
 

 

 

Abstract—Titanium dioxide (TiO2) represents one of the most 

frequently applied nanomaterials but mechanisms through which 

TiO2 nanoparticles induce cell death are mostly unclear. The aim of 

this work was to evaluate cell uptake of TiO2 nanoparticles (NPs) by 

atomic force microscopy and confocal Raman microscopy on BJ 

(human fibroblasts from foreskin) cell lines. We have found that NPs 

aggregate in certain intracellular regions. The aggregates were formed 

after penetration of NPs into cytoplasm through their endosomal 

transport. The cell viability changes in a concentration dependent 

manner were determined by methylthiazol tetrazolium bromide 

(MTT) viability assay. 
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I. INTRODUCTION 

ITANIUM dioxide (TiO2) represents one of the most 

frequently applied nanomaterials, which is primarily used 

as a pigment due to its brightness, high refractive index, 

and resistance to discoloration. Nearly 70 % of all the TiO2 

NPs produced is used as pigments in paints, glazes, enamels, 

plastics, paper, fibers, foods, pharmaceuticals and cosmetics. 

Aside from these applications, TiO2 can be also used as an 

antimicrobial agent and inorganic UV filter [1]–[4]. Wide 

application of TiO2 NPs confers substantial potential for 

human exposure and environmental release, which inevitably 

allow for a potential health risk not only to human, but also to 

livestock, and the eco-system [5].  The aim of this work was to 

evaluate cell uptake of TiO2 nanoparticles (NPs) by atomic 

force microscopy (AFM) and Raman spectroscopy.  

II.  MATERIAL AND METHOD 

A. Cytotoxicity 

10
6
 BJ (human fibroblasts from foreskin) cells were 

incubated in a thermobox at 37 °C and 5% CO2 for 24 h in 96 

well plates with fresh DMEM. Then, the cells were incubated 

with TiO2 in the thermobox for next 24 h. All assays were 

performed in triplicate. The cytotoxic effect and IC50 value 
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(50% inhibitory concentration) on BJ cells were determined 

using the MTT assay. TiO2 NPs (EUSOLEX T – AVO) were 

added in the concentration r -1 

MTT (dissolved in PBS) and left the cells at 37 °C and 5% 

CO2. After 3 h, the MTT solution was carefully removed and 

100 μL of DMSO was added in order to solubilize the 

formazan crystals. Their absorbance was measured by multi-

detection microplate reader Synergy HT at 570 nm and 690 

nm. The data were processed by using Phototox 2.0 software.  

B. Atomic force microscopy 

BJ cell line was cultivated on glass bottom of the Petri dish 

under standard conditions.  TiO2 NPs at concentration of 

156mg.L-1 were incubated with BJ cells for 24 h at 37 °C and 

5% CO2. After incubation, they were placed on the inverted 

optical microscope Olympus IX81 and imaged with Bioscope 

Catalyst AFM system in PeakForce QNM mode at scan rate of 

0.2 Hz. DNP-10 silicon nitride tip with resonant frequency of 

16 – 28 kHz and nominal spring constant 0.12 N/m were used.  

All images were processed in Gwyddion 2.34. The 

concentration was chosen based on quality image acquisition 

and reproducibility.  

C. Cell uptake by confocal Raman microscopy 

All Raman spectra were acquired using a confocal Raman 

microscope, model 300 alpha R, WITec, GmbH (Ulm, 

Germany). Excitation was performed by a frequency doubled 

Nd:YAG laser (Spectra Physics Excelsior 532 nm with cca. 50 

mW maximum output). The excitation laser radiation was 

coupled into an optical microscope through an input 50 μm 

wavelength-specific single mode optical fiber. The laser beam 

was guided through a collimating lens and passed a 

holographic band-pass filter. Then the laser beam was focused 

onto the sample through the microscope objective. The Zeiss 

EC Epiplan-Neofluar  (50x/0.8 NA, WD = 0.58 mm) dry 

objective was used in this study. The sample was located on a 

piezoelectrically driven microscope scanning table. The 

sample was scanned through the laser focus continuously along 

the lines of a selected area and Raman spectra were collected 

at a 0.5 μm grid with an integration time of 0.5 s for each 

spectrum. Raman backscattered light was collected  with the 

same objective and passed the holographic edge filter to block 

Rayleigh scattering and reflected light before being focused  

into an output 50 μm multimode optical fiber. The output fiber 

provided the optical aperture for confocal measurement. The 

light was dispersed by a 300 mm focal length, f/4 Czerny-

Turner monochromator with 600/mm grating before being 

detected by a back-illuminated, 1024 x 127 pixel CCD chip 

operating at -65°C. The output of the confocal Raman 

Cell Uptake of Titanium Dioxide Nanoparticles 

Hana Kolarova, KaterinaTomankova, Monika Harvanova, Jana Horakova, Jakub Malohlava, Vera 

Cenklova, Robert Bajgar, Kristina Kejlova, and Dagmar Jirova 

T 

Int'l Conf. on Medical Genetics, Cellular & Molecular Biology, Pharmaceutical & Food Sciences (GCMBPF-2015) June 5-6, 2015 Istanbul

http://dx.doi.org/10.15242/IICBE.C0615081 114



 

 

measurement was a hyperspectral data set also called a 

hyperspectral data cube. Raw Raman data were treated in 

WITec, Inc. Project Plus software (Ulm, Germany). This 

process involved cosmic ray removal and background 

subtraction. The same software was used for cell imaging. 

III. RESULTS 

Viability studies (Fig. 1) show the dependence of BJ cell 

viability on the TiO2 NPs concentration. Viability of BJ cells 

decreases with the increase of TiO2 concentration. The IC50 
-1

.  
 

 
Fig.1 Dependence of BJ cell viability on the TiO2 NPs 

concentration 

Atomic force microscopy study (Fig. 2) shows PeakForce 

Error channel of the BJ cell surface covered with TiO2 

clusters at concentration of 156 mg.L-1 Scan rate was 0.2 Hz 

at the image size of 50 x 50 µm. 
 

 
Fig. 2 Atomic force microscopy of BJ cells with TiO2 NPs. 

PeakForce Error channel of surface of the BJ cell line covered with 

TiO2 clusters at concentration of 156 mg.L-1 
 

PeakForce Error data show the differences of actual signal 

to setpoint. Fig. 3 show a height profile of BJ cells covered 

with TiO2 clusters at concentration of 156mg.L
-1. 

 
Fig. 3 Height profile of BJ cell covered with TiO2 clusters at 

concentration of 156 mg.L-1 

 

For cell visualization, univariate Raman imaging method 

was used. Each pixel in the Raman image corresponds to one 

Raman spectrum in the data cube. Imaging the intensity of a 

certain vibrational band in Raman spectra results in the 

pseudocolor Raman intensity map. Raman spectrum of cells 

contains vibrations across a biomolecular fingerprint spectral 

range (cca. 600-1800 cm-1). The most dominating vibrational 

band in the Raman spectrum of cells belongs to C-H stretching 

vibration and lies between 2800 and 3100 cm-1. Raman 

univariate images of cells were obtained integrating the 

intensity of a C-H stretching Raman scattering in its maximum 

at 2935 cm
-1

 

Color intensity in Raman images reflects the lipid/protein 

density in cells. The highest intensity was found in the nuclear 

and perinuclear region, where membrane organelles (e.g. 

endoplasmic reticulum) occur. Raman univariate images of the 

studied TiO2 NPs distribution were reconstructed using 

specific vibrations. The final images (Fig. 4) showing the 

distribution of the TiO2 NPs in cell environment was created 

by overlaying the univariate images of the same cell 

reconstructed from C-H stretching and NPs vibrational bands. 

To display the distribution of TiO2 NPs in cell, univariate 

images were reconstructed by integrating the intensity of the 

most dominant vibrational band at 440 cm
-1 

 
Fig. 4 Distribution of TiO2 NPs in BJ cells 

IV. DISCUSSION 

Although the cytotoxicity of TiO2 nanoparticles has been 

investigated extensively, precise mechanisms through which 

TiO2 nanoparticles induce cell death are mostly unclear. 

Recent studies provide evidences that the physicochemical 

properties of TiO2 nanoparticles and types of cells studied 

determine the cytotoxic activities of TiO2 NPs [6] - [7]. 

The aim of this study was to demonstrate the BJ cell uptake 

of studied TiO2 NPs using confocal Raman microscopy and 
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atomic force microscopy. The studied NPs themselves are 

about 100 nm in size. The intracellular regions belonging to 

these NPs showed their aggregations. The aggregates were 

formed after penetration of NPs into cytoplasm, during their 

cellular transport via endosomes. TiO2 nanoparticle 

cytotoxicity involves the conversion of TiO2 nanoparticles to 

ionic titanium in lysosomes [8]. TiO2 NPs have been recently 

classified as possible human carcinogen (group 2B) by the 

International Agency for Research on Cancer [9]. These results 

indicate the potential risk of the TiO2 NPs for fibroblasts 

which might come in contact via the TiO2 products of 

everyday usage. The impact of NPs should not be 

underestimated as particularly their genotoxic potential 

representing an alarming parameter that needs to be taken into 

account. On the other hand, many toxicological studies were 

performed and several in vitro and in vivo toxicity tests have 

showed that metal NPs do not penetrate human skin and 

therefore cosmetic products containing metal NPs were 

considered safe [10]. 

Responses to accumulation of TiO2 NPs in systemic organs 

and cells need to be evaluated in further studies. In addition, 

TiO2 NPs-induced generation of ROS and alterations in cell 

signal transduction pathways may play an important role in the 

etiology of carcinogenesis of TiO2 NPs at relatively high 

doses [11]. Therefore the application of nanomaterials with 

respect to their content in cosmetics, health care products and 

foods should be strictly monitored. 
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