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Abstract

With the rapid development of nanotechnology, there were only few studies to
investigate the potential of which to be harmful to human health and occupational safety
and to cause industrial disease. Titanium dioxide nano particle is already a widely-applied
nano material. Because of nano size, the physic-chemical property of titanium dioxide
nano particle is extremely different from that of bulk material. The property of bulk
material of titanium dioxide is very stable and biologically inert; nevertheless, the
biological toxicity that titanium dioxide nano particle may cause is still not completely
realized yet.

In an attempt to understand the pathogenesis of titanium dioxide nano particle, we
studied the cytotoxicity and genotoxicity caused by titanium dioxide nano particle to
human cells and develop a detectable molecular marker by microarray. Our results provide
a useful tool for elimination of industrial harzard and occupational diseases caused by
titanium dioxide nano particle.

A human lymphoblastic cell line, TK6, and a human pulmonary epithelial cell line,
A549, were used to investigate the cytotoxicity and genotoxicity caused by titanium
dioxide nano particle in initial study. In order to assess the cytotoxicity caused by titanium
dioxide nano particle, colony formation assay and MTT assay were applied after treatment
6f titanium dioxide nano particle for 24 hours. It showed obvious cytotoxicity caused by
titanium dioxide nano particle by colony formation assay in TK6 and A549 cell lines,
whereas it showed no cytotoxicity by MTT assay in both cell lines. The results showed
that titanium dioxide nano particle can make long-term effects to cells and the cytotoxicity
could not be measured in a short time. With the preliminary results, it should be
proceeding to moniter of occupational environment as well as the epidemiologic study and
analysis of gene expression induced by titanium dioxide nano particle.

In recent years, DNA microarray is used to be a high-throughput analysis for
expression levels of multiple genes and is assumed a convenient, easy-to-use, and reliable

method. Therefore, DNA microarray was used simultaneously to analyze the genotoxicity
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caused by titanium dioxide nano particle and develop a detectiable molecular marker in
initial study. The results showed that several molecular adverse effects could be caused by
titanium dioxide nano particle, including production of ROS, raise of oxidative stress,
damage of cell, and inflammation response as well as unusual coagulation. However, real-
time PCR and western blotting are still in demand to further confirm the results acquired
by DNA microarray and to develop a detectable molecular marker induced by titanium

dioxide nano particle.

Key Words: titanium dioxide nano particle, cytotoxicity, genotoxicity, DNA Microarray,

ROS, oxidative stress, inflammation response, real time PCR
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A partial list of nanoparticle manufacturers and a
of commercial products containing nanoparticles

s unscreens and Cosmeticsv
Titanium Dioxide  JAltair Nanotechnologies

Chengyin Technalogies
Micronisers [Microsun, Sunsorb, Nanosun
Nanophase
Nanosource
Oxonica :
Particle Sciences, Inc. (T-Cote 031) Vanicream Sunscreens, Skin
Doctrine Sun Protector
[Sachtleben / Merck (Eusolex)
howa Denka (Maxlight FTS)
Zinc Oxide IAdvanced Powder Technologies Bare Zone, Bare Zone Nippers, Wet
(ZinClear) Dreams, Wild Child
Micronisers icrosun, Sunsorb, Nanosun
Nanophase/ BASF "Z-Cote" All Terrain Terrasport, Australian
Gold, Dermatone, SPF To Go, Skin
Doctrine Sun Protector,

[Skinceuticals, Sun Smart,
N anicream Sunscreens, NuCelle

Sunsense

Oxonica

Showa Denko (Maxlight ZS)
‘Nanocapsules”  |L'Oréal | ancéme Flash Bronzer Self-
filled with various | - Tanning Face Gel, L'Oréal Plenitude
nutrients Futur-E Moisturiser
(130-600 nm)
Textiles
Teflon® DuPont Some stain-resistant apparel sold

by: Levi Dockers, J. Crew, London
Fog, Marks and Spencar, Ralph
Lauren, Regatta, Liz Claiborne,
Pendleton




Nanoparticles
Unspecified
polymer fibers

__ |Manufacturer

Nano-Tex, LLC/BurImgton -
(Nano-Care, Nano-Dry, Nano-Pel,
Nano-Touch)

ome stamlwnnkle resistant apparel
old by: Bremen Trousers, Croft and
arrow, Dreamyland, Eddie Bauer,
Ibeco, Gap, Haggar, Kathmandu,
ee Performance Khakis, Levi
ockers, Levi Strauss, Marks Work
arehouse, Savane, Sleepmaker

Titanium Dioxide
(500 nm)

BASF - Ultramid BS416N

IFor use in UV-protected fabrics

Coatings

Custom-made
nanocomposites

Nanogate Technologies, GmbH

Lchweizer Optik anti-scratch lenses

Titanium Dioxide

AFG Industries

Radiance Ti self-cleaning glass

iPilkington

Pilkington Activ self-cleaning glass

PPG Industries

{SunClean self-cleaning glass

Custom-made

g\londerGliss anti-stick coating,

nanoparticles

nanocomposites _ [Nanogate Technalogies, GmbH ekcid tile coating

Electronics

Titanium Dioxide  |[Ntera Lid. INanoChromics displays

ICarbon Nanotube [NEC Flat-screen displays (not yet
commercialized)

crystalline films Optiva Sony Liquid Crystal Displays

Energy storage

Lithium Titanate Aitair Nanotechnologies, Inc./Ntera Ltd. [For use in rechargeable lithium ion

batteries. Not yet commercialized.

ICarbon Nanohorns [NEC Fuel cells for maobile phones and
notebook PCs. Not yet
commercialized.

{Sports goods

Carbon Nanotube |Nanocledge Babolat VS nanotube tennis racquet

Nanoclay particles, {InMat, LLC Wilson Double Core tennis balls

rubber polymers

Nanocomposites  [Nanogate Technologies, GmbH Cerax Racing Polymer (ski wax)

Military uses / Decontamination

Aluminum

Argonide Metal Technologies (Alex)

rocket propellant booster

Titanium Dioxide

KES Science and Technology, Inc.

AiroCide TiO2 Filter to destroy
jairborne pathogens, such as anthrax

Various metal
oxides

NanoScale Materials, Inc.

INanoActive remediation of
hazardous chemical waste

Titanium Dioxide

Altair Nanotechnologies / Western
[Michigan University

Product for nuclear waste
remediation and sensors to detect
ichemical and biological agents
under development

Surface Disinfectant

Silsesquioxane

Lanthanum-based |Altair Nanotechnologies Nanocheck Algae Preventer for
compound (40 nm) ools, aquariums
Nanoemulsions IEnviroSystems. Inc. Ecotru Surface Disinfectant
(170 nm)

Dental uses

Hydroxyapatite BASF Toothpaste with enamel - not yet
crystals commercialized

Polyhedral Hybrid Plastics NanoBond bonding agent
Oligomeric

Medical uses

Silver Nucryst (division of Westaim) Smith & Nephew Acticoat Bandages
Silver Institute for New Materials Audio Service GmbH, antimicrobial

coating on hearing aids
Automaobile

iCarbon Nanotube

Hyperion Catalysis

nd Renault Clio and Megane

E\/idely-used in automobile fuel lines
|astic panels

Various metals

Nano Tracking Devices

Nanoplex Technologies, Inc.

tlanobarcodes used for bioanalysis,
uch as protein arrays
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