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Abstract: [ Objective] To investigate the protective effect of ellagic acid (EA) against bleomycin (BLM ) —induced
pulmonary fibrosis and associated pulmonary function impairment in mice, and to elucidate its relationship with the
regulation of the interleukin (IL) =17/ nuclear factor (NF) — kB/ matrix metalloproteinase (MMP) 9 signaling axis.

[Methods] A pulmonary fibrosis model was established in male C57BL/6] mice via intratracheal BLM injection.
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Interventions included IL.—17 neutralizing antibody, Ixekizumab, SB-3CT, PDTC, or EA were used to modulate the IL.—
17/NF- kB/MMP9 signaling axis. Pathological changes in lung tissue were observed via HE, Masson, and Sirius red
staining. Pulmonary function was assessed using a pulmonary function test (PFT). Western blot and qRT-PCR were
employed to detect related protein and gene expression. Network pharmacology was utilized to predict the potential targets
of EA. A protein—protein interaction (PPI) network was constructed using the STRING database and Cytoscape. Molecular
docking was performed to validate the binding capability of EA to core targets.[ Results] BLM successfully induced obvious
pulmonary fibrosis and lung dysfunction in mice, significantly elevating the level of the pro—inflammatory cytokine 1L.-17.
This was associated with the activation of the transcription factor NF= kB p65, leading to the upregulation of the pro—
fibrotic factor MMP9. Inhibition of the IL.-17/NF-«kB/MMP9 signaling axis markedly alleviated the degree of pulmonary
fibrosis. EA intervention significantly suppressed the BLM—induced increase in IL-17, blocked the activation of the NF—
kB/MMP9 pathway, and consequently reduced lung fibrotic lesions and improved pulmonary function. [ Conclusion] EA

may effectively ameliorate BLM—induced pulmonary fibrosis and lung dysfunction in mice, likely by inhibiting the

inflammatory and fibrotic responses mediated through the IL-17/NF-kB/MMP9 signaling pathway.
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Table 1 Amplified gene primers

Gene Gene primers

name

L7 F:5'-TGACCCCTAAGAAACCCCCA-3'
R:5'-TCATTGTGGAGGGCAGACAA-3'

TNF F:5'-CGGGCAGGTCTACTTTGGAG-3'
R:5'~ACCCTGAGCCATAATCCCCT-3'

16 F:5'~AGACAAAGCCAGAGTCCTTCAG-3’
R:5'-TGTGACTCCAGCTTATCTCTTGG-3'

ESRI F:5'-CCAGGCTTTGGGGACTTGAAT-3'
R:5'-GCAAGTTAGGAGCAAACAGGAG-3'

RELA F:5'-GATCGCCACCGGATTGAAGA-3'

R:5'-TCGGGTAGGCACAGCAATAC-3’
MMP9 F:5'-GCTAAACCACCTCTCCCGAC-3'
R:5'-GAGTGGATAGCTCGGTGGTG-3’
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A-B: Representative images of lung tissue sections stained with Masson's trichrome and Sirius red 14 days after BLM treatment (A :1=9.739 , *##P=
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Fig. 1 BLM-induced pulmonary fibrosis and lung function impairment in mice
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0.000 6 vs. Control; B:1=5.446, P=0.005 5 vs. Control; n = 3 per group). C=D: Protein expression levels of fibrosis markers a =SMA and Collagen 1
detected by Western blot (C: 1=4.403, #*P=0.011 7 vs. Control; D: 1=2.899, *P=0.044 2 vs. Control; n = 3 per group). E-K: Pulmonary function
parameters measured using a whole—body PFT system (including E:¢=2.831,*P=0.022 1 vs. Control; F:¢=5.123, ***P=0.000 9 vs. Control ; G:1=3.209,
#P=0.012 4 vs. Control; H:1=2.799, *P=0.023 2 vs. Control;1::=2.405, *P=0.042 8 vs. Control;J::=3.709, **P=0.006 0 vs. Control ; K:1=3.584,**P=
0.007 1 vs. Control;n = 5 per group). Data are presented as the mean + SEM. *P < 0.05, **P < 0.01, *** P< 0.001.
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A: HE staining of lung tissues 14 days after BLM treatment (n = 3 per group). B=D: mRNA expression levels of /L17, IL6 and TNF in lung tissue
measured by qPCR on day 14 after BLM treatment (B:=7.185, P=0.0020 vs. Control; C::=1.549, P=0.196 3 vs. Control; D:/=0.4361, P=0.685 3 vs.
Control;n = 3 per group). E: IL-17 neutralization attenuated BLM—induced Collagen I expression(F=13.17, P=0.006 4, **P=0.011 7 vs. Control,n = 3
per group). F: Ixekizumab, an IL—17 receptor inhibitor, reduced BLM—induced Collagen I upregulation (F=7.895, P=0.020 9, *P=0.022 4 vs. Control,
n =3 per group). Data are presented as the mean + SEM. *P < 0.05, **P < 0.01.
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Fig. 2 IL-17 signaling mediates to bleomycin—induced pulmonary fibrosis in mice
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A: Potential targets associated with pulmonary fibrosis retrieved from DisGeNET, GeneCards, OMIM, and TTD databases. B: Venn diagram
showing overlapping targets between bioactive compounds of Terminalia chebula and pulmonary fibrosis. C: Protein—protein interaction (PPI) network of
the 61 common targets constructed using STRING. D-E: Identification of core targets based on topological analysis using CytoNCA and MCODE. F:
Eight core genes screened from the intersection targets. G: Predicted binding conformation of EA with ESR1. H: Predicted binding conformation of EA
with MMP9.
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Fig. 3 Network pharmacology—based analysis of Terminalia chebula (Hezi) against pulmonary fibrosis
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Table 2 Molecular docking revealed the Terminalia

chebula binding energy with target genes

Binding energy (kal/mol )
NO.  Component Target

PyMOL
1 ellipticine ~ TP53 -8.8
2 ellagic acid  ESR1 -8.7
3 ellagic acid ~ MMP9 -8.7
4 ellagic acid ~ RELA 83

HVE R, (R MMP9 #1671 SB-3CT(25 mg-kg™'+d-
VR SR 14 D) PEAT T I. MT e @1 PSR
Yua g5 1R 1 MMPO fig W 2085 BLM % S0
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A C: The mRNA levels of ESRI, MMP9 and RELA in lung tissue were examined by using qPCR on day 14 after BLM administration (A: 1=1.906,
P=0.129 3 vs. Control; B:1=46.29, P < 0.000 1 vs. Control; C:t=0.489 3, P=0.650 2 vs. Control;n = 3 per group). D: MMP9 protein expression in lung

tissue detected by Western blot on day 14. (t=10.18, P=0.000 5 vs. Control;n = 3 per group). E-F: Masson’s trichrome and Sirius red staining showing

that MMP9 inhibitor SB=3CT attenuates BLM—induced pulmonary fibrosis. SB=3CT alone caused no fibrotic changes (n = 3 per group). Data was

presented as the means = SEM. #*#*P < (0.001.
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Fig. 4 MMP?9 upregulation contributes to BLM—-induced pulmonary fibrosis
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A: Levels of phosphorylated NF-kB p65 (Ser311) in lung tissues on day 14 after BLM treatment (pP65: 1=4.797, **P=0.001 4 vs. Control; P65: 1=

0.879 9,P=0.404 6 vs. Control;n = 3 per group). B=C: The NF=kB inhibitor PDTC suppressed BLM—induced upregulation of MMP9 at both mRNA and
protein levels (B: F=216.3, P <0.000 I, *#%#P < 0.000 1 vs. Control, **P=0.001 1 vs. Control; C: F=7.882, P=0.010 5, *P=0.013 2 vs. Control, P=

0.999 3 vs. Control;n = 3 per group). Data are presented as the mean + SEM. *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig.5 NF-kB p65 activation mediates BLM-induced MMP9 upregulation in pulmonary fibrosis
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A: IL-17 neutralizing antibody suppressed p—NF—kB p65 (Ser311) expression in BLM—treated mice (pP65: F=4.239, P=0.029 2, *P=0.041 8 vs.
Control). B: Continuous application of EA inhibited BLM-induced upregulation of IL-17 protein (F=32.34, P=0.000 6, ***P=0.000 6 vs. Control ,n = 3
per group). C=D: EA suppressed the upregulation of p~NF-«kB p65 and MMP9 protein in BLM~treated mice (C: pP65: F=5.226,P=0.023 3,*P=0.0045
vs. Control, n = 3 per group; D: F=9.479, P=0.013 9, *P=0.019 0 vs. Control,n = 3 per group). E-F: EA attenuated BLM—induced elevation of fibrosis
markers «=SMA and Collagen I (E: F=8.541,P=0.017 6,*P=0.021 9 vs. Control,n = 3 per group; F: F=19.39, P=0.002 4, **P=0.002 4 vs. Control,n =
3 per group)

6 EA ## IL-17/NF-«xB/MMP9 if % 542 BLM 5 S H At 4T 4E 4L
Fig. 6 EA attenuates BLM-induced pulmonary fibrosis via suppression of the IL-17/NF-kB/MMP9 pathway
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Fig.7 EA attenuates BLM-induced pulmonary fibrosis dysfunction and pathological changes
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