Environmental Health Engineering and Management Journal 2022, 9(4), 365-374 doi ) 10.34172/EHEM.2022.39

http://ehemj.com

Environmental Health
HE . .
E Engineering and

Management Journal

‘Environmental Health
Engineering and Management

Q) coe
Investigation of toxicity of TiO, nanoparticles on glioblastoma

and neuroblastoma as the most widely used nanoparticles in
photocatalytic processes

Original Article

Fahimeh Kazemi' =, Marzie Esmaeeli* ~, Peyman Mohammadzadehjahani' =, Mahnaz Amiri*", Parisa Vosough® ",
Meysam Ahmadi-Zeidabadi*

'School of Medicine, Bam University of Medical Sciences, Bam, Iran
*Neuroscience Research Center, Institute of Neuropharmacology, Kerman University of Medical Sciences, Kerman, Iran

Abstract

Background: Titanium dioxide (TiO,) nanoparticles (NPs) are among the most important and usable
photocatalysts. Recently, the biological properties of these NPs, particularly, its anticancer activity, have
been considered. Glioblastoma and neuroblastoma are two fatal brain tumors with a high mortality rate
in humans, the hope for treatment of which is weak by the common methods.

Methods: In this study, the cytotoxicity effects of TiO, alone and in combination with ultraviolet A
(UVA) irradiation on two different cell lines, neuroblastoma (SH-SY5Y) and glioblastoma U87, were
investigated. After administration of 10, 50, 100, and 500 pug/mL TiO,, 0.043 and 1.4 mW/cm? UVA
irradiation, cell viability was investigated after 4, 24, and 48 hours by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay.

Results: MTT assay and light microscope demonstrated that the effect of TiO, NPs varied based on the
dose of the substance, the impact time, the cell type, and the amount of radiation. In this study, for NPs
alone, both toxicity and non-toxicity of the substance were observed. For NPs in the presence of UV,
based on the comparison with its status alone and the difference in the viability assay of the two groups,
both the photocatalytic and the coating effect of the NPs were observed.

Conclusion: According to the results, different concentrations of TiO, can be used for different
purposes. Low concentrations of TiO, can be used to increase the efficiency of photodynamic therapy
and high concentrations of TiO, can be used to protect the normal cell. This strategy improves the
photodynamic therapy and reduces the harmful effects.
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Introduction

Nanostructures have gained different applications in
biomedical investigations (1). Currently, cancer threatens
overall health of the community (1). In 2018, there were
18.1 million cancer cases and about 9.6 million people
died from cancer. With the continuous emergence of
smart therapy and immunotherapy, inventive oncology
has made dramatic progress. However, the relative living
rate of cancer patients has had a lot of progress and the
inevitability human death speed of cancer has reduced.
Most treatments for cancer, are often accompanied by
violent and sometimes irremovable side effects, however,
definitive treatment for this disease is difficult. For this
reason, there is an urgent need to discover a quick and
safe cure for this mysterious disease (2-4).

Titanium dioxide (TiO,) nanoparticles (NPs) are one
of the main photocatalysts that have various fields of
application, including self-cleaning surfaces, wastewater
treatment, pigments, etc. TiO, is excited in the presence
of UV and produces free electrons, which lead to the
production of free radicals (O,, OH, H,0,). TiO, can
also be used as a coating against UV, which is also used
in sunscreens (5-7). Due to the increased permeability
and maintenance effect, nanomaterials tend to passively
collect in tumor cells, and often, act as nanocarriers of
chemotherapeutic agents (8). Semiconductor TiO, is a
usual photocatalyst material, which is generally used to
ravage organic materials (9), demobilize microorganisms
(10) and bacteria (11). Some research reported TiO,
NPs of several sizes and patterns exhibited cytotoxicity
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against tumors (12-14). The catalytic activity of the
photocatalysts achieved by photon energy can oxidize or
reduce materials. In many cases, photocatalysts have been
used as antibacterial and antiviral agents (15,16).

In recent years, many studies have been conducted
on the capabilities and value of photocatalysts in cancer
therapy. Zhang et al (17) designed a supramolecular
photocatalyst of tetracarboxyphenyl porphyrin (SA-
TCPP) and demonstrated that it can be excited by the
wavelength of 420-750 nm. Porphyrin-based agents are
largely used in PDT based on their great biocompatibility
and release of singlet oxygen, some of which have
achieved medical applications. Yi et al (18) reported
that photocatalytic agents can produce ROS for tumor
DNA destruction when they are exposed to the targeted
wavelength light, achieving high performance at low
radiation levels with moderate damages to normal tissues.

In general, NPs interaction with the cells has different
effects depending on the type, size, phase, amount of
agglutination, and cell type. Based on these parameters,
cell infiltration can also be different (19). TiO, is no
exception for this rule (20). Research shows that the
photocatalytic effect of titanium can also depend on
the amount of substance and agglutination, and at high
doses (in solution), its photocatalytic properties can be
suppressed (21). Recently, the biological properties of
this nanoparticle, in particular, its anticancer activity,
have been considered. TiO, NPs have been observed in
different types of cancer cells such as mesenchymal stem
cells, lymphoblastoid breast (22,23), lung (24), epidermal
(25,26), and colon (27) cancer cells.

Glioblastoma and neuroblastoma are two fatal brain
tumors with high mortality rate in humans. The hope
for treatment of these types of cancer by the common
methods, such as surgery, chemotherapy, and radiation
therapy, is weak (28).

Photodynamic therapy (PDT) has been reported as a
useful treatment for brain cancer. In PDT, if transmission
of the photosensitizer to the target tumor is managed
and the radiation is completely localized, many harmful
effects on the cells are reduced or eliminated (29,30).
Usually, the PDT method entails three main constituents
including light, oxygen, and light-responsive materials
(photosensitizers). Hybrid semiconductor photocatalysts
attract energy from light, and then, transfer it to molecular
oxygen to produce cytotoxic reactive oxygen species
(ROS) (31). The advantages of nanophotocatalysts are
the results of the synergistic combination of inorganic
agents with unique physical characteristics and the
targeting performance of cancer cells (32). Moreover,
nanophotocatalysts can cross through biological barriers,
including the blood-brain barrier. In recent years, some
studies has been conducted on cancer treatment using the
photocatalytic property of TiO, and electron excitation in
the presence of UV, including the simultaneous study of

TiO, and UV on the brain cancer cells (21,33).

The present research aimed to investigate the effect
of TiO, NPs (rutile phase-30 nm) alone, UV radiation
(0.043 and 1.4 mW/cm?), and the simultaneous effect of
NPs and UV radiation on glioblastoma cells (U87) and
neuroblastoma cells (SH-SY5Y).

Materials and Methods

Tio, preparation and administration

TiO, (CAS# 13463-67-7 Lot no: TI-C4129.1/101400125)
nanostructures with a rutile phase and 30 nm size were
purchased from Tecnac company (Spain). The NPs were
dissolved in PBS, sonicated by a sonic instrument with a
power of (Sonopuls Ultrasonic homogenizer HD 2070,
Bandelin electronic, Berlin, Germany) at 45% of amplitude
for five cycles, each set for 12 seconds followed by 6 s
pause, on ice. For better uniformity and non-precipitation
formation, the solution was vortexed well every time
before use. It was used at various concentrations of 10,
50, 100, and 500 pg/mL. Each group including 4 wells
were considered as: 1) control-no treatment, 2) treatment
with UV irradiation alone (UV), 3) treatment with 10, 50,
100, and 500 pg/mL TiO, concentration (T10, T50, T100,
T500), 4) combination of the UV and TiO, treatments
at 10, 50, 100, and 500 pg/mL concentration (T10+ UV,
T50+ UV, T100+ UV, T500+UV). The treatment with
TiO, and exposure were performed 24 hours after seeding.

Cell culture

Glioblastoma cells line U87 and neuroblastoma cells line
SH-SY5Y (Pasteur Institute, Tehran, Iran) were cultured
in 50 cm? flasks (Iwaki, Tokyo, Japan) at a cell density of
5*10* cells/mL in Dulbecco’s modified Eagle’s medium
(DMEM; Invitrogen Inc. Gibco BRL, Gaithersburg,
MD, USA). The cultures were supplemented with 10%
(v/v) inactivated fetal bovine serum (FBS, Product Code:
12306C-500ML, Sigma-Aldrich Co., St. Louis, MO,
USA) and 1% (v/v) of penicillin/streptomycin solution
(Product Code: P4333-100ML, Sigma-Aldrich Co.) and
incubated in an atmosphere of 5% CO, at 37 £0.2°C. The
medium was replaced every 2 days. Cell cultures with 80%
confluence were routinely trypsinized (Product Code of
Trypsin: T4549-100ML, Sigma-Aldrich Co.) and seeded
10* cells in each well of the 96-well plates.

Cytotoxicity studies

To determine the effect of TiO, (rutile phase-30 nm) and
UV irradiation (0.043 mW/cm?) on the viability rate, 10*
cells of U87 and SH-SY5Y cell line per each well of 96-well
plates were seeded. The first group of cells was irradiated
with UV-A exposure (UV group), and the second one
was treated with different concentrations of TiO, (10, 50,
100, and 500 pug/mL) in dark condition. To examine the
effects of NPs and UV concomitantly, the administration
of both groups and the lethal effects were analyzed after 4,
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24, and 48 hours. The cell death rate was measured using
the MTT assay. Cellular morphology was also performed
using an optical microscope.

UV Exposure system

The UV-A lamp (Actinic BL TL(-K)/TL-D(-K), Philips,
Holland) was used as the exposure source. The irradiation
wavelength range was 300-400 nm at the peak of 365 nm.
The exposure system was designed and made in a way that
it was able to locate within CO, incubator and provided
the desired uniform distribution intensity of irradiation
at the plate position. The intensity of UV irradiation at
the plate position were 1.4, 0.062, and 0.043 mW/cm?,
according to the UV lamp position with a 30-min duration
for both UV and TiO, + UV groups. Figure 1 indicates the
UV exposure system.

The UV radiation system was made of two fixed plates
and one moving plate and it had three steps, at intervals of
10-15 and 18 cm from the surface of cell plate.

The intensity of radiation on the vials surface was
calculated by the following formula:

I, _ a
2

1

1 2

The radiant power of lamp according to its catalog was
1.4 W and the radiant powers at distances 10-15 and 18
cm were calculated to be 1.4-0.062, and 0.043 mW/cm?,
respectively.

Light microscopy

To investigate morphological cellular changes, an inverted
phase-contrast microscope (Carl Zeiss AG, Oberkochen,
Germany) was used.

Viability assay
The effect of TiO, treatment and UV exposure on the
viability of U87 and SH-SY5Y cells was assessed by the

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) dye reduction assay, in which dye crystals
are produced by mitochondria of living cells (34). The
MTT assay was done according to the modified method
described by Sladowski et al (35). The cells in each well of
96-well plates were incubated for 2 hours with 1 mg/mL
of MTT in DMEM at 37°C with 5% CO,. After washing
the cells two times with 0.2-M PBS at pH 7.4, the reduced
MTT formazan crystals were solubilized in 200 uL of
DMSO. Then, the optical density was read by an enzyme-
linked immunosorbent assay (ELIZA) reader at 570 nm.

Living cells analysis by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide

In this step similar to the previous one, the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide reagent was used. But with a different approach,
the amount of living cells was evaluated qualitatively and
schematically. Formazan crystals formed in viable cells.
Using this technique, living cells under TiO, sediment
could be observed.

Statistical analysis

The collected data were analyzed using SPSS version
16 (IBM, Armonk, NY, USA). Data were presented as
standard error of the mean (FE-SEM). The difference
between treated vs. control groups was investigated by
the student’s t test at the 95% confidence interval. One-
way analysis of variance (ANOVA) method was used to
compare different groups. P values less than 0.05 were
considered significant.

Treatment of cell with TiO,, UV, and TiO,+ UV

To determine the effect of TiO, (rutile phase-30 nm) and
UV irradiation (0.043 mW/cm?) on the viability rate, 10*
cells of U87 and SH-SY5Y cell line per each well of 96-well
plates were seeded. The first group of cells was irradiated
with UV-A exposure (UV group), and the second one was

180mm

150mm

100mm

Figure 1. UV exposure system
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treated with different concentrations of TiO, (10, 50, 100,
and 500 pg/mL) in dark condition. To examine the effects
of NPs and UV concomitantly, the administration of
both groups and the lethal effects were analyzed, after 4,
24, and 48 hours. The cell death rate was measured using
the MTT assay. Cellular morphology was also performed
using an optical microscope.

TiO, characterization

The diagram of Amp Vs Rh (hydrodynamic radius) in
nanometer range shows the average radius of suspended
particles as 215 nm, indicating the presence of nano-
sized TiO, particles (Figure 2A). The real size of NPs
is not clear; therefore, particle size was calculated by
Nanosizer cordouan (France) and the results revealed
that the mean particle size with hydrodynamic radius is
215 nm in diameter. The reported results indicate that
TiO, NPs provide homogenous dispersity and narrow
size distribution. The FTIR spectrum of bare TiO, NPs
(Figure 2B) showed a wide, broad band at 3200-3500
cm due to the stretching vibration of water molecules
adsorbed on the surface of hydrophilic TiO, NPs. The
small peak at 1650 cm™ was attributed to AOH bending
vibrations. Many peaks below 700 cm™ were present
because of the numerous TiAOATi bonds in bare TiO,
NPs. The particles are spherical and the size estimated
from FE-SEM was found to be in the range of 30-50 nm
(Figure 2C).

Results

Cytotoxicity of UV exposure at a low-dose (0.043 mw/
cm,) intensity on U87 and SH-SY5Y

Viability assay was investigated 4, 24, and 48 h after UV
irradiation, by the MTT test and cellular morphology.
Data showed that UV radiation for (30 minutes duration
and 0.043 mW/cm? intensity) decreased viability about
17% for U87 but in SH-SY5Y cell line, it remained
constant without any changes in the viability assay after
4 hours. After 24 hours, U87 viability was equal to the
control group in despite of SH-SY5Y cells that the viability
decreased to 90%. After 48 h, both of the cells return to the
normal situation, as control (Figure 3A and 3B).

Cytotoxicity of TiO, on U87 and SH-SY5Y

After TiO, treatment at different doses (10, 50, 100, and 500
pg/mL), viability assay was performed by the MTT test after
4, 24, and 48 hours incubation time. Data obtained after
4 hours demonstrated that viability decreased about 10%,
7%, and 4%, respectively, for T10, T100, and T500 groups
of U87 but in SH-SY5Y cells, it remained constant without
any changes for all TiO, concentration. After 24 hours, U87
viability decreased 10%, 21%, and 11% compared to control.
In SH-SY5Y cell line, viability was reported 92%, 94%,
and 105% compared to control. After 48 hours, viability
decreased about 10%, 18%, and 0%. Surprisingly, in SH-

SY5Y cells, no changes were detected (Figure 3C and 3D).
Cytotoxicity of concomitant treatment of TiO, and UV
on U87 and SH-SY5Y

In concomitant administration of TiO, and UV
irradiation, data showed that after 4 hours, U87 cells
viability reached 79%, 77%, and 90%, for T10+UYV,
T100+ UV, and T500+ UV groups, respectively. At the
same time, SH-SYS5Y cells viability reduced only about
10% in T10+ UV compared to control. After 24 hours,
the viability of U87 cells reduced 89%, 84% for T10+ UV
and T100+UV groups, respectively, but without any
changes in T500+UV group. In SH-SY5Y, viability
decreased 10% in T10+UV and T100+UV groups and
T500+ UV did not change compared to control group.
Surprisingly, both of cells recover to normal status vs
control (Figures 4A and 4B).

Cytotoxicity of concomitant treatment of TiO, and UV )
at a high-dose intensity of 1.4 mW/cm?( on U87
According to previous steps, U87 cell was found to be
more sensitive to UV and TiO, administration. So, the
high-dose UV irradiation was used to investigate the
interaction between UV and titanium accurately.

Data showed that low concentrations of titanium
become more toxic in the presence of UV about 20%,
but high concentrations of titanium not only reduce its
toxicity but also protect the cell against UV toxicity about
40% (Figure 4C).

Morphological analysis
ThemorphologyofU87and SH-SY5Y cellsweremonitored
during the experiments using a light microscope.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide is a yellow dye, which is reduced by cellular
mitochondria enzymes to the purple product formazan.
Because the transformation is only possible in viable cells,
the amount of purple formazan is proportional to the
number of cells. Also, it was used to prove the activity of
these cells. After UV irradiation, two kinds of cells respond
differently, U87 was very sensitive to the UV exposure, the
number and viability of cell decrease dramatically. While
in the SH-SY5Y cells, there was no significant difference
in color intensity and cell number (Figure 5).

The amount of titanium penetration is different in
two kinds of cells. This difference is related to cell type,
concentration of titanium, and exposure intensity.
Titanium passed through the cell membrane of the U87
cells but it was not able to enter the SH-Sy5Y cells. In
addition, titanium penetrates at lower concentrations.
As concentration increased, its penetration and toxicity
decreased (Figure 6).

Surprisingly, at high concentration of 500 pg/mL, not
only the toxicity of titanium was greatly reduced, but also,
maybe titanium acted as a protective shield and neutralized
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Figure 2. DLS size (A), FTIR pattern (B), and FE-SEM image (C) of nanostructured TiO,
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Figure 3. Effect of UVA (30 min, 0.043 mW/cm?) on U87 and SH-SY5Y cells viability and cytotoxicity of TiO, NPs in human glioblastoma (U87) (C) and
neuroblastoma (SH-SY5Y) (D) cells by the MTT assay. The viability of the control cells was considered to be 100%. The data are expressed as mean+SEM
from three independent experiments. Asterisk indicates a significant difference compared to control group (P<0.05 ).
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Figure 4. Viability assay after coadministration of Nano-TiO, (10, 50, 100, and 500 pg/mL) and UVA (0.043 mW/cm?, 30 min) in human glioblastoma (U87)
(A) and neuroblastoma (SH-SY5Y) (B) and coadministration of Nano-TiO, (10, 100, and 500 pg/mL) and UVA (1.4 mW/cm?, 30 min) in human glioblastoma

(U87) (C) cells by the MTT assay. Asterisk indicates a significant difference compared to control .
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Figure 5. LM micrographs of U87 and SH-SY5Y cells under the UV
exposure condition. The representative morphological changes after
4 h exposure to UVA (0.043 mW/cm?, 30 min). A) control (U87), the
arrows show purple cells, which represent living and active cells; B) U87
treated by UV exposure, the arrows show small and colorless cells, which
indicates inactive and dead cells; C) SH-SY5Y (Control) cells; D) SH-
SYS5Y (UV). In both figure (C and D), the arrows represent live and active
cells, which are seen in purple color. Magnification: 40X.

the lethal effects of UV radiation. 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide was used to
observe live cells under titanium deposition (Figure 7).

Discussion

The aim of this study was to find a new approach for
treatment of cancer according to the TiO, photocatalytic
properties. The present research for TiO, with a rutile
phase and 30 nm size was performed on two cell lines U87
and SH-SY in two states, NPs alone and in the presence
of UV. The results demonstrated that the effect of TiO,
NPs in both cases, alone and in the presence of UV,
depends on the cell type, amount of material, radiation

U87( Control)
o\

U87( 10 pg/ml

SH-SY5Y( 10 pg/ml NP-Tio2)

U87( 500 pg/ml NP-Tio2)
A

living cells under
TiO2 sediment

Q living cells produce
the purple color

U87( 500 pg/ml  NP-Tio2)+UV Irradiation

living cells under
TiO2 sediment

E—

living cells produce
the purple color

Figure 7. The LM micrographs of U87 cells under UV exposure and
UV +TiO, conditions. (A and C) Cells after 48 h administration of NP-Tio,
(500 pg/mL). In Figure A, TiO, covers cells and cells are not visible but
in Figure B and D, the color of the cells was changed to purple after the
addition of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
And the cells were visible below the sediment. Magnification: 40X.

intensity, and impact time, and in both cases, U87 cell was
more sensitive than SH-SY. The findings of the present
study demonstrate that likely photocatalytic property
of TiO, is closely related to TiO, concentration. TiO,
at low concentrations is toxic and its toxicity increased
in combination with UV. Adversely, TiO, at high
concentrations is less toxic, in addition, it can be said that
TiO, at high concentrations protect the cells against UV.
Based on the results, the effect of titanium NPs, both
alone and in the presence of UV, depends on the cell type,
the amount of radiation, and the impact time. As the data
show, the results vary based on the differences in these

NP-Tio2) U87( 50 ug/ml NP-Tio2)

Figure 6. LM micrographs of U87 and SH-SY5Y cells under different concentrations of Tio,. The representative morphological changes after 4 h exposure
to 10, 50 TiO, NPs. A) control U87; B and C) U87 cells that exposed to 10 and 50 TiO,, respectively, the amount of titanium penetration is different in two
kinds of cells. This difference is related to cell type, and concentration of titanium. Titanium passed through the cell membrane of the U87 and localized in
different compartment of cell according to concentration shown by arrow. D) control SH-SY5Y, E and F) SH-SY5Y cells that exposed to 10 and 50 TiO,,
respectively. But, titanium was not able to enter the SH-Sy5Y cells. The arrows show the clear cells without any TiO, sedimentation. Magnification: 200X.
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parameters.

For U87 cells, in general at low doses (especially at
dose of 10 pg/mL) in both cases, the NPs alone and in
the presence of UV, a greater effect was observed. At high
doses (500 pg/mL), the effect was not so noticeable.

This difference can be attributed to the amount of
substance and agglutination, which at low doses, due to
the lack of agglutination, the substance can penetrate more
into the cell, and at high doses, the substance due to the
amount of agglutination cannot penetrate into the cell.

At a low dose (10 pug/mL) in the presence of UV, the
substance is activated and the photocatalytic effect was
observed, and at dose of 500 ug/mL, the cessation of the
photocatalytic and the coating effect of the substance was
observed. For SH cells, not much effect was reported in
almost all cases.

Some data have reported the effects of TiO, NPs and
UV exposure on cancer cells, including brain cancer cells.
Cai et al reported that TiO, NPs effectively killed HeLa
cells with UV irradiation (36).

Wang et al reported that combined TiO,+UVA
treatment can significantly reduce glioma growth, whereas
200 pg/mL TiO, irradiated by 5 J/cm* UVA about 60%
inhibited U87 proliferation in vitro, which is consistent
with the results of the present study (33).

Yamaguchietalreported thatthe TiO,/PEG nanoparticle
was not toxic for the rat glioma cell line (C6) within the
range of 0-500 pg/mL, but the lethal effect increased with
higher TiO,/PEG concentration and longer duration of
UV irradiation (13.5 J/cm?), which is inconsistent with
the results of the present study (21).

Stefanou et al also indicated that the aggregation of
platelets were efficiently prevented by photoexcited TiO,
NPs, which led to the discontinuation of hematogenous
metastasis (37).

The killing effect of nitrogen-doped TiO, NPs in the
visible light also has been reported. The electrons in
the TiO, photocatalyst capacity layer are excited in the
presence of UV light with wavelengths less than 400
nm. As a result of this excitation, electron-hole pair is
generated, which can induce oxidative stress through the
production of anion superoxide (O,’), hydrogen peroxide
(H,0,), and hydroxyl radical (OH) such as ROS (38,39).

Matsunaga et al for the first time reported photocatalytic
activity for NPs of TiO, (40). When being exposed to
radiation UV, the TiO, NPs can be photoexcited to
produce electron (—CBe) in the conduction band and a
positive hole (+VBh) in the valence band. TiO, NPs also
have been considered as a potential photosensitizing
material for PDT. In an aqueous environment, the photo-
induced electrons and hole pairs react with oxygen
or water to produce ROS such as hydroxyl (HO) and
superoxide radical (O,). These reactive species are actively
oxidative and can destroy the structure of various organic
molecules, therefore, they have found many applications

in the elimination of infectious molecules and organic
contamination (27,41).

The ROS produced from the photoexcited TiO, NPs can
interact with cell membranes and cell organelles, leading
to toxic responses and/or death of cell (42). The research
generally has been limited to laboratory investigations.
The medical application of TiO, NPs has been limited
by some problems such as insufficient selectivity and low
efficiency resulting from the lack of specific accumulation
of TiO, on cancer cells (14).

According to the results of this study and comparison
with other articles, it can be concluded that the effect
of TiO, NPs on cancer cells depends on the phase,
dose, intensity, and duration of radiation. In addition,
the concentration of TiO, and kind of cells are very
important. Based on this research, it can be concluded
that the adequate dose of TiO, and UV radiation can be
used to kill cancer cells, and also, as a coating to protect
healthy cells, which is very important for treatment.

Conclusion

In this study, the possibility of reducing the growth of
cancerous cells by photoexcited TiO, (rutile phase-30
nm) was investigated. The adverse glioma effects of nano-
TiO, excited with ultraviolet A (UVA) irradiation in
vitro were analyzed. Transmission electron microscopy,
BET analysis, and DLS nanosizer demonstrated that TiO,
nanostructures are in a nanometer range under 30 nm.
TiO,+UVA led to the induction of apoptosis, delayed
tumor growth, and increased survival compared with
the low concentrations of TiO,. In conclusion, different
concentrations of TiO, can be used for different purposes,
for example, low concentrations of TiO, can be used to
increase the efficiency of photodynamic therapy and high
concentrations of TiO, can be used to protect the normal
cell. This strategy improves photodynamic therapy and
reduces the harmful effects.
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