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Abstract

Background/Objectives Sepsis-induced acute lung injury (ALI) is the typical complications of sepsis with a high global inci-
dence and mortality. Inhibition of inflammatory response is a crucial and effective strategy for sepsis-induced ALI. Pedun-
culoside (PE) has been shown to have an anti-inflammatory effect on various diseases. However, the effect and mechanism
of PE on sepsis-induced ALI remain unknown.

Materials/Methods A mice model of sepsis-induced ALI was constructed by cecal ligation and puncture (CLP). The effect of
PE on the CLP-induced mice were assessed using pathological staining, terminal deoxynucleotidyl transferase deoxyuridine
triphosphate (dUTP) nick end labeling (TUNEL), reverse transcription quantitative polymerase chain reaction (RT-qPCR),
enzyme-linked immunosorbent assay (ELISA) and western blot assays.

Results PE reduced pathological symptoms and scores, apoptosis and the W/D ratio of lung tissues in CLP-induced mice.
Besides, PE decreased the level of interleukin (IL)-1p, IL-6 and tumor necrosis factor (TNF)-a), pulmonary fibrosis and the
expression of fibrosis markers. Mechanically, PE inhibited AKT/NF-«xB signaling in CLP-induced mice. Activation of AKT/
NF-kB pathway abolished the ameliorative effect of PE on the pathological symptoms, the release of inflammatory factors
and pulmonary fibrosis of CLP-induced mice.

Conclusion PE improved inflammation and pulmonary fibrosis by inhibiting AKT/NF-xB pathway in CLP-induced mice.
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Introduction

Sepsis is a life-threatening disease in clinical practice that
is related to an abnormal host response to infection (Singer
et al. 2016). Globally, there are over 18 million cases of
severe sepsis annually, with the incidence rising from 1.5 to
8.0% per year (Jawad et al. 2012). Moreover, about 14,000
deaths globally are attributed to complications from sepsis
per day (Jawad et al. 2012). The lung is the most susceptible
organ during sepsis (Sadowitz et al. 2011). The primary
cause of sepsis-related mortality is acute lung injury (ALI)
or acute respiratory distress syndrome (ARDS), which
affects nearly half of patients with severe sepsis (Hwang et
al. 2019; Shashaty et al. 2019). Inflammation is a key fac-
tor in sepsis-induced ALIL, and the severity and duration of
the inflammatory response eventually determine the prog-
nosis of patients with sepsis-elicited ALI/ARDS (Xiong et
al. 2020). Blocking the inflammatory response is therefore
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an essential and effective treatment for sepsis-induced
ALL It has been shown that paclitaxel, which has a major
role in regulating inflammation, reduces the inflammatory
response, improves lung function, and increases the survival
rate of ALI (Wang et al. 2019). However, the application
of corticosteroids can have various side effects in clini-
cal practice, including immunosuppression, hypokalemia,
dyslipidemia, hyperglycemia, myopathy and osteoporosis
(Schicke et al. 2002; Walker 2007). Therefore, it is still sig-
nificant and imminent to develop safe and effective drugs to
decrease the inflammatory response in the therapeutic treat-
ment of sepsis-elicited ALI.

Pedunculoside (PE), a triterpene saponin, is a main bio-
active component from the dried bark of /lex rotunda Thunb
(Wang et al. 2014), with a range of pharmacological proper-
ties, such as anti-inflammation (Ma et al. 2019), protection
against liver injury (Wu et al. 2019), lowing hyperlipidemia
(Liu et al. 2018) and improvement of intestinal flora (Yang
et al. 2019). Notably, PE has been demonstrated to have
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an anti-inflammatory effect on various diseases. Kan et al.
(Kan et al. 2021) show that PE prevents mastitis in mice
by reducing inflammation and maintaining the integrity of
blood-milk barrier. Liu et al. (Liu et al. 2020) report that PE
protects against ulcerative colitis in mice via AKT/NF-«B
and MAPK pathways. Ma et al. (Ma et al. 2019) reveal that
PE inhibits collagen-induced arthritis in vitro and in vivo.
However, whether PE improves sepsis-induced ALI by
inhibiting inflammation remains to be determined.

Thus, mice were treated by cecal ligation and puncture
(CLP) to construct a model of sepsis-induced ALI. Then, the
effect of PE on the lung injury, inflammation and pulmonary
fibrosis was investigated in CLP-induced mice. Moreover,
the potential molecular mechanism was studies in vivo. We
expect that our results can provide a solid foundation for the
treatment of sepsis-induced ALI.

Materials and methods
Animal

C57BL/6 mice (68 weeks, 20-25 g) were purchased from
Cyagen (Jiangsu, China) and fed in a specified pathogen free
(SPF) animal house. Mice were given access to rodent chow
and water freely, with 40-60% the relative humidity and a
12 h/12 hours light-dark cycle at (25 +2) °C. All the experi-
ments were complied with the National Institute of Health
Guide for the Care and Use of Laboratory Animals, as well
as approved by the Animal Research Ethics Committee of
Beijing Tongren Hospital, Capital Medical University.

Animal model and treatment

Mice were accommodated for at least one week and then
used for the experiments. A mouse model of sepsis-elic-
ited ALI was constructed by cecal ligation and puncture
(CLP) following the earlier description (Sang et al. 2022).
Briefly, mice were intraperitoneally anesthetized with 1%
pentobarbital sodium (1 mg/kg), and a 1-2 cm length inci-
sion was made in the middle of their abdomen. A 21-gauge
needle was used to maul the cecum after it had been split
and ligated with 5 — 0 B suture. Then, a droplet of feces was
ejected after the needle was removed. The abdominal cavity
was eventually sutured. Mice were randomly divided into
eight groups (n=06). (1) The control group: Healthy mice in
the control group were orally given with the same amount
of dimethylsulfoxide (DMSO, ST038, Beyotime, Shanghai,
China); (2) The 20 mg/kg PE group: Healthy mice were
orally given with PE with a dose of 20 mg/kg; (3) The sham
groups: Mice in the sham group underwent the same surgery,
excluding the ligation and puncture, and were then orally

given with the same amount of DMSO; (4) The CLP group:
Mice were treated with CLP and then orally given with the
same amount of DMSO; (5-7) The CLP+ PE groups (5 mg/
kg, 10 mg/kg and 20 mg/kg): Mice were treated with CLP
and then orally given with PE with a dose of 5 mg/kg, 10 mg/
kg and 20 mg/kg, respectively; (8) The CLP+20 mg/kg
PE + SC79 group: Mice were treated with CLP, orally given
with 20 mg/kg PE and intraperitoneally administrated with
10 mg/kg SC79 (an activator of AKT pathway) (123,871,
Sigma, St. Louis, MO, USA). PE was bought from Med-
ChemExpress (HY-N0458, Monmouth Junction, NJ, USA)
with a purity of 99.17% and dissolved in DMSO. The dose
of PE and SC79 used in the present study was based on the
previous reports by Kan et al. (Kan et al. 2021) and Jing et
al. (Jing et al. 2019), respectively. The sera, bronchoalveolar
lavage fluid (BALF) and lung tissues from mice were col-
lected for the following examinations.

Measurement of wet/dry (W/D) ratio of lung tissue

The lower lobe of the left lung was excised, and immedi-
ately weighed using an electronic balance. Tissues were
then dried at 70 °C. After 48 h, the tissues were reweighed.
The wet-to-dry ratio was calculated following the formula:
wet weight/dry weight (Qu et al. 2022).

Pathological examination

Lung tissues were fixed into 4% paraformaldehyde (P0099,
Beyotime) overnight. The tissue samples were embedded in
paraffin and cut into slices with a 5 um thickness. Then, the
slices were incubated with Hematoxylin and Eosin Stain-
ing Kit (C0105S, Beyotime), and the imaged were captured
under a light microscopy (Olympus, Tokyo, Japan). The
pathological results were scored based on a previous study
(Li et al. 2021). Four indexes, including bleeding, alveolar
hyperemia, alveolar dilatation and neutrophil infiltration,
were used for the pathological evaluation, with a 5-point
damage scoring system. Therein, 0—4 indicated minimal,
mild, moderate, serious and maximal, respectively. The
total of all the points was used to determine the severity
of lung injury. In addition, the slices were incubated with
Masson’s Trichrome Stain Kit (G1340, Solarbio, Beijing,
China) to assess the fibrosis of lung tissues.

Terminal deoxynucleotidyl transferase deoxyuridine
triphosphate (dUTP) nick end labeling (TUNEL)
assays

After the paraffin slices were dewaxed with xylene and

dehydrated with graded ethanol, the slices were incubated
with proteinase K (ST533, Beyotime) at room temperature
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for an hour. Then, the slices were washed with phosphate
buffer saline (PBS, C0221A, Beyotime) for three times,
and treated with 2% H,O, for 20 min at room temperature.
Next, the slices were rinsed with PBS thrice, and adminis-
trated with TUNEL reaction mixtures at 37 °C for 60 min.
The slices were then incubated with 500 nL. DAB (P0202,
Beyotime) for 30 min at room temperature, and covered
with 50 pL Streptavidin-HRP (A0305, Beyotime) for half
an hour at room temperature. The slices were re-stained
with hematoxylin (C0107, Beyotime) and pictured under a
light microscope (Olympus). The percent of apoptosis cells
was determined by TUNEL positive cells/the total cells
numberx100%.

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of interleukin (IL)-1B, IL-6 and tumor
necrosis factor (TNF)-a in BALF were examined using
Mouse IL-1B ELISA Kit (PI301), Mouse IL-6 ELISA Kit
(P1326) and Mouse TNF-a ELISA Kit (PT512) based on
the working instructions. All three kits were bought from
Beyotime. The absorbance was examined at 450 nm with a
microplate reader (Thermo Fisher Scientific, Waltham, MA,
USA).

Reverse transcription quantitative polymerase
chain reaction (RT-qPCR)

The lung tissues were lysed with TRI1zol reagent (15,596,026,
Thermo Fisher Scientific) to extract the total RNA. The total
RNA was inversely transcribed into cDNA using the Bio-
Rad ScripTM ¢DNA Synthesis Kit (1,708,890, Bio-Rad
Laboratories, Inc., Hercules, CA, USA) according to the
instruction for use. 2xX SYBR Master mix (RR820A, Takara,
Dalian, China) was used for the RT-qPCR assay on the Bio-
Rad CFX Manager software (Bio-Rad Laboratories, Inc.),
with the following procedures: 5 min at 95 °C, followed by
40 cycles between 95 °C for 15 s and 59 °C for 45 s, and
72 °C for 60 s. The gene expressions were calculated by
the 2722T method with the GAPDH as the internal refer-
ence gene. The primer sequences were as follows: 5'-GGA
ACGCACGTACCAGGAG-3' (alpha smooth muscle actin
(0-SMA) forward), 5-TGGCTATTCAGGCTGTGCTGT
C-3' (a-SMA reverse); 5-ATCCAGTCCACAGCCATTC
C-3’ (fibronectin (FN) forward), 5'-GGAAGGGTAACCAG
TTGGGG-3' (FN reverse); 5'-CCTGGCAAAGACGGACT
CAAC-3' (collagen I forward), 5'- -3" (collagen I reverse);
5'-GCTGAAGTCATAACCGCCACTG-3' (GAPDH for-
ward), and 5-AGCCTTCTCCATGGTGGTGAAGAC-3'
(GAPDH reverse).

@ Springer

Western blot

Lung tissues were treated with RIPA lysis buffer
(P0013B, Beyotime). The protein concentrations of lung
tissues and sera were measured using BCA Protein Assay
Kit (P0012S, Beyotime). The protein samples (20 pg)
were dissolved with 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and then
transferred onto PVDF membranes (IPVH00010, EMD
Millipore, Billerica, MA, USA). The membranes were
blocked with 5% skimmed milk powder (P0216, Beyo-
time) for 60 min at room temperature, and incubated with
primary antibodies at 4°C overnight. Subsequently, the
membranes were treated with the secondary antibodies
Goat Anti-Rabbit IgG H&L (HRP) (1:20000, ab6721) for
60 min at room temperature. The membranes were visu-
alized by a BeyoECL Plus kit (P0018S, Beyotime), and
the gray value was quantified by Image-ProPlus software
(Media Cybernetics, Inc., Rockville, MD, USA). GAPDH
served as the internal reference. The primary antibod-
ies included anti-IL-1B (1:1000, ab254360), anti-IL-6
(1:1000, ab259341), anti-TNF-a (1:1000, ab66579), anti-
a-SMA (1:1000, ab5694), anti-FN (1:1000, ab2413), anti-
collagen I (1:2000, ab21286), anti-AKT (1:500, ab8805),
anti- phosphorylated AKT (p-AKT) (1:500, ab38449),
anti-NF-kB (1:1000, ab16502), anti-p-NF-kB (1:1000,
ab76302), and anti-GAPDH (1:10000, ab181602). All
the primary and secondary antibodies were bought from
Abcam (Cambridge, UK).

Statistical analysis

Statistical analysis was performed by SPSS 20.0 software
(IBM Corp., Armonk, NY, USA). All results were presented
as mean + standard deviation (SD). The data were analyzed
by the one-way analysis of variance (ANOVA) followed by
Post Hoc Bonferroni test. The differences were defined as
statistically significant difference when P <0.05.

Results
PE improved lung injury in CLP-induced mice

To address the effect of PE (Fig. 1A) on sepsis-induced
lung injury, mice were treated with CLP and then admin-
istrated with PE. No pathological changes were found in
the control mice (Fig. 1B). Treatment of 20 mg/kg PE
also had no pathological impact on mice compared to
the control mice (Fig. 1B), indicating that 20 mg/kg PE
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2D Structure

Fig. 1 20 mg/kg PE was safe for mice. Mice were randomly divided
into the control group and 20 mg/kg PE group. Mice in the 20 mg/
kg PE group were orally given with 20 mg/kg PE, while mice in the
control group were orally given with the same amount of DMSO. (A)

was safe for mice. Then, mice were administrated with
CLP to construct a model of sepsis-induced lung injury.
No pathological changes were found in the sham mice
(Fig. 2A). A series of pathological changes, including
severe inflammatory infiltration, the narrowed alveolar
cavity, the thickened septum and the congested alveo-
lar wall, were discovered in lung tissues of CLP mice
(Fig. 2A). However, these pathological changes in CLP
mice were increasingly improved with the treatment of 5,
10 and 20 mg/kg of PE (Fig. 2A). Also, PE with 5, 10 and
20 mg/kg increasingly lowered the histological injury
scores (Fig. 2A). Besides, the percent of apoptotic cells
in lung tissues was significantly elevated in CLP-induced
mice, which was markedly declined by the administra-
tion of 10 and 20 mg/kg PE gradually (Fig. 2B). More-
over, the treatment of 10 and 20 mg/kg PE significantly
decreased the W/D ratio of lung tissues in CLP-induced
mice (Fig. 2C). Therefore, PE attenuated pathological
damage, apoptosis and edema in CLP-induced mice.

3D Structure

PE

5
<

The two-dimension (2D) and three-dimension (3D) structure of PE.
(B) The pathological changes of lung tissues were assessed by HE
staining. Scale bar =50 um

PE attenuated the inflammatory response in CLP-
induced mice

To investigate the effect of PE on the inflammatory response
in CLP-induced mice, the release of inflammatory factors
was determined. The concentrations of IL-1fB, IL-6 and
TNF-a were observably increased in BALF from CLP-
treated mice, which were significantly neutralized with the
treatment of 10 and 20 mg/kg PE (Fig. 3A-C). Also, the
injection of PE (10 and 20 mg/kg) markedly decreased the
relative protein expressions of IL-1B, IL-6 and TNF-a in
CLP-induced mice (Fig. 3D and E). Thus, PE reduced the
release of inflammatory cytokines in CLP-treated mice.

PE reduced pulmonary fibrosis in CLP-induced mice
To evaluate the effect of PE on pulmonary fibrosis in CLP-
treated mice, the lung tissues were subjected to the MAS-

SON staining, as well as the quantification of the level of
fibrosis markers. PE with 5, 10 and 20 mg/kg increasingly
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Fig.2 PE alleviated lung injury in CLP-induced mice. Mice were ran-
domly divided into sham group, CLP group, CLP+ 5 mg/kg PE group,
CLP+10 mg/kg PE group and CLP+20 mg/kg PE group. Mice in
the sham group were treated with the same surgery except for ligation
and puncture, and then orally given with the same amount of DMSO;
Mice in the CLP group were administrated with CLP and then orally
given with the same amount of DMSO; Mice in the CLP+5 mg/kg
PE group, CLP+ 10 mg/kg PE and CLP+20 mg/kg PE group were
treated with CLP and then orally given with PE with a dose of 5 mg/kg,
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Fig.3 PE attenuated the inflammatory response in CLP-induced mice.

(A-C) The concentrations of IL-1B, IL-6 and TNF-a in BALF were
measured by ELISA. (D and E) The relative protein expressions of
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IL-1B, IL-6 and TNF-a in lung tissues were examined by western blot.
Data were normalized with GAPDH. **P <0.01 and ***P <0.001 vs.
sham; #P < 0.05 and ##P < 0.01 vs. CLP. N=6
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mitigated the pulmonary fibrosis in CLP-induced mice
(Fig. 4A). Meanwhile, both the transcriptional and transla-
tional expressions of a-SMA, FN and collagen I were mark-
edly upregulated in lung tissues from CLP-induced mice,
which were markedly counteracted with the treatment of 10
and 20 mg/kg PE (Fig. 4B-D). Hence, PE diminished CLP-
induced pulmonary fibrosis.

PE inhibited AKT/NF-kB pathway in CLP-induced
mice

To explore the mechanism of PE in the CLP-induced mice,
the expression of AKT/NF-kB signaling pathway was
examined by western blot. A prominent upregulation in the
level of p-AKT/AKT and p-NF-kB/NF-kB was observed in
CLP-induced mice, which was markedly declined with the
treatment of 10 and 20 mg/kg PE (Fig. SA). Consistently,
the treatment of 10 and 20 mg/kg PE significantly decreased
the level of p-AKT/AKT and p-NF-kB/NF-«B in sera from
CLP-induced mice (Fig. 5B). Altogether, PE suppressed the
expression of AKT/NF-kB pathway in CLP-induced mice.
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Fig. 4 PE reduced pulmonary fibrosis in CLP-induced mice. (A) The
lung tissues were subjected to MASSON staining. Scale bar =50 pm.
(B) The relative mRNA expressions of a-SMA, FN and collagen I were
examined by RT-qPCR. Data were normalized with GAPDH gene. (C

Relative collagen I protein

PE alleviated CLP-induced lung injury by inhibiting
AKT/NF-kB pathway in mice

To further confirm the direct role of AKT/NF-kB pathway,
SC79, the activator of AKT pathway, was introduced into
mice. The pathological symptoms in CLP-induced mice
were improved by the administration of PE, which were
notably abolished by the injection of SC79 (Fig. 6A). Also,
the treatment of SC79 markedly restored the PE-reduced
the concentrations of IL-1B3, IL-6 and TNF-a in CLP-
treated mice (Fig. 6B). Besides, the application of SC79
counteracted the alleviative effect of PE on pulmonary
fibrosis in CLP-treated mice (Fig. 7A). The PE-reduced
the levels of p-AKT/AKT and p-NF-«B/NF-kB in CLP-
treated mice were markedly recovered by the treatment of
SC79 (Fig. 7B). Taken together, PE improved pathologi-
cal symptoms, the release of inflammatory cytokines and
pulmonary fibrosis by inhibiting AKT/NF-«kB pathway in
CLP-treated mice (Fig. 8).
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and D) The relative protein expressions of a-SMA, FN and collagen
I were detected by western blot. Data were normalized with GAPDH.
**P<0.01 and ***P<0.001 vs. sham; #P<0.05 and ##P<0.01 vs.
CLP.N=6
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Fig. 5 PE suppressed the expression of AKT/NF-kB signaling path-
way in CLP-induced mice. (A) The relative protein expressions of
p-AKT, AKT, p-NF-kB and NF-kB in lung tissues were measured
by western blot. Data were normalized with GAPDH. (B) The rela-

Discussion

A mouse model of sepsis-induced lung injury was con-
structed by CLP, and then the effect and mechanism of
PE were addressed on the CLP-induced mice. PE reduced
the pathological symptoms and scores, apoptosis and the
W/D ratio of lung tissues from CLP-induced mice. At the
molecular level, PE attenuated the release of inflamma-
tory factors and pulmonary fibrosis in CLP-induced mice.
Mechanically, PE inhibited AKT/NF-«B signaling in CLP-
evoked mice. Activation of AKT/NF-kB pathway abolished
the ameliorative effect of PE on lung injury, inflammation
and pulmonary fibrosis in CLP-treated mice. Collectively,
PE improved inflammation and pulmonary fibrosis via sup-
pressing AKT/NF-«B signaling in CLP-induced mice.
Plant extracts are a type of fascinating resource for the
development of drug. Sun et al. (Sun et al. 2015) report that
total ginsenosides combined with ulinastatin provide protec-
tion against sepsis-induced ALI/ARDS in clinical practice.
Ali et al. (Ali et al. 2021) reveal that aescin isolated from
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tive protein expressions of p-AKT, AKT, p-NF-xB and NF-kB in sera
were determined by western blot. Data were normalized with GAPDH.
**P<0.01 vs. sham; #P < 0.05 and ##P <0.01 vs. CLP. N=6

the horse chestnut (desculus hippocastanum) along with
coenzyme Q10 prevent sepsis-induced ALI. In the present
study, PE reduced the CLP-induced pathological symptoms
and scores, and the W/D ratio (an index of edema) in mice.
It is clarified that the development of sepsis-induced ALI
is associated with an upregulation of inflammatory and
apoptotic pathways, which can cause disruption of alveolar
epithelial cells, an increase in epithelial permeability and
an influx of edema fluid into the alveolar space (Johnson
and Matthay 2010). This study found that PE decreased the
percent of apoptotic cells in CLP-induced mice. Lung epi-
thelial cell apoptosis has been shown to be essential to the
pathogenesis of ALI. Kawasaki et al. (Kawasaki et al. 2000)
demonstrate that inhibiting apoptosis in lipopolysaccharide
(LPS)-induced ALI mice prominently lowers the degree of
ALI and the mortality of mice. Altogether, PE improved
lung injury in sepsis-induced ALIL

Inflammatory response is dominant for the development
of sepsis-induced ALI. Sepsis causes dysregulation of the
alveolar-capillary barrier and alveolar walls, which invites
the inflammatory cells to lung tissues, thereby generating
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Fig. 6 SC79 abrogated the mitigatory effect of PE on pathological
symptoms and inflammatory response in CLP-induced mice. Mice
were randomly divided into sham group, CLP group, CLP+20 mg/
kg PE group and CLP+ 20 mg/kg PE 4+ SC79 group. Mice in the sham
group were treated with the same surgery except for ligation and punc-
ture, and then orally given with the same amount of DMSO; Mice in the
CLP group were administrated with CLP and then orally given with the
same amount of DMSO; Mice in the CLP+20 mg/kg PE group were

superfluous inflammatory mediators, such as IL-1B, IL-6
and TNF-a (Li et al. 2022). Moreover, the cytokines in turn
function on leukocytes to activate positive feedback of
pro-inflammatory signals (Li et al. 2022). Elevated levels
of IL-1 and TNF-a in the serum and BALF are associated
with a poor prognosis in patients with ALI (Agouridakis
et al. 2002). Affluent studies have demonstrated that sup-
pression the release of inflammatory cytokines benefits to
the treatment of sepsis-induced ALI. For instance, 6-Gin-
gerol has demonstrated promise as a treatment for sep-
sis-induced ALI by lowering lung levels of IL-1f, IL-6
and TNF-a (Pan et al. 2023). Cornus iridoid glycoside
reduces the level of IL-1B, IL-6 and TNF-a, which helps
to ameliorate sepsis-induced ALI (Tang and Tang 2022).
Resveratrol has also exhibited a suppressive effect on the
levels of these inflammatory factors in CLP-induced mice
(Wang et al. 2021). Similar to these findings, our results
revealed that PE suppressed the concentrations of IL-1[,
IL-6 and TNF-a in BALF and the protein expressions of
IL-1B, IL-6 and TNF-a in CLP-indued mice. Consistently,
PE has been elucidated to reduce the concentrations of
IL-1B, IL-6 and TNF-a in rheumatoid arthritis (Ma et al.
2019), ulcerative colitis (Liu et al. 2020) and mastitis
(Kan et al. 2021). Altogether, PE attenuated the inflamma-
tory response in sepsis-induced ALI.
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treated with CLP and then orally given with 20 mg/kg PE; Mice in the
CLP+20 mg/kg PE+ SC79 group were treated with CLP, orally given
with 20 mg/kg PE and intraperitoneally administrated with 10 mg/kg
SC79. (A) The pathological changes were determined by HE staining,
and the histological injury scores were exhibited. Scale bar =50 pm.
(B) The concentrations of IL-1f, IL-6 and TNF-a in BALF were mea-
sured by ELISA. **P<0.01 and ***P<0.001 vs. sham; ##P<0.01
vs. CLP; &P <0.01 vs. CLP+20 mg/kg PE. N=6

The overabundance release of inflammatory media-
tors can further lead to fibrosis during sepsis-induced ALI
(Zou et al. 2018). Xue et al. (Xue and Li 2020) reveal that
pterostilbene protect rats from sepsis-induced ALI via the
JAK2/STAT3 pathway, in which it prominently improves
sepsis-induced pulmonary fibrosis. Zou et al. (Zou et al.
2018) report that blocking fibroblast growth factor-induc-
ible 14 (Fnl4) significantly reduces the degree of lung
fibrosis, which eventually ameliorates the outcomes of sep-
sis-induced ALIL. In this study, PE decreased the pulmonary
fibrosis, as well as the protein expressions of fibrosis mark-
ers, including a-SMA, FN and collagen I in CLP-induced
mice. a-SMA is a recognized protein marker associated
with myofibroblasts (Nho et al. 2022), and FN and collagen
I are essential extracellular matrix (ECM) proteins that are
mostly produced by fibroblasts (Nho et al. 2022). The acti-
vation of fibroblast is typically indicated by the dysregula-
tion of a-SMA, FN as well as collagen I (Nho et al. 2022).
Altogether, these results demonstrated that PE reduced pul-
monary fibrosis in sepsis-induced ALI.

AKT is strongly implicated in the multiple pathogen-
esis, including apoptosis and inflammation (Manning and
Toker 2017). AKT activation can transmit inflammatory
signals downward, increase the release of inflamma-
tory factors and upregulate the inflammatory response
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Fig. 7 SC79 reversed the effect of PE on pulmonary fibrosis and the
expression of AKT/NF-kB signaling pathway in CLP-induced mice.
(A) The lung tissues were subjected to MASSON staining. Scale
bar =50 um. (B) The relative protein expressions of p-AKT, AKT,

(Yahfoufi et al. 2018). NF-kB, a significant inflamma-
tory signal pathway, locates the downstream of the AKT
signal. The P65 protein translocates into the nucleus and
directly contributes to the transcription and translation of
inflammatory mediators, including IL-6, IL-1p, and TNF-
o, thereby intensifying the inflammatory response (Law-
rence 2009). Unremitting NF-xB activation is closely
associated with lung injury, where the intensity and dura-
tion of NF-kB activity affect the severity of endotoxin-
induced ALI (Everhart et al. 2006). It has been shown
that AKT regulates the generation of proinflammatory
factors by inducing the nuclear translocation of NF-kB
in endotoxin-induced ALI (Yum et al. 2001). Research
has demonstrated that deactivating the AKT/NF-«B sig-
nal can effectively prevent sepsis-induced ALI (Li et al.
2021; Xin et al. 2021). In the present study, the injec-
tion of PE significantly counteracted the elevation of the
level of p-AKT/AKT and p-NF-kB/NF-kB in CLP-treated
mice, suggesting that PE inhibited AKT/NF-kB signaling
in CLP-induced mice. It has been discovered that PE sup-
presses the phosphorylation of the AKT/NF-kB signaling

@ Springer

p-NF-kB and NF-«B in lung tissues were measured by western blot.
Data were normalized with GAPDH. **P <0.01 vs. sham; ##P <0.01
vs. CLP; &P <0.01 vs. CLP+20 mg/kg PE. N=6

in mastitis (Kan et al. 2021). In this study, the activa-
tion of AKT/NF-kB signaling abolished the ameliorative
effect of PE on lung injury, inflammation and pulmonary
fibrosis in CLP-treated mice. Collectively, PE alleviated
inflammation and pulmonary fibrosis by inhibiting AKT/
NF-kB pathway in sepsis-induced ALI.

In conclusion, PE improved the pathological symptoms
in CLP-induced mice. Molecularly, PE attenuated apopto-
sis, inflammation and pulmonary fibrosis in CLP-induced
mice. Mechanically, PE inhibited the activation of AKT/
NF-«xB signaling. Therefore, PE ameliorated inflammation
and pulmonary fibrosis by suppressing AKT/NF-«kB path-
way in sepsis-induced ALI. Although SC79 was used for
the rescue experiments, the results showed the changes of
NF-kB or AKT expression by PE treatment separately, in-
depth studies of the relationship between NF-kB and AKT
by PE treatment are lacking. Thus, more experiments will
be carried out later to prove the relationship between NF-xB
and AKT under PE treatment. Briefly, the results elucidate
that PE may be a potential agent for the treatment of sepsis-
induced ALI
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Fig.8 The summary of the
present study. PE reduced the
CLP-induced lung injury, and the
release of inflammatory factors
and pulmonary fibrosis at the
molecular level. Mechanically,
PE inhibited AKT/NF-kB signal-
ing pathway in CLP-induced 3
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the ameliorative effect of PE on
CLP-induced mice. Collectively,
PE improved inflammation and
pulmonary fibrosis by suppress-
ing AKT/NF-«B signaling path-
way in CLP-induced mice
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