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Abstract

Nanotoxicology has been emerging as an important sub discipline of nanotechnology.
Nanotoxicology refers to interaction between nanostructure and the biological system
with an emphasis on elucidating the relationship between novel physical and chemical
properties of nanostructure with induction of toxic responses. Despite the extensive use
of nanoparticles there is a very little awareness regarding the toxic effects caused by them.
Both in-vitro and in-vivo studies have shown that nanoparticles induce toxicity associated
with reactive oxygen species. This mini review gives the briefing of various approaches for

assessment of nontoxicity.
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Introduction

With emerging advancement in the Nano based drug delivery
system, increasing incidence of Nanotoxicity also observed.
Nanomedicines and Nanotoxicity are two sides of the same coin
.I' Nanotoxicology is defined as the study of the interactions
of nanostructures with the biological system of human being.
Nanotoxicity occurs when biological system induces toxic biological
responses due to the interaction with the properties of nanostructures
either physical properties, chemical properties or both. Nanostructures
include Nanoparticles, Nanotubes, Nano-metals, Nanowire, Nanoballs
and Nanocapsules etc .2 In simple language, Nanotoxicology is the
study of adverse effects which are caused by nanomaterial .3

As we know the small size of nanostructures allow them to enter
into a particular tissue, cell, organelle and biomolecular structures
effectively. The lung is the most important target of nanomaterials
but the particle size of the nanostructure is similar to many biological
molecules like proteins and antibodies, therefore, it is possible that
these nanostructures enter into the vital biological system and cause
damage to human health which leads to Nanotoxicity .!

For the assessment of nanotoxicity caused due to
nanostructures, omics approaches are used. The suffix -ome refers
to a totality of some sort, therefore omics refers to a field of study
in biological ending in omics such as genomics, proteomics or
metabolomics.

Omics approach mainly includes

a. Bioinformatics: It is generally used to produce predictive and
quantitative models of biological pathways.

b. Transcriptomics: To identify changes in gene expression through
detection of the number of mRNA copies.

c. Proteomics: It provides information about protein-protein
interaction and post translational modification.

d. Metabolomics: It refers to the analysis of the dynamic shift in the
production of metabolites of an organism.

e. Genomics and epigenomics: Genomics helps to determine
the entire DNS sequence of organisms. It generally used in
biomedicine to screen for mutation in DNA, in neoplastic disease.

Although exact mechanism underlying the nanotoxicity is not
well understood yet. Some mechanisms of toxicological damage have
been identified; including reactive oxygen species generation, protein
misfolding, membrane perturbation and direct physical damage .° but
an important mechanism of nanotoxicity is the generation of reactive
oxygen species (ROS). ROS are by products of cellular oxidative
metabolism which occurs in mitochondria. ROS include- superoxide
anion radicals, hydrogen peroxide, hydroxyl radicals and singlet
oxygen (Figure 1).
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Figure 1 Nanoparticles interaction with cell & their Nanotoxical mechanism.

Overproduction of ROS can cause oxidative stress due to which
cells failing to maintain normal physiological redox-regulated
functions. This failure in maintenance may lead to DNA damage,
cytotoxicity, apoptosis, cancer initiation, change in cell motility,
unregulated cell signalling. The ROS formation from a particular
nanomaterial is dependent on the physical and chemical properties of
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the nonmaterial’s such as molecular size, shape, surface area, surface
coating, oxidation status, bonded surface species, solubility, and
degree of aggregation or agglomeration .%” Winnik & Maysinger .*
observed that quantum dots produced oxidative stress and cause cell
damage mediated by ROS.

Akhtar et al.’ reported that silica nanoparticle cause cytotoxicity
and oxidative stress in a dose dependent manner, due to ROS and
lipid peroxidation in the cell membrane. It is reported that Nano-iron
oxide, which is super paramagnetic, is cytotoxic and generates ROS
and apoptosis .'"” Nanotechnology is a new novel approach for drug
delivery which is nowadays very effective but Nanotoxicity is the
main concern of nanotechnology. Nanotoxicology as a new discipline
should make a remarkable contribution to the development of an
effective, sustainable and safe nanotechnology.

Conclusion

Nanomaterials due to their novel physical and chemical
characteristic are widely used in research and medicine. However,
these properties may sometimes show calamitous effects in humans.
Numerous studies and research have demonstrated that nanoparticles
induce reactive oxygen species (ROS) which ultimately prove to be
fatal for cells and tissues. Nanotoxicology is thus an assessment of
toxicological properties of nanomaterial. Although our knowledge
regarding nanotoxicity has increased over last few years still there is
a need of evaluating various other aspects for making nanomaterials
safe and effective. Hence this subfield of nanotechnology is important
for advancement in a wide array of application.
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