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Abstract. Nano TiO2 material is an extensively used and adequately studied material and has a close 

contact with human in various fields, such as dope, dye, ceramic, cosmetic and medicine. Therefore, 

it’s very important to study the biocompatibility and biosafety of nano TiO2 materials. In the present 

study, various nano TiO2 materials with different dimension and crystal structures were confected to 

suspensions with varied concentrations and evaluated in cell model (mouse fibrocyte) after 

autoclaving sterilization. After 24h, 48h and 72h of  cell culture experiments, MTT assay was used to 

examine the cell proliferation behavior and the flow cytometry was used to examine the cell apoptosis 

behavior. The present results of cell experiment showed that nano TiO2 materials had no effect on cell 

proliferation and apoptosis in a certain range of time and concentration. MTT assay indicated the 

relative cell proliferation rate in all nano TiO2 material groups were above 92% and the toxicity grade 

were 0 or 1 class.  

Introduction 

Hundreds of tons of nanomaterials enter the environment annually, yet little is known of their 

interactions with biological systems. Recent studies indicate that some nanomaterials were not 

completely benign to biological and environmental targets [1]. Nano TiO2 material is a reasonable 

candidate for study since it is widely used in environment to decontaminate air, soil and water [2-5], 

and more recently in consumer products (e.g., toothpastes, sunscreens, cosmetics, and food products, 

etc.) [6, 7]. Such widespread use and their potential entry through dermal, ingestion, and inhalation 

routes suggest that nanosize TiO2 materials have considerable exposure risk to humans, therefore it is 

necessary to study the biocompatibility and biosafety of the nano TiO2 materials. 

Materials and Methods 

TiO2 particles. P25 TiO2, composite of rutile and anatase, with mean diameter 21nm, was bought 

from Degussa Company, German. Rutile and anatase TiO2, with mean diameters 20nm and 100nm, 

were bought from Jiangsu Changtai Nanometer Material Company, LTD. Rutile and anatase TiO2, 

with mean diameter 50nm, were bought from Shanghai Huijing Sub-Nano scale New Material 

Company, LTD. TiO2 nanotube, with mean diameter 20nm, was provided by Department of Physics, 

Hongkong University of Science & Technology. All samples had been checked by TEM to identify 

their dimensional sizes and crystal structures, as shown typically in Fig.1. All these TiO2 

nanomaterials were distributed into natural salt to become 2mg/ml suspension, then were high 

temperature&pressure sterilized and ultrasonic oscillated 20 min before usage.  

Cell culture. L929 were cultured in RPMI1640 supplemented with 10% fetal bovine serum and 1% 

L-glutamine, penicillin, and streptomycin. For these experiments, cells were seeded at a density of 

1×10
5
 cells/ml in 96-well plates. At least three time points are depicted for each assay. 
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Cell proliferation. The MTT assay (Sigma) was used to evaluate the proliferative activity. Cells 

grown in 96-well plates were exposed to various concentrations (50µg/ml, 100µg/ml, 200µg/ml) of 

different nano TiO2 materials. Exposure to 50µl RPMI1640 was used as a negative control and 50µl 

DMSO as a positive control [8]. After 24h, 48h and 72h, 20µl of MTT [3-(4,5-dimethyl- 

2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide] solution at 0.5 mg/ml in Hank’s balanced salt 

solution was added to each well and incubated for 4 h. Afterward, 150µl of the MTT solubilization 

solution (10% Triton X-100 in 0.1 N HCl in anhydrous isopropanol) was added to each well. The 

resulting formazan crystals were solubilized in acidic isopropanol and quantified by measuring 

absorbance at 570 nm. Data were calibrated to the appropriate calibration curve, as stated in Sigma 

protocols. 

 

 (a)     (b) 

Fig.1 TEM bright image of the P25 nano TiO2 particles and TiO2 nanotubes  

 

  Cell apoptosis. Cells were seeded at a density of 5×10
5
 cells/ml in 24-well plates and grown 

overnight. Cells were treated with  TiO2 nanomaterials as described above. Exposure to 50µl 

RPMI1640 was used as a negative control and 50µl DMSO as a positive control. After 24h, 48h and 

72h, harvested cells were washed in ice cold PBS, taken up in 0.25% cell digestant. Then cells were 

stained for 15 min with propidium iodide (PI) at 50µg/ml. The percentages of viable and apoptotic 

were evaluated with the CELLQUEST software and the results were analyzed with ModFit software.  

Statistics. All data were collected using EXCEL. Graphing and statistics were performed with 

SPSS11.5. Continuous variables were presented as mean±S.D(x±s). Data were analyzed using 

one-way anova to determine the difference among groups.  

Relative grown rate (RGR) of cells was calculated using the formula, RGR= OD of each group/ 

OD of natural group×100%. 

To determine the cytotoxic response of the different TiO2 nanomaterial samples to cells in 

culture, 6-graded toxicity and other analytic methods were used [9]. 

Results and Discussion 

MTT result.  Figure 2 showed that the cell proliferative activity was not influenced by the presence 

of nano TiO2 materials. The effect of diverse nano TiO2 materials was not significantly different from 

the negative control (normal cell), yet was evidently different from the positive control 

(DMSO)(p<0.05). The RGR of L929 cells which added by all experimental nano TiO2 suspensions 

were above 92% and the toxicity grade was classified into grades 0 or 1, according to the standard [9]. 

Moreover, all homogeneous nano TiO2 materials showed no dose-response and time-course 

relationships. 
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Figure 2 MTT results at (A) 24h (B) 48h and (C) 72h culture time. 

T1= TiO2 nanotube; P25= nano TiO2(P25); R50= nano TiO2(50nm, rutile); A20= nano TiO2(20nm, 

anatase); R20= nano TiO2(20nm, rutile); A10= nano TiO2(10nm, anatase); R100= nano TiO2(100nm, 

rutile); A100= nano TiO2(100nm, anatase) 

Flow cytometry result. 24h, 48h and 72h flow cytometry results (Figure 3) showed that the cell 

apoptosis was not influenced by the presence of nano TiO2 materials. Moreover, the effect of nano 

TiO2 materials with same crystal structure was increased by the decrease of diameter. And for the 

nano TiO2 materials with the close diameter, the effect was changed in the following sequence, 

anatase> rutile > nanotube > P25. But there were no statistical significance in all these difference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Flow cytometry results at  24h, 48h and 72h culture time. 
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As well-known, TiO2 is a semiconductor material with the forbiden band’s width be 3.2eV. When 

it’s excited by light, photons with energy ≥ 3.2eV will induce e
- 
pair-h

+ 
pair: TiO2→e

-
+h

+
. Under the 

electric field, the active eletrons and cavities would move to the surface of TiO2. On the surface, the 

eletrons are inclined to be captured by oxygenized matter and generate ·OH and active oxygen, 

whereas the cavities can oxygenize H2O to generate free radical. The reaction approach are as follows: 

O2+ e
-
→O2

-
 

·O2
-
+H

+
→·HO2 

2·HO2→O2+H2O2 

H2O2+·O2
-
→OH

-
+ O2+·OH 

H2O+ h
+
→H

+
+·OH 

·O2
- 
and·OH are able to oxidate and degeneralize other materials. Nano TiO2 is a stronger catalyzer 

than normal micro-particles for its smaller dimension and larger specific surface area.  

The present results of cell experiment showed that nano TiO2 had no effect on cell proliferation and 

apoptosis in a certain range of time and concentration, which is in agreement with Sayes’s study [10]. 

The present MTT assay indicated cell relative proliferation rate in all nano TiO2 groups were above 

92% and toxicity grade were 0 or 1 class, which consists with Warheit’s study [11]. 

Summary 

 Nano TiO2 materials with different dimension and crystal structures had no effect on cell 

proliferation and apoptosis in a certain range of time and concentration. MTT assay indicated the 

relative cell proliferation rate in all nano TiO2 material groups were above 92% and toxicity grade 

were 0 or 1 class.  
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