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Pharmaceuticals belong to the novel emerging aquatic contaminants. They can seriously
threaten the health of non-target organisms [1]. Neuroleptic chlorpromazine (Cpz), known as
dopamine Dy receptor antagonist [2] has been recently nominated among the most promising
coronaviruses inhibitors in human cells” [3]. Its antitumoregenic effects were also discovered
[4]. However, the information concerning its effects on the non-targeted aquatic organisms are
scant and controversies [5]. Bivalve molluscs are well recognized bioindicators of environmental
pollution. Their ability to serve as a model of human biochemical responses is discussed.

Aim. The aim of the study was to compare the specificity and sensitivity of responses of stress and
toxicity to Cpz in marine and freshwater species of bivalve molluscs.

Methods. The bivalve molluscs Mytilus galloprovincialis and Unio tumidus were collected
in Messina, Italy and Ternopil region, Ukraine correspondingly. Two low Cpz concentrations
(Cpz I: 12 ng L™Y; Cpz II: 12 (M. galloprovincialis) or 18 (U. tumidus) ng L™!) were administered
to molluscs for 14 days. The set of 16 studied parameters included the cytotoxicity indexes
(lysosomal membrane stability, apoptotic enzymes caspase-3 and cathepsin D (CtD)), o
xidative/reductive stress responses (superoxide dismutase (SOD) and catalase (CAT) activities,
the levels of protein carbonyls (PC) and products of lipid peroxidation (TBARS), glutathione
(GSH&GSSG), NAD"&NADH), metallothionein (total and Zn-bound) concentration, the
biotransformation enzymes CYP450-dependent EROD, glutathione S-transferase (GST), and
GTP-ase dynamin in the digestive gland with some inter-species differences in this spectrum.
The applied spectrophotometric and chromatographic methods are described thoroughly in our
previous work [6].

Results and Discussion. In the hepatocytes of rat, Cpz causes the biotransformation up-
regulation [7]. In our study, the activity of EROD increased both in M. galloprovincialis and
U. tumidus, depending on the concentration and, particularly, in the Cpz II group of U. tumidus (by
three times). This conversion of Cpz can result in the reactive metabolite formation [7]. According
to this data, the inhibition or absence of the changes in the EROD activity in the Cpz I group of
U. tumidus and Cpz II group of M. galloprovincialis can delay Cpz toxicity. On the other hand, the
toxic product of biotransformation, quinoneimine is known to be eliminated by the GSH-dependent
GST which activity was increased up to 63% in the Cpz I and II groups of marine mussels. Since in
the freshwater mussels GST activity decreased in both exposures, the higher toxicity of Cpz was
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expected. Moreover, the GTP-ase dynamin activation in the Cpz I group of U. tumidus confirms the
impact of this pharmaceutical on the clathrin-dependent endocytosis [8].

The oxidative stress response indicated the misbalance between the SOD (activated or not
changed) and CAT (decreased) accompanied by the oxidative injury to lipids (TBARS) and
protein carbonyls in both species. These signs confirmed the toxic consequences of the Cpz
biotransformation, probably to peroxides, particularly in the M. galloprovincialis. In both species
the similar responses of cellular low weight thiols was detected. The concentration of GSH increased
in all exposures with the elevation of the (GSH/GSSG ratio almost in all groups. It was indicated
the increase of the concentration of metallothioneins as well (both from their SH-groups and Zn-
contained form). Importantly, the ratio of NADH/NAD", evaluated in the U. tumidus, increased
substantially (Figure). This strengthening of the reductive state is typical for obligate anaerobes
in the stressful conditions [6].

Second known effect of Cpz in the higher vertebrate, namely in the mammalian cell lines, is the
selective increase of the lysosomal membrane permeability with the efflux of CtD [9]. In the present
study, the loss of the lysosomal membrane stability was confirmed in all exposed groups. However,
the specific response of the CtD efflux was detected only in the marine mussel. Similar difference was
shown for the cytosolic executive apoptotic enzyme capase-3 (Figure).

Conclusions. Summarizing, adverse outcome pathways related to the effect of Cpz on vertebrates
in the pM concentration, were indicated in the mussels under the pM — nM concentrations with
distinct inter-species concentration-related dependence, and the responses of stress were similar in
both species. Particularly, marine molluscs can be a perspective model for evaluating Cpz adverse
effects intrinsic for the higher vertebrates.
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Authors’ contribution. KY: sampling, biochemical and data analysis, presentation, FI:
sampling, cytology, VM: biochemical analysis, sampling, data analysis, CRM: sampling, cytology;
MZ: sampling, chromatography; VK: data analysis, presentation, TM: biochemical and data
analysis.

Funding source. The work was supported by the grant of University of Messina (UNIME), Italy
(Award of Visiting professor for Prof Oksana Stoliar in the academic year 2022/2023) and bilateral
Ukraine-Lithuania scientific projects of Ministry of Education and Science of Ukraine in 2021 and
2024 yy (M/70-2021 for Prof Oksana Stoliar and Dr Levonas Manusadzianas).

91



BIOTECHNOLOGIA ACTA, V.17, No 2, 2024

Acknowledgement. We are grateful the supervisors of the projects Prof Caterina Faggio (UNIME),

Prof Oksana Stoliar (TNPU), Dr Levonas Manusadzianas (Nature Research Centre, Lithuanian
Republic), and staff of these projects Dr Lesya Gnatyshyna for their professional guidance and
valuable support of this study. We cordially thank to all PhD and Master Students of UNIME, who
was involved in the sampling and experiment organizing.

92

REFERENCES

. Moreira D. G., Aires A., de Lourdes Pereira M., Oliveira M. Levels and effects of antidepressant

drugs to aquatic organisms. Comp Biochem Physiol C Toxicol Pharmacol. 2022, 256: 109322.
https://doi.org/10.1016/j.cbpc.2022.109322

.Li P., Snyder G. L., Vanover K. E. Dopamine Targeting Drugs for the Treatment of

Schizophrenia: Past, Present and Future. Curr Top Med Chem. 2016, 16 (29): 3385—-3403.
https://doi.org/10.2174/1568026616666160608084834

. Stip E., Rizvi T. A., Mustafa F., Javaid S., Aburuz S., Ahmed N. N., Abdel Aziz K., Arnone D.,

Subbarayan A., Al Mugaddam F., Khan G. The Large Action of Chlorpromazine: Translational
and Transdisciplinary Considerations in the Face of COVID-19. Front Pharmacol. 2020, 11:
577678. https://doi.org/10.3389/fphar.2020.577678

. Kamgar-Dayhoff P., Brelidze T. I. Multifaceted effect of chlorpromazine in cancer: implications

for cancer treatment. Oncotarget. 2021, 12 (14): 1406-1426. https://doi.org/10.18632/
oncotarget.28010

. Alkimin G. D., Nunes B., Soares A. M., Bellot M., Gémez-Canela C., Barata C. Daphnia magna

responses to fish kairomone and chlorpromazine exposures. Chem Biol Interact. 2020, 325:
109123. https://doi.org/10.1016/j.cbi.2020.109123

.Martyniuk V., Matskiv T., Yunko K., Khoma V., Gnatyshyna L., Faggio C., Stoliar O.

Reductive stress and cytotoxicity in the swollen river mussel (Unio tumidus) exposed to
microplastics and salinomycin. Environ Pollut. 2024: 123724. Advance online publication.
https://doi.org/10.1016/j.envpol.2024.123724

. MacAllister S.L., Young C., Guzdek A., Zhidkov N., O’Brien P.J. Molecular cytotoxic mechanisms

of chlorpromazine in isolated rat hepatocytes. Can J Physiol Pharmacol. 2013, 91 (1): 56—63.
https://doi.org/10.1139/cjpp-2012-0223

.Grimsey E.M., Fais C., Marshall R.L., Ricci V., Ciusa M.L., Stone J.W., [vens A., Malloci G.,

Ruggerone P., Vargiu A.V., Piddock L.J.V. Chlorpromazine and Amitriptyline Are Substrates
and Inhibitors of the AcrB Multidrug Efflux Pump. mBio. 2020, 11 (3): e00465-20. https://
doi.org/10.1128/mBio.00465-20

.Zhang X., Chen W, Li P., Calvo R., Southall N., Hu X., Bryant-Genevier M., Feng X., Geng Q.,

GaoC.,Yang M., Tang K., Ferrer M., Marugan J.dJ., Xu, H. Agonist-specific voltage-dependent
gating of lysosomal two-pore Na" channels. eLife. 2019, 8: e51423. https://doi.org/10.7554/
eLife.51423





