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RESUMEN

Sintesis ecologica a baja temperatura de nanoparticulas de TiO,
negro y su evaluacion preliminar de citotoxicidad en células HEK-
293T

Introduccion. El TiO, se utiliza en diversas aplicaciones y dispositivos
médicos. Sus propiedades especificas, incluida su banda prohibida,
desempefian un papel fundamental en las aplicaciones medicas. El TiO,
se utiliza ampliamente en aplicaciones biomédicas por su capacidad
para reflejar y dispersar la radiacion UV, asi como por sus propiedades
antimicrobianas.

Objetivo. Este estudio tuvo como objetivo informar sobre un método
ecologico, de baja temperatura y rapido para sintetizar BTiO,NPsy evaluar
su citotoxicidad en células renales embrionarias humanas.

Métodos. Para la sintesis se utiliz6 un medio acuoso, acido ascorbico y
TiCl,. Las nanoparticulas se caracterizaron mediante difraccion de rayos X,
microscopio electrénico de barrido, espectroscopia de energia dispersiva,
espectroscopia infrarroja por transformada de Fourier y espectrometria
UV-Vis. La citotoxicidad de las nanoparticulas de BTiO,NPs se analizo
con los ensayos de exclusion de azul tripano y XTT.

Resultados. El tamafio de cristalita obtenido para la fase anatasa fue
inferior a 10 nm, con morfologia esférica y superficies deficientes en
oxigeno. También se pudo formar una fase amorfa de TiO, con exceso de
TiCl,. La misma sintesis sin acido ascorbico dio como resultado una fase
de rutilo con tamafio nanométrico. Se obtuvo mas del 80% de viabilidad
en células HEK-293T en todos los tratamientos; hubo un efecto minimo
dependiente del tiempo y la concentracién en la viabilidad y proliferacion
celular, lo que indica baja citotoxicidad.
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Conclusion. Se obtuvieron nanoparticulas de TiO,
modificadas superficialmente con tamafos inferiores a
100nm. Sedemostré unacitotoxicidad bajaen HEK-293T,
pero un aumento del metabolismo mitocondrial. Este
nanomaterial se presenta prometedor para aplicaciones
biomédicas, a la espera de estudios adicionales.

ABSTRACT

Introduction. Titanium dioxide (TiO,) finds use in
various medical applications and devices. Its unique
properties, particularly its band gap, play a key role
in these applications. TiO, is widely employed in
biomedical contexts due to its capability to reflect
and scatter UV radiation, as well as its antimicrobial
properties.

Objective. This study aimed to present an eco-
friendly, low-temperature, and rapid method for
synthesizing black titanium dioxide nanoparticles
(BTiO,NPs) and to evaluate their cytotoxicity in
human embryonic Kidney cells.

Methods. An aqueous medium, ascorbic acid,
and titanium chloride (TiCl,) were utilized for
the synthesis. Nanoparticles were characterized
using X-ray diffraction (XRD), scanning electron
microscopy (SEM), energy-dispersive spectroscopy
(EDS), Fourier-transform infrared spectroscopy
(FTIR), and UV-Vis spectrometry. The cytotoxicity
of BTiO,NPs was evaluated with the trypan blue
exclusion and XTT assays.

Results. The obtained anatase had a crystallite size
of under 10 nm, exhibiting a spherical morphology
and oxygen-deficient surfaces. With excess TiCla,
an amorphous TiO, phase could also form. The
same synthesis without ascorbic acid yielded a rutile
phase with a nanometric size. Over 80% viability
was achieved in HEK-293T human embryonic
kidney cells (HEK-293 T, CRL-3216 ATCC) across
all treatments; a minimal time- and concentration-
dependent effect on cell viability and proliferation
was noted, indicating low cytotoxicity.
Conclusion. Surface-modified TiO, nanoparticles
smaller than 100 nm were produced. They exhibited
low cytotoxicity in human kidney cells (HEK-293T)
while enhancing mitochondrial metabolism. Further
studies are needed on this nanomaterial, which
shows potential for biomedical applications.
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INTRODUCTION

TiO, is a metal oxide that occurs naturally and is
widely used in industrial and commercial products. It
possesses various attractive and beneficial properties,
for example, thermal stability, photocatalytic
potential, and resistance to ultraviolet radiation,
which can vary depending on the material’s primary
particle size, crystallinity, and formulation (1). This
has led to efforts to dope TiO, with other chemical
elements that alter its chemical structure and size,
such as black titanium (BTiO,) (2). BTiO, exhibits a
thin amorphous shell around the crystal lattice that
contributes to the decrease in its crystallinity, which
is optically noticeable by the change in its coloration
and can depend on the degree of reduction and
defects (3). BTiO, nanoparticles (BTiO,NPs) have
gained significant attention since 2011, particularly
for their enhanced photocatalytic and biomedical
applications, due to their modified electronic
and surface properties. Specifically, BTiO,NPs
demonstrate various therapeutic and diagnostic
properties that make them ideal for biomedical
applications (4) due to different structural and
chemical modifications, including oxygen/Ti**
vacancies, additions of hydroxyl groups, and Ti-H
bonds (3).

However, no consensus exists among the various
synthetic methodologies developed regarding the
specific conditions or equipment best suited for
obtaining BTIiO,NPs (5). Most of the syntheses
reported in the literature employ highly toxic
reducing agents (e.g., NaBH,) or specific conditions
for their production, controlled atmosphere and heat
treatment (5). Another option is the prior preparation
of nanoparticles for subsequent reduction using
sophisticated equipment (6). Some research
continues to explore a simple and environmentally
friendly method; several approaches have been
attempted toward this goal. For instance, Shah et
al. (7) synthesized BTiO,NPs using a hydrothermal
process at relatively low temperatures (180°C)
and with environmentally safe chemicals, similar
to ascorbic acid. However, further research is still
needed in this area.
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A simple and environmentally friendly method
is necessary because a significant portion of the
observed cytotoxicity in nanomaterials is often
attributed to the presence of residual reagents from
their synthesis, such as metal ions, reducing agents,
or surface-active compounds used in their production
(8). An example of this was reported by Prokopiuk et
al. (9), which demonstrated that BTiO,NPs exhibit
low toxicity against primary fibroblasts but induce
reactive oxygen species and Ca?* mediated eryptosis,
indicating a latent risk of the particles towards other
cell lines. In contrast, Ni et al. (10), who utilized
the low band gap of BTiO,NPs triggered by near-
infrared light, emphasized the destructive effect
on bladder cancer cells, exhibiting low toxicity,
good biocompatibility, and a high anticancer effect
in vitro. Additionally, Sun et al. (11) reported that
BTiO,NPs settled in vesicles within the cytoplasm
of HelLa cells through endocytosis, which, when
subjected to irradiation, induces severe cell death
with a photothermal conversion efficiency as much
as 204% higher than other types of TiO,. There are
extensive studies on the vulnerability of cancer cells
to the photocatalytic effects of TiO, nanoparticles
(NPs), where the mechanisms of action are
directly related to genotoxicity induced by DNA
damage (12). Although TiO, cytotoxicity has been
thoroughly studied in cancer cell lines, its effects
on non-cancerous human cell models, particularly
regarding the newly engineered BTiO,NPs, remain
relatively unexplored. TiO,NPs have been shown to
generate oxidative stress, apoptosis, inflammatory
responses, and genotoxicity, as well as causing
neurotransmitter  deregulation,  altering  the
distribution of trace elements, and interfering with
signaling pathways, which has led to its ban in some
countries as a food additive (13).

Given the above considerations, it is necessary
to establish simple techniques that produce little or
no harm to the environment and human health. It is
imperative to find a synthesis method for BTiO,NPs
that does not use or generate toxic compounds,
increasing the toxicity of the nanomaterial, such as
using ascorbic acid as a reducing agent. Furthermore,
analyzing these synthesized nanomaterials is
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required to ensure the ideal synthesis route.
Therefore, the current contribution describes a
simple one-step process for synthesizing BTiO,NPs
at an even lower reaction temperature and without
any catalysts or controlled atmosphere. In addition,
the cytotoxic potential of nanomaterials, of which
there are few reports in the literature, was analyzed
to ensure their safe use and enhance knowledge
surrounding this novel material.

MATERIALS AND METHODS

Synthesis of TiO, NPs

TiCl, (= 12% in HCI, Sigma-Aldrich), ascorbic
acid (99% purity, Meyer), and deionized water were
used. A 0.3 M solution of ascorbic acid (150 ml) was
prepared in deionized water at 60°C with constant
stirring (700 rpm) under a fume hood, adding 10
ml of the TiCl, solution dropwise. The solution’s
pH (approximately 2) at both the beginning and
end of the synthesis was not changed. After this
process, the solution was restated and placed in an
oven at 60°C to remove the solvent. The resulting
material was washed with deionized water and
dried at 60°C. The obtained powder was stored in
a desiccator for later use. The same procedure was
performed without ascorbic acid and with an excess
of TiCl, in solution.

Characterization of TiO, NPs

The phase analysis was conducted using X-ray
diffractionwithaD8 Advance A25 apparatus (Bruker)
under the following conditions: CuKa radiation
(0.15405 nm), with an initial angle of 20° and a
final angle of 79.99°, a scan step of 0.00409206°,
a voltage of 30 kV, and a current intensity of 20
mA. The crystallite size was determined using the
Scherrer equation. Morphological analysis was
performed with an SEM equipped with EDS (JEOL
66-10LV, JEOL), using 20 kV, a working distance of
10 mm, and gold-coated samples. Functional groups
were examined using FTIR spectroscopy (Frontier,
Perkin Elmer) at a wavelength range from 4000 to
400 cm™. Optical properties were assessed using
UV-Vis spectroscopy (Lambda 25, Perkin Elmer) at
200 to 800 nm wavelengths.
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Cell cultures for cytotoxicity assays

Human embryonic kidney cells (HEK-293 T, CRL-
3216, ATCC) were exposed to BTiO,NPs to assess
cytotoxicity. According to the supplier, they were
cultivated at 37°C for 72 h with 100% humidity and
a 5%CO, concentration, using Dulbecco’s Modified
Eagle Medium (DMEM) (Gibco-Invitrogen) with
low glucose and glutamine levels, supplemented
with sodium pyruvate (110 mg/ml), 10% fetal
bovine serum, 100 U/ml of penicillin, and 100 pg/
ml of streptomycin. After 72 h, HEK-293 T cells
formed a monolayer, which was trypsinized by
incubating the cells with a 0.05% trypsin/EDTA
solution at 37°C for 5 min. The cell suspension
was centrifuged at 1200 rpm for 5 min, and the cell
pellet was resuspended in 1 ml of complete medium.
Before the studies, the BTiO,NPs were suspended
by sonication for 20 min in the enriched DMEM
mentioned above. The cell suspension with varying
concentrations of BTiO,NPs (0, 25, 50, 100, 200,
and 400 pg/ml) was added to a 96-well plate (1x10°
cells/ml) for the XTT (2,3-Bis-(2-Methoxy-4-Nitro-
5-Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide)
colorimetric cell viability assay or to 6-well plates
(2x105 cells/ml) for the trypan blue exclusion assay.

Cell viability assays

Regarding the latter, after incubation with
BTiO,NPs, cells in the 6-well plates were washed
with NaCl (0.9%). The cell solution was centrifuged
at 1200 rpm for 5 min, and the supernatant was
discarded. The cell pellet was resuspended in 1 ml
of medium, and the resulting suspension (95 pl)
was stained with 5 pl of trypan blue (0.4%). Cell
viability was assessed under a Motic digital light
microscope.

Cell proliferation assays

The XTT assay was conducted following the
manufacturer’s instructions (Sigma-Aldrich) after
24 and 48 h of exposure to BTiO,NPs. Blanks
were prepared for each BTIO,NP treatment,
considering the absorption and degradation of XTT
salts, to adjust the results obtained. Absorbance
measurements (490 nm) were taken using a
microplate spectrophotometer (Multiskan Go,
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Thermo Scientific) at these two time points. Each
exposure duration was assessed in triplicate during
the viability and proliferation assays.

Statistical analysis

In all cases, the normality and homogeneity
of variance requirements were analyzed. The
experimental design was conducted using
completely randomized blocks. A one-way analysis
of variance (ANOVA) with a post hoc Tukey test
was performed to compare statistical differences.
The significance level used was p < 0.05.

RESULTS

Theaddition of TiCl, caused animmediate reaction,
triggering a change from a colorless solution to a
dark orange/reddish one (Figure 1, bottom) and
producing gas. By the end of the response, only a
light orange residue was found in the samples with
excess TiCl,. The nanoparticles were separated by
centrifugation and treated in the same process as the
BTiO,NPs (Figure 1, top and middle). Interestingly,
the residue was directly proportional to the amount
of TiCl, added, being almost negligible with a 10 mi
volume.

XRD confirmed the presence of TiO, in the
samples. The orange precipitate (Figure 1, middle)
displayed broad, low-intensity peaks with poor
crystallization and amorphous material, representing
the entire diffraction pattern. In contrast, the wide,
low-intensity peaks of BTiO,NPs (Figure 1, bottom)
showed good crystallization, characteristic of the
anatase phase (JCPDS card No. 00-002-0406).
The diffracted peaks at 20 correspond to 25.17°,
37.67°, 47.85°, 53.96°, 62.37°, 68.69°, and 74.89°,
associated with the (1 01),(004),(200), (10
5), (204), (116), and (2 1 5) planes, respectively.
The space group belongs to tetragonal I 4 /amd (No.
141) with lattice parameters calculated for a, b equal
to 3.79 A and c equal to 9.52 A. Conversely, white
titanium dioxide (WTiO,) (Figure 1, top) exhibited
broad, low-intensity, crystalline peaks typical of the
rutile phase (JCPDS card No. 01-0781510). The
diffracted peaks at 26 correspond to 27.35°, 36.08°,
39.06°, 41.21°, 43.90°, 54.22°, 56.44°, 62.86°, and
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69.85°, associated with the (1 1 0), (10 1), (20 0),
(111),(210),(220),(002),and (11 2) planes,
respectively. The space group belongs to tetragonal
P 4/mnm (No. 136) with lattice parameters
calculated for a, b equal to 4.60 A and ¢ equal to
2.95 A. The crystallite size of the various forms of
TiO, was determined using the Scherrer equation.
The Scherrer equation for calculating particle size is
D=(K A)/(pB cosO); where K is the Scherrer constant,
commonly valued at 0.9, A is the wavelength of the
X-ray beam used (1.5418 A), B is the full width at
half maximum (FWHM) of the peak, and 6 is the
Bragg angle (14). The Scherrer equation accounts
for broadening solely due to crystallite size. The
sizes of BTIO,NPs and WTiO, calculated from the
main peaks were 10.07 +4.71 nm and 20.77 £7.89
nm, respectively.

Regarding the SEM results (Figure 2A, B, and
C), some agglomerates of quasi-spherical and
amorphous particles were observed, with sizes well
under 100 nm. In the EDS study (Figures 2D, E,
and F), there were peaks corresponding to titanium
and oxygen were observed. Additional evidence
indicates the presence of C and CI atoms from
ascorbic acid and residues or impurities. FTIR
spectroscopy showed various peaks, some attributed
to the vibrational modes of OH groups at 3200-3600
cm*and 1700-1600 cm (Figure 3).

Figure 1. XRD patterns (top to bottom) of WTiO,, amorphous
TiO,, and BTiO,NPs, respectively.

Figure 2. Scanning electron microscopic micrographs and their corresponding EDS for amorphous TiO, (Aand D), BTiO,NPs
(B and E), and WTiO, (C and F).
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The presence of ascorbic acid in the NPs is
indicated by peaks from its carbonyl groups
and other peaks belonging to the same molecule
(Figure 3, top). A clear difference is observed in
the FT-IR spectra between the WTiO, and those
synthesized with ascorbic acid, in the range of
1600 to 1100 cm?, indicative of the residues of the
aforementioned carbonyl groups. Moreover, the
inverted peak at 1000 cm™ suggests the bonding
between Ti-O-O-C (15). The presence of the TiO,
band is noted in the wave range of 400 to 800 cm™.
A broader band observed from 400 to 1000 cm*
can be attributed to the Ti-O and Ti-O-Ti bridging
stretching modes. Regarding the UV-Vis spectrum,
a peak of excellent absorption intensity appears
at around 300 nm (Figure 3, middle). The optical
band gap was determined using the Tauc plot
method (16), yielding 3.38 eV for BTiO,NPs and
3.59 eV for WTiO, (Figure 3, bottom).

The cell viability study revealed no damaged
or dead cells with trypan blue staining across
all treatments and times analyzed. However,
increasing the concentration of BTiO,NPs also
led to enhanced sedimentation and a significant
amount of cellular agglomeration attached to them.
A key point to note is the affinity of the BTiO,NPs
to attach exclusively to cell membranes, avoiding
areas where they did not develop, suggesting that
the surface charge of both the cell membrane and the
BTiO,NPs contributed to this agglomeration. This
could facilitate potential internalization into cells
(Figure 4). The decrease in cell viability of HEK
293T (Figure 5A) depends on the concentration and
exposure time. The 100 pg/ml concentration shows
statistically significant differences compared to the
control at both exposure times. In contrast, 400 pg/
ml concentration only shows this effect after 48 h
of exposure, although all treatments maintained
over 85% viability. Furthermore, in this graph, at
24 h, there is a trend toward increased viability,
even surpassing the control.

Subsequently, it declines, contrasting with the 48
h of exposure, which generally shows a decrease.
The IC,, calculated for the 24-h treatment was
1389 pg/ml, whereas for the 48-h treatments it was
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1277 pg/ml. As demonstrated, the BTiO,NPs did not
exhibit a significant decrease in cell viability at the
concentrations and cell line used.

Figure 3. FT-IR spectra (top), UV-Vis spectra (middle), and
Tauc plot (bottom) of amorphous TiO, (a), BTIO,NPs (b), WTiO,
(c), and ascorbic acid (only FT-IR spectra).
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Figure 4. Deposition of nanoparticles in the 100 pg treatment before (10x, left) and during (40x, right) the trypan blue exclusion

assay counting.

On the other hand, in the proliferation tests where
mitochondrial activity was measured through the
degradation of XTT, greater activity was observed
compared tothe control inall samples. However, only
the 400 pg/ml concentration showed a statistically
significant difference at 24 h of exposure (Figure
5B). Therefore, based on the obtained results, it
can be stated that BTiO,NPs cause HEK 293T

cells to be metabolically more active, depending
on the concentration and exposure time, even
though there is less cellular presence. The increased
mitochondrial activity induced by BTiO,NPs may
be attributed to the defense mechanisms of HEK
cells against particle-mediated cellular stress.

Figure 5. Trypan blue exclusion (A) and XTT (B) assays. Values represent the mean + SD of three or more independent expe-
riments. * Statistical differences (p<0.05 versus the control) based on one-way ANOVA and the Tukey test.
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DISCUSSION

The previous synthesis reaction varies from that
described by Shah et al. (7), who observed a purple
solution after mixing ascorbic acid with different
concentrations of TiCl, at room temperature.
Therefore, temperature is crucial for the one-step
formation of BTiO,NPs. When titanium atoms react
with ascorbic acid, their binding to electron-donating
ligands facilitates the formation of complexes and
changes in coloration (17), which the following
equations can illustrate:

The first reaction occurs instantaneously (Eq.
1). The hydrolysis of TiCl, produces hydrochloric
acid and several intermediate titanium compounds
between TiO,* and TiO,. Finally, the nucleation
process yields titanate with an oxygen-deficient
surface (Eq. 2).

Adding TiCl, to a solution without ascorbic acid
also produced an immediate reaction, resulting in a
milky white color, gas formation, and the synthesis
of white titanium dioxide (WTiO,). The following
equation can explain this:

The orange precipitate of amorphous TiO,
belongs to an anatase structure, as Dai et al. (18)
reported. In contrast, Pedraza and Vazquez (19)
obtained rutile through a similar process, which
required more time and thermal treatments to
achieve the desired crystallization compared to
the current procedure due to their experimental
conditions. Consistent with previous studies,
ascorbic acid did not affect the crystal structure
(20). However, this lack of effect from ascorbic
acid can be attributed to the working temperature.
At temperatures above 70°C, rutile phase
crystallites with a higher surface free energy may
promote anatase phase crystallization.

The findings in the FTIR spectra resemble those
reported by Chen et al. (21), who also worked with
BTiO,NPs. Additionally, the UV-Vis spectrum
peak around 300 nm can be attributed to the band
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gap interval of the crystalline phase of the particles
(19). The spectrum is similar to that published by
Su et al. (22), who detected a linear behavior in
the visible spectrum and an absorption band at 300
nm, as well as a band gap calculated by the Tauc
plot method for BTiO,NPs.

One significant limitation of this study is that
the zeta potential and colloidal stability of the
BTiO,NPs were not measured. Therefore, we
cannotensure the correct dispersion of the solutions
and the electrostatic affinity between BTiO,NPs
and cells. In addition to this, the internalization
into cells is a highly complex process, determined
by the properties of the material (particle size,
shape, morphology, crystalline structure, and
surface charge) as well as the characteristics of the
cell (membrane structure, segregated molecules,
surface charge, etc.) (23). The effect reported
by Filippi et al. (24) is called “Trojan Horse,”
which occurs when particles are deposited on
the surface of a cell and then enter via diffusion,
endocytosis, or pinocytosis, without control over
intracellular concentration. This phenomenon may
be happening in this study, given the apparent
affinity of the NPs for this cell line. Additionally,
a study by Meena et al. (25), involving TiO, NPs
on HEK 293T cells, reports internalization and
even interaction of the particles with the nuclear
membrane, leading to apoptotic characteristics in
the treated cells. The mechanism by which these
particles induce damage has not yet been clarified
(23, 25). It has been proposed that the potential
mechanisms of action causing cytotoxicity are
associated with generating reactive oxygen species
(ROS) and damage due to oxidative stress (24).
The increase in mitochondrial activity could be
linked to compensatory mechanisms in response
to cellular stress. However, given the analyses’
limitations, it is difficult to assert that this effect
occurs in the present work. Further study of ROS
generation, apoptosis, and validation in other
cellular models or in vivo systems is needed.
Nevertheless, the observed cellular decline
alongside increased activity of HEK 293T cells
(Figure 4) indicates the presence of cellular stress
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in this study, necessitating apoptosis analysis and
direct measurement of ROS to clarify the action
pathway of the NPs.

Furthermore, the formation of superoxides
generated by BTIO,NPs is possible, which
could lead to a false positive by increasing cell
proliferation, as mentioned by Wang et al. (26).
However, the effect of BTiO,NPs on XTT salts
due to superoxides was managed because when
the superoxides generated by BTiO,NPs interact
with XTT, they are reduced to generate formazan.
This effect is accounted for by bleaching each
of the samples without cells, a process that was
conducted. Therefore, this increase in cell viability
cannot be attributed solely to superoxides. Tucci
et al. (27) demonstrated that the effect of TiO,
NPs does not necessarily impact the phases of
the cell cycle or issues related to cell death;
instead, the NPs affect mitochondrial activities.
They found that at high doses (100 pg/ml) after
24 h of exposure, metabolic alterations increased
in eighty-five biochemical compounds, many
associated with the cellular stress response.
Another study by Bo et al. (28) indicates that
TiO, can trigger damage to energy processes
while inhibiting the synthesis of ribonucleic acid
and deoxyribonucleic acid, as it interferes with
the metabolic pathways of specific amino acids,
L-aspartate and L-B-alanine. Similarly, Valentini
et al. (29) report observing changes in various
substances involved in energy generation, such as
the Krebs cycle, which promotes an increase in
primary compounds in this cycle. These changes
reflect a transient process of cellular metabolism
that quickly counteracts the effects of oxidative
stress, ultimately resulting from an increase in the
enzymatic and metabolic machinery present not
only in the mitochondria but throughout the cell.

The enhancement of the catalytic properties of
BTiO, closely relates to the formation of structural
defects, primarily oxygen vacancies and Ti*" states
within its crystal lattice. These defects introduce
intermediate energy levels within the bandgap,
effectively narrowing it and allowing the absorption
of lower-energy photons, thus extending its
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activity into the visible and near-infrared regions
(30). Furthermore, an increase in charge carrier
density and improved charge separation have been
observed due to efficient electron trapping (31). As
a result, the photocatalytic activity of BTiO,NPs
is significantly enhanced due to its greater
light-harvesting capacity and charge separation
efficiency.

Due to these improved properties, BTIO,
shows great potential in various biomedical
and environmental applications. For example,
Photodynamic Therapy (PDT) allows BTiO, to act
as a photocatalyst that generates ROS, selectively
destroying cancer cells under light irradiation
(32). Photothermal Therapy (PTT) efficiently
converts light energy into heat, enabling the
thermal ablation of cancerous cells. Reported
photothermal conversion efficiencies are as
high as 40.8%, coupled with low toxicity. NIR
light-activated PTT has proven effective in vivo
tumor ablation (33). On the other hand, BTiO,
demonstrates superior photocatalytic degradation
of bacteria under UV and visible light compared
to WTiO, (34). Its antibacterial activity can be
further enhanced by incorporating nanostructures
or doping materials. BTiO,NPs are suitable
for electrochemical and photoelectrochemical
biosensors (PEC) applications, offering high
sensitivity for detecting microRNAs and other
biomarkers, making it a promising platform for
advanced diagnostic technologies (35).

CONCLUSIONS

Afastand simple method for preparing BTiO,NPs
and nanoparticles with minimal reduction
in viability is described here. The obtained
nanoparticles exhibit a single anatase phase
(using ascorbic acid) or the rutile phase (without
the stabilizer). They measure less than 100 nm in
diameter and demonstrate potential for surface
functionalization with ascorbic acid. During
synthesis, the presence of ascorbic acid influenced
the resulting crystal structure. Moreover, the
limited effect of these nanoparticles on cell
viability was only observed at concentrations of
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100 and 400 mg/L, yet cell viability remained
above 85%. The treatments encouraged an
increase in cell metabolism. However, further
experimental research is needed to confirm their
safety and to explore potential applications, such
as characterizing the nanoparticle surfaces and
investigating the mechanisms of action at the
mitochondrial level across different cell lines.
Due to their tunable properties and safe origin,
BTiO,NPs can be a biofunctional biomedical
material. With ongoing research and technological
innovation, we believe this nanomaterial will
advance the field of biomedicine.

Ethical statement

The tests with HEK 293T cells (CRL3216-
ATCC) were carried out following the supplier’s
instructions, and strict internationally approved
protocols and procedures were followed before,
during, and after the test.
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