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ASSESSING DEVELOPMENTAL TOXICITY OF PSYCHOACTIVE POLLUTANTS USING
XENOPUS LAEVIS AS A MODEL

S. Di Marino, C. Fogliano, C.M. Motta, B. Avallone, R. Carotenuto
Dept. of Biology, University of Naples Federico II, Italy

The continuous release of psychoactive compounds into aqu-
atic  systems  is  a  growing  environmental  concern,  largely
driven  by  their  high  consumption  and incomplete  removal
during conventional wastewater treatment processes. Conse-
quently,  they  are  classified  as  emerging  contaminants.
Among the most frequently reported are clonazepam, a ben-
zodiazepine used for neurological and psychiatric disorders,
and stimulants  such as  caffeine and nicotine,  typically  de-
tected in wastewater and surface waters at  concentrations
ranging  from  ng/L  to  µg/L  [1,2,3].  Although  their  occur-
rence is well documented, their biological impact on non-tar-
get  organisms  remains  poorly  characterized,  particularly
during early  life  stages,  which may represent  critical  win-
dows of  vulnerability.This  study investigates  the individual
effects of caffeine, nicotine, and clonazepam, and their mix-
ture, on Xenopus laevis embryos exposed from the 4–8 cell
stage to stage 45/46,  following a modified FETAX protocol
[4]. Environmental concentrations were used. Standard FE-
TAX endpoints  (survival,  growth,  and malformations)  were
integrated with additional analyses, including heart rate and
locomotor activity. Oxidative stress was assessed by measur-
ing  SOD,  CAT,  and GPX4 enzyme activities,  together  with
ROS production, while gene expression was evaluated by Re-
al-Time  PCR.No  mortality  was  observed  for  clonazepam,
whereas caffeine and nicotine showed a dose-dependent in-
crease in mortality. Both compounds induced developmental
alterations,  and  toxicity  indices  indicated  teratogenic  ef-
fects. The principal malformations involved gut coiling, head

structure, pigment distribution, and edema. Only caffeine in-
duced a dose-dependent increase in heart rate. Treated em-
bryos exhibited tremors. All treatments induced ROS produc-
tion and activation of  antioxidant enzymes.  Real-Time PCR
analysis revealed alterations in genes related to morphology
and brain function. Overall, these findings suggest that psy-
choactive contaminants can affect early vertebrate develop-
ment, highlighting their ecological relevance.

References
1. Gomes TB, Fernandes Sales Junior S, Saint’Pierre TD, Correia
FV, Hauser-Davis RA, Saggioro EM. Sublethal psychotropic
pharmaceutical effects on the model organism Danio rerio:
Oxidative stress and metal dishomeostasis. Ecotoxicol Environ Saf.
2019 Apr 30;171:781-789.
2. Afsa S, De Marco G, Cristaldi A, Giannetto A, Galati M, Billè B,
et al. Single and combined effects of caffeine and salicylic acid on
mussel Mytilus galloprovincialis: Changes at histomorphological,
molecular and biochemical levels. Environ Toxicol Pharmacol.
2023 Aug;101:104167.
3. Duttagupta S, Nynas K, Richardot W, Salam SB, Pennington M,
Wong J, et al. Influence of tobacco product wastes in a protected
coastal reserve adjacent to urbanization. Mar Pollut Bull. 2024
Feb;199:115929.
4. Fogliano C, Motta CM, Venditti P, Fasciolo G, Napolitano G,
Avallone B, Carotenuto R. Environmental concentrations of a
delorazepam-based drug impact Xenopus laevis embryogenesis.
Aquat Toxicol. 2022 Sep 01;250:106244.

https://www.pagepress.org

