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Abstract: Objective To predict the active components, therapeutic effects, and mechanisms of Panax quinquefolium in treating
diabetic nephropathy (DN), by integrates literature mining and network pharmacology, and conduct experimental validation using an
established zebrafish DN model. Methods Integrating bibliographic mining with network pharmacology and molecular docking,
predict the active components and core targets of Panax quinquefolius (American ginseng) for combating diabetic nephropathy (DN).
To establish an optimized glucose fluctuation-induced diabetic nephropathy (DN) model in zebrafish, metformin served as the positive

control drug. Model establishment success was assessed based on renal edema area and further validated by evaluating glomerular
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filtration rate, blood glucose, glycated hemoglobin, insulin, creatinine, and blood urea nitrogen levels, in conjunction with HE staining
results. Subsequently, the key active ingredient, pseudoginsenoside F11 (PF11), was selected as the experimental drug through literature
data mining combined with network pharmacology prediction. The therapeutic effect of PF11 on DN was verified using the DN zebrafish
model, and its regulatory effect on major genes was further confirmed by real-time fluorescence quantitative PCR (qQRT-PCR). Results
Zebrafish DN model was established by subjecting fish to a 4% glucose fluctuation regimen for four days. Compared with the control
group, all the examined indicators in the model group showed significant changes (P < 0.05, 0.01), which verified the successful
construction of the model. Through literature data mining, a total of 27 components of Panax quinquefolius that enter the bloodstream
were obtained. After screening by network pharmacology, 64 target sites were identified. Using protein-protein interaction (PPI)
network analysis, PF11 was determined to be the main active component. Molecular docking results showed that it had strong binding
force with the core target sites. The results of the DN zebrafish model verification indicated that PF 11 could significantly increase the
insulin level of DN model zebrafish, inhibit the increase of blood sugar, reduce the levels of urea nitrogen and creatinine, and improve
renal edema and glomerular filtration rate (P < 0.05, 0.01). The qRT-PCR results further showed that PF11 could significantly down-
regulate the mRNA expression levels of signal transduction and transcriptional activator protein 3 (S7473) and epidermal growth factor
receptor (EGFR) in the tissues of DN model zebrafish (P < 0.05). Conclusion Established an anti-DN active component screening
method by integrating network pharmacology prediction and zebrafish model verification, and confirmed that PFi1 in Panax
quinquefolius has a significant therapeutic effect on DN.

Key words: Panax quinquefolium L.; diabetic nephropathy; zebrafish; network pharmacology; molecular docking; pseudoginsenoside F11
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BERIAZFK SIMPY (5°—3")
P-actin F  GTGATGGACTCTGGTGATGGTGTG
R AGCCACGCTCGGTCAGGATC
AKTI F  AGCACAAGTTCTTCACTGGAATCG
R AAGTATCTGGTGTCTGTTTCTGATGTC
EGFR F  TCCTGTCAATCAATGCCACCAAC
R GATCCAGTCCTGAAGTGTTAGTATGTG
STAT3 F  TCAACATCCTTGGCACTAACACTAAG
R GTCACTATCAGAGAGGCATCACTATTG
MAPKI1 F  AATTACCTGCTGTCCCTTCCTCTC
R CGCTTCCTCCACCTCAATCCTC
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Table 2 Molecular docking binding energy of active ingredient and core target

Clkd A PDBID 4 A& mol) | %5 AT PDB ID % 455R8/(kJ-mol )
1 AKTI 7NH4 PF11 -37.65 6 MAPKI 60PI PF11 -33.47
PRTs -30.96 PRTs -31.79
Rhi -33.89 Rhi -36.81
Rh, -35.56 Rho -38.91
Rgi -28.86 Rgi —-33.47
2 EGFR 70M4  PFu -35.98 7 MTOR 8ER7 PF1i -36.40
PRTs -34.30 PRTs -32.21
Rhi -32.63 Rhi -26.03
Rh; -30.96 Rho -31.37
Rgi -30.96 Rgi -30.54
3 STAT3 6NUQ  PFu -34.72 8 GRB2 6WMI  PFy -31.79
PRTs -28.03 PRTs -27.19
Rhy -31.79 Rhy -29.28
Rh, -33.05 Rho -31.37
Rgi -28.56 Rgi -25.10
4  JUN 5TOl PF1 —43.93 9 PIK3CA  8TSC PF1i —45.18
PRTs -35.56 PRTs —40.58
Rhy -33.05 Rhy -38.49
Rhy -33.47 Rh; —42.67
Rgi —-30.96 Rgi —35.14
5 HSP90AAl 7RYI PF1 -38.07 10 BCL2L1  7YB7 PF1i -23.01
PRTs -37.65 PRT; 3221
Rhi -36.40 Rhy -32.63
Rhy -35.98 Rhy -30.96
Rgi -28.86 Rgi -26.77
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Fig. 10 HE staining of kidney tissue of zebrafish model of diabetic nephropathy ( x 200)
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