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ABSTRACT

Tin oxide nanoparticles (SnO, NPs) are emerging as promising antibacterial agents that work against both gram-negative
and gram-positive bacteria. In this study, SnO, NPs were successfully synthesized using the hydrothermal method. The
synthesized SnO, nanoparticles were analyzed using various techniques, including X-ray diffraction (XRD), Fourier-
transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and Raman spectroscopy. The cytotoxicity
of the synthesized SnO, nanoparticles was evaluated, and their antibacterial properties were tested against Gram-negative
E. coli and Gram-positive S. aureus using the disc diffusion method. The results demonstrated significant antibacterial
activity of SnO; nanoparticles, highlighting their potential for various biomedical applications.
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INTRODUCTION

Nanotechnology has emerged as a transformative force in
the field of healthcare, and also demonstrating significant
potential for advancement in recent decades (Muthu et al
2023). It has revolutionized surgical techniques (Guan et
al.,, 2020; Muthu ef al., 2022) and promise in developing
nano-based therapeutic solutions. International research
collaborations have driven substantial growth in
nanotechnology for medical devices, which enabling
effective disease management globally (Pourmadadi et al.,
2024). However, the market for nanotechnology-based
medical devices faces challenges such as high costs and
stringent regulatory processes that delay product validation.
Nevertheless, scientists are leveraging nanotechnology to
innovate smart drug delivery systems aim at enhancing
efficacy (Muthu et al, 2022). Scientists have pioneered
novel techniques for fabricating metal nanoparticles
adorned with various functional groups to precisely target
specific areas of the body, such as cancerous tumors (Ifijjen
et al. 2023). These nanoparticles, ranging in size from 1 nm

to 100 nm, can be coated with a diverse array of functional
groups, making them promising candidates for treating
various types of cancers (Kumar et al 2023). By
encapsulating drugs that are otherwise insoluble or face
challenges in reaching their targets through conventional
means; these small-sized nanoparticles effectively
overcome biological barriers such as membranes (Kumar et
al 2023), skin and the colon. Coating nanoparticles with
different functional groups, such as proteins, enhance their
therapeutic potential (Muthu et a/ 2023). This innovative
approach enables pharmacists to devise strategies for
precisely orienting proteins on the surface of metal
nanoparticles (Simeonidis et al. 2023). This method
ensures the integrity of the proteins, enhances the efficacy
of the drugs, and facilitates the expansion of nanodrug
applications (Uday et al., 2023). There is potential to
establish a universal method for attaching proteins to
nanoparticles that could be widely applicable across various
proteins. Such a method would be of significant interest to
pharmaceutical companies, particularly in the realms of
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biosensors, drug delivery, and cognitive kits incorporating
nanomaterials (Humphrises et al, 2021). Therefore, prior
investigation into the protein-nanoparticle interaction is
crucial for developing effective nano-based
antiproliferative drugs. The properties of tin oxide (SnO>)
nanoparticles include chemical stability, thermal stability,
and  biocompatibility. = SnO, nanoparticles  have
demonstrated significant potential in applications such as
sensor development and drug delivery systems. Their
unique geometry and structural properties allow for
efficient drug loading and controlled release at specific
target sites. Additionally, the surface of SnO, nanoparticles
can be functionalized with various chemical groups,
enabling them to bind effectively with a wide range of
therapeutic molecules (Pandey ef al., 2021). These
nanoparticles are widely utilized in numerous biomedical
fields, including diagnostics, targeted drug delivery, cancer
therapy, imaging, bioassays, and cellular uptake. For
effective cancer treatment, candidates must be capable of
circulating through the bloodstream and reaching
designated target sites. Biomolecules like human serum
albumin (HSA), the most abundant protein in human blood
plasma, play a critical role in this process. HSA's
abundance in the circulatory system and its exceptional
binding capacity for a wide array of molecules make it
invaluable for studying the pharmaco dynamics and
pharmacokinetics of anti proliferative drugs. Accordingly,
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the purpose of this study was to investigate the synthesis of
SnO, by hydrothermal methods, investigate their
interactions with HSA, and evaluate their anti proliferative
effects on human leukemia K562 cells by using both
experimental and computational methodologies.

MATERIALS AND METHODS

Preparation of Tin oxide

In order to synthesize SnO, nanoparticles, a solution of
0.03 M stannous chloride dihydrate (SnCl,-2H,O, AR
grade) was prepared. Adding 5 ml of ammonia solution to
this solution gradually turned the pH from 7 to 10 when the
ammonia solution was added. A magnetic stirrer was then
used to stir the mixture at 80°C for 30 minutes using a
magnetic stirrer. The solution was then sealed, placed in a
microwave oven, and heated without an exhaust fan for six
minutes at 800 Watts, reducing the volume to one fourth of
what it had been before it was heated in the microwave.
The results of this process were then filtered by using filter
paper in order to remove impurities from the colloidal
solution. After filtering the solution, it was washed 2-3
times with deionized water to further improve the purity of
the solution. A third step was to allow the wet nanoparticles
to air dry for three days after they were stirred this
synthesis process shown in Figure 1.

Figure 1. Synthesis Process of Tin Oxide.

Characterization

The crystal structure was examined unden X-ray diffraction
(XRD) using an X-ray diffractometer (Rigaku TTRIIIL,
Rigaku Corporation, Japan) with Cu Ko radiation (1.54056
A).  Additionally, field-emission scanning electron
microscopy (FESEM) was conducted with an FEI
QUANTA 200 instrument (FEI Company, USA).

Antibacterial activity

Tin oxide (SnO) nanoparticles were suspended in 40%
dimethyl sulfoxide (DMSOQO) to create test solutions at
various concentrations. Antimicrobial efficacy was
assessed from (Humphries et al 2021). Sterile filter paper
discs (6 mm diameter) were impregnated with 20 uL of
SnO, nanoparticle suspensions and dried aseptically. The
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antibacterial activity was tested against five clinically
relevant human pathogens, including both Gram-positive
and Gram-negative bacteria. The pathogens included
Staphylococcus aureus (MTCC 96), Escherichia coli
(MTCC 443), Klebsiella pneumoniae (MTCC 3384),
Bacillus  subtilis (MTCC 441), and Salmonella
typhimurium (MTCC 98). Mueller-Hinton agar plates were
inoculated with standardized bacterial suspensions (0.5
McFarland standard). Impregnated discs were placed on the
agar surface, and the plates were incubated at 37°C for 18-
24 hours. Zones of inhibition were measured to the nearest
millimeter using digital calipers.

The percentage of inhibition for each pathogen was
calculated using:
100x (X—Y)

)
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X = Mean test extract,
Y = Mean negative control,
Z = Mean positive control.

Statistical analysis was performed using one-way ANOVA
followed by Tukey's post-hoc test (p < 0.05). Experiments
were conducted in triplicate, with results expressed as mean
+ standard deviation (SD).

RESULT AND DISCUSSION

The X-ray diffraction (XRD) pattern of SnO, nanoparticles
synthesized by using the hydrothermal method that is
provided below. All peaks correspond to the tetragonal
structure of tin oxide (JCPDS 41-1445). The main peak
occurs at 20 = 26.53° with a peak width of 0.933 nm. Using
the Debye-Scherrer formula, the average crystallite size (D)
of the nanoparticles is estimated to be approximately 47.35
nm, indicating a tetrahedral shape. The average dislocation

350 . L . L
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density of the SnO;, particles is determined to be
7.28x10'%/m? using an appropriate equation. Figure 2.
Shows the XRD pattern of SnO: nanoparticles. The
diffraction peaks, originating from the (110), (101), and
(211) planes, are located at a 20 of 26.52°, respectively.
Diffraction peaks match well with JCPDS file 41-1445
from the Joint Committee for Powder Diffraction
Standards. SnO; nanoparticles after thermal treatment are
pure and crystalline, with no impurities visible. SnO,
nanopowder that has been prepared as-prepared exhibited
diffraction peaks that are similar to those found in bulk
Sn0,, indexed to the orthorhombic crystal structure. The
calculated lattice parameters for this crystal structure as
selected by JCPDS are a =0.429 nm, b = 1.191 nm, and ¢ =
0.388 nm. A sharper and broader peak is evident on the
graph, and the size of the crystallites has been reduced also,
confirming the reduction in size. By use of the Scherrer
formula, we were able to determine the average diameter of
the crystallite to be around 26.53 nm.
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Figure 2. XRD spectrum for SnO» nanoparticle.
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Figure 3. W- H Plot.
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The William son - Hall (W-H) plot method is used to
calculate the crystal size and strain of the Hydrothermal
synthesized SnO; nano Particle from XRD data using the
William son - Hall (W-H) plot method. Due to the
incoherent diffraction domains, micro strains are induced in
the SnO, nano particle to their incoherence. The
experimental data of the XRD pattern show that the peak
width is both broadening and the peak terms are interrelated
by the equation, where the peak size (time, spot, and factor)
and the peak width (T) are related by the equation,
indicating the smaller crystal size of the nanoparticles. A
total broadening can be calculated by dividing the
crystallite size by the strain (crystallite size + strain). As
can be seen in the Equation, it indicates a linear equation in
which the slope of the linear fit is used to calibrate
crystalline size, while the Y - intercept is used to calculate
the crystal size from the slope of the linear fit. It can be
studied using the W-H plot by plotting the graph between
the 4 sin 6 coordinates of the nanocrystalline size and the Y
coordinate of the micro strain. According to the graph
shown in Figure 3, the value of micro strain is 7.121 x 10
and the crystal size is 28.14 nm.
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SEM is a type of microscope that uses electron beams to
identify samples to produce images of the samples that are
being examined. A sample's surface is affected by these
electrons, which interact with the surface of the sample,
revealing details about its composition and topography. To
examine the surface morphology of SnO, nanoparticles,
SEM analysis has been used to conduct an analysis using
SEM techniques. SEM images of the nanoparticles at
various magnifications (10 um, 3 um, 2 pm, 1 um) are
shown in Figure 4. (a) and 4. (b). The images reveal that
the particles have an irregular morphology with different
sizes and are highly agglomerated. Figure 4. (c, d) shows
the spherical structure of tin oxide, displaying a
homogeneous microstructure in all samples. The presence
of agglomerates was not detected, but the sample exhibited
a highly porous microstructure. The EDAX spectra of the
synthesized nanoparticles are depicted in Figure 5. The
micrographs verify that, consistent with the findings of
(Gadkari et al. 2020), SiO- nanoparticles are evenly applied
on the surfaces of cotton fabric. The EDAX spectra reveal
the presence of peaks associated with the elements tin (Sn)
and oxygen (O).
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Figure 4. (a, b, c, d) SEM images of Tin oxide.

Table 1. EDAX spectrum of tin oxide.

Element Weight% Atomic%
OK 21.34 49.23
CIK 2.29 4.39
SnL 78.65 46.38
Totals 102.29 100
www.ijzab.com 242
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Figure 5. EDAX spectra of tin oxide.

Figure 6 shown in the functional groups present in SnO,
nanomaterials were analyzed using FTIR, with the study
conducted over a range of 400 cm™ to 4000 cm™'. In the
FTIR spectroscopy graph, the band observed between 3400
and 3184 cm™ indicates O-H bond stretching vibration. On
Sn0O,, there are OH groups and adsorbed water molecules.
It corresponds to water molecules trapped in SnO» bending
vibrations between 1618 and 1386 cm™'. The peak at 564
cm! is associated with the stretching vibrations of terminal
Sn-OH, while the region from 1093 to 600 cm™ displays

the stretching modes of Sn-O-Sn. Raman spectroscopy is
frequently utilized to study nanomaterials such as SnO,, as
illustrated in Figure 7. Four distinct peaks can appear at
186 cm™, 512 cm™, 694 cm™, and 742 cm™ for SnO,,
These correspond to D and G bands. sp* carbon molecules
exhibit disordered structural defects, whereas orderly sp?
carbon molecules exhibit G band vibrations. Lower ratios
indicate a larger crystallite size, and higher ratios represent
more crystallization. After electrochemically reducing
Sn0O,, D and G peaks increase, while their positions shift.
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Figure 6. FTIR spectra of Tin oxide
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Table 2. Raman active mode.
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Modes Frequencies (em™1)
Agg 694
By 742
Big 186
Eg 512
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Figure 7. Raman spectra of tin oxide.

Figure 8. Shown in SnO; nanomaterials demonstrated
varying antimicrobial activity against five pathogenic
bacteria:  Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae, Bacillus subtilis, and Salmonella
typhimurium. The inhibitory effect increased with higher
concentrations of SnO, nanomaterials, with the highest
concentration (S3: 15 mg) showing the most significant
antibacterial activity. Table 3. Inhibition percentages for S3
ranged between 55.2% and 83.8%, where E. coli being the
most susceptible pathogen and S. typhimurium the least
sensitive. These findings align with recent research on
metal oxide nanoparticles' antimicrobial properties. Dose-
dependent antibacterial activity of SnO, nanoparticles
against various pathogens. The mechanism likely involves
the generation of reactive oxygen species (ROS) and

disruption of bacterial cell membranes (Guan et al., 2020,
Sinha et al. (2024) demonstrated that SnO, nanoparticles
could be an effective alternative to conventional antibiotics,
especially against resistant strains. However, the
streptomycin control consistently outperformed the SnO»
nanomaterials, indicating that further optimization may be
necessary for practical applications (Pandey ef al., 2023;
Khanom et al., 2018). Table 4. Statistical analysis (one-way
ANOVA, p < 0.001) confirmed significant differences in
antimicrobial activity across concentrations and pathogens.
Post-hoc tests revealed that the highest concentration (S3)
generally produced significantly larger inhibition zones
compared to lower concentrations, supporting the potential
of SnO, nanomaterials as broad-spectrum antimicrobial
agents.
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1-  S. aureus; 2- E. coli;
3-K. pneumoniae; 4-B. subtilis; 5-S. typhimurium.

Figure 8. Antibacterial activity of Tin Oxide.

Table 3. Antibacterial activity inhibition.

S.No Pathogens Assay Zol (Mean £ SD) Percentage of Inhibition
S1 11.5+05a 56.0
1 Staphvl S2 125+05a 60.9
aphylococcus aureus S3 158+07b 770
P 20.5+0.5¢ 100
S1 152+05a 64.4
L. . S2 18.0£0.5b 76.2
2 Escherichia coli 33 198+07b 838
P 23.6+1.0¢c 100
S1 8.50+0.5a 53.1
. . S2 11.1£1.0a 69.3
3 Klebsiella pneumoniae 33 12.6+0.7 a 787
P 16.0£0.5¢ 100
S1 883+t10a 439
. - S2 933+1.0a 46.4
4 Bacillus subtilis 33 155408 b 771
P 20.1+0.7¢ 100
S1 10.1+£1.2a 48.0
. . S2 11.8+£0.7 a 56.1
5 Salmonella typhimurium 33 11.6<10a 559
P 21.0£05¢ 100

S1- 5 mg; S2 -10 mg; S3 — 15 mg; (SnO, nanomaterials) Positive Control — Streptomycin (20 mcg).
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Antibacterial activity of SnOj3
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CONCLUSION

The preparation of SnO, nanoparticles was carried out with
the aim of hydrothermal methods. The XRD patterns of
both pure SnO; nanoparticles were in excellent agreement
with the tetragonal structure of the SnO, and it was
confirmed by that fact that they are both shaped as SnO,
tetragonal nanoparticles. Analyzing scanning electron
microscopy images of the synthesized nanoparticles is used
as an analytical method for determining the surface
morphology. Antibacterial activity area of inhibition
Staphylococcus aureus, E. coli, K. pneumonia, Bacillus
Subtilis, Salmonella typhimurium, these pathogenic bacteria
examined highet and lowest concentration of antibacterial
activity.
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