Anti-diabetic constituents from Punica granatum with mechanistic insights into PTP1B inhibition
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Introduction. Punica granatum L. is a rich source of polyphenolic compounds with diverse biological activities.
Aims. The discovery of natural compounds with dual inhibitory activity against protein tyrosine phosphatase 1B (PTP1B) and α-glucosidase is of considerable interest for the development of novel antidiabetic agents.
Methods. Extraction and isolation of compounds from the stem and pericarpium of P. granatum; α-glucosidase and PTP1B inhibitory activity; enzyme kinetic analysis; molecular docking simulation; glucose uptake and PTP1B expression level in HepG2 cells.
Results. A comprehensive phytochemical investigation of the stems and pericarpium of P. granatum led to the isolation of five new polyphenols, designated punicagranols A–E, along with 47 known compounds. Among them, ellagitannins (9–10, 13, and 25–33) demonstrated potent α-glucosidase inhibitory activity. Notably, compounds 25, 29, and 33 exhibited strong inhibition of PTP1B. Enzyme kinetic studies and molecular docking simulations revealed that compound 25 acts as a competitive inhibitor, whereas compounds 29 and 33 function as non-competitive inhibitors of PTP1B. Furthermore, these compounds significantly enhanced glucose uptake in HepG2 cells without affecting PTP1B protein expression levels, suggesting that their glucose-lowering effects are mediated through direct enzymatic inhibition.
Discussion. These findings highlight the potential of ellagitannin-rich compounds from P. granatum as promising candidates for the development of antidiabetic agents. In addition, the stems and pericarpium represent valuable sources of bioactive compounds that may be utilized in functional foods and nutraceutical applications.
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