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Abstract: Urine nuclear magnetic resonance (NMR) metabolomics, with its high repeatability, high resolution, and high-throughput
technical characteristics, has become an important analytical tool in the modernization research of traditional Chinese medicine (TCM).
It can objectively reflect the overall metabolic level of the body by detecting the dynamic changes of small molecule metabolites in the
body, which is highly consistent with the core characteristics of TCM's holistic view and syndrome differentiation and treatment. This
systematic review summarizes the application progress of urine NMR metabolomics in the field of TCM and finds that it can precisely
reveal the pharmacological mechanisms of active components of Chinese herbs, single herbs, and compound prescriptions at the
metabolic level, and clearly shows that these drugs mainly function by regulating core metabolic networks such as energy, amino acids,
and intestinal flora. Moreover, compound prescriptions of TCM exhibit the characteristics of “common regulation of core metabolic
networks and specific regulation of pathological pathways”. At the same time, this technology can objectively evaluate the safety of
TCM, confirming that the toxicity of TCM has a common basis of tricarboxylic acid cycle and alanine-aspartate-glutamate metabolism

disorders, and the toxicity to target organs such as the liver and kidneys has specific metabolic features. Although this field still faces
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challenges such as incomplete metabolic databases, limited ability to analyze metabolic pathways, and insufficient standardization of

clinical sample collection and processing, with the deep integration of artificial intelligence (AI) technology in the intelligent

recognition and pattern mining of metabolites, as well as the wide adoption of multi-omics integration analysis strategies such as

metabolomics and genomics, proteomics, the technical bottlenecks of NMR metabolomics are being gradually overcome. Urine NMR

metabolomics has become an important bridge connecting traditional TCM and modern life sciences. With the deep integration of

interdisciplinary methods and the continuous expansion of application scenarios, it will continue to promote the inheritance, innovation,

and international development of TCM.
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metabolic pathways
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Fig.1 Research technology roadmap of urine NMR metabolomics in field of traditional Chinese medicine
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Table 1 Pharmacodynamic mechanisms of traditional Chinese medicine active compounds with associated metabolomic

biomarkers and pathways
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Table 2 Mechanism of single traditional Chinese medicine and its related metabolomic biomarkers and pathways
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Table 3 Pharmacodynamic mechanisms of traditional Chinese medicine formulations with associated metabolomic

biomarkers and pathways
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Table 4 Safety mechanism of active ingredients in traditional Chinese medicine and related metabolomic biomarkers and

pathways
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Table 5 Mechanism of safety of traditional Chinese medicine and its related metabolomic biomarkers and pathways
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