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Extended Abstract 
Benzodiazepines, psychotropic drugs used for the treatment of insomnia and anxiety, are worldwide one of the most 

prescribed treatments [1]. The massive use results in the release of their active principles and metabolites in the 
wastewater, where they persist since not eliminated by sewage treatments [2]. Consequently, they accumulate in effluent 
waters [3] reaching concentrations ranging from µg/L to ng/L. For these reasons, BZPs are being considered emerging 
contaminants [4] and represent, even at low concentrations, a potential environmental hazard, especially for aquatic species 
[5]. Bioaccumulation is already reported in marine invertebrates and vertebrates as significant effects on behavior, gene 
expression and enzymes activity [6,7]. The fate of BZDs in the aquatic environment is still not fully clear and so are the 
effects on non-target species which may come accidentally into contact with these drugs. In this study, we investigated the 
influence of the benzodiazepine delorazepam on Xenopus laevis embryogenesis. Embryos were exposed to an 
environmental concentration (1 μg/L) [8] and, to mimic the simultaneous exposure to multiple BZDs occurring in nature, to 
5 and 10 times higher (5 and 10 μg/L) concentrations. Results demonstrated that delorazepam reduces vitality, with 
decreased heart rate and motility, induces marked cephalic and abdominal edema, and causes alterations in the gut. At the 
molecular level, the increase of ROS production is observed together with an altered expression of developmental genes 
and the production of pro-inflammatory cytokines. A significant increase in ATP-binding cassette activity is also observed, 
as an attempt to improve drug clearance. The resulting stressful condition significantly impairs embryos development and 
threatens their survival. Similar effects should be expected also in embryos belonging to other aquatic species that have not 
been yet considered targets for benzodiazepines.  

 
References 
[1] Nunes, C. N., Dos Anjos, V. E., & Quináia, S. P. (2019). Are there pharmaceutical compounds in sediments or in water? 

Determination of the distribution coefficient of benzodiazepine drugs in aquatic environment. Environmental pollution 
(Barking, Essex: 1987), 251, 522–529.  

[2] Patel, M., Kumar, R., Kishor, K., Mlsna, T., Pittman, C. U., Jr, & Mohan, D. (2019). Pharmaceuticals of Emerging 
Concern in Aquatic Systems: Chemistry, Occurrence, Effects, and Removal Methods. Chemical reviews, 119(6), 3510–
3673.  

[3] Calisto, V., & Esteves, V. I. (2009). Psychiatric pharmaceuticals in the environment. Chemosphere, 77(10), 1257–1274.  
[4] Ebele, A. J., Abdallah, M. A-E., Harrad, S. (2017). Pharmaceuticals and personal care products (PPCPs) in the freshwater 

aquatic environment, Emerging Contaminants, 3 (1), 1-16.  
[5] Vossen, L. E., Červený, D., Sen Sarma, O., Thörnqvist, P. O., Jutfelt, F., Fick, J., Brodin, T., & Winberg, S. (2020). Low 

concentrations of the benzodiazepine drug oxazepam induce anxiolytic effects in wild-caught but not in laboratory 
zebrafish. The Science of the total environment, 703, 134701. 

[6] Lebreton, M., Sire, S., Carayon, J. L., Malgouyres, J. M., Vignet, C., Géret, F., & Bonnafé, E. (2021). Low concentrations 
of oxazepam induce feeding and molecular changes in Radix balthica juveniles. Aquatic toxicology (Amsterdam, 
Netherlands), 230, 105694.  

[7] Brodin, T., Nordling, J., Lagesson, A., Klaminder, J., Hellström, G., Christensen, B., & Fick, J. (2017). Environmental 
relevant levels of a benzodiazepine (oxazepam) alters important behavioral traits in a common planktivorous fish, 
(Rutilus rutilus). Journal of toxicology and environmental health. Part A, 80(16-18), 963–970.  

mailto:chiara.fogliano@unina.it
mailto:mottacm@unina.it
mailto:rosa.carotenuto@unina.it


 
 

 
 

 
 

 
ICEPTP 193-2 

[8] Fick, J., Brodin, T., Heynen, M., Klaminder, J., Jonsson, M., Grabicova, K., Randak, T., Grabic, R., Kodes, V., Slobodnik, 
J., Sweetman, A., Earnshaw, M., Barra Caracciolo, A., Lettieri, T., & Loos, R. (2017). Screening of benzodiazepines in 
thirty European rivers. Chemosphere, 176, 324–332.  


