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Abstract

Cancer is one of the most devastating disorders of the 21st century, creating a major concern among clinicians
and researchers. Many different treatment strategies are being tried to fight the war against cancer have been
tested. Various inorganic nanoparticles have been investigated to induce cytotoxicity in cancer cells and one of
the successfully tried nanoparticles is Selenium Nanoparticles (SeNPs). Green synthesized SeNPs are a promising
source of new antioxidant and anti-inflammatory agents, given the multiplicity of its mechanism. SeNPs displayed
antiproliferative potential against colon, liver, cervical, breast, melanoma, and prostate cancer cells by several
mechanisms, including triggering apoptotic signal transduction pathways or slow down the angiogenic signalling
in cancer cells. Metal nano-therapies such as SeNPs are granted research consideration for cancer treatment. The
biocompatibility achieved through green synthesis suggests its possible use not only in specific cancer conditions
but also in other types of cancer without any risk of toxicity of these molecules.
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Green Chemistry Approaches towards the Synthesis of SeNPs as a Metal Nano-Therapy

1. Introduction

The nanotechnology term indicates the nanoscale-level
ability to function, calculate, and organize the matter;
typically, the scale refers to the material in the nano-size
range [1]. It allows to creation of materials with new and
very different characters through the processing or self-
assembly of individual atoms, molecules, or molecular
clusters into particular structures [2]. Lastly, its
applications emerge as one of the most pioneer and
promising technology [3] spatially in biology which
requires more studies for the development of new
materials in the nanometric range [4]. Metal nanoparticles
are sized between 1-100 nm [5]. They are synthesized by
different methods such as conventional chemical synthesis
methods and green synthesis methods [6]. They possess
special physicochemical characteristics [7]. Several
properties of nanoparticles are governed by their size,
shape, polydispersity, and surface chemistry [8]. Selenium
is an essential element for living beings' life [9] which is
required up to 40-300 pg for the human body every day
[10]. It helps in the regulation of human metabolism [11]
and in the stabilization of the immune system, of which
Selenium Nanoparticles (SeNPs) take on great importance
inthe body [12]. The SeNPs are biosynthesis using natural
sources such as plant extract, bacteria, and fungi [13]. In
this paper, we have presented the green methods
employed for the synthesis of selenium nanoparticles and
discussed its biological activities and possible mechanism
of anticancer action.

2. Research Methodology

For this review, the literature on the
nanotechnology, selenium nanoparticles,
characterization, and pharmacological actions was
collected, examined, and summarized. All published
articles concerning this element have been collected
using scientific search engines, including PubMed,
Science Direct, Springer Link, Web of Science,
Scopus, Wiley Online, Scinder, and Google Scholar
(e.g., World Intellectual Property Organization
(WIPO), Canadian Intellectual Property Office
(CIPO), United States Patent and Trademark Office
(USPTQ)). These search engines, as well as numerous
patient offices, used to use Scopus, Wiley Online,
Scifnder, and PubMed. It's common to hear the phrase
«selenium nanoparticles,” either by itself or in
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conjunction with the phrases “chemical substances"
and "pharmacological activity." There were no
restrictions on languages. The obtained data were
identified and modified using their titles, abstracts,
and contents. To discover if any other papers were
pertinent, the reference lists of the papers that were
retrieved were also examined.

2.1. Green synthesis of Selenium
Nanoparticles

Currently, the synthesis of biogenic Nanoparticles
(NPs) has attracted great attention [14] because its
method of synthesis is eco-friendly and possesses the
advantage of low cost, and relative ease of synthesis
when it is completed in minutes to a couple of hours
at room temperature in addition to the ease of
characterization [15]. Thus, the physio-chemical
methods are become least favored because they need
a long time and require the use of chemicals that are
dangerous to human health and the environment. Also,
the high cost and generation of hazardous waste from
these methodologies have led to advances towards
novel and better approaches to NPs synthesis [16].
Green synthesis uses natural and eco-friendly
materials that serve simultaneously as reducing, end-
capping, and dispersant agents, which not only avoids
the use of toxic and dangerous reagents which are used
in other techniques but also reduces energy
consumption due to local resource availability.
Presently, green synthesis mainly uses extracts from
different parts of plants or microorganisms (bacteria,
fungi, and algae) which contain proteins and
polyphenols that substitute the chemical materials as
reducing agents to reduce metal ions into lower
valence state [17] Figure 1.

2.2. Synthesis of SeNPs Using Microorganisms

Microorganisms such as bacteria, fungi, yeast, and
algae are preferred for the synthesis of nanoparticles
(NPs) due to their easier cultivation and fast growth
rate at ambient condition of temperature, pH, and
pressure [19]. The major routes for the formation of
NPs may be by intracellular and extracellular
mechanisms [20] through precipitation,
bioaccumulation, biosorption, and biomineralization
where the reduction of metal ions to metal NPs in the
presence of cellular biomolecules [21]. However, the
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synthesis  of

reduction process for the production of SeNPs by microbial
method from elementary selenium includes different
metabolic pathways, proteins, and enzymes [22]. In the
extracellular process, the transformation of added metal
salts into NP in the culture broth or attached to the cell
membrane. Conversely, in the intracellular process, the
transformation of metal ions into NPs inside the cell after
their transport across the cell membrane by internalization;
then, several procedures are used to release internally
formed NPs such as cell lysis into the supernatant, to be
recovered and purified [23]. Numerous recent studies
revealed the success of microbial use for the synthesis of

Table 1. Green synthesis of Se-NPs using microbial sources

selenium nanoparticles with different nanosized as
presented in Table 1.

The difference between selenium dioxide and sodium
selenite, which are used as precursors for SeNPs
production, is in the ease and duration of obtaining the ionic
form of selenium, whereas the use of sodium selenite allows
the synthesis of SeNPs in a short time and with a larger
amount than the use selenium dioxide, but the size and
morphology of nanoparticles depend on the synthesis
conditions, including reducing agent, pH, temperature, and
light exposure [32].

2.3. Synthesis from Plant Extract

The use of plant extracts for the synthesis of NPs has
become predominant and has more advantages than using
of microorganisms due to its simplicity (a single-step
method), high yield, and low cost, also it is nonpathogenic
and economic method [33, 34]. Phyto-synthesis of SeNPs
possesses advantages over other routine methods due to
their biocompatibility and in vivo actions [35]. Plant
extracts contain various bioactive compounds such as
flavonoids, carbohydrates, alkaloids, tannins, proteins,
triterpenoids, and polyphenols which participate in the
reduction and capping of metal salt precursors for the
synthesis of NPs [36, 37]. Current studies employ various
parts of plants for the synthesis of SeNPs with different
sizes in nanoscale average as presented in Table 2.

icroorganism pecies recursors orphology eferences
Mi i Speci p Size (Onfnsl)eNPS Morphol Ref
. . selenium i aggregated
Fungi Rhizopus oryzae dioxide (SeO,) 20 - 200 spherical shape [24]
Penicillium .
. selenium .
Fungi A(_er%l?énssggg)o dioxide (SeO,) 4-12.7 spherical shape [25]
Yeast i So?ll\:!?sieole;)me 71.14 +18.17  spherical shape [26]
Bacillus . .
Bacteria amyloliquefaciens Sodium selenite 45.4-68.3 spherical shape [27]
SRBO4 (Na;Se0s)
. Providencia sp. Sodium selenite .
Bacteria DCX (Na;SeO5) 120 spherical shape [28]
. Bacillus sodium selenite .
Bacteria paramycoides SP3 (Na;SeO3) 149.1+£ 29 spherical shape [29]
. Lactobacillus sodium selenite hexagonal
Bacteria paracasei HM1 (Na2SeO3) 3.0-500 monodispersed [30]
Cyanobacteria . .
(blue-green Spirulina platensis sodium selenite 79.40+44.26  spherical shape [31]
microalgae) (Na5e05)
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Table 2. Green synthesis of Se-NPs using plants source

. Size of
Species Precursors Organ SeNPs (nm) Morphology References

Sodium selenite Whole plant spherical
Abelmoschus esculentus (Na,Se05) extract 30.7 shape [38]

. Selenous acid Tuber’s spherical
Ceropegia bulbosa (H2Se03) extracts 55.9 shape [39]

. . Sodium selenite . spherical
Capparis decidua (Na,SeOs) Fruit extract 320 shape [40]

. Selenium dioxide spherical
Azolla pinnata (Se0y) Leaves extract 36.45 shape [41]

low
Ziziphus spina-christi Selenium oxide Callus extract 15-45 crystalllr_uty [42]
of leaves as spherical
shape

- . Sodium selenite Spherical

Psidium guajava (Na,Se05) Leaves extract 40 -150 shape [43]

2.4. Proposed Mechanism for MONPs
Synthesis through a Plant Extract

Polyphenols  (Quercetin) are the possible
phytochemical agent that can reduce metal ions (M2+)
to Metal Oxide (MO) during green synthesis of Metal
Oxide Nanoparticles (MONPs) and hence aggregates
of MO nanoparticles. The plant extract contained large
amounts of alkaloids and flavonoids, which were used
as stabilizing and capping agents, respectively. The
Fourier Transform Infrared (FTIR) signature was
revealed in these phytocompounds. In order to
synthesize MONPs, it is therefore proposed that metal
salt be ionized in an aqueous medium to produce metal
ion, which is then reduced by a phytochemical
principle found in the plant aqueous extract,
specifically the polyphenol quercetin, to generate MO,
which then aggregates to form Metal Oxide polymers
[44], as shown in Figure 2.
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Figure 2. Proposed mechanism of MONPs synthesis
through plant extract [44]
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2.5. Analytical Characterization Methods

The analytical techniques usually applied for the
characterization of Metals Nanoparticles (MNPs) after
their synthesis [45], and determination of their
particular physicochemical properties (surface area,
morphology, structure, size, dispersity, composition,
and crystallinity) are Ultraviolet-Visible
Spectroscopy (UV-VIS), Fourier Transform Infrared
spectroscopy  (FTIR),  Transmission  Electron
Microscopy (TEM), Scanning Electron Microscopy
(SEM), energy dispersive X-ray (EDX) X-Ray
powder Diffraction (XRD), Dynamic Light Scattering
(DLS) [46, 47]. The use of each technique is related to
the aim of the study, biological and biomedical
investigations focus on techniques that determine the
size, shape, and purity of the nanoparticles, but
physical and chemical studies are concerned with
determining the optical and magnetic properties of
NPs.

2.6. Ultraviolet-Visible Spectroscopy (UV-VIS)

The UV-Visible spectroscopy technique is used to
measure the amount of absorbed and scattered light by
a sample. In its simplest form, the intensity of a UV-
Vis light ray before and after it passes through a
sample can be detected by positioning the sample
between a light source and a photodetector [48]. UV—
vis analysis is usually the first technique applied in the
characterization of Metal Nanoparticles (MNPs), this
technique detects a band from which the adsorption
peak can be identified to confirm the formation of
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respective nanoparticles [49]. Because the positions of
absorption peak are dependent upon the size and shape
of the particle [50]. Surface Plasmon Resonance (SPR)
gives nanometals their striking optical features, where
a distinctive SPR absorption band (max) is created by
the coupled movements of the free electrons of metal
nanoparticles in resonance with the light wave that is
dependent the mentioned factors previously of MNPs,
the green and blue light rays, are usually employed in
a broad spectral range between 300 and 580 nm
because they are more diffuse and have a lower
intensity [51]. In the UV spectrum, each molecule has
a maximum absorption peak at a specific wavelength,
different parts of the plant contain biomolecules that
differ from each other according to the part, which
appear as different peaks in spectra [52]. However, in
UV-vis spectrums of SeNPs synthesized by different
parts of the plant, a maximum absorption peak of
SeNPs is appeared which is probably at the same
wavelength but with different intensities related to the
amount of SeNPs in the analyzed colloidal solution
[53]. The solvents used to extract biomolecules from
plants [54] also appear as different peaks in the UV-
visible spectrum because each solvent extracts
different soluble molecules that differ from one
solvent to another. The maximum absorption peak of
SeNPs appears in the spectrum as well as the peaks of
biomolecules that are responsible for the reduction of
selenium to SeNPs [55]. In a recent study by
Chetehouna et al., the maximum absorption peak of
selenium synthesized using leaves aqueous extract of
Sonchus maritimus appeared at 300nm [55]. Puri and
Patil confirmed that strong absorbance (Amax) at
about 285 to 300 nm correspond to the synthesis of
SeNPs from phytoconstituents of Diospyros Montana
bark [56] as presented in Figure 3. In addition, other
biosynthetic technique of SeNPs using two marine
macro algae Halimeda opuntia and algae
Kappaphycus alvarezii was performed by Rajashree et
al., are presented a sharp surface plasmon resonance
band at 294 nm and 293nm for H.opuntia and
K.alvarezii, respectively [57].

2.7. Fourier Transform Infrared Spectroscopy
(FTIR)

FTIR spectroscopy of nanoparticles is performed to

determine the possible functional groups included in
the stabilization of NPs [58]. This technique is also
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Figure 3. UV-Visible spectrum showing stability of
Diospyros Montana SeNPs [56]

used to confirm the potential contribution of reducer
agents in the synthesis of SeNP through the
identification of chemical bond excitations when the
chemical information collected facilitates the
identification of modifications in the coordination
identity of organic molecules on surfaces of SeNPs
[59, 60]. The variations in the peaks show that organic
elements in the agent used in the synthesis of SeNPs
efficiently aid throughout the reduction process, these
elements could additionally assist in preventing
SeNPs from aggregating and maintaining their
stability in the long-term [61]. The Investigation by
Hussein et al. used the endophytic fungi to create
SeNPs shows the appearance of different peaks of
functional groups of active compounds on the surface
of the nanoparticles as bands of primary amines,
phenols, C=0, and C-O in acid (COO-) groups,
which determine the role of active metabolites in
fungal strains for the synthesis of SeNPs [62] as
presented in Figure 4. Other studies of Shahbaz et al.
depending on the green synthesis of selenium
nanoparticles using Melia azedarach extract
discovered also many functional groups on the surface
of NPs through FTIR analysis of biosynthesized
SeNPs that can help in the reduction of bio-fabricated
SeNPs [63].

2.8. Transmission Electron Microscopy (TEM)

The TEM technique is a particularly effective
method for studying materials that may be
characterized by an electron beam traveling through
extremely thin samples [64]. It uses a micrograph of
the determined area diffraction pattern of metal
nanoparticles, which allows to confirm the similarity
or difference of size, crystallinity nature, sticking to

FBT, Vol. 11, No. 3 (Summer 2024) 509-529
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Figure 4. FTIR spectrums of synthesized SeNPs using four fungal strains; using Aspergillus quadrilineatus (A),
Aspergillus ochraceus (B), Aspergillus terreus (C), and Fusarium equiseti (D) [62]

one another, and agglomeration of nanoparticles [65].
TEM is used to more precisely examine the structure
of produced nanoparticles and to observe the
morphology and the dispersion of MNPs [66, 67]. Ina
previous study by Salem et al., the green synthesis
method of selenium nanoparticles was used for fungi
of Penicillium corylophilum which isolate from soil
samples; the results of transmission electron
microscopy analysis showed the biofabricated SeNPs
had a homogeneous dispersion without aggregations
and having a spherical structure with the major
average size of mentioned nanoparticles was
discovered in the range between 29.1 and 48.9 nm
[68]. Mellinas et al. depend in their investigation on
TEM analysis to study the morphology of SeNPs
green synthesized by Theobroma cacao L. extract of
bean shell using microwave irradiation and to assess
their homogeneity; under optimal conditions, obtained
micrographs of SeNPs in different magnifications
presented that nanoparticles of selenium were well
dispersed and mostly spherical in shape, these
nanospheres having a diameter size from 1 to 3 nm,
and the predominance of crystalline forms in the
SeNPs structure indicating that SeNPs were well-
stabilized by Theobroma cacao L. extract [69] as
shown in Figure 5. Furthermore, according to
Cittrarasu et al, selenium nanoparticles

FBT, Vol. 11, No. 3 (Summer 2024) 509-529

biosynthesized mediated extract of Ceropegia bulbosa
Roxb clearly demonstrate from high-resolution TEM
photographs that selenium nanoparticles are having
uniform spherical morphology and mono scattering
[39].

number particies
R8BS 585888

Figure 5. TEM micrographs (A) and size distribution
(B) of green synthesized SeNPs using Theobroma cacao
L. extract obtained under optimal conditions [69]

2.9. Scanning Electron Microscopy (SEM)

SEM is an important optical technique that is
applied to characterize the nanoparticles, this
instrumentation aims to determine the morphology,
distribution, size, and shape of produced
nanoparticles; the SEM analysis can more precisely
examine the changes in surface morphology of
nanostructures [70]. Field emission scanning electron
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microscopy (FE-SEM) is modern SEM with a high
resolution using a highly energetic electron beam that
can identify the nanoparticle morphology on a very
fine scale below 10 nm level. The emitter type is the
main difference between FE-SEM and SEM. There are
two types of emitter, including field emitter generates
electrons without problems induced by thermionic
emitter, including relatively low brightness, cathode
material evaporation, and thermal drift while
operating [71]. In fact, FE-SEM is employed to obtain
more accurate surface property data [72]. Figure (6)
confirms the resolution quality and clarity of the image
taken by FE-SEM. To obtain the micrograph of
nanoparticles, the sample should be thin powder and
then coated with a layer of heavy metal; electron rays
are attacked the coated nanoparticles after they
positioned in the SEM stage [73]. Alagesan and
Venugopal employed scanning electron microscopy to
investigate the shape of the nanoparticles of selenium
biosynthesized by leaves aqueous extract of Withania
somnifera. The obtained micrographs showed
agglomerated spherical particles with diameters
between 45 and 90 nm and these elements were well
dispersed in aggregate form [74]. Previous study by
Mahesh and Murthy, scanning electron microscopy
analysis, is used to determine shapes, size distribution,
and the physical dimensions of selenium nanoparticles
produced using bee propolis ethanoic extract, where
the obtained result demonstrated that the morphology
of the nanoparticles was oval in form with a smooth
surface and their size ranged between 52.9 and118 nm
[75]. Other findings by Al Jahdaly present that the use
of eco-friendly method to produce nanoparticles of
selenium gives strict size distribution around 0.47and
0.71 um with spherical shapes of particles, in addition
to the appearance of aggregations as shown in images
under scanning electron microscopy at two different
magnifications as presented in Figure 7, whereas the
grains aggregate throughout the process as a result of
the reduction and nucleation outgrowth of the reduced
atoms [76].

Figure 6. The FE-SEM image of spherical SeNPs [77]
515

Figure 7. SEM images of prepared SeNPs at 10 um (A)
and 5 um (B) [76]

2.10. Energy Dispersive X-Ray (EDX)

The Energy Dispersive X-ray technique allows to the
confirmation of the formation, to the identification of
the conformation and purity, and to the determination
of the stoichiometry and the elemental composition of
the prepared metal nanostructures [78]. In an EDX
spectrum, the metallic nanoparticles produce a
distinctive absorption signal of the metal due to Surface
Plasmon Resonance (SPR), O peaks are seen as a result
of biomolecules adhering to nanoparticles’ surface, and
carbon peaks discover that biosynthesized
nanoparticles are capped in a thin layer of some coating
organic component, in addition to carbon tape that
employed in the examination of the spectrum [79]. In
general, Scanning Electron Microscopy (SEM) is
coupled with energy-dispersive X-ray analysis to
simultaneously detect the elemental composition and
exanimate the morphology of produced nanoparticles
[80]. The EDX analysis of biosynthesized selenium
nanoparticles based on an aqueous extract of Portulaca
oleracea revealed that the Se ions constituted the
highest weight in the sample with a percentage of
36.49%. The absorption peak at a bending energy of 0.2
KeV indicates the presence of C ions with weight a
percentage of 30.68%. The absorption peak at a bending
energy of 0.5 KeV indicates the presence of C ions, and
additional peaks are present with low weights for Cl and
K ions due to dispersion of coating and stabilizing
chemicals that are capped the surface of the NPs during
EDX measurement [81]. Safaei et al. used a microbial
method to synthesize selenium NPs using Halomonas
elongata bacterium, The EDX results of the selenium
nanostructure presented in Figure 8 showed that in
addition to selenium and oxygen, silicon and carbon
elements were also seen in the spectrum, indicating the
existence of some impurities from the biological
processes that were used produce the nanoparticles
[82].
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Figure 8. EDX spectrums of SeNPs biosynthesized
using Halomonas elongata bacterium [82]

2.11. X-Ray Powder Diffraction (XRD)

The crystalline phase and structure of prepared
MNPs are analyzed through a recorded XRD pattern
[83]. The crystal structure of the samples was
documented using an XRD system with a
diffractometer that employed radiation with a
particular wavelength (nm) [84]. When X-ray light
strikes a crystal, diffraction takes position, and the
crystal's measured diffraction patterns reveal the
properties of the crystal. the machine is operated by
determined voltage and current and a particular gauze
is used as a filter, a fine layer is drawn using the
dipping technique onto the glass plate for performing
the XRD examinations [85]. JCPDS files allow to the
identification of the shape of crystal metal depending
on obtained planes in X-ray diffraction of synthesized
metallic nanoparticles [86]. The average crystallite
size of the metal nanoparticles is predicted and
calculated with the help of the Scherrer Equation [87].
Vu et al. confirmed the formulation and crystallinity
of Se NPs prepared using the green method by leaf
extract of Cleistocalyx operculatus through the X-ray
diffraction analysis; from XRD pattern of the Se NPs,
the diffraction peaks appeared at approximately 20°
and 30° are corresponded, respectively to the (100)
and (101) planes of metallic Se nanoparticles with
trigonal phase containing lattice constants in structure
planes of metallic Selenium nanoparticles with a
trigonal phase having lattice constants [88], fungal
strains called Candida albicans used by Bafghi et al.
to produce Se-NPs which exhibited with crystalline
structure as appeared from XRD pattern through the

FBT, Vol. 11, No. 3 (Summer 2024) 509-529

sharp rising of diffraction at a different angle (26) and
the average size of the nanoparticles was 38 nm
(Figure 9), which was calculated using DebyeScherrer
formula [D=0.9L/ (B cos 0)] [89].

Intensity (a.u)

T . 1
Ry 2 a0 Qam 610 N 0
20

Figure 9. XRD pattern of biosynthesized Se-NPs using
the Candida yeast [89]

2.12. Dynamic Light Scattering (DLS)

Dynamic light scattering is a useful technology for
precising the properties of nanoparticles. It gives
information about the Polydispersity Index (PDI) and
hydrodynamic diameter [90]. The aggregation state of
the solution of the nanoparticle also could be
determined through zeta potential which is linked to
the electrostatic force that repels nanoparticles from
each other based on the charge that exists on their
surface, where the negative or positive charge of all
metal NPs is responsible for causing long-term
stability of these nanoparticles and preventing their
aggregation [91]. Does not only the metallic core of
metal NPs play a role in size determination from DLS,
but also the organic molecules that are present on the
surface of them, and negative zeta potential values
were caused by negatively charged functional groups
that were present on the surface of NPs [92]. In the
previous study, DLS analysis of SeNPs produced
using leaf extract Aloe vera gave a zeta potential value
which was -18 mV indicating that the obtained NPs
were bordered with negatively charged groups and
possess a high stability, and PDI value which was
0.344 indicating that the formulated metal NPs were
monodispersed due to small value of the PDI [93]. The
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size of the biosynthesized SeNPe by fruit extract of
Z.officinale using DLS was between 100 and 120 nm,
zeta potential value was —36 mV with electrophoretic
mobility of —0.000116 ¢cm?Vs and well-dispersed
(Figure 10). The aggregation of the selenium
nanoparticles caused by the VVan der Walls interaction
results in dispersions with a lower zeta potential value
[94].

s .

Figure 10. Zeta potential of SeNPs (A) and size
distribution of SeNPs using the DLS approach [94]

2.13. Other Analytical Characterization
Methods

The Atomic Force Microscopy (AFM) technique is
one of the best techniques for studying the size and
topography of nanomaterials, allowing to take a 3D
view of metal nanoparticles after determination of
their size and form using TEM analysis [95]. Shahbaz
et al. consider Scanning Tunneling Microscopy
(STM) analysis to be the first technique used to
determine the size, the morphology and to get details
surface information of the nanostructures, the main
advantage of this approach is that it may be applied to
a wide range of materials, including metals and
semiconductors [96]. Magnetic Force Microscopy
(MFM) is a type of scanning probe microscopy that
assesses the magnetic forces exercised on the probe for
imaging. For capturing the magnetic stray fields of the
magnetic nanoparticles, a nanoscale probe is covered
with a few tens of nanometers of magnetic material.
The main advantage of this technique is in its ability
to photograph the magnetic domains that show the
magnetization direction [97]. The Particle Size
Analyzer (PSA) technique allows to the examination
of the hydrodynamic size distribution of the
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biosynthesized nanoparticles in the fluid [98]. It is
widely known that the critical characteristic of Surface
Plasmon Polaritons (SPPs), that is, cavity plasmon
resonances and their coupling, emerges in the near-
field propagating domain, in reality, Scanning Near-
field Optical Microscopy (SNOM) is used to observe
the increased transmission phenomenon and surface
plasmon-mediated mechanism through specifically
designed structures, outside of the range of diffraction
[99]. Thermogravimetric  Analysis (TGA) is
performed to detect and determine the presence and
quantity of organic components from the used extract
in the synthesized NPs product using the thermal
decomposition step [100]. Differential Scanning
Calorimetry (DSC) is used in order to evaluate the
stability of organic compounds present on the surface
of biosynthesized NPs in terms of heating behavior,
within a range of temperatures and in order to measure
the melting behavior of MNPs at a specified heating
rate  [101, 102]. The X-Ray Photoelectron
Spectroscopy (XPS) becomes one of the most adopted
methods for the surfaces study of NPs. This technique
uses X-rays bombarding on sample surface and
measuring the reflected electrons and it is extremely
effective due to surface sensitivity and capacity to
offer chemical data frames from the analyzed sample,
practically all minerals and elements can be used with
this approach [103]. Static Light Scattering (SLS) is
known as laser diffraction, used for the determination
of particle size distributions; the intensity of the light
refracted, diffracted, reflected, and absorbed by the
NPs as well as the scattering angle depends on and
chemical composition, structure, and particle size of
the sample to be analyzed [104]. The Small-Angle X-
Ray Scattering (SAXS) approach can give more
information about the average thickness of NPs and
average sizes of cylinders, which is not available in
SEM images, also SAXS data provide an average of a
far larger number of particles than those seen in the
TEM images [105]. In addition, the SAXS technique
permits to monitor the change in particle size during
the catalyst operation [106]. The X-Ray Fluorescence
(XRF) technique is performed for the elemental
analysis of the NPs sample using an X-ray micro
analyzer, that is presented as strong signals in the XRF
spectrum to confirm the existence of elemental Se in
the sample [107].
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2.14. Antioxidant Activity

The in vitro antioxidant activity can be evaluated by
different assays as presented in the study of Kumar et
al. who determined the activity of SeNPs synthesized
by cell-free extract of Geobacillus sp strain ARB04 by
ABTS "2, 2'-azino-bis (3-ethylbenzthiazoline-6-
sulfonic  acid)', DDPH "1, 1-diphenyl-2-
picrylhydrazyl" and FRAP "ferric reducing antioxidant
power" assays when they found the higher antioxidant
power of SeNPs compared to its salt (sodium selenite)
and the cell-free extract due to its synergic effect
through the biomolecules which involved in its
formation [108]. Khurana et al. indicate in their
research paper, even though it's unexpected, the
fundamental question is: How can SeNPs mitigate the
toxicological effects of Se? Understanding Se's redox
state is crucial for providing an answer because Se's
oxidation state is what drives both the observed
biological impacts and the harm it causes.
selenocysteine,  Selenomethionine, and  methyl
selenocysteine are the most prominent organic forms of
Se, whereas selenite and selenate are the most
prominent inorganic forms. Se can be found in different
oxidation states, including selenite (SeOs*, +4),
selenate (Se0.%, +6), selenide (Se%, +2), and Se (Se°).
The controlled interplay of different oxidation states of
Se may provide a plausible reason for the reduction of
toxicity upon nanosizing. The toxic effect of Se is
determined by its bioavailability and aqueous solubility
in different oxidation states. However, there is still no
strong evidence for what exactly causes the apparent
low toxicity of SeNP. However, there is still no sound
evidence for what exactly causes the apparent low
toxicity of SeNP [109]. Another study demonstrated the
potential effect of ultrasound technique in increasing
the potency of SeNPs prepared with a polysaccharide of
Lignosus rhinocerotis compared to non-ultrasonic
approaches through DPPH and ATBS assays [110]. The
Quercetin-loaded selenium nanoparticles modified by a
combination of acacia and polysorbate 80 exhibit an
excellent scavenging of radical (DPPH) activity and
this nanocomposite reduces the effect of H,O, and
protect the PC12 cells from death through in vitro Cell
Counting Kit (CCK)-8 analysis [111]. Wang et al.
conclude that nanoparticles of selenium modified by
polysaccharide from Sargassum fusiforme exhibit a
stronger stability and antioxidant activity, which allows
for the potential application of SeNPs in the food and
medicine fields [112]. In vivo study manifest the
attractive antioxidant ability of SeNPs biosynthesized
using Lactobacillus casei ATCC 393 orally
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administrated against intestinal barrier dysfunction
induced by diquat in mice through elevation of total
Superoxide Dismutase (SOD), Glutathione Peroxidase
(GPx) and Thioredoxin Reductase (TrxR) activities in
blood serum; due to the importance of Se containing in
structure of selenoproteins and crucial part of
antioxidant enzymes participate in regulation of redox
state [113]. Kojouri et al. informed that there is a
significant and positive correlation between the
activities of SOD and catalase, which indicates the
advantageous role of SeNPs in antioxidant defense and
increases the capacity of the immune system to prevent
the cells against free radical attack [114]. The growth
rate and well-being of Dicentrarchus labrax is
enhanced by the diet of SeNPs through its anti-
inflammatory effect and antioxidant responses, which
activate the mechanism of antioxidant defense in fish
and involve in the selenocysteine and glutathione
peroxidase builds [115]. Furthermore, SeNPs
synthesized using chitosan or/and chitooligosaccharide
were found to be extremely safer and protect the cells
from the destruction of oxidative stress induced by
ethanol based on their potential to down-regulate the
lipid and protein oxidation and up-regulate the SOD,
GP-x and catalase levels [116]. EI-Sayed et al. informed
the effective antioxidant use of SeNPs prepared by the
bacterium P. agglomerans to combat the oxidative
stress generated in broiler chickens due to its
neutralization and reduction of the effect of produced
free radicals [117]. Table 3 presents the antioxidant
activity of SeNPs in some previous studies.

2.15. Anti-Inflammatory Activity

The now focus of researchers is the revelation and
development of new strategies to fight inflammation
as what are present in several recent either in vitro or
in vivo studies. The anti-inflammatory activity of
biologically synthesized SeNPs using arrowroot and
Coriander oleoresin extract was presented by a
potential inhibitory effect against denaturation of
protein (Bovine serum albumin (BSA)) through the
albumin denaturation assay [122, 123]. In RAW264.7
inflammatory macrophages induced by
lipopolysaccharide (LPS), SeNPs exhibit a potential
anti-inflammatory activity by down-regulating the
MRNA expression of inducible nitric oxide synthase
(iINOS) enzyme, interleukin 1 beta (IL-1f) and tumor
necrosis factor-alpha (TNF-a)) with reducing the Nitric
Oxide (NO) production [124]. The SeNPs synthesized
by Lactococcus lactis NZ9000 did not exhibit
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Table 3. Antioxidant activity of biosynthesized selenium nanoparticles

Method Standard I1Cs0 of SeNPs ICso of Standard Reducing agent Reference
FRAP assay As;;hblc 46.30 £ 0.21 pg/mL 28.46x34pg/mL Diospyros montana [56]
Ascorbic Anabaena variabilis
SOR assay acid 80.55+1.14 pg/ml 74.95+0.95 pg/mL NCCU-441 [118]
RP assay As;;:jb'c 81.60+0.20 pg/mL 43.84+1.20 pg/mL Tinospora cordifolia [119]
Ascorbic .
ABTS assay acid 43.06+3.80 pg/mL 36.39 £ 2.47 pg/mL Carica papaya [120]
Ascorbic .
DPPH assay acid 24.72+0.63 pg/mL 12.51+ 0.16 pg/mL Diospyros montana [56]
ABTS assay As;;zb'c 66.1041.01 pg/mL  61.92 +2.47 pg/mL Annona muricata [121]

Inhibition concentration 50% (ICso); Ferric reducing ability power (FRAP); Superoxide anion radical (SOR); reducing
power (RP); 2,2'-diphenylhydrazyl (DPPH); 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)

immunotoxicity on porcine jejunal epithelial cell line
(IPEC-J2 cells) and had an anti-inflammatory impact
on IPEC-J2 cells challenged to Enterotoxigenic
Escherichia coli K88 (ETEC K&88), which lead to
conclude that this biosynthesized SeNPs might be a
promising supplementation with antioxidant and anti-
inflammatory activities [125]. The paper by Nayak et
al. demonstrated that the suppression of expression of
TNF-a. m-RNA through the inhibition of production of
LPS-stimulated nitric oxide was carried out by the
selenium  nanoparticles which  were surface
functionalized by water-soluble derivatives of
Ganoderma lucidum [126]. Another investigation
showed that the protective effect of SeNPs prepared
with Ulva lactuca polysaccharide on acute colitis
induced by Dextran Sulphate Sodium (DSS) in mice
was performed by their anti-inflammatory activity,
when SeNPs were characterized by low toxicity, in
particular when they are decorated with natural
biological compound, through their effect of
improving macrophage infiltration as evidence by the
reduction of a cluster of differentiation 68 (CD68)
levels in colon tissue sections and their modulation of
interleukin 6 (IL-6) and TNF-a secretion by
suppressing the nuclear translocation of nuclear factor
kappa B (NF-xB) which leads to transcription of these
pro-inflammatory cytokines [127]. From the study by
El-Ghazaly et al., the SeNPs gave a potential anti-
inflammatory against paw edema induced by
carrageenan in rats where the anti-inflammatory
activity of Se was related to the inhibition of
eicosanoid synthesis including that of Prostaglandin
(PG) and Leukotrienes (LT), in addition to the
inhibition of infiltration of neutrophils [128]. The anti-
inflammatory activity of SeNPs exerts by reduced
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macrophage infiltration and immunomodulatory as
shown in several references [129]. The effects of
selenium and other metal nanoparticles have anti-
diabetic effects which are related to the regulation of
biochemical markers, oxidative stress markers, the
reduction of inflammation, and apoptosis of the
pancreas as reported in the previous literature [130].
Rheumatoid  Arthritis (RA) is accompanied by
oxidative stress which has a direct contribution to the
destruction or proliferation of synovium; the Reactive
Oxygen Species (ROS) acts as a second messenger to
activate NF-xB that regulate the expression of
different genes related to inflammatory response and
is under their control such as TNF-a and IL-1p.
Glutathione peroxidase (GPx) reduces the production
of inflaming prostaglandins and leukotrienes because
it is the first selenoenzyme to have an essential role in
the protection of cells against oxidative damage of
ROS through the degradation of hydroperoxide
intermediates in the lipoxygenase and cyclooxygenase
pathways; in addition to selenoproteins W, P and K
which might implicate in this process. Also, the
transmembrane  selenoproteins S and K of
endoplasmic reticulum are linked to immune
regulation and inflammation. So, the anti-
inflammatory activity of Se is related to its anti-
oxidant activity [131]. Ren et al. revealed that
treatment by SeNPs significantly decreased the IL-6,
IL-1B, TNF-a, and MCP-1 in ankle joint tissues of
Complete Freund’s Adjuvant (CFA) induced
Rheumatoid Arthritis (RA) in rats; also, they
demonstrated that the therapeutic effect of standard
drugs of RA such as celecoxib and SeNPs was similar
through alteration of pro-inflammatory cytokines in
different condition of oxidative stress [132]. The anti-
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inflammatory mechanism can be explain by the
presence of bioactive compounds that coat the surface
of Dbiosynthesized SeNPs, including different
secondary metabolites such as terpenoids which
prevent diseases like cancer, modulate the immune
system, and enhance anti-inflammation activity [122].
In addition, NPs are more effective at blocking
inflammation-enhancers like inflammation-assisting
enzymes and cytokines because they have a higher
surface area-to-volume ratio [133]. Table 4 presents
the anti-inflammatory activity of SeNPs in some
previous studies.

3. Discussion

Cancer is one of the most devastating disorders of the
21st century, creating a major concern among clinicians and
researchers. Many different treatment strategies are being
tried to fight the war against cancer and a plethora of
strategies have been attempted [138]. Nanotechnology has
significantly improved our approach to personalized
medicine whereby the targeting has improved. Various
inorganic nanoparticles have been investigated to induce
cytotoxicity in cancer cells and one of the successfully tried
nanoparticles is SeNPs. SeNPs-based approaches have
shown hope in fighting the drug resistance problem and in
mitigating toxicities associated with chemotherapeutic
agents [139]. Initial studies have demonstrated that SeNPs
have better antiproliferative properties for the MCF-7 cells
line (inhibition concentration 50 (IC50) value of 25 g
mL™) than the MDA-MB-231 cells line, reflecting their
antitumor potential for early-stage breast cancer (estrogen
receptor o (ERa) positive) than late-stage breast (ERa
negative) cancer treatment. In vivo assays

showed that the administration of 0.4 mg/kg/day
significantly reduced tumor growth, which suggests that the

antiproliferative activity of SeNPs in breast cancer is related
to ERa levels [140]. The anticancerous property of SeNPs
is due to the induction of Glutathione S-Transferase (GST)
by selenium. Cancer cells selectively incorporate SeNPs via
endo-cytosis, and then these SeNPs induces the apoptosis
of cancer cell by triggering apoptotic signal transduction
pathways [141]. More recently, Liao et al. also studied the
anticancer application of biogenic SeNPs prepared using E.
coli towards several cancer cell lines. These SeNPs
displayed antiproliferative potential against colon, liver,
cervical, breast, melanoma, and prostate cancer cells, both
androgen-dependent and androgen-independent prostate
cancer cells, by increasing the expression of p21 and Bax
MRNA and enhancing caspase-3 activity [142]. SeNPs are
believed to internalize via receptor-mediated endocytosis.
The malignant cells have an acidic pH state with redox
imbalance. This microenvironment of malignant cells leads
to prooxidant conversion of SeNPs triggering the further
formation of free radicals which on one side causes
mitochondrial membrane disruption causing leakage of
Mitochondrial (Mt) proteins and on the other side leads to
Endoplasmic Reticulum (ER) stress [143]. Damage to the
Mt membrane leads to the leakage of various proteins and
triggers apoptosis via the activation of caspases. In addition,
SeNPs have been shown to slow down the angiogenic
signaling in cancer cells which further checks the growth
and proliferation. Amalgamation of these disruptive cellular
events initiates DNA damage causing cell cycle arrest
ultimately culminating in cell death [129] (Figure 11).

SeNPs also show antitumor potential towards
Dalton's lymphoma, by enhancing ROS stress and
decreasing mitochondria membrane potential, which
ultimately leads to Deoxyribonucleic Acid (DNA)
fragmentation, cell cycle arrest at GO/G1, and
apoptosis [144]. SeNPs have been observed to inhibit
the growth of prostate LNCaP cancer cells moderately

Table 4. Anti-inflammatory activity of biosynthesized selenium nanoparticles

Method Standard Parameter SeNPs Standard Reducing agent Reference
Albumin . s
denaturation dlclo_fenac Inhibition 92.6 % 84 % Thymus vulgaris [134]
sodium percentage
assay
Hemolysis Hemolysis Pseudomo_nas
assa SDS ercentage 115 % >11.5% stutzeri [135]
y P g (MH191156)
Albumin diclofenac Inhibition Spermacoce
denaturation . concentration  22.9 ug/mL  17.8 pg/mL perma [136]
sodium hispida
assay 50 %
Hemolysis Elettaria Hemolysis 44% 9.9 % Elettaria [137]
assay cardamomum percentage cardamomum
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Figure 11. Mechanism of anticancer activity of selenium
nanoparticles [126]

via caspases-mediated apoptosis in vitro [145].
Sonkusre et al. have shown that the introduction of
biologically synthesized SeNPs (concentration as low
as 2 ug Se.mL?) is competent enough to suppress the
proliferation and induce caspase-independent necrosis
in human prostate adenocarcinoma cells (PC3) [146].
SeNPs also demonstrated suppressive effects against
androgen-dependent prostate cancer cell lines. SeNPs
reduced the levels of androgen receptor, a protein
associated with cancer cell survival, at both a
transcriptional and translational level. On the one
hand, mRNA levels of both androgen receptor and
Prostate-Specific Antigen (PSA) were downregulated
[147]. On the other hand, SeNPs induced androgen
receptor and Mdmz2 phosphorylation by AKT, which
led to the ubiquitination and proteolysis of the
androgen receptor by proteasomes, increased levels of
caspase-3, caspase-8, and caspase-9 levels, as well as
their substrate PARP, which result in the inhibition of
prostate cancer cells growth and apoptosis [148].
Widely studies have been investigated on in vitro and
in vivo anti-cancer activity of selenium nanoparticles
against lung, breast, osteosarcoma, and kidney cancers
[137]. Rajasekar and Kuppusamy studied the in-vivo
effect of SeNPs on breast cancer cell line and found
that MDA-MB-231 human breast cells were severely
impacted by SeNPs green synthesized using Carica
papaya latex with ICso values of 34 Ig/mL [149].
Another study tested the anti-cancer activity of SeNPs
against a lung cancer cell line (A549), and the results
showed a decrease in the cell growth by almost 80%
at 40pg/ml concentration and almost 50% cell death at
20pg/ml concentration [150]. The SeNPs synthesized
using Kaempferia parviflora demonstrated significant
cytotoxicity in human gastric adenocarcinoma cells
(AGS cells) but not in normal cells due to its effect on
intracellular signaling pathways, including the
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upregulation of intrinsic apoptotic signaling markers
such as B-cell lymphoma 2, Bcl-associated X protein,
and caspase 3 in AGS cells. SeNPs also caused
autophagy of AGS by increasing the autophagic flux-
marker protein, LC3B-II, whilst inhibiting autophagic
cargo protein, p62 [151]. It emerged that coating metal
NPs improved their stability and decreased their
toxicity, particularly when it came to the green
synthesis method. The different substances that coat
the surface of NPs usually prevent the ionization of
MNPs, the shape and size changes of the NPs. It has
been confirmed that uncoated and chemically
produced MNPs have a higher cytotoxic and
genotoxic effect than coated and green synthesized
MNPs, which makes their biocompatibility typical.
Despite the coating's primary role in stabilizing the
nanoparticle and preventing agglomeration, green-
synthesized MNPs are suitable for a range of
biological applications due to their biocompatibility
[18]. Until now, there have not been studies
investigating the toxic effect and disadvantages of
SeNP in the physiological systems; SeNPs attracted
attention due to their extensive use in the therapeutics
field. In comparison to inorganic selenium, SeNPs
have lower toxicity, acceptable bioavailability, and
higher efficiency to attack free radical species.
Additionally, based on the experimental results,
SeNPs' toxicity is rated as being lower than that of
other inorganic and organic compounds including
selenite, selenite, and selenomethionine. SeNPs play
important  physiological and metabolic roles,
including the control of the antioxidant defense system
and the immune system [152].

4. Conclusion

Selenium  nanoparticles synthesized by green
materials like plant, microbial, fungi, and algal extracts
as reducing agents have different applications as an
antioxidant and anti-inflammatory agents. Furthermore,
this study brings new insights into the cytotoxic actions
of SeNPs against cancer cells. Metal hano-therapies such
as SeNPs are granted research consideration for many
cancers, including breast, and prostate treatment. SeNPs
attracted attention due to their extensive use in the
therapeutics field. Such therapeutic approaches may then
be found useful not only in these specific cancer
conditions, but also in other types of proliferative
diseases. The biocompatibility achieved through green
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synthesis suggests its possible use in varying fields of
biomedical application with low risk of toxicity of these
molecules.

Acknowledgments

This work was supported by the research project
D01N01UN390120210002 funded by the Ministry of
Higher Education, Algeria.

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work reported
in this paper.

References

1- K.M. Woldeamanuel, F.A. Kurra, Y.T. Roba. "A review on
nanotechnology and its application in modern veterinary
science." International Journal of Nanomaterials,
Nanotechnology and Nanomedicine, Vol. 7, pp. 26-31,
(2021).

2- K. Ariga, M. Nishikawa, T. Mori, J. Takeya, L.K. Shrestha,
J.P. Hill. "Self-assembly as a key player for materials
nanoarchitectonics." Science and Technology of Advanced
Materials, Vol. 20, pp. 51-95, (2019).

3- S.A. Ashraf, A.J. Siddiqui, A.E.O. Elkhalifa, M.I. Khan, M.
Patel, M. Alreshidi, A. Moin, R. Singh, M. Snoussi, M.
Adnan. "Innovations in nanoscience for the sustainable
development of food and agriculture with implications on
health and environment." Science of the Total Environment,
Vol. 768, p. 144990, (2021).

4- S. Chetehouna, O. Atoussi, S. Derouiche. "Biological
activity and toxicological profile of zinc oxide nanoparticles
synthesized by portulaca oleracea (L) leaves extract."
Advances in Nanomedicine and Nanotechnology Research,
Vol. 2, pp. 125-133, (2020).

5- S. Shilpi, U. Zeba, G.A. Atanas, K.S. Vinod, S.N. Pratap,
M.A.A. Ahmed, P. Ram, G. Govind, S. Minaxi, S.B. Atul.
"Biological nanofactories: using living forms for metal
nanoparticle  synthesis." Mini-Reviews in Medicinal
Chemistry, Vol. 21, pp. 245-265, (2021).

6- O. Atoussi, S. Chetehouna, S. Derouiche. "Biological
properties and Acute Toxicity Study of Copper oxide
nanoparticles prepared by aqueous leaves extract of
Portulaca oleracea (L)." Asian Journal of Pharmaceutical
Research, Vol. 10, pp. 89-94, (2020).

7- S. Derouiche, 1.Y. Guemari, I. Boulaares. “Characterization
and acute toxicity evaluation of the MgO Nanoparticles
Synthesized from Aqueous Leaf Extract of Ocimum
basilicum L." Algerian Journal of Biosciences, Vol. 1, pp. 1-
6, (2020).

FBT, Vol. 11, No. 3 (Summer 2024) 509-529

8- H. Tao, T. Wu, M. Aldeghi, T.C. Wu, A. Aspuru-Guzik, E.
Kumacheva. "Nanoparticle synthesis assisted by machine
learning." Nature Reviews Materials, Vol. 6, pp. 701-716,
(2021).

9- S. Derouiche, I. Ahmouda, R. Moussaoui. "Effectiveness of
a novel senps synthetized by aquilaria malaccensis extract
compared to SeNPs acetate on lead induced metabolic
disorder and oxidative stress in pregnant rats." International
Journal of Chemical and Biochemical Science, Vol. 19, pp.
50-57, (2021).

10- S. Rajeshkumar, P. Veena, R.V. Santhiyaa. "Synthesis and
characterization of selenium nanoparticles using natural
resources and its applications.”" Nanotechnology in the Life
Sciences, Vol. 1, pp. 63-79, (2018).

11- S. Djalalinia, M. Hasani, H. Asayesh, H.S. Ejtahed, H.
Malmir, A. Kasaeian, M. Zarei, F. Baygi, H. Rastad, A.M.
Gorabi, M. Qorbani. "The effects of dietary selenium
supplementation on inflammatory markers among patients
with metabolic diseases: a systematic review and meta-
analysis of randomized controlled trials.” Journal of
Diabetes & Metabolic Disorders, Vol. 20, pp.1051-1062,
(2021).

12- M. lkram, B. Javed, N.l. Raja, Z.R. Mashwani.
"Biomedical potential of plant-based selenium nanoparticles:
a comprehensive review on therapeutic and mechanistic
aspects." International Journal of Nanomedicine, Vol. 16,
pp. 249-268, (2021).

13- HW. Tan, H.Y. Mo, A.T.Y. Lau, Y.M. Xu. "Selenium
species: current status and potentials in cancer prevention and
therapy." International Journal of Molecular Sciences, Vol.
20, pp. 1-26, (2019).

14- A. Singh, P.K. Gautam, A. Verma, V. Singh, P.M.
Shivapriya, S. Shivalkar, A.K. Sahoo, S.K. Samant. "Green
synthesis of metallic nanoparticles as effective alternatives to
treat antibiotics resistant bacterial infections: a review."
Biotechnology Report, vol. 25, p. e00427, (2020).

15- A. Gour, N.K. Jain. "Advances in green synthesis of
nanoparticles."  Artificial Cells, Nanomedicine and
Biotechnology, Vol. 47, pp. 844-851, (2019).

16- B.K. Ndwandwe, S.P. Malinga, E. Kayitesi, B.C. Dlamini,
"Advances in green synthesis of selenium nanoparticles and
their application in food packaging." International Journal of
Food Science & Technology, Vol. 56, n. 6, pp. 2640-2650,
(2020).

17-S. Ying, Z. Guan, P.C. Ofoegbu, P. Clubb, C. Rico, F. He,
J. Hong. "Green synthesis of nanoparticles: current
developments and limitations." Environmental Technology
& Innovation, Vol. 26, p. 102336, (2022).

18- S. Derouiche, S. Chetehouna, A. Djouadi, |. Boulaares, 1.Y.
Guemari. "The possible mechanisms of silver nanoparticles
against sars-cov 2". Frontiers in Biomedical Technologies,
Vol. 9, pp. 149-158, (2022).

19- A. Saravanan, P.S. Kumar, S. Karishma, D.V.N. Vo, S.
Jeevanantham, P.R. Yaashikaa, C. S. George. "A review on

522



S. Chetehouna, et al.

biosynthesis of metal nanoparticles and its environmental
applications." Chemosphere, Vol. 264, p. 128580, (2020).

20- G. Murugesan, K. Nagaraj, D. Sunmathi, K. Subramani.
"Methods involved in the synthesis of selenium
nanoparticles and their different applications- a review."
European Journal of Biomedical and Pharmaceutical
Sciences, Vol. 6, pp. 189-194, (2019).

21- J. Annamalai, S.B. Ummalyma, A. Pandey, T. Bhaskar.
"Recent trends in microbial nanoparticle synthesis and
potential application in environmental technology: a
comprehensive review." Environmental Science and
Pollution Research, Vol. 28, pp. 49362-82, (2021).

22- V.R. Ranjitha, V.R. Rai. "Selenium nanostructure:
Progress towards green synthesis and functionalization for
biomedicine.” Journal of Pharmaceutical Investigation, VVol.
51, pp. 117-135, (2021).

23- M.C. Zambonino, E.M. Quizhpe, F.E. Jaramillo, A.
Rahman, V.N. Santiago, C. Jeffryes, S.A. Dahoumane.
"Green synthesis of selenium and tellurium nanoparticles:
current trends, biological properties and biomedical
applications.” International Journal of Molecular Sciences,
Vol. 22, p. 989, (2021).

24- M. Abu-Elghait, M. Hasanin, A.H. Hashem, S.S. Salem.
"Ecofriendly novel synthesis of tertiary composite based on
cellulose and myco-synthesized selenium nanoparticles:
characterization, antibiofilm and  biocompatibility.”
International Journal of Biological Macromolecules, Vol.
175, pp. 294-303, (2021).

25- A.H. Hashem, AM.A. Khalil, A.M. Reyad, S.S. Salem.
"Biomedical applications of mycosynthesized selenium
nanoparticles using penicillium expansum ATTC 36200."
Biological Trace Element Research, Vol. 199, pp. 3998-
4008, (2021).

26-Z.Wu, Y. Ren, Y. Liang, L. Huang, Y. Yang, A. Zafar, M.
Hasan, F. Yang, X. Shu. "Synthesis, characterization,
immune regulation, and antioxidative assessment of yeast-
derived selenium nanoparticles in cyclophosphamide-
induced rats." ACS Omega, Vol. 6, pp. 24585-24594, (2021).

27- M. Ashengroph, S.R. Hosseini. "A newly isolated bacillus
amyloliquefaciens srb04 for the synthesis of selenium
nanoparticles with potential antibacterial properties.”
International Journal of Microbiology, Vol. 24, pp. 103-14,
(2021).

28- H. Zhang, Z. Li, C. Dai, P. Wang, S. Fan, B. Yu, Y. Qu.
"Antibacterial properties and mechanism of selenium
nanoparticles synthesized by Providencia sp. dcx."
Environmental Research, Vol. 194, p. 110630, (2021).

29- S.N. Borah, L. Goswami, S. Sen, D. Sachan, H. Sarma, M.
Montes, J.R. Peralta-Videa, K. Pakshirajan, M. Narayan.
"Selenite bioreduction and biosynthesis of selenium
nanoparticles by bacillus paramycoides sp3 isolated from
coal mine overburden leachate." Environmental Pollution,
Vol. 285, p. 117519, (2021).

523

30- M.T. El-Saadony, A.M. Saad, T.F. Taha, A.A. Najjar,
N.M. Zabermawi, M.M. Nader, S.F. AbuQamar, K.A. El-
Tarabily, A. Salama, "Selenium nanoparticles, from
lactobacillus paracasei HM1 capable of antagonizing animal
pathogenic fungi, as a new source from human breast milk.",
Saudi Journal of Biological Sciences, Vol. 28, pp. 6782-94,
(2021).

31- H.S. Abbas, D.H. Abou-Baker, E.A.
Ahmed. "Cytotoxicity and antimicrobial efficiency of
selenium nanoparticles biosynthesized by Spirulina
platensis.” Archives of Microbiology, Vol. 203, pp. 523-532,
(2020).

32- M. Guilger-Casagrande, R.D. Lima. "Synthesis of silver
nanoparticles mediated by fungi: a review." Frontiers in
Bioengineering and Biotechnology, Vol. 7, pp. 1-16, (2019).

33- P. Korde, S. Ghotekar, T. Pagar, S. Pansambal, R. Oza, D.
Mane. "Plant extract assisted eco-benevolent synthesis of
selenium nanoparticles-a review on plant parts involved,
characterization and their recent applications.” Chemical
Reviews, Vol. 2, pp.157-168, (2020).

34- S.S. Salem, A. Fouda. "Green synthesis of metallic
nanoparticles and their prospective biotechnological
applications: an overview." Biological Trace Element
Research, Vol. 199, pp. 344-370, (2020).

35- M. lkram, B. Javed, N.l. Raja, Z.R. Mashwani.
"Biomedical potential of plant-based selenium nanoparticles:
a comprehensive review on therapeutic and mechanistic
aspects.” International Journal of Nanomedicine, Vol. 6, pp.
249-268, (2021).

36- A. Djouadi, S. Derouiche. "Spinach mediated synthesis of
zinc oxide nanoparticles: characterization, in vitro biological
activities study and in vivo acute toxicity evaluation."
Current Research in Green and Sustainable Chemistry, Vol.
4, p. 100214, (2021).

37- P.K. Dikshit, J. Kumar, A.K. Das, S. Sadhu, S. Sharma, S.
Singh, P.K. Gupta, B.S. Kim. "Green synthesis of metallic
nanoparticles: applications and limitations." Catalysts. Vol.
11, pp. 1-35, (2021).

38- R.S. Ghaderi, F. Adibian, Z. Sabouri, J. Davoodi, M.
Kazemi, S.A. Jamehdar, Z. Meshkat, S. Soleimanpour, M.
Daroudi. "Green synthesis of selenium nanoparticle by
Abelmoschus esculentus extract and assessment of its
antibacterial activity." Materials Technology, Vol. 2021, pp.
1-9, (2021).

39- V. Cittrarasu, D. Kaliannan, K. Dharman, V. Maluventhen,
M. Easwaran, W.C. Liu, B. Balasubramanian, M.
Arumugam. "Green synthesis of selenium nanoparticles
mediated from ceropegia bulbosa roxb extract and its
cytotoxicity, antimicrobial, mosquitocidal and photocatalytic
activities." Scientific Reports, Vol. 11, p. 1032, (2021).

40- B. Madhumitha, P. Santhakumar, M. Jeevitha, S.
Rajeshkumar. "Green synthesis of selenium nanoparticle
using capparis decidua fruit extract and its characterization
using transmission electron microscopy and uv- visible

FBT, Vol. 11, No. 3 (Summer 2024) 509-529



Green Chemistry Approaches towards the Synthesis of SeNPs as a Metal Nano-Therapy

spectroscopy.” Research Journal of Pharmacy and
Technology, Vol. 14, pp. 2129-2132, (2021).

41- G. Rajagopal, A. Nivetha, S. llango, G.P. Muthudevi, I.
Prabha, R. Arthimanju. "phytofabrication of selenium
nanoparticles using azolla pinnata: evaluation of catalytic
properties in oxidation, antioxidant and antimicrobial
activities." Journal of Environmental Chemical Engineering,
Vol. 9, pp. 105483, (2021).

42- 1. lashin, M. Hasanin, S.A.M. Hassan, A.H. Hashem.
"Green biosynthesis of zinc and selenium oxide
nanoparticles using callus extract of ziziphus spina-christi;
characterization, antimicrobial, and antioxidant activity."
Biomass Convers Biorefin, VVol. 1, p. 0123456789, (2021).

43- S. Miglani, N. Tani-Ishii. "Biosynthesized selenium
nanoparticles:  characterization,  antimicrobial,  and
antibiofilm activity against enterococcus faecalis." Peer
Journal, Vol. 9, p. e11653, (2021).

44- K.M. Ezealisiji, X. Siwe-Noundou, B. Maduelosi, N.
Nwachukwu, R.W.M. Krause. "Green synthesis of zinc
oxide nanoparticles using solanum torvum (l) leaf extract and
evaluation of the toxicological profile of the zno
nanoparticles-hydrogel composite in wistar albino rats.”
International Nano Letters, VVol. 9, pp. 99-107, (2019).

45- H. Chandra, P. Kumari, E. Bontempi, S. Yadav.
"Medicinal plants: Treasure trove for green synthesis of
metallic nanoparticles and their biomedical applications.”
Biocatalysis and Agricultural Biotechnology, Vol. 24, p.
101518, (2020).

46- R.C. Fierascu, I. Fierascu, E.M. Lungulescu, N. Nicula, R.
Somoghi, L.M. Ditu, C. Ungureanu, A.N. Sutan, O.A.
Draghiceanu, A. Paunescu, L.C. Soare. "Phytosynthesis and
radiation-assisted ~ methods  for  obtaining  metal
nanoparticles.”" Journal of Materials Science, Vol. 55, pp.
1915-1932, (2020).

47- M.N. Jasim, Z.T.Y. Alabdullah. "Synthesis of bio
nanocatalyst of zno nanoparticles using ocimum basilicum
leaves." European Journal of Advanced Chemistry
Research, Vol. 4, pp. 53-59, (2023).

48- M. Kumar, R. Ranjan, M.P. Sinha, B.S. Raipat. "Different
techniques utilized for characterization of metallic
nanoparticles synthesized using biological agents : a review."
Balneo and PRM Research Journal, Vol.14, pp. 1-13,
(2023).

49- K. Vijayaraghavan, T. Ashokkumar, "Plant-mediated
biosynthesis of metallic nanoparticles: a review of literature,
factors affecting synthesis, characterization techniques and
applications.”, Journal of Environmental Chemical
Engineering, Vol. 5, pp. 4866-4883, (2017).

50- M.l. Din, R. Rehan. "Synthesis, Characterization, and
applications of copper nanoparticles." Analytical Letters,
Vol.50, pp. 50-62, (2017).

51- A. Mukherjee, D. Sarkar, S. Sasmal. "A review of green
synthesis of metal nanoparticles using algae." Frontiers in
Microbiology, Vol. 12, pp. 1-7, (2021).

FBT, Vol. 11, No. 3 (Summer 2024) 509-529

52- R.A. Pratiwi, A. B.D. Nandiyanto. "How to read and
interpret uv-vis spectrophotometric results in determining the
structure of chemical compounds." Indonesian Journal of
Educational Research and Technology, Vol. 2, pp. 1-20,
(2021).

53- R.D. Sarkar, M.C. Kalita. "Se nanoparticles stabilized with
allamanda cathartica 1. flower extract inhibited
phytopathogens and promoted mustard growth under salt
stress.” Heliyon, Vol. 8, p. e09076, (2022).

54- G. Astray, P. Gullon, B. Gullén, P.E.S. Munekata, J.M.
Lorenzo." Humulus lupulus I. as a natural source of
functional biomolecules." Applied Sciences, Vol.10, p. 5074,
(2020).

55- S. Chetehouna, S. Derouiche, Y.Réggami. "Green
synthesis of senps using sonchus maritimus based nanosized
metal oxides for in vitro biological applications and in vivo
acute toxicity evaluation." Kragujevac Journal of Science,
Vol. 45, pp. 65-78, (2023).

56- A. Puri, S. Patil, "Biogenic synthesis of selenium
nanoparticles using diospyros montana bark extract:
characterization, antioxidant, antibacterial, and
antiproliferative  activity.” Biosciences Biotechnology
Research Asia, Vol. 19, pp. 423-441, (2022).

57- S.R.R. Rajashree, S.Gayathri, M. Gobalakrishnan. *"Marine
biomolecule mediated synthesis of selenium nanoparticles
and their antimicrobial efficiency against fish and crustacean
pathogens." Research Square, Vol. 1, pp. 1-4, (2022).

58- M.T. El Sayed, A.S.A. El-Sayed. "Biocidal activity of
metal nanoparticles synthesized by fusarium solani against
multidrug-resistant bacteria and mycotoxigenic fungi.”
Journal of Microbiology and Biotechnology, Vol. 30,
pp.226-236, (2020).

59- S.S. Salem, M.S.E.M. Badawy, A.A. Al-Askar, A.A.
Arishi, F.M. Elkady, A.H. Hashem. "Green biosynthesis of
selenium  nanoparticles using orange peel waste:
characterization, antibacterial and antibiofilm activities
against multidrug-resistant bacteria." Life, VVol. 12, pp. 1-12,
(2022).

60- G.B. Alvi, M.S. Igbal, M.M.S. Ghaith, A. Haseeb, B.
Ahmed, M.l. Qadir. "Biogenic selenium nanoparticles
(SeNPs) from citrus fruit have anti-bacterial activities."
Scientific Report, Vol. 11, pp. 1-11, (2021).

61- A.H. Hashem, T.A. Selim, M.H. Alruhaili, S. Selim,
D.H.M. Alkhalifah, S.K. Al Jaouni, S.S. Salem. "Unveiling
antimicrobial and insecticidal activities of biosynthesized
selenium nanoparticles using prickly pear peel waste."
Journal of Functional Biomaterials, Vol. 13, pp. 1-17,
(2022).

62- H.G. Hussein, EI.R. El Sayed, N.A. Younis, A. El, H.A.
Hamdy, S.M. Easa. "Harnessing endophytic fungi for
biosynthesis of selenium nanoparticles and exploring their
bioactivities." AMB Express, Vol. 12, pp. 1-16, (2022).

63- M. Shahbaz, A. Akram, N.I. Raja, T. Mukhtar, A. Mehak,
N. Fatima, M. Ajmal, K. Ali, N. Mustafa, F. Abasi.

524



S. Chetehouna, et al.

"Antifungal activity of green synthesized selenium
nanoparticles and their effect on physiological, biochemical,
and antioxidant defense system of mango under mango
malformation disease.” PLOS ONE, Vol. 18, pp. 1-25,
(2023).

64- LAIM. Ali, A. Ben Ahmed, H.l. Al-Ahmed. "Green
synthesis and characterization of silver nanoparticles for
reducing the damage to sperm parameters in diabetic
compared to metformin." Scientific Report, Vol.13, pp. 1-15,
(2023).

65- P.K. Tyagi, D. Gola, S. Tyagi, A.K. Mishra, A. Kumar, N.

Chauhan, A. Ahuja, S. Sirohi. "Synthesis of zinc oxide
nanoparticles and its conjugation with antibiotic:
Antibacterial and  morphological  characterization."”
Environmental ~ Nanotechnology, = Monitoring  and
Management, Vol. 14, p. 100391, (2020).

66- A. Rahman, M.A. Chowdhury, N. Hossain. "Green
synthesis of hybrid nanoparticles for biomedical
applications: a review." Applied Surface Science Advances,
Vol. 11, p. 100296, (2022).

67-J. Liu, J. Jiang, Y. Meng, A. Aihemaiti, Y. Xu, H. Xiang,
Y. Gao, X. Chen. "Preparation, environmental application
and prospect of biochar-supported metal nanoparticles: a
review." Journal of Hazardous Materials, Vol. 388, pp. 1-
22, (2020).

68- S.S. Salem, M.M.G. Fouda, A. Fouda, M.A. Awad, E.M.
Al-Olayan, AA. Allam, T.l. Shaheen. "Antibacterial,
cytotoxicity and larvicidal activity of green synthesized
selenium nanoparticles using penicillium corylophilum.”,
Journal of Cluster Science. Vol. 32, pp. 351-361, (2021).

69- U. Theobroma, L. Bean, S. Extract, C. Mellinas, A. Jim, C.
Garrig. "Microwave-assisted green synthesis and antioxidant
activity of selenium nanoparticles using theobroma cacao |.
bean shell extract." Molecules, Vol. 24, pp.1-20, (2019).

70- S. Vijayaram, H. Razafindralambo, Y.Z. Sun, S.
Vasantharaj, H. Ghafarifarsani, S.H. Hoseinifar, M.
Raeeszadeh. "Applications of green synthesized metal
nanoparticles — a review." Biological Trace Element
Research, Vol.1, pp.1-27, (2023).

71- R.B. Patil, A.D. Chougale. "Analytical methods for the
identification and characterization of silver nanoparticles : a
brief review." Materials Today : Proceedings, Vol. 47, pp.
5520-5532, (2021).

72- S.S. Bahri, Z. Harun, S.K. Hubadillah, W.N.W. Salleh, N.
Rosman, N.H. Kamaruddin, F.H. Azhar, N. Sazali, R.A.R.
Ahmad, H. Basri. "Review on recent advance biosynthesis of
TiO2 nanoparticles from plant-mediated materials:
characterization, mechanism and application." 10P
Conference Series: Materials Science and Engineering, Vol.
1142, pp. 012005, (2021).

73- M. Kumar, S. Dandapat, R. Ranjan, A. Kumar, M.P. Sinha.
"Plant mediated synthesis of silver nanoparticles
using Punica granatum aqueous leaf extract." Journal of
Microbiology & Experimentation Research, Vol. 6, pp.175-
178, (2018).

525

74- V. Alagesan, S. Venugopal. "Green synthesis of selenium
nanoparticle using leaves extract of withania somnifera and
its biological applications and photocatalytic activities."
BioNanoScience, Vol. 9, pp. 105-116, (2019).

75- R. Shubharani, M. Mahesh, V.N.Y. Murthy. "Biosynthesis
and characterization, antioxidant and antimicrobial activities
of selenium nanoparticles from ethanol extract of bee
propolis." Nanomedicine & Nanotechnology, Vol. 10, pp. 1
7, (2019).

76- B.A. Al Jahdaly, N.S. Al-Radadi, G.M.G. Eldin, A.
Almahri, M.K. Ahmed, K. Shoueir, I. Janowska. "Selenium
nanoparticles synthesized using an eco-friendly method: dye
decolorization from aqueous solutions, cell viability,
antioxidant, and antibacterial effectiveness." Journal of
Materials Research and Technology, Vol. 11, pp. 85-97,
(2021).

77- H.H. Al-Shreefy, M.J. Al-Awady, E. Al-Wasiti.
"Characterization and cytotoxicity of novel synthesis
selenium nanoparticles stabilized by vitamin e tpgs.” Journal
of University of Shanghai for Science and Technology, Vol.
24, pp. 214-238, (2022).

78- D. Samir, B. Ouissam, D. Anfal. "Antioxidant and
antidiabetic effect of biosynthesis zinc nanoparticles by using
polyherbal aqueous extract in wistar rats." Journal of
Biochemical Technology, Vol. 13, pp.72-80, (2022).

79- S. Singla, A. Jana, R. Thakur, C. Kumari, S. Goyal, J.
Pradhan. "Green synthesis of silver nanoparticles using
oxalis griffithii extract and assessing their antimicrobial
activity." OpenNano. Vol. 7, pp. 89-94, (2022).

80- H. Rizwana, M.S. Alwhibi, R.A. Al-Judaie, H.A.
Aldehaish, N.S. Alsaggabi. "Sunlight-mediated green
synthesis of silver nanoparticles using the berries of ribes
rubrum (red currants): characterisation and evaluation of
their antifungal and antibacterial activities." Molecules, Vol.
27, pp. 1-23, (2022).

81- A. Fouda, W.A. Al-Otaibi, T. Saber, S.M. AlMotwaa, K.S.
Alshallash, M. Elhady, N.F. Badr, M.A. Abdel-Rahman.
"Antimicrobial, antiviral, and in-vitro cytotoxicity and
mosquitocidal activities of portulaca oleracea-based green
synthesis of selenium nanoparticles." Journal of Functional
Biomaterials, Vol. 13, pp. 1-23, (2022).

82- M. Safaei, H.R. Mozaffari, H. Moradpoor, M.M. Imani, R.
Sharifi, A. Golshah. "Optimization of green synthesis of
selenium nanoparticles and evaluation of their antifungal
activity against oral candida albicans infection." Advances in
Materials Science and Engineering, Vol. 1, pp.1-8, (2022).

83- H.M. lbrahim, M.M. Reda, A. Klingner. "Preparation and
characterization of green carboxymethylchitosan (cmcs) —
polyvinyl alcohol (pva) electrospun nano fibers containing
gold nanoparticles (aunps) and its potential use as
biomaterials." International Journal of Biological
Macromolecules, VVol. 151, pp. 821-829, (2020).

84- F. Ali, S.B. Khan, T. Kamal, K.A. Alamry, E.M. Bakhsh,
A.M. Asiri, T.R.A. Sobahi. "Synthesis and characterization
of metal nanoparticles templated chitosan-SiO, catalyst for

FBT, Vol. 11, No. 3 (Summer 2024) 509-529



Green Chemistry Approaches towards the Synthesis of SeNPs as a Metal Nano-Therapy

the reduction of nitrophenols and dyes." Carbohydrate
Polymers, Vol. 192, pp. 217-230, (2018).

85- A. Nazir, S. Rehman, M. Abbas, D.N. Igbal, A.R. Ahsraf,
M. Igbal. "Green synthesis and characterization of copper
nanoparticles using parthenium hysterophorus extract:
antibacterial and antioxidant activities evaluation.”
Chemistry International, Vol. 8, pp. 68-76, (2022).

86- J. Shanmugapriya, C.A. Reshma, V. Srinidhi, K.
Harithpriya, K.M. Ramkumar, D. Umpathy, K.
Gunasekaran, R. Subashini. "Green synthesis of copper
nanoparticles using withania somnifera and its antioxidant
and antibacterial activity." Journal of Nanomaterials, VVol. 1,
pp. 1-9, (2022).

87- Abdullah, T. Hussain, S. Faisal, M. Rizwan, Saira, N.
Zaman, M. Igbal, A. Igbal, Z. Ali. "Green synthesis and
characterization of copper and nickel hybrid nanomaterials:
Investigation of their biological and photocatalytic potential
for the removal of organic crystal violet dye." Journal of
Saudi Chemical Society, Vol. 26, pp. 1-16, (2022).

88- T.T. Vu, P.T.M. Nguyen, N.H. Pham, T.H. Le, T.H.
Nguyen, D.T. Do, D.D. La. "Green synthesis of selenium
nanoparticles using cleistocalyx operculatus leaf extract and
their acute oral toxicity study.” Journal of Composites
Science, Vol. 6, pp. 1-12, (2022).

89- M.H. Bafghi, H. Zarrinfar, M. Darroudi, M. Zargar, R.
Nazari. "Green synthesis of selenium nanoparticles and
evaluate their effect on the expression of erg3, ergl1 and fksl
antifungal resistance genes in candida albicans and candida
glabrata." Letters in Applied Microbiology, Vol. 74, pp.
809-819, (2022).

90- M. Yazdanian, P. Rostamzadeh, M. Rahbar, M. Alam, K.
Abbasi, E. Tahmasebi, H. Tebyaniyan, R. Ranjbar, A.
Seifalian, A. Yazdanian. "The potential application of green-
synthesized metal nanoparticles in  dentistry: a
comprehensive review." Bioinorganic Chemistry and
Applications, Vol. 1, pp. 1-27, (2022).

91- V. Mendez-Trujillo, B. Valdez-Salas, M. Curiel-Alvarez,
E. Beltran-Partida, A. Alfaro-Corres, E. Ruiz-Sanchez, G.
Bautista-Trujillo, O.T. Camacho, O. Grimaldo-Juarez, C.
Cecefia-Duran, C. Ail-Catzin, D. Gonzalez-Mendoza.
"Insecticidal effect of green bimetallic nanoparticles from
crotalaria longirostrata on cotton mealybug, phenacoccus
solenopsis." Journal of Renewable Materials, Vol. 10, pp.
2543-2552, (2022).

92- Q. Long, L. kun Cui, S. bin He, J. Sun, Q. zhi Chen, H.
dong Bao, T. yue Liang, B. yue Liang, L. yu Cui.
"Preparation, characteristics and cytotoxicity of green
synthesized selenium nanoparticles using paenibacillus
motobuensis LY5201 isolated from the local specialty food
of longevity area." Scientific Reports, Vol. 13, pp. 1-8,
(2023).

93- B. Fardsadegh, H. Jafarizadeh-Malmiri. "Aloe vera leaf
extract mediated green synthesis of selenium nanoparticles
and assessment of their in vitro antimicrobial activity against
spoilage fungi and pathogenic bacteria strains.” Green
Processing and Synthesis, Vol. 8, pp. 399-407, (2019).

FBT, Vol. 11, No. 3 (Summer 2024) 509-529

94- S. Menon, S.D. Shrudhi, H. Agarwal, V.K. Shanmugam.
"Efficacy of biogenic selenium nanoparticles from an extract
of ginger towards evaluation on anti-microbial and anti-
oxidant activities." Colloid and Interface Science
Communications, Vol. 29, pp. 1-8, (2019).

95- V.K. Yadav, KK. Yadav, G. Gnanamoorthy, N.
Choudhary, S.H. Khan, N. Gupta, H. Kamyab, Q.V. Bach.
"A novel synthesis and characterization of polyhedral shaped
amorphous iron oxide nanoparticles from incense sticks ash
waste." Environmental Technology & Innovation,Vol. 20, p.
101089, (2020).

96- M. Shahbaz, A. Akram, N.I. Raja, T. Mukhtar, Z.U.R.
Mashwani, A. Mehak, N. Fatima, S. Sarwar, E.U. Haq, T.
Yousaf. "Green synthesis and characterization of selenium
nanoparticles and its application in plant disease
management: a  review." Pakistan Journal  of
Phytopathology, Vol. 28, pp.45-55, (2016).

97- M.R.Z. Kouhpanji, B.J.H. Stadler. "A guideline for
effectively synthesizing and characterizing magnetic
nanoparticles for advancing nanobiotechnology: a review."
Sensors (Basel), Vol. 20, pp. 1-37, (2020).

98- N. Chaudhary, M.P. Singh, P. Sirohi, S. Afzal, N.K. Singh.
"Biosynthesis zinc oxide nanoparticles using senna
occidentalis leaf extract and evaluation of their cytotoxic
effect on sw480 colon cancer cell line." Research Square,
Vol. 1, pp. 1-21, (2022).

99- G. Palermo, M. Rippa, Y. Conti, A. Vestri, R. Castagna, G.
Fusco, E. Su, J. Zhou, J. Zyss, A.D. Luca, L. Petti.
"Plasmonic metasurfaces based on pyramidal nanoholes for
high- efficiency sers biosensing." ACS Applied Materials &
Interfaces, Vol. 31, pp. 43715-43725, (2021).

100- M.A.J. Kouhbanani, N. Beheshtkhoo, S. Taghizadeh,
A.M. Amani, V. Alimardani. "One-step green synthesis and
characterization of iron oxide nanoparticles using aqueous
leaf extract of teucrium polium and their catalytic application
in dye degradation.”, Advances in Natural Sciences:
Nanoscience and Nanotechnology, Vol. 10, pp. 1-6, (2019).

101- E.A. Moaca, C.G. Watz, D. Flondor, C. Pacurariu, L.B.
Tudoran, R. Tanos, V. Socoliuc, G.A. Draghici, A. Iftode, S.
Liga, D. Dragos, C.A. Dehelean, "Biosynthesis of iron oxide
nanoparticles: physico-chemical characterization and their in
vitro cytotoxicity on healthy and tumorigenic cell lines."
Nanomaterials, VVol. 12, pp. 1-24, (2022).

102- M. Wang, C. Wang, R. Ma. "Explosive detection and
identification using x-ray fluorescence and thermal
fingerprint of silica encapsulated nanoparticles.” Colloids
and Surfaces A: Physicochemical and Engineering Aspects,
Vol. 601, p. 125027, (2020).

103- P. Jagadeesh, S.M. Rangappa, S. Siengchin. "Advanced
characterization techniques for nanostructured materials in
biomedical applications." Advanced Industrial and
Engineering Polymer Research, Vol. 1, (2023).

104- B. Hetzer, V. Graf, E. Walz, R. Greiner. "Characterisation
of tio 2-containing pearlescent pigments with regard to the
european union labelling obligation of engineered

526



S. Chetehouna, et al.

nanomaterials in food." Food Additives & Contaminants:
Part A, Vol. 38, pp. 741-753, (2021).

105- P.R.A.F. Garcia, K. Loza, S. Daumann, V. Grasmik, K.
Pappert, A. Rostek, J. Helmlinger, O. Prymak, M. Heggen,
M. Epple, C.L.P. Oliveira. "Combining small-angle x-ray
scattering and x-ray powder diffraction to investigate size,
shape and crystallinity of silver, gold and alloyed silver-gold
nanoparticles." Brazilian Journal of Physics, Vol. 49,
pp.183-190, (2019).

106- R. Pittkowski, K.M.@. Jensen, M. Arenz. "Operando
characterization of carbon-supported metal nanoparticle fuel
cell catalysts.", Vol. 169, p. 104504, (2022).

107- M. Rasouli. "Biosynthesis of selenium nanoparticles
using yeast nematospora coryli and examination of their anti-
candida and anti-oxidant activities.”, The Institution of
Engineering and Technology Nanobiotechnology. Vol.13,
pp. 214-218, (2019).

108- A. Kumar, B. Prasad, J. Manjhi, K.S. Prasad.
"Antioxidant  activity of  selenium  nanoparticles
biosynthesized using a cell-free extract of geobacillus.”
Toxicological & Environmental Chemistry, Vol. 2020, pp.
556-567, (2020).

109- A. Khurana, S. Tekula, M.A. Saifi, P. Venkatesh, C.
Godugu.  "Therapeutic  applications of  selenium
nanoparticles." Biomedicine & Pharmacotherapy, Vol. 111,
pp. 802-812, (2019).

110- W. Cai, T. Hu, A.M. Bakry, Z. Zheng, Y. Xiao, Q. Huang.
"Effect of ultrasound on size, morphology, stability and
antioxidant activity of selenium nanoparticles dispersed by a
hyperbranched polysaccharide from lignosus rhinocerotis.”
Ultrasonics Sonochemistry, Vol. 42, pp. 823-31, (2018).

111- Y. Qi, P. Yi, T. He, X. Song, Y. Liu, Q. Li, J. Zheng, C.
Liu, Z. Zhang, W. Peng, Y. Zhang. Quercetin-loaded
selenium nanoparticles inhibit amyloid-B aggregation and
exhibit antioxidant activity. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, Vol. 602, p.
125058, (2020).

112- T. Wang, H. Zhao, Y. Bi, X. Fan. Preparation and
antioxidant activity of selenium nanoparticles decorated by
polysaccharides from sargassum fusiforme. Journal of Food
Science, Vol. 86, pp. 977-86, (2021).

113- L. Qiao, X. Dou, S. Yan, B. Zhang, C. Xu. "Biogenic
selenium nanoparticles synthesized by: lactobacillus casei
ATCC 393 alleviate diquat-induced intestinal barrier
dysfunction in c57bl/6 mice through their antioxidant
activity." Food & Function, Vol. 11, pp. 3020-31, (2020).

114- G. Kojouri, F. Arbabi, A. Mohebbi. "The effects of
selenium nanoparticles (senps) on oxidant and antioxidant
activities and neonatal lamb weight gain pattern.”
Comparative Clinical Pathology, Vol. 29, pp. 369-74,
(2020).

115- M.F. Abd El-Kader, A.F. Fath EI-Bab, M. Shoukry,
AW.A. Abdel-Warith, E.M. Younis, E.M. Moustafa, H.B.
El-Sawy, H.A. Ahmed, H.V. Doan, M.A.O. Dawood.

527

"Evaluating the possible feeding strategies of selenium
nanoparticles on the growth rate and wellbeing of European
seabass (dicentrarchus labrax)." Aquaculture Reports, Vol.
18, p. 100539, (2020).

116- K. Bai, B. Hong, W. Huang, J. He. "Selenium
nanoparticles-loaded chitosan chitooligosaccharide
microparticles and their antioxidant potential a chemical and
in vivo investigation." Pharmaceutics, Vol. 12, p. 43, (2020).

117- E.S.R. El-Sayed, H.K. Abdelhakim, A.S. Ahmed. "Solid-
state fermentation for enhanced production of selenium
nanoparticles by gamma-irradiated Monascus purpureus and
their biological evaluation and photocatalytic activities."
Bioprocess and Biosystems Engineering, Vol. 43, pp. 797-
809 (2020).

118- B. Afzal, D. Yasin, H. Naaz, N. Sami, A. Zaki, M.A.
Rizvi, R. Kumar, P. Srivastava, T. Fatma. "Biomedical
potential of anabaena variabilis NCCU-441 based selenium
nanoparticles and their comparison with commercial
nanoparticles.” Scientific Reports, Vol. 11, pp.1-15, (2021).

119- A. Puri, S. Patil. "Tinospora cordifolia stem extract-
mediated green synthesis of selenium nanoparticles and its
biological applications. "Pharmacognosy Research, Vol. 14,
pp. 289-296, (2022).

120- S.R. Vundela, N.K. Kalagatur, A. Nagaraj, K. Kadirvelu,
S. Chandranayaka, K. Kondapalli, A. Hashem, E.F.
Abd_Allah, S. Poda, "Multi-biofunctional properties of
phytofabricated selenium nanoparticles from carica papaya
fruit extract: antioxidant, antimicrobial, antimycotoxin,
anticancer, and  biocompatibility."  Frontiers in
Microbiology, Vol. 12, pp. 1-19, (2022).

121- K.R.T. Chitti, G. Rosaiah, U.K. Mangamuri, A.S.
Sikharam, K. Devaraj, N.K. Kalagatur, K. Kadirvelu.
"Biosynthesis of selenium nanoparticles from annona
muricata fruit aqueous extract and investigation of their
antioxidant and antimicrobial potentials." Current Trends in
Biotechnology and Pharmacy, Vol. 16, pp. 101-107, (2022).

122- T. Francis, S. Rajeshkumar, A. Roy, T. Lakshmi. "Anti-
inflammatory and cytotoxic effect of arrow root mediated
selenium nanoparticles." Pharmacognosy Journal, Vol. 12,
pp. 1363-1367, (2020).

123- AJ. Ram, A. Roy, S. Rajeshkumar, T. Lakshmi. "Anti-
inflammatory activity of coriander oleoresin mediated
selenium nanoparticles.” Plant cell biotechnology and
molecular biology, Vol. 21, pp. 106-111, (2020).

124- X.D. Shi, Y.Q. Tian, J.L. Wu, S.Y. Wang. "Synthesis,
characterization, and biological activity of selenium
nanoparticles conjugated with polysaccharides.” Critical
Reviews in Food Science and Nutrition, Vol. 2020, pp. 1-12,
(2020).

125- C. Xu, L. Qiao, L. Ma, S. Yan, Y. Guo, X. Dou, B. Zhang,
A. Roman. "Biosynthesis of polysaccharides-capped
selenium nanoparticles using lactococcus lactis NZ9000 and
their antioxidant and anti-inflammatory activities." Frontiers
in Microbiology, Vol. 10, pp. 1632, (2019).

FBT, Vol. 11, No. 3 (Summer 2024) 509-529



Green Chemistry Approaches towards the Synthesis of SeNPs as a Metal Nano-Therapy

126- V. Nayak, K.R. Singh, A.K. Singh, R.P. Singh.
"Potentialities of selenium nanoparticles in biomedical
science." New Journal of Chemistry, Vol. 45, pp. 2849-2878,
(2021).

127- C. Zhu, S. Zhang, C. Song, Y. Zhang, Q. Ling, P.R.
Hoffmann, J. Li, T. Chen, W. Zheng, Z. Huang. "Selenium
nanoparticles decorated with Ulva lactuca polysaccharide
potentially attenuate colitis by inhibiting nf-kb mediated
hyper inflammation." Journal of Nanobiotechnology,
Vol.15, p. 20, (2017).

128- M.A. El-Ghazaly, N. Fadel, E. Rashed, A. El-Batal, S.A.
Kenawy. "Anti-inflammatory  effect of selenium
nanoparticles on the inflammation induced in irradiated rats."
Canadian Journal of Physiology and Pharmacology, Vol.
95, pp. 101-110, (2017).

129- A. Khurana, S. Tekula, M.A. Saifi, P. Venkatesh, C.
Godugu.  "Therapeutic  applications of  selenium
nanoparticles." Biomedicine & Pharmacotherapy, Vol. 111,
pp. 802-812, (2019).

130- M.E. Fernando, M.G.F. Juan, P.L. Alejandro, R.J. Luis,
B.R.J. Saraé. "A review of the effects of gold, silver,
selenium, and zinc nanoparticles on diabetes mellitus in
murine models." Mini-Reviews in Medicinal Chemistry, Vol.
2, pp. 1798-1812, (2021).

131- A. Rehman, P. John, A. Bhatti. "Biogenic selenium
nanoparticles: potential solution to oxidative stress mediated
inflammation in rheumatoid arthritis and associated
complications.” Nanomaterials, VVol. 11, pp. 2005, (2021).

132- S.X. Ren, B. Zhang, Y. Lin, D.S. Ma, H. Yan. "Selenium
nanoparticles dispersed in phytochemical exert anti-
inflammatory activity by modulating catalase, gpx1, and
coXx-2 gene expression in a rheumatoid arthritis rat model."
Medical Science Monitor, Vol. 25, pp. 991-1000, (2019).

133- H. Agarwal, A. Nakara, V.K. Shanmugam. "Anti-
inflammatory mechanism of various metal and metal oxide
nanoparticles synthesized using plant extracts: a review."
Biomedicine & Pharmacotherapy, Vol.109, pp. 2561-2572,
(2019).

134- 1. Pandiyan, S.D. Sri, M.A. Indiran, P.K. Rathinavelu, J.
Prabakar, S. Rajeshkumar. "Antioxidant, anti-inflammatory
activity of thymus vulgaris-mediated selenium nanoparticles:
an in vitro study." Journal of Conservative Dentistry, Vol.
25, pp. 241-245, (2022).

135- K. Rajkumar, S. Mvs, S. Koganti, S. Burgula. "Selenium
nanoparticles synthesized using pseudomonas stutzeri
(MH191156) show antiproliferative and anti-angiogenic
activity against cervical cancer cells." International Journal
of Nanomedicine, Vol.15, pp. 4523-4540, (2020).

136- K. Vennila, L. Chitra, R. Balagurunathan, T. Palvannan.
"Comparison of biological activities of selenium and silver
nanoparticles attached with bioactive phytoconstituents:
green synthesized using spermacoce hispida extract."
Advances in Natural Sciences: Nanoscience and
Nanotechnology, Vol. 9, pp. 1-10, (2018).

FBT, Vol. 11, No. 3 (Summer 2024) 509-529

137- S.Z. Dhabian, R.S. Jasim. "Antioxidant, cytotoxic, and
antihemolytic activity of greenly synthesized selenium
nanoparticles using elettaria cardamomum extract." Journal
of Nanostructures, Vol.13, pp. 76-85, (2023).

138- L. Falzone, S. Salomone, M. Libra. "Evolution of cancer
pharmacological treatments at the turn of the third
millennium." Frontiers in Pharmacology, Vol. 9, pp. 1300,
(2018).

139- B. Guan, R. Yan, R. Li, X. Zhang. "Selenium as a
pleiotropic agent for medical discovery and drug delivery."
International Journal of Nanomedicine, Vol. 13, pp. 7473-
7490, (2018).

140- R.l. El-Gogary, S.A.A. Gaber, M. Nasr. "Polymeric
nanocapsular  baicalin:  chemometric  optimization,
physicochemical  characterization and  mechanistic
anticancer approaches on breast cancer cell lines.” Scientific
Reports, Vol. 9, p. 11064, (2019).

141- E.A. Turovsky, E.G. Varlamova. "Mechanism of ca2+-
dependent pro-apoptotic action of selenium nanoparticles,
mediated by activation of cx43 hemichannels.” Biology
(Basel). Vol. 10, p. 743, (2021).

142- C. Ferro, H.F. Florindo, H.A. Santos. "Selenium
nanoparticles for biomedical applications: from development
and characterization to therapeutics.” Advanced Healthcare
Materials, Vol. 10, p. 2100598, (2021).

143- M. Schieber, N.S. Chandel. "Ros function in redox
signaling and oxidative stress." Current Biology, Vol. 24, pp.
R453-62, (2014).

144- P.K. Gautam, S. Kumar, M.S. Tomar, R.K. Singh, A.
Acharya, S. Kumar, B. Ram. "Selenium nanoparticles induce
suppressed function of tumor associated macrophages and
inhibit dalton's lymphoma proliferation.” Biochemistry and
Biophysics Reports, Vol. 12, pp. 172-184, (2017).

145- G. Liao, J. Tang, D. Wang, H. Zuo, Q. Zhang, Y. Liu, H.
Xiong. "Selenium nanoparticles (senps) have potent
antitumor activity against prostate cancer cells through the
upregulation of mir-16." World Journal of Surgical
Oncology, Vol. 18, p. 81, (2020).

146- P. Sonkusre, S.S. Cameotra. "Biogenic selenium
nanoparticles induce ros-mediated necroptosis in pc-3 cancer
cells through tnf activation." Journal of Nanobiotechnology,
Vol. 15, p. 43, (2017).

147- S. Perner, M.V. Cronauer, A.J. Schrader, H. Klocker, Z.
Culig, A. Baniahmad. "Adaptive responses of androgen
receptor signaling in castration-resistant prostate cancer."
Oncotarget, VVol. 6, n. 34, pp. 35542-55, (2015).

148- 1. Samarzija. "Post-Translational modifications that drive
prostate cancer progression." Biomolecules, Vol. 11, p. 247,
(2021).

149- S. Rajasekar, S. Kuppusamy. "Eco-friendly formulation
of selenium nanoparticles and its functional characterization
against breast cancer and normal cells." Journal of Cluster
Science, Vol. 32, pp. 907-915, (2021).

528



S. Chetehouna, et al.

150- A. Srinivasan, R. Kumar, P. Ramani, K. Ramalingam.
"Evaluation of cytotoxic and pro-apoptotic effects of annona
muricata senps against the lung cancer line (a-549)." Journal
of Population Therapeutics & Clinical Pharmacology, Vol.
30, pp. 254-259, (2023).

151- R. Wang, K. Ha, S. Dhandapani, Y.J. Kim. "Biologically
synthesized black ginger - selenium nanoparticle induces
apoptosis and autophagy of ags gastric cancer cells by
suppressing the pi3k / akt / mtor signaling pathway." Journal
of Nanobiotechnology, Vol. 20, pp. 1-20, (2022).

152- H. Ashraf, D. Cossu, S. Ruberto, M. Noli, S. Jasemi, E.R.
Simula, L.A. Sechi. "Latent potential of multifunctional
selenium nanoparticles in neurological diseases and altered
gut microbiota." Materials, Vol. 16, pp. 1-19, (2023).

529

FBT, Vol. 11, No. 3 (Summer 2024) 509-529



