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Abstract

Objective: This study aimed to explore the potential association between Platycodin D (PD) and ven-
tilator-induced lung injury (VILI), and to identify candidate targets and related pathways using net-
work pharmacology and molecular docking. Methods: Predicted targets of PD were collected from
PharmMapper, SEA, SuperPred, TCMIP, and other databases. VILI-related genes were obtained from
OMIM and GeneCards. After standardization and duplicate removal, the overlapping targets were
identified and used to construct a drug-target-disease network. A protein-protein interaction (PPI)
network was then built using the STRING platform, followed by topological screening with Cyto-
scape and CytoNCA. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) en-
richment analyses of the overlapping genes were performed using clusterProfiler. Representative
targets were further selected for molecular docking to evaluate their binding affinity with PD. Re-
sults: A total of 223 potential PD targets and 2712 VILI-related targets were obtained, yielding 96
overlapping targets. The PPI network contained 97 nodes and 1002 interaction edges. After two
rounds of CytoNCA-based screening, five core nodes were identified: MMP9, TNF, IL6, IL1B, and
AKT1. GO enrichment mainly involved biological processes such as response to lipopolysaccharide,
response to molecules of bacterial origin, leukocyte migration, regulation of inflammatory response,
and positive regulation of PI3K/AKT signaling. KEGG enrichment highlighted pathways related to
inflammation and barrier injury, including the TNF, IL-17, MAPK, chemokine signaling, and AGE-
RAGE pathways. In the molecular docking analysis, PD showed the lowest binding energy with
MMP9 (-9.2 kcal/mol). Conclusion: The potential mechanism by which PD may modulate VILI is un-
likely to depend on a single target. Instead, it may involve a coordinated network centered on MMP9,
TNF, IL6, IL1B, AKT1, and related nodes, contributing to the regulation of inflammatory amplifica-
tion, cell migration, matrix remodeling, and oxidative stress. These findings provide candidate tar-
gets and pathway-level clues for subsequent experimental validation.
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Figure 1. Venn diagram of the intersection between Platycodin D and VILI targets (A) and Platycodin D-target-VILI network
diagram (B)
1. Platycodin D 5 VILI $8 &3z 8535 B [E|(A) & Platycodin D - 825 - VILI (4% [E (B)

3.2. PP P4& M 4L ¥ 2 Tf ik

¥ 96 ML SIRACE STRING Ja 319 PP MZ%, 5 SO/ & 1002 Z5AH BLAE R, 45 55
N 97 4~. Cytoscape ] ML E R, TNF. IL6. AKT1. MMP9. IL1B. NFKB1. MMP2. CASP3 %5 1
HHE L, ENS AL B R . 4 CytoNCA 25—k 5 A 2] 17 MEEZ LT 5, 2 50
AR 5 MZOTT AL 22BN MMP9. TNF. IL6. IL1B. AKT1 (A 2).

Figure 2. Protein-protein interaction (PPI) network of Platycodin D in the treatment of ventilator-induced lung injury (VILI)
(A), and core target screening (B, C)
2. PD AT VILI B PPI MZEEI(A). %L EERTFIEE(B, C)
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Figure 3. GO enrichment analysis
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Figure 4. KEGG enrichment analysis
4. KEGG ZB&EH#

Table 1. Docking results of Platycodin D and core targets
7 1. PD S#LERAHRER
P 45488 (kcal/mol)
MMP9 -9.2
TNF —6.7
IL6 —4.8
IL1B -7.1
AKT1 —6.2
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Figure 5. Molecular docking results

5 SFIHRER

R

292

DOI: 10.12677/tcm.2026.158437


https://doi.org/10.12677/tcm.2026.158437

HH F

4. ¥1ig

AHIF TR 28 25 L2 RN 4 F- X AN JZ T PD T 10 VILL FTEENLE AT A SC BRI o VR 7
RRERNL . ABEE S SMFE T RS SR, VILL B S0E 2 UWGE S 5 i it 5 22 5K0f
SIFA, BBk A LT 058 MU 7 mT 4k 235 kb 7 BRBE IR . JORE AN A S5 42 R4 st T,
MUBRAR A 5 JORE S N AH ELHES), B 2N iyt - B0 1M BRFERRAS[8] [9]. WX —AMER, ABFFIHH T
BE RN PD A RIPLR . P BURTER 2 R BA — @i, $#&n PD vl ReiEId 247 s VILI
(s B R

TNF. 1L6 H1 IL1B s2 A 58 PPI M2 th BN R IR R K 1. BT Z 5 E g, kgl
JROFTILAE A R AR B AL, FF (R SORE AR A m) i L 2355 45 . NFKBL Ab7E 2 i e s % 1) B, oS
JE AT S 2 R REN BRI TRIE, & VILI AW s B 2 5. AKTL. JAK2, STATL Al
SRC &5 B H LML R, PD MRS LEAE FH AT REAS R T IRFE — AN SER 1, 112 5 25 (5 5 1) A& s Al
5o BRAT I 9T 27, PD 1] FEAIK LPS 5 3 S il 45 4% 85 4L 1 TNF-a IL-6 NF-xB F1 Caspase-3 #iA[10],
Fid ik TLR4/MyD88/NF-xB il NLRP3 J$AE/IMA[11], X5 AHH 7 & 48 2 48 5 AH ¢ 5% H AH FLEDIIE

MMP9 7EABFFUHER . ZEOR TERESEEOMEE, S 59MMNER FEE . 5K
FHIPFNJOREAN MBS BRI RS . VILI RARE, IR - B0 M B bd i 1 T i 2 S SUM K A SRS #52
PR BRSO PEMR . R ERENIAAN T MR A MR AT e 5 MMPO SEMER LA G BRI BoR, B
kA< BB A ] B MMP9 & MMPO/TIMPL LEfl, J:P4K E-cadherin A1 Occludin ik, MifijnE
SR ERIAN R RE PG N [12]. 7E LPS 5 3 2 EMH i AL R, MMP9 /i 51 Syndecan-1 i 74
A4 ZO-1. Occludin S5 &% EREE A, JHIN A& BB KI[13]. AEFFEH, MMP9 [E H
FESZ AR R A% 0 M 28 R 2R TR AE OC GO 2% H s 7 7048 7R PD 5 MMP9 (1454 fE8—9.2 keal/mol,
NFTER S ARG . FETIXEELE R, MMP9 RIE N JE SRIGIE MR e A . S ST &5 A WA S . MMPY
ROARE, BEEBREAD. WEERREAQSEMME T LZRbs, JIB PD 250 MMPO AHE 1) 57
B A7 i

MR, PIBKIAKT. MAPK. TNF. IL-17 K&k F15 5 i fedk @25 PD T VILI KI1E
M 2% . PISKIAKT I8 5 4RO f7E 20 IR A bf B e e A 0%, RS AR Sl 71 A 1T PIBK/AKT/NF-
kB 15 542 LPS i S Ak i 4 IR IE[14]. MAPK GBI £ 5HU ATk 5 BN . RIERE SN
FEARAR R . TNFL IL-17 S8R s Bk U 2 5 e O M S 2 i 524, Horp IL-17A W] {23k CXCL1
I R f AN NETs JERL[15] o IX 2838 B H AEPAT A AE, T2 rldid NF-xB. AKT1. MAPK1,
IL6. TNF. MMP9 575 fiAH e . 47 J5 L5050 UE S PD A [A] I R AORERE 1+ 46 MMP9 7% 14 I 435
JiieL BB ThRE, TSR A S REHAE A VILL 46 B % 2 A4 18

UbAh, BRI PD T VILL $E SN2 I T HOMRR IR AR AE S a0 3 . H AT R B S 5e
HERR L VILI 279 2 LR — IR0 3, BIanes B SUsas 3 2R iz e i i fE A, Pa ek A
Y245 ) ) B — S v P b T R M R IR [16] o IX ST TTF B RS — e R DR AR A E, (B A LA
TR g 36 F ) i ot SR B B2 2 . M EL T, ARSI PD HAA AL “ 25, 2k
AL . PD AMNAERT AR 4ERE F3EE T-F TNF. IL6. IL1B 254031 s RIEAE ], RIS, 20 7xt
RS MMPY A S 4 & 26 D). IXERFE PD A Re AR BRAERI P28 7, 1L Re BT T4 i
HPEE I BRI AR, RIELR A TRPVE o« SRSHE TR i) HoAth 2 R i AH LG, PD AR 45 K v B XUBEBE )
RIS, AR NF-xB 15 5 A 38 U SO0 T A A 2 I BE s ) A W s PE[17]. DRI, 7E
VILI XM /) 5 RAEAH A R B A B 5erh, PD @i MMP9. PIBK/AKT 2 Fl S E K- (1) )

DOI: 10.12677/tcm.2026.158437 293 HRE 2


https://doi.org/10.12677/tcm.2026.158437

HH

AR, MECT ARG 2, BRI R AT SO SN A

TEAR T I o 268 I s R AE B LA AR 3, AT S0 10V FH S i ) 4 H mT 30E A HLaABR 18, A TF RO
P VILI 3R R . e8RS0 ] NN R F: RAEE 5 5, il TNF-a. 1L-6. I1L-18. NF-
kB AL K MAPKIAKT BEBRAG/KT: BEREAIG 71, Kl MMP9 34, ZO-1, Occludin, Claudin-5 5§
KR EREAMMGERRED S E. RRERCHEH T VILL 80 ARDS/ALL AH A 78 H 1) 28 5
i Btk i BALF 25 (195 Sl w2 5 g 15[ 18]-[20] » 405 PD 76X P28 4845 ¥R B 515
74 B R B T B [ B 5 I % RE JEOR R0 BR BRI

R FMA R JRR . 2% 25 B 22O SLEO AT S, AN RIS R B s Ve . PP b
YN SE BTN R A — 2, DRI AT 8 S SR PH M s R o VIL) 5 5 R 2 OMIIM. GeneCards 544
WEE, FHAPrTRERAN ARDS. Bt S il 1 SR B R A DG I 0 S AR A ME R, BT A AL s R &
BV NEENLEITRIE, AREVA VILI FRFHLE] . 55— APREE, AR MRS AR A. & OB
A AT S BIRAE o« J5 AT T AEAURIE SR B HpA I 28 RE T MMPO 5P NF-xB/MAPK/AKT {55 &
Jil 6L BR B4R AR, 225 AW PD 30 VILI (1 5 S E IR gl FAs e ik .

ZE LRTR, AWFARLEA PPl ML . GO/KEGG &AM/ FXT #4554, PD Tl VILI [FETE/E ]
fit 5 MMP9. TNF. IL6. IL1B. NFKB1. AKT1. JAK2. STATL &% S 5, ¥ & R0 NV, B4
fif % PISBK/IAKT. TNF. IL-17. MAPK Flia{LK 145i@ % . PD 5 MMPO [ 445 & RE IS, #2R1%
B AT N R SR AR R E . AHFACN PD T30 VILL FIHLEIER R AR AL T e ¥ ORGE B HE , AR
FAATY e 15 40 Hf 7 5K A5 B BR BN VN LA SRS Y gt — P B0 IE

£ E&WA
Z& 15 T L 2K (tsqn202211380), 2025 4 J& 11 AR 48 K22 AR BRAM FARFHEL TG 3 PR (WL-KY X25006) -
SEEk

[1] Pellegrini, M., Del Sorbo, L. and Ranieri, V.M. (2024) Finding the Optimal Tidal \Volume in Acute Respiratory Distress
Syndrome. Intensive Care Medicine, 50, 1154-1156. https://doi.org/10.1007/s00134-024-07440-5

[2] Liu, G, Dong, B., Devanarayana, S., Chen, R. and Liu, Q. (2024) Emerging Roles of Mechanosensitive lon Channels in
Ventilator Induced Lung Injury: A Systematic Review. Frontiers in Immunology, 15, Article I1D: 1479230.
https://doi.org/10.3389/fimmu.2024.1479230

[3] Merola, R., Vargas, M. and Battaglini, D. (2025) Ventilator-Induced Lung Injury: The Unseen Challenge in Acute Res-
piratory Distress Syndrome Management. Journal of Clinical Medicine, 14, Article No. 3910.
https://doi.org/10.3390/jcm14113910

[4] Luo, Y.L., Wu, Z.X., Wu, J.L., You, Z, Chen, Y., Wei, X,, et al. (2026) Revisiting Ventilator-Induced Lung Injury:
From Mechanical Power to Immunometabolic Interaction. Frontiers in Immunology, 17, Article 1D: 1754983.
https://doi.org/10.3389/fimmu.2026.1754983

[5] Zhong, Y., Peng, Y., Zhang, S., Wen, L., Liu, G., Xu, B., et al. (2026) An Integrated Microbiome-Drug Interaction and
Bioinformatics Approach Identifies Active Deglycosylated and Glycosidic Chain Metabolites of Platycodin D Targeting
PTPN2/HIF1A in Acute Lung Injury. Biology Direct, 21, Article No. 76. https://doi.org/10.1186/s13062-026-00779-3

[6] Liu,Y., Meng,J.,Liu,J., Zhang, F., An, C. and Yang, J. (2025) NLRP3 Inflammasome in Acute Lung Injury: Cumulative
Evidence for Traditional Chinese Medicine and Natural Products. Chinese Herbal Medicines, 17, 703-719.
https://doi.org/10.1016/j.chmed.2025.06.002

[71 Zhang, L., Zhu, W. and Zhang, C. (2024) Exploring the Effect and Mechanism of Dayuan Yin against Acute Lung Injury
by Network Pharmacology, Molecular Docking, and Experimental Validation. Drug Design, Development and Therapy,
18, 5541-5561. https://doi.org/10.2147/dddt.s491521

[8] Silva, P.L., Scharffenberg, M. and Rocco, P.R.M. (2023) Understanding the Mechanisms of Ventilator-Induced Lung
Injury Using Animal Models. Intensive Care Medicine Experimental, 11, Article No. 82.
https://doi.org/10.1186/s40635-023-00569-5

[9] Al-Husinat, L., Azzam, S., Al Sharie, S., Al Sharie, A.H., Battaglini, D., Robba, C., et al. (2024) Effects of Mechanical

DOI: 10.12677/tcm.2026.158437 294 HRE 2


https://doi.org/10.12677/tcm.2026.158437
https://doi.org/10.1007/s00134-024-07440-5
https://doi.org/10.3389/fimmu.2024.1479230
https://doi.org/10.3390/jcm14113910
https://doi.org/10.3389/fimmu.2026.1754983
https://doi.org/10.1186/s13062-026-00779-3
https://doi.org/10.1016/j.chmed.2025.06.002
https://doi.org/10.2147/dddt.s491521
https://doi.org/10.1186/s40635-023-00569-5

THE &%

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Ventilation on the Interstitial Extracellular Matrix in Healthy Lungs and Lungs Affected by Acute Respiratory Distress
Syndrome: A Narrative Review. Critical Care, 28, Article No. 165. https://doi.org/10.1186/513054-024-04942-y

Tao, W., Su, Q., Wang, H., Guo, S., Chen, Y., Duan, J., et al. (2015) Platycodin D Attenuates Acute Lung Injury by
Suppressing Apoptosis and Inflammation in Vivo and in Vitro. International Immunopharmacology, 27, 138-147.
https://doi.org/10.1016/j.intimp.2015.05.005

Wu, Y., Huang, D., Wang, X., Pei, C., Xiao, W., Wang, F., et al. (2021) Suppression of NLRP3 Inflammasome by
Platycodin D via the TLR4/MyD88/NF-xB Pathway Contributes to Attenuation of Lipopolysaccharide Induced Acute
Lung Injury in Rats. International Immunopharmacology, 96, Article ID: 107621.
https://doi.org/10.1016/j.intimp.2021.107621

Zhao, T., Yan, J., Zhang, M.R., et al. (2021) The EIk1l/MMP-9 Axis Regulates E-Cadherin and Occludin in Ventilator-
Induced Lung Injury. Respiratory Research, 22, Article No. 233. https://doi.org/10.1186/s12931-021-01829-2

Zhang, D., Zhang, J., Pan, Y., Liu, X., Xu, J., Cui, W., et al. (2021) Syndecan-1 Shedding by Matrix Metalloproteinase-
9 Signaling Regulates Alveolar Epithelial Tight Junction in Lipopolysaccharide-Induced Early Acute Lung Injury. Jour-
nal of Inflammation Research, 14, 5801-5816. https://doi.org/10.2147/jir.s331020

Jiang, T., Zhang, Y., Guo, Z., Ren, H., Hu, W., Yao, Q., et al. (2025) Mechanical Stress Induced NOX2 Promotes
Endothelial Dysfunction in Ventilator-induced Lung Injury: Potential Treatment with Quercetin. Advanced Science, 12,
€2502639. https://doi.org/10.1002/advs.202502639

Su, D., Li, L., Xie, H., Ai, L., Wang, Y., Yang, B., et al. (2025) IL-17A Drives a Fibroblast-Neutrophil-NET Axis to
Exacerbate Immunopathology in the Lung with Diffuse Alveolar Damage. Frontiers in Immunology, 16, Article ID:
1574246. https://doi.org/10.3389/fimmu.2025.1574246

Pan, T., Tuoerxun, T., Chen, X., Yang, C., Jiang, C., Zhu, Y., et al. (2023) The Neutrophil Elastase Inhibitor, Sivelestat,
Attenuates Acute Lung Injury in Patients with Cardiopulmonary Bypass. Frontiers in Immunology, 14, Article ID:
1082830. https://doi.org/10.3389/fimmu.2023.1082830

Ji, M., Bo, A., Yang, M., Xu, J., Jiang, L., Zhou, B., et al. (2020) The Pharmacological Effects and Health Benefits of
Platycodon grandiflorus—A Medicine Food Homology Species. Foods, 9, Article No. 142.
https://doi.org/10.3390/f00ds9020142

Zhang, S., Li, S., Liu, Q., Wei, D., Huang, L., Yin, H., et al. (2024) Electroacupuncture Alleviates Ventilator-Induced
Lung Injury in Mice by Inhibiting the TLR4/NF-«xB Signaling Pathway. BMC Anesthesiology, 24, Article No. 37.
https://doi.org/10.1186/512871-024-02408-w

Garcia-Flores, A.E., Gross, C.M., Zemskov, E.A., Lu, Q., Tieu, K., Wang, T., et al. (2022) Loss of SOX18/CLAUDIN5

Disrupts the Pulmonary Endothelial Barrier in Ventilator-Induced Lung Injury. Frontiers in Physiology, 13, Article ID:
1066515. https://doi.org/10.3389/fphys.2022.1066515

Lin, X., Bai, H., Barravecchia, M., Norman, R., Schiralli Lester, G.M., Kottmann, R.M., et al. (2024) Occludin Is Es-
sential to Maintain Normal Alveolar Barrier Integrity and Its Protective Role during ARDS Progression. International
Journal of Molecular Sciences, 25, Article No. 11595. https://doi.org/10.3390/ijms252111595

DOI: 10.12677/tcm.2026.158437 295 W&

D
i


https://doi.org/10.12677/tcm.2026.158437
https://doi.org/10.1186/s13054-024-04942-y
https://doi.org/10.1016/j.intimp.2015.05.005
https://doi.org/10.1016/j.intimp.2021.107621
https://doi.org/10.1186/s12931-021-01829-2
https://doi.org/10.2147/jir.s331020
https://doi.org/10.1002/advs.202502639
https://doi.org/10.3389/fimmu.2025.1574246
https://doi.org/10.3389/fimmu.2023.1082830
https://doi.org/10.3390/foods9020142
https://doi.org/10.1186/s12871-024-02408-w
https://doi.org/10.3389/fphys.2022.1066515
https://doi.org/10.3390/ijms252111595

	基于网络药理学和分子对接探讨桔梗皂苷D干预机械通气相关肺损伤的潜在作用机制
	摘  要
	关键词
	Exploring the Potential Mechanisms of Platycodin D in Ameliorating Mechanical Ventilation-Induced Lung Injury Based on Network Pharmacology and Molecular Docking 
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. PD靶点和VILI靶点获取
	2.2. 药物–靶点–疾病网络与PPI网络构建
	2.3. GO和KEGG富集分析
	2.4. 分子对接

	3. 结果
	3.1. PD与VILI交集靶点筛选
	3.2. PPI网络及核心靶点筛选
	3.3. GO富集分析
	3.4. KEGG通路富集分析
	3.5. 分子对接

	4. 讨论
	基金项目
	参考文献

