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ABSTRACT

Recently, in the field of biotechnology, the integration of diverse chemical elements like nickel, copper, molybdenum,
Selenium (Se), and so on has increased. Out of these eclements, Se is one of the vital chemical elements used in
biotechnology for its therapeutic and clinical treatments and Antioxidant (AO), Anticancer (AC), and Antimicrobial (AM)
roles. Recent advances in biotechnology have led to the development of synthesized nano-Se to advance the therapeutic
range of Se. The synthesized Nano Selenium (NS) offers improved bioavailability, higher biological activity, etc., with
reduced toxicity levels. The characteristics like enhanced bioavailability, increased biological efficacy, and minimized
toxicity are collectively attributed to a process known as Bio-Fabrication (BF), where biological systems or processes are
utilized to design and develop nanomaterials with superior functional properties. The Biofabricated Se Nanoparticles
(SeNPs) have shown improved results among the various synthesized nano-Se. The BF method uses plants, fungi, or other
biological sources to create the SeNPs for enhanced therapeutic potential. It aims to highlight their potential as safer and
more effective alternatives to conventional Se forms, especially in AM, AC, and AO therapies. Moreover, the review
identifies existing gaps in current research and emphasizes the importance of overcoming challenges, such as source
dependency, environmental factors, and regulatory barriers..
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excellent bioavailability, (B) high biological activity, and

INTRODUCTION

Diverse chemical elements like nickel, copper,
molybdenum, Se, etc., are used in clinical and therapeutic
applications in the field of biotechnology. Out of these
elements, one of the important chemical elements is Se. Se,
a nutrient element that has a massive function in biological
systems, and is a significant compound to integrate with
antibacterial agents [1]. Thus, the elemental Se and the
Biofabricated SeNPs are utilized in the therapeutic
applications due to their increased biological importance.
Yet, due to their toxicity scale and their limited therapeutic
range, the therapeutic applications of Biofabricated SeNPs
have been limited [2].

These limitations act as a challenge to its effective
therapeutic use. To overcome the limitations, recent
advancements in biotechnology have introduced nano-Se
(NS) for therapeutic applications. The NS is engineered at
the nano scale, attracting growing attention owing to its (A)

(C) low toxicity [3]. Moreover, the NS has an easily
regulated size, controlled release, low cytotoxicity, along
with improved AC efficacy [4]. Moreover, the NS is
synthesized to create SeNP for improving the therapy
applications to the next level. Among various approaches to
synthesize NS, BF has emerged as an effective alternative.
This method leverages biological organisms or botanical
extracts, such as plant extracts, fungi, etc, to produce SeNPs
[5]. Also, the Biofabricated SeNPs exhibit physicochemical
properties, namely low toxicity levels, high adsorption
capacity, and so on, compared to the traditional Se and
Biofabricated Se. Also, the Biofabricated SeNPs show
positive results in therapy in AM, AC, and AO roles. The
results obtained from the SeNPs highlight the Biofabricated
SeNPs as an effective alternative to the conventional and
chemically prepared Se.

Thus, this review explores the significance of the
Biofabricated SeNPs as a safer and effective replacement
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for elemental Se. Likewise, the study addresses the need for
biocompatibility of Se nanostructures in therapeutic
biotechnology to reduce the adverse effects in therapeutic
applications. Also, the motivation of the study lies in the
growing demand for non-toxic therapeutic agents, which
has driven the exploration of the Biofabricated SeNPs.
Also, the Biofabricated SeNPs are proven to provide
effective benefits in the therapeutic application against AC,
AM, and AO properties. Further, this review aims to analyse
the gaps in the existing studies for bridging the gap between
elemental Se and the Biofabricated SeNPs. Further, the
Biofabricated SeNPs can be applied in the anti-microbial,
anti-oxidant, and AC therapies. This results in ensuring the
safety and effectiveness of the therapeutic applications.
Thus, the review paper is structured in the following way:
Introduction section, followed by research questions (RQs)
and article selection (“Section 2”), literature review
(“Section 3”), summary and problem definition (“Section
4”), and lastly, conclusion section (“Section 5”).

RQs AND ARTICLE SELECTION STRATEGY

The RQs framed show the significance of the review. The
RQs related to the concept of this review include: How do
the Biofabricated SeNPs differ from elemental Se? How do

the Biofabricated SeNPs work against infections and
cancer? How do the Biofabricated SeNPs improve the drug
delivery in the treatments compared with the conventional
Se? What are the significant reductions of adverse effects
when using Biofabricated SeNPs in the therapeutic
applications? and finally, what are the challenges that must
be overcome for the application of the Biofabricated SeNPs
in advanced therapeutic applications?.

Also, significant databases like Science Direct, Web of
Science, IEEE, and Scopus, were wielded in the selection
of research articles. The publications included in the review
of Biofabricated SeNPs and their therapeutic potential
bridge the gap between elemental Se and Biofabricated NS.
The articles that were published before 2016  were
excluded, and a list of keywords, such as “SeNPs”, “BF”,
“Green Synthesis”, “Anti-microbial, AC”, “AO”, “NS”,
and “elemental Se,” was used for the search strategy.

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) framework was employed to
ensure that the review of Biofabricated SeNPs and their
therapeutic potential to bridge the gap between elemental
Se and Biofabricated SeNPs was conducted in a clear,
organised, and consistent way. The representation of
PRISMA is shown in Figure 1.
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Figure 1: PRISMA Framework

LITERATURE REVIEW
This section aims to investigate the role of Biofabricated
SeNPs and their potential therapeutic applications in the

AC, AM, and AO roles. Moreover, the challenges and the
regulatory issues of the Biofabricated SeNPs during their
therapeutic applications are also explored in the section to
present a clear and concise view of the BIOFABRICATED
SeNPs.
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3.1. BIOFABRICATED SeNPs: Detailed Overview
BIOFABRICATED SeNPs are the nano-sized Se elements
that are used for various applications like agricultural,
biomedical, cosmetics, coatings, and packaging. Yet, the
SeNPs have significant biological applications [6] and are
widely used in the field of biotechnology. Moreover, the BF
process of SeNPs includes only the natural extracts for its
eco-friendly behaviour. Especially, the phytochemicals that
are the backbone of plants help to easily engender
Nanoparticles (NPs) with less toxicity [7]. But, the research
studies conducted based on the animal studies using
Biofabricated SeNPs were relatively fewer when compared
with the other research studies conducted on Biofabricated
SeNPs based on the plant studies. So, in this section, this
review focuses more on the plant-based Biofabricated
SeNPs rather than animal-based studies.

Also, the study [8] also used the sustainably synthesized
Biofabricated SeNPs as a seed printing agent for
germination on Oryza Sativa L. Thus, the findings
highlighted that the efficacy of the SeNPs augmented the
seed germination, embryo viability, along with seedling
vigour. Likewise, the study [9] explored the synergistic
mitigation of aluminium toxicity in rice using the
Biofabricated SeNPs and nitric oxide. Also, the findings

revealed that the combined treatment with SNP and
Biofabricated SeNPs enhanced aluminium tolerance with
regulated sulphur metabolism. Following this, the study
[10] aimed to bio-fabricate the SeNPs along with assessing
the foliar applications for improving wheat plants’ growth
under controlled irrigation and drought stress. A key role is
played by SeNPs in augmenting the drought tolerance along
with the growth of wheat plants under severe drought stress.
Afterward, the study [11] employed Biofabricated SeNPs
from the Goniothalamus wightii for biomedical
applications along with photocatalytic degrading ability.
Likewise, the results depicted that the synthesized SeNPs
had good antibacterial potential on the strains of Gram-
positive and Gram-negative pathogens.

Lastly, the study [12] used the pineapple peel waste extract
to biofabricate the SeNPs, aimed at various medical uses.
Also, the formed SeNPs demonstrated enhanced AC
effectiveness. Despite the promising results, some of the
notable challenges were included in the Biofabricated
SeNPs.

Also, Table 1 presents the important parameters of the
Biofabricated SeNPs investigated from the discussed
research articles for a better understanding of the behaviour
of Biofabricated SeNPs.

Table 1: Important parameters of the bio-fabricated SeNPs investigated from the above-discussed research articles

Findings
Fourier
5 o < Size Transform (Energy -
Aniiery’ name Stndy type Extructiun (mm) | Intensity | Absorbance | Transmittance | Concentration InfraRed Dispersive X- Challenges
spectroscopy Ray) EDX rate
{FTIR) rate
. . Between P B i .
Experime 725, 125,2 . article size
Salem [6] Experimentsl Baker's Yeast G4and | 101nm 200 nm 1600.1 6.1, 123, 230, 617.1 em-1 Nil Variability in nanoparticle siz
' rescarch $1am and 500 pg/mL and lack of toxicity data.
Venkatesan & Experimental  Withania s g0 - ) ) 12.74, 40.54, and Weight % : 30.79 |y phous nature and limited
o - Somnifera leaf 657 nm 18 Wil 3434 em-1 and Atomic % A
Sujatha [7] rescarch nm 156.33 pg/mg " long-term stability of SeNPs.
cxtract 66.79
Applicd 2000 235 55 Between Standardization of nanoparticle
Jyotsna, et al, [8] experimental Raisin extract N T 1800 and 3423 cm-1 10 to 30 Mm Mil Nil formulation and increased cost
600 nm em—1 2 . . .
study 1500 em-1 of nanoparticle production.
Mechanistic oot Limited nanoparticle
Salvinia molesta
Abir, etal., [9] experimental - ~67 nm 29.7557 08 Nil 5 mM and 20 mL Hil Nil penctration and mobility in
D. Mitch. cxtract
study plants.
§ Applied
“”ha“‘l“l‘[‘lf" ctal, experimental | Allium sativum L. | 257 nm il 257 nm nil nil Nil 2.5 and 3.0KeV Shorter shelf Tife of SeNPs.
b study
Chinnaraj, etal, [11] | Eeperimental Gomothalamos | o0 11 265 nm 3500 74.12 (lginL) Nil Nil Limited In Vivo therapeutic
study wightii validation.
Applicd Ananss comosus | BEEVEER Ant biofilm cficctivencss
Mohamed, etal., [12] experimental ’ "f_l s 33 and 101 14 1596 62.5-31.25 ug/mL Mil Nil limitations and a moderate
study pee Tinm antioxidant property.
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The above table investigates the characterization of the
SeNPs using notable parameters like size, intensity,
absorbance, transmittance, and so on. Further, from the
above table, the research study presented by Jyotsna, et al.,
[8] reported the largest NP size of Se along with the highest
intensity range. This indicated larger and potentially more
dispersed particles. On the other hand, the research study
conducted by Salem, et al., [6] achieved the smallest NP
size with the highest absorbance value and transmittance
value compared to the other discussed studies. This
suggested higher optical activity and smaller particles. In
terms of the concentration, the study presented by
Chinnaraj, et al., [11] highlighted the highest concentration,
while the study presented by Abir, et al., [9] had the lowest
concentration rate. Further, in the research publication
conducted by Chinnaraj, et al., [11], the FTIR rate was also
higher. Ultimately, these variations highlighted the
influence of different biological sources and synthesis
methods on SeNPs' properties.

3.2. Therapeutic potential of Biofabricated SeNPs

The Se elements are widely used in diverse therapeutic
applications, like AO, AM, and AC roles. Among the Se
elements, the Biofabricated SeNPs (also known as green
synthesized SeNPs) are used in such therapeutic roles. The
BF method uses natural plants and microbes to fabricate the
SeNPs for providing the enhanced therapeutic application
[13]. Moreover, the BF process has shown promising
effects against diseases. Due to the challenges like
structural instability and unclear or varying chemical
structure in the BF techniques of SeNPs, complete
adaptability is difficult in the therapeutic applications.

In the study [14], the SeNPs’ therapeutic potential derived
from purple sweet potato (PSp) extracts was explored for
promoting wound healing regarding antibacterial
effectiveness. Likewise, the PSp-SeNPs demonstrated
excellent  biocompatibility and hemocompatibility,
recommending significant therapeutic promise meant for
broader biomedical applications. Next, the study [15]
examined the clove of Aloe Vera, which was wielded for
SeNPs’ synthesis to examine its AO potential. The
experimental analysis reported that the SeNPs prepared by
employing Aloe Vera extract possessed more AO activity
when analogized to the extract alone. This suggested the
considerable therapeutic promise for broader biomedical
applications.

Also, the natural penicillium extracts were used for the BF
process, and the SeNPs’ therapeutic properties were
analysed in both studies [16] and [17]. As mentioned in
study [16], the antibacterial and cytotoxicity of green-
synthesized SeNPs by employing Penicillium corylophilum
were explored. The experimental results highlighted that

Se-NPs  exhibited broad-spectrum activity against
pathogenic Gram-positive along with Gram-negative
bacteria. Similarly, in the study [17], SeNPs’ biosynthesis
process was performed using Penicillium expansum ATCC
36200 for numerous biomedical properties, like AM, AO,
AC activities, along with hemocompatibility. Next, the
results indicated a high AO and AC potential, indicating that
the Se-NPs by P. expansum were promising for several safe-
use biomedical applications. Further, the studies [18] and
[19] used the polysaccharides of plants as their key
components for the examination of the AO, AM, along with
AC activities of the Biofabricated SeNPs. The research [18]
aimed to investigate SeNPs’ AO activity stabilized by the
polysaccharides of Grateloupia filicina (GFP). GFPsSeNPs
depicted a higher AO activity when weighed against GFPs
as well as SeNPs alone. Likewise, the study [19] used the
polysaccharide of mangrove Rhizophora mucronata
(RMLP) to investigate the AO and AM properties of the
SeNPs. Besides, the RMLP-SeNPs showed good AM along
with antibiofilm activity against tested strains like
Aeromonas hydrophila, Escherichia coli, Staphylococcus
aureus, along with Pseudomonas aeruginosa.

Also, in the research study [20], the Se-NPs were analysed
with an aim on their photocatalytic applications,
cytotoxicity, along with AM activities. Besides, Se-NPs
depicted a vital photocatalytic effects; also, exhibited
effects in overpowering the growth of harmful
microorganisms. Next, Cytotoxicity exploration and
SeNPs’ AM efficiency biosynthesized by Spirulina
platensis was explored in the study [21]. The Biofabricated
SeNPs depicted latent AM activity against gram-negative
bacteria and yeast fungi C. albicans ATCC 10231. Lastly,
the evaluation of in-vitro AO, anti-inflammatory, along with
anti-diabetic properties of SeNPs derived from Nigella
Sativa seeds was carried out in the research [22].
Ultimately, the findings showed that SeNPs synthesized
from Nigella Sativa enhanced AO, anti-inflammatory, and
anti-diabetic activities, highlighting their therapeutic
potential.

These findings from the Biofabricated SeNPs bridge
traditional herbal medicine and nanotechnology, offering a
promising pathway for sustainable interventions against
chronic diseases. Besides, green-synthesized SeNPs’
prospects represented a potential breakthrough in
addressing the complexities of wound healing along with
other biomedical challenges, like the anti-microbial and AO
therapeutic applications. Also, the findings and the
advanced therapeutic capabilities of the Biofabricated
SeNPs investigated from the above-discussed research
articles are tabulated in Table 2.
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Table 2: Significant parameters highlighting the therapeutic potential of bio-fabricated SeNPs from the above-discussed research articles

Findings
Key Extraction Nanoparticles . 2,2 DiPhenyl -1- 2, 2" Azino-Bis (3- , .
compuonent(s) Size Hemolysis Rate | Transmittance Intensity Viaclﬂlli " m_z:;"m PicrylHydrazyl ethylbenzoThiazoline-6- Challenges References
" (DPPH) Rate Sulfonic acid) (ABTS) Rate
A&:‘lﬁ;ﬂ? Selectivity towards only
emerginata, and between 245 and (.62 tfw 21 1606 cm-1 101 Nil Nil Nil Nil the Gram positive bacteria 3]
321 nm mg/ml and an unclear antibacterial
Gymnanthemum .
! . mechanism
amygdalinum
Complexity in pyroptosis
purple sweet potato 80-100 nm <5% Nil 101 -120 Nil Nil Nil regulation in humans and [14]
Regulatory and barriers
Lack of in vivo and clinical
Leafesiacs of 748nm il Nil Nil NIl | 8090% 90% $0%-90%  Vilidatioo, Limited [15]
Aloe Vera functional assessment of
antimicrobial property
Lack of regulatory
Penicilliur 29,1489 nm Nil Nil 35% 17182m | 20mm Nil Nil approvaland bisafety, [16]
corylophilum and Lack of cytotoxicity
validation
Penicilium Limited anticancer-related
expansum ATTC 410 12.7nm 250 pg/mL 1620.8 600 Nil -27% Nil Nil y [17]
therapeutic index
36200
Polysaccharides A narrow margin between
Isolated from 100 nm Nil Nil Nil Nil Nil ~-82% Nil the toxic and functional [18]
Grateloupia filicina dosage
I’c)]);':a;o‘}:i:gcm poor stability and low
ang around 54.85 nm Nil Nil Nil Nil 12.50% ~60% 10% cellular accumulation in [19]
Rhizophora
SeNPs
mucronata
Limited antimicrobial
Cuminum eyminum | approximately 46 Nil 1070 7000 counts 100% Nil Nil Nil spectrum and no evaluation [20]
L extract nmand 45 nm on toxicity and
environmental safety
High variability in the
Spirulina platensis | 79.40+ 4426 nm Nil 45% Nil 9% 45mm il Nil shape of ScNPs and no 21]
long-term eytotoxicity
testing
Nigella Sativa seeds | 45-60mm Nil Nil Nil Nil §0.50% 85,2420 8323 Lack of toxicty data and [22]
no in vivo validation

The above table investigates the significant findings from
the therapeutic potential of the Biofabricated SeNPs in
various treatments like AO, AM, and AC roles using the
metrics, such as Hemolysis rate, cell viability, DPPH rate,
etc. Among the studies, the research study presented by
Heba, et al., [21] reported the highest AO performance with
the highest DPPH and cell viability scores. Next, the study
conducted by Jay & Rana [15] demonstrated the highest
antibacterial effect with increased inhibition zone, even
though it lacked the long-term cytotoxicity data. Further,
the research article published by Fatemah, et al., [20] using
the cuminum extract showed 100% cell viability and
extremely increased intensity counts. This showed a better
bioactivity, yet lacked the microbial and AO effects. In
contrast, the studies presented by the authors Natwar, et al.,
[19], Kehinde, et al., [22], and Amr, et al., [17] showed
incomplete data and low therapeutic outputs with major
challenges like poor stability and selectivity. Thus, the
studies conducted by Kehinde, et al., [22] and Heba, et al,,
[21] utilised the Biofabricated SeNPs, which provided the
most promising results with balanced performance in the
therapeutic applications.

3.3. Bio-fabrication methods and characterization of
SeNPs

The SeNPs’ BF process was done to enhance the therapeutic
potential. Different fabrication methods were used to
prepare SeNPs with different morphologies and sizes [23].
Also, the characteristics of the Biofabricated SeNPs
highlighted their capability for therapeutic applications.

Analysis is done by diverse methods like Ultraviolet Visible
Spectroscopy (UV—-vis), FTIR, Scanning
ElectronMicroscopy-Energy Dispersive X-ray (SEM-
EDX), Transmission Electron Microscopy (TEM),
Dynamic Light Scattering (DLS), along with Zeta potential
measurements. AO, along with in-vitro cytotoxicity
properties in the research studies, was analysed by using
diverse experimental parameters like AO activity,
molecular docking, and fluorescent spectra. [24].

Further, the study [25] explored the FTIR as well as Raman
spectroscopic characterization of SeNPs synthesized using
the bacterium Azospirillum thiophilum. Using the
combination of FTIR and Raman spectroscopic approaches,
it was shown that proteins’ secondary structure remained
unchanged, recommending that the synthesized nano-Se
might be wielded as a carrier in the drug delivery system
devoid of any cytotoxicity effect. Afterward, the study [26]
aimed to biofabricate the SeNPs by employing Moringa
oleifera leaf extract (MOLE) and analogizing the MOLE-
SeNPs’ protective effects. Besides, the study provided
evidence that the MOLE-SeNPs extract increased
melamine-induced nephrotoxicity, which was capable of
reducing the renal function impairments, oxidative stress,
along with apoptosis. The study [27] investigated the
synthesizing process of SeNPs using O. gratissimum and
explored their AM activities. Also, the bio-synthesized
SeNPs by O. gratissimum depicted higher AM activity
against the gram-positive along with gram-negative
bacteria.
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Following the above-mentioned research studies, the
studies [28] and [29] focused on the investigation of the
characteristics and synthesizing methods of Biofabricated
SeNPs for the detailed exploration of their characterization.
The study [28] used the natural extracts of Capparis
decidua for the BF process, and the characterization was
analysed using the ultra-visible spectroscopy along with
Transmission Electron Microscope [TEM]. Further, the
study concluded that the prepared SeNPs were eco-friendly
and contained rich medicinal properties with fewer side
effects. Next, in the study [29], the SeNPs were synthesized
with the bacterial exopolysaccharides and verified through
the UV-Vis spectral examination. The findings showed that
the Biofabricated SeNPs exhibited the highest TEM
characteristics and the enhanced potential for medical
applications.

Also, some other research papers solely focused on the BF
process of SeNPs, which demonstrated enhanced properties

of SeNPs. The study [30] focused on the BF of SeNPs using
the P aeruginosa for bioremediation. Furthermore, the
tested bacterial strain depicted vital selenite reduction
activity. This indicated that the SeNPs had higher potential
in medical applications. Next, the study [31] also focused
on SeNPs’ biosynthesis by employing microbes of the
bacillus species. The highest zone of inhibition indicated
that the microbial synthesised SeNPs would be an efficient
medicine due to their AO and AM activity. At last, in study
[32], the Biofabricated SeNPs used B.paramycoides 24522.
The fabrication process exhibited lethality against
Staphylococcus aureus along with Escherichia coli with
propitious AO capabilities via scavenging DPPH radicals as
well as minimizing power.

Also, the detailed investigation of BF methods and
characteristics of SeNPs from the above-discussed research
articles is tabulated in Table 3.

Table 3: Detailed investigation of Bio-fabrication methods and characteristics of SeNPs from the above-discussed research articles

Analysed Findings
Authors' Name Biofabrication methods characterizations Zﬂn. TEM DLS FITR DPHH Inhibition ,-[‘E-"- Absorbance Challenges
potential spectroscopy zone Viability spectra
§ " Instability of SeNPs and
Safeih, ot al, [23] Ascorbic acid mnd DLS, FITR, TEM, MTT Nil Nil Nil 1594.34 em-1, 100% 135mm | 1900% 024 | 500 200 1 variation of antioxidant
Polyvinyl alcohol hr}
’ activity
FT-IR, SEM-EDX, . i
Nabid,etal, [24] | SCPNAMAISA B | oy B, and e 5000 Nl | s0% | 4000400 eml Nil 6% 100% Blrial | Limited Boeompabity
and Cyte serum proteins potential measurements mg/mL). in the SehEs
- FITR, Raman
. bacterium Azospirillum N . 160- . - . Uncertain size and
o y 185 mV o
Anna, etal., [25] iophilu Spectroscapy, TEM, 185 mV N s 250 em- 1 Nil Nil Nil Nil polydispersity of SeNPs
N N . Variable effectiveness
Ehsan, et al., [26] Moringa Ll"“.'l‘” feaf TEM, j“b:”""“‘“ Nil 1000m | Nil Nil Nil Nil Nil 400 and 700nm | between individuals and
extrac pectm biological complexity
20 nm- Variability in particle
Gbemisola, et al, [27] Ocimum gratissimum TEM, SEM, FITR 1000 ]ﬂ;?m Nil 3458.00 cm-1 Nil Nil Nil 25 size and a lack of an
antibacterial mechanism
Lack of characterization
Madhumita, et al., [28] Ocimum gratissimum TEM Nil 320 nm Nil Nil Nil Nil Nil Nil data and no biological
evaluation
Thirumalaivasan, et al Baclw;]&?;c(}}l]h;s R 3425 em 1, 2926 Low dispersion stability
. e nm' [)Ih;cc-hundc\ Nil Nil Nil Nil eml, 1639cm 1, 80% Nil 80% 03 and incomplete toxicity
P (éPi) and 1411 em | details
) Raman spectroscopy, " i
Aruna, et al, [30]  bacterialstmin b 1y 6 TEM, and Nil 959 Nil Nil Nil Nil Nil 1.0 mM Amorphous nature of
Pseudomonas aeruginosa FTIR 3590m SeNPs nanoparticles
5 Lack of cytotoxicity or
aaahiria il Tl 25 . - R
Greeshma & Maheth Bacillus species SEM Nil Nil Nil 3200cm-1 Nil ! er::]nd = Nil Nil biocompatibility
assessment
i okal [ Bacterium Bacillus . . . 0 . - Lack of particle size of
Pei, etal, [32] paramycoides 24522, Nil Nil Nil Nil Nil 82% Nil Nil 08 SeNPs

The above table investigates the characterizations of the
SeNPs, such as zeta potential, DPHH, cell viability, etc., to
explore the detailed characteristic understanding of the
Biofabricated SeNPs. The study presented by Shafeih, etal.,
[23] showed high AO activity but faced NP instability. The
research published by Nahid, et al., [24] reported a
moderate biocompatibility with limited overall safety.
Following this, the research study conducted by Nahid, et
al., [24] and thirumalaivasan, et al., [29] exhibited a higher
FTIR spectroscopy compared to the other studies, which
indicated a higher characterization potential. On the other

hand, the research studies presented by Aruna, et al., [25]
and Greeshma & Mahesh lacked cytotoxicity and biological
data assessment, even though the studies provided
enhanced characterization standards. Lastly, the research
study conducted by Nahid, et al., [24] depicted higher TEM
spectroscopy compared to the study conducted by
Gbemisola, et al., [27], which showed an enhanced SeNPs
size with higher therapeutic potential.

3.4. Mechanism of actions of BIOFABRICATED SeNPs
The Biofabricated SeNPs exhibited various mechanisms of
action, such as AO activity, AM activity, etc., for the
enhancement of the therapeutic potential [33]. These action
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mechanisms explained the capacity of the SeNPs particles
[34] and the complete investigation of their potential in the
role of therapeutic applications against microbial and
cancer diseases. The study [35] aimed to demonstrate
SeNPs’ effects on the growth performance, AO status, along
with immunity analysis in fish. Moreover, the SeNPs
enhanced the capability to alleviate multiple stresses in the
Pangasinodon 65 hypothalamus. Next, the study [36]
evaluated the AC effectiveness of the SeNPs using
curcumin. The results highlighted an augmented ROS level
and decreased mitochondrial membrane potential, along
with apoptosis in the HCT116 cells. Besides, in the study
[37], the biogenic SeNPs were Biofabricated using the
cyanobacteria, and their bioactivities were discussed. This
study compared the SeNPs with the commercially available
SeNPs. Also, the findings showed that the Biofabricated
SeNPs showed higher bioactivities compared to the
chemically altered SeNPs, recommending biomedical
application’s higher probability. Then, the study [38]
explored the mechanisms of the Biofabricated SeNPs using
the Fusarium fujikuroi MED14. The Se NPs depicted
antifungal activity against F solani, Aspergillus niger, F.
Sfujikuroi MED14, along with Candida albicans, with higher
inhibition zones.

was demonstrated that the SeNPs provided an enhanced
therapy for cancer using the targeted nano systems.
Likewise, the research study [40] constructed the
Cordyceps sinensis expolysaccharides-conjugated SeNPs,
along with analysed the enhancement of their AO activities.
The overall findings showed significant scavenging ability,
but also found that the EPS-SeNPs could serve as a good
AO.

Ultimately, in the research study [41], the selenite ions were
minimized to the SeNPs by employing the leaf extract of
barley, and the synthesized action mechanisms were
evaluated using the SEM technique and IV
spectrophotometry. The findings offered the 1st evidence
that the green Se NPs promoted barley seedlings’ growth
under salt stress. Lastly, in the research study [42], the
preparation of SeNPs by employing Indian Gooseberry’s
fruit extract was carried out, and the structural properties
were analysed. This showed that the prepared SeNPs
depicted vital inhibition of bacterial growth at a lower
Minimum Inhibitory Concentration (MIC). These action
mechanisms and the structural characterization analysis
showed the enhanced potential of the Biofabricated SeNPs
over elemental Se. Further, the significant mechanisms of
action and characterization of the Biofabricated SeNPs

Also, the study [39] explored the targeted delivery of from the above-discussed research articles were
paclitaxel by Biofabricated SeNPs for AC therapy viaROS-  investigated and tabulated in Table 4.
mediated signalling pathways. As a result of the analysis, it
Table 4: Significant mechanisms of action and characterization of the biofabricated SeNPs from the above-discussed research articles
Findings
Study type Bio components used Mechanism of Actions Adverse effects Antimicrabial . 5 Bacterial Challenges References
o reported . Transmittance Intensity X
activity pathogens
Experimental Antibacterial Activity and ]dI:‘[;lt:ilIl]:::L::dm
F ) Streptomyces sp. (M10AG3) Anthelminthic Activity Nil 80% 3300.74 14% 0.9 . [33]
research study o Effective
Mechanism .
Microbial Strains
Lack of delivery
and dosage
C.unlmI](:d Lycopene Antioxidant al?d..i_\nlmpnptt}llc Histopathological Nil Nil Nil Nil optimization, 1341
experimental study Activities damage complexity of
nanoparticle
synthesis
Research study dietary selenium nanoparticles Gmwl.b performance and Mild toxicity und 2.56 Nil 1 Nil Comptttx response [35]
Antioxidant defence Immune suppression variability
PR Complexity in the
Experimental study Curcumin ROS pmduug:;:nd cell cycle Nil 96% Nil 1 Nil targeted delivery [36]
} system
5 - Standardization of
Comparative in Anabaena variabilis NCCU-441 Antioxidant, Ant]pmmbml. and Cytotoxicity to 100% 01201 0 16 nanoparticle 137
vitro study anticancer effectiveness normal cells quality
Experimental in Lack of uniformity
[? Fusarium fujikuroi MED14 ROS, Particle size effects Nil Nil 246 nm Nil Nil and stability of [38]
vitro study p
SeNPs
. . N . . Need for targeted
Experimental study becyclodextrin (b-CD)-folate ROS, Particle size effects Nil 20% Nil 200nm 150 delivery [39]
E""Ij“rf""f’tz’i Difficulty in
Syntiesis an Cordyceps sinensis Antioxidant activity Nil Nil Nil 3 Nil achieving stable [40]
characterization
SeNPs
study
Increased
. o i . Antioxidant effects and . . . . oxidative damage
Experimental study barley plants Antibacterial effects Nil Nil Nil Nil Nil due to the shoot [41]
growth
. Oxidative stress and -
Evaluation study Indian . Antibacterial mechanism Inflammatory 5170m Nil Nil 97% Lack of sable [42]
‘ gooseberry(PhyllanthusEmblica) respses ! nanoparticles
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The above table explains the action mechanisms of the
characteristics of the SeNPs using important metrics like
AM activity, reported adverse effects, etc. Among the
studies, the research study by Bushra, et al., [37] showed
the highest AM activity and strong intensity compared to
the other studies. Furthermore, the study by Manisha, et al.,
[36] showcased the highest transmittance rate and reported
no adverse effects. This highlighted the safe and potent AO
role. Also, the study presented by Suseenthar, et al., [33]
performed well but lacked delivery innovation. Lastly, the
research study presented by Ishita, et al., [42] highlighted
strong bacterial reduction but lacked the NP consistency,
making it lower in the stability rate.

3.5. Challenges in the therapeutic applications of SeNPs
The biological approaches of the Biofabricated SeNPs
offered advantages by minimizing production costs,
diminishing  toxicity, along  with  augmenting
biocompatibility [43] as they evade dipping agents along
with stabilizing agents’ usage. Natural extracts not just
support SeNP formation but also augment their stability
along with biological functionality. Despite the advantages,
there were some notable challenges in the therapeutic, like
unstable NPs, unclear particle mechanism, etc.

Further, the study [44] explored the role of Biofabricated
SeNPs in the field of biomedical science. The findings
highlighted the nanosizing of SeNPs’ significance on the
pharmacological activity. Yet, the challenges like drug
delivery, imaging, therapeutics, and diagnostics procedures
were reduced to achieve the higher potential of the SeNPs.
Next, the study [45] investigated the synthesis of the
Biofabricated SeNPs using the halophilic bacteria. Also, it
was characterized using the UV-Vis, FTIR, EDX, etc. Yet,

the Biofabricated SeNPs were used due to their
effectiveness and flexibility. The storage concerns and the
particle stability were notable challenges that still existed in
the process.

The research study [46] explored the synthesis technique to
engender the SeNPs with consistent size, along with
distribution to evaluate the potential effects. The findings
showed that the SeNPs offered a propitious therapeutic
approach by restoring the mitochondrial function along
with redox homeostasis. Also, the research study [47]
utilised the probiotics to synthesize the SeNPs, which
achieved the Ilarge-scale application and enhanced
therapeutic results. Nonetheless, the instability in the
molecular mechanism and the lack of in vitro assessment
were the challenges. Further, in the study [48], the SeNPs
were stabilized with the glucan and rosamarinic acid to
stabilize the SeNPs. However, the unstable mechanism and
the lack of storage assessment downgraded the potential
therapeutic application of the SeNPs.

Lastly, to enhance the potentiality of the therapeutic
application of SeNPs, the studies [49] and [50] synthesized
the SeNPs by different methods. The research study [49]
used the Streptomyces parvulus MAR4 and Nch for the BF
process, which provided high stability. Yet, the process
resulted in an unstable particle size. Similarly, by using the
microbial reduction process, the study [50] was
Biofabricated under anaerobic and aerobic conditions. Yet,
the polydispersity nature of the biogenic SeNPs and their
size variability resulted in the restriction of the therapeutic
applications. Also, in Table 5, the challenges of the BF
process in the SeNPs from the discussed research articles
are analysed and tabulated.

Table 5: Challenges of the Bio-fabrication process in the SeNPs from the discussed research articles

Unstabl

¢ Particle Storage Lack of ;f;rget Imaging (I;fa .
Study Molecul | Size . . in vivo Polydisper . . | Referen
type ar Variabil Wcompanb assessm drl{g t!lerapeu sity clinic ces

mechani | ity ility ent deliver | tics al.

y trials

sm
Experime
ntal X X X X X [43]
analysis
Comparat
ive X X X X X [44]
analysis
Experime
ntal X X X X X X [45]
analysis
Experime
ntal X X X X X X [46]
analysis
Experime
ntal X X X X X X [47]
analysis
Experime
ntal X X X X X [48]
analysis
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Comparat
ive X X X
analysis

[49]

Comparat
ive X X X X
analysis

[50]

Challenges included in the study X
included in the study.

The above table investigates the challenges present in the
therapeutic applications of the Biofabricated SeNPs, like
the unstable NP size, polydispersity, etc. From the above
table, it was shown that the research studies by Mervat, et
al., [49] and Xiaona, et al., [50] exhibited high potential
with a lower number of challenges and limitations. On the
other side, the research studies presented by Rasha and
Neihaya [43] and Marjorie, et al., [44] demonstrated low
performance with high challenges. Further, the studies
published by the authors Wei, et al., [46], Zhangqian, et al.,
[47], and Mervat, et al., [49] were found to have advanced
potential without the particle instability issues.

challenges not

REVIEW SUMMARY

Most of the research focused on the chemically synthesized
or the elemental forms of Se, despite various studies on the
Biofabricated SeNPs. This elemental Se often posed
toxicity concerns and limited biocompatibility. There is a
notable gap in understanding the full therapeutic potential
of the Biofabricated SeNPs. Existing studies lacked
standardized protocols for the BF, detailed toxicity
profiling, and long-term in vivo studies. Furthermore, only
a few studies had explored the scalability, reproducibility,
and BF of these eco-friendly SeNPs, which limited their
integration into therapeutic applications, especially in AM,
AO, and AC therapies. Also, the elemental Se often
provided limitations, such as high cytotoxicity and poor
bioavailability. The Biofabricated SeNPs had emerged as
the solution to the toxicity concerns and the environmental
concerns. The Biofabricated SeNPs offered a safe
alternative; yet, the therapeutic benefits were
underexplored, and the significant barriers like biological
source variability, limited clinical validation, etc., remain
unsolved. These limitations affected the acceptance of the
Biofabricated SeNPs in modern biotechnology. The
primary objective was to bridge the gap between the
elemental Se and the BIOFABRICATED SeNPs. First, the
dependence of diverse biological sources caused variability
in the NP characteristics, affecting the reproducibility, and
secondly, there was a lack of comprehensive regulatory
guidelines for evaluating the safety and effectiveness of the
Biofabricated SeNPs. Lastly, the current research lacked
longitudinal clinical studies, affecting the transition of
Biofabricated SeNPs from the experimental models to the
real-world therapeutic applications. As previously
explained in Section 2, research articles were extracted
from the database between 2016 and 2025. Also, the
research articles were organized according to the PRISMA

methodology. The graphical representation of the reviewed
articles’ selection results is exhibited in Figure 2.

No.of Indexes

L LU MR L

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
BScience Direct 0 0 0 1 2 1 0 0 2

0
Scopus 1 2 4 2 3 5 4 4 4 3
Web of Science 0 0 0 1 1 0 0 1 0 1
IEEE 0 0 0 0 0 0 0 0 0 0
Others 0 1 1 1 1 1 1 0 0 2

Figure 2: Graphical representation of the selection
results of the reviewed articles
CONCLUSION
Here, this review focused on Biofabricated SeNPs and their
therapeutic potential, and bridging the gap between
elemental Se and Biofabricated SeNPs. By using the
biological extracts like plants, fungi, microbes, etc, the

study highlighted the therapeutic potential of the
Biofabricated ~ SeNPs.  This  offered  enhanced
bioavailability, improved biological activity, and a

significant reduction of toxicity compared to the
conventional elemental Se. As per the key findings from the
study, the Biofabricated SeNPs exhibited promising
therapeutic applications, particularly in the AM, AC, and
AO treatments. Furthermore, the eco-friendliness of the
synthesis methods, combined with the low cytotoxicity and
high effectiveness, made the Biofabricated SeNPs suitable
for safe clinical use. Also, the importance of the findings lay
in the potential to advance safer, more effective therapeutic
agents while addressing the limitations of the elemental Se.
Nevertheless, the Biofabricated SeNPs had some
limitations, like the wvariability in biological data,
insufficient long-term clinical data, etc. Eventually, future
research should focus on optimizing the synthesis methods,
involving clinical trials, and optimizing the size variability
in the particles, etc., for effective evaluation of safety and
therapeutic outcomes of the Biofabricated SeNPs in real-
world biomedical applications.
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