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ABSTRACT

Introduction; In the biomedical field, selenium nanoparticles (SeNPs) have earned popularity since they possess strong
antioxidant, anti-inflammatory, and antibacterial characteristics. Use of plants to synthesize SeNPs is ecofriendly and easily
biocompatible, and does not require toxic chemicals. This paper is dedicated to the synthesis of SeNPs with the help of
lining Withania somnifera and Linum usitatissimum extracts and their implementation into a nanoformulation consisting
of hesperidin (NCs). The aim was to investigate the anti-inflammatory, antioxidant, antimicrobial and embryonic toxicity
activity of SeNP-hesperidin nanoformulation.

Materials and Methods: he synthesis of SeNPs was conducted after combining an aqueous plant extract with sodium
selenate and allowed to stir continuously over 48 hours. The UV-visible spectroscopy was used to confirm the formation
of nanoparticles. The nanoformulation was prepared by mixing SeNPs and hesperidin, as well as sonication to provide
complete mixing. The antimicrobial activity was measured with the help of the agar well diffusion method and the time-
kill curve assay.Anti-inflammatory potential was evaluated through bovine serum albumin (BSA) denaturation, egg
albumin denaturation, and membrane stabilization assays. Antioxidant activity was measured using DPPH, H,O;
scavenging, FRAP, ABTS, and nitric oxide scavenging assays. Biocompatibility was determined using the brine shrimp
lethality assay and zebrafish embryonic toxicity evaluation.

Results :UV-visible spectroscopy confirmed SeNP formation at 395 nm. The nanoformulation exhibited significant
antimicrobial activity, with Candida albicans showing the highest inhibition zone (20 mm at 100 pg/mL). Concentration
dependent inhibition of protein denaturation, reaching 85% at 50 ug was observed at anti-inflammatory assays. Antioxidant
assays revealed strong free radical scavenging activity, comparable to standard antioxidants. Cytotoxicity tests showed
minimal toxicity at lower concentrations, while embryonic toxicity assays indicated a reduction in hatching rates at higher
doses (40-80 pg/mL).

Discussion: The study highlights the synergistic effects of SeNPs and hesperidin, which enhanceanti-inflammatory,
antimicrobial, and antioxidant properties. The formulation’s selective antimicrobial activity suggests its potential for
treating fungal and bacterial infections. It is biocompatible at lower concentrations implying that it can be used as a
therapeutic agent. Nevertheless, the dose needs to be optimized in order to avoid embryonic toxicity at high doses.

Conclusion: SeNPs-hesperidin Nano- formulation was produced via the green technique and was highly bioactive with
less toxicity over low doses. It is also a possible target of biomedical use due to its advantageous antimicrobial, antioxidant,
and anti-inflammatory properties that could be used in wound healing, oxidative stress and infection inhibition. The path
forward in the area of research must be concerned with formulation optimization, in vivo and clinical translation..
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1. INTRODUCTION

Nanotechnology can be described as an interdisciplinary form of research since it allows the physical handling of materials
at nanoscale level, which presents multi-faceted benefits in biomedical applications, such as, diagnostics, therapeutics, and
delivery systems(1,2). Targeted drug delivery and personalised medicine have a long way to go due to the unique
characteristics of nanomaterials their greater surface area, greater reactivity and better bioavailability(3). SeNPs are one of
the nanomaterials that have attracted interest as they possess each of the antioxidant, anti-inflammatory, and antimicrobial
properties and thus would be a promising representative as a biomedical application(4,5).

Selenium (Se) is a physiologically important trace element that carries out very important biological roles, especially in
the regulation of oxidative stress and the modulation of the immune response(6). SeNPs have the advantage of combination
of high bioactivity and low toxicity compared to conventional selenium supplements(7). They contain reactive oxygen
species scavengers so they counter the reactive oxygen species helping prevent cancer and other degenerative diseases.
Also, SeNPs have high antimicrobial properties and thus they damage microbial cell membranes and disturb cellular
metabolism, proving toxic to several microbial and fungal pathogens(8). Moreover, SeNPs regulate the inflammation
process, which can help decrease the level of chronic diseases. Such multifunctional activities make SeNP a possible
candidate in the wound healing, infection control and inflammation-associated disorders(9,10).

The reduction and stabilization of plant extracts as eco-friendly and green routes to synthesize SeNPs are highly noticed.
The advantages of green synthesis approaches have been outlined to be eco-friendly in that the toxicity of chemicals in the
product is eliminated, biocompatible that enhances the nanoparticles with respect to biomedical uses and cost effective
because the plant materials reduce cost of production(11,12). This paper reports the use of Withania somnifera
(Ashwagandha) and Linum usitatissimum (Flaxseed) as bio-reductants to synthesize SeNP. Withania somnifera can be used
in the form of with anolides and alkaloids, which are characterized by antioxidant and anti-inflammatory effects, and
alkalines Linum usitatissimum also contains lignans and omega-3 fatty acids, which help stabilize nanoparticles and
increase their ability to help(13).

Bioactive flavonoids like Hesperidin isolated from citrus fruits are recognized as effective antioxidant, anti-inflammatory
and antibacterial agents, thus a good choice against integration in the SeNP nanoformulation(14). It is predicted that the
combination would lead to synergetic therapeutic benefits, including a broader antioxidant potential by boosting the ROS
scavenging activity, extended anti-inflammatory activity when suppressing crucial inflammatory mediators, and an
amplified antimicrobial capacity in terms of microbial membrane disruption and prevention of biofilms formation(15,16).
Also, hesperidin enhances the solubility and stability of SeNPs resulting in enhanced bioavailability and enhanced
medicinal effects. The contribution of the hesperidin in combination with SeNPs aims to improve the functionalities of
current products to have greater plant therapeutic potential and have the least toxicity if used medically(17).

The major objective of the research is to produce SeNPs via the green synthesis technique and integrate them into a nano
formulation of hesperidin, and test its antioxidant, anti-inflammatory, anti-microbial, and embryonic toxicity characteristics
(18). The specific aims involve the ultraviolet visible spectroscopy characterization of the synthesized SeNPs, the
determination of the antioxidant activities as per the ferric reducing antioxidant power (FRAP), 1, 1-diphenyl -2-picryl -
hydrazyl(DPPH), 2, 2 azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),hydrogen peroxide (H202).

This study will allow developing a new nanoformulation that has stronger therapeutic characteristics and better
biocompatibility. The green synthesis procedure follows the increase in interest to sustainable nanotechnology, and it
provides an environmentally friendly, inexpensive, and safe option to be used in biomedical purposes (20).

2. MATERIALS AND METHODS:
Preparation of Plant Extract:

The plant extract was prepared by exact measurements of 1 g of Withania somnifera powder and Linum usitatissimum was
added to 100mL of distilled water. Having combined the mixture, it was then treated with controlled thermal extraction
process by heating it over a heating mantle at a temperature range of 60-70°C of liquid near about 15-20 minutes with a
view of improving the release of bioactive components. After the extraction, the mixture was carefully filtered over
Whatman No. 1 filter paper to remove the undissolved particulates to ensure clear liquid. The aqueous extract that we
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received, containing phytoconstituents of the two botanical sources, has been kept in low temperature refrigeration with
the view of preserving hybridization and bioactivity of the chemical substance which in turn could be utilized in the process
involving green synthesis of selenium nanoparticles.

Figure 1: Preparation of aqueous extract from Withania somnifera and Linum usitatissimum for SeNP synthesis.
(A-B) Weighing 1 g each of plant powders; (C) Mixing in 100 mL distilled water; (D) Heating at 60-70°C for 15-20
min; (E) Filtration using Whatman No. 1 paper; (F) Clear extract stored for SeNP synthesis.

Preparation of SeNPs:

30 mM sodium selenate solution was prepared in 50 mL of distilled water and mixed with 50 mL of Withania somnifera
and Linum usitatissimum extract to initiate the green synthesis of selenium nanoparticles SeNPs. The reaction was stirred
at 600 rpm for 24—48 hours at room temperature. UV—Visible spectrophotometer was used to observe the synthesis progress
at regular time intervals. After completion, the SeNPs were separated by centrifugation at 8000 rpm for 10 minutes. The
resulting pellet was collected and stored in airtight Eppendorf tubes for further characterization, While the Supernant was
discard to ensure sample purity.

Figure 2: Green synthesis of SeNPs using Withania somnifera and Linum usitatissimum extract. (A) Prepared plant
extract; (B) Sodium selenate solution; (C) Mixing of precursor with extract to initiate synthesis; (D) Color change
indicating SeNP formation; (E) SeNPs pellet obtained after centrifugation.

Preparation of Nanoformulation

The nanoformulation was prepared by dissolving 100 mg of hesperidin in 1 mL of DMSO, followed by dilution with 4 mL
of PBS to a final volume of 5 mL. The solution was agitated for 1 hour to ensure uniform mixing. An equal volume (1 mL)
of this hesperidin solution was then combined with 1 mL of selenium nanoparticle (SeNP) suspension. The mixture was
sonicated for 30 minutes to achieve stable and homogeneous incorporation of hesperidin into the SeNP matrix, enhancing
dispersion and formulation stability for biomedical applications.
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Figure 3: Preparation of hesperidin—SeNP nanoformulation. (A) Hesperidin powder; (B) Preparation of stock
solution; (C) Incorporation of SeNPs with hesperidin, indicated by a distinct color change.

In vitro assays

The biological evaluation of selenium nanoparticles (SeNPs) incorporated with hesperidin nanoformulation was carried
out through multiple in vitro assays. Antimicrobial efficacy was determined using the agar well diffusion method on
Muller-Hinton Agar (MHA) plates seeded with Escherichia coli, Staphylococcus aureus, Candida albicans, and
Pseudomonas sp. 9 mm diameter wells were filled with 100 puL of the nanoformulation at concentrations of 25, 50, and
100 pg/mL, alongside a commercial antibiotic (positive control) and distilled water (negative control). After incubation at
37°C for 24 hours, zones of inhibition were measured to assess antimicrobial activity. The time-kill curve assay evaluated
bactericidal and fungicidal kinetics using microbial inoculums (10°® CFU/mL) treated with the nanoformulation at the same
concentrations. Samples were collected at intervals from 0 to 5 hours, plated, and CFU/mL was quantified after 24 hours
of incubation to determine time-dependent microbial reduction. Antioxidant potential was assessed via hydrogen peroxide
scavenging, DPPH, ABTS, FRAP, and nitric oxide scavenging assays as per the method of Dathan et al. (2025). Similarly,
anti-inflammatory activity was examined using egg albumin denaturation,BSA denaturation, and membrane stabilization
assays following Dathan et al. (2025). Cytotoxicity was tested using the Brine Shrimp Lethality Assay (BSLA), where
Artemia salina nauplii were exposed to SeNP-hesperidin nanoformulation at concentrations of 5-80 pg/mL, and survival
was recorded at 24 and 48 hours. High biocompatibility was indicated by low mortality at lower doses. Embryonic toxicity
was evaluated using zebrafish (Danio rerio) embryos, following the methodology of Tharani et al. (2023), to assess the
formulation’s developmental safety. These comprehensive analyses confirmed the SeNP-hesperidin nanoformulation's
promising biomedical properties.

3. RESULT:
UV-Visible Spectroscopy

In figure 4, UV spectra was observed to monitor the synthesis and formation of SeNPs by keeping specific time intervals.
It demonstrates the UV-visible spectra of nanoparticles where characteristic absorption peak (395nm) of SeNPs indicate
the effective nanoparticle formation. A moderate peak assigned to SeNPs at 36 hours with the peak of around 1.5 AU
indicates the possible initial phase of nanoparticle formation. At 48 hours of incubation, the absorbance peak climbed up
to approximately 2.0 AU, which means that the nanoparticles concentration improved and became more stable with time.
The graded absorbance increases 36-48 hours shows that the production of good yield and the stabilization of the
nanoparticles was due to the long hour of stirring. The absorption spectrum was solid and there were no extra uncoupled
peaks when using 350 to 650 nm to confirm the purity and reproducibility of the SeNPs synthesized with the use of
Withania somnifera and Linum usitatissimum extracts. These findings favor the prospect of the green synthesis technique
into producing stable and reproducible selenium nanoparticle to continue with further application.
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Figure 4: Ultra violet- Visible spectra of green synthesized SeNPs nanoformulation
Antimicrobial Activity

The antimicrobial efficacy of the SeNP-hesperidin nanoformulation (NCs) was evaluated against Escherichia coli,
Staphylococcus aureus, Candida albicans, and Pseudomonas sp. using the agar well diffusion method. The inhibition zones
were measured at concentrations of 25, 50, and 100 pg/mL, with a control included for comparison (Figures 5 and 6).

The results indicate a concentration-dependent increase in antimicrobial activity across all tested microorganisms. Candida
albicans exhibited the highest sensitivity to the SeNP-hesperidin NCs, with inhibition zones measuring 12 mm, 14 mm,
and 20 mm at 25, 50, and 100 ng/mL, respectively. Escherichia coli showed inhibition zones of 10 mm, 13 mm, and 16
mm at increasing concentrations, while Staphylococcus aureus exhibited zones of 12 mm, 13 mm, and 15 mm. In contrast,
Pseudomonas sp. displayed a consistent inhibition zone of 9 mm at all tested concentrations, indicating lower sensitivity
to the nanoformulation.

These findings suggest that the SeNP-hesperidin NCs possess effective antimicrobial properties, particularly against C.
albicans, followed by E. coli and S. aureus, with a lesser effect on Pseudomonas sp.. This differential sensitivity highlights
the potential use of the SeNPs-hesperidin formulation as an antimicrobial agent, especially for applications targeting fungal
and bacterial infections.

Figure 5: Agar well diffusion method on the effect of SeNPs incorporated with hesperidin
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Figure 6: Antimicrobial activity results of SeNPs incorporated with hesperidin against wound pathogens

Time-Kill Curve Assay

The antimicrobial activity of SeNPs incorporated with hesperidin was assessed using a time-kill curve assay against
Pseudomonas sp., Candida albicans, Staphylococcus aureus, and Escherichia coli over 4 hours at concentrations of 25,
50, and 100 pg/mL (Figure 7A-D).

For Pseudomonas sp., CFU/mL values remained stable across all concentrations, indicating minimal antibacterial effect.
In contrast, C. albicans showed a notable CFU reduction at 100 png/mL and moderate activity at 50 pg/mL, suggesting
effective antifungal properties at higher doses.

Against S. aureus, the nanoformulation demonstrated a gradual and concentration-dependent decrease in CFU/mL, with
the strongest effect at 100 pg/mL. A similar trend was observed for E. coli, where the highest concentration showed
significant bacterial reduction, and moderate activity was seen at 50 pg/mL.

Overall, the SeNP-hesperidin nanoformulation displayed dose-dependent antimicrobial effects, particularly against C.
albicans, S. aureus, and E. coli, while being less effective against Pseudomonas sp., highlighting its potential as a selective
antimicrobial agent.
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Figure 7: Time kill curve assay of SeNPs incorporated with hesperidin Pseudomonas sp. (A), C.albicans (B),
S.aureus (C), and E.coli (D)
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Anti-inflammatory Activity

The anti-inflammatory activity of SeNPs incorporated with hesperidin was evaluated using BSA denaturation, EA
denaturation, and membrane stabilization assays at concentrations of 10—50 pg/mL, compared to a standard agent (Figure
8).

In the BSA assay, the nanoformulation showed a concentration-dependent inhibition of protein denaturation, increasing
from ~55% at 10 pg/mL to ~85% at 50 pg/mL, closely matching the standard’s efficacy. Similarly, in the EA denaturation
assay, inhibition rose from ~50% to over 80% across the tested concentrations, indicating consistent anti-inflammatory
potential.

The membrane stabilization assay further supported these findings, with inhibition starting at ~60% and increasing to ~85%
at the highest dose, reflecting strong protection against cell membrane lysis.

Collectively, these results confirm the SeNP—hesperidin nanoformulation’s robust, dose-dependent anti-inflammatory
activity, comparable to the standard and suggesting its promise as a natural therapeutic agent.
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Figure 8:Anti-inflammatory potential of SeNPs incorporated with hesperidin
Antioxidant activity

The antioxidant activity of SeNPs incorporated with hesperidin was assessed using DPPH, H,O,, FRAP, ABTS, and nitric
oxide scavenging assays at concentrations ranging from 10 to 50 pg/mL, compared with a standard antioxidant (Figure 9).

In the DPPH assay, the nanoformulation exhibited strong concentration-dependent radical scavenging, starting at ~70%
inhibition at 10 pg/mL and reaching ~85% at higher doses, comparable to the standard. Similar trends were observed in
the H»O; scavenging assay, where inhibition rose from ~55% at 10 pg/mL to ~85% at 50 pg/mL, indicating efficient
peroxide neutralization.

The FRAP assay showed notable ferric reducing power across all concentrations, beginning at ~75% inhibition at 10 pg/mL
and reaching ~85% at higher doses, closely aligning with the reference antioxidant. In the ABTS assay, inhibition increased
from ~73% at the lowest dose to ~85% at the highest, confirming substantial antioxidant potential. Nitric oxide scavenging
followed the same dose-dependent pattern, with inhibition ranging from ~72% to 85% across concentrations.

Overall, the SeNP-hesperidin nanoformulation demonstrated consistent and potent antioxidant activity in all assays,
highlighting its potential as a strong free radical scavenger.
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Figure 9: In vitro assays used to assess the antioxidant potential of selenium nanoparticles SeNPs incorporated
with hesperidin
Cytotoxicity of SeNPs

A brine shrimp lethality test was used in determining the cytotoxic dose of the SeNPs integrated with hesperidin
nanoformulation (NFs) at diluted concentrations of 5, 10, 20, 40 and 80 pg/mL over two days. Each concentration was
noted and then a percentage of live nauplii as assessed against a control group is recorded (Figure 10). At Day 1, no
significant cytotoxic effect was observed at all concentrations given as nauplii viability was high with survival near-100
percent. Likewise on Day 2, the viability was still higher than 95 percent on all of the tested concentrations, with no
significant drop of the live nauplii in comparison to the control. Based on such findings, the SeNP-hesperidin
nanoformulation can be considered highly biocompatible because, despite the two days of observation, no cytotoxicity
could be observed within reasonable concentrations. On the whole, the fact that the percentage of live nauplii at both time
points is high can be seen as evidence that the SeNP-hesperidin nanoformulation can be used as a safe material in the future
in the biomedical sector.
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Figure 10: Brine shrimp lethality assay of green synthesized SeNPs + Hespiridin Nanoformulation

Embryonic Toxicity Evaluation:

An analysis of the effects of SeNPs embodied in hesperidin nanoformulation was done by observing the zebrafish embryos
at different developmental stages. In figure 11, development proceeds in a normal fashion through 3 stages of prominence;
as A) early blastodisc formation, B) segmentation to intact yolk sac structure and C) the larval stage with prominent
morphological characteristics including development of eyes and tail. These results show that when the concentrations of
the nanoformulation (seNP-hesperidin) were subjected to low doses into embryos, the embryos grew normally with no
morphological deformations. This further implies that the nanoformulation is not toxic to vital developmental processes,
and encourages further usage as a conversational agent in bio-medical applications.

Figure 11: Microscopic images of zebrafish embryos exposed to SeNPs—hesperidin nanoformulation. (A) Early
embryonic stage, (B) Segmentation stage, (C) Larval stage with normal morphology, indicating no developmental
toxicity at low concentrations.

Embryo mortality due to the SeNPs combined with hesperidin nanoformulation (NF) was observed by examining the
hatchability of the embryos at different dosages (5, 10, 20, 40, and 80 ug/ml). hatchability of embryos was also monitored
in the group of control (Fig. 12). When tested at lower concentrations (5, 10, and 20 ug/mL), the rate of hatching was also
high (100 percent) meaning that there was no significant toxicity to the embryos at these levels. Nevertheless, a significant
decrease in the hatching rate was reported at greater concentration where hatching rate was reduced to about 75% at 40
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ug/ml to about 60% at 80 ug/ml. A control group yielded a hatching percentage of close to 100%, which shows the
formulation of SeNP in combination with hesperidin affected embryonic development, which was concentration-
dependent. Such findings indicate that in low doses the SeNP-hesperidin nanoformulation is biocompatible, whereas higher
doses can affect embryonic hatching and hence there should be a limit of safe use. This nonlinear dose-effect implies that
nanoparticle dose optimization is pivotal in possible biomedical and environmental areas.

125 — [ SeNPs + Hesperidin

100 —
75 —
50 —
25 —
0 —

5 pg/mL 10 pg/mL 20 pg/mL 40 pg/mL 80 pg/mL Control

Hatching Rate (%)

Concentration

Figure 12: Effect of SeNPs incorporated with hesperidin on the hatching rate of zebrafish embryos

To identify the possible toxicity, the viability rate of the zebrafish embryos exposed to different concentrations (5, 10, 20,
40 and 80 ug/mL) of theSeNPs with hesperidin nanoformulation (NF) was evaluated (Figure 13). Embryo viability was
nearly 100% at the concentration of 5, 10, and 20 ng/mL, implying minimal or no toxic effects. Nevertheless, the viability
rate was of high concentrations at 40 and 80pg/mL being approximately 80 and 75 % respectively. The viability rate of the
control group was exactly close to 100 percent, which stressed a dose-dependent reduction in viability with dramatic
concentration of SeNP-hesperidin composition. This outcome implies that although the embryos tolerate low levels of the
SeNP-hesperidin nanoformulation, they show medium toxicity in high concentrations which can be deduced through the
decreased viability of embryos. This effect is concentration-dependent which highlights the requirement of regulated
dosage in possible biomedical and environmental uses of the nanoformulation.
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Figure 13: Effect of SeNPs incorporated with hesperidin on the viability rate of zebrafish embryos

4. DISCUSSION:

The present study reveals the ability of Withania somnifera and Linum usitatissimum extracts to help generate SeNPs
successfully, which can be further entrapped into hesperidin-based nanoformulation (NCs). Like it was done in the UV-
visible spectroscopy analysis, the aspect of formation of SeNPs was visualized with a distinct absorption peak of 395 nm
that described the formation of stable nanoparticle(23). The fact that the absorbance that was gradually increasing over a
time period of 36 hours to 48 hours showed that there was a definite gradual process of formation of the nanoparticles
which was made possible by the phytochemicals which present in the plant extracts(24). The synthesis yielded no secondary
peaks in the range 350-650nm defining the purity and stability of the synthesized SeNPs(25). These findings show that this
technology of nanoparticle production with the help of plants has the potential to become a green replacement to the
conventional chemical manufacturing methods of nanoparticles that ensures compatibility and sustainability towards its
biomedical application(26,27).

The extent of antimicrobial potential of SeNP-hesperidin nanoformulation was carried out through agar well diffusion and

time-kill experiment. These results showed that the trend of antimicrobial activity is concentration-dependent where the
greatest inhibition zone was against Candida albicans (20 mm at 100 mg/mL) as compared to Escherichia coliand (28). On
the other hand Pseudomonas sp. was highly resistant to the nanoformulation. The potent antifungal activity to the C.
albicans can be attributed to the synergetic activity of SeNPs and hesperidin with antimicrobial activity(29). It has been
disclosed that selenium as nanoparticles generate reactive oxygen speciesand the damage of microbial membranes. In
addition, the use of hesperidin as a powerful antimicrobial flavonoid might also be the reason why the antifungal effect
was enhanced by blocking ergosterol synthesis and biofilm formation (30,31).

The presence of a time-kill curve also determined that the SeNP-hesperidin formulation could reduce the CFU/mL
efficiency with time, in particular against C. albicans, S. aureus, and E. coli (32). However, the low activity to Pseudomonas
sp suggests that further optimisation steps such as combination therapy is required to enhance the performance of the agent
towards gram-negative ATCC(33,34).

Nanoformulation of SeNP-hesperidin had anti-inflammatory activity and the assay was measured by the amount of bovine
serum albumin (BSA) denaturation, egg albumin denaturation and membrane stabilization. The formulation has good dose
response anti-inflammatory effect with approximately 85 percent inhibition at 50 ug/ml in all assays(35). This restriction
of denaturation of the proteins signifies that the nanoformulation possesses the capacity of inhibition of inflammatory
reactions at the molecular level(36). It also presented sufficient strength to hemoprotect red blood cells as explained by the
membrane stabilization test and empower the cytoprotective properties of the compound. The high anti-inflammatory
effect, though evident in this study, can be said to be present in both selenium nanoparticles and hesperidin(37). It has also
been considered that selenium alters the inflammatory pathways by repressing the pro inflammatory cytokine production,
whereas hesperidin has been argued to inhibit the cyclooxygenase (COX) and lipoxygenase (LOX) pathways which are
important pathways of inflammation(38). The prevailing synergetic influence of co-incorporation of SeNPs and hesperidin
enforces the perspectives of the nanoformulation as the natural anti-inflammatory product in treatment of the inflammation-
related disorders(39,40).
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To determine the antioxidant properties of the SeNP- hesperidin nanoformulation, various in vitro tests were carried out
namely, DPPH, hydrogen peroxide scavenging (H202), ferric reducing antioxidant power (FRAP), and ABTS, and nitric
oxide scavenging assays. The findings showed that the antioxidant activity increased with concentration and at 50 pg/mL
the inhibition rates were approximated to be 85 percent close to the normal antioxidant agent(41). The DPPH radical
scavenging experiment showed that SeNP-hesperidin had powerful free radicals scavenging effect, which is vital in limiting
oxidative stress. In the same trend, in the hydrogen peroxide scavenging assay and FRAP assays, it was observed that the
nanoformulation was better in neutralizing the ROS thus, preventing oxidative damage and degradation of cells(42). The
strong antioxidant potential reflected by the results in all the tests indicates the possibility of using SeNP-hesperidin
nanoformulation in abating the oxidative stress-related diseases. Its antioxidant quality is also boosted by the presence of
hesperidin that is a known flavonoid compound which has high radical-scavenging abilities(30). These results imply that
the SeNP-hesperidin nanoformulation may be used in the treatment of antioxidants on Neurodegenerative diseases, wound
healing, and chronic inflammatory diseases(43).

Brine shrimp lethality assay which is a method showing the cytotoxicity of the SeNP-hesperidin nanoformulation indicated
very little toxicity at all concentrations tested (5-80 ug/mL). The top nauplii survival levels (> 95%) on Day 1 and Day 2
show that nanoformulation has good safety profile and it did not show any considerable toxic effect at these concentration
( 44). The nanoformulation embryonic toxicity was also tested by using zebrafish models whose embryos were examined
using microscopy to analyze normal blastodisc development, segmentation and larval morphology at low doses(30).
Hatching rate was also high (5-20 ug/ml), but there was inhibition of hatching rate beyond this concentration (40-80 ug/ml)
a dose dependent action on embryonic viability was observed (about 60-75%). The viability study of the embryo also
revealed that the embryos subjected to the low doses of the nanoformulation had high survival rates as compared to those
exposed to high doses of the nanoformulation which showed moderate cytotoxicity. These data emphasize the fact that the
SeNP-hesperidin nanoformulation is biocompatible at lower dose, but the dose needs to be optimized to avoid any possible
toxicity in the case of biomedical application(45).

In general, the current work proved that green synthesized SeNP-hesperidin nanoformulation had strong antioxidant, anti-
inflammatory, and antimicrobial activity and had a satisfactory biocompatibility profile at low concentrations. Synergetic
action between selenium nanoparticles and hesperidin moiety improves the therapeutic efficiency of the nano formulation,
thus promising as a drug in several biomedical applications(46). This high antioxidant action of the formulation may have
a potential in the treatment of oxidative stress induced diseases and the formulation can be used as an alternative to treat
inflammation induced disease due to its anti-inflammatory qualities(47). Moreover, its antimicrobial activity, especially
against fungal pathogens, indicates its possible application in antimicrobial coatings, wound dressings and infection
control. Nevertheless, there is need to do more research on the optimization of the nanoformulation, it long-term stability
and its pharmacokinetics in in vivo models. Research in the future is required to investigate its use in more progressive
treatment fields on cancer treatments, targeted drug delivery and wound healing formulations(48).

5. CONCLUSION:

In this research, it was possible to show that selenium nanoparticle (SeNPs) synthesis was done using Withania somnifera
and Linum usitatissimum extracts and subsequently introduced into a hesperidin-derived nanoformulation (NCs). This
synthesized nanoformulation of SeNP-hesperidin was powerful in its antioxidant, anti-inflammatory, and antimicrobial
powers and also it showed little cytotoxicity and lower levels of embryonic toxicity at low doses. The obtained SeNPs were
sufficiently pure and stable in accordance with UV-visible spectroscopy and stored as such, whereas the broad-spectrum
antimicrobial potential of the nanoformulation was exemplified by the agar well diffusion and time-kill curve studies,
demonstrating the potency against Candida albicans, Escherichia coli and Staphylococcus aureus. The anti-inflammatory
tests showed the protein denaturation and the membrane stabilization inhibition in a dose-dependent manner, which led to
the potential in the treatment of inflammation. Also, the formulation demonstrated high free radical scavenging property
reaffirming its ability as an antioxidant. The results of biocompatibility analysis showed that nanoformulation is safe to use
in lower concentrations, but higher dosage could influence the hatching and viability rates using brine shrimp lethality
assay and zebrafish embryonic toxicity test. These results indicate that SeNP-hesperidin NCs may be used in wound
healing, antimicrobial coating, oxidative stress kind of treatment, or even inflammation management. The assessment of
its long-time stability and pharmacokinetics is required to further its clinical application in the future, which also need
following research on improvement of its formulation. The report underscores the therapeutic value of phytochemical-
based nanotechnology in the biomedical fields.
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