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apoptosis; Objective: The aim of the present study is to investigate the effects of auraptene on inflamma-
auraptene; tion and apoptosis of pneumonia cell model and uncover the mechanism.

inflammation; Methods: WI-38 cells were treated with lipopolysaccharide (LPS) to construct a pneumonia
NF-«B axis; model. Cell counting kit-8 assay, enzyme-linked-immunosorbent serologic assay, and quan-
pneumonia titative polymerase chain reaction assay were conducted to confirm the effects of aurap-

tene on the viability and inflammation of WI-38 cells. Flow cytometry (FCM) and immunoblot
assays were conducted to detect the effects of auraptene on the apoptosis of WI-38 cells.
Immunoblot assay was performed to confirm the mechanism.

Results: We found that auraptene stimulated cell viability in WI-38 cells upon LPS treatment.
Auraptene also inhibited cellular inflammation. Furthermore, auraptene inhibited cell apop-
tosis of WI-38 cells upon LPS treatment. Mechanically, auraptene inhibited the nuclear factor
kappa B signaling pathway, thereby suppressing the pneumonia.

Conclusion: Auraptene alleviates inflammatory injury and cell apoptosis in pneumonia, thus
has the potential to act as a pneumonia drug.

© 2023 Codon Publications. Published by Codon Publications.

Introduction leading to an urgent requirement of the related research
and developing an effective regimen3“ Pneumonia is a seri-

Pneumonia is a global illness with high morbidity and mor- ous disease featured by a combination of local and systemic

tality, causing approximately 1.4 million child deaths annu- complications. Therefore, it is vital to explore pathogene-

ally." The incidence of pediatric pneumonia is high, with sis and therapeutic target for treating pneumonia.

many complications and poor prognosis.? There is still Auraptene is isolated from many edible fruits

a lack of effective treatment for pediatric pneumonia, and vegetables®® Auraptene has multiple therapeutic
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properties, such as anti-diabetic, antigenic, antibacte-
rial, antifungal, anti-genotoxic, anti-leishmania, anti-
inflammatory, anti-Helicobacter, and immunomodulatory.”?
Auraptene has demonstrated anti-inflammatory and neu-
roprotective effects in the brains of inflammatory models
injected with lipopolysaccharide (LPS).® Auraptene has
alleviated gastritis by reducing production of proinflam-
matory mediator.'” Auraptene has shown anti-inflammatory
characteristics by suppressing the production of inflamma-
tory proteins that mediated association between fat cells
and macrophages.'® Auraptene has regulated human plate-
let activation and prevented arterial thrombosis in mice by
inhibiting nuclear factor kappa B (NF-xB) axis' However,
the role of auraptene in pediatric pneumonia has remained
unclear.

NF-«B is involved in immune and inflammatory responses
and has induced the levels of downstream inflammatory
cytokines that mediate inflammatory response in patho-
logical actions."'>? TNF-a and TNF receptors are expressed
on several immune cells and have regulated the survival
and activation of T cells.""* One of the main causes of lung
infection is the presence of LPS that effectively stimulates
immune cells." Therefore, the NF-xB pathway may serve as
a target for treating pneumonia.

In the present study, we proposed to elucidate the
effect of auraptene on pneumonia. We constructed LPS-
treated WI-38 cell model. Our results revealed that aurap-
tene alleviated inflammatory injury and cell apoptosis in
pneumonia. Therefore, auraptene has the potential to act
as a pneumonia drug.

Materials and methods
Cell culture

This study was approved by the Ethics Committee of the
Affiliated Hospital of Xiangnan University. The human
bronchial epithelial cell line WI-38 were obtained from
American Type Culture Collection (ATCC) and cultured in
Dulbecco’'s modified eagle medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) in a 5% CO, humidified
atmosphere at 37°C. Cells were treated with 5-ug/mL LPS
and auraptene (Sigma, St. Louis, MO, US) for 24 h to con-
struct the cell model.

Cell viability

WI-38 cells were plated into 96-well plates. Cell viability
was assessed by adding cell counting kit-8 (CCK-8) solu-
tion (Beyotime, Shanghai, China). Cells were incubated
with CCK-8 solution for 4 h and optical density (OD) was
observed through the measurement of OD450.

Enzyme-linked-immunosorbent serologic assay
(ELISA)

The concentrations of TNF-a, IL-183, and IL-6 in cell lysates
were measured with ELISA kit (Beyotime, Beijing, China)
following manufacturer’s protocol.

Real-Time Polymerase chain reaction (RT-PCR)

Total cellular RNA was extracted with TRIzol reagents
(Thermo Fisher, MA, US). Total RNA was reverse-transcribed
into complementary DNA (cDNA) using M-MLV reverse tran-
scriptase (Promega, Madison, WI, US). Therelative expression
of target genes were determined by RT-PCR. The following
primers were used: TNF-a: GGTGCCTATGTCTCAGCCTCTT,
GCCATAGAACTGATGAGAGGGAG; interleukin 13 IL-1p:
ACAAGGAGAAGAAAGTAATGAC, GCTGTAGAGTGGGCTTAT;
IL-6:  AGACAGCCACTCACC, TTCTGCCAGTGCCTCTT; and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH):
AGAAGGCTGGGGCTCATTTG, AGGGGCCATCCACAGTCTTC.

Western blot analysis

Proteins were extracted using radioimmunoprecipitation
assay (RIPA) buffer (Beyotime). Then, the samples were
collected and separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), and trans-
ferred on polyvinylidene fluoride (PVDF) membranes. After
blocked using 5% fat-free milk, PYDF membranes were
incubated with primary antibodies, including Bax (1:1000;
ab32503; Abcam, Cambridge, UK), Bcl-2 (1:1000; ab182858;
Abcam), p-p65 (1:1000; ab76302; Abcam), p65 (1:1000;
ab32536; Abcam), p-1kBa (1:1000; ab133462; Abcam), IkBa
(nuclear factor of kappa light polypeptide gene enhancer
in B-cells inhibitor, alpha) (1:1000; ab237777; Abcam), and
B-actin (1:3000; ab8226; Abcam) for 1 h. The membranes
were incubated with secondary antibodies for 1 h. Specific
proteins were visualized with enhanced chemilumines-
cence (ECL) kit (Thermo Fisher).

Cell apoptosis assay

Cell apoptosis kit was bought from Beyotime. Cells were
fixed with 70% ethanol for 2 h. Subsequently, cells were
stained with propidium iodide (Pl) and fluorescein isothio-
cyanate (FITC) Annexin V at 4°C, and the apoptosis rate
was measured. The cell apoptosis was assessed using
FACS Calibur flow cytometer and analyzed by CellQuest
Pro 5.1 (BD Biosciences, NJ, US).

Statistics

The GraphPad 8.0 software was used for statistical anal-
ysis. Data were represented as mean + SD. The unpaired
Student’s t-test was used to determine statistical signifi-
cance between two groups. P < 0.05 was considered statis-
tically significant.

Results

Auraptene stimulated the cell viability in LPS-
stimulated WI-38 cells

The structure of auraptene is shown in Figure 1A. LPS-
stimulated WI-38 cells were constructed as a pneumonia
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Figure 1 Auraptene stimulated cell viability in LPS-induced

WI-38 cells. (A) Structure of auraptene. (B) CCK-8 assay
showed the cell viability of WI-38 cells exposed to auraptene
at the concentrations of 0-, 2.5-, 5-, 10-, and 20-uM for 24 h.
(C) CCK-8 assay showed the cell viability of WI-38 cells exposed
to LPS and auraptene at a concentration of 0-, 2.5-, 5-, 10-uM
for 24 h. ***P < 0.001, LPS vs. control, “P < 0.05, #P < 0.001,
LPS+auraptene vs. LPS.

model. To evaluate the role of auraptene in WI-38 cell
growth, CCK-8 assay was performed. We found that treat-
ment of WI-38 cells with low concentrations of auraptene
(2.5-, 5-, and 10-uM) had modest effect on viability whereas
high concentration (20 uM) of auraptene suppressed viabil-
ity (Figure 1B). Therefore, WI-38 cells were treated with
low concentration of auraptene (2.5-, 5-, and 10-uM) in the
following experiments. When WI-38 cells were stimulated
with 5-ug/mL LPS, cell viability was significantly impaired
(Figure 1C). Subsequently, LPS-stimulated WI-38 cells were
treated with increasing low concentration (2.5-, 5-, and
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10-uM) of auraptene. The addition of auraptene improved
cell viability (Figure 1C). Therefore, auraptene stimulated
the cell viability of WI-38 cells upon LPS treatment.

Auraptene inhibited LPS-induced cell
inflammation

To assess inflammatory gene levels in LPS-stimulated WI-38
cells, the messenger RNA (mRNA) levels of IL-6, IL-13, and
TNF-a were discovered. LPS increased the mRNA levels of
these genes through quantitative PCR (qPCR; Figure 2A).
We further found that auraptene administration relieved
cellular inflammation by reducing the levels of these cyto-
kines (Figure 2A). Consistently, the protein secretion of
these factors after auraptene treatment showed the same
results (Figure 2B). Therefore, auraptene inhibited LPS-
stimulated cell inflammation.

Auraptene inhibited LPS-induced cell apoptosis in
LPS-induced WI-38 cells

We discovered the effects of auraptene on LPS-induced
WI-38 cell apoptosis. The cell apoptosis was observed by
flow cytometry (FCM) assay. Induction of LPS in WI-38 cells
increased cell apoptosis (Figure 3A). Auraptene treatment
significantly reduced the percentage of apoptotic cells
(Figure 3A). In addition, the expression levels of Bax and
Bcl-2 were detected in WI-38 cells. LPS treatment obviously
enhanced Bax levels and reduced Bcl-2 levels (Figure 3B).
However, alterations in Bax and Bcl-2 were reversed by
auraptene treatment (Figure 3B). Therefore, auraptene
inhibited LPS-induced cell apoptosis in WI-38 cells upon LPS
treatment.
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Figure 2 Auraptene inhibited LPS-induced cell inflammation. (A) The mRNA level of TNF-a, IL-1B, and IL-6 in control, LPS, and
auraptene+LPS cells. (B) The secretion level of TNF-a, IL-1B, and IL-6 in control, LPS, and auraptene+LPS WI-38 cells. ***P < 0.001,
LPS vs. control, *P < 0.05, #P < 0.01, ##P < 0.001, LPS+auraptene vs. LPS.
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Figure 3 Auraptene inhibited LPS-induced cell apoptosis in LPS-induced WI-38 cells. (A) FCM assay showed the cell apoptosis of
WI-38 cells exposed to LPS and auraptene at the concentrations of 0-, 2.5-, 5-, and 10-uM for 24 h. The percentage of apoptosis cells
was quantified. (B) Immunoblot assays showed the expression of Bax and Bcl-2 in WI-38 cells exposed to LPS and auraptene at the
concentrations of 0-, 2.5-, 5-, and 10-uM for 24 h. ***P < 0.001, LPS vs. control, *P < 0.05, #P < 0.01, ##P < 0.001, LPS+auraptene vs. LPS.

Auraptene inhibited NF-«xB axis in WI-38 cells upon
LPS treatment

NF-«B signaling pathway was involved in the LPS-stimulated
inflammation model. We observed the possible association
of auraptene and NF-«B signaling pathway. LPS treatment
increased the levels of p65 and IxBa phosphorylation in
WI-38 cells, which were the indicators of this pathway, com-
pared to control (Figure 4). However, auraptene reduced
the p65 and IxBa phosphorylation levels in WI-38 cells upon
LPS treatment (Figure 4). Thus, auraptene restrained NF-xB
activation in WI-38 cells upon LPS treatment.

Discussion

Pneumonia is an inflammation of the lungs caused by
pathogens invading the alveoli.' Pneumonia can occur at all
ages, but is more common in children aged <2 years.? For
pediatric pneumonia, there is still a lack of drugs, leading
to urgent requirement of related research and develop-
ment work."” The treatment of pneumonia should focus on
inhibiting excessive inflammatory response and alleviating

cell apoptosis.”” A variety of drugs have achieved good
results in the preclinical treatment of pneumonia, but it
is still difficult to meet the current clinical requirements.'
In the present study, we constructed a pneumonia LPS
cell model, and found that auraptene could suppress the
progression of pneumonia at cellular levels. We conceived
that auraptene has the potential to act as a pneumonia
drug. In addition, exercise is a rehabilitation strategy with
anti-inflammatory effects and could be a good plan to treat
pneumonia.'

Inflammation, a self-protective response of vascular liv-
ing tissue to injury, is closely associated with neurodegen-
erative and cardiovascular diseases.' By performing a series
of assays, such as CCK-8, FCM, ELISA, and Immunoblot, we
found that auraptene alleviated LPS-induced inflammation
and apoptosis of WI-38 cells.® Auraptene, an active sec-
ondary metabolite, is primarily isolated from the plants of
the Rutaceae family.”'® Auraptene is effective in treating
several disorders, such as keloids and pain."” Auraptene
possesses numerous pharmacological properties, such as
anti-hypertensive and anti-cancer.®'" We discovered anti-in-
flammatory and pro-apoptosis effects of auraptene in a
pneumonia cell model. Auraptene decreases the secretion
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Figure 4 Auraptene inhibited the NF-xB pathway in LPS-induced WI-38 cells. Immunoblot assay showed the expression of indicated
proteins in WI-38 cells exposed to LPS and auraptene at the concentrations of 0-, 2.5-, 5-, and 10-uM for 24 h. ***P < 0.001, LPS vs.

control, ##P < 0.001, LPS+auraptene vs. LPS.

of MMP-2 and key inflammatory factors."”!® Auraptene
showed wound healing effects and could control periodon-
tal diseases by regulating inflammatory protein secre-
tion.”"® In addition, auraptene showed anti-inflammatory
effects by restraining inflammatory factors that medi-
ate correlation between adipocytes and macrophages."”
Similarly, we also determined that auraptene inhibited LPS-
stimulated cellular inflammation.

NF-kB can stimulate the levels of inflammatory cyto-
kines to mediate inflammatory response, and has normal
physiological function in mediating immune response.?’
p65 and IkBa are two key regulatory proteins of the NF-«xB
pathway, and their phosphorylation leads to the activation
of this pathway. Therefore, we measured the phosphory-
lation level of these proteins to discover the activation of
NF-«B signaling pathway. The inflammatory response of the
body needs to activate the NF-«B signaling pathway and
transcribe some cytokines to mediate immune response.
NF-xB is an important transcriptional regulator that reg-
ulates the levels of multiple inflammatory genes.? It has
been shown to regulate the expression of more than 100
genes.?%?' Inflammatory response is often over activated
in patients with pneumonia, and NF-xB plays a vital role
in regulating cell proliferation and immunity and inflam-
mation.?’ Therefore, the NF-xB signaling pathway is
widely used as a target for pneumonia, especially in chil-
dren.?>2 Interestingly, we discovered that auraptene would
approach the NF-«B signaling pathway, thereby alleviating
lung inflammation and inhibiting apoptosis. However, the
detailed molecular mechanism requires further studies.

Conclusion

In summary, we discovered that auraptene alleviated
inflammatory injury and cell apoptosis in pneumonia.

Therefore, Aauraptene has the potential to act as a drug
for the treatment of pneumonia.
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