study was approved by the Animal Ethical Com-
mittee of First Hospital of Jilin University in 2016 (Protocol 
no.071).

CAR‑induced pleurisy

The mice were randomly divided into six groups: the control, 
CAR (2%), Ori (20 mg/kg), CAR + Ori (5 mg/kg), CAR + Ori 
(10 mg/kg) and CAR + Ori (20 mg/kg) groups. Ori (5, 10 and 
20 mg/kg) was intraperitoneally injected and 1 h later, CAR 
(2%) or saline was injected into the right pleural cavity. After 
4 h, the mice were euthanized with diethyl ether, and the pleu-
ral exudate was collected for measurement of the total volume, 
protein concentration, the number of neutrophils and ROS 
levels (Pereira Dos Santos Nascimento et al. 2016; Fusco et al. 
2017). The left lung tissues were obtained for formalin fixa-
tion and hematoxylin and eosin (HE) staining. The right lung 
tissues were extracted for the detection of MPO, MDA, GSH, 
SOD and the related protein expression levels.

Histological examination

The left lung tissues were fixed in formaldehyde solution 
for 1 week at room temperature and embedded in paraffin 
blocks. Sections were cut into 5 μm and stained with HE. 
Then, the lung injury was scored based on leukocyte infil-
tration, hemorrhage, edema and alveolar wall thickness. A 
score scaled from 0 to 5 represented the severity: 0 for no 
damage, 1 for mild damage, 2–3 for moderate damage, 4 for 
severe damage, and 5 for very severe damage.

Giemsa staining

The pleural exudate was collected and centrifuged at 
6000 rpm for 10 min at 4 °C. The supernatant was stored 
at − 80 °C for later measurement of cytokine levels. The 
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cells were lysed and centrifuged onto glass slides by a cyto-
spin, fixed into methyl alcohol for 1 min, and incubated 
with Giemsa A and B for 5 min. The neutrophils and mac-
rophages were distinguishable.

Enzyme‑linked immunosorbent assay

The corresponding primary antibodies were coated into 
Maxisorp overnight and blotted with a diluted sample for 
1 h. The supernatant of the pleural exudate was added into 
every well for 2 h, and then the secondary antibodies and 
horseradish peroxidase were added to the cell plates. Finally, 
every well was incubated with TMB substrate for 15 min, 
and the stop solution was fully mixed into every well. The 
absorbance was read at 450 nm with a microplate reader.

Measurement of ROS generation

Plural effusion was collected and lysed with lysis buffer. 
Cells were transferred into tubes, washed with 100 μl of PBS 
three times and stained with 2,7-dichlorodihydrofluorescein 
diacetate (DCF/DA) for 30 min. Then, 300 μl of PBS was 
added to every tube and FACS analysis was performed. In 
addition, 96-well plates were incubated with 100 μl of cell 
suspension and stained for 30 min. A fluorescence micros-
copy was used to detect the intensity of every well and the 
intensity data were analyzed by ImageJ.

MPO, MDA, GSH and SOD levels

The right lung tissues were collected and ground until 
homogenized in saline. The four oxidative stress markers 
were examined using their respective detection kits.

Western blotting analysis

Lung tissues were lysed in RIPA buffer with protease inhibi-
tor for 30 min and centrifuged at 12,000 rpm for 10 min at 
4 °C. The supernatants were extracted to measure the protein 
concentrations. Proteins were analyzed by 10–12.5% SDS-
PAGE and transferred to a polyvinylidene difluoride mem-
brane. Then, the membranes were incubated with primary 
antibodies overnight, incubated with the secondary antibody 
for 1 h, visualized by enhanced chemiluminescence (ECL) 
and analyzed by ImageJ software.

Statistical analysis

All values are expressed as mean ± standard deviation (S.D.). 
These data were analyzed by one-way ANOVA or Student’s 
t test. P < 0.05 or P  < 0.01 was considered statistically 
significant.

Results

Ori reduced lung injury scores

Compared with the control group, the CAR group showed 
significant inflammatory granulocyte infiltration, edema, 
disseminated thickening of alveolar septa and focal hem-
orrhaging of lung tissues. According to the assessment of 
lung injury, Ori treatment (5, 10 and 20 mg/kg) contributed 
to lower lung injury scores compared to those in the CAR 
group; scores in the 20 mg/kg Ori treatment group were 
reduced by 50% compared to those in the CAR group.

Ori reduced the release of cytokines

Then, we collected the pleural effusion and examined 
cytokine levels by ELISA. The results showed that Ori 
(10 and 20 mg/kg) inhibited the release of inflammatory 
cytokines (TNF-α, IL-6 and IL-1β). Among all the condi-
tions analyzed, 20 mg/kg Ori showed the best therapeutic 
effects (Figs. 1, 2).

Ori decreased the levels of oxidative stress 
markers

Oxidative stress markers were used to assess the antioxida-
tive effects of Ori on CAR-induced pleurisy. GSH and SOD 
are free radical scavengers in the human body. As shown in 
Fig. 3, the levels of these two markers were higher in the 
Ori group (10 and 20 mg/kg) than in the CAR group. As 
the degree of lipid peroxidation increased, ROS, MPO and 
MDA were overexpressed. Consistently, CAR induced the 
accumulation of ROS and high MPO and MDA expression 
levels, which were reversed by the injection of Ori (10 and 
20 mg/kg). Fundamentally, the largest dose of Ori (20 mg/
kg) relieved the CAR-induced oxidative stress imbalance.

Ori reduced neutrophil infiltration, 
the exudate volume and the exudate protein 
concentration

When inflammation occurs, neutrophils continue to 
exude and activate in the affected area. Therefore, inhi-
bition  of  leukocyte  chemotaxis  may  be a  new  way  to 
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treat pleurisy. According to Giemsa staining, Ori (10 
and 20 mg/kg) alleviated the CAR-induced infiltration of 
neutrophils. Additionally, we examined the volume and 
protein concentration of the exudate; the results were con-
sistent with the above findings, as the expression levels in 
the 20 mg/kg Ori treatment group were reduced by 50% 
compared to those in the CAR group, and 20 mg/kg Ori 
showed obvious therapeutic effects.

Ori inhibited the CAR‑activated NF‑κB 
pathway

According to the above results, 20 mg/kg Ori significantly 
suppressed the inflammatory response induced by CAR. 
Therefore, we used 20 mg/kg Ori to assess the related 
pathways. In inflammatory signaling pathways, NF-κB 
plays a vital role in regulating downstream inflammatory 

Fig. 1   Ori reduced lung injury scores. a, b After euthanasia, the left 
lung tissues were collected and examined by HE staining. Accord-
ing to the degree of lung injury, the lung injury score was determined 
on a five-point scale in the following groups: a control b CAR (2%) 

c Ori (20  mg/kg) d CAR + Ori (5  mg/kg) e CAR + Ori (10  mg/kg), 
and f CAR + Ori (20  mg/kg). The error bars represent the standard 
error from five replicates. **P < 0.01 relative to the control group. 
#P < 0.05 and ##P < 0.01 relative to the CAR alone group

Fig. 2   Ori reduced the release 
of cytokines. a–c The thorax 
was washed with PBS and 
collected for the subsequent 
experiments. According to the 
ELISA instructions, the levels 
of inflammatory cytokines 
(TNF-α, IL-6 and IL-1β) in the 
pleural exudate were detected. 
The error bars represent 
the standard error from five 
replicates. **P < 0.01 relative 
to the control group. #P < 0.05 
and ##P < 0.01 relative to CAR 
alone
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cytokines and mediators. Therefore, we detected the acti-
vation of the NF-κB pathway by Western blot analysis, 
revealing that Ori inhibited the phosphorylation of NF-κB 
and IκB, which may be involved in the altered levels of 
cytokines and neutrophils.

Ori inhibited the CAR‑activated TXNIP/
NLRP3 pathways

To investigate the effects of Ori on inflammasome activation, 
we analyzed NLRP3, ASC, CASPASE-1 and IL-1β expres-
sion. In our study, mice in the Ori treatment group exhibited 
decreased levels compared with those in CAR-treated mice. 
TXNIP acts as an upstream signal of NLRP3 and partici-
pates in the progression of inflammatory-related diseases. 
Consistently, CAR activated TXNIP and inhibited TRX-1 
expression levels, and Ori showed a significant protective 
role in CAR-induced pleurisy.

Ori activated the KEAP‑1/Nrf2 signaling 
pathway

Oxidative stress occurs during the process of inflammation, 
and we next assessed the possible mechanisms underlying 
this phenomenon in an animal model. We mainly focused 
on the Nrf2 pathway. Ori induced the activation of Nrf2 and 
HO-1 to exert antioxidative effects. Examination of upstream 
regulators showed that the expression levels of KEAP-1 and 
NOX-4 were decreased after Ori treatment.

Discussion

Pleurisy can be caused by infection and infectious patho-
gens, mainly bacteria and viruses. In the acute phase of 
pleurisy, vascular permeability is increased and neutrophils 
infiltrate the inflamed tissues. Furthermore, exudates migrate 
from injured tissues to the pleural cavity, leading to pleu-
ral effusion. The primary clinical symptoms of pleurisy are 
chest distress, chest pain and dyspnea. Extraction of exu-
dates and the use of antibiotics are common treatments in 
the clinic (Kass et al. 2007).

CAR-induced pleurisy is a representative model and is 
widely used to investigate the related mechanisms and effects 
of inflammatory mediators and agents (Ekuadzi et al. 2018; 
Fusco et al. 2017). The injection of CAR induces the infil-
tration of neutrophils and the overproduction of ROS, such 
as hydrogen peroxide, superoxide, and hydroxyl radicals 
(Salvemini et al. 1996). Thus, oxidative stress and inflam-
mation jointly participate in the pathological progression of 
pleurisy. In a phenotypic analysis, our results demonstrated 

that Ori group (5, 10 and 20 mg/kg) alleviated CAR-induced 
leukocyte infiltration, hemorrhaging and edema. Assessment 
of lung injuries and statistical analyses demonstrated that the 
high dose of Ori showed the best therapeutic effects among 
all the doses analyzed (Fig. 1). Additionally, CAR induced 
the release of inflammatory cytokines (TNF-α, IL-6 and 
IL-1β) (Fig. 2) and increased the protein concentration of 
exudate (Fig. 4), conditions that were reversed by treatment 
with Ori (10 ang 20 mg/kg). Furthermore, oxidative stress 
markers were examined to assess the antioxidative effects 
of Ori and as expected, Ori injection was associated with 
decreased levels of MDA and MPO and increased levels 
of GSH and SOD compared to those in the CAR group. In 
addition, pleural effusion cells were stained with DCF/DA 
and assessed by FACS and fluorescence microscopy, reveal-
ing that Ori group (10 ang 20 mg/kg) significantly inhibited 
CAR-induced ROS generation (Fig. 3).

Based on the above findings and previous studies on the 
molecular pathway mechanisms, we mainly focused on 
KEAP-1/Nrf2, NF-κB and TXNIP/NLRP3 (Fusco et al. 
2017; Pereira Dos Santos Nascimento et al. 2016; Yang 
et al. 2018). Nrf2 is a critical factor that regulates oxidative 
stress and inflammation. It has been proven that Nrf2 can be 
activated to promote the expression of downstream genes 
(HO-1 and GSH) and thus exert antioxidative activity. Many 
reports have shown that agents such as Nrf2 activators confer 
protection against inflammatory-related diseases (Yang and 
Liu 2018; Hu et al. 2018). For example, Pterostilbene could 
inhibit inflammation and ROS production by activating the 
Nrf2 pathway (Xue et al. 2017) (Figs. 5, 6). Allicin was also 
proven to decrease lipopolysaccharide-induced inflammation 
through Nrf2 (Zhang et al. 2017). In our study, Ori could 
activate Nrf2 and a downstream gene (HO-1) (Fig. 7). There-
fore, we wanted to identify the upstream regulatory factors 
of Nrf2 to further elucidate the pharmacological effects of 
Ori. On one hand, Nrf2 combines with KEAP-1 and remains 
in an inactive form in the cytoplasm. When stimulated, Nrf2 
separates from KEAP-1 and translocates into the nucleus 
(Taguchi and Yamamoto. 2017). The KEAP-1/Nrf2 path-
ways participate in many disease processes, such as inflam-
mation, and in cancer and neurodegenerative diseases (Desh-
mukh et al. 2017; Lu et al. 2016). On the other hand, the 
AMPK and MAPK pathways are regulators of Nrf2 and 
have strong antioxidative effects (Jeong et al. 2016). A dual 
AMPK/Nrf2 activator was shown to reduce brain inflamma-
tion after stroke (Wang et al. 2018). Additionally, Fluoxetine 
protected against methamphetamine-induced lung inflamma-
tion through the MAPK/Nrf2 pathways (Wang et al. 2017). 
In our research, CAR activated KEAP-1 and the Ori treat-
ment group showed decreased levels of KEAP-1 (Fig. 7). 
Furthermore, an increasing number of studies have shown 
that the NADPH oxidase system participates in the produc-
tion of ROS and the activation of Nrf2. The system consists 
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of many isozymes, such as NOX1-NOX5, DUOX1 and 
DUOX2, and their expression levels vary by tissue (Tada 
and Suzuki. 2016). It has been demonstrated that NOX-4 is 
overexpressed in pulmonary diseases (Kovac et al. 2015); in 
our study, CAR activated NOX-4, and the Ori group showed 
decreased levels of NOX-4 (Fig. 7). Therefore, combined 
with the protective effects on the oxidative indexes (ROS, 
GSH, SOD, MDA and MPO), these results suggest that Ori 
exerts its obvious antioxidative effects through the KEAP-1/
Nrf2 pathways.

Moreover, the NF-κB and TXNIP/NLRP3 canonical path-
ways are often involved. TXNIP, stimulated by ROS, dis-
sociates from thioredoxin (TRX) and then activates NLRP3 
to promote assembly (Cao et al. 2017). NLRP3 is an intra-
cellular signalling molecule that binds to ASC upon activa-
tion. Then ASC interacts with caspase-1 to create a complex 
referred to as the inflammasome, which leads to the activa-
tion of caspase-1 and IL-1β. The NLRP3 inflammasome has 
been shown to be activated in many inflammatory-related 
diseases, such as type 2 diabetes, Alzheimer’s disease, 
lung injury and pleurisy (Gaidt and Hornung 2018). BAY 
11–7082 and A438079 acted as pharmacological inhibitors 
to alleviate neuroinflammation (Jiang et al. 2017). Another 
small-molecule inhibitor, MCC950, has been used to treat 
NLRP3-associated autoinflammatory and autoimmune dis-
eases (Coll et al. 2015). In addition, it has been demon-
strated that a covalent bond between Ori and the cysteine 
279 of NLRP3 blocks the interaction between NLRP3 and 

NEK7, thereby inhibiting NLRP3 inflammasome assem-
bly and activation (He et al. 2018). As our results showed, 
Ori treatment alleviated CAR-induced TXNIP/NLRP3 and 
IL-1β activation (Fig. 6). In addition, NF-κB acts as an 
upstream regulator of NLRP3 and plays significant roles in 
the abovementioned diseases (Mangali et al. 2019). Under 
normal conditions, NF-κB is sequestered in the cytoplasm 
by its inhibitor IκB. Under stress, NF-κB translocates to the 
nucleus and regulates the release of inflammatory cytokines 
and downstream effectors (Nennig and Schank 2017). The 
natural product Crocin has been shown to attenuate LPS-
induced anxiety and depressive-like behaviors by suppress-
ing the NF-κB and NLRP3 pathways (Zhang et al. 2018). 
Our result showed that CAR induced the phosphorylation of 
NF-κB and IκB, the levels of which were decreased in the 
Ori group (Fig. 5). Additionally, the number of neutrophils 
and the concentrations of inflammatory cytokines (TNF-α, 
IL-6 and IL-1β) and pleural effusion proteins were reversed 
by treatment with Ori (Figs. 2, 4).

Taken together, our data demonstrated that Ori could acti-
vate the Nrf2 pathway and alleviate the CAR-induced NF-κB 
and NLRP3 pathways and the release of inflammatory fac-
tors, which highlights the role of Ori in inflammatory-related 
diseases.

Conclusions

This study highlighted potential pathways involved in the 
antioxidative and anti-inflammatory effects of Ori. The pro-
tective effect of Ori on oxidative stress was demonstrated 
by changes in the levels of the oxidative stress markers 
ROS, MDA, MPO, SOD and GSH and the proteins NOX-4, 
KEAP-1, Nrf2 and HO-1. In contrast, the levels of cytokines 
TNF-α, IL-6 and IL-1β and proteins NF-κB and TXNIP/
NLRP3 were associated with the anti-inflammatory activity 
of Ori. Thus, Ori could be a candidate drug for the treatment 
of pleurisy.

Fig. 3   Ori decreased the levels of oxidative stress markers. a–c Pleu-
ral effusion was collected and centrifuged at 6000 rpm for 5 min. Cell 
pellets were lysed with lysis buffer and stained with DCF/DA. Then, 
samples were assessed by FACS and fluorescence microscopy. The 
intensity of fluorescence was analyzed by ImageJ. Scale bars: 50 μM. 
a Control b CAR (2%) c Ori (20  mg/kg) d CAR + Ori (5  mg/kg) e 
CAR + Ori (10 mg/kg) f CAR + Ori (20 mg/kg). d–g The MPO activ-
ity, MDA formation, GSH content, and SOD content in lung tissues 
were examined according to the instructions. The error bars represent 
the standard error from five replicates. **P < 0.01 compared to the 
control group. #P < 0.05 and ##P < 0.01 compared to the CAR group

◂
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Fig. 4   Ori reduced neutrophil infiltration, the exudate volume and 
the exudate protein concentration. a, d After the lysis of pleural cells, 
part of the cells was stained with Giemsa and used to highlight dif-
ferent inflammatory cells (red arrows: neutrophils; black arrows: 
macrophages). a Control b CAR (2%) c Ori (20 mg/kg) d CAR + Ori 

(5  mg/kg) e CAR + Ori (10  mg/kg) f CAR + Ori (20  mg/kg). b, c 
The exudate volume was detected, and the protein concentration was 
measured using a BCA kit. The values are expressed as mean ± SD. 
n = 5. **P < 0.01 versus the control group. #P < 0.05 and ##P < 0.01 
versus the CAR group
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Fig. 5   Ori inhibited the CAR-
activated NF-κB pathway. a, b 
The lung tissues were collected 
4 h after CAR injection and 
the total protein was extracted. 
The protein expression levels 
of p-p65, p-IκB and IκB were 
measured by Western blot and 
β-actin was used as an internal 
control. The error bars represent 
the standard error. **P < 0.01 
relative to the control group. 
#P < 0.05 and ##P < 0.01 rela-
tive to the CAR alone group

Fig. 6   Ori inhibited the CAR-activated TXNIP/NLRP3 pathways. a–c 
Western blot analyses of NLRP3, CASPASE-1, IL-1β, ASC, TRX-1 
and TXNIP in lung tissues are shown; β-actin was used as an inter-

nal control. *P < 0.05 and **P < 0.01 relative to the control group. 
#P < 0.05 and ##P < 0.01 relative to the CAR or Ori alone group
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