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ABSTRACT 

This research examines the eco-friendly synthesis of selenium nanoparticles (SeNPs) using Melia stem extract and their 

integration into chitosan-based nanocomposites (NCs) to combat bacteria and biofilms. The antioxidant activity was 

evaluated through various in vitro assays DPPH, H₂O₂, FRAP, ABTS, and nitric oxide all showed potent, dose-dependent 

free radical scavenging effects. The nanocomposites were characterized and evaluated to combat typical wound-causing 

microbes including E. coli, S. aureus, Pseudomonas sp., E. faecalis and E. faecium. The antimicrobial potential effective 

in tackling these common wound pathogens was evaluated through the well diffusion technique, time-dependent 

bactericidal analysis, and biofilm inhibition studies. The results revealed dose-dependent antimicrobial effects, with E. 

faecium and E. faecalis exhibiting the highest sensitivity at 100 µg/mL. Additionally, the SeNPs-chitosan NCs effectively 

inhibited biofilm formation, especially at 100 µg/mL. These findings suggest that M. dubia-mediated SeNCs could be 

sustainable, biocompatible alternatives to conventional antimicrobials for wound healing applications. Cytotoxic effect 

assessed with the brine shrimp lethality test indicated high survival rates, suggesting low toxicity. Incorporating the SeNPs 

into the chitosan nanocomposite improved their dispersion and biocompatibility. Zebrafish embryo tests demonstrated 

excellent safety at the highest concentrations, 80% in viability and hatching and no notable morphological abnormalities.  

M. dubia-derived SeNPs incorporated within chitosan nanocomposites present a sustainable platform with strong 

antioxidant properties and high biocompatibility, highlighting their potential for future use in drug delivery, tissue 

regeneration, and therapeutic applications, under SDG we targeted 3; Good Health Well-being, 14; Life on Land. 
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1. INTRODUCTION 

Nanotechnology, the study of nanoscale technology, is categorized within the broader scope of scientific advancement, 

where technology plays a vital role in driving innovation and interdisciplinary research [1]. Materials with properties 

distinctively different from their bulk and molecular counterparts are called nanoparticles [2]. Based on the specific 

purpose or intended location, nanoparticles can be introduced through ingestion, direct application to the affected area, 

skin-based administration, or circulation through the bloodstream using clinically approved techniques [3]. Biological 

synthesis of nanoparticles is by processes mediated by plants or microorganisms as an eco-friendly alternative to the 

dangerous physical and chemical synthesis methods, which are expensive, energy-intensive, and potentially [4].  

SeNPs have a strong therapeutic effect; they improve ROS production dose-dependently [5]. SeNP scavenge free radicals 

efficiently in vivo and in vitro [6]. Free radicals are reactive molecules produced both through natural metabolic activities 

within the body and from exposure to environmental pollutants. They attack the healthy cells' DNA and cause them to 

deteriorate. Antioxidants are compounds that protect cells against the deteriorating effects of reactive oxygen species [7]. 

Numerous studies have shown that SeNPs exhibit remarkable antioxidant activities both in vitro and in vivo by improving 

the activation of selenoenzymes, which neutralize free radicals within the body [8]. The low toxicity and high 

biocompatibility are demonstrated by selenium nanoparticles (SeNPs), which have been gaining the scientific 

community's attention for their potential implementation as therapeutic and theragnostic agents [9]. Chitosan, a 

deacetylated derivative of chitin known for its natural antimicrobial properties. It can be sourced from crustacean shells 

(crabs, shrimp, and crayfish) through chemical or microbiological processes and produced by certain fungi [10]. Chitin is 
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recognized as nontoxic, biodegradable, edible, biocompatible, antioxidative, antimicrobial, anti-oncogenic, and thermally 

stable; it also possesses a nanofibrous and porous surface [11]. Chitosan is produced by extensively deacetylating chitin 

using strong alkaline conditions [12]. 

Melia dubia Cav. (Meliaceae) Also known as Malabar neem is a multipurpose tree found in tropical and native to 

subtropical regions. M. dubia is mainly grown for its therapeutic and industrial importance [13]. Its bioactive compounds 

have been reported to exhibit a range of activities, including insecticidal, antifeedant, antitumor, anti-inflammatory, 

antioxidant, antibacterial, and antifungal effects. The antioxidant properties and healing effects on skin wounds are 

attributed to the extract's high flavonoid content, which enhances nitric oxide radical scavenging and promotes faster 

epithelialisation during wound healing [14]. 

This study examines the biological activity of M. dubia stem extract combined with selenium nanoparticles embedded in 

a chitosan nanocomposite, focusing on their cytotoxic potential and effects on embryonic development. 

 

2. MATERIALS AND METHODS 

Preparation of Melia dubia stem extract:  

The M. dubia stems were collected from the Nanoherbal garden at Saveetha Medical College. After that, the stem portions 

were carefully washed with running water to remove surface impurities, then chopped into smaller pieces and dried in the 

shade for about 3–4 days. After the shade-dried stem pieces of M. dubia were ready, they were pulverized into a fine 

powder. Later, 1 g of the M. dubia stem powder was ground well, and it was mixed with 100 mL of purified water. The 

mixture was warmed for roughly 15–20 minutes at 50°C, and then the boiled blend was passed through muslin cloth for 

filtration. The filtrate was collected and kept aside (Fig. 1 a – g) 

 

Preparation of M. dubia – Se NPs: 

For the synthesis of selenium nanoparticles, we prepared a 30 mM solution of sodium selenite, using 50 mL of distilled 

water. Then an equal volume of 50 mL of M. dubia stem extract was poured into it, more or less right away. The mixture 

was then set on a magnetic stirrer for Homogeneous dispersion. After that, the absorbance values were obtained using 

UV–Visible spectroscopic analysis. Once the synthesis was done, the selenium nanoparticle suspension was centrifuged 

at 8000 rpm for 10 minutes. After spinning, the nanoparticle pellet was gathered carefully [15]. 

 

Preparation of Chitosan Nanocomposite:  

A mixture nanocomposite was formulated by dissolving 0.5 g of chitosan in 1 mL of 1% glacial acetic acid, followed by 

dilution with 49 mL of distilled water. The mixed solution was placed in the magnetic stirrer at 450 rpm for 24 hours to 

make a clear chitosan solution. 1 mL SeNPs synthesized using M. dubia were then added to this chitosan solution (4 mL), 

which was stirred continuously on a magnetic stirrer for 3–4 hours. Upon adding the SeNCs, a light brown nanocomposite 

formed. The mixture was again stirred on the magnetic stirrer for one day. 

 

Antimicrobial activity:  

Agar well diffusion method  

From the previous research articles of the antibacterial potential was performed employing the agar well diffusion assay 

for selenium nanocomposites (SeNCs) produced from M. dubia was tested against the wound pathogens, including E. 

faecium, E. coli, S. aureus, E. faecalis, and Pseudomonas sp. [16, 17] 

 

Antibiofilm assay: 

From the previously mentioned methods, the antibiofilm assay was evaluated for the M. dubia–Se NCs, and it shows the 

effectiveness of biofilm eradication efficacy. The concentrations of SeNCs taken were 25, 50, and 100 µg/mL, and the 

antibiotic used is amoxicillin, which acts as the control. This method enabled the evaluation of the values of SeNCs 

required to effectively inhibit bacterial growth. By monitoring the impact over time, this method provided valuable 

insights into the antimicrobial effectiveness of SeNCs and their potential as alternative agents against wound pathogens 

[18-20] 

 

Time kill kinetics assay 

From the previously mentioned articles of [20,21], a time-kill curve assay was conducted to assess bactericidal activity 

and the concentration-dependent relationship between M. dubia-mediated selenium nanocomposite and the overall growth 

rate of Pseudomonas sp., E. faecium, E. faecalis, E. coli, and S. aureus over consistent time intervals. An antibiotic (such 

as amoxicillin) was used as a reference standard. 

 

Antioxidant activity 

DPPH radical scavenging assay 

From the previously mentioned articles of [22], the antioxidant activity of M. dubia- SeNCs is analyzed using the DPPH 

assay (2,2-diphenyl-1-picrylhydrazyl). Various concentrations (10 - 50 µg/mL) of selenium nanocomposites mediated by 

M. dubia were utilized for the DPPH assay. Methanol served as the blank control.  

 

Hydrogen peroxide radical scavenging assay 
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In previously published research articles by [26], the ability of the biosynthesized CS-SeNCs to scavenge H₂O₂ was 

evaluated. The H₂O₂ assay used ascorbic acid as the standard control. It was tested against different concentrations of CS-

SeNCs, ranging from 10 to 50 µg/mL. 

 

FRAP Assay 

Based on previous research articles of [23-25], the FRAP (Ferric Reducing Antioxidant Power) assay was tested against 

various concentrations from 10 - 50 µg/mL of CS-SeNCs. Ascorbic acid served as the standard. 

 

ABTS 

From the previously mentioned articles of [26], the ABTS assay was tested for M. dubia-mediated SeNPs and chitosan 

nanocomposite at various concentrations of 10 - 50 µg/mL. Ascorbic acid served as the standard antioxidant.  

 

Nitric oxide radical scavenging assay 

From the previously mentioned articles of [26], the nitric oxide radical inhibition assay was tested for M. dubia-mediated 

SeNCs at various concentrations at 10 - 50 µg/mL, and ascorbic acid was used as the standard.  

 

Cytotoxic effect: 

Brine shrimp lethality assay 

From the previously mentioned articles of [26], the brine shrimp lethality assay for M. dubia-mediated SeNCs was tested 

against concentrations at 5, 10, 20, 40, and 80 µg/mL. 

 

Zebrafish embryonic toxicology evaluation of Se NCs:  

From the previously mentioned articles of [26], the zebrafish toxicology of M. dubia-mediated SeNCs is tested for 

concentrations at 5, 10, 20, 40, and 80 µg/mL. 

 

Zebrafish embryo evaluation 

From the previously mentioned articles of [26], the zebrafish embryos were exposed to various SeNPs concentrations of 

5, 10, 20, 40, and 80 µg/mL at 24 to 96 hours post-fertilization (hpf).   

 

RESULTS AND DISCUSSION  

Visual observation  

The formation of selenium nanocomposites can be confirmed by the colour change from light orange to reddish rust orange 

(Fig. 1e). UV-visible spectra have shown a narrow peak at 355 nm (Figure 1h), supporting the formation of SeNPs.  Initial 

confirmation of selenium nanoparticle formation was achieved through UV spectrophotometry. 

 

 
 

Figure 1: (a -g ) Preparation of M. dubia stem – Se nanoparticles and chitosan nanocomposite h) Graphical 

representation of UV vis spectroscopy of M. dubia – Se NPs 
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Antimicrobial activity 

The selenium nanocomposite synthesized from M. dubia exhibits a good zone of inhibition, as shown in Figure 2. The 

antibacterial activity was conducted against Pseudomonas sp., E. coli, E. faecium, E. faecalis, and S. aureus. The 

concentrations of SeNPs taken were 25, 50, and 100 μg/mL. The smallest zone of inhibition was observed with E. coli 

and Pseudomonas sp. in 100 µg/mL, which is 12 mm. The medium range of inhibition was observed with E. faecalis and 

S. aureus, which was 13 mm. The largest inhibition zone was produced by E. faecium, which is 14 mm, suggesting strong 

antimicrobial efficacy. 

 

 
 

Figure 2: Graphical representation of agar well diffusion method using M. dubia – Se NCs against wound 

pathogens 

 

Time kill kinetics curve assay 

At 0 to 4 hours, the standard antimicrobial agent shows stronger activity than SeNCs at the tested concentrations. SeNCs 

from M. dubia demonstrate broad-spectrum antibacterial activity with varying effectiveness across different bacterial 

species. The bactericidal activity was evaluated using the time-kill curve assay of SeNCs. At 25 μg/mL, the concentration 

shows minimal effect against all bacteria. At a 100 μg/mL concentration of SeNC, there is a progressive reduction in the 

bacterial viability over time of the SeNCs. (Figure 3) 

 

 
Figure 3: Graphical representation of time kills curve kinetics assay against wound pathogens a) Pseudomonas 

sp. b) E. coli c) E. faecium d) S. aureus e) E. faecalis 
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Antibiofilm activity 

This graph demonstrates that SeNPs + Chitosan nanocomposites have antibiofilm activity against multiple bacterial 

species, including both Gram-positive (S. aureus, E. faecalis, E. faecium) and Gram-negative (E. coli, Pseudomonas sp.) 

bacteria, with relatively consistent efficacy across different concentrations. At a concentration of 100 μg/mL, it exhibits 

the lowest biofilm mass, indicating the highest antibacterial activity for most bacterial species tested. The control condition 

shows the highest biofilm mass, indicating the lowest antibacterial activity. (Figure 4). 

 

 
Figure 4: Graphical representation of Antibiofilm activity using M. dubia – Se NCs against wound pathogens 

 

Antioxidant activity 

DPPH assay 

The antioxidant activity of SeNCs, synthesized using M. dubia, was assessed via the DPPH assay. This showed a clear 

dose-dependent kind of increase in antioxidant effectiveness. The SeNCs showed activity, reaching a highest inhibition 

of 85% at 50 μg/mL, compared with about 38% inhibition when only 10 μg/mL was used. When compared with the usual 

antioxidant ascorbic acid, which gave 94% inhibition (Figure 3a), the formulation still suggested a strong antioxidant 

potential (Figure 5 a). 

 

H₂O₂ assay 

The results seemed to show a slow but steady rise in scavenging action as the concentration went up, and it hit a notable 

81% at 50 μg/mL, while 10 μg/mL was only 44%. For context, ascorbic acid (as the control) gave a scavenging rate of 

88.97% at 50 μg/mL (Figure 3b). So overall, these findings indicate the antioxidant ability of the formulation mediated 

SeNPs8.(Figure 5 b) 

 

FRAP assay  

The SeNCs seemed to show a clear performance upgrade, and it peaked at about 81% when the dosage was 50 μL, while 

it began around 51% at 10 μL. This formulation also displayed strong reduction behaviour from the testing; basically, 

SeNCs gave better outcomes than ascorbic acid, which is the usual antioxidant benchmark, and that one stayed at 85% of 

its capacity (Figure 5 c). 

 

ABTS assay 

The ABTS assay looks at how antioxidants can stop the ABTS radical cation from remaining, and the SeNCs scientists 

made from M. dubia showed a sort of full effectiveness in that test. The SeNCs had a noticeable boost in performance, 

because they got their top stopping strength of 80% when researchers added 50 μg/mL, yet at 10 μg/mL they only showed 

51% effectiveness. The SeNCs present strong free radical scavenging capability too, since the assay outcomes were better 

than ascorbic acid, which reached 87% inhibition (Figure 5 d). 

 

Nitric oxide assay 

For the nitric oxide assay, it is used to gauge how well antioxidant compounds can remove and stop nitric oxide (NO) 

radicals. In the test, the SeNCs seemed to perform better, they showed 79% inhibition at 50 - 10 μg/mL they were lower 

with 53% inhibition. Overall, the SeNCs show solid free radical scavenging ability, because they reached 85% inhibition, 

and this value goes past ascorbic acid, which is the reference antioxidant (Figure 5 e). 
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Figure 5: Graphical representation of antioxidant activity of M. dubia-SeNCs a) DPPH, b) H2O2 assay C) FRAP 

assay D) ABTS assay E) NO assay 

 

Cytotoxic effect 

Brine shrimp lethality assay 

M. dubia - SeNCs show low toxic effects when tested with chitosan nanocomposite, because the chitosan nanocomposite 

shows high survival rates. In general, the brine shrimp have 100% survival at all concentrations on day 1, but by day 2, 

there is slight mortality at 80 µg/mL, so you get 90% live nauplii. Overall, the work seems to validate that M. dubia SeNPs 

combined with Chitosan NCs provide high biocompatibility, which is an essential requirement for their use in biomedical 

applications (Figure 6). 

 

 
Figure 6 : Graphical representation of cytotoxic effect of brine shrimp lethality assay using M. dubia Se NCs 

 

7.2 Zebrafish Embryo Toxic Effect 

Viability rate: 

Zebrafish eggs experience decreasing survival rates when researchers increase SeNPs. The tested concentrations of 5, 10, 

20 and 40 μg/mL demonstrate that the synthesized nanoparticles show excellent biocompatibility because their viability 

remains almost at 100%. The 80 μg/mL concentration shows a minor decrease in cell viability, which drops to about 80%, 

while the control group maintains almost complete viability (Figure 7 d). 

 

Hatching rate: 
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The hatching rate of zebrafish eggs diminishes as the concentration of SeNPs increases. At concentrations of 5, 10, 20, 

and 40 μg/mL, the hatching success remains nearly 100%, indicating no adverse effect on embryo development at these 

doses. However, at 80 μg/mL, the hatching rate slightly drops to around 80%, suggesting a slight inhibitory effect on 

hatching at higher concentrations, while the control group continues to exhibit a viability rate close to 100%. The SeNPs 

(Chitosan NCs) appear non-toxic at lower concentrations but may have some mild effect at higher doses (80 µg/mL) 

(Figure 7 e). 

 

 
 

Figure 7 (a – c):  day 1, day 2, day 3 images of zebrafish embryos, d) e) viability and hatching rate of zebrafish 

embryonic toxic effect using M. dubia Se NCs 

 

Untreated embryos exhibited a 100% hatching rate. At 20 and 40 μg/mL of the extract, embryos exhibited a 100% hatching 

rate, with no significant difference between the two concentrations. Additionally, at lower concentrations such as 5 and 

10 μg/mL, there were no notable malfunctions up to 72 hours post-fertilization (hpf). Notably, zebrafish embryos exposed 

to selenium nanoparticles synthesized using M. dubia showed no observable abnormalities. 

 

DISCUSSION 

The research confirms the eco-friendly synthesis of SeNPs using M. dubia stem extract with a UV-Vis absorption peak at 

355 nm. The Aloe vera leaf extract mediated Se NPs was synthesized showed UV vis absorption at 350 nm, which is 

similar to M. dubia -Se NPs [27]. 

These SeNPs showed significant antibacterial and biofilm-forming resistance when incorporated into nanocomposites 

with chitosan. The antibacterial activity was measured using the agar well diffusion assay, in which E. faecium was the 

most sensitive [28]. The time-kill assays demonstrated a concentration-dependent bactericidal effect, with the most 

susceptible being E. faecalis and the most resistant Pseudomonas sp. [29-33] The SeNPs - chitosan nanocomposite 

achieved complete biofilm inhibition when tested at a concentration of 100 µg/mL. The SeNCs demonstrated exceptional 

antioxidant properties through DPPH, ABTS, FRAP, H₂O₂, and nitric oxide scavenging tests, which showed their ability 

to neutralise free radicals [34-35]. The DPPH test results showed that Aloe vera and Se NPs produced 67% and 57% 

antioxidant activity, respectively. The ABTS assay showed that Aloe vera and Se NPs exhibited 73% and 54% antioxidant 

activity, respectively [36]. The FRAP assay of aloe vera and Se NPs showed similar inhibition. The research demonstrates 

M. dubia -Se NPs produce similar antioxidant effects [37].  The SeNCs confirmed excellent antioxidant performance 

across multiple tests while showing minimal harmful effects to living organisms, according to their high survival rates 

during brine shrimp and zebrafish embryo testing. The toxicological testing showed that the nanocomposites remain safe 

when used at lower concentrations because only slight developmental toxicity occurred at the maximum tested 

concentration of 80 µg/mL [38-40]. The brine shrimp assays showed that the tested substances had minimal toxic effects. 

A. linearis – Se NPs exhibited 70% viability at the highest concentration. Zebrafish embryotoxicity testing showed that 

lower concentrations produced high viability and hatching rates, which demonstrated no developmental toxicity in the 

study [41,42].  

 

CONCLUSION 

The research establishes an eco-friendly method for selenium nanoparticle production through the use of M. dubia stem 

extract to create chitosan nanocomposites. The SeNCs confirmed powerful antimicrobial properties against wound 

pathogens, together with protective effects against oxidative stress in multiple tests, while showing minimal harmful 

effects on cells. The M. dubia-derived SeNCs exhibit both biological activity and biocompatibility, which makes them 
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suitable for use in biomedical applications that require antioxidant protection. The therapeutic potential of these substances 

should be studied through in vivo experiments in upcoming research, under SDG we targeted 3; Good Health Well-being, 

14; Life on Land. 
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