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Nanotechnology and the incorporation of nanomaterials (NM) into everyday prod-
ucts help to solve problems in society and improve the quality of life, allowing for major
advances in the technological, industrial, and medical fields. Despite this positive and
encouraging side of nanotechnology, the potential risks of NM to human health and the
environment, as well as the ethical, legal, and social implications associated with nanotech-
nology, cannot be disregarded. Indeed, the same characteristics that make NM interesting
from a technological application point of view may be undesirable upon their release into
the environment. In fact, hundreds of tons of NM are released into the environment every
year. The reduced dimensions of NM facilitate their diffusion into and transport through
the atmosphere, water, and soil, and as well as their uptake and (bio)accumulation in
organisms [1,2].

Nanotoxicology has emerged as a discipline that seeks to assess the potential risk of
NM, integrating knowledge and resources from material science, biology, toxicology, and
analytical chemistry. Several studies have alerted us to the risks that certain NM represent
for the environment and for our health, depending on their persistence and circulation
in ecosystems, on the dose and responses of organisms to acute and chronic exposure to
these substances, and on the ability of organisms to (bio)accumulate and/or excrete them.
However, knowledge of the harmful effects of these contaminants of emerging concern
is still insufficient, including mixture effects [2–4]. Efforts to advance our knowledge on
the reactivity of NM and their effects have been made using mostly in vitro and in vivo
models; however, in recent years, in silico approaches and quantitative structure–activity
relationship (QSAR) modeling have been gaining more attention [5]. Nanotoxicity assess-
ment using in vitro models gathers important information regarding the mechanism(s) of
action of NM at the cellular and molecular levels. These models also offer the benefits of
reduced costs and ethical concerns over animal welfare (3Rs principle), usually resulting in
the faster toxicity screening of chemicals, an advantage considering the increasing number
of materials and contaminant combinations to be tested. However, they lack the complexity
and metabolic capabilities that in vivo models provide, which is important in identifying
the relationship between exposure dose and the occurrence of adverse effects, and in under-
standing how the body handles NM in terms of their absorption, distribution, metabolism,
and excretion (ADME) [6].

Some of the aspects mentioned above have been explored in the papers included in
this Special Issue.

Inhalation is one of the main pathways for xenobiotics to penetrate the human body
and, consequently, the respiratory system is one of the most studied targets of the infiltra-
tion of nanomaterials [6]. In this regard, Bessa et al. [7] addressed the effects of incidental
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fine and nanosized airborne particles emitted during the industrial thermal spray coating
processes, in particular high velocity oxy fuel (HVOF) and atmospheric plasma spraying
(APS). Overall, particles derived from both processes were found to be toxic to human
alveolar epithelial cells, though different mechanisms were involved in the induced re-
sponses. HVOF particles were more cytotoxic compared to APS particles, most likely due to
differences in their elemental composition. However, particles derived from both processes
caused DNA damage, with APS particles increasing the levels of H2AX phosphorylation,
while HVOF particles caused 8-oxo-7,8-dihydro-20-deoxyguanosine (8-oxo-dG) oxidative
DNA lesions, with the effect being more evident at lower concentrations of the nanosized
particles compared to the fine particles. This study highlights that workers from industries
employing processes with a high potential for (nano)particle release may be at (increased)
risk of adverse health effects, and therefore must be closely monitored in order to guarantee
their health and safety.

Ziglari et al. [8] also focused on the respiratory system, studying the mechanism of
lysosomal membrane permeabilization triggered by NM in murine alveolar macrophages.
Using a quick non-invasive method to directly measure lysosomal membrane potential,
which was specifically developed for this study, the authors showed that nanoparticles
(ZnO and TiO2) and crystalline SiO2 increase lysosomal permeability to cations (potassium),
leading to lysosomal membrane hyperpolarization that may potentially damage the lysoso-
mal membrane. The authors also explained that hyperpolarization must exceed 40 mV to
cause lysosomal membrane permeabilization. These results provide additional insight into
the possible role of particle-induced membrane hyperpolarization on lysosomal membrane
permeabilization and other cascade events, such as NLRP3 activation and cell death.

One major knowledge gap that has been identified is the effect of concomitant exposure
to NM with other contaminants. It is expected that, when released into the environment,
NM will coexist and interact with other potentially toxic species. Although scarce, existing
data in the literature indicate that these interactions can affect the physicochemical charac-
teristics of NM, as well as their toxicity and absorption by cells/organisms [9,10]. Naasz
and colleagues [11] reviewed the available data from 151 studies on NM–chemical mixtures
in environmental organisms and concluded that NM may modify the effects of chemicals
on organisms in various ways.

Rosário et al. [12] studied and discussed the differences resulting from the exposure
of liver and neuronal cells to single nanomaterials (TiO2 and CeO2) and potentially toxic
elements (As and Hg) or binary mixtures of these compounds. The authors addressed
the viability and proliferative capacity of the cells, as well as changes in their cell cy-
cle. Compared to single exposures, and depending on the mixture, the concentration,
the exposure time, and the cell, they observed: (1) no change in toxicological response;
(2) potentiation effects, particularly after long-term exposure, proving that it is extremely
important to address chronic effects, especially if chemicals with a long half-life in humans
are present in the mixture; and (3) antagonistic effects on specific conditions, such as the
formation of large NP aggregates, that, in turn, hinder their uptake by the cells, block the
other contaminants’ access to the cell, and/or if the NP (e.g., CeO2NPs) has the ability to
act as an antioxidant and reduce oxidative stress in the cell.

This complexity of responses after co-exposure to two compounds was also observed
by Carvalhais et al. [13]. These authors studied the isolated and combined effects of two UV
filters, namely TiO2NPs and oxybenzone, conducting in vivo experiments on Scophthalmus
maximus (turbot). Simultaneous exposure to both UV filters resulted in either favorable or
unfavorable outcomes, depending on the organ, parameter, and post-exposure time.

Even though the respiratory system is one the main direct targets (the gastro-intestinal
system is also considered one in the case of ingestion), NM can reach the circulatory system,
cross blood–organ barriers, and cause toxicity to other organs [14]. Nanoparticle exposure
has been associated with an elevated risk of cardiovascular dysfunction [15,16]. Klinova
et al. [17] investigated in their well-designed study the single and mixture toxicity of lead
(PbO) and cadmium oxide (CdO) NP, with a focus on the cardiac inotropic effects, following



Int. J. Mol. Sci. 2023, 24, 11723 3 of 4

repeated intraperitoneal administration in rats. Using a combination of classical biochemi-
cal, physiological, and pharmacological methods, these authors demonstrated that both
NP, particularly when administered as a mixture, induced marked toxicity as evidenced
by cardiac, hepatic, and renal morphometric changes, increased DNA fragmentation in
blood nucleated cells, decreased sliding velocity of myofilaments, and changes upon right
ventricle trabeculae and papillary muscles’ mechanical work, most likely associated with
alterations in intracellular calcium kinetics.

Finally, the lack of harmonized protocols for nanotoxicity testing has been high-
lighted [18], and it has been shown that NP themselves may interfere with biological
assays [19], leading to inaccurate results and hindering developments in nanotoxicology.
In this context, and considering the existing evidence that cytochalasin-B, used in in vitro
cytokinesis-block micronucleus (CBMN), affects the uptake of nanomaterials, hindering
its use in the genotoxicity testing of nanomaterials. Fernández-Bertólez et al. [20] tested
TiO2NP uptake and induced genotoxicity in neuroblastoma (SH-SY5Y) cells using flow
cytometry and CBMN, after three different treatment options with cytochalasin-B, as recom-
mended by the Organisation for Economic Co-operation and Development (OECD). The
results showed that, even though there was no interference of cytochalasin-B in the uptake,
micronuclei induction was affected by the presence of cytochalasin-B in the medium, possi-
bly causing false positive results. Once again, it becomes clear that the identification and
establishment of alternative protocols for the assessment of nanomaterials’ genotoxicity are
urgently required.

The works presented in this Special Issue are intended to advance our knowledge
on NM toxicity. Both occupational and environmental exposure were considered, and the
toxic potential in several target organs (lungs, brain, liver, heart, and intestine) as well
as multiple biomarkers were measured through in vitro and in vivo experiments. Some
important demands in the field of nanotoxicology have not been adequately met, such
as the co-exposure of NM and other contaminants and the optimization of protocols to
conduct toxicity assessments of NPs, highlighting the need for more studies dedicated to
this complex issue in future. Altogether, the results presented by the contributing authors
reinforce the evidence base for preventive actions and the development of safe-by-design
NM, while also furthering the analytical progress of new methodologies to assess the
toxicity of pollutants, either as single contaminants or in mixtures. Overall, this Special
Issue offers scientific evidence and background for researchers working in the field of
epidemiology, toxicology, biochemistry, and nanomedicine.
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