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The chemoradiotherapy technique is widely applied in the treatment of cancerous disease. Nowadays,
nanoparticles are used in drug delivery and it is essential to confirm the nontoxicity of nano-carriers
to improve radiotherapy. So nanoparticles have a great research interest to develop chemo
radiotherapies. In this experiment, we aimed to examine the toxic nature of TiO2-Ta nanoparticles on
human neuroblastoma (SH-SY5Y) cells. The cytotoxic nature of TiO2-Ta NPs was examined by the MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay. We have evaluated the IC50

24 h value of TiO2-Ta nanoparticles as 68 mg/ml by MTT assay. The cytotoxicity of TiO2-Ta nanoparticles
was enhanced as the exposure concentration of NPs was increased. Produced oxidative stress such as GSH
and LPO were determined and GSH was reduced and LPO was increased as the concentration of TiO2-Ta
NPs increased. The Comet test was performed to detect the genotoxic potential of TiO2-Ta nanoparticles.
We have noted 34% of DNA damage in SH-SY5Y cells at 300 mg/ml NPs for 24 h. The current study sug-
gests that TiO2-Ta NPs induced major ROS-related cytotoxicity and genotoxicity in SH-SY5Y cells. More
detailed studies would be needed to confirm the safety issues related to increased application of TiO2-Ta
NPs in chemoradiotherapy. Thus this work presents a new type of mesoporous nano-carrier particularly
useful for the delivery of safe and effective chemoradiotherapy.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Rich sources of rare earth metals are found in Asian countries.
Tantalummetal is found in the Ghurayyahmine, Saudi Arabia. Tan-
talum is a rare transition metal that is very resistant to corrosion
and has major applications in electronic equipment. Nowadays
various types of nanomaterials are manufactured using different
nanotechnological techniques. Tantalum metal nanomaterials are
applied as base materials for dental care and dental implant. The
human neuroblastoma (SH-SY5Y) cells are the most frequent and
degenerative type of neuronal cell line and it used as the model cell
for neurodegenerative disorders (Slanzi et al., 2020). Here we
investigate the toxicity of Ta2O5 NPs on SH-SY5Y cells. Bu et al.
(2014) reported that compound should be considered as a model
agent if it provides both pre-exposure and exposure imaging, per-
mitting the discovery of the location of the tumors before and dur-
ing the treatment to minimize the damage of the adjacent healthy
tissues and improve diagnostic accuracy and therapeutic effective-
ness. Presently, rare earth metals are applied in animal husbandry,
agriculture, health industry, and (Blinova et al., 2020). Due to the
extensive application of rare earth metals in various areas, it gets
into the environment, animals, and trophic levels, the human body.
Chen et al. (2015) had reported that chronic bioaccumulation of
heavy metals or rare earth metals in the human body caused ter-
atogenic and reproductive toxicity. Ta2O5NPs with a strong X-ray
lessening, represent an ideal candidate for the assembly of multi-
functional imaging agents with which to combine CT and fluores-
cence imaging. Rare earth metals decreased superoxide
dismutase, glutathione, and glutathione peroxidase and increased
malondialdehyde levels and apoptotic activity during spermatoge-
nesis. Reactive oxygen species (ROS) generated by mitochondria
participate in stress signaling in normal cells but also contribute
to the initiation of nuclear or mitochondrial DNA mutations that
promote neoplastic transformation (Sabharwal and Schumacker,
2014). Generation of excess ROS make dysfunction of mitochondria

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2021.101546&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2021.101546
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:salarifi@ksu.edu.sa
https://doi.org/10.1016/j.jksus.2021.101546
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


B. Almutairi, D. Ali, N. Alyami et al. Journal of King Saud University – Science 33 (2021) 101546
(Sabharwal and Schumacker, 2014; Schumacker et al., 2014). Pro-
duction of ROS and apoptotic effect are the underlying mechanisms
of toxicity of NPs. To my knowledge, few studies confirmed the
harmful effects of TiO2-Ta on human cell lines. In this study, we
determined the role of sensitivity of ROS in the toxicity of TiO2-
Ta on SH-SY5Y cells.
2. Materials and methods

2.1. Chemical and reagents

TiO2-Ta nanoparticles (Stock#: US1001TTa, 10–30 nm, titania-
doped tantalum film with a cation ratio = 0.53 as-deposited) were
purchased from US Research Inc. Houston TX USA. MTT, H2-DCFH-
DA), dimethyl sulfoxide (DMSO), were bought from Sigma-Aldrich
(St. Louis, Missouri, United States). Dulbecco’s Modified Eagle Med-
ium (DMEM) and fetal bovine serum (FBS) were purchased from
Gibco, USA.

2.2. Characterization of TiO2-Ta NPs

Physical characterization of TiO2-Ta NPs was done transmission
electron microscope (TEM) (JEOL Inc., Tokyo, Japan) operated at
200 kV and average hydrodynamic size and zeta potential of
TiO2-Ta NPs in DDW was observed by dynamic light scattering
(DLS) (Nano-Zeta Sizer-HT, Malvern, UK) as reported by Alarifi
et al. (2015). We have used 80 lg/ ml TiO2-Ta NPs suspension
for DLS examination.

2.3. Cell culture and TiO2-Ta NPs exposure

Human neuroblastoma (SH-SY5Y) cells were bought from
American Type Culture Collection (ATCC), USA. SH-SY5Y cells were
sub-cultured in DMEMwith 10% FBS and 10,000 U/ml antibiotics at
5% CO2 incubator at 37 �C.

SH-SY5Y cells were sub-cultured for 24 h before to treatment of
TiO2-Ta NPs. The stock solution of TiO2-Ta NPs was made in DDW
at the rate of 1 mg NPs /ml DDW and diluted according to the
experimental dosage (0–80 mg/ml).

2.4. Cell viability test

After exposure of TiO2-Ta NPs, the cell viability of SH-SY5Y cells
was determined by MTT assay by Alarifi et al. (2017) methods.

2.5. Intracellular reactive oxygen species (ROS) generation

After exposure of TiO2-Ta NPs, the generation of ROS in SH-
SY5Y cells was measured as described by Alzahrani et al. (2019)
methods.

2.6. Oxidative stress

SH-SY5Y cells were exposed to with TiO2-Ta NPs for 24 hr. The
it was scrapped by scrapper and lysed by ultra-sonicator (Q700
Qsonica Sonicator Newtown, CT 06470). The cell lysate was used
for to investigate oxidative stress enzymes such reduced glu-
tathione (GSH), and lipid peroxidation (LPO) according to the
instruction of kits (Cayman Chemical Kit).

2.7. Comet assay

Single strands breakage in SH-SY5Y cells were measured using
Comet assay as reported by Ali et al. (2008).
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2.8. Western blotting

For Western blotting, 20 mg of protein was applied to the lanes
of 4% to 12% Bis-Tris Gels (Life Technologies), then blotted onto
Immobilon-P membranes (Millipore, Bedford, MA, USA), and incu-
bated with the relevant primary antibody. Appropriate species-
specific conjugated secondary antibodies were commercially
obtained (GE Healthcare, Tokyo, Japan). Proteins were detected
using the ECL prime Kit or the ECL Kit (GE Healthcare) with an
Image Quant LAS 4000 system (GE Healthcare). All protein expres-
sion levels were normalized to the levels of b-actin protein expres-
sion in each band.

2.9. Statistical analysis

The data were analyzed by SPSS 26.0 software (IBM) and
expressed as mean ± standard error (SE). Statically differences
between the control group to exposed groups were determined
by a one-way ANOVA test with the least significant difference test.
*p < 0.05,

** p < 0.01 vs. control were considered statistically significant
and highly significant, respectively.

3. Results

3.1. Properties of TiO2-Ta NPs

TiO2-Ta NPs was prepared by doping titania and tantala film
with a cation ratio = 0.53 and size have examined TEM operated
at 110 V. TiO2-Ta NPs were non-uniform sheet-like structure in
shape and showing aggregation pattern as determined by TEM.
Fig. 1 (A, B) showed the microphotographs of TiO2-Ta NPs
nanoparticle by TEM. After the suspension of TiO2-Ta NPs in Mille
Q water and DMEM, their size was determined using a zeta sizer,
and size and zeta potential were 180 ± 2.0 nm and ~9.4 ± 4.6 mV
and 138 ± 6.0 nm and ~10.7 ± 3.3 mV.

3.2. Cell viability

The cell viability of SH-SY5Y cells after exposure to TiO2-Ta NPs
(0, 5, 10, 20,40, 60 and 80 mg/ml) for 24 hr. Data of cytotoxicity
were presented in Fig. 2. The cell viability due to TiO2-Ta NPs (0,
5, 10, 20,40, 60 and 80 mg/ml) was observed 100%, 97.80%, 90%,
83%, 88%, 64% and 38 % for 24 h in SH-SY5Y cells (Fig. 2). TiO2-
Ta NPs induced cytotoxicity in cells in a concentration-dependent
manner. The highest toxicity of TiO2-Ta NPs was seen in cells at
80 mg/ml (Fig. 2).

3.3. Oxidative stress

The production of intracellular reactive oxygen species (ROS)
was measured by DFDFA fluoro-chrome and DCFDA was oxidized
into DCF fluorescence. DCF fluorescence was emit green fluores-
cence. The green fluorescence intensity was observed more in at
80 mg/ml NPs in cells (Fig. 3 A). DCF fluorescence (green color)
intensity was irregularly increasing and decreasing (Fig. 3A, B).

GSH and LPO were determined and statistically analyzed with
control cells. Glutathione and lipid peroxide was measured and
glutathione level was declined and lipid peroxide was increasing
as exposure concentration of NPs was increased (Fig. 4A, B).

3.4. Genotoxicity

The declination of single-strand breakage in SH-SY5Y cells due
to NPs was measured by comet techniques (Fig. 5). During elec-
trophoresis, the damaged DNA migrates away from the nucleus



Fig. 1. (A) Photomicrograph of T302-Ter nanoparticles by using TEMP (B) Analysis of size distribution of 1102. Ta nanoparticles by TEM.

Fig. 2. Reduction in viability of SH-SY5Y cells after exposure to TiO2-Ter nanoparticles for 24 h Each value represents the mean 1-.SE of three experassents n = 3. *p < 0 05,
*p < 0 01 VS control.

Fig. 3. (A). Percent generation of intracellular ROS in SH-SY50fcells due to Ti02-Ta NPs for 24 h exposure_ as evaluated by DCFDA fluorescence stain assay (13). DCF-
fluorescence intensity as marker of ROS generation in cells, Each value represents the mean = SE of three experiments n= *p < 0.05, *p < 0.01 vs. control.
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Fig. 4. Oxidative stress bromarkers in SH-SYSY cells after exposure to Ti02-Ta nanopartieles for 24 13 (A). Levels of GSH 03) LPO in cells. Each value represents the mean = SE
of three experiments. *p < 0 05 and *p < 0.01 vs control.
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toward the anode. The quantity of migrated DNA is a measure of
the extent of DNA damage in the form of % tail DNA and olive tail
moment. DNA damage has occurred in a dose-dependent manner
in cells. The highest DNA fragmentation was seen at 80 mg/ml
NPs in cells (Fig. 5 A, B). Compared with the control group, DNA
damage of NPs was increased significantly (p < 0.05, p < 0.01) in
SH-SY5Y cells (Fig. 5 A-B).

3.5. Immunoblotting

To confirm the apoptosis due to the effects of NPs in SH-SY5Y
cells. We have determined the expression of the apoptotic protein
in cells after exposure to NPs. In cells exposed to NPs, there is dose-
dependent downregulation of Bax (Fig. 6A, B). Also, NPs exposure
increases the upregulation of bcl2 according to the dose-
dependent manner (Fig. 6A, B).

4. Discussion

Nanomaterials, including tantalum and TiO2 nanoparticles,
have become an essential part of human daily life. So, researchers
keen to investigate the underlying mechanism of toxicity of NPs
(Alarifi et al., 2017; Musial et al., 2020). In the present experiment
that when SH-SY5Y cells were exposed with TiO2-Ta NPs for 24 h,
we observed significant cytotoxicity and apoptotic effects on neu-
roblastoma cells. In addition, a significant decrease in glutathione
and an increase in LPO were observed. Moreover, a significant
increase in DNA fragmentation, and generation of intracellular
ROS, was investigated. Consistent with our results, other studies
reported that exposure to TiO2 nanoparticles resulted in toxicity.
4

In this experiment, we have observed the toxic potential of NPs
on cells. TiO2-Ta NPs was characterized using TEM and Zeta-
sizers to confirm the shape and size of nanoparticles. The mean
size of TiO2-Ta NPs was found 45 ± 1.5 nm by TEM with a rectan-
gular structure. We have analyzed the production of ROS in SH-
SY5Y cells due to TiO2-Ta NPs and production of ROS was increased
according concentration. So we assume that ROS has played a
specific role in cytotoxicity and apoptosis in SH-SY5Y cells due to
TiO2-Ta NPs exposure. Bortner and Cidlowski (2014) has reported
that ions trigger apoptosis in cancerous cells. TiO2-Ta NPs has
induced cytotoxicity in SH-SY5Y cells at all doses but the highest
toxicity exerted in cells at 80 mg/ml. Our results corroborated with
finding of finding of Sambale et al. (2015) for toxicity of silver
nanoparticles in mammalian cell lines and Zhang et al. (2020) for
cytotoxicity and inflammatory to Tantalum Nanoparticles in THP-
1-Derived Macrophages. CeO2 and TiO2 nanoparticles induced phy-
totoxicity and genotoxicity in Hordeum vulgare L. (Mattiello et al.,
2015). In this experiment, we have investigated the generation of
intracellular reactive oxygen species, and its generation was
increased in a dose-dependent manner and subsequently, produc-
tion of ROS was higher in the cell at higher concentration. The
effect of ROS may due to mitochondrial-mediated pathway as we
found in our experiment. Lu et al. (2020) reported that in the
extrinsic pathway of apoptosis, still not approved ROS as an activa-
tor due to NPs. Intrinsic pathways occurred in apoptosis due to
nanoparticles (Mkandawire et al., 2015). NPs produced free radi-
cals which degenerate the cells through the generation of ROS.
We have confirmed the apoptotic response of TiO2-Ta NPs using
the immunoblotting technique. Apoptotic and anti-apoptotic
proteins were induced according to the concentration of NPs.



Fig. 5. (A) Percent of tail DNA damage in SII-SV5V cells for 24 hr after exposure of NPs 03) Olive tail moment as in SH-SY5Y cells for 24 la after exposure of Tr02-Ter:tiPs Each
value represents the mean –L-SE of three experiments *p < 0.05 and *p < 0.01 vs. control.

Fig. 6. Immuno blotting of proteins involved in apoptosis (A) Bax, and 2c12. expression levels cells (B) Relative quantification of protein expression levels. 0-actin was used as
internal control to normalize the data, Data represent mean ± SEM of three experiments *p < 0 05 and **p < 0 01 vs. control.
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Based on the above finding, we confirmed that TiO2-Ta NPs
induced toxicity due to concentration upon cells. TiO2-Ta NPs
showed cytotoxicity, apoptosis, most likely due to its size effect
and induction of ROS and oxidative stress. We have observed less
significant differences for single-stranded DNA breaks between
the control and lower dose of NPs. Our findings may indicate that
TiO2-Ta NPs in SH-SY5Y cells contributes to oxidative stress and
DNA damage. However, the increase in DNA breaks in SH-SY5Y
cells with TiO2-Ta NPs may also reveal a slow DNA repair capacity.
Based on our finding we observed SH-SY5Y cells are more sensitive
to TiO2-Ta NPs and induced toxicity. In the future, we will
investigate the toxicity of TiO2-Ta NPs in vivo model.
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