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Zn-Modified In,Os Nanoparticles: Facile Synthesis, Characterization, and Selective
Cytotoxicity against Human Cancer Cells

Abstract

Oxide nanoparticles (NPs) have attracted considerable interest owing to their unique
characteristics and possible applications, including gas detection, bioanalytical sensing,
catalytic, and biomedical. The present work was designed to explore the effect of varying
amounts of Zn-doping on the properties and selective anticancer efficacy of In2O3 NPs.
The precipitation process was applied to prepare pure In2O3s NPs and Zn-doped In203 NPs.
XRD, TEM, SEM, EDX, XPS, UV-Vis, and PL techniques have been employed to
investigate the physicochemical properties of NPs. The XRD analysis revealed that the
crystallite of the In20s lattice was slightly changed with the addition of Zn ions. TEM and
SEM images displayed that the reduction of size of In2O: NPs was increased with
increasing Zn concentrations. The composition elements and distribution of Zn dopants
within In2O3s NPs were further confirmed by EDX and XPS techniques. Based on the UV-
Vis study, increasing the Zn amount improved the gap energy of InoO3 NPs by shifting
edge absorption peaks to lower wavelengths. Moreover, PL spectra show that the intensity
of In203 NPs decreased with increasing the Zn amount. The biological results indicate that
the Zn-doped In203 NPs exhibited a significant increase in cytotoxicity with Zn doping
increased against MCF-7 HCT116) cells while they have excellent biocompatibility with
normal human cells (HUVECs). These results suggest that these NPs hold promise as a
novel therapeutic approach in cancer treatment. This study requires more research into the

biological applications of Zn-doped In203 NPs.

Keywords: Precipitation process, Zn doping, Anticancer Activity, Physicochemical

Properties, and Selective Cytotoxicity.




1.Introduction

Nanotechnology has attracted interest in the biomedical field as a novel approach for
addressing some challenges in healthcare problems, such as drug delivery and cancer
therapy (Jahan, 2022; Patel and Nanda, 2015; Sun et al., 2014; Yang et al., 2022).
Currently, enhanced nanomaterials provide tailored cancer therapies that
maximize therapeutic efficiency owing to their superior properties (Gao etal.,2019; Navya
et al., 2019). Oxide nanoparticles (NPs) are now being studied of significant interest within
nanomaterials due to their exceptional mechanical, electronic, and catalytic characteristics.
These properties make them very promising in potential applications such as sensing,
electronics, and biomedicine (Malini et al., 2022; Mishraet al., 2017; Sheena et al., 2019).
For example, Indium oxide (In203) is a crucial n-type semiconductor with a band gap
ranging from 3 to 3.75 eV (Bierwagen, 2015). Owing to its biocompatibility, low toxicity,
and tunable bandgap, it has emerged as an attractive candidate in potential applications,
including industrial, catalytic , electronics, and biomedical applications (Z. A. M. Alaizeri

etal.,2022; Li et al., 2020; Yang et al., 2022).

The doping of oxide NPs has opened new research paths in numerous fields. For
example, doping oxide NPs with transition metal ions can significantly affect their
physicochemical properties and performance (Ahamed et al., 2016). For instance, [n20s
NPs NPs have been doped with metal ions (e.g.,Zn, Co, and Ag) to improve their properties
(“Ac ced M us,” 2019; Sun et al., 2016; Yan et al., 2018). Different physical, chemical,
and biological approaches were successfully applied to achieve doping In20O3NPs with
transition metal ions (Kulkarni and Patil, 2016; Naik and Salker, 2017). Shanmuganathan
et al. (Shanmuganathan et al., 2021) reported thata 1wt% of Mn, Fe, Co, Ni, and Cu were
doped to In203 nanostructures using a hydrothermal process to enhance photocatalytic
activity. In another study, Sn-doped In203 NPs synthesized using a sol-gel combustion

method (Ayeshamariam et al., 2014).

Several studies are attracting attention in using metal-doped oxide NPs in biomedicine
applications because to their superior properties. However, modifying these NPs with zinc
(Zn) can enhance their properties, potentially improving their efficacy in cancer therapy.

Sharma et al. (Sharma et al., 2022) investigated that Zn doping improves the




physicochemical characteristics of WOz NPs for biosensing, imaging, antibacterial, and
anticancer medicine. Darvish et al.(Darvish etal.,2022) observed that human lung (A549)
cancer cells responded better to doping Zn on CuFe204 NPs than to CuFe204 NPs. The
improved therapeutic efficacy and reduced systemic toxicity by using Fe-doped ZnO NPs
in a murine tumor model demonstrated by Zhao et al. (Zhao et al., 2018). Our previous
work (Z. A. M. Alaizeri et al., 2022) investigated that the Ag adding has a role in the
improved photocatalytic and anticancer performance of In20Os NPs. Additionally,
Karmaoui et al. (Karmaoui et al., 2016)found that Pt-decorated In2O3 NPs display high
sensitivity in detecting acetone and a biomarker for diabetes. Viazquez-Olmos et
al.(Vazquez-Olmos et al., 2014)synthesized Mn-doped In203 NPs and found evidence of

paramagnetic centers, suggesting potential applications in diluted magnetic semiconductor

The goal of the present work was to evaluate the influence of Zn doping on the
physicochemical and anticancer properties of In2O3 NPs. Pure In2Oz NPs and Zn-doped
In203 NPs were prepared through chemical precipitation. The physicochemical properties
of the prepared NPs were investigated through XRD, TEM, SEM, EDS, XPS, UV-vis, and
PL Spectrometer. Anticancer activity of synthesized NPs was evaluated using different
types of human cancer cells (MCF-7 and HCT116). Furthermore, the biocompatibility of
the prepared nanoparticles was assessed by HUVE normal cells. In vitro study results
showed that In vitro study showed that Zn doping increases selective anticancer efficacy
of In203 NPs against human normal (HUVEs) and different types of cancer cells(MCF-7
and HCT116).

2. Experimental details

2.1 Chemicals, reagents, and cells

Indium chloride (InCls) (purity of 98%), zinc chloride (ZnCl2) ( minimum purity of 98%,
and ammonium hydroxide (NH4OH) (a concentration of 28.0-30.0% NH3 basis) were
supplied from Sigma Aldrich (Millipore-Sigma, St. Louis, MO, USA). MTT (6-[4,5-
dimethylthiazol-2-yl]-2 5-diphenyl-tetrazolium bromide), and foetal bovine serum (FBS)
were provided from Sigma Aldrich (Millipore-Sigma, St. Louis, MO, USA). The human

breast (MCF-7 )and colorectal (HCT116) cancer cells were acquired from the American (




ATCC, Manassas, West Virginia, USA). The human umbilical vein endothelial cells
(HUVECs) were received from the microbiology Lab at King Saud University (KSU).

2.2 Synthesis of Zn-doped In;03; NPs

Zn-doped In203 NPs were successfully synthesized using a chemical precipitation
process as in an earlier study (Zheng et al., 2021). The 3.6mmol of indium chloride (InCl3)
was prepared in 20 ml of ethanol and 10 ml of distilled water under stirring for 20 min at
70 °C on a hot plate. Next, different amount (2.5%, 5%, and 7.5 mol%) zinc chloride
(ZnCl2) was dropwise added to the solution with stirring. After that, a 2 M solution of
ammonium hydroxide (NH4OH) was also gradually added to reach a pH of around 9 under
continuous stirring for 4 h to get precipitate. Subsequently, The precipitate was rinsed
repeatedly with distilled water and ethanol and centrifuged at 7000 rpm for 5 min to
separate it from the solution. The rinsed precipitate was then dried at 70 °C for 12 h and
annealed at 450 °C for 2 h. At a similar protocol, pure InoO3; NPs were _successfully
synthesized. The above procedure of synthesis of Zn-doped In203 NPs was illustrated in

Scheme 1.
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Scheme 1: The procedure of synthesis of Zn-doped In203 NPs.




2.3 Characterization

X-ray diffraction (XRD) patterns (PanAnalytic X'Pert Pro from Malvern, UK, with Cu-Ka
radiation (wavelength = 0.15405 nm) at 45 kV and 40 mA) were used to examine phases
and crystal structure of prepared NPs. Moreover, field emission transmission electron
microscopy (FE-TEM) (JEM-2100F, JEOL, Inc., Tokyo, Japan) was used to determine
particle size of NPs. Moreover, field emission scanning electron microscopy (FE-SEM)
(JSM-7600F, JEOL 93Inc) was applied to investigate shape and surface morphology of
these NPs. We used EDX and XPS (PHI-5300 ESCA PerkinElmer, Boston, MA) to
confirm elemental amnalysis and chemical states of samples. UV-Visible spectrometer
(Hitachi U-2600) and PL spectrometer (Hitachi F-4600) were employed to measure optical

characteristics.
2.4 Cells culture

MCEF-7 and HCT116 cancer cells were cultured in Dulbecco Modified Broker Eagle
Medium (DMEM) with 10% fetal bovine serum (FBS) and antibiotics (100 pg/mL
streptomycin and 100 U/mL penicillin). Cells were maintained in anincubator at 37 °C with
5% COz. Similarly, normal human umbilical vein endothelial cells (HUVECs) were also

cultured at same conditions.
2.5 Exposure of cells to NPs and MTT Bioassay

A stock solution of obtained NPs at 1 mg/ml. was prepared using a culture medium
(DMEM) as a solvent. This solution was sonicated at 40 kHz for 30 min to avoid NP
aggregation. In each sample, the stock solution was diluted to varying concentrations (1.5,
5, 10, 25, 50, 100, 200, and 300 pg/m). A 96-well plate with T x 107 cells/mL was incubated
at 37°C with 5% COz for 24 h. Then, the cells were treated to varying concentrations (1.5—
300 pg/mL) at 37°C with 5% COaz. Then, a 10 pL of MTT solution was added into each
well and placed to incubate for 3 h. At last, a volume of 100 puL of Dimethyl sulfoxide
(DMSO) was utilized to solubilize the live cell formazan crystals present in each well. The

cytotoxicity of NPs was determined by formazan solution absorbance at 570 nm.




2.6 Statistical Analysis

ANOVA-way was successfully used in statistical analysis to establish the significance of

the observed differences. P-value (P < 0.05) indicates statistical significance.

3. Results and Discussion
3.1 Crystallographic Structure
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Figure 1. XRD spectra (A): undoped In203 NPs (A), Zn (2.5%)-In203 NPs (b), Zn (5%)-
In203 NPs (c), Zn(7.5% )-In203 NPs (d), and Williamson-Hall (W-H) plot (B): undoped
In203 NPs (A)and Zn (2.5%)-In203 NPs (b), Zn (5% )-In203 NPs (c¢), and Zn(7.5% )-In203
NPs (d),

Figure 1 A(a-d) demonstrates the XRD spectra of undoped In203 NPs and Zn (2.5%,
5%, 7.5%)-doped In203 NPs. In undoped In203 NPs, XRD peaks at 20 values were located
at 21.7°,30.8°,35.7°,37.9°,45.6°, 51.3°, and 62.8°, corresponding to the cubic bixbyite
structure of (211), (222), (400), (411), (431), (440) and (622) planes. Furthermore, It can
be seen in (Figure 1b), the new peak (101) plane at 42° is related to Zn metal. The shift of
peaks to lower angles (260) compared to the undoped In203 NPs indicates the incorporation
of Zn into the In20s lattice as agreed with earlier studies (Huang and Lin, 2012; Samerjai
et al., 2016). This shifted could be attributed to Zn ionic radii (0.074 nm) smaller than In
ionic radii (0.122 nm)(Ahmed et al., 2021; Alahsab et al., 2023). Similarly, the XRD
spectra of Zn (5% and 7.5%)-doped In203 NPs (Figures 1A(c and d)) displayed changes in




peak positions and intensities that increased with increasing concertation of Zn doping.
These variations were associated with the changes in the crystallographic arrangement
outstanding to the existence of Zn in the In20s lattice (Li et al., 2014; Martha et al., 2014).
Furthermore, the InoO3 NPs XRD pattern has been matched to the cubic crystal structure
(JCPDS card on 01-089-4595)(Koo et al., 2014; Zhang and Zhang, 2012). Using the XRD
parameters, the average crystal sizes of the NPs were further estimated by the Scherrer
equation. It can be shown in Table 1 that the average crystallite sizes of undoped In203
NPs and Zn (2.5%, 5%, and 7.5%)-doped In203 NPs were decreased from 37.2 nm to 18.3
nm with increasing Zn amount as reported with the previous study (Shanmuga Priya et al.,
2017). In comparison (Table 1), the average crystallite sizes of undoped In203 NPs and Zn
(2.5%, 5%, 7.5%)-doped In203 NPs using W-H method were found to be 42.1 nm, 35.5
nm, 28.2 nm, and 25 nm, respectively as displayed in Figure 1B(a-d). XRD results
suggested that the Zn doping plays a role in changes in peak positions, intensities, and

widths in the In203 lattice, which influences the crystal structure.




3.2 TEM Analysis
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Figure 2. TEM images of undoped In203 NPs and Zn(2.5 and 7 .5%)- In203 NPs (a-c),
HR-TEM images of undoped and Zn(2.5 and 7.5% )- In203 NPs (d-f), and the particle size
distribution of undoped and Zn(2.5 and 7 .5%)- In203 NPs.

The growth behavior and morphologies of synthesized samples were further
examined using the FETEM technique. As shown in Figure 2(a-c), the particles of Zn (2.5
and 7.5%)-doped In203 NPs were spherical shape and have less agglomeration and uniform
distribution compared to as reported by many investigators (Shokohmanesh and Jamali-
Sheini, 2017a). Moreover, HR-TEM images of prepared undoped In2O3 NPs and 2.5% and
7.5% Zn-doped In203 NPs are presented in Figure 2 (d-f), respectively. We observed that
d-spacing between adjacent lattice in undoped In2Os NPs and Zn (2.5 and 7.5%)-doped
In203 NPs was 0.291nm, 0.252 nm, and 0.215 nm, matching to the (222), (400), and (332)




plane of In20s, respectively. Additionally, the d-spacing values of the lattice in Zn metal
were 0.220 nm and 0.259 nm, corresponding to the (101) planes (Ahamed et al., 2016).
These results were in agreement with XRD data (Figure 1A) and our previous study (Z. M.
Alaizeri et al., 2022). Figure 2(j-i) depicts in the histogram of particles the size distribution
of In203 NPs and 2.5% and 7.5% Zn-doped In203 NPs. Table 1 showed that the average
particle sizes of synthesized samples decreased (from 29 nm to 17.44 nm) with increasing

Zn concentrations, as agreed with this study (Shanmuga Priya et al., 2017).

Table 1: The structural properties of undoped In203 NPs, Zn (2.5%)-In203 NPs , Zn
(5% )-In203 NPs, Zn(7 5% )-In203 NPs.

Sample ScherrerMethod (nm) W-H(nm) Method TEM (nm)
In203 NPs 372 412 29
Zn (2.5%)-In203 NPs 30.1 355 20.2
Zn (5%)-In203 NPs 254 282 18.3

Zn(7.5%)-In203 NPs 183 25 17.4




3.3 SEM with EDX Analysis
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Figure 3. SEM images of undoped In203 NPs(a), Zn (2.5%)-doped In203 NPs (b), Zn
(7.5%)-doped In203 NPs(c), EDX spectra of Zn (7.5 mol%)-doped In203 NPs (d).

The SEM images and EDX spectra of undoped In2O3 NPs and Zn(2.5% and 7.5%)-
doped NPs were presented in Figure 3(a-d). These images provide insights into the shape
and morphology of the undoped In:O3 NPs and Zn-doped In2O3 NPs. Figure 3(a-c)
demonstrated that the particles of undoped In203 NPs were spherical in shape and had high
aggregation homogenously compared to 2.5% and 7.5% Zn doped. This suggests that Zn
doping at higher concentrations influences the growth and aggregation behavior of
undoped In203 NPs. EDX spectra (Figure 3 d) revealed oxygen (O), zinc (Zn), and indium
(In) in Zn(7.5%)-doped In20s NPs. Besides, the obtained percentages (Figure 3 d) of the
elements were good compatibility with the precursor used in the synthesis of 7.5% Zn-

doped In2O3 NPs. These values agree with XRD spectra (Figure 1A). SEM elemental




mapping (O, Zn, and In) in Zn (7.5%)-doped In203 NPs is shown in Figure 4(a-d).
However, elemental mapping (Figure 4b) confirmed the distribution of oxygen(O),
Zine(Zn), and indium (In) atoms within Zn (7.5%)-doped In2O3 NPs. These results
indicated that Zn doping in undoped In20Os NPs was successfully prepared. SEM results
agreed with XPS results (Figure 5a) and agreed with many studies (Bouhdjer et al., 2016;
Inyawilert et al., 2016; Zhu et al., 2020).

(i)

Figure 4. SEM elemental mapping of Zn(7 5%)- In203 NPs: Electron image(a),
Oxygen(O) (b), Zinc (Zn) (c), Indium (In) (d).




3.4 XPS Analysis
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Figure 5. XPS Characterization of Zn (7 5mol% )-doped In203 NPs: (a) Full scan of XPS

spectra, (b) XPS spectra of In3d, (c) XPS spectra of Zn2p, and (d) XPS spectra of O 1s.

Figure 5a shows the full scan of XPS spectra that revealed distinct peaks
corresponding to In, Zn, and O elements. Furthermore, this spectrum confirmed the
successful incorporation of Zn dopants into the In2O3 NPs. Figure 5(b-d) showed that the
high-resolution spectra were performed to determine the binding energies (B.E) and
chemical states of In 3d, Zn 2p, and O 1s elements. As displayed in Figure 5b, the In3d
spectra showed typical doublets for In3ds. and In3ds» at 44420 and 451.72 eV,
respectively, which provided with prior investigations (Khan et al., 2020; Zhang et al.,
2016). The primary peaks found at 1022.25 eV and 1045.23 eV within the Zn 2p spectra
(Figure 5b) were associated with the Zn 2p32and Zn 2p112 peaks, respectively. These peaks
distinctly represent Zn>*, which serves as a characteristic feature indicating the oxidation
state of Zn in prepared Zn-doped In203 NPs (Sahai and Goswami, 2015). Figure 5d
illustrates XPS spectra of the Ols that exhibited three distinct peaks at 529.54 eV, 530.74
eV, and 531.86 eV. The peak at 529.54 eV is associated with the characteristic lattice




oxygen (O2’) features originating from the In>O3 lattice (Ma et al., 2016). Similarly, the
peaks at 530.74 eV and 531.86 eV are ascribed to the oxygen within regions deficient in
the crystalline In-Zn-O system (Montazeri and Jamali-Sheini, 2017). XPs results

confirmed that Zn dopants into the InoO3 NPs were successfully achieved.

3.5 UV-vis Optical Characterization
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Figure 6. UV spectra of undoped In203 NPs and Zn (2.5, 5, and 7.5 mol%)-doped In20;3
NPs.

Figure 6 shows the absorption of UV spectra of both undoped In203 NPs and Zn (2.5%,
5%, and 7.5%)-doped In203 NPs. We observed that there is slight shift in the absorption
edge of peaks for undoped In203 NPs and Zn-doped In203 NPs. This phenomenon of blue
shift is a consequence of the wider band gap energy in Zn-doped In203 NPs. The plot of
(cthv)? against photon energy (Eg=hv) was created (Figure 6) to estimate the band gap
energy (Eg) of the NPs. In the present analysis, the energy band gap was estimated using
the formula [(chv)"=A(hv-Eg)], where Eg is the band gap energy, A is the transition
probability-based constant, and m is optical absorption power index (m = 2). We observed
that the band gap energies of undoped In203 NPs and Zn (2.5%, 5%, and 7.5 mol %)-doped
In203 NPs were 3.83 eV,3.806 eV,3.90 eV, and 3.93 eV, respectively. The band gap values
indicate a gradual increase in band gap energy with increasing Zn. However, when Zn
doped in In203 NPs, the electronic states to the band structure of InoOs NPs are created.
Thus, dopant-induced states are caused by the transition between the valance and
conduction bands of highest occupied molecular orbitals (HOMO) and lowest unoccupied

(LUMO) orbitals(Amini et al., 2014). Due to this transition between HOMO and LUMO




orbitals Zn-doped In203 materials can generate and separate electron-hole pairs efficiently,
making them excellent for photocatalytic and anticancer applications. Our results were
good matched in from prior examinations (Ahamed et al., 2016; Shanmuga Priya et al.,

2017; Shokohmanesh and Jamali-Sheini, 2017b).

3.6 PL Analysis
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Figure 7. PL spectra of undoped In203 NPs and Zn (2.5, 5, and 7.5 mol%)-doped In203
NPs.

Figure 7 displays the PL spectra of undoped In203 NPs and Zn-doped In203 NPs at
300 nm excitation wavelength. PL spectra showed that emission peaks of undoped In20s
NPs and Zn (2.5, 5, and 7.5 mol%)-doped In203 NPs were 322.8 nm, 321.3 nm, 318 nm,
and 315.2 nm, respectively, corresponding to their band gap energy. This shift in emission
peaks is attributed to addition of Zn ions in the In2O3 crystal lattice (Singh et al., 2010).
Besides, the weak emission peaks were assigned at around 390.1 nm and 415 nm, which
could be owing to the existence of oxygen vacancies or interstitial zinc ions (Saikia et al.,
2015). A significant shift to a lower wavelength was further observed with the addition of
Zn ions. Likewise, there is a significant decrease in the Peak emission intensity with
increasing Zn concertation due to occupying Zn>* ions instead of Oz ion sites in the In203

crystal lattice (Alexandrov etal., 2020). PL emission spectra were good, in agreement with




an earlier study (Almontasser and Parveen, 2020). These results indicated that the Zn-

doped In203 NPs can be used in enhanced photocatalytic and anticancer performance.

3.7 Cytotoxicity Study
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Figure 8. Cellular viability assessment of undoped In203 NPs and Zn (2.5%, 5%, and

7.5mol%)-doped In203 NPs using thet MTT Assay: Cell viability in (a) MCF-7 cells and
(b) HCT116 cells following exposure to different Concentrations (1.5-300 ug/mL) of each

NPs for 24 h. * shows a statistically significant difference from the control group (p <
0.05).

Several oxide NPs with metal ions are attracted to potential uses for cancer therapy
applications (Du et al., 2022; Fu et al.,2017; Vinardell and Mitjans, 2018). Figures 8(a and
b) illustrate the cell viability of MCF-7 and HCT 116 cells using the MTT assay for undoped
In203 NPs and Zn-doped [n203 NPs. As shown in Figure 8a, both undoped In203 NPs and
Zn-doped In203 NPs exhibited a dose-dependent cytotoxicity influence toward MCF-7
cancer cells. Results exhibited (Figure 8a) that the cytotoxicity effect of undoped In203
NPs against MCF-7 cancer cells was increased proportionally with increasing amounts of
Zn doping. Similarly, the Zn-doped In203 NPs induced high cytotoxicity (Figure 8b) at
higher concentrations toward HCT116 cells than undoped In2Os NPs. Notably, the
inhibitory concentration (ICs0) for undoped In203 NPs and Zn-doped In203 NPs on MCF-




7and HCT116 cancer cells were shown in Figure 9. It shows that breast cancer cells (MCF-
7) exhibited more sensitivity to the cytotoxic effects of both undoped and Zn-doped In203
NPs compared to HCT116 cells. These results suggest that the anticancer efficacy of Zn-

doped In203 NPs enhanced in comparison to [n2O3 NPs owing to Zn** ion addition.
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Figure 9. Inhibitory concentration (ICso) for undoped In203 NPs and Zn (2.5, 5, and 7.5
mol%)-doped In203 NPs against two cancer cell lines (MCF-7 and HCT116).

Our previous studies suggest the potential mechanisms of cancer death by NPs (Ahamed
et al., 2021; Z. A. M. Alaizeri et al., 2022) In the present work, Zn-doped In203 NPs
generate reactive oxygen species (ROS) inside cancer cells due react Zn** ion and In **ion
with molecules of cells (Fenton reaction). Hence, ROS includes a group of chemicals,
including superoxide radicals (O%2) and hydrogen peroxide (* OH), that exhibit high
reactivity. These free radicals can cause oxidative stress and damage DNA, proteins, and
lipids. The presence of oxidative stress can potentially induce apoptosis, which is a
regulated process of cell death.




3.8 Biocompatibility Study
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Figure 10. Biocompatibility assay of normal HUVECs for 24 h exposure with different
Concentrations (1.5-300 pg/mL) of each undoped In2O3 NPs and Zn (2.5%, 5%, and 7.5
mol%)-doped In203 NPs.

Human normal cells are used to assess the biocompatibility of potential anticancer
agents. The present study assessed biocompatibility (Figure 10) on HUVE normal cells
at different concentrations (1.5 to 300 pg/mL) for synthesized samples. Figure 10 indicates
that the presence of undoped In203 NPs and Zn (2.5%, 5%, and 7.5%)-doped In203 NPs
did not influence the normal HUVECs. It can be observed that the biocompatibility of In203
NPs shows enhancement with increasing Zn doping. These results revealed that the Zn
(2.5%,5%, and 7.5%)-doped In203 NPs can selectively eradicate cancer cells with no effect
on normal cells. Based on these results, the biocompatibility of these NPs can be
determined by a safe range of concentrations for the potential vivo model. These results
were excellent in agreement with previous studies for metal-doped oxide nanoparticles

(Ahamed and Khan, 2023; Alaizeri et al., 2021)

4. Conclusions

In this work, the precipitation process was used to effectively produce both undoped
In203 NPs and Zn (2.5, 5, 7.5 mol%)-doped In203 NPs. The present work showed several
advantages of using these NPs for biomedical applications including, including low
toxicity, a cost-effective, and scalable approach. This study focused on Zn doping In203
NPs to improve their anticancer properties. The physicochemical properties of synthesized

materials were investigated using XRD, TEM, SEM, EDX, XPS, UV-Vis, and PL




spectroscopy. XRD analysis showed that Zn doping affected the crystalline structure and
phase composition of produced undoped In203 NPs. TEM and SEM analysis show that
The produced NPs exhibited spherical morphology and homogeneous distribution. The
elements (Zn, In, and O) and their distribution in Zn-doped In2Os NPs were verified by
EDX and XPS analysis. UV-Vis data showed that the band gap energies of prepared
samples were increased from 3.38 eV to 3.93 eV with increasing Zn amount. PL peak
emissions of prepared samples were observed at around 322.5 nm, 390.1 nm, and 417.6
nm. These emissions were due to the existence of different oxygen vacancies. MTT
analysis demonstrated that the cytotoxicity of undoped In2O3 NPs against MCF-7 and
HCT116 cancer cells was increased with increasing Zn concentration, while normal
human cells (HUVECs) did not affect. These results reveal that Zn doping plays a role as
therapeutic agent in cancer therapy. The results suggest that these NPs could hold promise

as a targeted therapeutic strategy in vivo model.
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