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Abstract 

Aim: To synthesize silver nanoparticles (AgNPs) using Senna auriculata and Symplocos 

racemosa extracts and evaluate their antimicrobial and antibiofilm activities against wound-

associated bacterial pathogens. 

Introduction: In this study, S. auriculata and S. racemosa were selected as plant sources for the 

eco-friendly, green synthesis of AgNPs, leveraging their known ethnopharmacological 

properties. Wound infections are often caused by antibiotic-resistant pathogens such as 

Pseudomonas sp., Actinobacter sp., Enterococcus faecalis, Escherichia coli, and Staphylococcus 

aureus, leading to delayed healing and increased morbidity. Silver nanoparticles have emerged 

as effective antimicrobial agents due to their broad-spectrum activity and ability to disrupt 

biofilms. Green synthesis using medicinal plants offers an eco-friendly, cost-effective route to 

nanoparticle production, combining phytochemicals with nanotechnology for enhanced 

therapeutic outcomes. 

Methods: The visual confirmation by a color change and spectroscopically validated via UV-

Vis absorption at 450 nm. Using an agar well diffusion assay, the AgNPs at different 

concentrations were tested against wound pathogens, and the inhibition zones were measured to 

determine antibacterial efficacy. For the Time-Kill Kinetics Assay, the bactericidal effect of 

AgNPs was analyzed over 5 hours using optical density and CFU counts to assess the time- and 

dose-dependent killing pattern at varying concentrations. For the Antibiofilm Assay, Mature 

biofilms of each pathogen were treated with AgNPs (25–100 µg/mL), and biofilm mass was 

quantified using ELISA at 590 nm after PBS washing and scraping. 

Results: AgNPs showed excellent antimicrobial activity, with the largest zone of inhibition (13 

mm × 10 mm) against Actinobacter sp. at 100 µg/mL, followed by Pseudomonas sp. and S. 

aureus. The time-kill assay revealed that 100 µg/mL of AgNP nanofilm significantly reduced 

viable bacterial counts within 3–4 hours, particularly in E. coli and S. aureus. Antibiofilm 

activity was also dose-dependent, with Actinobacter sp. biofilms exhibiting the highest 

sensitivity, followed by S. aureus and Pseudomonas sp. 

Conclusion: The green-synthesized AgNPs from S. auriculata and S. racemosa demonstrated 

potent antimicrobial and antibiofilm effects against key wound pathogens. Their incorporation 

into polymeric nanofilms enhances sustained antimicrobial action, supporting their potential use 

in advanced wound dressings. These findings offer a promising, eco-friendly alternative for 

infection control and wound management in the context of rising antibiotic resistance. 

 

Keywords: Silver nanoparticles, Senna auriculata, Symplocos racemosa, Antibacterial activity, 

Wound pathogens,  Nanofilms. 

 

INTRODUCTION 

 

Nanobiotechnology is a rapidly evolving interdisciplinary field that bridges biology and nanotechnology, 

focusing on the design and development of nanoscale materials for biomedical and environmental applications. 
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(1) One of the central components in this domain is the use of nanoparticles (NPs), which are materials sized 

between 1 and 100 nanometers that exhibit unique physical, chemical, and biological characteristics due to their 

high surface-area-to-volume ratio. (2,3) 

Among various methods of nanoparticle synthesis, green synthesis has gained considerable attention due to its 

eco-friendliness, cost-effectiveness, and biocompatibility. (4)This method uses biological agents such as plant 

extracts, bacteria, fungi, or algae to reduce metal ions into nanoparticles without involving harmful 

chemicals.(5,6) The bioactive compounds in plant extracts act as both reducing and stabilizing agents, enabling 

the production of stable and functionally active nanoparticles. (7) 

Green-synthesized nanoparticles are widely explored for their antimicrobial, antioxidant, anti-inflammatory, and 

wound-healing properties.(8,9)Silver nanoparticles (AgNPs), in particular, are one of the most studied 

nanomaterials due to their broad-spectrum antimicrobial efficacy, ability to generate reactive oxygen species, and 

strong interaction with microbial membranes and proteins. (10,11) 

S. auriculata, commonly known as Tanner's Cassia, is a medicinal plant native to India. Its flowers are rich in 

phenolic compounds, flavonoids, alkaloids, and saponins, which contribute to its antioxidant, antimicrobial, and 

anti-inflammatory activities. (12,13) Studies have shown that S. auriculata extracts can inhibit the growth of 

wound-associated pathogens (14,15) 

S. racemosa, another ethnomedicinal plant, has been traditionally used for treating inflammation and microbial 

infections. The bark of this plant contains tannins, flavonoids, glycosides, and alkaloids, which are known for 

their antimicrobial potential. (16,17) Extracts of S. racemosa have demonstrated activity against multiple wound 

pathogens. (18) 

AgNPs synthesized using plant extracts exhibit enhanced bioactivity due to the synergistic action of silver and 

phytochemicals. (19) These nanoparticles are known for their excellent wound healing capabilities due to their 

antibacterial, antioxidant, and anti-inflammatory effects, making them suitable for topical therapeutic 

applications. (20,21) Recent advances have enabled the development of nanofilms incorporating AgNPs for 

controlled drug release and localized therapy in wound care. (22) 

Wound infections caused by microbial pathogens are a significant healthcare challenge worldwide, often leading 

to delayed healing, chronic wounds, and increased morbidity. (23,24) Common wound pathogens include 

Pseudomonas sp., Actinobacter sp., Enterococcus faecalis, Escherichia coli, and Staphylococcus aureus, which 

are known for their ability to form biofilms that confer resistance to antibiotics and the host immune response. 

(3,4) These biofilms hinder wound healing by protecting bacteria from antimicrobial agents and contributing to 

persistent infections. (5,6) 

The rise of antibiotic-resistant strains among these pathogens exacerbates the problem, limiting treatment options 

and increasing healthcare costs. (7) Therefore, developing novel, effective antimicrobial agents that can overcome 

biofilm resistance is critical for improving wound management. (8) 

Silver nanofilms, composed of polymer matrices loaded with AgNPs, serve as protective antimicrobial barriers 

that can prevent infection and promote healing by maintaining a moist wound environment and releasing 

nanoparticles over time. (23) These films are ideal for treating chronic wounds, diabetic ulcers, and burns due to 

their sustained activity and biocompatibility. (24) 

This study aims to biosynthesize silver nanoparticles using flower extracts of S. auriculata and bark extracts of 

S. racemosa, fabricate them into a nanofilm, and investigate their antimicrobial activity against common wound 

pathogens. This research seeks to provide an effective, plant-based alternative for antimicrobial wound therapy. 

 

MATERIALS AND METHODS 

 

Preparation of S.auriculata flower and S.racemosa bark extract 

0.25g of S.auriculata and S.racemosa was weighed and added to 50ml of distilled water[Fig. (a)] and heated for 

15 -20min at 50°C using a heating mantle[Fig. (b)]. It was then filtered using a muslin cloth [Fig. (c)]and the 

plant filtrate was collected[Fig. (d)].  

Preparation of Silver nitrate solution: 

2mM of silver nitrate was weighed and  was mixed with 80mL of distilled water [Fig1(e)] 

Preparation of S. auriculata + S. racemosa - Ag NPs  

20mL of the filtered extract was then mixed with 80mL of silver nitrate solution[Fig1(h)] After 24 hours the 

colour change was observed.After 48 hours, the nanoparticle solution was centrifuged at 8000 rpm for 10 minutes. 

The pellet was collected. [Fig1(j)] 

Preparation of Ag nanofilm: 

0.5g of PVA(Poly vinyl alcohol) in 10 ml of distilled water and 0.1g of Chitosan in 10mL of distilled water was 

prepared, and  1 ml of S.auriculata+S.racemosa-Ag NPs were mixed well using a magnetic stirrer for 24 hrs, 

then 5ml of the obtained product was kept in a Hot air oven until the film was formed.[Fig1(i)]  
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Antimicrobial activity: 

Agar well diffusion method 

The antimicrobial activity of the green synthesized silver nanoparticles was evaluated using the agar well 

diffusion technique. Mueller Hinton agar plates were prepared and sterilized using an autoclave at 121oC for 15- 

20 minutes. After sterilization, the medium was poured onto the surface of sterile Petri plates and allowed to cool 

to room temperature. The bacterial culture (Pseudomonas sp, Actinobacter sp, E. faecalis, E. coli, S. aureus) was 

spread evenly onto the agar plates using sterile cotton swabs. Wells of 9 mm diameter were created in the agar 

plates using a sterile polystyrene tip. The wells were then filled with different concentrations (25, 50, 100 µg/mL) 

of AgNPs. An antibiotic (e.g., bacteria - Amoxicillin, Fungi-Fluconazole) was used as a standard. The plates were 

incubated at 37°C for 24 hours and 48 hours for fungal cultures.  

Time kill kinetics: 

A time-kill curve assay was conducted to assess the bactericidal properties and concentration-dependent 

relationship between S. auriculata and S. racemosa-mediated silver nanoparticles and the net growth rate of 

Pseudomonas sp, Actinobacter sp, E. faecalis, E.coli, and S. aureus over regular time intervals. The assay 

involved culturing the three wound pathogens in Mueller-Hinton Broth supplemented with varying 

concentrations of silver nanoparticles (25, 50, and 100 µg/ml), followed by time-kill curve analysis. An antibiotic 

(e.g., Bacteria - amoxicillin, Fungi-Flucanazole) was used as a standard. After a pre-incubation period of four 

hours in a medium devoid of any antimicrobial agents, growth curves were carried out before the test to ensure 

that all pathogens had reached a stable early-to-mid log phase. An inoculum consisting of 0.5 McFarland of each 

pathogen was created in sterile phosphate-buffered saline. This inoculum was collected from cultures that had 

been cultivated on Mueller-Hinton agar plates at 37°C for 18–20 h. After that, 30 µL of the inoculum was diluted 

in 15 mL of antimicrobial-free Mueller-Hinton Broth medium that had been pre-heated to 37 °C, and 90 µL 

The resultant mixture was distributed evenly over each well of a 96-well ELISA plate. To each well containing 

90 µL of pre-incubated wound pathogens, 10 µL of S. auriculata and S. racemosa-mediated silver nanoparticles 

at five different concentrations was added, along with the untreated control. 

Antibiofilm Assay 

The antibiofilm assay encompassed the assessment of biofilm eradication efficacy, following a methodology 

reported by Sasarom et al. in their research in 2023. Initially, biofilms were permitted to mature within a 96-well 

microtiter plate, following established protocols, over a 72-hour incubation period. Subsequent to incubation, the 

culture medium was withdrawn, and the wells were rinsed thrice with PBS  phosphate-buffered saline to eliminate 

non-adherent cells. Following this, 300 µL of Ag nanoparticle (NP) solutions were introduced into the wells. 

After a specified duration, the AgNP solutions were discarded, and the biofilms adhering to the plates were 

subjected to a triple PBS wash. The biofilms were meticulously scraped and homogenized, and the resulting 

samples were subjected to serial dilution in PBS. These dilutions were subsequently assessed using an ELISA 

reader, with measurements taken at 590 nm. 

 

RESULTS 

 

 
Fig 1: Visual representation of Preparation and synthesis of the herbal formulation of S. auriculata S. racemosa 

-Ag NPs mediated nanofilm 



TPM Vol. 32, No. S5, 2025         Open Access 

ISSN: 1972-6325 

https://www.tpmap.org/ 

 
 

341 
 

  

Visual observation: 

The change in colour from light brown to dark brown after 48 hours confirms the synthesis of AgNPs.[Fig1(g)] 

 
 Fig 2: Graphical representation of UV visual spectroscopy of S. auriculata and S. racemosa  

                formulation- AgNPs 

 

The synthesis of silver nanoparticles (Ag-NPs) was confirmed through UV-Visible spectrophotometric analysis. 

The absorption spectrum displayed a prominent peak at 445 nm, which corresponds to the surface plasmon 

resonance (SPR) characteristic of silver nanoparticles.  

 

Antimicrobial activity: 

Agar well diffusion method: 

 
 

Fig 3: Agar well diffusion images of S. auriculata and S. racemosa formulation-mediated AgNPs a)E. faecalis 

b) Actinobacter sp. c) Pseudomonas sp d)S. aureus e)E. coli     

(f) Graphical representation of antimicrobial activity by agar well diffusion method  using S. auriculata and S. 

race mosa formulation- AgNPs nanofilm 

 

The antimicrobial potential of the synthesized silver nanoparticles (AgNPs) was evaluated in 

 (Fig 3a-e) using the agar well diffusion method against wound pathogens, including Pseudomonas sp., 

Actinobacter sp., E. faecalis, E. coli, and S. aureus. The inhibition zones increased with the presence of Ag NPs, 

with the highest inhibition in measurements of 11 mm in length and 12 mm in breadth in Pseudomonas sp 

followed by 10mm in length and 13 mm in breadth in Actinobacter sp., and with the measurements of 12mm in 

length and 8mm in breadth in E. faecalis and with the measurements 11 mm in length and 11mm in breadth in 

S.aureus and with the measurements of 7mm in length and 8mm in breadth in E.coli was noted. These 

measurements were compared with the control, where there was no zone of inhibition observed. 
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Time-Kill Kinetic Analysis: 

 
 Fig 4:Graphical representation of Time kill kinetics assay using S. auriculata and S. racemosa mediate AgNPs    

a) Pseudomonas sp, b) Actinobacter sp., c) E. faecalis, d) S. aureus, e) E.coli  

 

The bacteriostatic and bactericidal activities of AgNP nanofilms were evaluated against five bacterial strains: 

Pseudomonas sp., Acinetobacter sp., E. faecalis, S. aureus, and E. coli over 5 hours at various concentrations 

(25, 50, 100 µg/mL). 

The data demonstrate a dose- and time-dependent antimicrobial effect across all strains. Notably, at a higher 

concentration (100 µg/mL) of AgNPs nanofilms, significant bactericidal activity was observed, particularly after 

3–4 hours. For instance, in E. coli (fig. 4 E), the 100 µg/mL treatment reduced bacterial load to nearly 

undetectable levels by hour 4, indicating strong bactericidal effects. 

At lower concentrations (25 and 50 µg/mL), the nanofilms primarily exhibited bacteriostatic activity, as 

evidenced by inhibition of bacterial growth without a drastic reduction compared to the control. This was 

especially apparent in Actinobacter sp. and E. faecalis (fig.B and C), where bacterial counts remained stable or 

slightly decreased over time under lower doses. 

Among all tested strains, S. aureus (fig.D) and E. coli (fig. E) were the most susceptible to AgNPs nanofilms, 

indicating a pronounced bactericidal response. In contrast, Pseudomonas sp. (fig.A) demonstrated relatively 

higher resistance, requiring higher AgNPs concentrations to achieve comparable bactericidal effects. 

These findings suggest that AgNPs nanofilms can effectively exert both bacteriostatic and bactericidal activity, 

depending on the concentration and exposure time, supporting their potential use in antimicrobial coatings or 

wound dressings. 

 

Antibiofilm activity: 

                        

 
    Fig. 5: Graphical representation of antibiofilm assay using  S. auriculata and S. racemosa formulation-

mediated AgNPs 
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Antibiofilm activity of S. auriculata and S. racemosa formulation-mediated AgNPs was assessed using anti-

biofilm assay, which evaluates the ability to inhibit the formation of microbial biofilms of Pseudomonas sp., 

Actinobacter sp., E. faecalis, E. coli, and S. aureus, revealing a dose-dependent enhancement in antibacterial 

activity. From the study, the biosynthesis of S. auriculata and S. racemosa formulation-mediated AgNPs shows 

similar results at a higher concentration of 100 μg/mL when compared to the standard. At 100μg/mL, the 

Actinobacter sp. shows the highest inhibition, followed by S. aureus, Pseudomonas sp., E.faecalis, and E.coli. 

At 50μg/mL the Actinobacter sp. shows the highest inhibition, followed by S. aureus, Pseudomonas s, E. coli, 

and E. faecalis. At 25μg/mL, the Actinobacter sp. shows the highest inhibition, followed by S. aureus, 

Pseudomonas s, E. coli, and E.faecalis. These values show that at a higher concentration, the AgNPs show a 

significant antibacterial activity. 

 

DISCUSSION 

 

The current study demonstrates the successful green synthesis of AgNPs using the aqueous flower extract of S. 

auriculata and bark extract of S. racemosa, as indicated by the visual color change from light brown to dark 

brown, and further confirmed by UV-Visible spectrophotometry, which showed a distinct peak at 450 nm. This 

surface plasmon resonance is characteristic of AgNPs and aligns with observations reported where Ginger-

mediated AgNPs exhibited an absorption peak near 450 nm, confirming nanoparticle formation through plant-

mediated reduction of Ag⁺ ions [29]. 

The antimicrobial activity of the synthesized AgNPs was evaluated against five wound pathogens — 

Pseudomonas sp., Actinobacter sp., E. faecalis, S. aureus, and E. coli. The agar well diffusion assay showed that 

the AgNPs had significant inhibitory effects, with the largest zones of inhibition recorded for Actinobacter sp. 

(13 mm × 10 mm) and Pseudomonas sp. (12 mm × 11 mm) at 100 μg/mL concentration. against Pseudomonas 

sp. and S. aureus using Senna auriculata-derived AgNPs [25,26,27]. Moreover, Nandhini et al. (2023) found 

comparable results using Symplocos racemosa leaf-mediated AgNPs against E. faecalis, achieving inhibition 

zones ranging from 8 to 11 mm depending on concentration [1]. 

Time-kill kinetic assays confirmed a concentration- and time-dependent bactericidal effect of the nanofilm-

embedded AgNPs. At 100 μg/mL, a significant reduction in bacterial viability was observed within 3–4 hours, 

especially in E. coli and S. aureus, where colony-forming units (CFUs) dropped to near-undetectable levels. They 

demonstrated that silver nanoparticles caused complete bacterial kill in E. coli within 4 hours at 100 μg/mL, with 

a similar decline in S. aureus viability. In contrast, Pseudomonas sp. exhibited relatively higher resistance, 

requiring prolonged exposure or higher doses for significant CFU reduction, who reported that P. aeruginosa 

biofilms showed delayed sensitivity to AgNPs compared to planktonic forms [26]. 

The antibiofilm activity further emphasized the potential of AgNPs in treating chronic wounds. At 100 μg/mL, 

Actinobacter sp. biofilms were most effectively disrupted, followed by those of S. aureus, Pseudomonas sp., and 

E. faecalis. The reduction in biofilm biomass was significant when compared to the untreated control, and closely 

matched the inhibition levels produced by standard antibiotics. Spirescu et al. (2021) also reported strong 

antibiofilm properties of green-synthesized AgNPs, particularly against Gram-positive pathogens such as S. 

aureus and E. faecalis, where they reduced biofilm mass by more than 60% at similar concentrations [28,29]. 

This suggests that the combination of bioactive phytochemicals and AgNPs provides a synergistic effect, 

enhancing antimicrobial efficacy, particularly in disrupting the protective extracellular polymeric substance 

(EPS) layer of biofilms. 

When compared with other AgNPs-based nanofilms, the current study’s results are consistent in demonstrating 

strong antimicrobial action, reported zones of inhibition between 12–16 mm using AgNP-loaded wound 

dressings, similar to the 13 mm observed here against Actinobacter sp. Likewise, observed >70% biofilm 

disruption and rapid bacterial reduction within 4 hours, respectively, outcomes closely matching our time-kill 

and antibiofilm results. However, as Sousa et al. [45] highlighted, higher AgNP concentrations may pose pro-

inflammatory risks, emphasizing the importance of careful dosage design for biomedical applications.[30] 

 

CONCLUSION 

 

This study successfully demonstrated the green synthesis of silver nanoparticles using S. auriculata flower and 

S. racemosa bark extracts, confirming their potent antimicrobial and antibiofilm activities against key wound 

pathogens. Synthesized AgNPs exhibited concentration-dependent bacteriostatic and bactericidal effects. The 

integration of phytochemicals from these plants enhanced nanoparticle stability and biological efficacy. These 

findings highlight the potential of plant-mediated AgNPs as effective, eco-friendly alternatives for antimicrobial 

wound dressings and coatings, addressing challenges of antibiotic resistance and chronic wound infections. 

Future work should include in vivo assessments and cytotoxicity evaluations to advance clinical applications. 
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