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Abstract: Novel psychoactive substances (NPSs), a class of emerging drugs, are characterized by
their diverse types, rapid structural updates, and strong concealment, thus threatening the security
of global public health. Mass spectrometry has become a core technique for analyzing NPSs in com-
plex matrices, owing to its superior sensitivity, selectivity, and structural resolution capabilities.
This paper analyzes the relevant research trends from the past decade using bibliometric methods, re-
views sample-pretreatment methods for complex biological matrices, and focuses on the most recent
applications of mainstream mass spectrometry techniques in targeted quantification, nontargeted
screening, isomer differentiation, and confirmation of novel NPS structures. It also examines the lat-
est breakthroughs in artificial-intelligence-assisted mining of mass spectrometry data, virtual spectral
prediction, de novo structure analysis, and interpretable reasoning to address the challenge of identi-
fying unknown NPSs in the absence of standards. The deep integration of mass spectrometry and intel-
ligent algorithms is transforming NPS analysis from a passive response to an intelligent, proactive ear-
ly warning approach. Moreover, the synergistic development of hardware and software technologies
will enable more comprehensive technical support for preventing and controlling NPSs.
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Fig. 1 General structures of representative novel psychoactive substances (NPSs)
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Fig. 2 Keyword clustering chronology view generated using the VOSviewer software
The size of the nodes in the graph represents the frequency of the keyword ; the larger the node, the more popular the research direction. The
node color maps to the average year of publication; the closer the color is to a cool blue—green, the more recent the relevant research. The lines
between the nodes represent the co-occurrence relationship of keywords in the literature ([ H1 77 s /MR FESEER R M BURIR , 17 SRR
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Table 1~ Common biological sample characteristics and pretreatment methods for NPS detection

Biological Det'ection NPS category Maitrix characteristic Pretreatment Applicability to actual
samples  window method cases
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SPE: solid phase extraction; SLE: solid phase supported liquid-liquid extraction; LLE: liquid-liquid extraction; Online SPE: online sol-
id phase extraction; SPME: solid phase microextraction; LPME: liquid phase microextraction; PPT: protein precipitation (SPE: [&AH#EHL ;
SLE: [EMICRHBORAEIG LLE: WAL Online SPE: fEZZEMIALNL; SPME: BEMIECAIG LPME: WOMIBCEIG: PPT: HHDLRE)
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Table 2 Comparison of mass spectrometry (MS) techniques in NPS analysis
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