Antibacterial, Antivirulant and Antioxidant Activities of Photosynthesized Selenium Nanoparticles Against Escherichia coli Isolates
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Abstract. In this study, the antibacterial, antivirulence, and antioxidant properties of photosynthesized selenium nanoparticles (MC-SeNPs) were evaluated against 50 Escherichia coli isolates (33.3%) obtained from 150 clinical samples. Among the isolates, 60% were recovered from urinary tract infections, 30% from wounds, and 10% from burns. Antimicrobial susceptibility testing revealed variable resistance patterns among the isolates. The antimicrobial activity of MC-SeNPs, assessed using a resazurin-based microdilution method, showed minimum inhibitory concentrations (MICs) ranging from 1250 to 312.5 µg/ml. At sub-MIC levels, MC-SeNPs significantly reduced biofilm formation, with inhibition rates ranging from 7.8% to 85% in strong biofilm producers, 44% to 57% in moderate producers, and 39% to 71% in weak producers. Antioxidant activity assays demonstrated a dose-dependent increase in free radical scavenging capacity with Myrtus communis L. leaf extract, MC-SeNPs, and ascorbic acid. Hemolytic activity testing indicated minimal toxicity, as MC-SeNPs exhibited the lowest hemolytic effect even at higher concentrations. Overall, the findings highlight the potential of MC-SeNPs as effective antimicrobial and antivirulence agents with strong antioxidant capacity and low cytotoxicity, suggesting their suitability for diverse medical, industrial, and environmental applications.
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Introduction
Escherichia coli is a gram-negative bacillus, non-spore-forming, and motile through peritrichous flagella. Its colonies are smooth, convex, and may appear slimy when encapsulated. On MacConkey agar, E. coli ferments lactose producing bright pink colonies, while on eosin methylene blue (EMB) agar, it shows a characteristic green metallic sheen. It does not hydrolyze gelatin, does not produce H₂S in triple sugar iron agar, and grows optimally at 36–37 °C (1-3). E. coli is part of the normal intestinal microbiota of humans and animals but can become pathogenic, causing urinary tract infections (UTIs), wound infections, genital tract infections, and respiratory diseases (4). Among these, UTIs are the most common (5, 6). Pathogenic strains of E. coli possess virulence genes located within pathogenicity islands ranging from 10 to 200 kb. These factors include capsules, lipopolysaccharides, adhesins, and enzymes, which facilitate immune evasion and tissue colonization (7). A major clinical challenge is the rising prevalence of antibiotic-resistant strains, largely due to antibiotic misuse. E. coli is among the most resistant bacteria, employing multiple drug resistance mechanisms (8). Selenium nanoparticles (SeNPs) have recently gained significant attention because of their high bioavailability, strong biological activity, low toxicity, and superior efficiency in preventing oxidative damage compared to other selenium forms (9). In biomedical applications, SeNPs are reported to possess antioxidant (10, 11), anticancer (12), antimicrobial (13), and immunoregulatory properties (14). They exhibit broad-spectrum antimicrobial effects against bacteria and fungi (15), likely mediated through excessive reactive oxygen species (ROS) generation, disruption of cell membranes, inhibition of protein synthesis, and interference with DNA replication (16). Given these unique properties, SeNPs have been proposed as promising candidates to combat multidrug-resistant pathogens, including E. coli. However, published studies reveal variations in outcomes due to differences in synthesis methods, nanoparticle size, concentrations used, bacterial lifestyle (planktonic or biofilm), and microbial strains investigated (17). This highlights the importance of further exploring the biomedical potential of SeNPs against E. coli-associated infections.
Materials and Methods
Clinical Samples Collection
   Clinical samples were collected between 20 July and 20 December 2024 from hospitals affiliated with Baghdad Karkh and Al-Rusafa Health Departments. A total of 150 samples were obtained from patients suspected of E. coli infection, including urine samples from urinary tract infections, and swabs from burn and wound patients. 
Isolation and identification of E. coli
   All one hundred and fifty samples examined, including morphological characteristics on different culture media, Gram staining, motility, biochemical tests and finally confirmation with the ID-GNB cards of the VITEK® 2 compact system (18, 19), showed that the isolates were E. coli.
Antibiotic sensitivity test
The antibiotic susceptibility tests were carried out using two methods. The first Kirby Bauer disk diffusion method: The method of (20) was used. The diameter of the inhibition around the antibiotic disc was measured to determine the efficacy of the antibiotic for 50 isolates. The second VITEK® 2 Compact system method: The method of (19) was used. The VITEK® 2 Compact System automatically processes the antimicrobial susceptibility cards of Gram-negative bacteria VITEK® 2AST-GN419 cards until MICs for 50 isolates are obtained.
Photosynthesis of selenium nanoparticles
The selenium nanoparticles synthesised with an extract from the leaves of Aas (M.communis L.) and their properties were described in a previous study (20).
Resazurin Microplate Assay (REMA)
REMA was used to determine the MIC of MC-SeNPs, where the MIC was determined by recording the observed colour change (21).
Detection of biofilm formation
Biofilm formation was measured using the 96-well tissue culture plate (TCP) method as previously described with minor modifications (22).
Inhibition of biofilm formation
Fifty E. coli isolates were incubated in 96-well microtiter plates with two subinhibitory concentrations of MC-SeNPs (1000–1.95 µg/ml). After 24 hours at 37°C, planktonic cells were removed, and the remaining biofilms were stained with crystal violet. Biofilm formation was then quantified using an Absorbance Microplate Smart Reader™ at 590 nm, where colour intensity reflected bacterial adhesion and biofilm development (23).
DPPH radical scavenging assay
The ability of MC-SeNPs to scavenge free radicals was tested using the DPPH radical scavenging assay (24).
In vitro Hemolysis Assay
The haemolytic activity of MC-SeNPs was evaluated in vitro using erythrocytes from fifty human blood samples collected with donor consent (n=5) (25). Red blood cells were isolated by centrifugation, washed with DPBS, and diluted to prepare a stock solution. Various concentrations of MC-SeNPs were incubated with 1 mL of the red cell suspension at 37°C for 24 hours. 1% SDS and DPBS served as positive and negative controls, respectively. After incubation, absorbance was measured at 540 nm to calculate the percentage of haemolysis:

                                   Hemolytic activity%=   × 100                                       (1)
Statistical analysis
The data were tabulated in an IBM SPSS version 26.0 data sheet, which was used for the statistical analysis. Significant differences were tested using the chi-square test for person analysis. Statistical significance was defined for the tables as a probability value (p≤0.05) (26). For the figures, the data were also analysed using analysis of variance (ANOVA) between groups with four replicates and a probability value p≤0.05. The results were expressed as mean±standard deviation (SD) (27).
Results
Clinical samples collection
A total of 150 clinical samples were collected between 20 July and 20 October 2024 from several hospitals in Baghdad, including Imam Ali, Martyr Ghazi Al-Hariri, the Specialised Burns Hospital, Baghdad Teaching Hospital, Ibn Al-Balady, and Al-Mada’in General Hospital. The samples comprised 80 urine samples from UTI patients, 40 wound swabs, and 30 burn swabs. Of these, 70 were from males (46.66%) and 80 from females (53.33%). The largest proportion came from the 20–29 age group, with 17 male (24.28%) and 20 female (25%) samples, while the smallest proportion was two male (2.85%) and two female (2.5%) samples. Chi-square analysis showed no significant difference between genders across age groups (p>0.05), indicating a homogeneous distribution.
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	FIGURE 1. Distribution of clinical samples by source.   
	
	FIGURE 2. Gender distribution of clinical samples


Isolation of bacteria
Out of 150 clinical samples, 50 E. coli isolates (33.3%) were identified using morphological, microscopic, biochemical tests, and the VITEK® 2 system. These included 30 isolates (60%) from urinary tract infections, 15 (30%) from wounds, and 5 (10%) from burns (Fig. 3).
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FIGURE 3. The number and percentage of E.coli isolates from clinical samples.

Antimicrobial susceptibility test
Seventeen antimicrobial discs were tested against fifty E. coli isolates from clinical samples. Most isolates were resistant to seven antibiotics—Ampicillin, Amoxicillin, Cloxacillin, Gentamicin, Amikacin, Tobramycin, and Tetracycline—classifying them as multidrug-resistant (MDR). Conversely, the isolates were largely sensitive to ten antibiotics, including Imipenem, Meropenem, Nitrofurantoin, Chloramphenicol, Nalidixic acid, Ciprofloxacin, Streptomycin, Kanamycin, Trimethoprim-Sulfamethoxazole, and Clindamycin. Chi-square analysis confirmed significant differences in antibiotic responses (p≤0.05).

	TABLE 1. Antimicrobial resistance profiles of E. coli clinical isolates against various antibiotics with associated p-values.

	Antibiotics discs
	Number and Percentage
	p-value

	
	Sensitive
	Intermediate
	Resistance
	

	Ampicillin (10µg)
	1 (2%)
	2 (4%)
	47 (94%)
	0.01*

	Amoxicillin (10μg)
	1 (2%)
	1 (2%)
	48 (96%)
	0.05*

	Imipenem (10µg)
	47 (94%)
	2 (4%)
	1 (2%)
	0.01*

	Meropenem (10µg)
	47 (94%)
	2 (4%)
	1 (2%)
	0.001*

	Nitrofurantoin (10 μg)
	45 (90 %)
	4 (8%)
	1 (2%)
	0.001*

	Cloxacillin (5 μg)
	3 (6%)
	7 (14%)
	40 (80%)
	0.001*

	Chloramphenicol (30 μg)
	46 (92%)
	3 (6%)
	1 (2%)
	0.001*

	Nalidxic acid (30 μg)
	45 (90 %)
	3 (6%)
	2 (4%)
	0.01*

	Ciprofloxacin (5 μg)
	47 (94%)
	2 (4%)
	1 (2%)
	0.01*

	Streptomycin (10 μg)
	30 (60%)
	12 (24%)
	8 (16%)
	0.001*

	Kanamycin (30 μg)
	32 (64%)
	11 (22%)
	7 (14%)
	0.001*

	Gentamicin (30 μg)
	3 (6%)
	7 (14%)
	40 (80%)
	0.001*

	Amikacin (30 μg)
	3 (6%)
	10 (20%)
	37 (74%)
	0.001*

	Tobramycin (10µg)
	2 (4%)
	10 (20%)
	38 (76%)
	0.001*

	Trimethoprim/ Sulfamethoxazole (1.25/23.75 μg)
	48 (96%)
	1 (2%)
	1 (2%)
	0.05*

	Tetracycline (30 μg)
	2 (4%)
	8 (16%)
	40 (80%)
	0.001*

	Clindamycin (2µg)
	46 (92%)
	3 (6%)
	1 (2%)
	0.001*

	p-value
	0.001*
	0.001*
	0.001*
	


# Person chi-square test of independence, *significant differences (p≤0.05).

Antimicrobial susceptibility testing using the VITEK® 2 compact system with an AST-N419 card revealed that most E. coli isolates were resistant to eleven antibiotics, including Amikacin, Aztreonam, Minocycline, Rifampicin, Cefepime, Ceftazidime, Cefazolin, Colistin, Gentamicin, Ticarcillin, and Ticarcillin+Clavulanic acid. Conversely, the isolates were largely sensitive to seven antibiotics: Ciprofloxacin, Pefloxacin, Imipenem, Meropenem, Piperacillin, Piperacillin+Tazobactam, and Trimethoprim/Sulfamethoxazole. Chi-square analysis confirmed significant differences in susceptibility patterns (p≤0.05).

	TABLE 2. Antibiotic susceptibility patterns of clinical E. coli isolates using VITEK® 2 compact system (AST-N419 card.

	Antibiotics agents
	Number and Percentage
	p-value#

	
	Sensitive
	Intermediate
	Resistance
	

	Amikacin
	6 (12%)
	5 (10%)
	39 ( 78% )
	0.01*

	Aztreonam
	4 (8%)
	6 (12%)
	40 (80%)
	0.01*

	Minocycline
	4 (8%)
	4 (8%)
	42 (84%)
	0.05*

	Rifampicin
	4 (8%)
	5 (10%)
	41 (82%)
	0.01*

	Cefepime
	3 (6%)
	7 (14%)
	40 (80%)
	0.001*

	Ceftazidime
	4 (8%)
	8 (16%)
	38 (76%)
	0.001*

	Cefazolin
	9 (18%)
	2 (4%)
	39 (78%)
	0.001*

	Ciprofloxacin
	36 (72%)
	9 (18%)
	5 (10%)
	0.001*

	Pefloxacin
	38 (76%)
	10 (20%)
	2 (4%)
	0.001*

	Colistin
	1 (2%)
	2 (4%)
	47 (94%)
	0.01*

	Gentamicin
	3 (6%)
	7 (14%)
	40 (80%)
	0.001*

	Imipenem
	50 (100%)
	0 (0%)
	0 (0%)
	0.05*

	Meropenem
	50 (100%)
	0 (0%)
	0 (0%)
	0.05*

	Piperacillin
	47 (94%)
	2 (4%)
	1 (2%)
	0.01*

	Piperacillin +
tazobactam
	48 (96%)
	1 (2%)
	1 (2%)
	0.05*

	Ticarcilline
	4 (8%)
	10 (20%)
	36 (72%)
	0.001*

	Ticarcilline + clavulanic acid
	4 (8%)
	8 (16%)
	38 (76%)
	0.001*

	Trimethoprim /sulfamethoxazole
	35 (70%)
	9 (18%)
	6 (12%)
	0.001*

	p-value
	0.001*
	0.001*
	0.001*
	


# Person chi-square test of independence, *significant differences (p≤0.05).
Antimicrobial Activity of MC-SeNPs by Resazurin (REMA) 
The antimicrobial activity of MC-SeNPs against E. coli isolates was evaluated using a resazurin-based 96-well plate microdilution method. The MIC of MC-SeNPs varied among the isolates: 1250 µg/ml for isolates 1, 3, 5, 7, 11, 12, 15, 18, 19, 23, 24, 25, 27, 30, 33, 34, 35, 36, 43, 44, 46, and 47; 625 µg/ml for isolates 4, 6, 9, 13, 17, 21, 22, 26, 29, 31, 42, and 49; and 312.5 µg/ml for isolates 2, 8, 10, 14, 16, 20, 28, 32, 37, 38, 39, 40, 41, 45, 48, and 50 (Fig. 4).
Biofilm formation detection 
The results of this study showed that the biofilm-forming isolates were divided into 31 isolates with strong biofilm formation with a percentage of 62%, thirteen isolates with moderate biofilm formation with a percentage of 26% and six isolates with weak biofilm formation with a percentage of 12%, Fig. (5-7).
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FIGURE 4. Minimum Inhibitory Concentration (MIC) of MC-SeNPs against E. coli isolates determined by the Resazurin Microtiter Assay (REMA).
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FIGURE 5. Percentage distribution of E. coli isolates based on biofilm formation strength.
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FIGURE 6. Color development indicating biofilm formation by E. coli isolates using microtiter plates.

The effect of MC-SeNPs on the biofilm formation   
In this study, the effect of selenium nanoparticles synthesized from M. communis L. leaf extract on biofilm formation by fifty E. coli isolates was evaluated, including strong, moderate, and weak biofilm producers. Using the sub-minimal inhibitory concentration (SUB-MIC), the results showed that inhibition rates ranged from 7.8% to 85% in strong biofilm isolates, 44% to 57% in moderate biofilm isolates, and 39% to 71% in weak biofilm isolates. These findings indicate a significant potential of selenium nanoparticles in reducing biofilm formation across different E. coli phenotypes.
The antioxidant activity of M.communis L. leaf extract, MC-SeNPs and ascorbic acid   
The antioxidant activity of M. communis L. leaf extract, MC-SeNPs, and ascorbic acid was evaluated using DPPH radical scavenging assays. The results showed a concentration-dependent increase in radical scavenging activity. For M. communis L. extract, activity ranged from 10.32% at 1.95 µg/ml to 75.12% at 1000 µg/ml. MC-SeNPs exhibited higher activity, from 14.81% at 1.95 µg/ml to 98.84% at 1000 µg/ml. Ascorbic acid showed similar high activity, from 16.21% at 1.95 µg/ml to 98.94% at 1000 µg/ml (Fig. 10).
To assess the efficacy of photosynthesised MC-SeNPs in erythrocyte haemolysis, haemolytic activity was measured in vitro in a dose-dependent manner. Even at higher doses, the photosynthesised MC-SeNPs were observed to have the lowest haemolytic effect, indicating low toxicity (Fig. 11).

	

	


FIGURE 7. Biofilm formation by E. coli isolates measured by optical density (OD) using the microtiter plate method.

	


FIGURE 8. Effect of MC-SeNPs on biofilm formation by E. coli isolates measured by optical density (OD).

	


FIGURE 9. Percentage inhibition of biofilm formation in E. coli isolates treated with MC-SeNPs.
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FIGURE 10. Comparative percentage of radical scavenging activity of Aas leaf extract, MC-SeNPs, and ascorbic acid.

	


FIGURE 11. The haemolysis activity of Aas leaf extract and MC-SeNPs.
Discussion
The isolation of E. coli was carried out using standard bacteriological methods (17). Clinical samples were cultured on MacConkey agar and incubated at 37°C for 24 h, producing pink colonies. Pure isolates were subcultured on nutrient agar and eosin methylene blue (EMB), where metallic green colonies confirmed E. coli (28). Gram staining and biochemical tests, including TSI and IMViC, further characterised the isolates, while final confirmation was done using the VITEK® 2 compact system (18). A total of 50 E. coli isolates (33.3%) were obtained from 150 samples: 30 (60%) from urinary tract infections, 15 (30%) from wounds, and 5 (10%) from burns, consistent with previous studies in Baghdad (29–31). Antimicrobial susceptibility was tested using both the Kirby-Bauer disc diffusion and VITEK® 2 AST systems. The VITEK® 2 method was more accurate and reliable, whereas Kirby-Bauer presented limitations such as uneven bacterial distribution (32). Results showed most isolates resistant to seven antimicrobials by Kirby-Bauer and eleven by VITEK® 2, aligning with previous findings (33). Biofilm analysis revealed 31 strong (62%), 13 moderate (26%), and 6 weak (12%) biofilm formers, consistent with other reports linking biofilms to resistance in clinical isolates (34, 35). Treatment with Myrtus communis-derived selenium nanoparticles (MC-SeNPs) significantly inhibited biofilm formation: 7.8–85% in strong, 44–57% in moderate, and 39–71% in weak biofilm formers, in agreement with previous studies (36, 37). Antioxidant assays showed increased radical scavenging with higher concentrations of plant extract, MC-SeNPs, and ascorbic acid, due to direct neutralisation of ROS and activation of antioxidant enzymes such as GPx and SOD (38, 39). MC-SeNPs demonstrated superior activity compared to plant extract alone, supporting earlier studies (40, 41). Finally, haemolysis assays indicated low toxicity of MC-SeNPs, with reduced haemolytic activity at lower concentrations, consistent with previous findings (42).
CONCLUSION
The results of this study indicate that selenium nanoparticles from mycelium (MC-SeNPs) have antimicrobial, antiviral and antioxidant properties as well as low cytotoxicity. This makes them promising for clinical applications as alternative antibiotics and in industry and the environment as an anti-pollution agent. However, the use of these particles in practise requires further studies to assess their toxicity and efficacy in vivo to ensure their safety and effectiveness.
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Figure 2. The number and percentage of samples taken from males and female:

= Male = Female





image3.jpeg
oe@ @oao
00000060
-00000000
,guo 00000
.ggogggoo
sgggggooo





image4.png
Figure 5. The Biofilm Formatiom by E. coli Isolates
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Figurc 10. Percentage of Radical Scavenging Activity of Aas Icaf extract, MC-SeNPs and
Ascorbic acid.
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Figure 1. The Number and percentage of clinical samples
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