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Abstract: Selenium nanoparticles, a naturally occurring substance, have a significant impact on modern medical
treatment. The synthesis of Se NPs utilizing Na2Seo3 salt as precursor materials is reported in this study. The
characteristics of the nanoparticles were FTIR and XRD. The FTIR spectrum showed several numbers of a
peak at the wavenumber of 3454.51 cm -1 and 1544. 98 cm™! for O-H stretching, 2902. 87 cm™ It indicates
the vibration of the bonds in the methylene or methyl groups (CH2/CH3), confirming the organic nature of
the materials surrounding the nanoselenium, 1635. 64 cm™ This deep, sharp peak is crucial, It denotes the
existence of an amide bond in proteins or a carbonyl group in organic acids, the XRD peaks at 26=17.86
[426.89],21.68[764.15], 27.63[668.59], 36.51[298.07] from this data can average particle size of Se NPs was
calculated to be 5.135 nm. Finding the dose-dependent impact of selenium on the growth of the MCF-7,
AMIJ13, and NHF cell lines was the aim of the current study. The cytotoxicity of the selenium nanoparticles
was examined using breast cancer cell lines. The Methyl thiazolyltetrazolium (MTT) assay was used to
determine the median inhibitory concentration (IC50). The IC50 values for selenium were 18.52 pg/mL for
AMIJ-13, 6.382 ng/mL for MCF-7, and 273.1 pg/mL for the normal NHF cell line.First. At varying
concentrations, selenium hindered the cells' ability to proliferate of 100, 50, 25, 12.5, 6.2, 3.1 ug/mL for AMJ-
13 (63.35%, 40.11%, 31.3%, 27.2%, 17.41%, and 13.91%). Respectively and for MCF-7 at the same
concentration (70.75, 64.41, 50.56, 47.14, 37.7 and 27.68). To sum up, Selenium NPs displays strong
cytotoxicity against the AMJ13 and MCF-7 breast cancer cell lines. It is possible to draw the conclusion that
selenium has a dose-dependent impact on the growth of MCF-7, AMJ13, and NHF. Furthermore, apoptosis
and morphological alterations greatly intensify the growth inhibition.

1 INTRODUCTION antibacterial and anticancer selenium nanoparticles

show great promise for use in novel biomedical and
pharmaceutical applications [4].

Breast cancer ranks second in terms of cancer-
related mortality and is the most prevalent invasive
malignancy in women. Surgery is frequently followed
by chemotherapy, immunotherapy, radiation therapy,
or a combination of these treatments when breast
cancer reaches an advanced stage. Research by
Eltouny (2025) indicates that metastatic breast cancer
is the most dangerous and incurable form of the
disease [5]. Research using breast cancer cells in vitro
showed that selenium treatment reduced the growth
of the malignant cells, because selenium has
anticancer properties and might lessen the side effects
of chemotherapy, such as lymphedema, taking
selenium supplements may be beneficial for those

Due to the potential importance of selenium
nanoparticles, or SeNPs, for a wide range of
physiological functions, research on these particles
has become increasingly relevant in recent years.
When combined with regular dosage, selenium
nanoparticles yield higher absorption than
selenium [1]. New methods are needed to make
selenium molecules (selenoproteins, selenoenzymes,
and the like) more transportable, bioavailable, and
bioactive [2]. In addition to being manufactured for
nutritional fortification and developed for medicinal
uses, SeNPs is in a highly stable colloidal state and
has shown several biological functions, including
immune system, anti-oxidation, anti-virus, and anti-
cancer properties [3]. With its antioxidant,
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with advanced breast cancer [6], [7]. Although
selenium has been used for many purposes, such as as
a medication to cure cancer, its effects on
microorganisms have not yet been well studied. In
this study, we examined the impact of selenium
nanoparticles (SeNPs) on the AMJ-13 and MCF-7
breast cancer cell lines.

2 MATERIALS AND METHODS

2.1 Selenium Preparation

Preparation of selenium nanoparticles. The
production of selenium nanoparticles began with
utilising 1 mM plant extract; 0.0189 g of sodium
selenate (Na:SeQOs) is dissolved in 100 ml of
deionised water to achieve a 1 mM solution. The plant
extract is formulated by dissolving 10 g of green tea
plant in 100 ml of deionised water, followed by
heating the mixture to 60°C for 10 minutes with a
magnetic stirrer to facilitate the extraction of active
compounds. The solution is subsequently filtered
with filter paper to get pure plant extract. The
obtained Na.SeOs is positioned on a magnetic stirrer
and heated to 80°C, after which the extract plant
solution is gradually introduced to the sodium
selenate salts while maintaining continuous stirring.
The temperature of the combination was
incrementally increased, ensuring it did not surpass
100°C, and agitated for 60 minutes until the solution
became dark orange as shown in Figure 1 signifying
the synthesis of SeO- nanoparticles The research that
was done [8].

2.2 Characterization to SeNps

The functional groups that were presented on the
surface of the selenium nanoparticles which were
synthesized employing the Camellia sinensis extract
were identified using the FTIR (Fourier Transform
Infrared) spectrum analysis, while X-ray diffraction
(XRD) analysis was conducted to study the
crystalline nature of the synthesized selenium
nanoparticles as they showed diffraction peaks values
that each corresponds to Braggs equation peaks.

2.3 Cell Culture Preparation

The Iraqi Center for Cancer and Medical Genetic
Research Cell Bank provided the two cancer cell
lines, which were designated for comparison with the
normal cell line (NHF) use in our research. The
cancer cell lines were recognized as breast cancer
(MCF7) and breast cancer (AMJ13). In DMEM
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supplemented with 10% fetal bovine serum, 100
units/mL penicillin, and 100 pg/mL streptomycin,
MCF-7 and NHF cells were cultivated. After that, the
cells were passage through Trypsin-EDTA, reseeded
twice a week at 80% confluence, and nurtured at 37
°C [9].

After the incubation, the culture media was
removed and exposed to a range of concentrations
(100, 50, 25, 12.5, 6.2, 3.1 ug/mL) of the prepared
selenium nanoparticle were added to the wells.
Untreated cells cultured in complete medium alone
served as the negative control; since the highest
DMSO concentration introduced via the SeNPs
suspension was below 0.1% (v/v), a level not
expected to affect cell viability, a separate solvent-
only DMSO control was not included. The plate was
incubated for 72h at 37 °C and 5% Carbon dioxide.
Applying the MTT stain: Following a 72-hour
treatment period, 28 pL of (2mg/mL) MTT was
added to each well. The incubation continued for
three hours. The media was carefully removed and
100 pL of solubilizing solution (DMSO) was added
to each well and incubated for 15 minutes.

The optical density was measured at 492 nm using
a microplate reader. Cytotoxicity% was calculated
using the following equation. According to Ali et al.
(2023), the ratio of cytotoxicity, or the inhibition rate
of cell growth, was calculated as follows:

Cytotoxicity % = (OD Control - OD sample)/OD
Control x 100%,

where OD control is the mean optical density of the
untreated (control) wells, and OD Sample is the mean
optical density of the treated wells, each averaged
across three replicate wells [10].

2.3 Statistical Analysis

Cell lines Tukey's ANOVA multiple comparisons test
with GraphPad Prism 8 [9]. The values were
presented as the mean + SD of triplicate
measurements [11].

3 RESULTS

3.1 Characterization to SeNps

3.1.1 FTIR (Fourier Transform Infrared
Spectroscopy)

The spectrum showed several numbers of a peak at
the wavenumber of 3454.51 cm -1 and 1544. 98 cm™!
for O-H stretching, 2902. 87 cm™ It indicates the
vibration of the bonds in the methylene or methyl
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groups (CH2/CH3), confirming the organic nature of
the materials surrounding the nanoselenium, 1635. 64
cm™' as shown in Figurel. This deep, sharp peak is
crucial, It denotes the existence of an amide bond in
proteins or a carbonyl group in organic acids.

3.1.2 X-ray diffraction (XRD) Analysis

The XRD diffraction pattern of the biosynthesized
selenium nanoparticles (SeNPs) is presented in
Figure 2. The pattern is characterized by a prominent,
broad featureless hump (amorphous halo) centered
between 20 = 15° and 35°, which is the definitive
spectral signature of predominantly amorphous
selenium (a-Se). This amorphous nature is attributed
to the rapid reduction and stabilization process
mediated by the phytoconstituents of the green tea
extract, which act as capping agents and restrict long-
range atomic crystallization. However, minor, low-
intensity  sharp  reflections were observed
superimposed on this broad amorphous background
at 20 values of 17.86°, 21.68°, 27.63°, and 36.51°.
These faint diffractions indicate a semi-crystalline
nature, signifying the initial nucleation of localized
crystalline domains (such as hexagonal selenium, t-
Se) within the amorphous matrix. Due to the presence
of these emergent crystalline reflections, the average
crystallite size of the localized domains was estimated
using Scherrer’s equation Particle size (D) = KA/S
cos® where A is the wavelength of X-ray (1.540 X
10—10 m), K is the proportionality coefficient, also
referred as shape factor and its value is 0.9, 0 is the
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Bragg angle and f is the full width at half maximum
(FWHM) of the crystalline reflections in radians.
Based on the evaluation of these localized reflections,
the average crystallite size was calculated to be
approximately 5.14 nm. This ultra-fine size falls
within the lower and most efficient range of
nanoparticles (1 to 100 nm), which correlates with the
high surface-area-to-volume ratio typically observed
in predominantly amorphous biogenic
nanostructures.

3.2 Cytotoxicity of SeNPs Towards
Breast Cancer Cell Lines

The cytotoxicity findings of the biosynthesized
SeNPs against MCF-7, AMJ-13, and NHF cell lines
are presented in Figures 3-6. The results
demonstrated a dose-dependent cytotoxicity effect,
where the growth inhibition percentage increased
significantly with higher concentrations of selenium
(Fig. 3). Using the MTT assay, the (IC50) values were
determined for each cell line and are comprehensively
summarized in Table 1. The SeNPs exhibited
prominent anticancer selectivity, showing the highest
toxicity against MCF-7 cells( IC50=6.382 ng/ml ),
followed by AMJ-13 cells (IC50=18.52 pg/ml).
Notably, the nanoparticles displayed a much higher
(IC50) value against normal NHF cells

(IC50=273.1pg/ml. indicating low toxicity toward
non-cancerous cells.
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Figurel: FTIR spectra of selenium nanoparticles.
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A

Figure 2: X-ray diffraction pattern of selenium oxide nanoparticles.

Tablel: Half-maximal inhibitory concentration (IC50) of
the green-synthesized SeNPs against different cell lines.

Cell line Cell type IC50Value(pg/ml)
MCE-7 Human B_reast 6.382
Adenocarcinoma
AMJ-13 Iraqi Breast 18.52
Cancer
Normal Human
NHF Fibroblast 273.1

Se NPs' optical density (OD) demonstrated a
considerable (ns) effect across all concentrations. In
Figure 5, that is explained. SeNPs at used
concentrations (100, 50, 25, 12.5, 6.2, and 3.1 ug/mL)
transformed into a single cell solution after drug
exposure, and the number of cells began to decrease.

As the concentration of Se NPs rises, the number
of cells decreases, and the gradual lethal effect grows
Figure 6.

4 DISCUSSION

Nanoparticles represent a promising therapeutic
frontier with significant future potential, driving
substantial local and global research into their
biomedical applications [12].

In the current investigation, the cytotoxicity of the
biosynthesized selenium nanoparticles (SeNPs) was
evaluated in a dose-dependent manner (ranging from
3.1 to 100 ug /mL) against the first continuous breast
cancer cell line derived from an Iraqi patient (AMJ-
13), alongside MCF-7 and normal NHF cell lines.
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The MTT assay results demonstrated a classic dose-
dependent profile, where increasing SeNPs
concentrations  significantly enhanced growth
inhibition and cytotoxicity.

The quantitative efficacy of this treatment was
established through the determination of (IC50)
values. Remarkably, the green-synthesized SeNPs
exhibited a highly potent and selective antitumor
effect, showing the lowest (IC50) against MCF-7
cells (6.382 ug /mL), followed closely by the AMJ-
13 cells (18.52 ug/mL). In stark contrast, the (IC50)
value against normal NHF cells was found to be
exceptionally high (273.1 ug g/mL).

This high therapeutic index underscores a
remarkable selectivity, which can be attributed to the
synergistic action between the selenium core and the
bio-organic capping layer derived from green tea.
Green tea extract is rich in epigallocatechin gallate
(EGCQG), a powerful polyphenol possessing inherent
antitumor properties that simultaneously acts as a
stabilizing and reducing agent during synthesis [13].
The resulting ultra-fine SeNPs (~5.14 nm) possess an
enhanced surface area to volume ratio, facilitating
superior intracellular penetration across the
compromised membranes of malignant cells to
trigger localized cytotoxicity, while remaining
biocompatible ~ with  healthy  tissues  [14].
Mechanistically, the pronounced cytotoxicity against
MCF-7 and AMJ-13 cell lines can be explained
through several interconnected cell death pathways.
Chief among these is Oxidative Stress mediated by
the ROS pathway. At supra-nutritional dosages,
biogenic SeNPs act as pro-oxidants, inducing an
excessive accumulation of intracellular free radicals
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within the cancer microenvironment. This massive "double-edged sword," SeNPs and their constituents
ROS influx disrupts mitochondrial membrane can have pro-oxidant or antioxidant properties at
potential, destroying the cellular powerhouses and supra-nutritional dosages.

triggering the intrinsic apoptotic cascade [15], like a
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Figure 3: Cytotoxicity effect (CT %) of selenium in different concentration on MCF-7, AMJ-13 and NHF cells.
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Figure 4: Half maximal inhibitory concentration (IC50) after exposure of the MCF-7, AMJ-13 and NHF cell lines to Se NPs
in different concentrations.
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Figure 6: Morphological pictures for MCF-7(A, B), AMJ-
13(C, D) and NHF (E, F) cell lines. (before treatment were
a full number of cells, and after treatment) monolayer cell
shape (An inverted microscope,10x).
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Beyond classic apoptosis, the ultra-fine size and
surface chemistry of these SeNPs are highly likely to
provoke alternative programmed cell death pathways,
notably ferroptosis [16]. The internalized SeNPs
interact with intracellular glutathione (GSH) reserves.
In cancer cells, an overwhelming influx of selenium
depletes GSH, which subsequently inactivates
glutathione peroxidase 4 (GPX4). The inhibition of
this crucial antioxidant enzyme facilitates the
unregulated accumulation of lethal lipid peroxides
within the cellular membranes, driving iron-
dependent, non-apoptotic regulated cell death [17].
This multi-pathway mechanism (combining ROS-
driven apoptosis and potential ferroptotic induction)
explains the superior susceptibility of the AMJ-13
and MCF-7 breast cancer lines to the synthesized
SeNPs, establishing them as highly effective
candidates for targeted breast cancer therapy [18].

S CONCLUSIONS

Selenium nanoparticles (SeNPs) have been shown to
be highly effective anticancer agents through
biosynthesis. A degree of bio selectivity was
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demonstrated by the results, which revealed
significant cytotoxic effects when treating the MCF-
7 and AMIJ-13 cell lines while showing a safe effect
on the normal NHF cell line. Additionally, the
superiority of the biosynthetic particles in preventing
the proliferation of cancer cells was demonstrated by
the lower IC50 values (median fatal dosages) in
cancer cells when compared to normal cells. The
findings also demonstrated that raising the
concentration of nanoparticles enhanced the
inhibition of cell growth, as demonstrated by
morphological alterations and apoptosis, which in
turn triggered oxidative stress and raised the
generation of ROS.
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