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Abstract: This study aimed to assess the neurotoxic effects of the novel psychoactive substance
4-hydroxy-N-methyl-N-isopropyltryptamine (4-HO-MiPT) on brain. By employing zebrafish as
a model organism, the study applied a multifaceted approach, including the recording and analysis of
spontaneous behavioral activities, identification of brain metabolic products via ultra-high
performance liquid chromatography coupled with quadrupole-Orbitrap high resolution mass
spectrometry (UHPLC-Q/Orbitrap HRMS), and examination of changes in the transcriptional level of

target genes. Following the injection of 4-HO-MiPT, zebrafish exhibites a pronounced reduction in
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movement speed and range, indicating a significant alteration in locomotor activity. The subsequent
analysis of brain metabolic products finds 37 differential metabolites, including 7 elevated and 30
reduced ones, alongside notable alterations in 6 metabolic pathways. Moreover, the examination of
transcriptional level of key genes in zebrafish brain underscores a discernible decrease in
transcriptional level of genes associated with the nervous system, implying a substantial impact on
neuronal function and synaptic transmission. The experimental findings substantiate the neurotoxic
effects of 4-HO-MiPT on the zebrafish brain, shedding light on its deleterious repercussions on both
the nervous and immune systems. Furthermore, the perturbations observed in metabolic processes and
behavioral responses emphasize the profound impact of 4-HO-MiPT exposure on fundamental
physiological functions. The identification of potential carcinogenicity associated with 4-HO-MiPT
further underscores the urgent need for comprehensive risk assessment and regulatory scrutiny. This
study represents a crucial step towards unraveling the intricate neurotoxic mechanisms underlying
4-HO-MIiPT exposure. The research has far-reaching implications, not only in advancing our
understanding of the adverse health effects associated with novel psychoactive substances, but also in
guiding the development of targeted interventions and regulatory strategies aiming at safeguarding
public health and well-being. Continued exploration into the long-term consequences of 4-HO-MiPT
exposure, alongside comprehensive toxicological evaluations, holds promise in mitigating its potential
hazards and ensuring the safety of individuals and communities exposed to this emerging threat.

Key words: 4-hydroxy-N-methyl-N-isopropyltryptamine (4-HO-MiPT); ultra-high performance
liquid chromatography coupled with quadrupole-Orbitrap high resolution mass spectrometry
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Fig. 1 Structure of 4-HO-MiPT
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Fig.2 3D PCA score plots of metabolomic analysis data for the brain of zebrafishes in blank control group (blue)

and drug-treated group (green) under positive (a) and negative (b) ion modes
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Table 2 Information of metabolic differentiator under positive ion mode
i fezat PREAT - 2R Iog2 Plii VIRl
Metabolite Chemical R.etentl(.)n log2 transformation P-value VIP-value Trend
formula time/min of fold change

iz C,H,N;0, 0.757 0.4 0.01 16.7 !
L-A A CH,N;0, 0.385 -1.38 0.01 11.6 !
S- IR B CsH,NO 1.331 0.41 0.02 42 1
ZERIETE RIS, C,H,,NO, 0.525 -0.93 0.004 6.3 !
ItiaUES C¢HN,0, 0.692 -0.53 0.01 43 !
T CeHeN,O 0.693 -0.53 0.01 43 !
2 H-4- I B g CsH,N, 0.382 -1.39 0.009 4.1 !
K 7, i CHyN,0; 0.535 -0.9 0.006 33 !
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2_[(34: g}?ﬁ_ﬂ%ﬁm C,,H;;NO 1.529 7.26 0.000000000001 1.3 1
BREAHFER C,H;;N;05 9.117 3.19 0.0009 2.6 1
il C CysH,,0, 0.012 -6.36 0.0002 1.8 !
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P-RBIET IR C,H,NO, 0.673 -0.57 0.001 1.2 !
12H-45f:
[5,6][1,4]% 5 H- C;H,N;0 7.605 9.57 0.0001 2.0 1
[2,3-b]HElz ok
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Table 3 Information of metabolic differentiator under negative ion mode
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N-Z IR AP CeH,oN,O, 0.244 -2.03 0.01 1.0 !
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Fig. 6 Heat map of significant differential metabolites in the brain of zebrafishes in the drug injection group
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Fig. 7 Heatmap of differential metabolic correlation clustering analysis
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