Toxicity assessment of thymol-loaded biogenic silica nanoparticles to aquatic
organisms
Iúri Barbosa Pereira1, Endrew Henrique de Sousa Carvalho1, Laís de Brito Rodrigues1,
Bruno Dufau Mattos2,3, Washington Luiz Esteves Magalhães3, Daniela Morais Leme4,6,
Anna Paula Krawczyk-Santos5, Stephânia Fleury Taveira5, Gisele Augusto Rodrigues de
Oliveira1,6*.
1

Environmental Toxicology Research Laboratory (EnvTox), Faculty of Pharmacy,

Federal University of Goiás (UFG), Goiânia, Goiás, Brazil.
2

Department of Bioproducts and Biosystems, School of Chemical Engineering, Aalto

University, Aalto, Finland.
3

Embrapa Florestas, Colombo, Paraná, Brazil.

4

Department of Genetics, Federal University of Paraná (UFPR), Curitiba, Paraná, Brazil.

5

Laboratory of Nanosystems and Drug Delivery Systems (NanoSYS), Faculty of

Pharmacy, Universidade Federal de Goiás (UFG), Goiânia, Goiás, Brazil.
6

National Institute for Alternative Technologies of Detection, Toxicological Evaluation

and Removal of Micropollutants and Radioactives (INCT-DATREM), Institute of
Chemistry, São Paulo State University (UNESP), Araraquara, São Paulo, Brazil.

Thymol (THY) is a natural biocide with inhibitory effect on the growth of different
organisms, such as bacteria, fungi, insect larvae, and weed. It has been applied in a much
broader manner in the agricultural sector; however, its low solubility and instability in the
presence of oxygen, light, and temperature hampers its use as a biocide. To circumvent
these issues, we have proposed THY-loaded biogenic silica nanoparticle (BSiO2#THY),
but the toxicity of this system for aquatic organisms is unknown. In this context, this study
evaluated the toxicogenetic effects induced by THY, BSiO2 nanoparticle (NP), and

BSiO2#THY on Artemia salina and zebrafish (Danio rerio) early-life stages. We also
investigated the impact of BSiO2 aggregation in the different exposure media (saline and
freshwater). BSiO2#THY (LC50-48h = 1.06 mg/L) presented similar toxic potential as THY
(LC50-48h = 1.03 mg/L) for A. salina, showing that BSiO2 had no influence on BSiO2#THY
toxicity. As BSiO2 aggregated and sedimented faster in A. salina aqueous medium than
in the other medium, this NP had lower interaction with this microcrustacean. Thus,
BSiO2#THY toxicity for A. salina is probably due to the intrinsic toxicity of THY. For
zebrafish early-life stages, BSiO2#THY (LC50-96h of 13.13 mg/L) was more toxic than
free THY (LC50-96h of 25.60 mg/L); however, BSiO2 NP has no toxicity for zebrafish
early-life stages. The lower aggregation of BSiO2 in the freshwater medium compared to
the saline medium may have enhanced THY's availability for this aquatic organism.
BSiO2#THY also significantly induced sublethal effects as THY, and both were
genotoxic for zebrafish. In conclusion, although BSiO2#THY still needs improvements
to ensure its safety for freshwater ecosystems, BSiO2 NP seems to be a safe nanocarrier
for agriculture.

