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Abstract

Nanotechnology is considered as the technology of the 21* century, with
tremendous promise and applicability in a variety of different sectors. However, there
are also concerns about the potential adverse effects on the human body of exposure
to nano-particles (NPs). Therefore, evaluation of the potential toxicity of NPs has
become an important issue in recent years. Currently, three methodologies--animal
experiments, ex vivo studies, and in vitro systems--are generally used to study the
adverse cellular effects induced by inhalable NPs. Among these methodologies, in
vitro experimental setups are widely employed because of their relatively low labor
and capital costs. In addition, in vitro studies can avoid the ethical issues raised by
animal experiments. Therefore, an ESP-type air-liquid interface (ALI) exposure
system for nano-particle cell exposure experiments was developed and evaluated in
2011.

We still have limited knowledge about the toxicity and adverse effects of
nanomparticles. Physico-chemical characterization of nanoparticles has been
regarded as a prerequisite to toxicological studies, as these characteristics are
presumed to be correlated with the biological effects of nanoparticles upon exposure
to cells and animals.

The objective of this project was to establish a cell line-based assessment
platform that can be used to analyze the toxicity of commercially and industrially
available nanoparticles. In this study, we attempted to enhance the ALI collection
efficiency of polydisperse aerosol by increasing particle charging efficiency using the
electrospray method. We synthesized silver nanoparticles with different sizes and
surface modifications (i.e. citrate or PVP coatings) to evaluate the feasibility of
toxicity testing approaches and the targeted biomarkers (e.g., époptosis, autophagy,
and ROS generation) that are related to nanotoxicity. Secondly, we chose zebrafish
embryos and larvae as an in vivo animal model system to examine whether the results

acquired from the cell line-based platform could predict the biohazard effects caused
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by in vivo exposure. We also performed detailed physico-chemical property
meaurements (including characterizing particle size and distribution, shape, surface
poteintial, chemical composition, specific surface area, etc.) to gain a deeper insight
into the link between nano-related properties and their toxic effects or biological
influences. Dissolution capacity in a culture medium was determined in order to
understand the role of ionic silver in the toxicity of nano silver colloid. Moreover, we
attempted to set up a co-culture system of THP-1-derived macrophages and A549
cells to serve as a theoretical base for the air-liquid interface airway-simulation
exposure system. In addition, our report summarizes the collection of safety
management policies of international organizations regarding nanomaterials, and
attempts to integrate our research achievements into the risk ranking and management
of nanomaterials and also to establish MSDS for nano materials.

Our experimental results show that the mean charging efficiency of
polydispersed particles by using electrosprays is no less than that of monodispersed
particles classified by differential mobility analyzers (DMAs). In addition, after
electrospray charging, the ALI collection efficiency of polydisperse aerosol
significantly improved for AgNPs larger than 50nm. The changes of chemical and
physical properties of AgNPs collected in the liquid of the ALI system were also
investigated. It was found that AgNPs aggregated fast initially, potentially influencing
their toxicity. The experiment results also showed that ligands in solutions will bind
with Ag+, leading to a significant reduction in the Ag+ concentration. Our project
used the ESP-ALI system equipped with Transwell vessels to collect polydisperse
AgNPs. SEM images of the Transwell membrane indicated that ESP-ALI has a good
collection efficiency for polydisperse AgNPs; however, the size of the collected
AgNPs is slightly larger than the size measured by SMPS.

Compared to surface chemical modification, particle size contributes more to the
level of cytotoxicity, cell death mechanism (e.g. apoptosis and autophagy), and ROS
generation triggered by exposure to silver nanoparticles. For Beas2B cells, the

cellular uptake of silver nanoparticles was shown to occur at the early exposure stage
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(approximately within 3 hrs) and the larger the size, the greater the extent of uptake.
Autophagy and apoptosis were induced gradually after 6 hrs post-exposure,
conforming to the aforementioned inference. However, a significantly higher level of
ROS generation was caused by exposure to smaller silver nanoparticles, and chemical
modification by biocompatible PVP seemed to reduce the toxicity and bioadverse
effects of the silver nanoparticles. In vivo experiments using zebrafish embryos and
larvae demonstrated that silver nanoparticle exposure could reduce both the hatching
and survival ratios, even resulting in developmental abnormalities, as well as
producing oxidative stress in tissues. We found that with increased exposure periods,
even lower dosages could evoke significant toxicity in embryos and larvae. Although
we were unable to achieve consistent results for the dose-response relationship and/or
time course effects between cell line-based studies and animal studies, the
establishment of a cell line-based testing platform is still of great importance in view
of the need for risk assessment. Furthemore, the level of ionic silver released from
colloidal nano silver was much lower than that capable of inducing obvious
cytotoxicity, which suggests that spontaneous silver ion dissolution might not
sufficiently account for the toxic effects of nano silver. Whether the dissolution of
ionic silver from colloidal nano silver upon exposure, or uptake into the cells, is a key

determinant of nanotoxicity, remains a question for further investigation.
Key Words * nanoparticle, adverse cellular effects, ESP-ALI system,

physico-chemical properties, nanotoxicity testing platform, risk ranking and

management
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