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Background: Pediatric acute lung injury (ALI) is one of the most common causes of infant mortality.
Although lung-protective strategies have developed in recent years, no ALI treatment is currently available.
Anisodamine (Ani) is a common drug used to treat gastrointestinal smooth muscle spasm. The protective
effects of Ani against acute kidney injury and myocardial injury have been reported. However, the efficacy of
Ani on bleomycin (BLM)-induced ALI has not been examined previously. In the present study, we aimed to
examine the effects of Ani on bleomycin (BLM)-induced ALI on immature rats.

Methods: The ALI rat model was established by intratracheally administration of BLM. Ani treatment
was performed by an intravenous injection at different concentrations. The lung function of each rat was
measured, and then lung tissue structures, apoptosis, and collagen deposition were observed by hematoxylin-
eosin staining, terminal deoxynucleotidyl transferase-mediated digoxigenin-dUTP nick-end labeling assay,
and Masson’s staining, respectively. Enzyme-linked immunosorbent assay was used to detect the levels of
inflammatory cytokines. The expression of apoptosis-related proteins and fibrosis-related markers was
determined by reverse transcription-polymerase chain reaction and/or Western blot analysis. Finally, the
expression levels of Janus tyrosine kinase 2 (JAK2) and signal transducer and activator of transcription 3
(STAT3) were determined.

Results: Our findings indicated that lung function was remarkably decreased in BLM-induced rats,
which could be reversed by Ani. Ani treatment increased the levels of antioxidant enzymes, decreased the
apoptotic rate and apoptosis-related proteins, and downregulated the expression of fibrosis-related markers.
Additionally, Ani treatment also attenuated inflammatory response and suppressed the activation of the
JAK2/STAT3 pathway.

Conclusions: Our results demonstrated that Ani had potent activity against BLM-induced ALI in
immature rats through inhibiting the JAK2/STAT?3 signaling pathway. Our findings provide supporting
evidence to further investigate the therapeutic effect of Ani against ALI in children.
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Introduction

Acute lung injury (ALI) is a complicated disease linked to
the inflammation response that can result in pneumonia,
pulmonary edema, and respiratory failure (1). Pediatric
ALI is one of the most common causes of infant mortality
(2,3). Although lung-protective strategies have developed
in recent years, no ALI treatment is currently available.
Therefore, finding an effective treatment method to protect
and treat pediatric ALI is necessary (4). Bleomycin (BLM),
a chemotherapeutic drug for human malignant tumors, is
often used to induce ALI in animals (5,6). Therefore, in the
present study, BLM was used to establish rat models of ALL

Previous studies have discovered that the key pathological
features of ALI are uncontrolled inflammation and oxidative
stress (7,8). Inflammatory responses could result in the
significant release of inflammatory mediators, followed by
extensive neutrophil infiltration, playing an important role
in the pathogenesis of ALI (9). Oxidative stress has been
thought to contribute to ALI development (10). In ALI
models, superoxide dismutase (SOD) and glutathione (GSH)
levels decrease, but lipid peroxidation products increase
(11,12); therefore, excessive reactive oxygen species (ROS)
will accumulate. Excessive ROS could produce signaling
responses, disrupt cellular processes, and exacerbate the
degree of tissue injury (13).

The Janus tyrosine kinase 2 (JAK2)/signal transducer
and activator of transcription 3 (STAT3) signaling pathway
is an important pathway activated by oxidative stress
and inflammation. It participates in many physiological
processes, including stem cell homeostasis, cell cycle
progression, and apoptosis (14). The activation of the
JAK2/STAT3 pathway has been observed in ALI (9,15).
Many studies have reported that the suppression of the
JAK2/STAT3 pathway could ameliorate ALI in rats (14,16).
Therefore, the JAK2/STAT3 pathway may function as a
potential target in the early intervention of ALL

Anisodamine (Ani), an extract from the Chinese
herb Anisodus tanguticus, is a common drug used to treat
gastrointestinal smooth muscle spasm. The protective
effects of Ani against acute kidney injury, myocardial injury,
and myocardial ischemia/reperfusion injury have been
previously reported (17-19). In a randomized controlled
trial, patients with traumatic ALI were treated with a high
dose of Ani (20). Improved respiratory function of these
patients was observed after Ani treatment (20). In You ez al.’s
study, a model of lipopolysaccharide (LPS)-induced ALI in
rats was performed, and Ani effectively alleviated the degree
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of lung injury induced by LPS (21). However, the efficacy
of Ani on BLM-induced ALI has not been examined in
previous studies.

In the present study, we used immature rats
to establish BLM-induced ALI models, and then
investigated the effect of Ani on these models. The
potential mechanisms of Ani on ALI were also detected.
Our findings provided supporting evidence to further
investigate the therapeutic effect of Ani against ALI in
children. We present the following article in accordance
with the ARRIVE reporting checklist (available at http://
dx.doi.org/10.21037/atm-21-1750).

Methods
Animals

Experiments were performed under a project license (No.:
SYXK-2018-0015) granted by Institutional Animal Care
and Use Committee of Jilin University, in compliance with
the Guide for the Care and Use of Laboratory Animals (NIH
Publication 86-23, National Academic Press, Washington,
DC, USA, 1996). Immature (16-21 days old) Sprague
Dawley rats were provided by the Animal Center of Jilin
University (Jilin, China). All animals were kept pathogen-
free with water and food provided ad libitum, and were
raised under conditions at 20-26 °C, 40-70% relative
humidity, 15 times/h ventilation and a 12-h light/12-h
dark cycle. Ani was purchased from Hangzhou Minsheng
Pharmaceutical Group (Hangzhou, China), and BLM was
purchased from Dalian Meilun Biotech (Dalian, China).
The present study included two animal studies. The
first determined the role of different concentrations of Ani
on ALIL Using the random number table, the rats were
randomly and equally assigned to the following five groups
(n=15 each group): the control group and four BLM-
induced groups. At day 0, rats in the BLM-induced groups
received the treatment of intratracheal instillation of BLM,
as described previously (a single dose of 2.5 mg/kg in 0.4 mL
saline) (22). The rats in the control group received the
treatment of 0.4 mL saline instead of BLM. Rats in the four
BLM-induced groups were then treated by intraperitoneal
injection of various concentrations of Ani (0, 5, 10, and
20 mg/kg) once a day for 7 consecutive days (days 1-7).
AG490, a JAK?2 inhibitor, was used in the other animal
study; 3.5% dimethyl sulfoxide (DMSO) was used to
dissolve AG490 (Sigma, St Louis, MO, USA). To eliminate
the influence of DMSO on the JAK2/STAT3 pathway,
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20 rats were randomly divided into the following four
groups (n=5 each group): the control group, BLM group,
BLM+DMSO group, and BLM + DMSO + AG490 group.
AG490 was administered intraperitoneally at a single dose
of 20 mg/kg (in 0.4 mL of DMSO) 30 min prior to BLM
administration (day 0). Then, 40 rats were randomly divided
into the control group, BLM group, BLM + AG490 group,
and BLM + AG490 + Ani group, with 10 rats in each group.
The administration of AG490 and Ani were performed as
previously mentioned. Rats in each group were sacrificed
by cervical dislocation on day 8 after lung function test,
and the lung tissues and blood samples were collected for
further analysis.

Lung function test

After the final dose of Ani, rats in each group (n=6) were
anesthetized. A polyethylene cannula was then inserted.
Rats were attached to a ventilator (Servo-I; MAQUET,
Solna, Sweden) after pancuronium bromide (2 mg/kg;
Sigma, USA) administration. Lung function was analyzed by
a computer-controlled piston ventilator (flexiVent system;
SCIREQ, Montreal, QC, Canada). Rats were mechanically
ventilated with a tidal volume of 7 mL/kg. Airway resistance
and elastance values were measured automatically.

Measurement of oxidative stress markers

To obtain supernatants, the lung tissues were centrifuged
at 10,000 xg for 15 min at 4 °C. Levels of oxidative stress
markers, such as lactate dehydrogenase (LDH), SOD,
and GSH, in supernatants were detected by commercial
kits (Nanjing Jiancheng, Nanjing, China), following the
manufacturer’s instructions.

Histological analyses, terminal deoxynucleotidyl
transferase-mediated digoxigenin-dUTP nick-end labeling
(TUNEL) assay, and Masson’s staining

The upper right lobe of the lungs in each group was
isolated, washed, and fixed with 4% (v/v) paraformaldehyde.
The tissues were then embedded in paraffin, sectioned at
S-pm thickness, and stained with hematoxylin-eosin (HE)
solution.

Cell apoptosis was determined by TUNEL staining
using TUNEL kits (Beyotime, Shanghai, China). Cell
apoptosis was determined by Image] software (Bethesda,
MD, USA).
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Masson’s kits (Fuzhou Maixin Biotechnology, Fuzhou,
China) were used to assess alveolitis and fibrosis of lung
tissues, according to the manufacturer’s protocol. The
quantitative histological analysis of fibrotic changes was

evaluated by the Ashcroft scale (23).

Bronchoalveolar lavage fluid (BALF) and blood analysis

Blood samples were centrifuged (1,800 xg) for 10 min at 4 °C
to separate serum. BALF was obtained by intratracheal
instillation of 0.9% saline solution. The BALF supernatant
was then centrifuged at 800 xg for 10 min at 4 °C to
obtain the cell pellet. The total leukocytes in BALF was
counted using a Neubauer chamber hemocytometer
(Beckman Coulter, Brea, CA, USA) after the cell pellet was
resuspended in 500 pL normal saline.

Interleukin (IL)-1f, IL-4, IL-6, IL-10 and tumor
necrosis factor-a (TNF-a) levels in serum and BALF were
measured by enzyme-linked immunosorbent assay using
commercial kits (Beyotime, China).

Reverse transcription-polymerase chain reaction

Total RNA was extracted with TRIzol reagent (Omega Bio-
Tek, Norcross, GA, USA), according to the manufacturer’s
instructions. cDNA was synthesized using a cDNA synthesis
kit (TaKaRa Bio, Dalian, China). Primer sequences (Qinke,
Beijing, China) are shown in 7Table 1. Relative expression
gene levels were measured by a fluorescence quantitative
PCR instrument (Bio-Rad, Hercules, CA, USA) and
analyzed using the 27**“ method.

Western blot

Radioimmunoprecipitation assay lysis buffer was used
to extract total protein from lung tissues. The extracted
proteins were then transferred to polyvinylidene difluoride
membranes after separation by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis gel. After blocking for
1 h, blots were incubated with primary antibodies overnight
at 4 °C. Specific primary antibodies against fibronectin
[1:2,000; Cell Signaling Technology (CST), Danvers, MA,
USA], a-smooth muscle actin (a-SMA; 1:1,000; CST),
caspase-3 (1:1,000; CST), B-cell lymphoma 2 (Bcl-2;
1:1,000; CST), Bel2-associated X protein (Bax; 1:1,000;
CST), transforming growth factor p (TGF-f; 1:11,000;
CST), JAK2 (1:1,000; CST), phosphor (p)-JAK2 (1:1,000;
CST), STAT3 (1:1,000; CST), and p-STAT?3 (1:1,000;
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Table 1 Primer sequences used for the reverse transcription
quantitative-polymerase chain reaction

Gene Primer sequence (5'-3")

Ki67 F: CGGCGAGCCTCAAGAGATA
R: CGTGCTGTTCTACATGCCC

Survivin F: CCTTTGCTGGGCAACCTGGA

R: GCCTTGCACAACCCTCCCTT
TGF-p F: TACTGCTTCAGCTCCACAGAGA

R: CAGACAGAAGTTGGCATGGTAG
Fibronectin F: TGACAACTGCCGTAGACCTGG

R: TACTGGTTGTAGGTGTGGCCG
a-SMA F: GACCGAATGCAGAAGGAGAT

R: CCACCGATCCAGACAGAGTA
p-actin F: TCACCCACACTGTGCCCATCTATGA

R: ATCGGAACCGCTCATTGCCGATAG

TGF-B, transforming growth factor B; o-SMA, a-smooth muscle
actin.

CST) were incubated. After that, membranes were
incubated with secondary antibodies (1:2,000; Wuhan
Boster Biological Technology, Wuhan, China). B-actin was
used as the internal control.

Statistical analysis

Data were analyzed by SPSS version 25.0 (IBM, Armonk,
NY, USA). Quantitative data were expressed as mean =
standard deviation and analyzed by one-way analysis of
variance. P<0.05 were considered statistically significant.

Results
Effect of Ani on lung function in BLM-induced ALI rats

Compared with the control, rats in the BLM group had
higher airway resistance and elastance (P<0.01), indicating
that BLM could inhibit lung function. However, Ani
treatment reversed the inhibitory effect of BLM on lung
function in a dose-dependent manner. Rats in the BLM +
Ani 10 mg/kg group and BLM + Ani 20 mg/kg group had
much lower resistance and elastance values than those in the
BLM group (P<0.01) (Figure 14,B).
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Effect of Ani on oxidative stress in BLM-induced ALI rats

To evaluate the protective effect of Ani on oxidative stress,
antioxidant enzyme activity was detected. Compared with
the control, GSH and SOD levels decreased in the BLM
group. However, this effect was reversed by treatment with
Ani. The BLM + Ani 10 mg/kg group and BLM + Ani
20 mg/kg group had much higher GSH and SOD levels
than the BLM group, respectively (P<0.05) (Figure 1C,D).
Furthermore, LDH was significantly higher in the BLM
group than in the control group (P<0.05). Ani treatment
could clearly prevent increase in LDH content (Figure 1E).

Effect of Ani on cell proliferation and cell apoptosis

HE staining showed that rats in the BLM-treated group
exerted obvious features of ALI, with pathological changes
including inflammatory cell infiltration, alveolar septum
thickening, and perivascular space edema. However, these
pathological changes induced by BLM were reversed by Ani
treatment (Figure 2A4).

Apoptosis of alveolar epithelial cells is a feature of ALIL
As expected, a high apoptotic rate was observed in the
BLM group. Ani treatment significantly attenuated BLM-
induced cell apoptosis. The apoptotic rate in the BLM
+ Ani 10 mg/kg group or BLM + Ani 20 mg/kg group
was much lower than that in the BLM group (P<0.05)
(Figure 2B). Ki-67 and survivin are markers of cell
proliferation. Compared with the control, the mRNA
levels of Ki-67 and survivin were much lower in the BLM
group (P<0.05), indicating that BLM could in inhibit cell
proliferation. However, Ani treatment could reverse the
inhibition effect caused by BLM (Figure 2C). Furthermore,
BLM significantly increased Bax/Bel-2 and cleaved
caspase-3/caspase-3 ratios (Figure 2D). Ani treatment
could prevent the increase of these two ratios (Figure 2D).

Effect of Ani on lung fibrosis in rats with ALI

As shown in Figure 34, the control group had very few
thin filamentous fiber deposition, while the BLM group
had large amounts of fiber deposition. In the present
study, the Ashcroft score was used to quantify lung fibrosis
in each group. Compared with the BLM group, the
degrees of fiber deposition in three Ani treatment groups
decreased (Figure 3B). Furthermore, compared with the
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Figure 1 Anisodamine (Ani) increased lung function and reduced oxidative stress induced by bleomycin (BLM). (A) Airway resistance value

measured in each group; (B) lung elastance value measured in each group; (C) glutathione (GSH) activity in lung tissue homogenate; (D)

superoxide dismutase (SOD) activity in lung tissue homogenate; (E) lactate dehydrogenase (LDH) level in lung tissue homogenate. *, P<0.05

vs. control group; **, P<0.05 vs. BLM group.

control group, the mRNA levels of TGF-B, fibronectin,
and a-SMA were markedly increased in the BLM group
(P<0.05). In contrast, Ani treatment could prevent an
increase of these markers caused by BLM (Figure 3C).
Similarly, the western blot analysis showed that Ani
could also diminish the BLM-induced increase in protein
levels of TGF-p, fibronectin, and a-SMA in lung tissues
(Figure 3D,E,FG).

Effect of Ani on inflammation in rats with ALI

BLM treatment significantly increased the levels of IL-
6, IL-1B, and TNF-a in BALF and serum compared with
the control (Figure 44,B,C). Ani administration was found
to decrease these factor levels (Figure 44,B,C). In contrast,
BLM treatment did not cause significant changes in
IL-4 and IL-10 levels in BALF and serum. However, the
treatment of Ani at 10 and 20 mg/kg resulted in significant
increases of IL.-4 and 1L-10 levels in the BLM models
(Figure 4D,E). As shown in Figure 4F and G, BLM increased
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the number of total leukocytes and neutrophils in BALF
compared with the control group (P<0.05), indicating that
leukocytes and neutrophils accumulated and were activated
during the process of BLM-induced ALI. However, Ani
treatment abrogated this effect.

Effect of Ani on the JAK2/STAT3 signaling pathway

JAK2/STAT?3 is a well-known pathway activated by
oxidative stress and pro-inflammatory factors involved in the
development of ALI (14,16). Therefore, we tested whether
Ani, which can ameliorate BLM-induced ALI is associated
with the JAK2/STAT?3 signaling pathway. The results indicated
that BLM treatment significantly induced the increase of
p-JAK2 and p-STAT3 levels. In contrast, Ani treatment had an
effect against BLM on the expression of p-JAK2 and p-STATS3.
Therefore, the p-JAK2/JAK2 and p-STAT3/STAT?3 ratios
in the BLM group were highest among 5 groups. Compared
with the BLM group, decreased values of p-JAK2/JAK2 and
p-STAT3/STAT?3 ratios were observed in the Ani treatment
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Figure 2 Anisodamine (Ani) inhibited cell proliferation and cell apoptosis in rats with acute lung injury. (A) Pathological changes of lung
tissue observed after hematoxylin-eosin (HE) staining (magnification 400x, scale bar =25 pm) and terminal deoxynucleotidyl transferase-
mediated digoxigenin-dUTP nick-end labeling (TUNEL) assay (magnification 400x, scale bar =25 pm); (B) comparison of apoptotic rate
in each group; (C) mRNA levels of Ki-67 and survivin in each group measured by reverse transcription-polymerase chain reaction; (D)

expression of apoptosis-related proteins in each group measured by western blot. *, P<0.05 vs. control group; **, P<0.05 vs. BLM group; Bax,

Bcl2-associated X protein; Bel-2, B-cell lymphoma 2.

groups (Figure 5A), indicating that Ani could prevent BLM-
induced JAK2/STAT3 pathway activation.

Comparison of Ani and AG490 on ALI in a BLM-treated
rat model

AG490 was used to further detect the role of Ani on
the JAK2/STAT3 pathway. The rats were treated with

© Annals of Translational Medicine. All rights reserved.

the control, BLM, BLM + DMSO, and BLM + DMSO
+ AG490. The ratios of p-JAK2/JAK2 and p-STAT3/
STAT3 were not significantly different between the BLM
and BLM + DMSO groups, indicating that DMSO could
not affect the JAK2/STAT3 pathway (Figure 5B). The
rats were then divided into the following four groups:
control, BLM, BLM + AG490, and BLM + AG490 + Ani.
Compared with the BLM group, the p-JAK2/JAK2 and
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Figure 3 Anisodamine (Ani) inhibited lung tissue fibrosis in rats with acute lung injury. (A) Representative images of Masson staining in

each group (magnification 100x); collagen is stained in blue and cells in red (scale bar =100 pm); (B) quantification of lung fibrosis shown as

an Ashcroft score; (C) mRINA levels of transforming growth factor p (T'GF-B), fibronectin, and a-smooth muscle actin (a-SMA) measured

by reverse transcription-polymerase chain reaction; (D) representative images of western blot analysis of TGF-p, fibronectin, and a-SMA; (E)

protein levels of TGF-B measured by western blot; (F) protein levels of fibronectin measured by western blot; (G) protein levels of a-SMA

measured by western blot. *, P<0.05 vs. control group; **, P<0.05 vs. bleomycin (BLM) group.

p-STAT3/STATS3 ratios in the BLM + AG490 group were
much lower (P<0.05). Furthermore, the p-JAK2/JAK2
and p-STAT3/STATS3 ratios in the BLM + AG490 + Ani
group were lowest among the 3 BLM-treated groups, with
a statistical significance compared with the BLM + AG490
group (P<0.05) (Figure 5C). These results further indicated
that Ani could prevent the activation of the JAK2/STAT3
pathway induced by BLM.

As shown in Figure 5D, the obvious pathological
features of ALI were observed in rats in the BLM group.

© Annals of Translational Medicine. All rights reserved.

However, the degree of ALI in rats in the BLM + AG490
group and BLM + AG490 + Ani group were alleviated
(Figure 5D). The rate of apoptotic cells and the expressions
of TGF-B, fibronectin, and a-SMA in the BLM + AG490
group were much lower than those in the BLM group
(P<0.05) (Figure SE,F). Furthermore, the BLM + AG490
group also had a lower LDH level and higher SOD level
compared with the BLM group (P<0.05) (Figure 5G,H).
As expected, the serum IL-6 level decreased in the BLM
+ AG490 group compared with the BLM group (P<0.05)
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(Figure 51). The serum IL-10 level had a reverse trend
(P<0.05) (Figure 5I). These data indicated that inhibiting
the JAK2/STAT3 pathway could attenuate apoptosis,
fibrosis, oxidative stress, and inflammation in BLM-
induced ALI. Moreover, this effect was reinforced by Ani
treatment (Figure SE,F,G,H,1), further suggesting that Ani
exhibited a protective effect on BLM-induced ALI via
inactivating the JAK2/STAT3 pathway.

Discussion

In the current study, BLM-treated immature rats presented
with typical characteristics of ALIL such as decreased lung
function, increased cell apoptosis, and increased fiber
deposition. However, Ani could reverse the lung damage
effect of BLM. Our results showed that Ani could suppress
oxidative stress and inflammatory responses, inhibit cell
apoptosis and tissue fibrosis, and modulate the JAK2/
STAT3 pathway in BLM-induced ALI. Therefore, our
findings indicated that Ani had a protective effect on BLM-
induced ALI in immature rats.

In previous studies, Ani was found to have a promising
protective effect against various diseases, including
myocardial ischemia/reperfusion injury and kidney injury
(18,19). In LPS-induced ALI, Ani was found to eliminate
injury via reducing IL-17A and IL-17F levels (21). In the
present study, the typical pathological changes of BLM-
induced ALI in immature rats were observed by HE
staining. Ani reversed these pathological changes and even
improved lung function of BLM-induced ALI models,
indicating that Ani also had a protective effect on BLM-
induced ALIL

It has been reported that ALI is a complex syndrome
with excessive inflammation and oxidative stress response
(24,25). The inflammatory response, which includes
the recruitment of inflammatory cells (e.g., neutrophils,
lymphocytes, and macrophages) to the lung and the release
of chemokines, such as IL-6, IL-1p, and TNF-a (26,27),
is one of the typical features in the early stage of ALI
In the present study, the expression of IL-6, IL-1f, and
TNF-o was significantly elevated in BALF and serum
in BLM-induced ALI. Ani administration was found to
prevent BLM-induced increase of these inflammatory
factors. Interestingly, the expression of IL-4 and IL-10,
two main anti-inflammatory mediators involved in
regulating inflammatory responses (28), were also increased
by Ani. The effect of Ani on pro-inflammatory and anti-
inflammatory chemokines indicated that Ani could inhibit

© Annals of Translational Medicine. All rights reserved.
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inflammatory responses in BLM-induced ALI, which was
consistent with the results obtained from other studies (18).
Recruitment of neutrophils into the lung tissues is an
important feature of ALI (26). In the present study, our
results indicated that Ani significantly prevented neutrophil
infiltration into the lung tissues in a BLM-induced ALI
rat model. However, the specific mechanisms of this effect
should be determined in future studies.

Oxidative stress plays an important role in the
development of ALI (29). In previous studies, Ani was
found to exhibit antioxidant activity in kidney injury and
myocardial dysfunction (18,19). To assess the effect of Ani
on oxidative stress in BLM-induced ALI, SOD, GSH, and
LDH levels in lung tissues were measured. SOD and GSH
are key endogenous antioxidant enzymes, while LDH is
regarded as a biomarker of systemic inflammation (30).
In the current study, Ani increased SOD and GSH
activity and decreased LDH levels in BLM-induced ALI,
suggesting that Ani might protect against ALI by enhancing
endogenous antioxidant defense capacity and reducing
ROS-induced oxidative stress.

Alveolar epithelial cell apoptosis is another feature
of ALI (12). In the present study, a high apoptotic rate
in BLM-induced ALI was observed. Ani treatment
attenuated BLM-induced cell apoptosis significantly. Bcl-2,
in contrast of Bax, is an anti-apoptotic protein in the
mitochondrial apoptotic pathway (31). Caspase-3 is an
important protein participating in the execution phase of
cell apoptosis (32). In the present study, Bax and cleaved
caspase-3 were downregulated, while Bcl-2 was upregulated
after Ani treatment, suggesting that Ani may have a role in
inactivating the apoptotic pathway.

Fibrosis is one of the most important characteristics of
ALL A previous study conducted by Luo and Zhou revealed
antifibrotic activity of Ani in vive using liver fibrosis
models (33). In the present study, we also found that Ani
significantly decreased the degree of fiber deposition in lung
tissues in BLM-induced ALI. TGF-B exerted its fibrotic
activity through the stimulation of fibroblast proliferation
and extracellular matrix (ECM) synthesis (including
fibronectin) (34), thereby promoting ECM-producing
cells to express a-SMA. a-SMA is the most characteristic
marker of pathological fibroblasts (34). Therefore, the
expression of T'GF-B, fibronectin, and a-SMA increase in
the development of organ fibrosis. In the present study,
mRNA and protein levels of these fibrosis markers were
markedly increased in BLM-induced ALI, as expected. In
contrast, Ani treatment prevented the increase of these
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markers caused by BLM, indicating that Ani could inhibit
the fibrosis formation pathway.

The JAK2/STAT3 is a pathway activated by oxidative
stress and pro-inflammatory factors (35). JAK2 is activated
through phosphorylation, subsequently resulting in the
phosphorylation and dimerization of STAT3 (36). It has
been reported that the JAK2/STAT?3 signaling pathway is
associated with inflammation, oxidative stress, apoptosis
and fibrosis formation (37-40). Cao et al. found that JAK2/
STAT?3 mediated NLRP3 inflammasome suppression in
LPS-induced ALI Inhibiting this pathway could alleviate
ALI (9). Kong et al. reported that inhibiting JAK2/STAT3
pathway could alleviate LPS-induced A549 cell injury and
apoptosis (41). In the present study, the activation of the
JAK2/STAT3 pathway was observed in BLM-induced ALL.
Ani could inhibit this pathway by affecting JAK2/STAT3
phosphorylation. To the best of our knowledge, the role of
Ani on the JAK2/STAT3 pathway has not been previously
determined. Our results indicated that Ani was a potential
inhibitor of the JAK2/STAT3 pathway. AG490 is a well-
known JAK2 inhibitor (30,37). Therefore, to further detect
the role of Ani on the JAK2/STAT3 pathway, AG490 was
used in the present study. Compared with AG490 alone, the
stronger inhibitory effect of AG490 combined with Ani on
the JAK2/STAT?3 pathway was observed. This result further
indicated that Ani contributed to the inactivation of JAK2/
STAT3. Furthermore, compared with BLM-induced rats,
rats treated with AG490 had lower apoptotic rate, lower
levels of fibrosis markers, increased levels of antioxidant
enzymes, and decreased levels of pro-inflammatory factors.
The effects of AG490 were further reinforced by Ani,
indicating Ani could inhibit inflammation, oxidative stress,
apoptosis and fibrosis formation in BLM-induced ALI
models via inhibiting the JAK2/STAT3 pathway, thus
exhibiting a protective effect against ALL

The present study had several limitations. First, the
dose of BLM used in our study was determined by previous
reports (22,23). We did not include different groups based
on alternate doses to determine the optimal dose of BLM
for establishing ALI models in immature rats. Second, in
the present study, we found that Ani exhibited a protective
effect on BLM-induced ALI via inhibiting the JAK2/STAT3
pathway. However, the effect of Ani on other signaling
pathways involved in BLM-induced ALI, such as TLR4/
MyD88/NF-«B (28) and Nrf2/HO-1 (27) pathways, were
not detected in the present study. Additionally, the toxic
effect of Ani for ALI treatment in immature rats was not
observed. Therefore, further studies are warranted.

© Annals of Translational Medicine. All rights reserved.
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Conclusions

Our findings indicated that Ani exhibited a protective
effect against BLM-induced ALI in immature rats through
inhibiting the JAK2/STAT3 signaling pathway.
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