Study on the Mechanism of Tongqiao Huoxue Decoction Regulating the C1q/C3-CR3 Complement Signaling Pathway to Inhibit Excessive Synaptic Pruning and Improve Cognitive Function in Vascular Dementia Rats
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Introduction. Vascular dementia (VD), a prevalent cognitive impairment, is marked by synaptic damage from excessive microglial pruning via the C1q/C3-CR3 pathway (C1q labeling → C3 deposition → CR3-mediated phagocytosis). Tongqiao Huoxue Decoction (TQHXD), a classic TCM formula for resolving blood stasis, improves VD-related cognitive and synaptic deficits, but its molecular targets remain unclear.

Aims. Clarify TQHXD’s regulatory effects on the C1q/C3-CR3 pathway, synaptic structure, and cognitive function in VD models, and verify its intervention in C1q overexpression-induced pathological activation.

Methods. In vivo: BCCAO VD rats (including C1q overexpression subgroup) were treated with TQHXD or donepezil; cognitive function, cerebral perfusion, synaptic ultrastructure, and key proteins were assessed. In vitro: OGD/R-induced HT22-BV2 co-cultures (with C1q overexpression) were treated with TQHXD-containing CSF; cell viability, phagocytosis, and protein interactions were detected.

Results. TQHXD dose-dependently enhanced cognitive performance and cerebral blood flow, mitigated hippocampal injury, preserved synaptic integrity, upregulated SYN/PSD95, and downregulated C1q/C3-CR3 axis components and microglial activation. C1q overexpression fully reversed these protective effects in both models.

Discussion. TQHXD targets C1q to inhibit the C1q/C3-CR3 pathway, suppressing aberrant synaptic pruning and rescuing VD cognition. Integrating TCM blood stasis theory with modern complement biology, validated via C1q overexpression reverse verification, this study identifies C1q as TQHXD’s key target, providing novel mechanistic evidence for TCM’s complement-targeted VD therapy.
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