Galla Rhois and tannic acid alleviate IBD via direct NLRP3 PYD binding
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Introduction. Inflammatory bowel disease (IBD), encompassing Crohn's disease and ulcerative colitis, is characterised by chronic intestinal inflammation driven by dysregulated innate immune responses. The NLRP3 inflammasome, a multiprotein complex mediating caspase-1 activation and interleukin (IL)-1β/IL-18 maturation, plays a pivotal role in IBD pathogenesis. Galla Rhois, a traditional medicinal herb enriched with tannic acid, has demonstrated anti-inflammatory properties; however, its precise molecular mechanism targeting the NLRP3 inflammasome remains poorly defined.
Aims. To determine whether Galla Rhois extract and its major constituent, tannic acid, alleviate IBD by directly binding to the pyrin domain (PYD) of NLRP3, thereby suppressing inflammasome assembly and downstream inflammatory cascades.
Methods. Molecular docking simulation and surface plasmon resonance (SPR) assay were performed to evaluate direct binding of tannic acid to the NLRP3 PYD domain. NLRP3 inflammasome activation was assessed in lipopolysaccharide (LPS)-primed bone marrow-derived macrophages (BMDMs) stimulated with ATP or nigericin. IL-1β and IL-18 secretion (ELISA), caspase-1 cleavage, and gasdermin D (GSDMD) processing (immunoblot) were quantified. In vivo efficacy was evaluated in a dextran sulfate sodium (DSS)-induced colitis model; colonic inflammation was assessed by histopathology, cytokine quantification, and immunohistochemistry.
Results. Molecular docking analysis revealed that tannic acid directly binds the NLRP3 PYD domain with high affinity, forming stable hydrogen bonds at key residues; SPR confirmed dose-dependent binding. In LPS-primed BMDMs, Galla Rhois extract and tannic acid significantly inhibited NLRP3 inflammasome activation, reducing IL-1β and IL-18 secretion, caspase-1 cleavage, and GSDMD processing in a concentration-dependent manner without cytotoxicity. In the DSS-colitis model, oral administration of Galla Rhois extract markedly attenuated colonic shortening, histological injury scores, and pro-inflammatory cytokine expression compared with vehicle-treated controls.
Discussion These findings demonstrate that Galla Rhois and tannic acid alleviate IBD through direct PYD domain binding of NLRP3, suppressing inflammasome assembly and downstream inflammatory signalling. This mechanism provides a molecular basis for the therapeutic potential of tannic acid-enriched natural products as selective NLRP3 inflammasome inhibitors, supporting their translational application for the treatment of inflammatory bowel disease.
