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[Abstract] Objective To investigate the molecular targets and signaling pathways involved in the therapeutic
effects of Lishukang Capsule (LSK) in a rat model of high-altitude pulmonary edema (HAPE) using a proteomics-based
approach. Methods A total of 60 male Wistar rats were randomly assigned to a control group, a HAPE model group, 3
LSK treatment groups receiving low-, medium-, and high-dose LSK, respectively, and a Rhodiola rosea (also known as
Hongjitian [HJT] in pinyin, a Chinese Romanization system) control group. After HAPE modeling, the
pharmacodynamic effects were assessed and the optimal LSK dose was determined using HE stains, inflammatory
cytokine quantification, lung tissue water content, and the protein concentration in bronchoalveolar lavage. Label free
quantitative proteomic profiling was then applied to identify differentially expressed proteins (DEPs) in the optimal dose
group, using a screening threshold of over 1.5-fold change and P < 0.05. The selected DEPs were validated with Western
blotting, followed by Gene Ontology (GO) enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis. Results The medium-dose LSK group exhibited significant anti-HAPE effects. Findings from the
proteomic analysis revealed, in the comparison with the control group, 267 DEPs were identified in the HAPE group. In
the comparison with the HAPE group, 225 DEPs were identified in the medium-dose LSK group. A total of 112 DEPs in
the control group were normalized following LSK treatment in the medium-dose LSK group. In addition, GO enrichment
analysis of proteins differentially expressed between the HAPE and LSK group showed that these DEPs were mainly
enriched in 12 biological processes, 2 cellular components, and 5 molecular functions. KEGG pathway analysis showed
that LSK activated pathways associated with cell adhesion molecules, glycosaminoglycan biosynthesis, DNA
replication/nucleotide excision repair, transcriptional dysregulation in cancer, and Herpes simplex virus type 1 (HSV-1)
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infection, while inhibiting pathways associated with glycerophospholipid metabolism. Some differentially expressed
proteins with potential functions were verified by Western blotting, including AGPAT5, NCAM1, SRSF3, and PLA2.
These differentially expressed proteins were significantly expressed in the normal group, HAPE group, and LSK group,

and the validation results were consistent with proteomic findings, indicating the high reliability of the proteomic results.

Conclusion LSK exerts a significant protective effect against HAPE. Proteomic analysis suggests that its therapeutic

action may be mediated through activating pathways involved in cell adhesion molecules, glycosaminoglycan

biosynthesis, DNA replication/nucleotide excision repair, transcriptional dysregulation in cancer, and HSV-1 infection,

alongside inhibition of pathways associated with glycerophospholipid metabolism. The key DEPs identified in these

pathways may play crucial roles in the preventive and therapeutic effects of LSK on HAPE.
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A, Control group; B, HAPE group; C, HJT group; D, 22.4 mg/mL LSK
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Fig 2 The concentration of inflammatory factors in the bronchoalveolar lavage fluid of rats in each group

A, Control group; B, HAPE group; C, HJT group; D, 22.4 mg/mL LSK group; E, 42.0 mg/mL LSK group; F, 56.0 mg/mL LSK group.** P < 0.01, vs. control group; * P <

0.05,” P < 0.01, vs. HAPE group. 7 = 10.
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Fig 3 Morphological observation of HE stained lung tissue of rats in each group
A, Control group; B, HAPE group; C, HJT group; D, 22.4 mg/mL LSK group; E, 42.0 mg/mL LSK group; F, 56.0 mg/mL LSK group.
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Fig 4 Data quality control chart
A, The error distribution between the true and theoretical values of the relative molecular weight of the matched peptide segments; B, length distribution of identified

peptide segments; C, the distribution of the number of peptide segments contained in the identified protein; D, the coverage distribution of identified proteins.
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Fig 5 Scatter plots of differentially-expressed proteins

A, Between the control group and the HAPE group; B, between the LSK group and the HAPE group.
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Fig 6 Venn diagrams of differentially-expressed proteins with opposite trends
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Table 1 1. Key differentially-expressed proteins and the associated signaling pathways
Channel Acession Name HAPE vs. Control LSK vs. HAPE
FC P Up/dowm FC P Up/dowm
Cell adhesion molecule Q95459 RT1.Cg 3.04 <0.001 Up 0.00  <0.001 Down
Q5DKU0 RT1.DDb 0.00 <0.001 Down 32.00 <0.001 Up
Q31269 RT1-Da 51.38 <0.001 Up 0.00 <0.001 Down
A0A8I5Z2Q32 NCAM1 0.00 <0.001 Down 32.00 <0.001 Up
AO0A8I5ZMD3 Gypc 0.00 <0.001 Down 32.00 <0.001 Up
AO0A2PINRY9 RT1-Uavl 0.00 <0.001 Down 32.00 <0.001 Up
AO0ABI6AAWS Fut8 0.00 <0.001 Down 32.00 <0.001 Up
Asthma Q5DKUO0 RT1.DDb 0.00 <0.001 Down 32.00 <0.001 Up
Q31269 RT1-Da 51.38 <0.001 Up 0.00 <0.001 Down
DNA replication/nucleotide excision repair B5DF29 Rfc5 0.00 <0.001 Down 3200 <0.001 Up
AO0A8L2R661 Nfyc 0.00 <0.001 Down 32.00 <0.001 Up
Glycerol phospholipid metabolism AOABI6A6A9 Dgkd 0.00 <0.001 Down 3200  <0.001 Up
AO0AS8I5ZPQ7 AGPAT5 51.38 <0.001 Up 0.00 <0.001 Down
AO0A0G2KAA9 PLA2 51.38 <0.001 Up 0.00 <0.001 Down
Herpes simplex virus type 1 infection Q95459 RT1.Cg 3.04 <0.001 Up 0.00  <0.001 Down
Q5DKU0 RT1.DDb 0.00 <0.001 Down 32.00 <0.001 Up
Q31269 RT1-Da 51.38 <0.001 Up 0.00 <0.001 Down
D4A6C6 Tabl 0.00 <0.001 Down 32.00 <0.001 Up
D3ZPU1 Irf5 0.00 <0.001 Down 32.00 <0.001 Up
AO0ABI6A2L6 SRSF3 0.00 <0.001 Down 32.00 <0.001 Up
AO0A2PINRY9 RT1-Uavl 0.00 <0.001 Down 32.00 <0.001 Up
Abnormal transcriptional regulation in cancer Q55359 Zbtb16 2.90 <0.001 Up 0.54  <0.001 Down
AO0A8I6GKG6 Igfbp4 0.00 <0.001 Down 32.00 <0.001 Up
AO0A8I6AN60 Ncor2 0.00 <0.001 Down 32.00 <0.001 Up
AOASI6GAAWS Fut8 0.00 <0.001 Down 32.00 <0.001 Up
AO0A8I6A3]9 Flil 51.38 <0.001 Up 0.00 <0.001 Down
AO0AS8I5ZPAO Ets1 0.00 <0.001 Down 32.00 <0.001 Up
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Fig 9 Western blot verification of the expression level of differentially-expressed proteins
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