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Abstract

Background: The emergence of new psychoactive substances (NPS) in the worldwide drug market raises
huge concerns over public health, drug policy and environmental adverse effects [1]. Butylone (BTL) is
a synthetic chiral cathinone [2] reported in wastewater effluents and despite its increasing presence in
freshwater ecosystems, no studies were found on the BTL toxic evaluation in fish, including the well-
known zebrafish (Danio rerio) model. Zebrafish is widely used to investigate the potential adverse effects
of different toxics, including NPS, specifically during sensitive early-life stages [3]. Objective: The main
goal of this study was to evaluate the potential toxic effects of BTL on the apoptosis response, enzymatic
and non-enzymatic biomarkers levels. Methods: Zebrafish embryos with = 3 hours post-fertilization (hpf)
were exposed for 96 hours to different concentrations of (R,S)-BTL (0.01, 0.1, 1, 10 and 100 pg/L). After
exposure, the determination of apoptosis level was carried out by measuring the fluorescence (excita-
tion/emission 535/590 nm) of 10 larvae from each repetition/concentration, immersed in acridine orange
dye. Furthermore, 30 larvae from each treatment concentration were collected to assess the effects on
reactive oxygen species generation, enzymatic activities (superoxide dismutase, catalase, glutathione pe-
roxidase, glutathione reductase, lactate dehydrogenase, acetylcholinesterase, and glutathione S-transfer-
ases) and non-enzymatic biomarkers (protein carbonyls, thiobarbituric acid reactive substances, reduced
glutathione, and glutathione disulphide). Results: No statistically significant differences were observed
in any of the different biomarkers analysed. Conclusions: These findings suggest that the exposure to
environmentally relevant concentrations of BTL (0.1 pg/L) during the early life stages of zebrafish may
not alter the redox homeostasis with the induction of oxidative stress nor induce apoptosis, reflecting no
adverse effects for acute exposure. However, further research is needed to investigate in more detail the
impacts of BTL on other biomarkers, like genotoxicity, behavioural changes, and focus on chronic expo-
sure and multigenerational effects, consequently improving the accuracy of environmental risk assess-
ment.

Keywords: psychoactive substances; butylone; biochemical biomarkers; apoptosis; Danio rerio

Acknowledgments

Ondina Ribeiro thanks the FCT for the PhD research grant 2022.12242.BD. Funding: This study was funded by FCT—
Portuguese Foundation for Science and Technology, through the FCT/MCTES (PIDDAC), under the project

Scientific Letters 2024, 1, Sup (1). https://doi.org/10.48797/s1.2024.210



2 of 2

PTDC/CTA-AMB/6686/2020 — ENANTIOTOX from FCT - Enantioselective ecotoxicity and bioaccumulation of
psychoactive substances (http://doi.org/10.54499/PTDC/CTA-AMB/6686/2020) and the CITAB project
UIDB/04033/2020 and UIDP/04033/2020 (https://doi.org/10.54499/U1DB/04033/2020).

References

1. Santana-Viera, S.; Pintado-Herrera, M.G.; Sosa-Ferrera, Z.; Santana-Rodriguez, J.J. Analysis of psychoactive
substances and metabolites in sludges, soils, sediments and biota: a review. Environ Chem Lett (2023), 21, 2311-
2335.

2. Spalovska, D.; Kralik, F.; Kohout, M.; Jurasek, B.; Habartova, L.; Kuchaf, M.; Setni¢ka, V. Structure determina-
tion of butylone as a new psychoactive substance using chiroptical and vibrational spectroscopies. Chirality
(2018), 30(5), 548-559.

3. Ribeiro, O.; Ribeiro, C.; Félix, L.; Gaivdo, |.; Carrola, J.S. Effects of acute metaphedrone exposure on the devel-
opment, behaviour, and DNA integrity of zebrafish (Danio rerio). Environ Sci Poll Res (2023), 30(17), 1-10.

In Scientific Letters, works are published under a CC-BY license (Creative Commons Attribution 4.0 International
License at https://creativecommons.org/licenses/by/4.0/), the most open license available. The users can share (copy and redis-
tribute the material in any medium or format) and adapt (remix, transform, and build upon the material for any pur-
pose, even commercially), as long as they give appropriate credit, provide a link to the license, and indicate if changes
were made (read the full text of the license terms and conditions of use at https://creativecommons.org/licenses/by/4.0/legalcode).

Scientific Letters 2024, 1, Sup (1).


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/legalcode

