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Abstract
Objective: To reveal the possible effects of decursin on viability, oxidative stress, and inflam-
matory response in lipopolysaccharide (LPS)-treated human bronchial epithelial cells-2B 
(BEAS-2B) and human pulmonary artery endothelial cells (HPAEC) cells, and revealed the 
potential mechanisms.
Methods: LPS was used to induce acute lung injury (ALI) in normal human lung epithelial 
cells, including BEAS-2B and HPAEC cells. Cell viability and apoptosis in response to LPS and 
decursin in BEAS-2B and HPAEC cells were, respectively, evaluated by MTT colorimetric and 
terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assays. The oxidative 
stress and inflammatory response in LPS-treated BEAS-2B and HPAEC cells were detected by 
enzyme-linked-immunosorbent serologic assay. In addition, the role of decursin in nuclear 
factor-kappa B (NF-ĸB) activation was analyzed by immunoblot and immunofluorescence assays.
Results: Our data revealed that decursin could alleviate the viability of LPS-induced BEAS-2B 
and HPAEC cells. Decursin could also reduce LPS-induced oxidative stress in BEAS-2B and 
HPAEC cells. In addition, it could reduce LPS-induced inflammation in BEAS-2B and HPAEC 
cells. Mechanically, decursin suppressed the activation of NF-κB pathway.
Conclusion: Decursin suppressed NF-κB pathway, and therefore alleviated ALI.
© 2023 Codon Publications. Published by Codon Publications.
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Introduction

Acute lung injury (ALI), a serious threat to human health, is 
a disease with high morbidity and mortality.1 ALI has been 
provided more and more attention in previous studies.2 The 
main manifestation of ALI is injury to the alveolar capillary 

system.3 Previous evidences suggest that inflammation 
and oxidative stress are associated with ALI.4 Activated 
neutrophils spread inflammation and injury by producing 
reactive oxygen species (ROS) and proteolytic enzymes. 
Lipopolysaccharide (LPS) is the main component of endo-
toxin, and is considered to be the most important pathogen 
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Terminal deoxynucleotidyl transferase dUTP  
nick end labeling (TUNEL) Staining

After indicated treatment, BEAS-2B and HPAEC cells were 
fixed with formaldehyde, rinsed with phosphate-buffered 
saline (PBS) solution, and stained with cell apoptosis 
detection kit (Roche Molecular Biochemicals, Mannheim, 
Germany). The cell apoptosis was measured using micro-
scope (Olympus, Tokyo, Japan). The apoptotic cells were 
counted manually.

Detection of superoxide dismutase (SOD), 
malondialdehyde (MDA), glutathione (GSH), and 
myeloperoxidase (MPO)

After indicated treatment, BEAS-2B and HPAEC cells were 
collected for detecting MDA, SOD, GSH, and MPO with rele-
vant commercial kits (Jiancheng Bioengineering Institute of 
Nanjing, Jiangsu Province, China). Cells were homogenized 
and centrifuged (1000 g) for 20 min, and the supernatant 
was collected. Then the samples were added. The sam-
ple was gently shaken, mixed, and covered for reaction to 
complete at 37°C for 2 h. Immediately, a microplate reader 
was used to detect the OD of each well at a wavelength of 
450 nm. The experiment was repeated for three times.

Enzyme-linked-immunosorbent serologic  
assay (ELISA)

Concentration of tumor necrosis factor-α (TNF-α), inter-
leukin-1β (IL-1β), and interleukin-6 (IL-6) in cell lysates was 
measured with ELISA kit following the protocols.

Real-time polymerase chain reaction (PCR)

Cellular total RNA was extracted with TRIzol reagents 
(Thermo, Rockford, USA). Total RNA was reverse-transcribed 
into complementary DNA (cDNA) using Moloney murine leu-
kemia virus (M-MLV) reverse transcriptase (RT) (Promega 
Corporation, Madison, WI, USA). cDNA was amplified using 
the following primers: TNF-α:GGTGCCTATGTCTCAGCCTCTT, 
GCCATAGAACTGATGAGAGGGAG; IL-1β: ACAAGGAGAAGAA-  
AGTAATGAC, GCTGTAGAGTGGGCTTAT; IL-6: AGACAGCCA- 
CTCACC, TTCTGCCAGTGCCTCTT; caspase-1: ATGGCCGACA- 
AGGTCCTGA, TTTAATG TCCTGGGAAGAGGTAGA; and 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH): 
AGAAGGCTGGGGCTCATTTG, AGGGGCCATCCACAGTCTTC. 
The PCR reactions were performed on an ABI 7500 Fast 
system (Life Technologies, Carlsbad, CA,  USA). The reac-
tion procedures were as follows: In 40 cycles, initial dena-
turation at 95°C for 3 min, denaturation at 95°C for 15 
s, annealing and extension at 60°C for 30 s. The relative 
expression was calculated with the 2−ΔΔCq method.

Western blot analysis

Proteins were extracted with radioimmunoprecipitation 
assay (RIPA) buffer (Beyotime, Shanghai, China). Then 
the samples were collected and electrophoresed by 10% 
sodium dodecyl sulfate–polyacrylamide gel electrophoresis 

leading to lung inflammation and sepsis.5 LPS activates a 
large number of inflammatory cells and induces pneumonia 
through a variety of signaling pathways.

Decursin, an active component of Angelica gigas, has 
a variety of biological effects, including relieving antiox-
idative stress and anti-nerve pain, and anticancer activi-
ties.6–8 In terms of mechanism, imperatorin, a furocoumarin 
and phytochemical, inhibits osteoclast formation and bone 
loss in vitro and in vivo by blocking receptor activator of 
nuclear factor kappa-Β ligand (RANKL)-triggered mito-
gen-activated protein kinase (MAPK) phosphorylation 
and inhibiting expression of c-FOS and nuclear factor 
of activated T-cells, cytoplasmic 1 (NFATC1) proteins.9 
Furthermore, decursin attenuates inflammatory response 
by regulating MAPK and nuclear factor-kappa B (NF-κB) 
pathways.10 There are some reports mentioning beneficial 
anti-inflammatory functions of other herbs, such as Urtica 
dioica, and their extracts which have been widely used for 
treating chronic diseases.11,12 Further studies are required to 
explore the therapeutic effects of decursin in LPS-induced 
lung epithelial cell injury.

In recent years, studies on the pathogenesis of ALI have 
shifted to the occurrence, development, and regulation 
of inflammation.13 Stimulation, such as trauma and micro-
bial infection, can abnormally increase its activity, leading 
to excessive release of a large number of proinflammatory 
cytokines.14 In ALI, the activation of NF-κB signal trans-
duction pathway participates in the expression of various 
inflammatory factors, and regulates the development of ALI.

In this study, the possible effects of decursin on the 
progression of ALI were investigated. The data revealed 
that decursin alleviated LPS-induced pneumonia cell via-
bility, decreased oxidative stress and inflammatory cyto-
kine secretion, and inhibited activation of NF-κB pathway. 
Hence, it is believed that decursin could serve as a drug of 
choice for treating ALI.

Materials and Methods

Cell culture

The human bronchial epithelial cells (BEAS-2B), and human 
pulmonary artery endothelial cells (HPAEC) were obtained 
from American Type Culture Collection (ATCC, Manassas, 
VA, USA) and cultured in Dulbecco's Modified Eagle Medium 
(DMEM; Sigma-Aldrich, St. Louis, MO, USA) supplemented 
with 10% fetal bovine serum (FBS; HyClone, Logan, UT, 
USA), 2-mM glutamine, and 100-U/mL penicillin/strepto-
mycin (Sigma-Aldrich) in 5% CO2 humidified atmosphere at 
37°C. For LPS and decursin (Sigma-Aldrich) stimulation, cells 
were treated with 5-μg/mL LPS and 10- and 20-μM decursin.

Cell viability

BEAS-2B and HPAEC cells were plated at a density of 3 × 
103 cells/well into 96-well plates. After respective treat-
ment, the cell viability was assessed by adding MTT colori-
metric solution. Cells were incubated for another 4 h, and 
insoluble pellets were dissolved with dimethyl sulfoxide 
(DMSO) before measuring optical density (OD) at 450-nm 
wavelength.
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and MPO, and reduction of SOD and GSH in LPS group were 
observed. However, treatment of decursin reversed the 
altered levels of SOD, MDA, GSH, and MPO in both BEAS-2B 
and HPAEC cells exposed to LPS (Figure 2A). Moreover, lev-
els of Nrf2, NQO-1, and HO-1 were inhibited by LPS, but 
enhanced by decursin treatment (Figure 2B). These results 
suggested that decursin reduced oxidative stress in BEAS-2B 
and HPAEC cells exposed to LPS.

Decursin inhibits LPS-induced inflammation in 
BEAS-2B and HPAEC cells

In order to explore inflammatory response in LPS-treated 
cells, the mRNA levels of IL-6, IL-1β, and TNF-α were mon-
itored. LPS significantly induced the mRNA levels of IL-6, 
IL-1β, and TNF-α (Figure 3A). Administration of decursin 
relieved the cellular inflammation as identified by the 
reduction of these cytokines (Figure 3A). Similar results 
were found by observing the protein levels of IL-6, IL-1β, 
and TNF-α after treatment with decursin (Figure 3B). 
Therefore, it is speculated that decursin inhibits LPS-
induced inflammation in BEAS-2B and HPAEC cells.

Decursin inactivates NF-κB pathway in BEAS-2B 
and HPAEC cells exposed to LPS

The following study intends to validate the involve-
ment of NF-ĸB pathway in the functioning of decursin in 

(SDS-PAGE), transferring onto polyvinylidene fluoride (PVDF) 
membranes, and blocked with 5% fat-free milk. Subsequently, 
membranes were incubated with primary antibodies target-
ing nuclear factor erythroid 2-related factor 2 (Nrf2) (mouse, 
1:1000; Abcam, Cambridge, MA, USA), NQO-1 (mouse, 1:1000, 
Abcam), HO-1 (mouse, 1:1000,  Abcam), p-p65 (mouse, 
1:1000, Abcam), p65 (mouse, 1:1000, Abcam), p-IκBα (rabbit, 
1:1000, Abcam), IκBα (rabbit, 1:1000, Abcam), and β-actin 
(mouse, 1:10,000, Abcam) for 1 h. Ultimately, the mem-
branes were conjugated with anti-mouse and anti-rabbit 
immunoglobulin G (IgG) (Abcam) for 1 h. Specific proteins 
were visualized with enhanced chemiluminescence detec-
tion kit (ECL, Thermo, Rockford, USA). Finally, immunoblots 
were quantified by the ImageJ software.

Immunofluorescence

After indicated treatment, cells were fixed and perme-
abilized with phosphate-buffered saline solution with a 
low-concentration detergent solution (PBST). Then the 
cells were cultured with 2% bovine serum albumin (BSA) 
in PBST for 1 h, followed by incubation with p65 antibody 
(1:200 dilution) at 4°C overnight. After washing, cells were 
cultured with fluorescent secondary antibody at room tem-
perature for 1 h. Finally, slices were counterstained with 
4′,6-diamidino-2-phenylindole (DAPI) and mounted with 
anti-quenching agents before observed with a confocal flu-
orescent microscope.

Statistics

GraphPad 6.0 was used for statistical analysis. Three rep-
licates were performed for each experiment. One-way 
ANOVA and Turkey’s post-hoc analysis were used for statis-
tical comparisons; P < 0.05 was considered as significant.

Results

Decursin promotes the viability of BEAS-2B and 
HPAEC cells exposed to LPS

In order to evaluate the role of decursin in the viability of 
cells exposed to LPS, MTT assay was performed. BEAS-2B 
and HPAEC cells were stimulated with 5-μg/mL LPS or 
decursin alone, and cell viability decreased and increased, 
respectively (Figures 1A and B). Cells stimulated with LPS 
were then cotreated with increasing doses of decursin. The 
results demonstrated that addition of decursin improved the 
viability of cells decreased by LPS (Figure 1B). In addition, 
LPS significantly induced the percentage of apoptotic cells. 
Cotreatment of decursin relieved the extent of cell apoptosis 
caused by LPS (Figure 1C). Collectively, decursin promotes 
the viability of BEAS-2B and HPAEC cells exposed to LPS.

Decursin relieves oxidative stress in BEAS-2B and 
HPAEC cells exposed to LPS

In order to further reveal the role of decursin in oxidative 
stress, levels of SOD, MDA, GSH, and MPO were analyzed in 
BEAS-2B and HPAEC cells exposed to LPS. Induction of MDA 

Figure 1  Decursin promotes the viability of BEAS-2B and HPAEC 
cells exposed to LPS. (A) Structure of decursin. (B) Cell viability 
of BEAS-2B and HPAEC cells exposed to LPS or/and decursin. (C) 
Cell apoptosis as detected by TUNEL staining exposed to LPS or/
and decursin. *P < 0.05, **P < 0.01, and ***P < 0.001.

(A)

(C)

(B)
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immunoblot assay found that decursin could decrease 
oxidative stress and inflammatory cytokine secretion in 
LPS-induced pneumonia cells. Therefore, these results 
suggested that decursin could serve as a drug for treat-
ing ALI. In fact, the biological activities of decursin have 
been revealed widely.18 Decursin has antioxidative and 
anti-inflammation effects in several diseases.19 Decursin 
inhibits osteoclast formation and bone loss both in vitro 
and in vivo.20 Decursin could also prevent melanogene-
sis via inhibiting melanocyte-inducing transcription fac-
tor (MITF) expression. It restrained cell growth as well 
as autophagic flux in gastric cancer by suppression of 
athepsin C expression. Decursin could alleviate the aggra-
vation of osteoarthritis by suppressing PI3K-Akt and NF-kB 
pathways.21 Similarly, the present study revealed that 
decursin suppressed ALI by inhibiting activation in NF-κB 
pathway.

Notably, pneumonia results in the release of proin-
flammatory cytokines, which resulted in ALI. Inflammation 
and injury by production of ROS also contributed to the 
progression of ALI. The present study also revealed that 
decursin suppressed ALI by suppressing inflammatory and 
oxidative stress. In addition, LPS is the main component of 
endotoxins and considered as the most important patho-
gen leading to lung inflammation and sepsis. It could acti-
vate a large number of inflammatory cells to stimulate 

mediating cell inflammation. LPS increased the levels of 
p-p65 and p-IκBα, and these alterations were abrogated 
by decursin treatment (Figure 4A). Moreover, the cyto-
plasm and nuclear translocation of p65 were changed in 
different stimuli. LPS significantly induced nuclear accu-
mulation of p65, while decursin repressed the nuclear 
translocation of p65, suggesting the inactivation of NF-κB 
pathway (Figure  4B). Therefore, decursin inactivates 
NF-κB pathway in BEAS-2B and HPAEC cells exposed to 
LPS.

Discussion

Acute lung injury is a type of acute hypoxic respiratory 
failure that results from injury to alveolar epithelial cells.15 
The treatment of ALI is primarily etiological.16 The main 
factors leading to ALI include pneumonia, severe sepsis, 
and gastroesophageal reflux. In order to combat ALI, more 
effective drugs are required.17 The present study revealed 
that decursin could alleviate the activity of LPS-induced 
pneumonia cells, indicating its potential role as a drug of 
choice for treating ALI.

Cell counting kit-8 (CCK-8) and flow cytometry (FCM) 
assays revealed that decursin could alleviate the activ-
ity of LPS-induced pneumonia cells. Further, ELISA and 

Figure 2  Decursin relieves oxidative stress in BEAS-2B and HPAEC cells exposed to LPS. (A) Levels of SOD, GSH, MDA, and MPO in 
control, LPS, decursin + LPS in BEAS-2B and HPAEC cells. (B) Protein levels of Nrf2, NQO-1, and HO-1 in control, LPS, decursin + LPS 
in BEAS-2B and HPAEC cells. *P < 0.05, **P < 0.01, and ***P < 0.001.

(A)

(B)
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and, therefore, alleviated ALI. It is therefore thought that 
decursin could serve as a drug of choice for treating ALI.
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pneumonia. Therefore, an LPS-induced BEAS-2B cell model 
was successfully constructed to clarify the role of decursin 
in the progression of ALI in vitro.

A previous study indicated that decursin affected 
MAPK and NF-κB pathways, and therefore attenuated 
amyloid-β-induced inflammatory response in PC12 cells. 
The stated study also found that decursin could attenu-
ate ALI by targeting this pathway.10 NF-κB pathway is crit-
ical in mediating cell oxidative stress and inflammatory 
cytokine secretion, both of which are involved in the 
progression of ALI. Several proteins and drugs affected 
the progression of ALI via NF-κB pathway. For example, 
Baicalin could inhibit inflammation of LPS-induced ALI 
through NF-κB pathway.22,23 In addition, Tanshinone IIA 
(Tan IIA) could improve sepsis-induced ALI by mediating 
ROCK2–NF-κB axis.24 These studies, together with our find-
ings, confirmed that NF-κB pathway could serve as a tar-
get for treating ALI.

Conclusion

This study revealed that decursin could alleviate the activity 
of LPS-induced pneumonia cells. Decursin could also reduce 
LPS-induced oxidative stress and inflammation in pneumo-
nia cells. Mechanically, decursin suppressed NF-κB pathway 

Figure 3  Decursin inhibits LPS-induced inflammation in BEAS-2B and HPAEC cells. (A) The mRNA levels of TNF-N, IL-1β, and IL-6 
in BEAS-2B and HPAEC cells of control, LPS, and decursin + LPS groups. (B) Levels of TNF-N, IL-1β, and IL-6 in BEAS-2B and HPAEC 
cells of control, LPS, and decursin + LPS cells. *P < 0.05, **P < 0.01, and ***P < 0.001.

(A)

(B)
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