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The widespread use of titanium dioxide (TiO2) nanoparticles (NPs) in various products and industrial applications
has intensified the need to consider their role in treating heavy metal toxicity. Likewise, the harmful impacts of
lead on the environment, animals, and humans have compelled researchers to develop more efficient, costeffective, and environmentally friendly solutions to the issue of lead poisoning. The current study aimed to look
at the cytotoxicity of titanium dioxide nanoparticles (TiO2 NPs) and their ability to neutralize lead toxicity in
cultured L929 cell lines, blood, and raw milk. For this purpose, fifty blood samples and twenty-five raw milk
samples were collected from cattle. TiO2 Nps were synthesized by the sol-gel method and characterized by the
methods of Field emission scanning electron microscope (FESEM), X-ray diffraction (XRD), Energy dispersive X-ray
(EDX), Fourier-transform infrared spectroscopy (FTIR), Dynamic light scattering (DLS), and Zeta potential. Pure 47
nm spherical to oval particles were synthesized. After 24, 48, and 72 hours, the TiO2 NPs had no cytotoxic effect
at different concentrations on L929 cell lines, whereas Pb (NO3)2 was toxic to L929 cell lines resulting in a 43%
reduction in their viability. TiO2 NPs neutralized the toxicity of Pb (NO3)2 on the L929 cell line. The mean serum
lead (Pb) concentrations were remarkably reduced in both male and female cattle from 7.03±1.84 and 4.34±1.21
μg/dL to 0.47±0.38 and 0.33±0.28 μg/dL, respectively, after TiO2 NPs were added. Furthermore, after TiO2 NPs
were added, the mean lead concentrations in raw milk decreased dramatically from 1.52±0.22 to 0.23±0.19 μg/dL.
The TiO2 NPs are non-cytotoxic substance and can efficiently modulate the bioavailability of lead in blood and raw
milk, making it a promising method to reduce the problem of lead poisoning in animals.
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Introduction

poisoning include lead-based paints, used engine
oils, car grease and oil filters, shotgun pellets,
solder, lead linoleum windows, smelter
discharges, and automotive exhaust [2]. Among
domestic animals, cattle have been the most
frequently affected due to their high
vulnerability, natural curiosity, licking, and
indiscriminate eating habits [3]. Lead is initially
transmitted through the blood to soft tissues,

Since antiquity, lead (Pb) toxicity has been
recognized. The lead poisoning is one of the most
common environmental diseases affecting
numerous animal species and human beings
worldwide [1]. The most frequent causes of lead
poisoning in livestock are old lead-acid car
batteries. Other lead sources for domestic animal
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kidneys, and liver after absorbed from the
gastrointestinal tract. Lead is redistributed from
soft tissues to bone in the second step. Some of
the ingested lead is excreted in bile, urine, and
milk [4]. Due to food safety problems and
possible health threats, lead in milk draws public
interest as it is widely spread in the environment.
The accumulation of these heavy metals in food
poses a significant risk of long-term toxicological
effects [5]. The normal value for lead in milk was
100 μg/dL according to Codex 2000. However, in
2007, the limit was lowered to 2 μg/dL [6, 7].
There is no such amount of lead that seems to be
necessary or advantageous to the body, and
there has been no “safe” level of lead exposure
found. Lead toxicity is an especially insidious risk.
However, due to its low elimination rate, harmful
lead levels can build up in tissues after sustained
exposure to low lead concentrations [8].

study were to evaluate the cytotoxicity of TiO2
NPs and test their effects on the removal of lead
toxicity from bovine blood and raw milk.

Material and methods
Sample collection
The animal samples were collected under the
permission of the ethical committee of the
College of Veterinary Medicine, University of AlQadisiayh (Ref. No. 82/2020), Al-Diwaniyah, Iraq.
A total of 50 cattle blood samples were collected.
The blood samples were split equally between
males and females. The age of animals ranged
from 6 months to 6 years for both genders.
Samples were obtained from the northwest,
southeast, and center of Al-Diwaniyah province,
Iraq. Blood samples were taken from the tail vein
using a vacutainer tube after washing the region
with 70% alcohol. The blood samples were then
transferred to the laboratory using a cold chain.
The blood samples were centrifugated at 4,000
rpm for 10 minutes to separate serum. At this
stage, the clear obtained serum is ready for
evaluation of lead (Pb) concentrations (μg/dL)
using Shimadzu AA-7000 atomic absorption
spectrometry (Shimadzu, Kyoto, Japan).

Researchers are challenging to design scientific
methods that reduce the risks of lead poisoning
and find a solution to this problem due to the
significant dangers posed by high levels of lead in
animals’ bodies and the remedial issues that
result. The application of nanotechnology and
nanoparticles use one of the most promising
solutions [9]. Nanoparticles exhibit more
physicochemical characteristics than mass
materials because of their much larger surfaceto-volume ratio, significantly greater reactivity,
controlled particle size, site of release and sitespecificity, more excellent bioactivity, low
bulkiness, and speedy arrival of medications [10].
Titanium dioxide nanoparticles (TiO2 NPs) are
studied as a possible photosensitizer [11]. The
photocatalytic behavior of TiO2 NPs has been
extensively studied to enhance the properties of
medical applications. As previously mentioned,
photocatalysis made use of photons and a
catalyst [12], which were used to treat skin
conditions and demonstrated actions against
bacteria in many in vitro and in vivo toxicology
tests, among them, TiO2 NPs were employed as
“control” due to their low solubility and low
toxicity [12]. In developing heavy metal removal
technologies, nanomaterials have played a
critical role [13]. Therefore, the objectives of this

Twenty-five milk samples were collected from
healthy dairy cows in Al-Diwaniyah province,
Iraq. The milk samples were collected using 50
mL falcon tubes. Samples were rinsed in a 10%
nitric acid solution and then distilled water
before each experiment. All milk samples were
processed at -20°C in clean containers and
outside light exposure.
Synthesis of TiO2 NPs powder
TiO2 NPs have been manufactured according to
the previously described Sol-Gel technique [14].
At room temperature, 80 mL of isopropanol and
20 ml of titanium isopropoxide (Sigma-Aldrich, St.
Louis, MO, USA) were mixed in a beaker for 5
minutes to create a homogenized solution using
a magnetic stirrer. A 20 mL of deionized water
was mixed with 20 mL of isopropanol in a second
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beaker for 5 minutes with a magnetic stirrer. The
contents of the second beaker were then added
to the first beaker. At this stage, the solution
obtained was milky in color. Hydrochloric acid
was added dropwise to the suspension above to
achieve the appropriate pH of 2-4. During this
stage, the resulting suspension was mixed on a
500 rpm magnetic stirrer for 2 hours, and then,
sonicated for 32 minutes to complete the
homogenization reaction. The sol-gel was formed
about 48 h. The solution is converted to gel at this
point, and its viscosity increased. The resulting
gel was then heated to 110°C for 2 hours to make
it dry. Finally, the dry gel is heated in a muffle
furnace at 500°C for 5 hours to produce a fine
powder.

(3) Dynamic light scattering (DLS) measurement
The fabricated TiO2 NPs were measured by DLS
using Horiba SZ-100 nanoparticle analyzer
(Horiba, Kyoto, Japan). An appropriate powder
concentration of 0.01 g/100 mL was distributed
in Dimethyl sulfoxide (DMSO). The medium had
been used to estimate the cytotoxicity effect on
DMSO distribution particles.
(4) Zeta analysis
Zeta potential measurement was performed by
using Horiba SZ-100 nanoparticle analyzer to
investigate the particles’ surface charge of
prepared TiO2 NPs. The particles’ electrostatic
potential was determined in DMSO at room
temperature using ultrasonic dispersion of 0.01
g/100 mL.

Characterization of TiO2 NPs
(1) X-Ray powder diffraction (XRD) assay
Applications of Cu-Kα-wavelength (Ţ= 1.5405 Å)
were produced by using a Phillips diffractometer
(Malvern Panalytical, Worcestershire, UK) in
powder samples of TiO2 NPs. The voltage used
was 40 kV, and the current intensity was 25 mA.
XRD is essential for determining the crystal
structure, size, and crystallinity of a sample using
the Scherrer equation:

(5) Fourier-transform infrared spectroscopy
(FTIR) analysis
Shimadzu FTIR system (Shimadzu, Kyoto, Japan)
was used to evaluate the prepared samples'
functional groups over a wavelength range of
400-4,000 /cm.
Cell Culture and 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide (MTT) assay
(1) Cytotoxicity of TiO2 NPs
Mouse fibroblast (L929) cells (Central Laboratory,
Isfahan Technology University, Isfahan, Iran)
were cultivated in Dulbecco's modified eagle
medium (DMEM) (Sigma-Aldrich, St. Louis, MO,
USA) with 100 U/mL penicillin, 100 g/mL
streptomycin, and 10% fetal bovine serum (FBS)
at 37°C and 5% CO2 humidification. In the MTT
experiments, the cells were seeded in the 96-well
plates with density of 3.0×105 cell/well. TiO2 NPs
have been diluted to a reasonable concentration
of 5, 10, 25, 50, and 100 μg/mL for a freshly
distributed in a cell culture setting for 24, 48, and
72 h. Each well was washed twice with
phosphate-buffered saline (PBS) before adding
fresh 100 mL of culture medium and 0.5 mg/mL
of MTT reagent. After that, the labeled cells were
incubated at 37°C under 5% CO2 for 4 h. After
replacing the medium with 100 μg/mL fresh
DMSO, the OD was measured using an ELISA
plate reader (Bio-Rad, Hercules, CA, USA) at 570

D = Kλ / βcosθ
K is a dimensionless constant, λ is the X-ray
radiation distance, β is the diffraction peak's full
width at half limit (FWHM), and θ is the
diffraction angle.
A crystallite's size is determined by expanding a
certain peak in a diffraction pattern associated
with a particular planar reflection inside the
crystal unit. The FWHM of a single height is
inversely proportional, the lower the peak, the
larger the crystallite volume.
(2) Field emission scanning electron microscope
(FESEM)
The morphological features and size of TiO2 NPs
were studied by using MIRA3 TESCAN-XMU
FESEM (HORIBA Scientific, Kyoto, Japan) under a
20 kV electron acceleration.
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nm after 10 minutes of trembling. The data were
recorded as the mean ± SD where the cell culture
without TiO2 NPs acted as a control. All
experiments had been triplicated.

water, then 8 mL concentrated nitric acid was
added. During gentle mechanical shaking for 5
minutes, 1 mL of 30% H2O2 was added to the
sample. The sample was diluted with distilled
water to 25 mL before ultrasonic analysis at 60°C
for 30 minutes. All the samples were carried out
in a triplicate manner. For the milk sample, a total
amount of 6 mL (2 mL raw milk and 4 mL purified
water) was combined with 4 mL of 65% nitric acid
and incubated for 24 hours at 85°C.
Subsequently, 4 mL of 30% hydrogen peroxide
was added and the sample was set at 120°C for 1
h in the semi-closed glass digester. Finally, the
reaction was diluted by adding 10 mL of 1% nitric
acid, and the volume of lead was determined by
furnace atomic absorption spectrophotometry. A
triplicated pattern was applied to all samples
[16].

(2) Cytotoxicity of lead nitrate (Pb(NO3)2)
MTT experiments were applied to detect the
proliferation of L929 cells cultivated in media
with various concentrations of Pb(NO3)2 (10, 20,
40, 80, 160 μg/mL). Cells were cultured in 96-well
plate at a density of 3.0×105 cells per well. 20 μL
of 5 mg/mL MTT in 0.01 M PBS solution were
added to each well. The plate was incubated at
37°C under 5% CO2 for 4 hours. The purple
products were then carefully removed and
transferred into 0.2 mL of DMSO. OD570 was
measured by using the ELISA plate reader (BioRad, Hercules, CA, USA). All the experiments
were carried out three times. The mean ± SD was
used to describe the data with the cell culture
without Pb(NO3)2 as the control.

(5) The effects of TiO2 NPs to Pb in serum and
milk samples
A 0.2 mL of formulated TiO2 NPs (47 nM, 99%
purity) was applied to 2 mL of serum and 2 mL of
milk samples, respectively to measure the
elimination of Pb by TiO2 NPs. The sample was
then put under UV light (315-400 nm, 40W) for 2
hours to complete the oxidation reaction. Finally,
the remaining amount of Pb was calculated by
using furnace atomic absorption spectrometry.
Both serum and milk samples were performed in
triplication.

(3) The effect of TiO2 NPs on the cytotoxicity of
Pb(NO3)2 on L929 cell line
The MTT assay was used to test TiO2 NPs to
neutralize the Pb(NO3)2 toxic effect on L929 cells.
L929 cells were cultured with the media
containing Pb(NO3)2 and TiO2 NPs (1:1) at various
concentrations of 10, 20, 40, 80, 160 μg/mL for
24, 48, and 72 h. After treatment, a total volume
of 20 μL media (5 mg/mL MTT in 0.01 M PBS) was
added to each well and continued incubation
under 5% CO2 at 37°C for 4 hours. The medium
was then carefully aspired, and 0.2 mL of DMSO
was applied to dissolve the purple materials.
OD570 was measured using the same plate reader
after shaking the plate for 10 minutes. A triplicate
assay was achieved for all samples. Data was
shown as mean ± SD. Cells cultivated in media
with no Pb(NO3)2 and TiO2 added were set as the
control.

Statistical analysis
The data were shown in terms of mean ± SD, and
the variations were considered significant when
P < 0.05. The data was analyzed using Microsoft
Excel and SPSS statistic tools (V.22) (IBM,
Chicago, IL, USA).

Results

(4) Determination of Pb concentration in blood
and raw milk samples
The furnace atomic absorption spectrometry
(FAAS) was used to determine the lead
concentrations in blood and milk samples. 2 mL
of serum was diluted with 15 mL of distilled

Characterization of TiO2 NPs
(1) The field emission scanning electron
microscope (FESEM)
The synthesized TiO2 NPs with an average of 47
nm of relatively ovoid shape were shown in
Figure 1 by using FESEM technique.
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Figure 1. FESEM image showed a spherical to the ovoid shape of synthesized TiO2 NPs.

Figure 2. XRD pattern of prepared TiO2 NPs by sol-gel method.
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Figure 3. EDX spectrum of TiO2 nano-composition.

(2) X-ray powder diffraction (XRD)
In XRD patterns, the calcined temperature
(400°C) of TiO2 NPs was shown. The TiO2 NPs
were anatases when the heating temperature
was increased to 400°C. The diffraction peaks at
2.5, 37.9, 48.2, 53.8, 62.6, 70.14, 75.66, and
83.10°C matched the crystal plane patterns of
(101), (004), (200), (105), (211), (204), (220),
(215), and (312), which were characteristics of
TiO2 NPs’ anatase process (Figure 2).

DLS determined the particle size and Zeta
potential for TiO2 NPs. The Zeta potential below 25 mV and above +25 mV suggested a stable
surface of nanoparticles without a propensity to
accumulate. Lower Zeta potential values
indicated nanoparticle aggregation due to Van
der Waals forces. In Figure 4, Zeta potential
values of -49.1 mV for TiO2 NPs was observed,
corresponding to stable DMSO dispersions. The
Zeta potential with a negative value of -49.1 mV
and electrophoretic movement (mean) of 0.000380 cm2/Vs was a good predictor for
equilibrium without particle settlement of TiO2
NPs suspense in DMSO. The prepared suspension
report also showed that the general zeta
potential conditions for increased stability were
negative. It was investigated if prepared TiO2 NPs
in DMSO had a hydrodynamic scale. DLS
demonstrated a relatively thin body with a
hydrodynamic diameter of 180 nm (Figure 5).

(3) Analysis of energy dispersive X-Ray (EDX)
The EDX spectra confirmed the pure TiO2
nanocomposite
process,
describing
the
elemental composition of nanoparticles' samples
in Figure 3.
(4) Dynamic light scattering and zeta analysis
(DLS)
Dynamic light scattering (DLS) was performed on
samples dispersed in DMSO to evaluate their
average hydrodynamic radius and to confirm the
above FESEM particle sizing measurements.
Several samples were readily accumulated in the
DMSO as demonstrated by a slightly greater
particle size than FESEM particle counting and a
large particle size variance. All substances were
found to be ovoid nanoparticles, with a mean
FESEM particle size of 0.40–0.49 anisotropy. In
general, DLS data agreed with FESEM particle
sizes.

(5) Fourier-transform infrared spectroscopy
(FTIR) analysis
The functional groups of TiO2 NPs were
calculated by FTIR analysis. Related absorption
peaks observed in the synthesis of TiO2 visible
light active and magnetically recyclable
nanocomposite have been documented by Helin
Niu, et al. [15]. The TiO2 nanocomposite FTIR
transmission spectrum was shown in Figure 6.
The wideband based at 500-600/cm was
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Figure 4. Zeta potential analysis (ζ= - 49.1 mV) of prepared TiO2 NPs.

Figure 5. DLS image of the particle volume distribution size of TiO2 NPs.

Figure 6. FTIR spectrum of anatase TiO2 NPs confirmed relative functional groups.
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allocated to bending vibration (Ti-O-Ti) bonds in
the TiO2 lattice. For the hydroxyl group,
intermolecular interaction of the water molecule
with the surface of TiO2, broadband of 3,6003,400/cm was chosen. The peak at 1,650/cm
corresponds to the OH group’s bending vibration
characteristic.

(4) Concentrations of Pb in blood samples
The findings of the current study showed that the
mean serum Pb concentration was 7.03±1.84
μg/dL (ranged from 2.25 to 9.22 μg/dL) and
4.34±1.21 (ranged from 2.28 to 6.68 μg/dL) in
males and females, respectively. The statistical
analysis of Pb levels showed a significant
difference between males and females (P < 0.05),
as the serum concentrations of lead in males
were higher than that in females, while toxicity
levels had not been reported. After adding TiO2
NPs to the same serum samples, the
concentrations of serum Pb in males and females
were significantly decreased to 0.47±0.38 and
0.33±0.28 μg/dL, respectively (P < 0.05).

MTT assays
(1) Cytotoxicity of TiO2 NPs
The viabilities of L929 cells cultured in media
containing various TiO2 NPs concentrations for
24, 48, and 72 h were determined by using MTT
assay. The cells retained their vitality for 24 hours
at different concentrations, close to the control
group. However, the cells' vitality decreased by
4.59% and 6.68 % over 48 and 72 hours at
elevated concentrations of TiO2 NPs (100 g/mL)
(Figure 7). The results showed a correlation
between L929 cell viability and the concentration
of TiO2 NPs in a dose-dependent manner, where
the cell viability slightly nonsignificant decreased
at high concentrations of TiO2 NPs.

(5) Concentrations of Pb in raw milk samples
The present study results showed that the mean
Pb concentration in raw milk was 1.52±0.22
μg/dL (ranged from 1.12 to 2.14 μg/dL). Lead
concentrations in raw milk samples were
significantly decreased to 0.23±0.19 μg/dL after
processing with TiO2 NPs (P < 0.05).

(2) Cytotoxicity of Pb(NO3)2
In response to various Pb(NO3)2 concentrations
present in the culture medium, the MTT assay
evaluated cell proliferation. The viability of the
cultured cells was greatly affected as the
Pb(NO3)2 concentration in the culture medium
increased from 10 to 160 μg/mL. However,
substantial cytotoxicity of Pb(NO3)2 was observed
at 160 μg/mL concentration after 72 h of cell
culture (Figure 8). Cells cultured in a medium
containing 160 μg/mL Pb(NO3)2 for 72 h
demonstrated 43.75% cytotoxicity comparing to
the control group.

Discussion
The morphology of TiO2 NPs was determined by
using FESEM. The TiO2 NPs had an uneven
morphology due to the primary particle's
agglomeration, which had an average diameter
of 47 nm. In this case, the fine particles ranged in
size between 31 and 96 nm, and the coarse
particles were in the 100 to 200 nm range. Since
the fine particles easily bind together and form
the coarse particle, the particle observed from
FESEM morphology analysis was large. According
to the TiO2 Manufacturers Association, chemical
bonds bind the particles together to form
aggregates. These aggregates appear to clump
together due to Van-der Waals's attraction,
forming particles larger than 100 nm [16].

(3) The effect of TiO2 NPs on Pb(NO3)2
cytotoxicity in L929 cell line
The TiO2 NPs demonstrated a protective effect,
which the cell viability was preserved and the
toxic effect of Pb(NO3)2 was prevented at less
than 5.19% level, even at the high concentration
of Pb(NO3)2 (160 μg/mL). There was also an
upward
trend
observed
with
rising
concentrations (Figure 8).

The XRD pattern of TiO2 NPs calcined at 400°C
was reported in the current study. After
calcination, anatase peaks of TiO2 powder were
obtained. The XRD pattern matched the JCPDS
card no. 21-1272 (anatase TiO2) and the graphs'
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Figure 7. The viability of L929 cells cultured in media containing various TiO 2 NP concentrations and different incubation time (24, 48, and 72 h).
The cells retained their vitality for 24 hours at different concentrations. However, the cells' vitality decreased by 4.59 and 6.68% over 48 and 72
hours at elevated concentrations of TiO2 NPs (100 μg/mL). The data is presented as a mean ± standard deviation.

Figure 8. The cytotoxicity of Pb(NO3)2 before and after adding TiO2 NPs in the cultivation media of the L929 cell line. The MTT tests was performed
in media containing various concentrations of TiO2 NPs and Pb(NO3)2 (10, 20, 40, 80, 160 μg/mL) and during different treatment times (24, 48, and
72 hours).

peaks were in solid harmony with previous
analysis. It can be assumed that titanium at
25.2°C with 2θ, the material presents at the
stoichiometric proportion (101), and the absence
of spurious diffractions shows crystallographic
purity [17].

The presence of characteristic titanium (TiO2)
peak at 2.970 keV in the EDX results suggested
that the electron-dense regions seen in the
FESEM image were TiO2 particle aggregates. EDX
may be used to assess the aggregates' elemental
composition. According to the X-ray mapping,
the particles were titanium and oxygen-enriched,
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meaning that the FESEM picture particles were
TiO2 particles [18].

involved and concentrations of the particles [22],
made inter-study comparison of TiO2 NP toxicity
difficult. Although some other studies reported
zero or only a slight depletion in cell viability, it is
consistent with our findings [23]. According to
our results, treatment of L929 mouse fibroblast
cell lines with TiO2 NPs at concentrations ranging
from 5 to 100 μg/mL showed no significant
cytotoxicity [22]. The researchers found TiO2 NPs
increased cells' viability in a dose-dependent
manner, much like the recent study that TiO2 NPs
promoted cell viability and proliferation in NIH
3T3 cells [24]. Cell viability assays using MTT in
exposed cells showed concentration and cell
type-dependent cytotoxicity and proliferation.
According to Huang, et al., treatment of HCT116
cell with TiO2 NPs resulted in significant survival
and growth, which was consistent with a recent
study that found TiO2 NPs promoted cell viability
and proliferation in NIH 3T3 cells in a time- and
dose-dependent manner [24]. Cell viability of
cultured human vascular endothelial cells was
not substantially diminished as the concentration
of TiO2 NPs increased, where no significant
cytotoxicity was observed following the L929
mouse fibroblast cell line [22].

Dynamic light scattering (DLS) and Zeta Potential
Analysis were performed on samples dispersed in
DMSO to evaluate their average hydrodynamic
radius and confirm the FESEM particle sizing
measurements. Several samples were readily
accumulated in the DMSO, as demonstrated by a
slightly greater particle size than FESEM particle
counting and a large particle size variance. All
substances were found to be ovoid nanoparticles
with an average FESEM particle size of 0.40–0.49
anisotropy. In general, DLS data agreed with
FESEM particle sizes.
The prepared suspension showed that the
general zeta potential conditions for increased
stability were negative [19]. It was investigated
that the prepared TiO2 NPs in DMSO had a
hydrodynamic scale. DLS demonstrated a
relatively thin body with a hydrodynamic
diameter of 180 nm. Zhang, et al. confirmed the
substance's zeta potential for understanding the
nature of cell interactions, cell diagnosis, and
normal and cancer-cell effect therapeutics [20].
The FTIR spectra of TiO2 NPs were shown in
Figure 6. Tree bands were visible in the FTIR
spectrum of TiO2 NPs. FTIR analysis was used to
determine the functional groups of TiO2 NPs.
Helin Niu, et al. [15] reported related absorption
peaks observed in the synthesis of TiO2 visible
light active and magnetically recyclable
nanocomposite. The bending vibration (Ti-O-Ti)
bonds allocated to the TiO2 lattice showed
wideband based at 500-600/cm. Bending
vibration (Ti-O-Ti) connections within the TiO2
grid were assigned to the broadband at a range
of 500-600/cm. The water molecule's
intermolecular interaction with the surface of
TiO2 was chosen for the hydroxyl group with a
broadband of 3,600-3,400/cm. At 1,650/cm, a
characteristic peak formed corresponding to the
OH group's bending vibration [21].

Data from the current study indicated that
Pb(NO3)2 was highly cytotoxic to L929 cells. These
findings supported those of a previous study that
found that higher levels of lead reduced the
viability of HepG2 cells significantly [25]. Even
though our results agreed with previous
investigations that reported a reduction in cancer
cells’ viability following exposure to lead [26], a
recent study found that Pb affected each organ
system in the body that was susceptible to the
effects of lead toxicity including hematopoietic,
cardiovascular, kidney, and skeletal systems [27].
The results of another study found an intense
positive concentration-dependent relationship
between elevated lead nitrate concentrations
and the percentage of dead HL-60 cells treated
24 hours with three different Pb(NO3)2
concentrations [28]. The current results
corroborated previous studies that observed a
substantial decrease in cancer cell viability after
exposure to lead [29]. Comparing to the

An earlier study suggested that the degree of
toxicity of TiO2 NPs depended on the cells
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observations, the proportion of necrotic cell
death increased as lead nitrate concentrations
increased, suggesting a gradual decrease in
leukemic cell viability. In contrast to the control
group, lead-treated cells displayed critical
morphological changes. Cell necrosis and
morphologically established cell death due to
lead toxicity can be identified by characteristic
cytological features including increased cell
volume, swelling, and the rupture of plasma
membrane [30].

mode of action, or sensitivity [34]. In general,
lead blood level in male is higher than it in
female, fundamentally due to higher exposure
and more elevated blood hematocrit, as blood
lead is bound to erythrocytes. Furthermore,
antioxidant defenses with catalase activity in
female are gender-related [34]. Moreover, it has
been confirmed that female rats’ mitochondria
have higher antioxidant enzyme expression and
lower reactive oxygen production than that of
male mitochondria [35]. Estrogen with
antioxidant effects performs additional defense
against oxidative stress by acting as a scavenger
or synthesizing protective molecules by
activating estrogen receptors.

Our findings showed that the mean Pb
concentration was 7.03±1.84 μg/dL (ranged from
2.25 to 9.22 μg/dL) and 4.34±1.21 (ranged from
2.28 to 6.68 μg/dL) in males and females,
respectively. The lead levels’ statistical analysis
showed significant difference (P < 0.05) between
males and females as the lead concentrations in
males were higher than it in females. Moreover,
the results showed that the mean lead
concentration in raw milk was 1.52±0.22 μg/dL
(ranged from 1.12 to 2.14 μg/dL). The current
study results revealed that Pb concentrations in
serum were high but less than the toxic levels.
Many studies reported that Pb's toxic levels
ranged between 10-30 μg/dL [31]. Despite this,
researchers are almost unanimous in believing
that even low lead levels are poisonous and can
cause serious health problems [32]. In the same
context, our findings suggested that lead
concentrations in raw milk were toxic and were
consistent with those previously defined by
several researchers and European Commission
Regulations (2006), which indicated that the toxic
concentration of Pb in raw milk is 0.02 ug/mL
[33].

The current study results showed a substantial
difference between Pb concentration in both
males and females before and after adding TiO2
NPs, where the concentration of Pb in serum
decreased to 0.47±0.38 and 0.33±0.28 μg/dL,
respectively. Furthermore, the concentration of
Pb in raw milk was dramatically reduced after
adding TiO2 NPs to 0.23±0.19 μg/dL. TiO2 NPs
successfully decreased bioaccumulation and lead
concentrations in blood and raw milk in the
present analysis. Current evidence indicated that
TiO2 NPs could absorb metal ions in solution,
including Pb, As, Cu, and Cd [36]. TiO2 NPs exhibit
superior optical and electrical properties. Thus,
research on the application of TiO2 NP in heavy
metal exposure prevention and tumor treatment
is also encouraged [37]. Due to the unique
properties of the TiO2 NPs such as a high surface
area-to-volume ratio, good surface reactivity,
excellent affinity, versatility, low cost, and nontoxicity, and its significant advantages in
absorbing and concentrating chemical toxins,
TiO2 NPs may ultimately benefit environment,
animal, and human health. Photocatalyzed
oxidation methods have been developed in
which heavy metals such as titanium dioxide are
oxidized with photocatalysts after being exposed
to UV radiation [38]. In targeted leukemia K562
cells, the TiO2 NPs under UV radiation could
increase drug accumulation and inhibit multidrug
resistance. According to this finding, combining
TiO2 NPs and UVA irradiation could be valuable in

The current study established a substantial
difference in lead levels between males and
females as the study discovered that males had
significantly higher lead levels in their blood than
it in females. Our results were consistent with
several other studies that had been reported
gender differences in toxic metal exposure, and
there is growing evidence that harmful metal
health effects are often expressed differently in
males and females due to differences in kinetics,
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nanoparticles: prospects and applications in medicine.
Nanomaterials. 10:387.
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16. Haider AJ, Jameel ZN, Taha SY. 2015. Synthesis and
characterization of TiO2 nanoparticles via sol-gel method by
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17. Khan A, Adam A, Aziz MA, Ahmed MI, Yamani ZH, Qamar M.
2019. Shape-dependent performance of gold nanocrystals
supported on TiO2 for photoelectrochemical water oxidation

tumor therapy [39]. The photocatalytic activity,
coating, and doping of TiO2 NPs have been
extensively studied to improve potential medical
applications. Photocatalysis utilizes photons and
a catalyst. A semi-conductor like TiO2 is used as a
photocatalyst, which induces a surface oxidationreduction (redox) reaction when UV-visible light
suits its gap [41]. Oxygen on the surface of a
semiconducting photocatalyst is the principal
agent for the photocatalytic debasement of
heavy metal pollutants. The energy consumed by
the semiconducting metal oxide results in oxygen
production, which aids in reducing organic and
metal contaminants to less harmful products or
intermediates [40]

Conclusion
Despite the lack of toxicity levels, lead
concentrations in animals’ serum were high,
especially in males, which showed a statistically
significant difference from females. At the same
time, the concentration in raw milk reached a
toxic level. Aspherical, 47 nm size TiO2 NPs were
found to be non-cytotoxic when tested by MTT
assay and effectively neutralized the cytotoxic
effects of Pb(NO3)2 on L929 cell lines.
Furthermore, TiO2 NPs potentially reduced high
levels of lead in blood and raw milk to deficient
levels, which makes it a promising way to
contribute to eliminate the issue of lead
poisoning in animals.
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