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Oridonin alleviates inflammation and endoplasmic
reticulum stress in pediatric pneumonia via regulating
the SIRT1-mediated Wnt/B-catenin signaling pathway
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Summary. Background. Pediatric pneumonia is a
prevalent and significant health concern worldwide, with
elevated morbidity and mortality rates among affected
children. This study was designed to elucidate the
therapeutic impact of Oridonin (Ori) on pediatric
pneumonia and unravel the underlying mechanisms
involved.

Methods. A pediatric infantile pneumonia model was
established in mice through intratracheal administration
of LPS. Additionally, a cell damage model was created
in WI-38 cells by administering LPS. Protein levels were
assessed via western blotting, and cell viability was
measured with CCK-8. Inflammatory cytokines were
quantified through ELISA, and specific assays were
employed to evaluate oxidative stress markers. Flow
cytometry was utilized to assess cell apoptosis.

Results. Ori alleviated lung inflammation, oxidative
stress, apoptosis, and endoplasmic reticulum stress
(ERS) in LPS-induced pneumonia mice. In addition, Ori
increased the viability of LPS-induced pneumonia cells
but decreased cell apoptosis. Furthermore, Ori reduced
oxidative stress, inflammation, and ERS in LPS-induced
pneumonia cells by enhancing SIRT1 to activate the
Wnt/B-catenin pathway.

Conclusion. This study suggested that Ori inhibited
pediatric pneumonia by dampening the inflammatory
response, oxidative stress, cell apoptosis, and ERS via
the SIRT1/Wnt/B-catenin pathway.
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Introduction

Pediatric pneumonia poses a significant global
health issue, especially impacting children under the age
of five, with an annual global death toll of approximately
1.6 million (Muro et al., 2020). Its main clinical
symptoms include dyspnea, fever, cough, and
breathlessness (Camilloni et al., 2021; Ayan et al., 2022).
In the development of pediatric pneumonia, bacterial and
viral infections can trigger inflammation in the distal
airways of infants, and lead to changes in pulmonary
circulation, damage to lung cells, and disruption of
normal respiratory functions (Hooven and Polin, 2017).
The high prevalence and recurrence of pediatric
pneumonia contribute to more severe complications,
poorer prognoses, and hindered growth in children,
particularly in developing nations (Shah et al., 2017).
Consequently, there is a pressing need to delve into the
mechanisms of pediatric pneumonia and identify
potential therapeutic targets.

Oridonin (Ori), a well-known diterpenoid derived
from the Chinese medicinal herb Rabdosia rubescens,
exhibits a diverse range of biological properties,
including antitumor (Gao et al., 2023), anti-
inflammatory (Jia et al., 2019), antioxidant (Zhao et al.,
2022), and antibacterial properties (Chen et al., 2023a).
Multiple investigations have highlighted the possible
role of Ori in the treatment of lung-related ailments. For
instance, Ori had inhibitory impacts on myofibroblast
differentiation and bleomycin-elicited pulmonary
fibrosis by modulating the TGFB/Smad pathway (Fu et
al., 2018). Moreover, Ori demonstrated protective effects
against acute lung injury by suppressing the release of
IL-1B, IL-6, and TNF-a via the TLR4/MyD88/NF-kB
axis (Zhao et al., 2017). Besides, Ori effectively
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restrained LPS-elicited early pulmonary fibrosis by
repressing NLRP3-dependent inflammation, oxidative
stress, and epithelial-mesenchymal transformation (Yang
et al., 2022). Nevertheless, conclusive evidence
supporting the therapeutic efficacy of Ori in pediatric
pneumonia is currently lacking.

Sirtuin 1 (SIRT1) stands out as the extensively
studied member within the sirtuin protein family,
comprising seven deacetylases that target both histone
and nonhistone proteins, requiring NAD (+) as an
essential enzymatic cofactor. Studies have highlighted
that SIRT1 was implicated in several pathophysiological
processes, including anti-inflammation (Wang et al.,
2019; Zhang et al., 2020). More importantly, it was
reported that Chlorogenic acid activated SIRT1 to
suppress HMGB1 acetylation levels and nuclear
translocation, thus boosting M2 polarization in alveolar
macrophages and relieving Klebsiella pneumoniae-
triggered pneumonia (Li et al., 2022). Additionally,
evidence supported that SIRTI1 regulated the
pathogenesis of human cancers or diseases via activating
Wnt/B-catenin signaling (Luo et al., 2019; Li et al.,
2021). Building upon these discoveries, it is plausible to
hypothesize that Ori mitigated pediatric pneumonia via
regulating SIRT1-mediated activation of Wnt/B-catenin
signaling.

The objective of this study was to explore the
potential involvement of Ori in pediatric pneumonia and
to assess whether Ori mitigated pulmonary
inflammation, oxidative stress, apoptosis, and
endoplasmic reticulum stress (ERS) upon LPS through
the SIRT1/Wnt/B-catenin pathway. We anticipated that
Ori could serve as a promising agent for treating
pediatric pneumonia.

Materials and methods
Animal model

Approval for all animal experiment procedures was
obtained from the Beijing Friendship Hospital. Male
C57BL/6 mice (one week old, weight 4-5 g) were
procured from Shanghai SLAC Laboratory Animal Co.
Ltd. The mice intraperitoneally received saline or 2 mg
LPS/kg for 24h. Random allocation placed mice into
four groups, each comprising six animals: control, LPS,
LPS+2.5 mg/kg Ori, and LPS+5 mg/kg Ori. The control
group mice were instilled with 2 mg/kg LPS dissolved in
50 uL PBS. Ori (2.5 and 5 mg/kg, Sigma) were
administered to mice for 1h before LPS treatment.
Bronchoalveolar-lavage fluid (BALF) was collected for
subsequent ELISA, and lung tissues were gathered for
pathological analysis.

Hematoxylin and eosin (H&E) staining

Lung tissues were collected, fixed with formalin,
embedded in paraffin, and cut into 5-um sections. Then,

sections were treated with H&E staining for histological
evaluation. The pathological changes were evaluated
using a light microscope.

Cell culture and treatment

Human embryonic lung fibroblast cells (WI-38)
were sourced from ATCC (Rockville, MD, USA) and
maintained in MEM supplemented with 10% FBS and
1% Pen/Strep (P/S) at 37°C with 5% CO,. To establish
an in vitro model of pediatric pneumonia, WI-38 cells
were exposed to 5 pg/ml LPS (Sigma) for 24h at 37°C,
following established protocols (Bai et al., 2018; Yu et
al., 2022). Then cells were stimulated with increasing
doses of Ori (2.5, 5, 10 uM).

Cell transfection

To evaluate the role of SIRT1, negative control si-
NC or SIRT1 siRNA (si-SIRT1; a selective inhibitor of
SIRT1 RNA, GenePharma Co., Ltd., Shanghai, China)
was added to WI-38 cells by Lipofectamine 2000
(Invitrogen) for 48h before LPS administration. The
transfection efficiency was verified after transfection at
the mRNA and protein level.

CCK-8

Cell viability was assessed utilizing a CCK-8 assay.
Briefly, WI-38 cells were seeded in 96-well plates and
exposed to 5 pg/ml LPS for 24h at 37°C. Afterward, 10
ul CCK-8 reagent was introduced to each well and the
cells were further incubated at 37°C for 2h. Finally, cell
viability was quantified by a microplate reader at 450
nm.

Measurement of oxidative stress markers

The cell medium was collected, centrifuged for 10
min at 4°C, and the supernatant was collected. Levels of
SOD, GSH, MPO, and MDA were measured using
detection kits obtained from Nanjing Jiancheng Bio-
Engineering Institute.

ELISA

In brief, the cell medium was collected, centrifuged
for 10 min at 4°C, and the supernatant was collected.
The concentrations of inflammatory cytokines, including
TNF-o (ab181421, Abcam), IL-6 (ab178013, Abcam),
and IL-1P (ab229384, Abcam), in the supernatants from
WI-38 cells were assessed using ELISA Kkits.

Flow cytometry
WI-38 cells were trypsinized, washed with ice-cold

PBS, and resuspended with binding buffer (Beyotime).
Following that, Annexin V-FITC and PI were introduced
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to stain cells for 30 min in the dark at 4°C. Flow
cytometry (FACSCalibur; BD Biosciences) was
employed to detect apoptotic cells.

Western blotting

Cell lysates were prepared using RIPA buffer
supplemented with protease and phosphatase inhibitors.
Following that, proteins were separated via SDS-PAGE,
transferred onto PVDF membranes, and then blocked
with skimmed milk. The membranes were subjected to
incubation with primary antibodies anti-GRP78 (1:1000,
ab108613, Abcam), anti-ATF6 (1:100, ab37149,
Abcam), anti-CHOP (1:1000, ab11419, Abcam), anti-
Bax (1:1000, ab32503, Abcam), anti-Bcl-2 (1:2000,
ab196495, Abcam), anti-Wntl (1:1000, ab15251,
Abcam), anti-f-catenin (1:400, ab224803, Abcam), anti-
cyclin D1 (1:2000, ab134175, Abcam), anti-GAPDH
(1:2000, ab9485, Abcam), followed by HRP-conjugated
Goat Anti-Rabbit IgG H&L (1:2000, ab6721, Abcam);
goat anti-mouse [gG H&L (HRP) (1:10000, ab6789,
Abcam). Signal detection was achieved using an ECL
detection kit.

Statistical analyses

All data are presented as the mean+SD and
executed using GraphPad Prism 7. Statistical differences
were calculated by a Student's t-test or one-way
ANOVA. p<0.05 was defined as significant. Each
experiment was repeated at least three times.
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Results
Ori alleviates LPS-induced lung damage

The molecular formula of Ori is presented in Figure
1A. Following induction of infantile pneumonia in mice,
we conducted histological examinations of lung tissues.
The administration of LPS led to notable tissue damage,
characterized by alveolar shrinkage, severe inflammato-
ry cell infiltration, and alveolar wall thickening in
pneumonia, while pretreatment with Ori demonstrated a
significant reduction in lung damage (Fig. 1B,C). These
findings manifested that Ori alleviated lung tissue
damage.

Ori inhibits lung inflammation, oxidative stress, and ERS
in mice

To unravel the mechanisms underlying Ori's impact
on lung injury, inflammatory cytokines were examined.
Figure 2A shows that IL-6, IL-1B, and TNF-a levels
were enhanced in LPS-induced mice in BALF. However,
Ori treatment reversed these changes (Fig. 2A).
Moreover, as depicted in Figure 2B, LPS stimulation led
to increased levels of MDA and decreased production of
SOD and GSH, alterations that were reversed by Ori
treatment. Furthermore, western blotting implied that
LPS increased the level of ERS marker proteins,
including GRP78, ATF6, and CHOP, but Ori diminished
levels of GRP78, ATF6, and CHOP (Fig. 2C). In sum,
Ori inhibited inflammation, oxidative stress, and ERS in
newborn mice.

Ori promotes cell viability and suppresses apoptosis in
LPS-induced WI-38 cells

To evaluate the impacts of Ori on LPS-mediated WI-
38 cell viability and apoptosis, we conducted CCK-8 and
flow cytometry assays. As displayed in Figure 3A,B,
LPS treatment hindered viability and promoted apoptosis
of WI-38 cells, while administration of Ori promoted
WI-38 cell viability and inhibited cell apoptosis in a
dose-dependent manner. Meanwhile, western blotting
demonstrated that LPS administration diminished Bcl-2
expression and elevated Bax levels, which were reversed
by Ori administration (Fig. 3C). These results revealed

_ LPS+0ri (2.5 mg/kg) ‘L_PS:-Ori '(‘5 mg/kg)
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Fig. 1. Ori alleviates LPS-induced lung injury. A. The chemical structure of Ori. B, C. H&E staining showed the effect of Ori (2.5 and 5 mg/kg) on lung

tissue injury in LPS-treated mice and lung injury score.*p<0.05; ***p<0.001.
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that Ori promoted cell viability and decreased apoptosis
in LPS-treated WI-38 cells.

Ori mitigates inflammation, oxidative stress, and ERS
induced by LPS in WI-38 cells

To assess the impact of Ori on LPS-mediated WI-38
cell inflammation, an ELISA assay was conducted. The
results demonstrated an obvious increase in the levels of
IL-1B, IL-6, and TNF-a upon LPS stimulation. However,
administration of Ori reduced these levels, suggesting
that Ori treatment attenuated LPS-mediated WI-38 cell
inflammation (Fig. 4A). Next, we found that the
expression of MDA was enhanced, whereas that of SOD
and GSH declined in LPS-stimulated cells. However, Ori
treatment reversed these changes (Fig. 4B). Additionally,
we sought to examine whether the protective impact of
Ori on LPS-treated WI-38 cells was associated with
ERS. Western blotting revealed that LPS treatment
substantially elevated the expression of GRP78, ATF6,
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and CHOP. However, Ori application decreased these
protein levels (Fig. 4C). Collectively, these data thus
implied that Ori alleviated LPS-triggered cell apoptosis,
inflammation, and ERS in WI-38 cells.

Ori activates Wnt/B-catenin signaling by enhancing
SIRT1

siRNA against SIRT1 was transfected into WI-38
cells to knockdown SIRT1 expression and the
transfection efficiency was confirmed (Fig. 5A). To
elucidate whether SIRT1 mitigated LPS-induced WI-38
cell damage through the Wnt/B-catenin pathway, the
levels of signaling molecules were examined. The results
revealed a dramatic reduction in the levels of Wntl, -
catenin, and cyclin D1 following LPS stimulation,
whereas 10 uM Ori increased these protein levels.
Moreover, transfection with si-SIRT1 inhibited Wntl, p-
catenin, and cyclin D1 levels in LPS-induced WI-38
cells. In addition, the Wnt/B-catenin agonist (LiCl)

Fig. 2. Ori inhibits lung inflammation,
oxidative stress, and ERS in newborn
mice. A. ELISA showed levels of IL-6,
IL-1B, and TNF-a in Control, LPS,
LPS+Ori (2.5 mg/kg), and LPS+Ori (5
mg/kg)-treated LPS mice. B. The levels
of SOD, MDA, and GSH. (C) Western
blotting showed the protein levels of
GRP78, ATF6, and CHOP in treated
mice. The immunoblot signals were
quantified by densitometry. *p<0.05;
**p<0.01; ***p<0.001.
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reversed the inhibitory effect of si-SIRT1 transfection
(Fig. 5B,C). Collectively, Ori activated Wnt/B-catenin by
elevating SIRT1 expression.

Ori inhibits LPS-induced WI-38 cell injury by regulating
SIRT1-mediated Wnt/B-catenin signaling

Finally, the biological significance of SIRTI1-
mediated Wnt/B-catenin signaling in pediatric
pneumonia was evaluated. Figure 6A,B showed that the
suppressive effect of Ori on the apoptosis of WI-38 cells
under LPS stimulation was abated by SIRT1 deletion,
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whereas LiCl exhibited similar effects as Ori.
Consistently, SIRT1 silencing counteracted the effects of
Ori on inflammation, oxidative stress, and ERS marker
proteins, whereas LiCl treatment exerted opposite effects
with SIRT]1 silencing (Fig. 6C-E). Therefore, Ori
protected WI-38 cells from LPS-induced damage
through the SIRT1/Wnt/B-catenin pathway.

Discussion

Pneumonia is a prevalent, multifaceted, and severe
inflammatory lung disease characterized by damage to
the alveolar-capillary membrane and the release of
inflammatory cytokines due to inflammation, resulting
in impaired lung function (Dhanireddy et al., 2006; Nova
et al., 2019). Given the urgency of identifying novel
therapeutic targets for pneumonia, the role of LPS, a
gram-negative bacterial endotoxin, is particularly
noteworthy in initiating and significantly contributing to
the development of pneumonia-induced acute lung
injury (Liu et al., 2022). Consequently, mitigating LPS-
triggered lung damage is widely acknowledged as an
effective strategy for pneumonia treatment (Chen et al.,
2023b; Zhang et al., 2023). In this study, we established
a pneumonia mouse model by LPS injection and an in
vitro model by exposing WI-38 cells to LPS. Multiple
evidence has reported Ori as a promising molecular
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Fig. 3. Ori promotes cell viability and suppresses apoptosis in LPS-induced WI-38 cells. WI-38 cells were assigned into Control, LPS, LPS+Ori (2.5
M), LPS+Ori (5 uM), and LPS+Ori (10 uM) groups. A, B. Cell viability and apoptosis were tested by CCK-8 and flow cytometry assays. C. The protein
levels of Bax and Bcl-2. The immunoblot signals were quantified by densitometry. *p<0.05; **p<0.01; ***p<0.001.
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target in pulmonary diseases via suppressing that Ori could relieve pathological damage, and inhibit
inflammation (Gao et al., 2022; Yang et al., 2019). lung inflammation and oxidative stress in newborn mice
Consistent with the aforementioned results, it was found subjected to LPS. Moreover, Ori expedited cell viability
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and hindered apoptosis, inflammation, and oxidative
stress in LPS-treated WI-38 cells.

It is widely recognized that ER plays a key function
as a regulator of inflammation in various inflammatory
diseases, with ERS being recognized as an effective
factor in pneumonia. For instance, Xue et al. found that
the knockdown of IGF2BP2-regulated STIM1 improved
cell damage in the LPS-induced pneumonia cell model
by mitigating ERS and the inflammatory response (Xue
et al., 2023). Cao et al. reported that alleviating
inflammation and ERS in pediatric pneumonia can
impede the development of pediatric pneumonia (Cao et
al., 2022). Herein, LPS was administered to WI-38 cells
to induce ERS injury. The expression of ERS-related
proteins, GRP78, ATF6, and CHOP, were increased
following LPS induction. However, Ori treatment
lowered the levels of ERS-related proteins. These results
indicated that Ori inhibited LPS-triggered ERS injury in
WI-38 cells.

Growing evidence has suggested that SIRT1 served
as a promising molecular target in pulmonary diseases
due to its regulatory function in inflammation, oxidative
stress, and apoptosis. To cite an instance, Yang et al.
showed that depleting miR-146a-3p improved acute lung
injury by upregulating SIRT1 and mediating the NF-xB
pathway (Yang and Li, 2021). Ding et al. implied that
SPHK1 decreased SIRT1 expression to promote
mitochondrial permeability transition and increased
NLRP3 levels to promote inflammation in a model of
infantile pneumonia (Ding et al., 2022). In line with
these findings, Ori was found to heighten SIRTI
expression in LPS-stimulated WI-38 cells. The Wnt/fB-
catenin pathway is a signal transduction cascade
activated by the binding of Wnt ligands to membrane
protein receptors, and it plays a vital function in various
cellular processes, including proliferation, differen-
tiation, ERS, and apoptosis (Nie et al., 2020; Qiu et al.,
2021; Chen et al., 2023c). Moreover, the Wnt/B-catenin
signaling is known to be implicated in inflammation-
associated diseases. For instance, supplementation of
FoxM1 protected against LPS-elicited acute lung injury
by repressing inflammation and apoptosis by stimulating
Wnt/B-catenin signaling (Luo et al., 2023). Herein, we
uncovered that Ori elevated the expression of Wntl, -
catenin, and cyclin D1 through modulating SIRT1,
which was consistent with the previous literature, where
hyperoside mitigated inflammation, oxidative stress, and
apoptosis induced by LPS by enhancing SIRT1 to
activate the Wnt/B-catenin and sonic hedgehog pathways
(Huang et al., 2021). To further confirm whether SIRT1
also functioned in an LPS-induced in vitro model of
pneumonia via regulating the Wnt/B-catenin pathway,
we introduced LiCl, a Wnt/B-catenin agonist. The results
manifested that SIRT1 silencing counteracted the
impacts of Ori on LPS-induced WI-38 cell apoptosis,
inflammation, oxidative stress, and ERS marker
proteins, whereas LiCl treatment exerted opposite effects
with SIRT1 deletion.

Conclusion

In summary, our study demonstrated that Ori has a
protective impact against pediatric pneumonia by
dampening LPS-induced apoptosis, inflammatory
response, oxidative stress, and ERS via enhancing
SIRT1 expression to activate the Wnt/B-catenin pathway
in WI-38 cells. These discoveries confirmed the
therapeutic potential of Ori in pediatric pneumonia.
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