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chemical co-precipitation, Stober method, and cross-linking, and characterized by Fourier transform infrared spectroscopy (FT-IR),
scanning electron microscopy (SEM), and X-ray diffraction (XRD). The Fe3;04@SiO2@PPL was applied in ligand fishing experiments
on an ethanol extract of R. palmatum, and the captured ligands were identified by UPLC with reference standards. Molecular docking
and network pharmacology were integrated to conduct mechanism prediction from multiple dimensions such as molecular interaction,
target mapping, and pathway enrichment. Results Material characterization revealed the presence of an enzyme coating layer on the
surface, along with characteristic absorption peaks of Fe-O, Si-O-Si, and -NHa, indicating that pancreatic lipase was successfully
immobilized on the carrier surface. Four compounds were specifically captured by fishing experiments, including chrysophanol-8-O-
-D-glucopyranoside, aloe-emodin, rhein, and chrysophanol. Among them, chrysophanol and aloe-emodin exhibited high inhibitory
effects against pancreatic lipase, with median inhibition concentration (ICso) values of 67.03 and 85.86 umol/L, respectively. Molecular
docking suggested that the active components can form hydrogen bonds and hydrophobic interactions with key amino acid residues of
pancreatic lipase. Network pharmacology identified 150 overlapping targets between the active components and obesity. Screening out
the five core targets: epidermal growth factor receptor (EGFR) and protein kinase B1 (AKT1), proto-oncogene tyrosine-protein kinase
Src (SRC), heat shock protein 90 alpha family class A member 1 (HSP90AAT1), and B-cell lymphoma-2 (BCL2). Pathway enrichment
analysis indicated that the HIF-1 signaling pathway and the lipid and atherosclerosis pathway were the main mechanisms of action.
Conclusion An integrated approach combining material-based screening, computational validation, and network prediction was
established. This strategy provides an efficient tool for high-throughput screening of bioactive compounds from traditional Chinese
medicines and offers methodological insights into clarifying the multi-target action mechanism of traditional Chinese medicine from
the perspective of systems biology.
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Table 1 Comparison table of immobilization efficiency, loading amount and separation performance of Fe304@SiO2@PPL

under different immobilization methods (n = 3)
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Fig. 4 Influence of temperature on relative enzymatic
activity of Fe3;04@SiO:@PPL and free pancreatic lipase
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Fig. 6 Reusability performance of Fe;04@SiO@PPL
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a-mixed solution of rhein, aloe-emodin, and tetramethylpyrazine in
methanol; b-residual adsorption solution of Fe;04@SiO,@PPL; c-
PBS washing solution 1; d-PBS washing solution 2; e-PBS washing
solution 3; f-methanol eluate 1; g-methanol eluate 2; h-methanol eluate
3; 1-tetramethylpyrazine; 2-aloe-emodin; 3-rhein.
E7 Fe:04@SiO:@PPL IRMIAEER, AEXBRZRIIE
IREAEZIAREY UPLC
Fig. 7 UPLC chromatogram of the methanol mixture
solution of emodin, aloe-emodin and tetramethylpyrazine
adsorbed by Fe;04@SiO:2@PPL
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a-mixed methanol solution of rhein, aloe-emodin, and tetramethyl-
pyrazine; b-residual adsorption solution of Fe;04@SiO,@CHO; c-
PBS washing solution 1; d-PBS washing solution 2; e-PBS washing
solution 3; f-methanol eluate 1; g-methanol eluate 2; h-methanol eluate

3; I-tetramethylpyrazine; 2-aloe-emodin; 3-rhein.
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Fig. 8 UPLC chromatogram of Fe;04@SiO@CHO
adsorbing methanol solutions of emodin, aloe-emodin and

tetramethylpyrazine
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a-30% ethanol extract of R. palmatum; b- Fe;04@SiO,@PPL adsorption residual solution; c-mixed reference standard solution; d-PBS washing solution;

e-methanol eluate; 1-chrysophanol-8-O-B-D-glucopyranoside; 2-aloe-emodin; 3-rhein; 4-chrysophanol.
9 Fe;04@SiO0:@PPL IRFMIZERT K E 30% 2 BzE2 BV HY UPLC
Fig. 9 UPLC chromatogram of Fe;O4@SiO:@PPL adsorbing 30% ethanol extract of R. palmatum
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Fig. 10 Graph of pancreatic lipase inhibitory activity
*2 AWMU EYSEREEREEM S FHRERE
Table 2 Molecular docking results of four compounds with pancreatic lipase
TR 45 & figl(keal mol™) RIEIRTR AL
K #5H)y-8-0-B-D-4 & Hi EF -6.41 SER-323. GLN-324. VAL-325. ASP-287. CYS-286
FERR —6.76 PHE-78. SER-153
PN —6.95 ASP-258. CYS-262. ASN-263. CY-S238. GLN239
N —6.24 HIS-224. ASN-320. LYS-198

1 kcal'mol™'=4.182 kJ-mol ™',

W 2 IR, GV SRR A SRy Ry, RS B A A S SR AR LA A
&+ —5.0keal/mol, LW EAT REFHILEiEE; L AHTSTIE ] PyMOL Al Ligplot #4654 A2
H, PEREEMREMNAEGHRURACT HM 2 &7 3D 5 2D rHfbbH, RoRslid . JEmR
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a-aloe-emodin; b-chrysophanol; c-chrysophanol-8-O-f-D-glucoside; d-rhein.
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Fig. 11 3D and 2D molecular docking of four bioactive constituents with pancreatic lipase
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Fig. 13 GO functional enrichment analysis of potential

targets of four active ingredients against obesity
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Fig. 14 KEGG functional enrichment analysis of potential
targets of four active ingredients against obesity
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