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ABSTRACT:- Magnetic resonance imaging (MRI) has developed at an exponential rate over the last decades, and is now 
widely used as an anatomical and functional medical imaging modality. The applications of nanotechnology are nanoparticles 
which generate either “positive” or “negative” contrast in MRI. It addresses the main considerations guiding the synthesis and 
the characterization of TiO2 nanoparticles based on the elements. In this study, the biosafety of TiO2 NPs (7-10 nm) were 
evaluated after injection into the Hep-G-2. The results show that only a highly significant TiO2 NPs element accumulation in the 
Hep-G-2. Our results showed that under a low dose (5 mg/kg), both NP types had no significant toxicity in cells. Janus NPs 
certainly seem less toxic than TiO2 NPs in rats at 10, 15 mg/wells.  
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Introduction:- 
 

Cancer is getting a huge problem day by day all over the world. Every day, many numbers of people are 
diagnosed with cancer disease. Despite of all the new drugs found, thousands of studies and methods developed, 
there is no exact and known treatment for cancer. One of the methods is nanotechnology and the usage of 
nanotechnology products or systems in cancer studies [1]. 

 
Developments in nanotechnology suggest new mechanisms to cure many human diseases, despite lack of 
knowledge about possible interactions between nanotechnology tools and biological tissues or cells. For example, 
gold nanoparticles for X-ray, magnetic nanoparticles for Magnetic Resonance Imaging (MRI) and other 
nanoparticles such as hybrid nanoparticles (iron oxide with gold) for both MRI and computed tomography (CT) are 
used as contrast agents [2, 3, and 4]. Cytotoxicity studies using Ni NPs were evaluated by means of mammalian 
models [5].TiO2 is a white, odorless and non-combustible powder. There are many different names for titanium 
dioxide such as titanium (IV) oxide, titania, titanic acid anhydride and Ti white. Titanium dioxide has two crystal 
structures; these are rutile and anatase which is more chemically active. Rutile form of titanium dioxide 
nanoparticles are also named as titanium dioxide fine particles (FP). As the anatase crystal structure increases, 
production of reactive oxygen species increases, too. Therefore, it is thought that the anatase titanium dioxide is 
more toxic to healthy cells than the rutile titanium dioxide. The rutile titanium dioxide is considered as chemically 
inert but when the particles become smaller, the surface area will increase and therefore the rutile titanium 
dioxide particles can become harmful according to the studies. Also the modifications that are done on the surface 
of nanoparticles cause changes in the activity of titanium dioxide particles [6]. 
 
Aim of the work:-  

The main objective of this work is to find TiO2 the control Hep-G-2 cell growth .We investigated the effects 
of TiO2 on cell cycle regulation and magnetic resonance imaging.. 
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Materials and methods:- 
 
1-Cell lines and cell culture:  

Cell lines and cell culture Cell monolayers of the human hepatoma cell line HepG-2 were purchased from 
VACSERA [Giza,Egypt]. HepG-2 cells were subculture in a 75 cm2 flasks in DMEM supplemented with 2 mM L-
glutamine [Biochrom], penicillin [Biochrom], streptomycin [Biochrom] and 10% heat inactivated fetal bovine 
serum [HyClone, UK] at 37ºC under a humidified atmosphere containing 5.2% CO2 saturated atmosphere until 
confluent monolayer detected and maintained in an exponential growth state [7].  Inoculated bottles were daily 
microscopically observed for 7 days for detection of cellular changes and development of cytopathic effect (CPE). 
Flasks developed CPE were freeze and thawed three times for virus extraction [8]. 
 
2- Synthesis of Nanoparticles:-  

TiO2 composite NPs were synthesized by the solvent-thermal method as stated in our previous work. First, 
TiO2 NPs (about 7–10 nm) were synthesized based on a previously reported method [11].Then, prepared TiO2 NPs 
were centrifuged and washed with ethanol and redispersed in 10 mL n-hexane. Next, ferric acetylacetonate (17 
mg) was dissolved in oleic acid (4 mL) and n-octyl alcohol (12 mL), and then added to a Teflon tube that had been 
autoclaved for 3 hours at 240°C. Then, the mixture was washed with ethanol and dispersed into a nonpolar solvent. 
TiO2 NPs (1 mL dispersed in n-hexane) were dropped into the ferric acetylacetonate solution. The mixture was 
stirred for 4 hours before increasing the temperature to 70°C, in order to evaporate the n-hexane. Finally, the 
mixture was cooled to room temperature and transferred into a reaction kettle. The reaction temperature was kept 
at 240°C for 3 hours[9]. Finally, the prepared Fe3O4-TiO2 NPs were centrifuged, washed with ethanol three times, 
and dispersed into 10 mL cyclohexane. Later, F127 triblock polymer was used to transfer the phase from organic to 
aqueous. Fe3O4-TiO2 NPs (1 mL) were added dropwise to F127 (700 mg) and dispersed in CHCl3 (70 mL). After the 
solution had been stirred for 4 hours, water (10 mL) was added and CHCl3 evaporated using a rotatory evaporator. 
Finally, the aqueous dispersed NPs were washed with ethanol and redispersed in water [10]. 
 
3-Uptake assay:-  

When the cells reached 70% confluence, the target cells were exposed to the vehicle, or 8 nM TiO2 at 37ºC. 
All assays were performed in triplicate. After 12, 24 and 36 hours of incubation, the free TiO2 in the cell cultures 
were removed by washing the plated cells twice with the PBS buffer. The number of cells was counted with a 
hemocytometer. Two ml of 20% HNO3 was added to each sample to lyse the cells. [11] 
 
4-Magnetic Resonance Imaging (MRI):- 

The phenomenon of NMR describes the absorption of electromagnetic energy by atomic nuclei in an 
external magnetic field. It relies on the quantum mechanical effect that many nuclei carry a spin and therefore a 
magnetic moment. When such a sample is exposed to a strong, homogeneous, polarizing magnetic field, a small 
magnetization along this field is induced inside the sample. The orientation of this magnetization can be 
manipulated by irradiating the sample with an isotope-specific resonance frequency, the so-called Larmor 
frequency, which is directly proportional to the strength of the polarizing field. The plates were positioned on the 
moveable examination table. The plate coil is a signal receiver that works with the MRI (1.5T) ESSENZA. Field 
strength (1.5 Tesla),Bore size (60 cm) ,System ,length (147 cm) .Magnet technology Field  strength(1.5 Tesla), Bore 
size (60 cm), Magnet length (131 cm) , Helium consumption Zero Helium boil-off technology. Unit to create the 
images. The plates would be moved, feet first, into the magnet of the MRI unit and the technologist leaves the room 
while the MRI examination is performed. The total time spend on the MRI table would be between (30 and 60 
minutes). [12-13] The scanning procedure was done using A Siemens (1.5T) MRI machine model, using  head coil a 
different MRI sequences was performed (axial ,coronal and sagittal) for scanning the phantom with different 
concentration (5mg  , 10 mg ,15 mg) of TiO2 NPs . The (t1) images were obtained using a conventional (axial 
sequence) with the following parameters: pulse repetition time (TR) = 776 ; echo time (TE) =9.9 ; matrix size 
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=156*256s; field of view (FOV) 195*240 ; and slice thickness (ST) = 1.7 Mm,,,The (t2) images were obtained using 
a conventional (sagittal sequence ) with the following parameters: pulse repetition time (TR) 5890 ; echo time (TE) 
=86 ; matrix size =390*640; field of view (FOV) = 219*270.; and slice thickness (ST) = 1.7. m,,The 
(T2_tse3d_tra_p2) images were obtained using a conventional (axial sequence) with the following parameters: 
pulse repetition time (TR) = 550; echo time (TE) =109 ; matrix size =200*200; field of view (FOV) 512*512; and 
slice thickness (ST) = 1.7  m ,,The (T2 3d ) images were obtained using a conventional (cor MRP Range(3)>) with 
the following parameters: pulse repetition time (TR) 550 ; echo time (TE) =109 ; matrix size =200*200; field of 
view (FOV) = 256*256.; and slice thickness (ST) = 1.7 m 

 
Figure(1) phantom position on mri machine 

 
5-Statistical Analysis:- 

Continuous variables were recorded as mean ± SD; ANOVA-f test, followed by Tukey's test, was used to 
evaluate the significance of difference (P < 0.05) among group. Data analysis was made by Fisher's exact and 
Pearson's correlation tests. Data were expressed as mean ± standard error (S.E). Using SPSS for Widows (Chicago, 
II, USA) when appropriate p < 0.05 was considered statistically significant. Histogram analysis combines 
techniques that compute statistics and measurements based on the gray-level intensities of the image pixel. The 
Student's t-test and other statistical analysis were performed using statistical SPSS -12 programs. 
 
Results and discussions:- 
 
1- Effect of (TiO)2  on Hepatocellular Carcinoma (Hep-G-2):-  

Figure (2) where the cytological changes (70% CPE) could be detected within 48 hours post viral 
inoculation. The delayed detection of cytological changes may be attributed to the low viral load in collected 
specimens, recording 70% CPE on the 48 hours post infection. Alternating passaging in cell culture could be a 
supporting factor to maximize the viral load, where on the 5th passage the cytological changes could be detected 
within 2-4 days post viral infection showed a gradual increase in the mean viral infectivity titer relatively to time. 
(Figures 1) demonstrate that NPs induced 376.8 %, 14.9 % and 7.3 % inhibition rates in the Hep-G-2 cell viabilities, 
respectively. Following 2 hours incubation with GNPs, the cell viability of Hep-G-2 cells was further decreased, with 
an inhibition rate. 
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Figure (2-a): Control 
cell lines Cellular 
morphology Viral cells 
growth (minimal). 
 

Figure (2-b): Cells 
were confluent and 
remained long and 
slender shape. Viral 
Activation of Hep-G2 
(minimal) .Harping 
viral infection.at 12 
hours 

Figure (2-c): Celle all 
appeared long and 
spindle shaped.no 
sings. Cells could 
clearly at 24 hours 

Figure (2-d): Celle all 
appeared long and 
spindle shaped. 
Minimal growth at 48 
hours. 

 

2- Distribution and uptake of TiO2 on Hep-G-2 cells:-  
TiO2 levels in Hep-G-2 were used for evaluating the presence or distribution of TiO2 composed in TiO2 NPs 

in the cell culture. TiO2 content in different concentrations on Hep-G-2 types is shown in figure 2 after exposed to 
with TiO2 NPs, although statistical significance was found, which might have been due to individual differences. 
Hep-G-2 content in TiO2 NP-treated at 5, 10 and 15 mg/wells showed a significant elevation (P<0.05). No 
significant difference was found in TiO2 content in 10 and 15 mg/wells TiO2 NP-treated groups. Treatments of TiO2 
NPs resulted in only a slight change in 5 mg/wells content in the  Hep-G-2 (P>0.05). This results agree with a were 
at 24 h significantly reduced by 84.5% with GNPs plus Hep-G-2 cells. Combined 0.0025 ml GNPs plus Hep-G-2 cells 
resulted in a 97.7% inhibition of cyclin A protein at 24 h.[14]  
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Figure 3: Nanoparticle (TiO2) distribution and uptake on Hep-G-2 cells at (zero,12,24 and 48 hours) 

 
3-Magnetic Resonance Imaging of the TiO2 on Hep-G-2 cells:- 

Table (1) :Indicate a significantly increased in (15 mg) as compared to (10 mg) (p<0.05).On the other hand, 
the Standard deviation (S.D) are presented in tables 1 , the (15mg) and (10mg) standard deviation levels of 
(22.62±8.15,23.09±8.91 mean, S.D) respectively. These indicate a significantly increased in (15mg) as compared to 
(10mg) (p<0.05). These indicate a significantly increased in (15mg) as compared to (10mg) (p<0.001).Thus, the 
statistical analysis revealed that COV of (0.54 ± 0.20. 0.8 ± 0.08 mean, S.D) respectively. These indicate a 
significantly increased in (15mg) compared to (10mg) (p<0.001) [15.16]. 

 
Items Concentration  

15 mg 
Concentration 

10 mg 
P 

Mean 
Min. – Max. 26.55 – 114.70 120.99 – 258.99 <0.001* 
Mean ± S.D 74.12 ± 24.80 218.45 ± 25.52 
Median 76.44 226.91 

S.D 
Min. – Max. 6.31 – 39.18 8.44 – 47.95 0.001* 
Mean ± S.D 22.62 ± 8.12 23.09 ± 8.91 
Median 10.37 22.04 

Median 
Min. – Max. 11.0 – 114.0 120.0 – 252.0 <0.001* 
Mean ± S.D 72.43 ± 27.31 221.90 ± 26.38 
Median 75.50 228.50 

COV 
Min. – Max. 0.08 – 0.89 0.05 – 0.28 0.003* 
Mean ± S.D 0.54 ± 0.20 0.8 ± 0.08 
Median 0.13 0.10 

 
Table (1): Comparison between the two studied group's concentrations 15 mg and 10 mg according to Mean, Standard 

Deviation, Median and Coefficient of Variation of different parameters using MRI. 
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p: p value for Student t-test.*Significant at level< 0 .05.** Highly Significant level<0.0001.*** Not significant level 
>0.05. Note: **P<0.01, ***P<0.001 compared with control. 
 
Conclusion:- 

The present study demonstrated that the enhancement of nano particles TiO2 that deteriorates 

hepatocellular carcinomaHep-G-2 growth will be promising method for the treatment of growth hepatocellular 

carcinomaHep-G-2.  
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