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Samples were collected from Al-Diwaniyah Teaching Hospital in Al-
Diwaniyah Governorate - Iraq , period from April 1, 2023 to June 1, 2023. 
Bacterial samples were collected from wounds and burns, then they were 
diagnosed using (Vitek-2 compact system- Biomerieux-France), then all the 
collected bacterial species were tested to produce selenium nanoparticles 
and the best bacteria capable of producing them were selected. Subsequent 
steps included characterization of nanoparticles using advanced techniques 
(Atomic Force Microscopy (AFM), Fourier Transform Infrared Microscopy 
(FTIR), Microscopy (FESEM)  X-ray Diffraction (XRD), and  UV-visible 
spectrophotometry. After successful characterization of the nanoparticles, 
their biological efficacy and toxicological effects were evaluated.  The synthesis 
process involved incubation, centrifugation, and purification. The anticancer 
activity of SeNPs was evaluated using the MCF-7 cell line. Cytotoxicity was 
assessed through the MTT cell viability assay. The AFM measured sizes (10.00 
x 10.00 µm, 3.054 x 3.054 µm, 1.135 x 1.135 µm) and showed the surface 
roughness. FTIR showed peaks at 3749.10, 3454.98, 2926.67, 23 71.95, 632.69, 
and 451.77 cm-¹, indicating vibrations of the functional group. The FESEM 
results indicated spherical structures and irregular shapes. XRD data revealed 
the diffraction of the crystal lattice. The intensity indicated a high degree of 
crystallinity, and UV-visible spectrophotometry showed maximum absorption 
at 310 nm (0.70). SeNP-treated cells exhibited remarkable growth inhibition 
rates, with percentages ranging from 38.1% at the lowest concentration (6.25 
µg/ml) to an impressive 89.3% at the highest concentration (100 µg/ml). 
Statistical analysis confirmed the significance of these differences(LCD= 
1.091). The investigation into the anti-cancer activity of selenium nanoparticles 
(SeNPs) against breast cancer cells MCS.7, as detailed in Table 1, provides 
valuable insights into their inhibitory effects. The concentration-dependent 
response is evident, with increasing concentrations of SeNPs correlating with 
higher inhibitory percentages. At the lowest concentration of 6.25 µg/ml, a 
modest inhibition rate of 38.1±0.12% is observed, which significantly escalates 
to 89.3±1.13% at the highest concentration of 100 µg/ml. The statistical 
significance, as indicated by the LSD value of least significant difference (1.091). 
The current study concluded that SeNPs have the ability to inhibit the spread of 
cancer and that it is dose dependent, as the inhibition increases with increasing 
dose and the effect is selective for cancer cells without affecting healthy cells, 
indicating the potential benefit of SNPs in inhibiting cancer.
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INTRODUCTION
In recent decades, the rise of proliferation 

of cancerous tumors have emerged as critical 
global health challenge, necessitating innovative 
approaches to address these pressing issues. 
The Center of Disease Control (CDC) estimates 
that cancer cause 10 million deaths annually 
[1].  Chemotherapy, while effective, often results 
in severe side effects due to its indiscriminate 
impact on both healthy and cancerous cells [2]. 
The burgeoning field of nanomedicine holds great 
promise for addressing the challenges posed 
by cancer. Nanoparticles, in particular, offer a 
versatile platform for drug delivery, imaging, and 
therapy. Their size and surface characteristics 
can be precisely tailored to interact with specific 
cellular targets, enhancing the therapeutic efficacy 
while minimizing collateral damage to healthy 
tissues [3].

Selenium, a trace element found in soil, 
water, and certain foods, has garnered significant 
attention in recent years due to its well-
established antioxidant properties. As an essential 
micronutrient for various living organisms, 
selenium plays a crucial role in maintaining cellular 
function and protecting against oxidative stress 
[4]. The therapeutic potential of selenium extends 
beyond its antioxidant capabilities. Research has 
shown that selenium exhibits anti-inflammatory, 
immunomodulatory, and anti-cancer properties. 
Selenium compounds have been investigated for 
their ability to induce apoptosis (programmed cell 
death) in cancer cells, inhibit angiogenesis, and 
modulate the immune response to suppress tumor 
growth. Moreover, selenium’s role in supporting 
DNA repair mechanisms further underscores 

its importance in preventing and mitigating the 
progression of various diseases, including cancer 
[5].

In nature, Se occurs in four oxidation states: 
Se6+ (selenate), Se4+ (selenite), Se2− (selenide), and 
Se0 (elemental Se). The biological and toxicological 
effects of Se, whether in anthropogenic or natural 
environments, depend on a specific chemical 
state. The zero-oxidation state of Se (Se0) found 
in selenium nanoparticles (SeNPs) shows lower 
toxicity and admirable bioavailability compared 
to other oxidation states of Se6+, Se4+ and Se2−. 
However, biogenic SeNPs have been shown to be 
safe. So, the biogenic SeNPs are gaining interest 
and recent experiments have shown that they are 
better than synthetic SeNPs and even the other 
organic and inorganic Se species used in the past 
[6].

This study aims to biosynthesise selenium 
nanoparticles and the possibility of using them as 
an alternative treatment for breast cancer.

MATERIALS AND METHODS
Sample collection

Samples were collected from Al-Diwaniyah 
Teaching Hospital in Al-Diwaniyah Governorate 
- Iraq, period from April 1, 2023 to June 1, 2023. 
Bacterial samples were collected from wounds and 
burns, then they were diagnosed using (Vitek-2 
compact system- Biomerieux-France), then all the 
collected bacterial species were tested to produce 
selenium nanoparticles and the best bacteria 
capable of producing them were selected.

Synthesis of nanoparticles
After collecting disease samples randomly, 
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Fig. 1. Nanomaterial synthesis process. A: Synthesis using four types of microorganisms to choose the best for production. B: Before 
preparation. C: After preparation.
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growing them, and diagnosing them, dilutions 
were prepared by mixing 10 ml of the sample 
with 100 cubic centimeters of normal salin, 
where a bacterial suspension of the cultivated 
colonies was made and placed in a tube. The 
tube was incubated for 24 h at 37°C. The tube 
was centrifuged at 10,000 rpm for 10 minutes. 
10 cc of bacterial filtrate was mixed with 5 mM 
selenium salts, paying close attention to monitor 
the resulting color change. With a control tube 
containing only the bacterial filtrate, both tubes 
(the negative control and the filtrate mixed with 
selenium salts) were incubated at a temperature 
of 30°C for 24 hours. A color shift from yellow 
to walnut color was observed, indicating the 
formation of nanomaterials. Purification of the 
nanomaterial was carried out using a centrifuge at 
10,000 rpm for 5 min, with the process repeated 
to obtain purity. The tubes were placed in the dark 
to prevent light reaction [7] As in Fig. 1.

Characterization of SeNPs
UV-vis Spectra Analysis

The UV/vis spectrophotometer (200 800 nm) 
was operated at a resolution of one nm, and it was 
deemed a straightforward approach for obtaining 
information about particle concentration, size 
(diameter), and particle shape shift of the 
absorbance relay by measuring the absorbance 
shift [8].

Atomic Force Microscopy Analysis
The spm-AA300 from Angstrom Advanced 

Inc was used to define the topological surface of 
the SeNPs. This is accomplished by imaging the 
three-dimensional shape (topography) of a high-
resolution sample surface using the reaction force 
imposed on it by the sample between the probe 
and the forces. Controlling the forces between the 
tip and sample may be accomplished by changing 
the sample parameters in a predictable manner 
[9].

FT-IR analysis
The description of functional groups present on 

the surface of Au NPs and aloe vera extract was 
examined using FTIR. The spectra were scanned 
at 4 cm-1 resolution, ranging from 4000-400 cm-1. 
Samples were prepared by dispersing SeNPs in a 
dry KBr matrix and compessing them into nearly 
transparent disks. KBr served as a reference 
standard during sample analysis [10].

X-ray Diffraction XRD
The X-ray diffraction (XRD) pattern of the Ag 

and Au NPs was determined using an X’Pert PRO 
analytical X-ray diffractometer operating at a 
voltage of 45 kV with a current of 40 mA with Cu K 
radiation using the X’Pert Highscore Plus software 
to determine the crystal structure. This test was 
performed in accordance with [11].

FESEM
Visualization of the nanoparticle’s form and 

size was accomplished using a SEM (Scanning 
electron microscope). Preparation of slides was 
accomplished by putting tiny drops of nanoparticle 
suspension on the slides and allowing them to dry. 
Following the procedure, the slide was subjected 
to scanning electron microscopy (SEM) (JEOL-
MODEL 6390 machine). The microscope was 
operated at varied magnifications with a speed 
up voltage ranging from 5 to 10 kV, with a low 
vacuum, a spot size of 4, and working distances 
ranging from 5 to 10 mm. This test is carried out in 
accordance with[12].

Preparation of cancer cells 
The MCF-7 cell line was provided by the Iraqi 

Center for Cancer and Medical Genetic Research 
at Al-Mustansiriya University. It was preserved in 
deep freeze at -80° C in RPMI-1640 medium. The 
cancer cells were activated using special dishes 
and a special medium was used to grow these 
cells, which is medium. Dulbecco’s Modified Eagle 
Medium (DMEM) with the addition of 10% of 
blood serum derived from bovine embryos, as well 
as the addition of 100 µg/ml of anti- penicillin, and 
100 µg/ml of anti- streptomycin, the cells were 
incubated under anaerobic conditions at 37°C, as 
it was observed the color of the medium changes 
from pink to light orange as a result of changing 
the pH of the medium due to the resulting cellular 
growth. Upon microscopic examination of the 
cells, the live cells appear adhered to the wall of 
the cell growth dish while the dead cells float. 
The cells are then subjected to centrifugation 
under very sterile conditions, where the filtrate is 
discarded and the sediment is taken. The Trypsin-
EDTA enzyme was also used for the purpose of 
uprooting living cancer cells stuck to the walls of 
the slide for growing cancer cells. This enzyme 
also works to stop the growth of the transplanted 
cells when the growth rate reaches 80%, and this 
percentage is defined by the closeness of the 
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spaces between the cells, and after that the cells 
were incubated at 37° C again. This experiment 
was performed according to [7].

Measurement of cytotoxicity of SeNps   
Cytotoxicity assay of SeNps was performed to 

determine the toxic effect of nanoparticles toward 
cancer cells. Methyl Thiazolyl Tetrazolium (MTT) 
cell viability assay was performed using a well-
drilled plate, where cell lines were seeded at 1 x 
4 10 cells per hole after performing cell counting. 
It was incubated at 37 °C in an incubator providing 
anaerobic conditions (50% - CO 2 through the use of 
containers and bottles equipped with CO 2 during 
incubation and providing 95% relative humidity 
by adding water to the peripheral holes in the 
culture plate, for 24 hours. It was done Obtaining a 
confluent monolayer of cells with a growth rate of 
80%. The cells were treated with the nanoparticle 
suspension at the following concentrations: µg/ml 
(6.25 - 12.5 - 25 - 50 - 100). The percentage of cell 
death was measured 72 hours after being exposed 
to the nanoparticle suspension, by removing The 
medium was added and 28 micrograms of MTT 
dye were added. The cells were incubated for 2.5 
hours at 37 ° C after removing the MTT solution. 
They were incubated in the shaking incubator at 
37 °C for 15 minutes. The plate was transferred 
to the ELISA device to read the results, as the 
absorbance on the plate reader was at 492 nm. 
The assay was performed in three replicates for 
each concentration, and the cell growth inhibition 
rate (percentage of cytotoxicity) was calculated by 
the following equation:    

                                                    
Cytotoxicity = AB/A *100  

Where: A is the control optical density, B is the 
optical density of the samples.

After that, the shape of the cells was revealed 
and the growth rate was estimated using an 
inverted microscope. 200 ml of the cell suspension 
was taken and placed in a 96-hole plate to 
accurately calibrate the cells at a density of 1 x 
4 (10 cells per ml-1), then incubated for 48 hours 
at 37 °C. The medium was removed and the 
tested components were added at (IC50). After 
the exposure time, the plates were stained with 
50 μl crystal violet and incubated at 37 °C for 15 
min, and the stain was gently washed with tap 
water until the dye was removed. The cells were 
observed under an inverted 40X magnification 

microscope.

Staining Acridine orange–Ethidium bromide (AO/
EtBr) dual

MCF-7 cell line was performed using (AO/EtBr) 
double staining method, cells were cultured in 96-
well plates, cells were treated with nanoparticle 
suspension and incubated for 24 h. The cells 
were washed twice with double phosphate 
buffered saline (PBS), and fluorescent dyes (10 
ml) were added to the cells in equal volumes. 
After incubation times of 15–30 min, cover slides 
were transferred to view under a fluorescence 
microscope and magnification was performed at 
40X, performed in three replicates for each.

Statistical analysis
All data were analyzed using SPSS software 

(V.28 Inc., Chicago, USA). and Kolmogorov-
Smirnov test of distribution of variables. Usually, 
the numerical variables distributed between the 
treated groups were compared using a two-way 
ANOVA test (univariate and multivariate analysis 
so that the variance was obtained for the least 
significant difference (LSD), and all data were 
expressed as a standard deviation (mean ± SD) and 
the significance of the differences was discovered 
when p < 0.05 This experiment was conducted 
according to [7].

RESULTS AND DISCUSSION
Atomic Force Microscopy (AFM)

The characterization of selenium nanoparticles 
(SeNPs) through Atomic Force Microscopy (AFM) 
reveals critical insights into their physical attributes 
at the nanoscale. As shown in Fig. 2A and B, SeNPs 
exhibit a physical size of 10.00 x 10.00 µm, with 
an average value of -78.13. The surface roughness 
is characterized by an average roughness (Ra) of 
37.66 mm, a root mean square roughness (Rq) of 
61.63 mm, and roughness (Rt) of 607.7 nm. These 
parameters collectively describe the size and 
topographical variations across the nanoparticle 
surface.

Moving to Fig. 2C and D, the physical size is 
measured at 3.054 x 3.054 µm. Notably, the 
average value is negative at -4.185, suggesting a 
specific orientation or feature of the SeNPs. The 
roughness parameters include an Ra of 1.891 
mm, an Rq of 2.745 nm, and an Rt of 42.64 nm, 
providing detailed information on the surface 
texture and variations.
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Fig. 2E and F, the SeNPs exhibit a physical 
size of 1.135 × 1.135 µm. The average value 
is extremely close to zero, indicating a highly 
uniform structure. The roughness parameters 
include an Ra of 1.561 nm, an Rq of 2.083 nm, 
and an Rt of 20.61 nm, emphasizing the fine-
scale details and smoothness of the nanoparticle 
surface. These AFM characterizations play a 
crucial role in understanding the physical features 
of SeNPs. The precise measurements of size and 
surface roughness are vital for comprehending 
the potential applications of SeNPs, particularly 
in fields such as medicine and materials science, 
where their nanoscale properties can be harnessed 

for various purposes.

Fourier Transform Infrared (FTIR)
Characterization of selenium nanoparticles 

(SeNPs) using FTIR (Fourier Transform Infrared) 
spectroscopy spectrum was shown in Fig. 3.  The 
x-axis likely represents the wavenumber in cm⁻¹, 
which is a unit used in FTIR spectroscopy to denote 
the frequency of the infrared radiation. The 
y-axis represents the transmittance percentage, 
indicating how much of the infrared radiation 
passes through the sample. Wavenumber ranges 
from approximately 4000 cm⁻¹ to 500 cm⁻¹. 
Transmittance values vary between 95% and 80%. 

A  

B  

C  D  

E  
F  

 

  

Fig. 2 characterization of selenium nanoparticles (SeNPs) using Atomic Force Microscopy (AFM). A and B:Physical Size: 10.00 x 
10.00 µm. C and D:Physical Size: 3.054 x 3.054 µm. E and F:Physical Size: 1.135 × 1.135 µm.
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Prominent peaks are observed around 3749.10 
cm⁻¹, 3454.98 cm⁻¹, 2926.67 cm⁻¹, 2371.95 cm⁻¹, 
632.69 cm⁻¹, and 451.77 cm⁻¹.

The peaks and troughs in the spectrum are 
associated with the vibrational modes of different 
functional groups in the sample. Interpreting 
specific peaks requires reference to a spectral 
database or knowledge of characteristic 
absorption bands for various chemical bonds. 
Peaks around 3749.10 cm⁻¹ and 3454.98 cm⁻¹, for 
example, may be associated with O-H (hydroxyl) 
stretching vibrations, while peaks around 2926.67 
cm⁻¹ could be related to C-H stretching vibrations.

Field Emission Scanning Electron Microscopy 
(FESEM)

The results of the FESEM (Field Emission Scanning 
Electron Microscopy) examination conducted 
at various dimensions (1, 10, 100, 200, and 500 
micrometers) revealed distinct morphologies, as 
illustrated in Figs. 4A to F. At the 1-micrometer 
dimension, the observed morphology exhibited 
a spherical shape. This is indicative of a compact 
and rounded structure, resembling a sphere. At 

the 10-micrometer dimension, the morphology 
took on a pattern resembling rough texture. The 
surface appeared irregular and uneven, suggesting 
a more complex and textured structure. At the 
100-micrometer dimension, the morphology 
exhibited a somewhat irregular shape, possibly 
closer to cylindrical. The irregularities in shape 
suggest a less uniform structure compared to 
the smaller dimensions. At the 200-micrometer 
dimension, the morphology displayed spherical 
and ovoid shapes closely packed together. This 
suggests a cohesive arrangement with interactions 
between the spherical and ovoid structures. At 
the 500-micrometer dimension, the morphology 
revealed cohesive structures with both ovoid and 
spherical shapes. Additionally, there appeared 
to be an intermediate material connecting these 
shapes, forming a cohesive network. Figs. 4E and 
F illustrate the spherical and ovoid structures with 
an intermediate substance between them.

X-ray diffraction (XRD)
The X-ray diffraction (XRD) data was obtained as 

shown in Fig. 5, and analysis was conducted on the 

 
 

  

  

Fig. 3. Characterization of selenium nanoparticles (SeNPs) using FTIR (Fourier Transform Infrared) spectroscopy spectrum.
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Fig. 4. characterization of selenium nanoparticles (SeNPs) using Atomic Force Microscopy (AFM). A and B:Physical Size: 
10.00 x 10.00 µm. C and D:Physical Size: 3.054 x 3.054 µm. E and F:Physical Size: 1.135 × 1.135 µm.

Fig. 5. The X-ray diffraction (XRD) .
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resulting diffraction pattern. Peaks were identified 
in the data, representing the diffraction of X-rays 
by crystal lattice planes. Peak positions, ranging 
from 96.6 to 5562.8, were observed and noted.

UV-visible spectrophotometry 
The capacity of SeNPs to absorb light in the 

visible region owing to the Plasmon surface 
resonance phenomenon was tested, and then 
the optical absorption was scanned with a 
wavelength between 200 and 900 nm using a UV-
visible spectrophotometer. After 24 hours, UV-
visible absorption spectrometry displayed many 
absorption peaks at certain wavelengths (Fig. 6). 
The maximum absorbance was observed 0.70 in 
wavelength 310 nm.

Toxicity of SeNPS 
Table 1 details the impact of varying 

concentrations of selenium nanoparticles on 
breast cancer cells MCS.7, shedding light on their 
inhibitory effects. At the lowest concentration 
tested (6.25 µg/ml), the nanoparticles 

demonstrated a modest inhibition rate of 
38.1±0.12%. As the concentration doubled to 
12.5 µg/ml, a substantial increase in inhibition 
was observed, reaching 59±1.21%. The trend 
continued, with percentages rising to 71.7±1.03% 
at 25 µg/ml and a notable 81.5±0.64% at 50 
µg/ml. The highest concentration (100 µg/ml) 
exhibited a remarkable inhibitory effect, boasting 
a percentage of inhibition at 89.3±1.13%. The 
LSD value of least significant difference (1.091) 
underscores the statistical significance of the 
observed differences between concentrations, 
suggesting a dose-dependent relationship. 

The investigation into the anti-cancer activity 
of selenium nanoparticles (SeNPs) against 
breast cancer cells MCS.7, as detailed in Table 1, 
provides valuable insights into their inhibitory 
effects. The concentration-dependent response is 
evident, with increasing concentrations of SeNPs 
correlating with higher inhibitory percentages. 
At the lowest concentration of 6.25 µg/ml, a 
modest inhibition rate of 38.1±0.12% is observed, 
which significantly escalates to 89.3±1.13% at the 

 

 

  Nanoscale selenium concentrations (µg/ml) Percentage of inhibition 

6.25 38.1±0.12 

12.5 59±1.21 

25 71.7±1.03 

50 81.5±0.64 

100 89.3±1.13 

LSD value of least significant difference 1.091 

 

Table 1 Effectiveness of different concentrations of selenium nanoparticles against breast cancer cells MCS.7

Fig. 6. UV-visible spectrophotometry assay.
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highest concentration of 100 µg/ml. The statistical 
significance, as indicated by the LSD value of least 
significant difference (1.091), underscores the 
dose-dependent relationship and suggests the 
potential utility of SeNPs in cancer inhibition.

Comparisons with previous studies further 
highlight the promising anti-cancer properties of 
SeNPs.[13] synthesized SeNPs using cell suspension 
and total cell protein of Acinetobacter sp. SW30, 
comparing their anticancer activity with chemically 
synthesized SeNPs. While chemically synthesized 
SeNPs exhibited more significant anticancer 
activity, they were also toxic to noncancer cells. In 
contrast, bioengineered SeNPs by Acinetobacter 
sp. SW30 demonstrated selectivity against breast 
cancer cells, presenting them as a favorable option 
for anticancer agents.

Another study by [14] explored the preparation 
of SeNPs using Bacillus coagulans and investigated 
their anti-breast cancer activity. The bioengineered 
SeNPs showed high stability, with an average 
particle size of 24–40 nm and a zeta potential of 
–16.1 mV. The cytotoxicity results demonstrated 
a concentration-dependent effect against MCF-7 
breast cancer cells, with an IC50 value of 17.56 
µg/mL for SeNPs. Additionally, SeNPs exhibited 
enhanced apoptotic potential in MCF-7 cancer 
cells, upregulating pro-apoptotic genes and 
downregulating anti-apoptotic and pro-cancer 
genes.

CONCLUSION
In conclusion, the evaluation of anti-cancer 

activity reveals the potential of selenium 
nanoparticles in inhibiting breast cancer cells. 
The dose-dependent relationship observed in 
the inhibition percentages emphasizes their 
promising role in cancer treatment. Furthermore, 
the selectivity and enhanced apoptotic potential 
demonstrated in bioengineered SeNPs suggest 
their potential as effective and targeted anticancer 
agents, though further clinical validation is 
essential for practical application.
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