
Research Article

Rana I. Mahmood, Alaa Al-Taie, Aya M. Al-Rahim, Harraa S. Mohammed-Salih,
Humam Abdulrahman Ibrahim, Salim Albukhaty*, Sabrean F. Jawad, Majid S. Jabir*,
Mohamed M. Salem, and Mounir M. Bekhit

Biogenic synthesized selenium nanoparticles
combined chitosan nanoparticles controlled lung
cancer growth via ROS generation and
mitochondrial damage pathway
https://doi.org/10.1515/ntrev-2025-0142
received May 10, 2024; accepted January 21, 2025

Abstract: The green synthesis approach has drawn a lot of
interest as an environmentally friendly and sustainable
acceptable means of producing a diverse range of nano-
particles (NPs). This piece described a rapid approach for
synthesizing selenium nanoparticles (SeNPs) with grape

seed extract. A biologically active composition of sele-
nium-chitosan nanoparticles (Se-chitosan NPs) has been
prepared and characterized using, ultraviolet–visible, scan-
ning electron microscopy, transmission electron micro-
scopy, and zeta potential and size distribution experiments.
To study the anticancer activity of prepared NP cytotoxicity
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assay of chitosan nanoparticles (Chito-NPs), SeNPs were
tested on two cancer cell lines: A549 and normal cell line
(HK-2). In addition to a series of morphological changes,
induction of apoptosis, reactive oxygen species (ROS) gen-
eration, and mitochondrial membrane potential. The results
showed that the synthesized NPs were spherical with 55.285
and 30.9 nm, for SeNPs and Se-chitosan NPs, respectively.
In the A549 cell line, SeNPs and Se-chitosan NPs exhibited
dose-dependent cytotoxicity, with an IC50 for Chito-NPs
of 24.09 µg/mL, whereas for SeNPs it was 18.56 µg/mL.
Conversely, normal cell lines (MCF-10) were not signifi-
cantly cytotoxically affected by SeNPs and Se-chitosan
NPs. Additionally, SeNP and Se-chitosan NP treatment resulted
in increased ROS generation and caused mitochondrial dys-
function. Based on ROS-mediated pathways, the results
demonstrated that Chito-NPs, SeNPs, and Se-chitosan NPs
cause apoptosis and death in A549 cells. As nanotherapeu-
tics, Chito-NPs, SeNPs, and Se-chitosan NPs appear to offer a
great deal of unrealized potential based on these findings.
Further investigation is warranted and clinically significant
to elucidate the specific therapeutic potential and safety of
these NPs when applied in vivo. In this work, we show that
exposure to SeNPs, Chito-NPs, and Se-chitosan NPs alters the
human lung cancer cell line A549’s ROS route of signaling,
thereby causing the induction of apoptosis.
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1 Introduction

Nanotechnology and nanostructured materials have aided
in the creation of cutting-edge materials with uses in nano-
medicine, a branch of medicine [1,2]. It entails the catalytic
production of medicinal medicines in nanoparticle (NP) form,
which has a small particle size and high surface area [3,4].
Diverse samples obtained from the microorganism extracts,
such as bacterial resources, micro and macro green algae,
and botanical extracts, are employed in the natural production
of NPs [5]. These samples are used as naturally occurring cap-
ping and reducing agents in the synthesis of metal and metal
NP oxides in an environmentally sustainable manner. In con-
trast to the biosynthesis of NPs using fungi, bacteria, algae, and
actinomycetes, green-produced NPs utilizing plant extract are
more affordable and environmentally friendly. Increased reac-
tion kinetics is the main benefit of green synthesis employing
plant extract. Although medicinal plant components such as
seeds, stems, roots and leaves are used to produce metal oxide
nanoparticles (NPs), fruits are usually used because of their
high phytochemical content [6].

Chitosan is a polysaccharide that is linear and abun-
dant in nature, derived by chitin’s deacetylation; it has a
unique set of functional properties due to many reactive
groups that contain –OH and –NH2 [7,8]. It is well hydro-
philic, biocompatible, biodegradable, nontoxic, nonimmuno-
genic, and low-cost polymer. Hence, it is intensively used in
food, biotechnology, pharmacy, and agriculture [9]. Chitosan
nanoparticles’ (Chito-NPs) advantages in drug delivery
applications stem from their capacity to interact with other
organic chemicals and go through enzymatic hydrolysis [10].
Many parameters can control the drug encapsulation and
release the properties of Chito-NPs just liked molecular
weight, size, potential of the surface, and stability [11]. Sele-
nium (Se) is considered a necessary component for humans.
It has two forms in nature: organic and inorganic selenium.
The most common forms of inorganic selenium are sodium
selenite and selenate which are usually used as components
of dietary supplements [12]. Selenium nanoparticles (SeNPs)
have a variety of shapes and sizes [13], the manufacture of
drugs [14], analysis of DNA [15], nuclear magnetic resonance
imaging [16], biosensors [17], environmental rehabilitation
[18], pharmaceuticals [19], agricultural [20], commercial
uses, and electronics [21]. Their small size and large surface
area, SeNPs exhibit unique physical and chemical character-
istics [22]. SeNPs have various purposes, especially in medi-
cine, because of their therapeutic benefits, which include
low toxicity, enhanced reactivity, minimal dosage require-
ments, and superior absorption when weighed against Se’s
other oxidation states, including Se6+ and Sa4+ [23]. SeNPs are
preferred over other forms of Se for biological activities

because of their elevated biological activity and minimal toxi-
city [24]. Both chemical and inorganic methods can be used to
create NPs [24,25]. Over the past few decades, interest in
inorganic NPs for biomedical applications has grown. The
interest in nanotoxicology, however, has grown over the
past several years, and more information about the cytotoxic
characteristics of inorganic NPs has been released [26]. Both
humans and animals can use the biogenic NPs with little
concern [27]. Because the microorganisms degrade selenites
and selenates to nano-selenium through a detoxifying pro-
cess, for the creation of distinct SeNPs, they are known as
prospective biofactories [28]. Nada et al. produced SeNPs by
using Bacillus cereus filtrate and increased its efficiency by
gamma irradiation [29].

Chitosan and selenium together may improve the bioac-
tivity, stability, and retention duration of selenium in the
gastrointestinal tract. The primary determinants of the phy-
sicochemical characteristics of chitosan-based selenium com-
posites are the chitosan’s molecular weight, concentration,
and functional groups, as well as the conditions of manufac-
ture. Additionally, it demonstrated the potential of chitosan-
based selenium composites as Se supplements to improve the
nutritional value of crops and animals for human consump-
tion, as well as their hepatoprotective, antibacterial, anti-dia-
betic, and anticancer qualities [30]. Polyphenolic chemicals
and secondary metabolites, which are abundant in grape
seed extract (GSE), exhibit strong bactericidal qualities that
work against both Gram-positive and Gram-negative bacteria
as well as other infections [31]. The extract’s content, the
proportion of phenols, and the kind of bacteria determine
how well GSE inhibition works [32]. Additionally, GSE was
examined for potential pharmacological and medically signif-
icant antioxidant, chemopreventive, cardioprotective, anti-
inflammatory, and anticarcinogenic qualities [33]. In the
end, non-biogenic methods render the NPs unfit for biome-
dical and dietary applications, whereas biogenic methods are
secure, affordable, environmentally friendly, and nontoxic
[34–36]. Using the human lung cancer cell line A549, we
show in this research that exposure to SeNPs, Chito-NPs, and
selenium nanoparticles combined chitosan nanoparticles (Se-
chitosan NPs) modulates the reactive oxygen species (ROS)
signaling pathway, which triggers the production of apoptosis.

2 Material and methods

2.1 Grape seed collection and preparation

The grape seeds were collected from Duhok City, Iraq. They
were dried in the shade for 7–14 days and then ground into
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a fine powder using an electric mixer, followed by manual
grinding. The active compounds are extracted by dispersing
the powder (10 g) in deionized water (400mL) for 150min at
100°C. After obtaining a color solution, Whatman filter
paper is used followed by centrifugation for further purifi-
cation. The solution is stored in the fridge. The extraction
process was carried out based on the works [37,38].

2.2 Preparation of SeNPs

The preparatory work was completed in compliance with
some modifications [39–41]. A magnetic stirrer set at 600 rpm
was used for 30min to dissolve 2 g of sodium selenite (Na2SeO3)
in deionized water (100mL). Following full dissolution, 300mL
of GSE was combined with the precursor solution and then
utilized a magnetic stirrer to mix for an hour. Subsequently,
50 mL of 10% hydrochloric acid (HCL) was pipetted into the
mixture until a reddish-orange coloration occurred and a pre-
cipitate formed. After being separated using a centrifuge, the
precipitate is repeatedly cleaned using ethanol and water. The
precipitate was dried for 4 h at 100°C in an oven.

2.3 Chito-NP and Se-chitosan NP preparation

A solution of 0.33 g of citric acid (C₃H₂O₇) was dissolving the
acid in deionized water (50 mL) using a magnetic stirrer for
30 min. Subsequently, 0.5 g chitosan was stirred with the
acidic solution until fully dissolved. In parallel, 0.085 g of
SeNPs were dispersed by magnetic stirring with 11 mL of
deionized water for 30 min. To synthesize the nanocompo-
site, 1.5 mL of the SeNP dispersion, after being stirred for
70 min at 100°C, was combined with 25 mL of the chitosan
solution. The resulting nanocomposite exhibited a distinct
viscosity and a characteristic blood-red color.

2.4 Characterization of SeNPs

2.4.1 Ultraviolet–visible (UV–Vis) spectroscopy,
transmission electron microscopy (TEM), and
scanning electron microscopy/energy-dispersive
X-ray spectroscopy (SEM–EDX)

UV–Vis (Analytik-Jena AG, Germany) and TEM (BRUKER
Alpha, Germany) techniques were used to describe the
characteristics of the SeNPs, Chito-NPs, and Se-chitosan

NPs. EDS coupled with SEM to get the elemental composi-
tion with the shape of SeNPs, Chito-NPs, and Se-chitosan
NPs. By using ultraviolet light and laminar airflow, the
samples were sterilized. Following disinfection, the NPs
were evenly carbon coated (JEOL-EC-32010CC) and used
adhesive tape for carefully positioned on SEM stubs. They
were then put in a sample chamber of SEM-EDS (JEOL JSM-
IT 100, Japan) and scanned at various magnifications, ran-
ging from 6,000 to 8,000 while being subjected to a voltage
of 20 kV.

2.4.2 Particle size and zeta potential (ZP)

ZetasizerNano Series (MalvernVersion 7.02,Malvern Instruments
Ltd., UK) was used to conduct ZP and size distribution experi-
ments. To ascertain the ZP and particle size distribution, after
dissolving the ingredients in deionizedwater, theywere sonicated
for 8min. The dip cell kit’s cuvette was then filled with just over
0.5mL of the fluid.

2.5 Cells and reagents

Lung cancer epithelial cells (A549 cells) and normal cells
(MCF-10 cells) were purchased from (Sigma) (KPL). RPMI-
1640, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT), fetal bovine serum, dimethyl sulfoxide (DMSO),
trypsin–EDTA (Capricorn Scientific GmbH, Ebsdorfergrund,
Germany), and Triton X-100 were all acquired from Sigma.

2.6 Cell lines culturing

PRMI-1640 (Sigma, USA) medium (Capricorn Scientific GmbH)
containing 10% fetal bovine serum, 100 units/mL penicillin,
and 100 g/mL streptomycin was used to culture A549 and
MCF-10 cell lines. Trypsin–EDTA trypsinizes adherent mono-
layers that were cultivated at 37°C in an incubator with 5%
CO2 for a short time. These cells undergo regular verification
and testing.

2.7 Cytotoxicity assay

The MTT protocol was employed for cytotoxicity examina-
tion of the Chito-NPs, SeNPs, and Se-chitosan NPs. A549 and
a density of 1 × 104 MCF-10 cells per well were used to seed
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the cells into 96-well plates following an overnight culture.
Following removing the growing medium and adding
200 µL of fresh medium with varying doses of SeNPs,
Chito-NPs, and Se-chitosan NPs (12.5–200 µg/mL) for 72 h
[42–44]. Following a 3-h wash with tepid water, the cells
were stained with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) solution at a concentration of
2mg/mL (Invitrogen, Carlsbad, CA). Each well had its solu-
tion drained off before 100 µL of DMSO was added. A micro-
plate reader was used to measure each sample’s absorbance
at a wavelength of 492 nm [45,46]. The formula determined
the rate at which cell growth was inhibited, or the cytotoxi-
city percentage:

=
−A B

A
Cytotoxicity % ,

where A represents the sample’s optical density while B is
the control’s optical density [47].

2.8 Lactate dehydrogenase (LDH) release
assay

This assay was carried out in compliance with the guide-
lines provided by the manufacturer for assessing toxicity
in cultured cell lines. The cells were treated with Chito-NPs,
SeNPs, and selenium-chitosan NPs for 24, 48, and 72 h. A 96-
well plate was filled with the treated cells’ supernatant so
that optical density at 490 nm could be used to evaluate
LDH release characteristics [48].

2.9 Flow cytometry assay

A test of flow cytometry was used to quantify ROS amount
produced by cells. A total of 106 of A549 cells seeded per
well. The cells were treated with Chito-NPs, SeNPs, and Se-
chitosan NPs for 10 h after being incubated for the entire
night at IC50 concentrations of 24.09 and 18.56 µg/mL, respec-
tively. Next, a 20 µM concentration of DCFH-DA ROS probe
(Cat No. 35845, Sigma) was added to the fresh medium,
and it incubated in the dark for an additional 30 min. A
flow cytometer quantified the cells’ fluorescence inten-
sity. Moreover, following treatment with Chito-NPs, SeNPs,
and Se-chitosan NPs, lung cell line treatment was utilized to
measure mitochondrial membrane potential (MMP) using a
Rhodamine probe (Cat No. 83695, Sigma). The intensity of
each cell’s fluorescence was measured by a flow cytometer
and CyAn ADP (Beckman Coulter, CY20030) following pre-
established procedures.

2.10 Acridine orange/ethidium bromide
(AO/EtBr) staining

The A549 cells were plated in 12-well plates after being
harvested. After being incubated for 24 h, the cells were
exposed to Se-NPs, Se-chitosan NPs, and Chito-NPs for
24 h. After that, the cells were dyed for 2 min at 37°C
with 10 µg/mL AO/EtBr so that the fluorescent microscope
could detect them.

2.11 Apoptosis detection Annexin V/PI assay

Following treatment with Chito-NPs, SeNPs, and Se-chit-
osan NPs, the current study examined apoptosis in A549
lung cancer cells. The cells were gathered after a day and
given two cold phosphate-buffered solution washes. After
that, the cells were stained for 30min using PI and Annexin
V FITC. The labeled cells were examined using flow cyto-
metry, which made it possible to determine whether apop-
tosis had occurred.

2.12 Statistical analysis

The information that is being displayed is based on three
separate experiments. A mean and a standard deviation
were used to represent the data. The significance of the
differences was assessed using the two-tailed Student’s
t-test. For the statistical analysis, GraphPad Prism was
used (USA). A statistically significant result was obtained
when p < 0.05 [44,49].

3 Results and discussion

3.1 Characterization

Successful NP production is shown by UV–Vis spectroscopy
characterization. The UV–Vis method is one of the most
important ways to ascertain whether the formation of
NPs signifies the existence of metal surface plasmon reso-
nance (SPR). The reaction solution was scanned between
300 and 800 nm in wavelength. Although there is no peak
for Chito-NPs in the UV–Vis absorption spectrum, Figure 1
shows a noticeable peak at λmax ∼ 305 nm and λmax ∼ 290 nm,
respectively, which establishes this formed material’s SPR
has been induced Chito-NPs and SeNPs. The prepared NPs
were shown in spherical forms, as shown in Figure 2, and
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were validated by TEM. The results of SEM images are
shown in Figures 3–5(a). The SEM electronmicroscope offers
great resolution at a low voltage so it is a good tool for
imaging NPs. As has been documented in multiple investiga-
tions, the spherical and uniform shape of the produced
SeNPs may be observed using the SEM technique [50,51].
The EDX analysis of SeNPs and Se-chitosan NPs exhibited
that absorption peaks were the same (1.4), as shown in
Figures 4 and 5(b). Using an electron microscope to scan
the component elements, EDX analysis identifies their com-
position and concentrations [52,53]. Observed in the ele-
mental analysis of free SeNPs and combined Se-chitosan
NPs, reflected that absorption peaks were 1.4. The selenium
element in the free SeNPs was associated with the highest
peak. In various investigations, such as Fernández-Llamosas
et al. [54], Srivastava and Mukhopadhyay [55], Cremonini
et al. [56], Sharma et al. [57], and Dhanjal and Cameotra
[58], the greatest peak associated with selenium production,
found at 1.4, was investigated. The produced NPs’ spherical
forms, as shown in Figure 4, were validated by TEM data.

The produced NPs were spherical and had average
sizes of 55.285 and 30.9 nm for SeNPs and Se-chitosan NPs,
respectively. As shown in Table 1. The ZP of synthesized
Chito-NPs, SeNPs, and Se-chitosan NPs is shown in Figures
6–8. NP’s ZP has been observed at varying rates in earlier
research. For example, −7.7mV was detected by Srivastava
and Mukhopadhyay [59] and −28.8mV was documented by
Vekariya et al. [60]. In another study, the ZP was found to be
−22.9mV for synthetic SeNPs using fungus was −22.9mV [61].

3.2 Chito-NPs, SeNPs, and Se-chitosan NPs
increase the LDH release

The enzyme LDH regulates the process by which lactate is
converted to pyruvate, a process that needs cellular energy.
LDH was used to evaluate the cytotoxic effects of Chito-NPs,
SeNPs, and Se-chitosan NPs on lung cancer cell lines. Damage
to the A549 cells subjected to Chito-NPs, SeNPs, and Se-

Figure 1: UV–Vis spectra of prepared NPs.
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chitosan NPs produces formazan from tetrazolium salt by
releasing LDH from the cytoplasm. After lung cancer cells are
handled with Chito-NPs, SeNPs, and Se-chitosan NPs, the pro-
portion of released LDH in the suffering or dying cells is

ascertained through measurement of the creation of for-
mazan at a wavelength of 490 nm. The generation of for-
mazan at a wavelength of 490 nm is measured to determine
the percentage of LDH released in a lung carcinoma that is
sick or dying. The information gathered suggests that Chito-
NPs, SeNPs, and Se-chitosan NPs may be able to penetrate
treated cells and induce vesicle development. The effect of
concentration on the potential for LDH release by SeNPs,
Chito-NPs, and Se-chitosan NPs is shown in Figure 9. The
ability of Chito-NPs, SeNPs, and Se-chitosan NPs to enter cells
as well as additional biological elements can lead to signifi-
cant cellular disruption and induce the release of LDH. Con-
currently, cells may absorb 100–200 nm NPs, which may
trigger deleterious effects including genetic material muta-
tions or DNA damage. The toxicity of NPs is probably related
to processes that, by interfering with the antioxidant system,
increase the body’s oxidative stress level [62]. Numerous
membranes, such as those enclosing the mitochondria and
the cell, have been damaged, which is caused by free radicals
such as ROS. Because of this, the elements of cells that cause
cell death, including proteins, lipids, fatty acids, and nucleic

Figure 2: TEM images of chitosan NPs (a), SeNPs (b), and Se-chitosan NPs (c).

Figure 3: SEM–EDX of Chito-NPs.
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acids, interfere with the process of electronic information
transfer. The cytotoxicity of A549 cells could perhaps be
attributed to oxidative stress, which results in cellular disin-
tegration. Furthermore, Chito-NPs, SeNPs, and Se-chitosan NPs
may trigger concentration-dependent release of LDH, which
could be related to cell membrane injury. The breakdown of
cellular membranes, which releases cellular enzymes like

LDH into the surrounding environment, could be connected
to the LDH release that occurs in response to concentration-
dependently to Chito-NPs, SeNPs, and Se-chitosan NPs.

3.3 Anticancer activity of NPs against lung
cancer cells

Following a 72-h therapy course at different quantities of
Chito-NPs, SeNPs, and Se-chitosan NPs (12.5, 25, 50, 100, and
200 g/mL), Chito-NPs, SeNPs, and Se-chitosan NPs were
tested on lung cancer cells to see if they might stop growth
suppression and proliferation. Chito-NPs, SeNPs, and Se-
chitosan NPs reduced the cell viability that was dependent
on dose, as cleared in Figure 10 (left panel). The inhibitory

Figure 5: SEM–EDX of Se-chitosan NPs. (a) SEM micrographs of Se-chitosan NPs. (b) EDX analysis of Se-chitosan NPs. SEM, scanning electron
microscopy; EDX, energy-dispersive X-ray spectroscopy.

Figure 4: SEM–EDX of SeNPs. (a) SEM micrographs of SeNPs. (b) EDX analysis of SeNPs. SEM, scanning electron microscopy; EDX, energy-dispersive
X-ray spectroscopy.

Table 1: SeNPs and Se-chitosan NPs sizes and ZP. Three different
experiments’ worth of data are presented in triplicate as ± standard
deviation means

Particles Size (nm) ZP (mV)

SeNPs 55.285 −15.4 ± 3.94
Se-chitosan NPs 30.9 13.8 ± 3.22

Selenium combined with chitosan nanoparticles  7



Figure 6: (a) Particle size distribution and (b) Chito-NPs’ ZP.

Figure 8: (a) Particle size distribution and (b) Se-chitosan NPs ZP.

Figure 7: (a) Particle size distribution and (b) SeNPs’ ZP.
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concentration (IC50) for Chito-NPs was at a quantity of
24.09 µg/mL, whereas the quantity for SeNPs was 18.56 µg/mL
following a 72 h treatment with high quantities of Se-chit-
osan NPs, the viability of A549 cells decreased to almost 10%.
This study’s findings indicated that the Chito-NPs and SeNPs
caused cell death, and this inhibitory effect was improved
by combining these two NPs as showed in the Se-chitosan
NPs treated cells. In addition, acridine orange and ethidium
bromide were used in a dual staining technique to analyze
the nuclear morphology of the treated cells. The criterion
for classifying apoptotic cells was DNA damage. Within the
framework of this investigation, a look was also taken at

how effective the Chito-NPs, SeNPs, and Se-chitosan NPs. To
examine the different apoptotic features of the nuclear altera-
tions, AO-EB staining was used. Following AO-EtBr staining,
non-apoptotic cells displayed a green tone, while apoptotic
cells displayed an orange or red coloration. As indicated in
Figure 10 (right panel), there were significantly more apop-
totic cells in the cells treated with Chito-NPs, SeNPs, and Se-
chitosan NPs than in the untreated cells. These results were
consistent with earlier research showing that Chito-NPs and
SeNPs both exhibited apoptotic properties. According to a
published study, SeNPs activated Ca2+ signals in various
cancer cell lines. The stimulation of the process of apoptosis
in cancer cell lines can be determined by their varying sus-
ceptibility to SeNPs. This can be achieved by processes of ER
stress, modulation of the Ca2+ signaling system, and the initia-
tion of several gene expression patterns that code for pro-
apoptotic proteins [63]. Another investigation found that
applying SeNPs to colon cancer cell lines caused immuno-
genic cell death is indicated by pro-apoptotic and immuno-
genic cell death markers. It also showed that these NPs could
be an effective way to kill tumor cells indirectly by enhancing
immunogenicity and causing apoptosis [64]. Also, according
to a study, the combination of radiation and nano-Se inhibits
themultiplication of lung cancer cells, hence acting as an anti-
cancer agent [65]. Likewise, Shen and colleagues found that
chitosan oligosaccharide (COS) in vitro reduced the quantity
of S phase cells, inhibited cell proliferation, and slowed down
the DNA synthesis rate due to an increase in p21 with cyclin A

Figure 9: Prepared NPs induce LDH release in lung cancer cells. A =
Chito-NPs, B = SeNPs, and A + B = Se-chitosan NPs.

Figure 10: Anti-proliferative activity of prepared NPs against lung cancer cells. The right panel represented the cytotoxicity of prepared NPs against
lung cancer cells. A = Chito-NPs, B = SeNPs, and A + B = Se-chitosan NPs. The left panel represented AO/EtBr double staining assay. A = control
untreated cells, B = Chito-NPs, C = SeNPs, and D = Se-chitosan NPs.
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and CDK-2 decrease. COS impeded the growth of tumors by
inhibiting the metastatic associated protein (MMP-9) in
Lewis lung carcinoma (LLC) cells [66]. It may be possible
to enhance the anticancer and nanotherapeutic effects of
Chito-NPs on various human cancer cell lines [67]. On the
other hand, the results showed a low cytotoxic effect
against normal cell lines as indicated in Figure 11.

According to the flow cytometry data, the cells in quad-
rant Q3 that were going through apoptosis had Annexin V
labels on them. Dot plots of A549 cells treated with SeNPs,
Chito-NPs, and Se-chitosan NPs for 24 h at an IC50 concen-
tration are displayed in Figure 12. While the majority of
cells in the control A549 (97.5%) were viable and not under-
going apoptosis, the A549 treated with Chito-NPs, SeNPs,
and Se-chitosan NPs showed a rise in apoptotic cells and
a fall in viable cells. In the A549 control group, 0.56% of the
cells were apoptotic. In contrast, the proportion rose to 86.5,
90.3, and 95.1% in A549 cells administered with Chito-NPs,
SeNPs, and Se-chitosan NPs, respectively. Furthermore, the

study’s findings have shown that Chito-NPs, SeNPs, and Se-
chitosan NPs have no harmful effects on the typical cell line
of the human lung, as clear in Figure 11. There are multiple
possible ways that carbon nanotubes (CNTs) could damage
lung cancer cells. One explanation for this is that they func-
tion as oxidative triggers, which encourage DNA damage
and inflammation [68]. Our study’s findings demonstrated
that the viability of A549 cells was considerably decreased
when they were treated with Chito-NPs, SeNPs, and Se-chit-
osan NPs. Large quantities of ZnO-Fe3O4 composite magnetic
NPs were shown to be fatal for the human cell line for breast
cancer MDA-MB-231, but that is not for typical mouse fibro-
blasts (NIH 3T3), according to research by Bisht et al. [69].
The typical mouse fibroblast does not exhibit this impact.
According to a prior study, metal NP cytotoxicity may be
brought on by the generation of free radicals and oxygen
species that are reactive (ROS) [70]. It has also been observed
that elevated ROS levels can cause apoptosis by activating
FOXO3a, a protein that can improve apoptosis signaling by
encouraging the production of pro-apoptotic mitochondria-
targeting protein members of the Bcl2 family [71]. The idea
that high ROS can trigger apoptosis is supported by this
finding. This finding was made possible by the activation
of FOXO3a, which happens when ROS levels are too high.
According to the ROS assay results, the presence of ZnO/
CNT@Fe3O4 significantly increased the K562 cell line’s ROS
generation amount. Observing these outcomes was inter-
esting. Notably, current studies have shown that blocking
the pathway of NF-kB with bortezomib, a well-known pro-
teasome inhibitor increased the susceptibility of K562 cells
to the deadly effects of ZnO/CNT@Fe3O4. This finding sup-
ports a theory that ZnO/CNT@Fe3O4-induced reduction of
K562 cell sensitivity is most likely caused by nuclear factor-
B̙ pathway activation.
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Figure 11: Anti-proliferative activity of prepared NPs against normal
breast cell line (MCF-10). A = Chito-NPs, B = SeNPs, and A + B = Se-
chitosan NPs.

Figure 12: Prepared NPs induce apoptosis in A549 cells using Annexin V assay. a = control cells, b = Chito-NPs, c = SeNPs, and d = Se-chitosan NPs.
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3.4 Chito-NPs, SeNPs, and Se-chitosan NPs
disorder oxidative balance in A549 cells

Cells treated with SeNPs, Chito-NPs, and Se-chitosan NPs
showed a significant increase in ROS production. Compared
to the control cells, the ROS-induced fluorescence signal was
observed to be higher. The current work examined the accu-
mulation of ROS within cell lines of lung cancer following
counseling by Chito-NPs, SeNPs, and Se-chitosan NPs. After
treatment with Chito-NPs, SeNPs, and Se-chitosan NPs, there
was a noticeable rise in ROS in the cells. A DCFH-DA probe
was used to measure the levels of ROS, as illustrated in
Figure 13 (upper panel). The level of ROS was increased in
the lung cancer cells after treatment with Chito-NPs, SeNPs,
and Se-chitosan NPs [72]. We looked at the potential effects
of therapy with Chito-NPs, SeNPs, and Se-chitosan NPs on
mitochondrial function. The presence of rhodamine dye,
which shows current-dependent accumulation in the mito-
chondria, allowed for the detection of the loss of the MMP.
The results of this study showed, as shown in Figure 13
(lower panel), that after exposure to Chito-NPs, SeNPs, and
Se-chitosan NPs at dosages IC50 for 24 h, The proportion of
cells with a depolarized mitochondrial membrane rose dra-
matically, and the effect of Se-chitosan NPs was the highest
among all groups. Selenium is contained in the selenopro-
teins and seleno-enzymes structure, which can inhibit ROS
and, as a result, oxidative damage development [73]. The

majority of the pharmaceutical components that are cur-
rently available come from natural products. Despite
advancements, creating bioactive molecules and medica-
tions from natural products has proven difficult, partly
due to the issue of large-scale sequestration and mechan-
istic comprehension. As the field of cancer, treatment has
advanced significantly and the usage of advanced tech-
nology has increased [74]. The cytoskeleton, cell growth
and proliferation, the cell cycle, inflammation, angiogen-
esis, cell signaling, intrinsic apoptosis, and reducing
chemoresistance are among the multitargeted functions
of phenolics. Because the normal ovarian cell lineage can
handle phenolic acids well, they are effective prophylactic
agents against ovarian cancer. However, cancer treat-
ment may benefit from the nonflavonoids’ antioxidant
properties [75]. In recently published study [76], success-
fully created lipid nanocarriers using materials that the
USFDA has designated as generally recognized as safe to
address drug-related issues. This study aimed to assess the
therapeutic efficacy of 6-o-stearoyl ascorbic acid nanostruc-
tured lipid carriers applied to CRT against mice suffering
from colitis produced by dextran sodium sulphate. In addi-
tion to inhibiting the production of ROS during hypoxia and
schemia/reoxygenation, selenium compounds stimulate
mitochondrial biogenesis, which raises within-cell ATP
and Ca2+ equilibrium levels with increased persistence
of cells in the zone of penumbra [77,78]. The biogenic

Figure 13: Chito-NPs, SeNPs, and Se-chitosan NPs cause mitochondrial malfunction and the production of ROS in A549 cells. (a) Untreated cells in
control. (b) Cells subjected to Chito-NPs. (c) Cells exposed to SeNPs. (d) Cells treated to Se-chitosan NPs.
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MgO NPs demonstrated their therapeutic potential against
MDA-MB-231 cells by increasing cytotoxicity, inducing
apoptosis, enhancing ROS production, promoting cell adhe-
sion, and inhibiting cellular migration in a dose-dependent
manner [79]. The results by Alserihi et al. [80] show that
EGCG and EGCG NPs are effective anticancer agents in 3D
spheroids of PCa cell lines. Following treatment with EGCG
and EGCGNPs, the spheroid diameters of the cell lines under
study were considerably decreased. EGCG and EGCG NPs
caused ROS in PC3 cells but not in 22Rv1 cells, which may
indicate that receptor-mediated antigens like PSMA are not
involved. The MMP in 22Rv1 and PC3 spheroids treated with
EGCG or EGCG NP did not significantly change. SeNPs have
both prooxidant and antioxidant qualities, depending on the
dosage. It has been demonstrated that a 12 μM concentration
of SeNPs increases the cells’ antioxidant capacity, while a
24 μM concentration of SeNPs decreases the cells’ antioxi-
dant capacity [81]. SeNPs induce ROS overproduction inside
cancerous cells because of the acidic condition of pH and the
imbalance of redox, which compromises mitochondrial
integrity and causes ER stress. Numerous biochemical
pathways, including NFκB, MAPK/Erk, Wnt/βcatenin, PI3K/
Akt/mTOR, and the pathways of apoptotic, are activated as a
result, leading to cellular stress [82].

4 Conclusions

The pharmacological potential of SeNPs and Chito-NPs is
well known, and its nanoformulation is expected to have
major therapeutic benefits, especially in the fight against
cancer. In this work, we examined the anticancer potential
of SeNPs and Se-chitosan NPs that were biogenically pro-
duced against lung cancer cells (A549). Many biological
assessments were estimated, including cytotoxicity, cel-
lular morphology, apoptosis induction, ROS generation,
and MMP. The biogenic NPs demonstrated their thera-
peutic potential against A549 cells by increasing cytotoxi-
city, inducing apoptosis, and enhancing ROS generation
and mitochondrial dysfunction. The outcomes of the in vitro
experiments cleared the ROS-mediated pathways used by
Chito-NPs, SeNPs, and Se-chitosan NPs to trigger death in
A549 cells. These results also imply that a lot of promise
remains untapped. Further investigation is warranted and
clinically significant to clarify a safety with comprehensive
of the potential therapeutic of these NPs once applied in
vivo. In the current work, we establish that exposing cells
to SeNPs, Chito-NPs, and Se-chitosan NPs alters the human
lung cancer cell line A549’s ROS signaling pathway, causing
the induction of apoptosis. The given results may contribute

to the creation of more potent medications for the treatment
of lung cancer in humans.
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