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ABSTRACT

Objective(s): Nanotechnology is a rapidly growing field with broad applications across medicine, biology, chemistry, and
engineering, largely due to nanoparticles' unique physical and chemical properties. In cancer treatment, nanoparticles offer
significant potential for both diagnosis and therapy. This study synthesized tin-doped zinc sulfide nanoparticles (Sn-doped
ZnS NPs) and undoped zinc sulfide nanoparticles (ZnS NPs) to explore their therapeutic effects on the brain, kidney, and
liver of mice.

Materials and Methods: The nanoparticles were synthesized using a wet chemical method and characterized by X-ray
diffraction (XRD), scanning electron microscopy (SEM), Fourier-transform infrared (FTIR) spectroscopy, UV-Vis
spectroscopy, and energy-dispersive X-ray spectroscopy (EDX). Biological evaluations were performed by administering
ZnS and Sn-doped ZnS NPs to BALB/c mice. These assessments included measurements of organ weights, oxidative
stress biomarkers such as thiobarbituric acid reactive substances (TBARS) and reactive oxygen species (ROS), antioxidant
enzyme activities such as catalase (CAT), peroxidase (POD), superoxide dismutase (SOD), reduced glutathione (GSH),
and histopathological analysis of key organs.

Results and Conclusions: Sn-doped ZnS NPs demonstrated enhanced structural and optical properties, along with
significant antioxidant effects, without causing notable toxicity in vital organs. These findings suggest that Sn-doped ZnS
NPs have strong potential for therapeutic applications, particularly in cancer treatment, and warrant further investigation
to elucidate their mechanistic roles and long-term safety.
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INTRODUCTION
The advancement of nanotechnology,

structural component in many proteins and
transcription factors and as a catalytic component

particularly nanoparticles, offers an innovative and
enabling platform that promises a wide range of
novel uses in medicine, biology, chemistry, and
engineering. These applications have great
potential for precise diagnosis, early disease
detection, and cancer treatment [1]. An intriguing
advance in current nanotechnology research is the
biological synthesis of semiconductor
nanoparticles. Today, there is significant
excitement in the literature regarding the
multidisciplinary field of nanobiotechnology and its
applications in biological systems [2, 3].

A common and crucial trace element in
biological systems is zinc (Zn). The Zn ion regulates
cell proliferation, differentiation, and both
apoptotic and necrotic cell death by acting as a

of several enzymes [4]. The liver significantly
influences Zn homeostasis, which controls how Zn
ions are combined into a wide range of enzymes
essential to the body's metabolism [5]. Zn is vital for
triggering the manufacture of protein in the liver
and kidneys [6]. Zinc is generally involved in a
variety of processes that keep the cell's redox
equilibrium stable. These include: (i) managing the
production of oxidants and the oxidative damage
that metals cause; (ii) the dynamic interaction of
zinc with sulfur in protein cysteine cluster cause to
liberate the metal from oxidized glutathione,
peroxides, nitric oxide, and other thiol oxidant
species; (iii) zinc's function in controlling
glutathione metabolism and the general thiol redox
status of proteins; (iv) either direct or indirect
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regulation of redox signaling; and (v) stimulation of
zinc-binding proteins that release the metal under
oxidative stress and act as a scavenging oxidant
independently [7]. Sulfur (S) is a mineral necessary
for life and found in amino acids [8]. Sulfur has been
demonstrated to have metabolic reprogramming
and anti-cancer activity [9].

The zinc and sulfide combine to form zinc sulfide
(ZnS), which is one of the nanoparticles found in
organic-rich sediments, anaerobic soil, wastewater
effluent, biosolid sand, and sulfidic environments
[10-12]. ZnS NPs are interesting because they are
superior 11-VI semiconductors with a wide band gap
energy of 3.7 eV at 300 K. [13]. ZnS is widely used in
optoelectronics and biomedicine, including laser
technology,  photocatalysis, = nanogenerators,
biosensors [14], bio-applications as protein sensors,
imaging, and antimicrobial agents [15, 16]. Zinc
sulfide nanoparticles (ZnS NPs) have also
demonstrated potent cytotoxic effects against
human acute myeloid leukemia (KG-1A) cells,
inducing apoptosis through the generation of ROS
and the secretion of TNF-a, while showing no
toxicity to normal lymphocytes. These findings
suggest the potential of ZnS NPs for targeted cancer
treatment [17]. An imbalance between oxidants
and antioxidants causes oxidative damage in cells
and tissues, and may even lead to cancer due to
excessive ROS production and -decreased
antioxidant levels [18, 19]. Zinc sulfide
nanoparticles have demonstrated significant
cytotoxic effects against human acute myeloid
leukemia (KG-1A) cells in vitro, primarily through
the generation of ROS and induction of apoptosis.
These findings highlight their potential for targeted
cancer therapies. In this study, we investigate the
role of both doped and undoped ZnS nanoparticles
in modulating antioxidant and oxidant markers in
brain, kidney, and liver of mice in vivo. This research
will provide insights into how ZnS nanoparticles
influence oxidative stress and antioxidant defense
mechanisms in these critical organs within a living
organism.

MATERIALS AND METHODS
Reagents and supplies

Chemical were obtained from Sigma-Aldrich
(Sigma, St. Louis, Missouri, USA) Chloroform, N.N-
Diethyl-p-phenyl  diamine sulfate (DEPPD),
Formaldehyde, Nitro blue tetrazolium (NBT),
ferrous sulfate, Coomassie blue, Hematoxylin,
Triton-x100, Bovine Serum Albumin (BSA), Sodium
Dodecyl Sulfate (SDS), Phenylmethylsulfonyl
fluoride (PMSF), potassium phosphate monobasic,
Sodium azide, Sodium phosphate dibasic, Sodium

chloride, Trichloroacetic acid (TCA), Sodium
Hydroxide Hydrogen peroxide, Guaicol, Tri-sodium
Citrate, Tris(hydroxymethyl)aminomethane
hydrochloride (Tris-HCL), tert-Butyl alcohol (TBA),
Potassium chloride, Riboflavin, L-Methionine,
Eosin, 5,5'-Dithiobis(2-nitrobenzoic acid) (DTNB),
phosphoric acid, Methanol.

Synthesis of doped and undoped ZnS NPs

Zinc sulfide nanoparticles were synthesized
using a wet chemical method. In this approach, zinc
acetate served as the zinc source, while sodium
sulfide was employed as the sulfur source. Zinc
acetate was prepared using N, N-
dimethylformamide (DMF) as the solvent. The
synthesis procedure comprised the following steps:
Initially, zinc acetate (0.2 M) solution was dissolved
in 15 mL of DMF, and the mixture was agitated for
10 minutes. Sodium sulfide solution was added
dropwise to the zinc acetate solution and stirred
continuously for 2.5 hours until a greyish-white zinc
sulfide precipitate formed. The product was then
centrifuged and washed several times with
methanol and deionized water. Finally, the
obtained material was dried in an oven at 60 °C to
yield ZnS nanoparticles. For tin-doped ZnS NPs
synthesis, the same method was used except that
some weight percentage of SnCls.5H.0 was added
to the DMF solvent and stirred for half an hour
before adding the zinc acetate.

Design experiment and animals

Six-week-old Albino mice (BALB/c) were
categorized into three groups. Each group had six
male mice. Group | (Control group, n = 6) orally
received saline solution. Group Il (n = 6)
intraperitoneally (i.p) received undoped ZnS (5
mg/kg body weight), and group Ill (n = 6) i.p
received Sn-doped ZnS (5 mg/kg body weight). The
doses were used on alternate days up to 14 days.
The experiment was approved by the Bioethical
Committee of Biological Sciences on the use and
care of animals (No.BEC-FBS-QAU2019-156).

Preparation of extract buffer (Lysing buffer)

The lysing buffer was prepared by dissolving 0.5
g SDS, 0.1 g sodium azide, 4.38 g NaCl, and 5.95 g
HEPES in 495 mL of distilled water. Triton X-100 (5
mL) was then added to make the final volume 500
mL [20, 21].

Method of preparation of tissue homogenate

A manual homogenizer (GPE Limited, UK) was
used to mince the tissues (brain, kidney, and liver,
each 100 mg) in frosted Petri dishes. Tissues were
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homogenized in 1 mL of extract buffer (pH 7.0),
which also contained 0.1mg of PMSF. The
homogenate was then centrifuged at 5031 x g for
10 min to separate the supernatant. The resulting
supernatant was transferred into labeled 1.5 mL
Eppendorf tubes and kept at —20 °C for subsequent
biochemical analyses [20].

Determination of oxidative stress biomarkers in
organs

Tissue homogenate was kept at -20°C until each
sample was analysed for oxidative stress
biomarkers.

Lipid Peroxidation assay

To quantify the TBARS level in tissue samples to
serve as a biomarker of lipid peroxidation using lipid
peroxidation assay according to [22]. The
procedure was as follows: 100 microliter (ul) of
homogenized samples were combined with 50 mM
Tris-HCI, 1.5 mM ascorbic acid, 1 mM FeS0O4, and
600 ul of distilled water. Afterward, the mixture
was incubated at 37 °C for 15 minutes. To stop the
reaction, 1 milliliter (0.37% w/v) of thiobarbituric
acid was supplemented. Following the addition of 1
milliliter of 10% trichloroacetic acid to each sample,
the reaction mixtures were heated in a water bath
to 90 °C for 15 minutes. After cooling, the mixture
was centrifuged for 10 minutes at 1000g. After
separating the supernatant, the amount of TBARS
in each sample was calculated using absorption
measurement at 532 nm. To express the results,
nanomoles of malonaldehyde per minute per
milligram of tissue were used, with 156 mmol/L/cm
as the molar extinction coefficient.

Reactive oxygen species (ROS)

The method employed for quantifying the levels
of reactive oxygen species (ROS) in each tissue
homogenate was utilized [23]. The reagent solution
consisted of ferrous sulfate, sodium acetate buffer
(0.1 M, pH 4.8), and 10 mg DEPPD in sodium acetate
buffer. Next, working reagents (1680 pl) and 0.1 M
sodium acetate buffer (1200 pl, pH 4.8) were mixed
with tissue homogenate (60 pl) or 30% H20,. At 37
°C, the contents were incubated for 1 minute. The
absorbance was determined with a UV-visible
spectrophotometer at 505 nm. For every sample,
three measurements were made at intervals of 15
seconds. The ROS one unit was equal to one
milligram of hydrogen peroxide in the sample.

Antioxidant enzymes

Enzymatic and non-enzymatic antioxidants
determination are CAT, SOD, POD and GSH.
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Catalase assay (CAT)

The CAT activity determination in tissue
homogenate followed the previously published
protocol [24]. To follow the procedure, tissue
homogenate (0.1 mL), 1 mL H20: (5.9 mM) and 50
mM potassium phosphate buffer (1.99 mL, pH 7.0)
were combined in 3 mL cuvette. The absorbance of
each sample was instantly read at 240
nm with intervals of 15 and 30 seconds, and
the values were averaged. In the blank sample, the
reagent combination was supplemented with
distilled water rather than homogenate. Alteration
in absorbance of 0.01 U/min was considered to be
one unit of CAT activity.

Superoxide dismutase (SOD)

SOD concentration was determined using the
procedure outlines by [25).-After making a 10%
(w/v) tissue homogenate in phosphate buffer (0.05
M, pH 7.8), the mixture was centrifuged for 15 min
at 10,000 RPM. In a test tube, 0.4 mL of NBT
(24_M), 2 mL of 50 mM sodium carbonate and 0.2
mL of 0.1 mM EDTA were vortexed with the
resultant - supernatant (0.5 mL). Next,
hydroxylamine hydrochloride (0.4 mL, 1 mM) was
added to maintain the reaction. The absorbance of
SOD was measured at 560 nm and sample without
tissue homogenate take as a negative control.

Peroxidase (POD)

The reaction mixtures and tissue homogenate
were prepared according to the protocol described
by [24]. That is made by combining 100 ul of tissue
homogenate, 100 pl of guaiacol (20 mM), and 2.5
mL of 50 mM phosphate buffer. Then homogenate
was mixing and started the reaction by adding 300
pl of H202 (40 mM). After 1 min, the absorbance of
the reaction mixture was read at 470 nm. One unit
of POD activity was defined as a 0.01 U/min change
in absorbance.

Determination of reduced glutathione (GSH)

GSH concentration was measured by using the
method outlines by [26]. The reagent solution
contained tissue homogenate, DTNB disodium
phosphate buffer (0.4 M) and (5,5-dithiobis (2-
nitrobenzoic acid)). 40 milligrams of DTNB were
dissolved in 100 mL of one percent tri-sodium
citrate to make DTNB. The unit of measurement for
GSH activity was mols/g, and the absorption was
recorded at 412 nm after a yellow hue appeared.

Estimation of total protein
Total Protein was quantified in the kidney, liver,
and brain by using the standard Bradford assay.
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Histology and morphometry

Five micrometer-thick tissue sections were
stained with Harris' hematoxylin. Sections were
washed, stained, dehydrated, and then washed in
DPX. Sections were examined at 10x and 40x
magnification on a photomicroscope (Olympus
Japan). Adobe Photoshop was used to prepare
image panels (Version 7.0, Microsoft Inc., USA).

For cellular morphometry, six arbitrary slices
from each group's liver, kidney, and brain tissues
were employed. Using the Image J program at a 40x
magnification (ver.1.8.0, Microsoft Inc. USA),
hepatocyte area and hepatocyte nucleus area were
evaluated for the liver, glomerular area and renal
corpuscular area were calculated for the kidneys,
and neuron area was evaluated for the brain. The
software was adjusted to accommodate a 50 um
(scale bar) distance. The measurements of the
areas mentioned were collected using the
necessary instruments to determine the average
distances (in um2) of the respective components.

Statistical analysis

In this study, a One-Way ANOVA was performed
to compare the means across multiple treatment
groups. The mean * standard error is used to
present the results, with analyses conducted using
GraphPad Prism 8 and SigmaPlot 12.0 software.
Dunnett’'s test was applied for post-hoc
comparisons to identify significant differences
between treatment groups and a control group.
This approach minimizes Type | errors while
assessing  multiple  comparisons. ' Statistical
significance was determined at a_significance level
of P <0.05.

RESULTS AND DISCUSSION
Characterization undoped and Sn-doped ZnS NPs

UV-vis analysis

In the UV-Vis spectrum (Figure 1) of ZnS
nanoparticles, the maximum absorption peak was
observed at 303 nm. This peak signifies the
wavelength at which the material absorbs light to
the greatest extent. The absorption at 303 nm
indicates that undoped ZnS NPs absorb light in the
ultraviolet (UV) part of the spectrum. This
absorption behavior results from transitions that
occur within the crystal structure of ZnS. On the
other hand, when we introduced Sn as a dopant
into ZnS and examined its UV-Vis spectrum (Figure
1), we noticed a different absorption pattern. In this
case, the maximum absorbance peak occurred at a
wavelength precisely at 323 nm. The shift from 303
nm in ZnS to 323 nm in Sn-doped ZnS suggests that
the presence of tin (Sn) dopants has altered the
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Fig. 1. UV-Vis spectra of undoped and Sn-doped ZnS NPs.

structure of ZnS, leading to changes in its optical
properties. This shift can be explained by tin atoms
incorporating into the ZnS crystal lattice and
introducing energy levels that modify its band
structure and consequently affect its absorption
characteristics.
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Fig. 2. XRD pattern of pure ZnS and Sn-doped ZnS
nanoparticles.

XRD analysis

The XRD pattern of pure ZnS nanoparticles
shows distinct diffraction peaks at 2 theta values of
28.78°, 47.86°, and 56.89°, corresponding to the
crystallographic planes (111), (220), and (311),
respectively, shown in Figure 2. The purity of the
synthesized ZnS NPs is confirmed by these peaks,
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which exhibit high conformance to the cubic zinc-
blende structure (JCPDS No. 05-0566) [27]. The
strong and well-defined peaks show that the
nanoparticles have a high level of crystallinity. The
XRD peaks of Sn-doped ZnS NPs and pure ZnS shows
some peak broadening, indicating a reduction in
particle size. According to an examination of the
Debye-Scherrer equation, the average crystallite
size is in the nanometer range, which is suggestive
of the creation of nanoparticles [28, 29]. The
average crystalline diameters of pure ZnS
nanoparticles are 19.89 nm, while Sn-doped ZnS
NPs are 16.54 nm.

Band gap calculation

Tauc’s plot method was used to calculate the
band gap energy of semiconductor materials using
UV-Vis absorption spectra, as shown in Figure 3.
The absorption coefficient (a) is calculated from
absorption measurements at various wavelengths
in the UV-Vis spectrum using this method. Then, for
each data point, (ahv)? was calculated, where a is
the absorption coefficient, h is Planck’s constant,
and v is the frequency of the incident photon. On a
graph, these estimated values are shown against
the respective photon energies (hu) [30, 31]. For
undoped ZnS nanoparticles, a band gap value of
3.50 eV is provided. The identical Tauc plot
approach was used for Sn-doped ZnS NPs, where
the specified band gap value is 3.10 eV.

10

ZnS NPs
4 % Sn-ZnS NPs

(czhu(chm")z

hv (eV)

Fig. 3. Tauc’s plots of undoped and Sn-doped ZnS NPs.

FTIR analysis

The FTIR provides essential details about the
vibrational and structural properties of materials.
As shown in Figure 4, the FTIR spectra of undoped
and Sn-doped ZnS. The stretching vibrations, likely
caused by hydrogen-bonded hydroxyl (OH) groups
or the O-H stretching vibration of water molecules
absorbed on the material's surface, are responsible
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Fig. 4. FTIR spectra of both undoped and Sn-doped ZnS
NPs.

for the band at 3270 cm™. There is an absorption at
1653 cm? that is suggestive of the bending or
stretching vibrations associated with the Zn-S bond,
which is a distinguishing property of the ZnS crystal
lattice. Another band at 1554 cm™ is most likely an
extra Zn-S bond vibrational mode, probably a
combination of bending and stretching vibrations. The
band at 1384 cm could represent lattice vibrations or
other molecular vibrations inside the ZnS crystal
structure. Additionally, the absorption at 901 cm
could be attributable to impurities or defects inside
the undoped ZnS crystal lattice, whilst the band at 653
cm?® could indicate additional lattice or molecular
vibrations within the material. Some of these
absorption bands changed from their original
positions after tin (Sn) dopants were introduced into
the ZnS lattice, suggesting changes in vibrational
modes and bonding caused by the doping process.
These shifts in the FTIR spectra of Sn-doped ZnS are
caused by the incorporation of Sn atoms into the
crystal structure, and they provide valuable insights
into the structural and chemical changes caused by
the doping, which can have significant implications for
the material's properties and applications [27, 32].

SEM analysis

Figure 5a shows SEM images taken at a
magpnification scale of 100 nm, we can observe distinct
differences between undoped and Sn-doped ZnS NPs.
Undoped ZnS has unequal spherical morphologies
with obvious aggregation, producing particle blocks or
clusters. Sn-doped ZnS, on the other hand, has a more
equal distribution of spherical nanoparticles
throughout the sample, with a noticeable absence of
large particle clusters. This morphological difference
shows that adding tin (Sn) as a dopant has a dispersing
impact on the 2ZnS nanoparticles, avoiding
agglomeration and resulting in a more
homogeneously dispersed structure are shown in
Figure 5.
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(a)

100nm

Fig. 5. SEM images of (a) undoped ZnS and (b) Sn-doped ZnS NPs.

EDX analysis

Energy Dispersive X-ray Spectroscopy (EDX)
analysis confirmed that both doped and undoped
nanoparticles contained their constituent elements
in the expected proportions (Figure 6 (a) & (b)). The
elemental composition analysis in both cases shows
the presence of zinc (Zn), tin (Sn), and sulfur (S), and

(a)

in the expectedquantities. This confirms the
precision and ' consistency of the sample
preparation. and analysis processes. The EDX
pattern validates the compositional integrity of
both nanoparticles, providing vital insight into the
sample quality and consistency.
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Fig. 6. EDX spectra of (a) undoped ZnS and (b) Sn-doped ZnS NPs.

Nanomed J. 13: 1-, 2026




T. Aziz et al / Tin-doped zinc sulfide nanoparticles for oxidative stress mitigation

Table 1. Male albino mice were intraperitoneally supplied with
either saline solution or 5 mg/Kg body weight of ZnS-doped Zn$S and
Sn-doped ZnS for 14 days, and the various investigated organ mass

index (OMI) values of the liver, kidney, and brain were compared
between the treatment and control groups. The mean * standard
error is used for all values. The results of the two-sample One-Way
ANOVA (Dennett's test) calculated for each parameter are shown by
the P-values.

Groups Liver Kidney Brain
Control 2.07 £0.25 0.50 £ 0.03 0.45 +0.09
ZnS 2.08 +0.29 0.46 £ 0.02 0.49 + 0.02

Sn/ZnS 4% 2.13+0.19 0.50+0.02 0.50%0.02

Effect of wundoped and Sn-doped ZnS
nanoparticles on organ weight

The current study shows (Table 1) that pure
ZnS and Sn-doped ZnS NPs have induced no
clinical or behavioral changes in mice, while a
non-significant difference in organ weight is
observed. This serves as an effective benchmark
for the qualitative assessment of the
nanoparticles, indicating their potential to
improve therapeutic ability, which aligns with
previous literature [33]. The organ mass index
(OMI) of the control group brain is 0.45 + 0.09,
while the ZnS and Sn-doped ZnS treated groups
show slight fluctuations to 0.49 £ 0.02 and 0.50 +
0.02, respectively (Table 1). The OMI of the liver
is 2.07 £ 0.25 in the control group, followed by
2.08 + 0.29 in the ZnS group and 2.13 + 0.19 in
the Sn-doped ZnS group. In the kidney, the OMI
is 0.50 £ 0.03 in the control group, slightly
reduced to 0.46 £ 0.02 in the ZnS group, and then
reversed to 0.50 + 0.02 in-the Sn-doped ZnS
group.

ZnS and Sn-doped 2ZnS nanoparticles on
oxidative stress markers
Reactive oxygen species assay (ROS)

Oxidative stress is caused by zinc deficiency,
and zinc supplementation has been shown to
minimize oxidative damage in a variety of cells
and tissues [34]. The ROS assay is performed to
check the oxidative level in the brain, kidney, and
liver. The ROS concentration in the Sn-doped
ZnS-treated group shows a highly significant
difference (0.001) in all organs (brain, kidney,
and liver) as compared to the control, as detailed
in Tables 2, 3, and 4, respectively. A noteworthy
difference (p<0.001) in_ZnS-treated group’s
kidney was found, while in'the brain (p<0.01) and
liver (p<0.05), significant differences were
observed as compared to the control group.

Thiobarbituric acid reactive substance assay
Membrane lipid peroxidation results from
oxidative stress, and measuring malondialdehyde
(MDA) is'a common way to detect oxidative
stress [35]. MDA exhibits a pronounced binding
preference towards thiol and amino functional
groups in nucleic acids, peptides, and enzymes,
consequently exerting potent cytotoxic effects
on cellular systems [36]. Thars concentration in
the liver and brain is considerably (p<0.001)
reduced in mice exposed to the Sn-doped ZnS
NPs, as shown in Tables 4 and 2, respectively,
while in the kidney, it was reduced (p < 0.01), as
shown in Table 3. Thars concentration in the ZnS-
treated group (p<0.001) was reduced in the
brain, while in the kidney and liver is (p<0.05).

Table 2. In comparison of antioxidant parameters of the brain between the control and treatment group, male albino mice were given intraperitoneally
supplements of 5 mg/kg body weight of ZnS and Sn-doped ZnS or saline solution over 14 days. Mean * standard error of the mean is the format used for all
values. The results of the two-sample One-Way ANOVA (Dennett's test) are computed for each parameter and are shown by the P-values.

Parameters Control ZnS Sn/ZnS 4%

ROS 18.59+0.33 15.78 £ 0.29** 13.79 £ 0.41%**
TBARS 16.30+0.39 13.35 £ 0.10%** 12.77 £0.07***
SOD 12.33 £1.45 19.16 +1.22* 25.98 + 057***
POD 16.01+0.52 19.81+0.37* 22.33 + 1.35%**
CAT 9.18 +0.57 11.37 £0.43* 16.01 £ 0.52***
GSH 15.78 +0.29 20.50 £ 0.66** 21.18 + 0.688**

PE 9.06 +0.33 13.58 + 0.30* 16.23 + 1.86**

Table 3. For 14 days, male albino mice were given intraperitoneally supplementation of zinc and Sn-doped ZnS (5 mg/Kg body weight) or saline solution. This
allowed for a comparison of several examined antioxidant parameters of the kidney between the treatment groups and the control. The mean + standard
error of the mean is displayed for each and every value.P-values display the results of the Dennis test (two-sample One-Way ANOVA), which were calculated

for each parameter.

Parameters Control ZnS Sn/ZnS 4%
ROS 18.96 £ 0.32 15.88 + 032*** 12.85 £ 032***
TBARS 16.56 £ 120 11.87 + 088* 8.85+ 0.66**

SOD 11.45 +0.57 15.56 +0.57* 18.69 + 1.15%**
POD 13.99 £+ 0.09 20.18 + 084** 25.47 £ 1.22%**
CAT 7.13 £0.009 8.56 + 033* 10.58 + 034***
GSH 25.93+1.20 31.75+0.87* 36.07 £ 1.85**

PE 11417 +1.72 121.21 +1.53* 122.61 +10.88*
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Table 4. Male albino mice were given intraperitoneally supplements of either saline solution or 5 mg/kg body weight of ZnS and Sn-doped

ZnS for 14 days. The aim was to compare the various investigated antioxidant parameters of the liver between the control and treatment

groups. The format for all values is mean + standard error. The results of the two-sample One-Way ANOVA (Dennett's test) are computed
for each parameter and are shown by the P-values.

Parameters Control ZnS Sn/ZnS 4%

ROS 12.47 £0.88 9.85 +0.34* 6.90 + 0.33***
TBARS 25.20 +0.57 21.59 + 0.89* 17.99 £ 0.65%**
SOD 12.15+0.57 14.52 £ 0.30* 20.25 + 0.56***
POD 16.85+0.33 23.25 +1.15%* 26.59 + 1.19***
CAT 8.82 £0.33 12.53 £ 0.32%** 16.24 £ 0.007***
GSH 18.24 £ 0.58 21.28 +0.58* 25.32 £ 0.57***

PE 80.80 + 0.58 82.58 +0.33 * 83.53 + 0.32**

ZnS and Sn-doped ZnS nanoparticles on
antioxidant biomarkers
Superoxide dismutase (SOD)

The current study shows that ZnS and Sn-doped
ZnS significantly increase superoxide dismutase
(SOD) levels in the brains of treated mice. The SOD
level in the ZnS-treated group is significantly
increased (p < 0.05) in the brain, kidney, and liver
compared to the control, as shown in Tables 2, 3,
and 4, respectively. In the Sn-doped ZnS-treated
group, SOD levels were highly significant (p <0.001)
compared to the control.

Peroxidase (POD)

Mice exposed to Sn-doped ZnS and ZnS will
change their enzyme level in various organs. The
present data revealed that Sn-doped: ZnS
significantly altered enzyme levels in the brain,
kidney, and liver (p < 0.001), as shown in Tables 2,
3, and 4, respectively. In comparison to the control
group, the brain of the ZnS-treated group revealed
a significant difference (p<0.05), while the kidneys
and liver revealed a significant difference (p<0.01).

Catalase (CAT)

One-way ANOVA of the treated groups (ZnS and
Sn-doped ZnS) showed significant differences
compared to the control. Catalase activity in the
ZnS-treated group demonstrated a noteworthy
difference (p < 0.05) in the brain and kidney, as
shown in Tables 2 and 3, respectively, and a more
pronounced difference (p < 0.001) In the liver
significant difference is (p < 0.001) (Table 4). The Sn-
doped ZnS-treated group also showed a highly
noteworthy difference (p < 0.001) compared to the
control group.

Reduced Glutathione (GSH)

One-way ANOVA of the treated groups (ZnS and
Sn-doped ZnS) indicated a significant difference
compared to the control. The Sn-doped ZnS-treated

group shown a significant reduction in reduced
glutathione in the liver (p < 0.001) (Table 4), while
significant reductions were observed in the brain
and kidney (p < 0.01), as indicated in Tables 2 and
3, respectively. The - ZnS-treated group
demonstrated a major difference (p < 0.05) in all
organs except the brain, where the significance was
(p<0.01).

Protein estimation

The current study shows that mice treated with
ZnS and Sn-doped ZnS significantly enhanced the
protein level in all organs (brain, kidney, and liver).
There was a significant difference (p<0.05) in the
ZnS-treated group and a substantial difference
(p<0.01) in the Sn-doped ZnS-treated group, with
the exception of the kidney, which had a
significance level of p<0.05. These findings are
shown in Tables 2 and 4 for the brain, kidney, and
liver, respectively.

Histopathology

Histology of the various organs, namely, brain,
kidney, and liver, stained with hematoxylin and
eosin (H&E), and subjected to analysis. No evident
histopathological abnormalities or lesions
associated with the treatment of nanoparticles (i.p)
were observed in these animals. The brain
exhibited no pathological abnormalities linked to
the administration of nanoparticles. Necrosis,
apoptosis, and mild vascular swelling were not
detected in any of the histological samples
examined, as presented in Figure 7. The liver of the
treatment groups also had no histopathological
changes; there was a normal sinusoidal space and
hepatocyte distribution, as presented in Figure 7.
The kidneys of the treated groups showed normal
glomeruli, tubule, collecting ducts, and Bowman
space as compared to the control, presented in
Figure 7.
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Brain Liver

ZnS

Sn-doped ZnS
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Fig. 7. Histology section processed with H& E staining showing tissue architecture of brain, Iiver’ahd kidney of mice exposed (i.p) to ZnS
and Sn-doped ZnS. Magnification 40x. Scale bar: 50 um.

Morphometry ) /

h f th d led ' Table 7. Morphometry of the mouse brain following treatment
Morphometry of the current studies reveale y
P Y ﬁth ZnS and Sn/ZnS. Values are mean +S.E., n = 6.

that treated and control group have no significant '/ PRfameters Control Zns sn doped
difference. ZnS and Sn-ZnS treated group showed a » 4 Zns

slight increase in the area of the liver (Hepatocyte © Neuronal  3042.55:336.79  3080.54+  3140.98%
and Nucleus area of hepatocyte), shown in Table 5, area (um’) 348.72° 352.50°

Common letter “a” = significantly different from control: *=p <

kidney: Glomerular area and renal corpuscular area 0.05, **= p < 0.01, ***= p < 0,001

as shown in Table 6, and in brain neuronal area
~ /

shown in Table 7. : Engineering and material science have been used

o o !/ ) in disease treatments, biosensors, advanced

Table 5. Morphometry of mice liver following treatment with . . d d d deli 37
ZnS and Sn/ZnS. Values are mean i?(E., n=6. Imaging, . an rug a.n gene elivery [ 1
Parameters COnt/M Zns sn doped Nanoparticles of small-sized metals lead to unique
- ZnS applications in biological, optical, and
area (um’) R ./ ) ’ manipulated for anticipated applications [38]. For

Nucleus 94.6, 96.6,429.4°  98.330.0° . .

area of +28.56 instance, gold nanoparticles are frequently used for
Hepatocyte biosensor labeling [39], silver nanoparticles in
s (um?) antimicrobial formulations [40], and magnetic

Common letter “a” = significantly different from control: *=p <

nanoparticles have been investigated for in vitro or
0.05, **=p < 0.01, ***=p < 0.001 P &

in vivo diagnostics [41]. Nanoparticles like tropical

zinc oxide are used for diabetic foot ulcers and

Table 6. Morphometry of the mouse kidney following pressure ulcers to reduce the effects of bacteria [42].
treatment with ZnS and Sn/ZnS. Values are mean = S.E., n = 6. Zinc is vital for humans because it functions as a

Paramet Control ZnS Sn doped . L.
ers 7ns cofactor in many transcription factors and enzymes
Glomerul  3689.54:396  3685.98% 3715.30% that are important for growth, metabolism, and
ararea 75 519.58° 528.40° immunological function. Zinc is required for
2 . . . .

(Hm?) neurophysiology, which includes everything from
Renal 4327.73t658  4380.71%678. 4478.52+678. Il devel 't I liferati I
Corpuscu c30 00° cell development to cell proliferation, as well as
lar area antioxidant and immune system function. In severe
(um?) neurological illnesses, it also plays a crucial

“n
a

Common letter “a” = significantly different from control: *=p < pathophysiological function [43]. Additionally, zinc is
0.05, **=p < 0.01, ***=p < 0.001
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essential for reversing the toxic effects of inorganic
compounds, which also change the histology in
several organs, including the spleen, kidney, and liver
[44].

ZnS nanoparticles are characterized by their
attractive properties, which contribute to restricted
areas of application, especially in pharmaceutics [45,
46]. ZnS nanoparticles play an essential role in the
topical and systemic treatment of cancer [19]. ZnS
possesses a semiconductor nanostructure that can
generate singlet oxygen, hydroxyl radicals, and
superoxide when photoexcited. After absorption of
a wavelength equivalent to the band gap, charges
could be transferred from the valence band to the
empty conduction band, creating electron/hole pairs
[47]. still, excessive ROS generation can harm
biological macromolecules and have negative
consequences, including inflammation [48], fibrotic
scarring [49], and senescence [50]. The present study
was conducted to examine the therapeutic potential
of undoped ZnS and Sn-doped ZnS nanoparticles on
multiple organ systems, including the brain, kidney,
and liver, with a focus on their prospective
application in cancer treatment.

Organ mass index (OMI) was investigated after
the dissection to identify the potential effects due to
exposure to ZnS (undoped) and Sn-doped ZnS
nanoparticles. The result showed that these
nanoparticles did not cause any significant alteration
in OMlI-treated mice group samples (brain, kidney,
and liver). Gross pathology analysis was performed
to find the pathological or anatomical changes. Mice
treated with ZnS and Sn-doped ZnS showed no
observable clinical indications or behavioral changes
[33]. The lack of evident organ-level pathological
effects following their administration supports the
idea that ZnS nanoparticles have a favorable safety
profile and have no apparent pathological effects in
the experimental paradigm, according to this
research.

Reactive oxygen species serve as cell signaling
molecules for regular biological functions, but their
production may also affect numerous cellular
organelles and processes, interrupting normal
physiology [51]. Oxygen is present in large amounts
and has a distinctive molecular structure. It quickly
takes the free electrons produced by the cell's
regular oxidative metabolism, which also produces
the oxidant H.02 and ROS such as the hydroxyl
radical (HOe) and Oze. Processes that cause electron
transport uncoupling can increase ROS generation,
with mitochondria being a main source [52]. ROS can
induce direct harm to nucleic acids, proteins, and
lipids via multiple pathways, resulting in cell death
[53]. Our findings demonstrated that Sn-doped ZnS
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exhibits a significant ability to reverse the ROS level
as compared to the control group, indicating that Sn-
doped ZnS has potent properties. ZnS also showed
protective effects, but least as compared to Sn-
doped ZnS and the control group. These outcomes
support the notion that the use of Sn-doped ZnS and
ZnS can effectively mitigate ROS-induced damage,
which is consistent with previous research
highlighting the significance of sustaining the
delicate balance between ROS generation and
cellular antioxidant defenses [54]. Further study is
needed to elucidate the specific mechanisms
underlying the protective effects of these materials,
which could lead to new applications in combating
oxidative stress-related disorders.

MDA's chemical ~analysis  began with its
measurement as one of the TBARS to measure lipid
peroxidation. It is difficult to determine TBARS in
biological samples like serum and plasma in a reliable
biological and analytical manner [55]. ZnS and Sn-
doped ZnS also scavenge the effects of thiobarbituric
acid reactive substances (TBARS) compared to the
control group. TBARS are commonly used as markers
of lipid peroxidation, which is a result of oxidative
damage to lipids. Lipid peroxidation can lead to the
formation of harmful by-products that can further
damage cellular components. The findings of this
study demonstrate that both ZnS and Sn-doped ZnS
scavenge TBARS activity and mitigate lipid
peroxidation and subsequent oxidative damage.

An extensive endogenous antioxidant defense
system, which comprises endogenous antioxidant
enzymes such as POD, CAT, SOD, GSH, and proteins,
meticulously maintains cellular redox equilibrium.
The human antioxidant defense is complex since it
must minimize ROS levels while enabling ROS to play
vital functions in cell signaling and redox control [56].
The mitochondrial respiratory chain generates the
majority of physiological ROS, which is either
transformed to hydrogen peroxide (H202) by
spontaneous dismutation or catalyzed by SOD [57-
59]. The current study outcomes revealed that Sn-
doped ZnS and ZnS nanoparticles play an antioxidant
role to enhance the level of SOD and CAT to reduce
the level of ROS, as shown in Figure 8. In the free
radical mechanism at 7.4 pH, superoxide (¢027) is
formed from 02 via the hydroperoxyl radical,
whereas hydrogen peroxide (H202) is produced via
mitochondrial respiratory by-products and NADPH
oxidase. Superoxide dismutase (SOD) reduced
Superoxide (¢02") into (H202) via the Haber-Weiss
reaction, which was subsequently converted into
hydroxyl radicals (¢OH™) and hydroxyl anions (¢OH)
and finally to water by catalase.
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Fig. 8. Superoxide dismutase (SOD) levels in the liver (A) and brain (B) were recovered by ZnS and Sn-doped ZnS nanoparticles, and
glutathione (GSH) in the kidney (C). Additionally, these nanoparticles reduced the level of ROS in the brain (D).

GSH is a thiol-containing compound and is
central to various biological reactions [60]. GSH is
also used as an inhibitor of tumor cells to prevent
them from proliferating.ZnS and Sn-doped ZnS are
also able to enhance the level of GSH to protect the
cell from oxidative stress [61]. Zinc also inhibits
oxidant enzyme and lipid peroxidation to protect
the cell from oxidative damage [62]. It raises the
level of activation of molecules and enzymes like
antioxidant proteins, CAT, SOD, and GSH. Zinc
catalyzes the dismutation of Oz ~ into H20, a free
radical scavenger, by forming MT, the cofactor for
GSH [63, 64].

Histological examination of tissues was
performed to further investigate toxicity. This
approach can be used to assess tissue injury,
lesions, or inflammation brought on by exposure to
nanoparticles. Three organs, including the brain,
kidney, and liver, were fixed, stained with
Hematoxylin and Eosin, and examined. Overall, the
administration of nanoparticles to these animals
did not appear to cause any noticeable histological

Nanomed J. 13: 1-, 2026

abnormalities or lesions (i.p). Figure 7 shows the
histology results. The fact that there were no
discernible changes in liver weight or observation
suggests that the nanoparticles were removed. In
the liver, there is no alteration in the histology.
Hepatocytes are normal and help to maintain the
homeostasis of the liver, such as carbohydrate,
lipids, and protein metabolism, detoxification, and
immune cell activation. Kidney histology shows that
the normal Bowman capsule, and glomerulus
tubule help to regulate the filtration of blood
shown in Figure 7. The brain did not exhibit any
pathological changes in response to nanoparticle
treatment, as seen in Figure 7. These findings
suggest that, at concentrations up to 5 mg/kg, ZnS
and Sn-doped ZnS nanoparticles did not exhibit any
harmful effects on cells [33].

CONCLUSION

This study confirms the in vivo protective
efficiency of ZnS and Sn-doped ZnS NPs, with a
particular emphasis on their potential in cancer
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treatment. The  study emphasizes the
nanoparticles' favorable safety profile, which is
demonstrated by the absence of organ-level
adverse consequences. Furthermore, these
nanoparticles have a noteworthy ability to alleviate
the damage produced by ROS, highlighting their
potential therapeutic utility. The research also
reveals the antioxidant characteristics of these
nanoparticles, highlighting their function in
increasing levels of critical enzymes and
substances, including SOD, CAT, and GSH. These
findings point to a possible path for using ZnS and
Sn-doped ZnS nanoparticles to combat oxidative
stress and advance cancer therapy techniques.
However, extensive investigations are required to
clarify the underlying mechanisms of their
biological effects, conduct in vitro studies, and
explore their long-term safety profile.
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