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Summary. Background. Pulmonary fibrosis (PF) is a
severe lung disease that manifests as lung tissue
destruction and collagen deposition and easily leads to
respiratory failure. It is difficult to reverse these
conditions using current treatment methods. This study
focused on the exploration and development of novel
drugs for the treatment of PF.

Methods. This study simulated the pathological
process of PF by using a bleomycin (BLM)-induced rat
model and a TGF-B1-induced in vitro cell model. Dian
sanguis draconis (DSD) was used for intervention, and
the effects on the lung tissue structure, collagen fiber
deposition, autophagy level and PA/PAI-1 balance were
evaluated via pathological tissue staining, western
blotting, and ELISA.

Results. In untreated PF rats, severely disordered
lung tissue, thickened alveolar septa, and excessive
deposition of collagen fibers were observed. In addition,
the level of autophagy was inhibited, and the balance of
PA/PAI-1 in the lung tissue was disrupted. After
treatment with DSD, these pathological injuries
improved, as demonstrated by the restoration of lung
tissue structure, reduction in collagen fiber deposition,
recovery of autophagy levels, and remodeling of the
PA/PAI-1 balance. In addition, mechanistically, DSD
improves PF by increasing the level of autophagy-
related proteins and regulating the PA/PAI-1 balance.

Conclusion. This study confirmed the significant
effect of DSD in alleviating PF. These findings provide
new drug candidates for the treatment of PF.
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Introduction

Pulmonary fibrosis (PF) is a severe lung disease
caused by repetitive damage to lung tissue. This damage
causes harm to lung epithelial cells and destruction of
the alveolar-capillary basement membrane. Furthermore,
PF stimulates abnormal fibroblast proliferation and
infiltration, resulting in excessive ECM deposition and
persistent inflammatory damage to the lung tissue
structure. These consecutive pathological events lead to
a gradual decline in lung tissue function, posing a
significant risk to patient survival (Wijsenbeek et al.,
2022; Rajan et al., 2023). The typical progression of PF
involves three key phases: initial injury, subsequent
inflammation, and eventual tissue repair (Tanner et al.,
2023). However, owing to atypical fibroblast activity,
increased extracellular matrix buildup, ongoing
inflammation, and destruction of lung tissue, patients
experience a steady decline in lung function. As the
clinical symptoms worsen, treatment becomes more
complex, leading to a notable increase in mortality rates
(Raghu et al., 2018; Yanagihara et al., 2019; George et
al., 2020). PF is caused by a variety of causative factors,
including autoimmune diseases, environmental or
occupational exposures, and side effects of certain
medications (Xie et al., 2023). However, it is important
to note that the cause of some PF cases is unknown, and
there is currently no effective treatment to cure the
disease.

Fibrosis receptors and inhibitors play central roles in
tissue remodeling and inflammation (Takabayashi and
Schleimer 2020). Specifically, various phenotypes and
endotypes are linked to tissue remodeling in upper
respiratory conditions (Barham et al., 2015).
Plasminogen activator inhibitor-1 (PAI-1), belonging to
the serine protease inhibitor family, mainly targets tissue
plasminogen activator (t-PA) and urokinase plasminogen
activator (u-PA). PAI-1 facilitates the conversion of
fibrinogen into fibrin, thus contributing to the fiber
decomposition process (Huebner et al., 2018).
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Importantly, t-PA is considered an essential activator of
fibrinogen in the fibrinolysis process (Godtfredsen et al.,
2022). PAI-1 is expressed ubiquitously in various
essential organs, such as the skin, esophagus, lung,
kidney, liver, eye, and heart, underscoring its broad
impact on living beings (Liu et al., 2023). Research has
indicated that PAI-1 plays a role in various disease
pathways and is abundant in liver fibrosis, homogenized
mouse tissues, and fibroblasts (Chen et al., 2019;
Zanetto et al., 2022). Although these findings reveal the
broad effects of PAI-1, its specific mechanism of action
in PF still needs to be further explored.

Dian sanguis draconis (DSD), a powerful element
found in ancient Chinese herbal remedies, has various
pharmacological benefits, such as anti-inflammatory,
pain-relieving, antithrombotic, microcirculation
enhancement, antioxidant, lipid reduction, and
hypoglycemic effects (Long, 2018; Zhang et al., 2018).
Recent research has demonstrated that DSD has the
potential to effectively decrease fibrosis severity in rats
afflicted with pulmonary fibrosis. This effect is believed
to stem from the suppression of transforming growth
factor (TGF)-f1 mRNA expression in pulmonary tissue,
resulting in the excessive accumulation of type I
collagen (Jing et al., 2019). The exact process through
which DSD influences PF is not yet completely
understood. Therefore, the purpose of this study was to
explore the potential mechanism of action of DSD in PF
to provide new strategies for the treatment of PF.

In summary, the aim of this study was to explore the
potential mechanism of action of DSD in the treatment
of PF. Given the demonstrated benefits of DSD in
reducing fibrosis in rats with PF, we further explored
whether the specific pathways of action and molecular
mechanisms of DSD in the treatment of PF are related to
the PA/PAI-1 balance. These results not only enhance
our knowledge of PF development but also offer
valuable experimental and theoretical groundwork for
future PF treatment innovations.

Materials and methods
Cell culture and treatment

The fibroblast line derived from human fetal lung
(MRC-5) was obtained from the ATCC Biological
Standards Resource Center (CCL-171; Manassas,
Virginia, USA) and maintained in a 5% CO, atmosphere
at 37°C. MRC-5 cells were cultured in Dulbecco’s
modified Eagle’s medium containing 10% fetal bovine
serum, 100 IU/mL penicillin and 100 mg/mL
streptomycin. A PF model was created in vitro by
exposing MRC-5 cells to 10 ng/mL TGF-B1
(eBioscience, CA, USA) for 48 hours (Hussein et al.,
2024). Moreover, based on the specific experimental
requirements, various intervention factors were used to
stimulate cells. MRC-5 cells were exposed to 10 nM
rapamycin, which acts as an autophagy activator (Rapa,
553210, Merck), for 2 hours. For the DSD treatment

group, MRC-5 cells were treated with 1, 10, 50, or 100
pg/mL DSD for 48 hours while TGF-B1 was added.

Animal modeling

Six- to eight-week-old SPF-grade Sprague-Dawley
(SD) rats, weighing approximately 200-220 g, were
obtained from the Animal Experiment Center at
Kunming Medical University. The animal experimental
protocols were supervised and approved by the Animal
Ethics Committee of Kunming Medical University
(approval number: R-062021LH-074). The rats were
allowed to acclimate for one week and were provided
tap water and standard feed in a controlled environment
with a temperature of 23-25°C, humidity of 50-60%, and
a 12-hour light/dark cycle. After acclimatization, the rats
were randomly divided into two groups: the control
group (n=10) and the BLM-induced model group
(n=50). The control group of rats received 3 mL of
distilled water, whereas the BLM-induced group
received an intratracheal injection of 5 mg/kg BLM
(Sigma-Aldrich, USA) to induce pulmonary fibrosis.

Next, the BLM-induced rats were randomly divided
into 5 groups (n=10): the BLM group, positive control
group treated with pirfenidone (PFD), low-dose DSD
(DSD-L) group, medium-dose DSD (DSD-M) group,
and high-dose DSD (DSD-H) group. In the BLM group,
the rats were given 3 mL of distilled water orally daily.
The rats in the PFD group were given 0.12 mg/kg PFD
(dissolved in 3 mL of distilled water) by intragastric
administration daily, whereas the high, medium, and low
DSD dose groups were administered DSD powder at
dosages of 2.4 g/kg, 1.2 g/kg, and 0.6 g/kg, respectively,
dissolved in 3 mL of distilled water via intragastric
administration. Rats in the treatment group received
intragastric administration on day 2 after BLM
induction. All groups of rats were euthanized on Days 14
and 28 after treatment (with five rats from each group
being sacrificed at each time point). Lung tissue samples
were collected for subsequent analysis.

Pathological tissue staining

H&E staining: Deparaffinized lung tissue sections
were stained with hematoxylin for 5 minutes. Following
a wash with ammonia water, the sections were stained
with eosin staining solution for 1 minute. Ethanol
dehydration was performed before the sections were
clarified and sealed with neutral glue. The degree of
pulmonary fibrosis was observed. Sections were stained
using a Masson staining kit (Solarbio, Beijing, China). A
light microscope was used to observe the results.

Determination of hydroxyproline (Hyp) content

To evaluate the collagen levels in the lung tissue, Hyp
was analyzed according to the protocol provided by the
manufacturer using a kit (ab222941; Abcam, UK). A total
of 10 mg of tissue was homogenized in 100 pL of distilled
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water. Following this, hydrolysis was performed overnight
at 120°C by adding 100 pL of 12 M HCI to the sample.
The resulting mixture was then subjected to centrifugation
at 14000 rpm for 20 minutes, and 10 pL of the obtained
supernatant was transferred to a 96-well plate. Each
sample was subsequently treated with 100 pL of
chloramine-T reagent, which was allowed to incubate at
room temperature for 5 minutes. To this mixture, 100 pL
of dimethylaminobenzaldehyde reagent was added, and the
mixture was incubated at 60°C for 90 minutes. Finally, the
absorbance of each sample was measured, and the Hyp
content was quantified as pg/mg of lung tissue.

Immunohistochemistry

Paraffin sections of lung tissue were dewaxed and
hydrated. Then, antigen retrieval was performed, and
any inherent peroxidase activity was determined using a
5% hydrogen peroxide (H,0,) solution. The tissue
samples were then incubated overnight with primary
antibodies targeting a-SMA (1/200, ab7817, Abcam,
UK), collagen I (1/150, ab34710, Abcam, UK), and
LC3B (1/100, ab232940, Abcam, UK). Next, the
sections were treated with the corresponding secondary
antibody for 2 hours and then washed with PBS. Finally,
protein expression was observed with a light microscope
after the samples were stained with DAB.

Western blot

Proteins were extracted from lung tissue and MRC-5
cells using RIPA buffer (Sigma-Aldrich, USA)
containing 1% protease inhibitors and phosphatase
inhibitors. The protein concentration was assessed using
a bicinchoninic acid (BCA) detection kit (Thermo
Scientific, USA). Following SDS-PAGE separation, the
proteins were transferred to polyvinylidene fluoride
(PVDF) membranes (Millipore, USA) and blocked with
5% skim milk at room temperature for 1.5 hours. The
primary antibody (Table 1) was diluted and incubated
overnight at 4°C. The membrane was subsequently
incubated with a secondary antibody (1:4000, ab97051,
Abcam, UK) at room temperature for 1 hour and then
visualized with an enhanced chemiluminescence (ECL)
kit (Millipore, USA). The bands were semiquantitatively

Table 1. Primary antibodies used for western blotting.

analyzed using ImagelJ software.
ELISA

Briefly, t-PA (CSB-E07917r, CSB-E07916h), uPA
(CSB-E07368r, CSB-E04751h) and PAI-1 (CSB-
E07948r, CSB-E07946h) ELISA kits (CUSABIO,
Wuhan, China) were used to detect t-PA, uPA and PAI-1
expression in rat lung tissues and cells. For each
experimental group, rat lung tissue homogenate or
MRC-5 cell medium was collected, transferred to sterile
centrifuge tubes, and centrifuged at 1,000 x g for 10
minutes at 4°C. The resulting supernatants were
aliquoted into small EP tubes. In the next step, each
necessary working solution was added, and the optical
density (OD) value was determined using a microplate
reader (Thermo Fisher Scientific, MA, USA).

RT-gPCR

Rat lung tissue and MRC-5 cells were used to
extract total RNA using TRIzol reagent (15596026CN,
Invitrogen) following experimental protocols. After the
RNA was reverse transcribed into cDNA, real-time PCR
analysis was conducted using the SYBR Green Real-
Time PCR Kit (Solarbio, China), with GAPDH as the
internal reference. The data were then analyzed using the
2-MACt method. For the specific primer sequences, please
refer to Table 2.

Immunofluorescence

The cells were fixed with 4% paraformaldehyde for
15 min and washed with PBS. The cells were blocked
with 10% BSA at room temperature for 1 hour, after
which primary antibodies targeting a-SMA (1/100,
ab7817, Abcam, UK), collagen I (1/150, ab34710,
Abcam, UK), and LC3B (1/100, ab232940, Abcam, UK)
were added and incubated overnight at 4°C. Following
PBS washes, the fluorescent secondary antibody was
applied, and the cells were incubated at 37°C for 2 hours
in the dark. After being washed with PBS, the cells were
then stained with DAPI solution for 5 minutes at room
temperature, followed by another round of washing with
PBS. Finally, an anti-fluorescence quencher was used to

Table 2. Primer sequences.

Antibody Dilution Article No. Company Genes Sequences

a-SMA 1/1000 ab108424 Abcam t-PA Forward 5-TTGTGGAGTGGCGTTCA-3'
Collagen | 1/1000 ab316222 Abcam Reverse 5-GGCACTGGCAGACGAA-3'
CO”agen 1 1/1000 ab184993 Abcam uPA Forward 5-AGGCGACCCTGGTGCTA-3'

LC3 VI 1/2000 ab192890 Abcam Reverse 5-GGGCTTCCTCCCTTATTCT-3
Beclin1 1/2000 ab207612 Abcam , ,
p62 1/1000 ab109012 Abcam PAI-1 Forward 5'-ACGACATCCTGGAACTGC-3
Fibronectin 1/1000 ab268020 Abcam Reverse 5-TCACCTCGATCTTGACCTT-3
TGF-B1 1/1000 ab315254 Abcam GAPDH Forward 5-ACAGCAACAGGGTGGTGGAC-3'
GAPDH 1/2000 ab8245 Abcam Reverse 5'-TTTGAGGGTGCAGCGAACTT-3'




1654

Dian sanguis draconis improves pulmonary fibrosis by activating autophagy

mount the cell sheets, which were subsequently observed
and imaged using a fluorescence microscope.

CCK-8 assay

MRC-5 cells were seeded in 96-well plates at a
density of 3x103 cells per well. After 6 hours, the cells
were treated with TGF-B1 and DSD for 48 hours. Then,
10 pL of CCK-8 solution was added to each well, and
the cells were further incubated for 4 hours. Finally, the
absorbance of the cells at 450 nm was measured with a
microplate reader.

Statistical analysis

GraphPad Prism 8.0 (GraphPad Software Inc., San

Control

the number of animals in each group.

Diego, CA, USA) was used to conduct the statistical
analyses. All the experiments were repeated at least
three times. The results are displayed as the means =+
standard deviations. Group comparisons were assessed
with a t test, and multiple groups were compared via
one- or two-way analysis of variance (ANOVA)
followed by Fisher’s LSD multiple comparisons test.
Statistical significance was defined as p<0.05.

Results
DSD relieves lung histopathological injury in PF rats
To explore the impact of DSD on lung histo-

pathological damage in PF rats, the BLM-induced PF rat
model was treated with varying doses of DSD. Lung
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samples were collected at 14 and 28 days posttreatment.
The tissues were examined using HE staining to assess
the degree of alveolar inflammation. Compared with
those in the control group, BLM-induced lung tissue
inflammation was more severe, and the alveolar septum
was significantly thickened. The pathological status of
the lung tissue improved after treatment with PFD and
DSD, the therapeutic effect increased with increasing
DSD dose, and the effect of 14 days of treatment was
greater than that of 28 days of treatment (Fig. 1).
Compared with the control group, the BLM-induced
group presented extensive blue staining and increased
collagen fibers in the extracellular matrix. Treatment
with PFD and DSD alleviated these effects, with the
degree of remission correlated with the DSD dosage
(Fig. 2). Overall, the results of the tissue staining
indicated that DSD alleviates lung tissue damage in PF

rats, with better outcomes observed with early treatment.

DSD decreased the Hyp content in the lung tissues of PF
rats

Hyp content was measured to evaluate collagen
levels in lung tissue. Compared with the control group.
Following BLM induction, the Hyp content in rat lung
tissue significantly increased but subsequently decreased
with PFD and DSD treatment. DSD treatment caused a
dose-dependent decrease (Fig. 3A,B).

DSD inhibits the expression of fibrosis-associated
proteins in the lung tissue of PF rats

To explore whether the therapeutic effects of DSD on
PF are associated with the regulation of fibrosis, fibrosis-

Fig. 2. DSD relieves histopathological lung injury in PF rats, masson staining was used to observe PF in the rats. n=5.



1656
Dian sanguis draconis improves pulmonary fibrosis by activating autophagy

related protein levels in rat lung tissue were examined. The in rat lung tissue after BLM induction compared with those
western blot results revealed significant increases in TGF- in the control group. However, these elevated levels were
B1, a-SMA, collagen I, collagen III, and fibronectin levels reduced after DSD treatment, with the mitigation effect
becoming more pronounced as the dosage of the drug
increased (Fig. 4). Similarly, the immunohistochemical
results also revealed that BLM induction increased a-SMA
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levels of tPA and uPA decreased and the level of PAI-1
increased in BLM-induced rat lung tissue. The effect of
BLM was partially reversed post-DSD treatment (Fig.
6A). The expression levels of tPA, uPA, and PAI-1
mRNAs were also assessed using RT-qPCR, and similar
results were obtained (Fig. 6B).

DSD increases the expression of key proteins involved in
autophagy in PF rats

Autophagy plays a crucial role in the development of
lung fibrosis (Lv et al., 2020). To explore whether the
ability of DSD to alleviate PF is related to autophagy,
the levels of the autophagy-related proteins LC3II/I,
Beclinl, and p62 in lung tissue were analyzed.
Compared with those in normal rats, LC3II/I and
Beclinl levels were lower, whereas the protein
expression of p62 was elevated in the BLM group.
However, these levels were partially reversed after
treatment with DSD in a dose-dependent manner (Fig.
7). Immunohistochemistry was used to assess LC3B

expression. These findings indicated that BLM induction
suppressed LC3B expression, whereas DSD treatment
led to increased LC3B expression (Fig. 8). These results
suggest that DSD alleviates PF progression by activating
autophagy.

Autophagy suppresses TGF-B-induced cell fibrosis by
inhibiting PAI-1 expression

Our study demonstrated that DSD increases the
expression of autophagy-associated proteins in PF model
rats, and one study has shown that autophagy can inhibit
the expression of PAI-1 (Kobayashi et al., 2020). Thus,
we hypothesized that DSD could impact the PA/PAI-1
balance through the regulation of autophagy. To further
verify the effect of autophagy on the PA/PAI-1 balance,
TGF-B1-stimulated cells were utilized to create an in
vitro PF model. Detection of fibrosis-related proteins in
cells revealed that TGF-1 stimulation increased the
intracellular expression of a-SMA, collagen I, collagen
III, and fibronectin (Fig. 9A). Subsequent immuno-
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fluorescence analysis of a-SMA and collagen I
expression demonstrated an increase in the TGF-f1-
treated cells compared with the normal cells (Fig. 9B).
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increase in PAI-1 expression in the TGF-1-treated group,
whereas tPA and uPA levels decreased (Fig. 9C,D).
Compared with normal cells, TGF-1-treated cells
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revealed that TGF-B1 reduces LC3B expression (Fig.
9F). In summary, TGF-B1 induces cell fibrosis, inhibits
autophagy, and disrupts the PA/PAI-1 balance.

To investigate the impact of autophagy on the
PA/PAI-1 balance, an autophagy activator (rapamycin
[Rapa]) was introduced into the media during TGF-B1
treatment. The results showed that rapamycin weakened
the effect of TGF-B1 and inhibited the expression of a-
SMA, collagen I, collagen III and fibronectin (Fig. 10A).
The immunofluorescence results suggested that
rapamycin alleviated the increase in a-SMA and
collagen I expression induced by TGF-B1 (Fig. 10B).
These observations imply that activating autophagy may
hinder the progression of lung fibrosis. Additionally,
ELISA and RT-qPCR analyses were used to measure
tPA, uPA, and PAI-1 protein and mRNA levels. The
results revealed that rapamycin treatment restored the
PA/PAI-1 balance, increasing tPA and uPA expression
while reducing PAI-1 expression (Fig. 10C,D). These
results suggest that autophagy may play an important
role in the process of PF by regulating the PA/PAI-1
balance. In addition, we treated TGF-pB1-induced MRC-5
cells with DSD. A CCK-8 assay was used to detect cell
viability. The results revealed that 50 ug/mL DSD had a
significant effect on cell viability (Fig. 11A). Therefore,
50 ug/mL DSD was subsequently selected for
experimental analysis. The expression levels of the
autophagy-related proteins LC3II/I, Beclinl and p62
were further detected. Compared with those in the TGF-
B1 group, LC3II/I and Beclinl expression was increased
after DSD treatment, whereas p62 levels were decreased
(Fig. 11B). tPA, uPA and PAI-1 mRNA expression levels
were detected via RT-qPCR. The results revealed that
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tPA and uPA expression increased after DSD treatment,
whereas PAI-1 expression decreased (Fig. 11C). These
results suggest that DSD may affect the PA/PAI-1
balance by regulating autophagy.

Discussion

In recent years, the unique advantages of traditional
Chinese medicine in the treatment of lung diseases have
gradually attracted increasing attention. Among the
various herbs, Rhodiola has been used in China as part
of traditional Chinese medicine to protect lung tissue
against inflammation and fibrosis (Zhang et al., 2016).
Additionally, DSD, a traditional medicine in Yunnan, has
many pharmacological activities, including anti-
inflammatory, analgesic, antithrombotic, and
antioxidative effects (Jing et al., 2019). Given the
challenging nature of PF research, researchers are
diligently exploring relevant mechanisms through
isolated drug compounds or complex prescriptions to
identify effective drugs against this condition. In our
research, we successfully developed both a PF cell
model and a rat PF model, and our findings revealed that
DSD can markedly promote tPA and uPA expression and
inhibit PAI-1 expression in both cells and rat lung
tissues. Moreover, DSD inhibited the levels of fibrosis-
related proteins such as a-SMA, collagen I, collagen III,
and fibronectin. Our results demonstrate that DSD can
effectively mitigate the progression of lung fibrosis in
rats, offering new insights and potential strategies for the
treatment of PF.

Autophagy is a core mechanism for maintaining cell
homeostasis and responding to intracellular stress by
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degrading and recycling damaged cytoplasmic
components (Filomeni et al., 2015). Recent studies have
demonstrated the pathogenic role of impaired autophagy
in a variety of diseases and revealed the potential
ameliorative effect of autophagy induction on disease
progression (Liu et al., 2019; Baek et al., 2020). In
addition, the autophagy response is decreased in patients
with idiopathic pulmonary fibrosis (IPF) (Araya et al.,
2013; Romero et al., 2016; Mercader-Barcelo et al.,
2023). Specifically, PF progression is closely linked to
the level of autophagic flux in the pathogenesis of the
condition (Lv et al. 2020). This study investigated the
potential role of autophagy in PF and detected the
expression levels of the autophagy-related proteins
LC3II/I, Beclinl, and p62. The results of these
experiments demonstrated that DSD significantly
promoted the expression of the autophagy proteins
LC3II/I and Beclinl in the lung tissue of PF rats and
inhibited the expression of p62. Moreover, high-dose
DSD significantly affected the expression of autophagic
proteins. These results offer a novel perspective for
enhancing our understanding of the pathological
progression of PF. Moreover, PAI-1 expression is
associated with autophagy (Kobayashi et al., 2020). In
the present study, we evaluated the role of PAI-1 and
autophagy in the pathological process of PF and revealed
that autophagy has a negative regulatory effect on PAI-1,
which disrupts the PA/PAI-1 balance and provides a new
perspective on the pathogenesis of pulmonary fibrosis.

The fibrinolytic process requires tPA and uPA. These
proteins work in tandem to facilitate the transformation
of plasminogen into plasmin, an enzyme that
subsequently breaks down cross-linked fibrin.
Predominantly located in the circulatory system on
endothelial cells and the fibrin surface, tPA is essential
for the effective solubilization of fibrin through its
efficient conversion mechanism (Rosenberg, 2003;
Ruszkowska-Ciastek et al., 2020). In contrast, PAI-1, a
major fibrinolytic inhibitor, inhibits both tPA and uPA
activity (Nordeng et al., 2022). Studies have shown that
uPA and tPA play an antifibrosis role by regulating
collagen production and matrix clearance, whereas PAI-
1 promotes fibrosis by affecting inflammatory cell
migration, adhesion, and plasminase activity (Johnson et
al., 2020). In a mouse model of PF, PA and PAI-1 levels
play important roles in the development of fibrosis
(Osterholzer et al., 2012; Schuliga et al., 2018). In this
study, we observed that BLM reduced tPA and uPA
expression levels and increased PAI-1 expression in rats.
After treatment with DSD, the PA/PAI-1 balance
improved. Our results provide new perspectives and
strategies for fibrosis treatment.

PF, a prevalent lung illness, is frequently
encountered in the medical field and can be fatal in
extreme cases. Currently, the standard approaches for
treatment include glucocorticoids, immunosuppressants,
and pirfenidone, with hydrogen-oxygen inhalation
therapy providing some relief for patients as well (Song
et al., 2022; Ishida et al., 2023). However, these

therapies do not reverse the progression of PF. PF, a
pathological manifestation of various pulmonary
interstitial diseases, is a secondary lesion that often leads
to respiratory failure (Yu and Tang, 2022; Ahangari et
al., 2023). Histopathological analysis using HE and
Masson staining in this study revealed that rats induced
by BLM presented severe structural lung tissue
abnormalities characterized by a thickened alveolar
septum and excessive deposition of collagen fibers.
Through western blot and immunohistochemistry
assessments, a notable increase in the expression of a-
SMA, collagen I, collagen III, and fibronectin was
observed, confirming the successful establishment of the
rat model. Following treatment with DSD, the
pathological damage to the lung tissues improved, and
the levels of proteins associated with lung fibrosis
decreased. These findings indicate that DSD has an
antifibrotic effect.

In conclusion, this study revealed that DSD
improves PF progression by activating autophagy and
subsequently regulating the PA/PAI-1 balance. Our
study confirms the significant potential of DSDs in
the treatment of PF. This discovery provides new drug
candidates for the treatment of PF. However, there are
limitations to this study. Future studies will further
explore the key molecular targets to explain how DSD
regulates the PA/PAI-1 balance by affecting the
autophagy pathway and to reveal its exact mechanism
of action. In addition, conducting rigorously designed
clinical trials to evaluate the efficacy, safety, and
long-term impact of DSD in patients with PF
represents an important step in advancing its clinical
application.
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