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Abstract: The pathogenesis and progression of neuropsychiatric disorders, such as Alzheimer’s disease, stroke, and depression, are
closely associated with localized metabolic imbalances in brain tissue. However, conventional metabolomics lacks spatial resolution,

making it difficult to elucidate the multi-target regulatory effects of traditional Chinese medicine (TCM) within specific brain regions
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or cellular microenvironments. Spatial metabolomics, leveraging in situ, high-resolution mass spectrometry imaging (MSI) techniques,
enables the visualization of metabolite spatial distribution, thereby overcoming this technological bottleneck. This review
systematically outlines the key technical principles of spatial metabolomics, including MSI platforms such as matrix-assisted laser
desorption/ionization (MALDI), secondary ion mass spectrometry (SIMS), and desorption electrospray ionization (DESI). Currently,
spatial metabolomics has been applied in TCM research for neuropsychiatric disorders. At the level of active components, studies have
explored tanshinone IIa in regulating sphingolipid metabolism at the blood-brain barrier and huperzine A in modulating cholinergic
dynamics at synapses. At the extract level, research has focused on the spatially-targeted antioxidant regulation of Ginkgo biloba extract
in the ischemic cortex and the synergistic protective mechanisms of multi-component Salvia miltiorrhiza extracts. For compound
formulas, classical prescriptions such as Angong Niuhuang Pills, Liuwei Dihuang Pills, and Buyang Huanwu Decoction have
demonstrated region-specific regulatory effects on post-stroke energy metabolism, autophagy pathways in Alzheimer’s disease, and
post-ischemic neural repair. Despite its potential, spatial metabolomics faces challenges, including insufficient sensitivity for detecting
low-abundance metabolites and spectral interference from complex TCM components. Future directions include artificial intelligence-
assisted big data analysis, integration with organoid models, and multi-omics approaches.

Key words: spatial metabolomics; traditional Chinese medicine; brain diseases; metabolic network; mass spectrometry imaging;

tanshinone IIa; huperzine A; Angong Niuhuang Pills; Liuwei Dihuang Pills; Buyang Huanwu Decoction
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Fig. 1 Spatial metabonomics analysis of regulatory mechanism of traditional Chinese medicine on metabolic network of

brain area (hippocampal CAl/cortex)
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