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Abstract
The large-scale discharge of engineered nanoparticles into the environment, 
anticipated in foreseeable future, can potentially threaten the human and 
environmental health. Consequently, it is imperative to investigate the human 
health effects of manufactured nanomaterials by investigating the effect of 
physicochemical properties of nanomaterials on intracellular or extra-cellular 
localization and developing the toxicity gene expression profile in cells originating 
from different organs in human body.

The nanoparticles of NiO2, ZrO2, ZnO, TiO2, FeO2 and AlO2 were obtained from 
commercial vendors. Different concentrations of these nanoparticles were 
inoculated on cell lines. The toxicity elicitation of these particles to different cell 
lines was recorded by direct microscopy and MTT assay were tested. It was 
observed that TiO2 nanoparticles preferentially align along the cell membranes in 
the intercellular areas. Aluminum nanoparticles were observed to attach evenly 
over the entire cell membrane showing no preferential attachment behavior. In 
fimbroid cells, TiO2 nanoparticles elicited the highest level of toxicity followed by 
Ni, Al, Fe, Zr and Zn.  A similar trend was observed when lymphoid cells (HTB-22) 
were exposed to these nanoparticles, however, the level of toxicity elicited in 
lymphoid cells were lower than fimbroid cells (A431). 

Background
Recent developments in the engineering and syntheses techniques have resulted in 
various typed of nanoparticles. A nanoparticle is a microscopic particle with at least 
one dimension less than 100nm. As the size of a material reaches the nanoscale its 
properties changes due to significant increase in the percentage of atoms at the 
surface of the material.

Nanomaterial products are extensively used in coatings, computers, clothing, 
cosmetics, sports equipment and medical devices and has the potential to improve 
assessment, management, and prevention of environmental risks. Currently, more 
than 780 consumer products (such as as popular sunscreens, toothpastes, and 
cosmetics), and over 600 raw materials, contain some type of nanoparticles. The 
nanotechnology industry is expected to grow to 1 trillion dollars by 2015.

Nanoparticles present possible dangers, both medically and environmentally. Most 
of these are due to the high surface to volume ratio, which can make the particles 
very reactive or catalytic. They may also be able to pass through cell walls and cell 
membranes. Therefore, it is imperative to study the toxic impacts of nanomaterials 
on human and environmental health. 

Material and Methods 
Cell lines HTB22 and A431were used to investigate the toxicity of six different types of nanoparticles. Cell monolayer was grown in multi well plates
Nanoparticles of Ni, Zr, Zn, Ti, Fe and Al were obtained from Sigma Aldrich.
The nanoparticles were were applied to cell monolayers at concentrations of 20, 2.0, 0.2, 0.02 and 0.002 μg per cm2.   
Inoculated cell monolayers were observed microscopically for toxicity elicitation  
The toxicity was quantified using  by  MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a tetrazole) assay 
The absorbance of each well was read at 550 nm. The spectrophotometer was calibrated to zero-absorbance using culture medium without cells. 
The relative cell viability (%) related to control wells containing cell culture medium without nanoparticles was calculated.
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Results
The nanoparticles preparations tested show quite different effects on 
cell viability. At 20 μg per cm2 concentration all the nanoparticles 
resulted in high cell mortality (ranged between 90 to 100 Percent) with 
72 hours. 
However, the cell mortality rates for all the nanoparticles decreased 
with decreasing concentrations. At 2 μg per cm2 concentration the cell 
mortality rates ranged between 70 to 100 Percent. The cell mortality 
range of 60 – 99, 30 – 95, and 20 – 90% were observed for 0.2, 0.02 
and 0.002 μg per cm2 concentrations, respectively. 
At higher concentrations (20 and 2 μg per cm2) all the nanoparticles 
tested resulted in high mortality rates for both types cell lines. A clear 
difference in toxicity of different types of nanoparticles was observed 
at lower concentrations (20 and 2 ng per cm2). Although the cellular 
level toxicity elicitation has been reported in various compartments 
such as cell membrane, vacuole, and mitochondria. The microscopic 
observation indicates to mitochondrial toxicity.
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Conclusions 
In-vitro systems can effectively used to study the toxicity of 

nanoparticles at nanogram per cm2 concentrations.

Titanium dioxide nanoparticles were found to be the most toxic 
followed by nickel, aluminum iron, zirconium  and zinc nanoparticles

Nanoparticles can penetrate the cells and lodge close to Mitochondria, 
which is a major mechanisms of toxicity elicitation 

Nanoparticles inside the cell 
located next  to mitochondria 
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