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Abstract

This study evaluates the antifibrotic and anti-inflammatory potential of a
hydroethanolic extract of Butea monosperma flowers in bleomycin-induced
pulmonary fibrosis in Swiss albino mice. The extract (100 and 200 mg/kg
orally) was administered for 21 days following oropharyngeal aspiration of
bleomycin (2.5 mg/kg) and compared to pirfenidone (100 mg/kg). Para-
meters assessed included lung index, serum IL-6 levels, and histopathological
architecture (Ashcroft scoring). Preliminary phytochemical screening confirm-
ed the presence of flavonoids, phenolic compounds, tannins, and glycosides.
The disease control group exhibited severe fibrosis (Ashcroft score: 5),
elevated lung index (1.3 + 0.0%), and increased IL-6 levels (6.1 + 0.2 pg/mL).
The extract at 200 mg/kg significantly (p<0.001) reduced the lung index to 1.0
£ 0.0% and IL-6 levels to 4.6 + 0.2 pg/mL, with preserved pulmonary archi-
tecture (Ashcroft score: 1-2), demonstrating dose-dependent antifibrotic and
anti-inflammatory effects superior to pirfenidone.

Introduction

central role in fibrogenesis (Ding et al., 2022; Shieh et
al, 2019). IL-6 expression is increased in multiple

Pulmonary fibrosis is a chronic, progressive, and often
fatal form of interstitial lung disease characterized by
disrupted matrix deposition and irreversible destruc-
tion of alveolar architecture (Barratt et al., 2018; Wang
et al.,, 2024). Repeated injury to the alveolar epithelium,
oxidative stress, and unchecked fibroblast activation
and expansion of fibroblasts into myofibroblasts contri-
bute to its pathogenesis (Leonard-Duke et al., 2020;
Parimon et al., 2020).

Among the cytokines involved in chronic inflammation
and fibrogenesis, interleukin-6 (IL-6) is a pleiotropic
cytokine that primarily acts on vascular cells, while
Transforming Growth Factor-beta (TGF-f1) plays a

animal models of pulmonary fibrosis, including bleo-
mycin-induced damage, and fibrosis is driven mainly
by activation of its downstream STAT3 signaling path-
way rather than the ERK pathway (Chen et al., 2023).

Standard-of-care drug therapy for the clinical manage-
ment of pulmonary fibrosis currently consists of FDA-
approved antifibrotic drugs, pirfenidone and ninteda-
nib (Glass et al.,, 2022; Yang et al., 2024). While these
agents can significantly slow the decline in pulmonary
function, they do not treat or reverse the disease pro-
cess (Savin et al., 2022). Furthermore, their clinical use is
largely limited by various adverse effects, such as
gastrointestinal intolerance, hepatotoxicity, and photo-
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toxicity. This therapeutic plateau highlights the urgent
clinical need for alternative, multi-targeted therapies,
particularly those derived from natural phytotherapeu-
tic sources, which may offer holistic efficacy with
improved safety profiles (Wang et al., 2024).

Natural products are well known for their pharmaco-
logical effects, and many medicinal plants have demon-
strated strong therapeutic benefits against pulmonary
fibrosis in experimental animals. For example, the
active sesquiterpene component bilobalide from Ginkgo
biloba has shown significant protective effects against
bleomycin-induced pulmonary inflammation and extra-
cellular matrix deposition in vivo (Zhang et al., 2023).
Marrubium wvulgare, a polyphenol-rich wild herb, has
been reported to provide in vivo protection against
experimental pulmonary inflammation, oxidative
stress, and subsequent fibrosis through an aqueous
extract enriched with high levels of catechin, chloro-
genic acid, and caffeic acid (Abidi et al.,, 2022). This
finding aligns with recent observations where active
pentacyclic triterpenes, including asiatic acid and
asiaticoside from Centella asiatica, exhibited potent anti-
fibrotic efficacy by mitigating Smad3-mediated matrix
expression and structural lung damage in a similar rat
model system (Soeroso et al., 2024).

Butea superba has been the subject of several pharmaco-
logical investigations, particularly concerning the male
reproductive and vascular systems. In experimental
models, its active extracts significantly increase the
frequency of penile erections and intracavernous pre-
ssure in both normal and diabetic in vivo models. The
primary mechanism of action for this erectile enhancer
is likely the relaxation of cavernosal smooth muscle,
mediated through the inhibition of cAMP and cGMP
phosphodiesterase pathways (Tocharus et al., 2006,
2012). In addition to its vasodilatory effects, B. superba
also exhibits dose-dependent androgenic activities.
Optimal therapeutic doses have been shown to increase
testis weight and sperm count (Manosroi et al., 2006).
However, chronic exposure to extremely high doses has
been associated with disruption of testosterone levels
and liver enzyme function (Cherdshewasart et al,
2008).

B. monosperma (Lam.) Taub. (Flame of the Forest) is a
well-known and valuable medicinal plant widely used
in folk medicine, recognized for its potent anti-infla-
mmatory, antioxidant, and tissue-protective properties
(Jain and Dubey, 2023; Kumari et al., 2022). This plant is
particularly rich in bioactive secondary metabolites,
including flavonoids (butrin and isobutrin), tannins,
and glycosides (Sudhakar Rao et al., 2024). Previous
pharmacological studies have shown that B. monosperma
exerts its anti-inflammatory effects by downregulating
TNF-a and IL-6 (Rasheed et al., 2010; Zahra et al., 2024),
indicating significant potential for ameliorating the
complex, multifaceted pathogenesis of pulmonary
fibrosis. Notably, butein, the major flavonoid of B.

monosperma, has been demonstrated to individually
inhibit TGF-p, NF-xB, and downstream MAPK (p38/
JNK) signaling pathways, as well as reduce oxidative
stress in hepatic stellate cell models of fibrosis (Szuster-
Ciesielska et al., 2013). It also exhibits high free-radical-
scavenging activity when isolated directly from B.
monosperma flower extract (Sehrawat and Kumar, 2012).
The leaf extracts of B. monosperma have shown potent
antioxidant and antidiabetic effects by inhibiting a-
amylase and a-glucosidase enzymes, activities attribu-
ted to apigenin derivatives and vanillic acid (Farooq et
al., 2020). Additionally, palasonin, a bioactive com-
pound isolated from B. monosperma seeds, has demons-
trated substantial anthelmintic activity against Haemon-
chus contortus by inhibiting glutamate dehydrogenase
and tubulin proteins (Rahal et al., 2022). The flavonoid
isocoreopsin, isolated from B. monosperma flowers, has
exhibited potent chemopreventive activity against
colorectal and hepatocellular carcinoma cell lines by
inhibiting the formation of aberrant crypt foci (Subra-
maniyan et al., 2016). Furthermore, network pharma-
cology studies have revealed that B. monosperma stem
bark modulates critical inflammatory targets such as
NF-xB, AKT1, and MAPKI, supporting its traditional
use in treating inflammatory bowel conditions (Mondal
et al., 2025). Specifically, the aqueous extract of B.
monosperma flowers demonstrated considerable dose-
dependent hepatoprotection against CCls-induced liver
injury by restoring aberrant biochemical and histolo-
gical markers toward normalcy (Sharma and Shukla,
2011). The intratracheal bleomycin model in mice is
widely regarded as the most well-characterized animal
model for preclinical testing of treatments for pulmo-
nary fibrosis (Jenkins et al., 2017).

Hence, the present investigation utilized the hydro-
ethanolic extract of B. monosperma flower to evaluate its
antifibrotic and anti-inflammatory potential in a
bleomycin-induced pulmonary fibrosis murine model.
The extract's effects were directly compared to pirfeni-
done, which served as the standard clinical drug for
positive control.

Materials and Methods
Study subjects

Seventy-two patients with NSCLC who underwent
surgical treatment at the Qingpu Branch of Zhongshan
Hospital, Fudan University, between December 2018
and December 2020 were enrolled. Tumor tissues and
matched adjacent non-tumor tissues (located = 3 cm
from the lesion) were collected during surgery and
immediately preserved. All specimens were pathologi-
cally verified. Inclusion criteria: NSCLC confirmed by
histopathology; no history of other malignancies; and
no prior anti-cancer treatment before enrollment.
Exclusion criteria: Presence of any additional malignant
tumors; refusal to provide tissue samples for research;
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and lung lesions originating from non-primary metas-
tatic tumors.

Cell culture

The NSCLC cell lines A549, H1299, and H460, along
with the bronchial epithelial cell line BEAS-2B, were
obtained from the American Type Culture Collection
(ATCC, USA). Cells were cultured in DMEM (Thermo
Fisher Scientific, USA) supplemented with 10% fetal
bovine serum (Gibco, USA) and standard concentra-
tions of penicillin (100 U/mL) and streptomycin (100
pg/mL). Cultures were maintained under routine
conditions —namely, a humidified atmosphere with 5%
CO; at 37°C. Passaging was performed when the cell
monolayer reached approximately 80% confluence
(Zhang et al., 2022).

Cell transfection and experimental grouping

Synthetic miR-370-5p mimic, inhibitor, and their respec-
tive negative controls (NCs) were obtained from
RiboBio (Guangzhou, China). The KPNA3 overexpre-
ssion construct (pcDNA3.1-KPNA3, abbreviated as pc-
KPNA3) and the empty pcDNA3.1 vector were
purchased from GenePharma (Shanghai, China). Once
the cells reached approximately 80% adherence, they
were detached using trypsin and prepared for trans-
fection. Lipofectamine 2000 (Invitrogen, USA) was used
according to the manufacturer’s instructions. Subse-
quent assays were performed 48 hours post-transfection
(Zhang et al., 2019).

Cells were allocated into the following groups: Blank,
mimic NC, miR-370-5p mimic, inhibitor NC, miR-370-
5p inhibitor, miR-370-5p mimic + pcDNA3.1, and miR-
370-5p mimic + pc-KPNA3.

RT-qPCR

Total RNA from cultured cells and tissue samples was
isolated using TRIzol reagent (Invitrogen, USA). RNA
quantity and purity were assessed immediately after
extraction. Reverse transcription was performed using
the PrimeScript™ RT reagent kit (Takara, China), and
the resulting cDNA was stored at —20°C until analysis.
Primer sequences for miR-370-5p and KPNA3 were
designed and synthesized by Genechem (China).
Quantitative PCR was conducted on an ABI 7500 real-
time PCR system (ABI, USA) using Power SYBR™
Green PCR Master Mix (Thermo Fisher Scienti-fic). U6
served as the internal reference for miR-370-5p, while
GAPDH was used for KPNA3 normalization. Relative
gene expression levels were calculated using the 2-AACt
method (Sun et al., 2022).

Western blot analysis

Proteins from cultured cells were harvested using RIPA
buffer (Beyotime). Protein concentration was quantified
with a BCA assay (Beyotime) according to the manufac-
turer’s protocol. Equal amounts of lysates (30 pg per

sample) were resolved on 10% SDS-polyacrylamide
gels and transferred onto PVDF membranes (Sigma,
USA) using a semi-dry transfer system. Membranes
were blocked at room temperature with 5% skim milk
(Beyotime) before overnight incubation at 4°C with
primary antibodies: KPNA3 (1:1000, Bethyl Laborato-
ries, USA) and GAPDH (1:5000, Proteintech). After
three washes with TBST, membranes were incubated
with HRP-conjugated goat anti-rabbit secondary anti-
body (1:1000, Abcam) for 1 hour at room temperature.
Following additional washes, bands were visualized
using an enhanced chemiluminescent reagent (Beyo-
time). GAPDH served as the loading control, and
densitometric measurements were obtained using
Image] (Zhao et al., 2021).

CCK-8 assay

Cells in the exponential growth phase were rinsed with
PBS and detached from culture flasks using a mild try-
psin treatment. The resulting suspension was gently
triturated to obtain a single-cell suspension, which was
then counted and diluted to approximately 2 x 10*
cells/mL. Approximately 2 x 10% cells were seeded into
each well of a 96-well microplate. Cell viability was
assessed using the CCK-8 reagent (Dojindo, Japan). At
the indicated time intervals (0, 24, 48, and 72 hours), 10
pL of the reagent was added to each well, followed by a
1-hour incubation. Optical density at 450 nm was mea-
sured using a microplate reader to quantify metabolic
activity (Xu et al., 2025).

Flow cytometry

Cells harvested during exponential growth were gently
detached using EDTA-free trypsin (Bioss, China),
collected into flow cytometry tubes, and pelleted by
centrifugation. After discarding the supernatant, the
cells were rinsed three times with chilled PBS and
resuspended to obtain a uniform suspension. Apoptotic
events were quantified using an annexin V-FITC/PI
dual-staining kit (Beyotime). For staining, 5 pL of
Annexin V-FITC and 10 pL of PI were added to the cell
suspension and incubated for 15 min at room temper-
ature in the dark. Samples were subsequently analyzed
on a flow cytometer (BD Biosciences, USA) (Shen et al,,
2021).

Transwell assay

Cell motility was evaluated using a Transwell migra-
tion system (Becton Dickinson, USA). Post-transfection
cells in the logarithmic growth phase were harvested,
washed twice with serum-free medium, resuspended,
and counted. A total of 5 x 10* cells were seeded into
the upper chamber containing serum-free medium,
while the lower chamber was filled with 500 pL of
RPMI-1640 supplemented with 20% FBS as a chemo-
attractant. The inserts were incubated at 37°C for 24
hours. After incubation, non-migrated cells on the
upper membrane surface were gently removed. The
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chambers were rinsed with PBS, and migrated cells on
the underside of the membrane were fixed with 4%
paraformaldehyde for 10 min and stained with crystal
violet. Images were captured using a light microscope,
and migrated cells were quantified using Image] (Liao
and Peng, 2020).

Dual luciferase reporter gene assay

The potential interaction between miR-370-5p and the 3'
UTR of KPNA3 was initially predicted using the target-
Scan database (https://www.targetscan.org/vert_72/).
Based on the predicted binding motif, DNA fragments
containing the wild-type KPNA3 3'UTR sequence were
synthesized and inserted downstream of a luciferase
reporter to generate the KPNA3-WT construct. A
corresponding mutant reporter (KPNA3-MUT), in
which the predicted miRNA binding site was specifi-
cally altered, was generated in parallel. A549 cells in
logarithmic growth phase were seeded into 96-well
plates, and when the monolayers reached approximate-
ly 70% confluence, reporter constructs (WT or MUT)
were co-transfected with either the miR-370-5p mimic
or the matched NC using Lipofectamine 2000. After 48
hours of incubation, cells were lysed and subjected to a
dual-luciferase assay. Firefly luciferase activity was
normalized to Renilla activity (Wang et al., 2024).

Statistical analysis

All analyses were performed using SPSS 25.0 (IBM,
USA) and Graphad Prism 9.5 (GraphPad Software,
USA). Numerical data were assessed for normality and
homogeneity of variance prior to statistical testing. Data
are presented as mean + SD. Comparisons between two
groups were conducted using independent-sample t-
tests, while comparisons among multiple groups were
evaluated using one-way ANOVA, followed by Tukey’s
post-hoc test for pairwise comparisons when appro-
priate.

Results
Percentage yield

The yield of semi-solid mass of B. monosperma extract
was 20.2% w/w.

Phytochemical screening

The results of preliminary phytochemical screening of
extract of B. monosperma flower showed the presence of
flavonoids, phenolic compounds, tannins and glyco-
sides. The extract contained multiple classes of poly-
phenolic compounds.

Effects on lung index

The lung index of the disease control group was signifi-
cantly higher (1.3 + 0.0%, p<0.001) than that of the
normal control group (0.5 + 0.0%). Administration of
the extract attenuated this pathological increase in a
dose-dependent manner. In the 100 mg/kg extract
group, the lung index was significantly reduced to 0.8 +
0.0% (p<0.001), whereas the 200 mg/kg reduced the
ratio down to 1.0 + 0.0%. Interestingly, the 100 mg/kg
dose resulted in a greater reduction of the lung index
compared to the 200 mg/kg dose, suggesting that the
extract may preferentially attenuate pulmonary edema
at lower doses (Table I).

Modulation of interleukin-6 (IL-6) levels

Bleomycin administration led to a significant increase in
IL-6 levels (6.1 + 0.2 pg/mL, p<0.01) compared with
healthy controls (5.3 + 0.2 pg/mL). Oral administration
of the extract effectively attenuated this inflammatory
response. IL-6 levels significantly decreased to 4.6 + 0.2
pg/mL (p<0.001) following treatment with a 200 mg/
kg dose of the extract, demonstrating a greater anti-
inflammatory effect than pirfenidone (5.1 + 0.2 pg/mL)
(Table I).

Histopathological study and Ashcroft scoring

Normal control Hematoxylin and Eosin staining of lung
sections from the normal control group showed intact
alveoli with thin septa (Ashcroft score: 0) (Table I). In
contrast, lungs in the disease control group demonstra-
ted extensive abnormalities in lung architecture,
including heavy inflammatory cell infiltration and
significant thickening of alveolar septa, as indicated by
an Ashcroft score of 5. Pirfenidone treatment markedly
restored the pulmo-nary architecture, as reflected by a
decreased Ashcroft score of 1-2.

The extract treatment provided significant protection
against bleomycin-induced injury. At a dose of 100 mg/

Treatment

Table I

Effect of B. monosperma on different parameters in bleomycin-induced pulmonary fibrosis

Lung index (%)

IL-6 (pg/mL) Ashcroft score

Normal control
Disease control (bleomycin, 2.5 mg/kg)

Pirfenidone (100 mg/kg)
Extract (100 mg/kg)
Extract (200 mg/kg)

05+0.0
1.3£0.00
0.6 + 0.0
0.8 £0.0v
1.0 £0.0b

The statistical significance of difference between means was calculated by ANOVA. Values are expressed in terms of mean + SEM

53+0.2 0
6.1+0.2 5
51+0.20 1-2a
52+0.2b 2-3b
4.6+020 1-2b
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Figure 1: Histopathological evaluation of lung tissues. Normal control (A), Disease control (B), Standard treatment, pirfenidone

(C), extract 100 mg/kg (D), and extract 200 mg/ kg (E)

kg, the extract partially preserved alveolar structures
and significantly reduced septal thickening compared
to the disease control group (Ashcroft score: 2-3).
Notably, the 200 mg/kg dose of the extract demonstra-
ted substantial tissue protection, characterized by open
alveolar spaces, minimal inflammatory infiltration, and
limited fibrotic remodeling, comparable to standard
therapy, resulting in an Ashcroft score of 1-2 (Figure 1).

Discussion

The current research demonstrates that the phytochemi-
cal profile of the hydroethanolic extract of B. mono-
sperma flowers is consistent with previously reported
studies on B. monosperma flowers. This finding provides
a mechanistic rationale for its antioxidant and anti-
inflammatory activities, possibly due to synergistic
interactions among the phenolic compounds within the
extract. The extract exhibits considerable antifibrotic
and anti-inflammatory properties in mice with bleo-
mycin-induced lung fibrosis. Bleomycin injection pro-
duced significant pathological alterations in the disease
control group, including an increased lung index (1.3 +
0.0%), elevated serum IL-6 levels (6.1 + 0.2 pg/mL), and
severe architectural distortion (Ashcroft score: 5).
Administration of the extract mitigated these alterations
in a dose-dependent fashion: the dose of 200 mg/kg
decreased the lung index to 1.0 £ 0.0% and IL-6 to 4.6 +
0.2 pg/mL, while preserving pulmonary struc-ture
(Ashcroft score: 1-2), comparable to the reference
medication pirfenidone. Notably, the 200 mg/kg dose
resulted in a more substantial decrease in IL-6 com-
pared to pirfenidone (4.6 vs. 5.1 pg/mL), although the

100 mg/kg dose exhibited a relatively greater reduction
in lung index than the higher dose, indicating that the
two dosages may exert varying efficacy across different
parameters. The lung index is a quantitative marker of
pulmonary edema and fibrotic tissue deposition. These
findings generally align with and extend earlier reports
on B. monosperma and its related phytoconstituents. The
significant IL-6 reduction observed here supports this
mechanism, as Rasheed et al. (2010) demonstrated that
butrin, isobutrin, and butein —major flavonoids of B.
monosperma—selectively inhibit NF-xB activation in
mast cells, thereby lowering TNF-a, IL-6, and IL-8
levels. Similarly, butein suppresses TGF-3, NF-«xB, and
MAPK (p38/JNK) signaling in hepatic stellate cells,
suggesting a possible antifibrotic effect of the same
compound in the lung (Szuster-Ciesielska et al., 2013).
The histological protection observed with BME is
consistent with findings from other phytotherapeutics
in this model, such as bilobalide from Ginkgo biloba
(Zhang et al., 2023), supporting the broader hypothesis
that flavonoid-rich natural extracts can modulate bleo-
mycin-induced fibrotic remodeling. However, unlike
pirfenidone and nintedanib, which primarily act
through specific pathways such as JAK2 inhibition
(Yang et al., 2024) and are limited by significant gastro-
intestinal and hepatic toxicity (Savin et al., 2022), the
extract appears to achieve similar or superior efficacy
through multi-target phytochemical actions without the
adverse effect profile associated with these standard
agents. Reason: Corrected grammar, punctuation, and
spelling errors; improved sentence structure and clarity;
enhanced vocabulary for technical accuracy and reada-
bility; and ensured consistent use of scientific
terminology without altering the original meaning.
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The potential mechanism underlying these effects can
be attributed to the polyphenolic composition of the
extract, which includes flavonoids (butrin, isobutrin),
tannins, and glycosides. IL-6 has been reported to medi-
ate fibroblast activation primarily through the STAT3
signaling pathway in bleomycin-induced fibrosis (Chen
et al.,, 2023). The significant inhibition of IL-6 by BME
suggests interference with this inflammatory cascade,
possibly via inhibition of NF-xB, consistent with the
proposed mechanisms of butrin and isobutrin (Rasheed
et al., 2010). Additionally, the antioxidant activity of
these phenolic compounds (Sehrawat and Kumar, 2012)
may neutralize reactive oxygen species generated du-
ring bleomycin-induced alveolar damage, thereby pre-
venting the oxidative trigger for fibroblast-to-myo-
fibroblast transition.

The limitations of this study include: a) the findings
may not be directly extrapolated to other fibrosis
models, species, or chronic/repetitive injury settings; b)
the proposed mechanisms — polyphenolic, multi-target,
antioxidant, and anti-inflammatory —remain inferential
and have not been confirmed by pathway-specific
assays; c) the extract was not standardized to specific
marker compounds nor quantified using chromatogra-
phic methods; and (d) the exact upstream molecular
targets (e.g., TGF-p1/Smad signaling) were not directly
investigated.

Conclusion

The hydroethanolic extract of B. monosperma flower has
antifibrotic and anti-inflammatory agent, effectively
reducing IL-6 expression and protecting pulmonary
architecture with effects comparable or superior to
pirfenidone.
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