


Original Research Article
Antimicrobial Activity of Biosynthesized Silver Nanoparticles from Mentha arvensis and Syzygium aromaticum and their Combinations with Levofloxacin and Cefotaxime



.     
.
              . 
                     
	.
..


.



ABSTRACT 

	Aims: This study is aimed at evaluating the antimicrobial activity of biosynthesized silver-nanoparticles (AgNPs) from Mentha arvensis and Syzygium aromaticum and its combinations with cefotaxime and levofloxacin.
Study design:  Cross sectional study.
Place and Duration of Study: Biological Science Department of National Institute for Pharmaceutical Research and Development Idu Abuja, between January 2025 and August 2025.
Methodology: The AgNPs were biosynthesized from Mentha arvensis (M. arvensis) and Syzygium aromaticum (S. aromaticum) extracts and characterized with Fourier transform infrared (FTIR) spectroscopy and scanning electron microscopy. The antimicrobial activity of AgNPs, cefotaxime and levofloxacin against the Pseudomonas aeruginosa (P. aeruginosa) isolates (B1, B2 and B3) from surgical wound were evaluated using the microbroth dilution method. The effect of combination of the AgNPs and cefotaxime or levofloxacin was evaluated using the checkerboard method.
Results: The size of S. aromaticum and M. arvensis were 50-179nm with an average of 114.5nm and 80-268nm with an average of 174nm respectively. The AgNPs biosynthesized from S. aromaticum and M. arvensis had activity against the isolates with minimum inhibitory concentrations (MICs) ranges from 6.25-0.0078 mg/mL while for cefotaxime and levofloxacin, the MICs ranges from 64.0-2.0 µg/mL. The combination of S. aromaticum/cefotaxime, S. aromaticum/levofloxacin and M. arvensis/levofloxacin had synergistic effect against only B1 with FICs ranges from 0.125-0.5 but had indifference effect on isolate B2 and B3 with FICs of 2.0. Finally, the combination of M. arvensis/cefotaxime had additive effect on B1 and B2 with FICs of 1.0.
Conclusion: The biosynthesized AgNPs from S. aromaticum and M. arvensis had antipseudomonal activity with inconsistent effect in its combination with cefotaxime and levofloxacin against the P. aeruginosa isolates.
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1. INTRODUCTION 

Pseudomonas aeruginosa (P. aeruginosa) is a Gram-negative, rod-shaped bacterium classified as an aerobic facultative anaerobe within the γ-proteobacteria family (1). This ubiquitous microorganism demonstrates remarkable environmental adaptability and is frequently isolated from diverse sources in both healthcare facilities and community environments (3).
As a significant pathogen, P. aeruginosa causes both life-threatening acute infections and chronic persistent infections, accounting for 7% to 12% of all healthcare-associated infections (4, 5, 6). The overuse of antimicrobial agents has accelerated the emergence of multidrug-resistant (MDR) strains, substantially reducing the effectiveness of conventional antibiotic treatments (7). Recent findings by Alam et al. (3) demonstrate that P. aeruginosa shows resistance to multiple antimicrobial classes, including aminoglycosides, quinolones, and β-lactams. This antimicrobial resistance (AMR) represents a critical global health challenge affecting both human and veterinary medicine, particularly given the difficulties associated with novel antimicrobial development (7). Recognizing this threat, the World Health Organization (WHO) has designated carbapenem-resistant P. aeruginosa as one of three critical-priority bacterial pathogens requiring urgent therapeutic innovation (3).
Earlier investigations have examined the antibacterial potential of crude plant extracts and their solvent fractions against P. aeruginosa (2, 8, 9), as well as the antimicrobial properties of biosynthesized silver nanoparticles (AgNPs) against both planktonic cells and biofilms of this pathogen (10, 11). Silver nanoparticles have shown particularly promising activity against MDR bacterial pathogens (10).
Despite these advances, no studies have examined the synergistic potential of M. arvensis- and S. aromaticum-derived AgNPs combined with antibiotics such as levofloxacin and cefotaxime against MDR P. aeruginosa isolated from surgical wound infections. This study therefore seeks to assess the antimicrobial efficacy of AgNPs biosynthesized from M. arvensis and S. aromaticum, both as standalone agents and in combination with levofloxacin or cefotaxime, against these clinically significant isolates.
2. material and methods 
2.1 Plants Collection and Identification.
The fresh two plants such as (Mint leaves) Mentha arvensis, and (Cloves) Syzygium aromaticum were collected from Jos, Plateau State, Nigeria, and identified in the Botanical Garden of the National Institute for Pharmaceutical Research and Development (NIPRD), Idu, Abuja, for proper identification.
2.2 Biosynthesis of Silver-Nanoparticles (AgNPs)
The biosynthesis of AgNPs from S. aromaticum and M. arvensis was performed using a slightly modified version of the method previously described by Asif et al. (12). Briefly, 20.0 g of leaf powder from each plant was separately dissolved in 200 mL of sterile distilled water. The solutions were filtered through Whatman No. 1 filter paper. Subsequently, 100 mL of each filtrate was added to 900 mL of a 2 mM aqueous AgNO₃ solution. The mixtures were heated at 60 °C for 1 hour and then incubated in a dark cupboard at room temperature for 24 hours. A color change from dark brown to reddish-brown indicated the formation of AgNPs. The nanoparticles were recovered by centrifuging the solutions at 3,500 rpm for 15 minutes, washed twice with sterile distilled water, and dried at 35 °C in a water bath.
To ensure the solubility and stability of the AgNPs for subsequent analyses, the dried nanoparticle pellets were resuspended in sterile distilled water. The suspension was subjected to brief sonication (5-10 seconds at 40 kHz) to ensure homogeneity and break up any large aggregates. No additional chemical stabilizers were used, as the capping agents derived from the plant extracts themselves were found to be sufficient to maintain colloidal stability. The resuspended AgNPs were stored at 4°C in the dark, and their stability was confirmed by the absence of visible precipitation or significant change in the UV-Vis absorption spectrum.

2.3 Characterization of Silver Nanoparticles.
The synthesized AgNPs underwent characterization using Fourier-Transform Infrared Spectroscopy (FTIR) to determine their chemical composition and identify specific functional groups. Prior to analysis, the instrument was properly calibrated and validated to ensure measurement precision and accuracy. Samples were prepared to achieve homogeneity and uniform thickness, which are essential for reliable quantitative analysis.
Morphological characterization was performed using a Scanning Electron Microscope (FEI Nova NanoSEM 450, USA). SEM analysis confirmed the shape, size, and crystalline structure of the silver nanoparticles.
2.4 Test Organisms.
The multidrug-resistant clinical Pseudomonas aeruginosa wound isolates (B1, B2, B3), were sourced from Bingham University Teaching Hospital (BUTH) Jos, Plateau State, Nigeria.

2.5 Evaluation of Minimum Inhibitory Concentrations of Silver-Nanoparticles and some Antimicrobials
The MICs of  biosynthesis of AgNps from S. aromaticum and M. arvensis; and antimicrobials such as cefotaxime and levofloxacin were determined using microbroth dilution method as follows; 100 µL of Mueller-Hinton broth (MHB: Oxoid Ltd, UK) containing different concentrations (50.0-0.78 mg/mL) of the AgNPs and 512-0.078 µg/mL of cefotaxime and levofloxacin were each prepared in 96-well microtiter plate and 5 µL  of the standardized test organism were inoculated into each well and incubated at 37 °C for 24 h.   The minimum concentration of the AgNPs that inhibit the growth of the test organism without turbidity was read as the MICs.

2.6 Evaluation of the Effect of Combinations of Silver-Nanoparticles and some Antimicrobials
The synergistic effects of biosynthesized AgNPs from S. aromaticum and M. arvensis combined with cefotaxime and levofloxacin were evaluated using the checkerboard method. Serial dilutions of AgNPs ranging from 2× MIC to 1/128× MIC were prepared in combination with either cefotaxime or levofloxacin in 100 µL of double-strength Mueller-Hinton broth (MHB) in a 96-well microtiter plate. Each well was inoculated with 5 µL of standardized bacterial suspension (10⁵ CFU) and incubated at 37°C for 24 hours.
The combined MIC was determined as the lowest concentration of the AgNP-antibiotic combination that inhibited visible bacterial growth. The fractional inhibitory concentrations (FICs) of the AgNP-antibiotic combinations were calculated using the following formula:
	
The synergistic, additive, indifference and antagonistic effect of combination were interpreted as follows; synergistic effect: fic ≤ 0.5, additive effect: fic≥ 0.5 and ≤ 1.0, indifference effect fic≥ 1.0 and < 4.0, antagonistic effect: ≥ 4. 
3. results and discussion
3.1 Characteristics of Biosynthesized Silver-Nanoparticles
The functional groups and sizes of the silver nanoparticles (AgNPs) biosynthesized from S. aromaticum and M. arvensis were analyzed using FTIR and SEM, as shown in Figures 1-2 and Plates 1-2, respectively.
The FTIR analysis of AgNPs from S. aromaticum (Figure 1) showed prominent peaks at 3900.2 cm⁻¹, 3749.7 cm⁻¹, and 3363.9 cm⁻¹, corresponding to O-H stretching vibrations characteristic of alcohol groups. Peaks at 2926.1 cm⁻¹ and 2362.8 cm⁻¹ were assigned to C-H stretching vibrations of alkyl and methylene groups. A strong peak at 1732.1 cm⁻¹ indicated the presence of C=O stretching, typical of esters and phospholipids. For the AgNPs from M. arvensis (Figure 2), a broad peak at 3363.9 cm⁻¹ revealed the presence of O-H stretching vibrations from alcohols and phenols. The size of the synthesized AgNPs, as determined by SEM (Plates 1a, 1b, 2a, and 2b), was within the range of 50–179 nm for S. aromaticum, with an average size of 114.5 nm. In contrast, the AgNPs from M. arvensis ranged from 80–268 nm, with an average size of 174 nm.
3.2 Antimicrobial Activity of Silver-Nanoparticles, Cefotaxime and Levofloxacin
The antimicrobial activity of AgNPs biosynthesized from S. aromaticum and M. arvensis, as well as the known antimicrobials cefotaxime and levofloxacin, against P. aeruginosa isolates B1, B2, and B3 was determined using the microbroth dilution method; the results are presented in Table 1. The biosynthesized AgNPs from both plant species demonstrated activity against all three P. aeruginosa isolates. The AgNPs from M. arvensis exhibited greater potency, with a MIC of 0.078 mg/mL against all isolates. In contrast, the AgNPs from S. aromaticum were less potent, with MICs of 6.25 mg/mL against isolates B1 and B2.
The conventional antibiotics also showed activity. The MIC range for cefotaxime was 2.0–8.0 µg/mL, while that for levofloxacin was 8.0–64.0 µg/mL across the three isolates.

3.3 Effect of Combination of Biosynthesized Silver-Nanoparticles with Known Antimicrobials
The combined effect of biosynthesized AgNPs from S. aromaticum and M. arvensis with levofloxacin and cefotaxime against multidrug-resistant P. aeruginosa isolates B1, B2, and B3 was determined by calculating the Fractional Inhibitory Concentration (FIC) indices of the combinations, as shown in Table 2.
Notably, the combination of AgNPs from S. aromaticum with levofloxacin and cefotaxime demonstrated a synergistic effect against isolate B1, with FIC indices ranging from 0.125 to 0.5. However, these same combinations showed an indifferent effect against isolates B2 and B3, with FIC indices of 2.0. Furthermore, the combination of AgNPs from M. arvensis with cefotaxime exhibited an additive effect against isolates B1 and B2, with an FIC index of 1.0.[image: ] 














Figure 1: Fourier Transmission Infra-Red Spectra of the Silver nanoparticles biosynthesized from crude S. aromaticum extract.
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Figure 2: Fourier Transmission Infra-Red Spectra of the Silver nanoparticles biosynthesized from crude M. arvensis extract
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Plate 1a: Scanning Electron Microscopy characteristics showing the size of the Silver Nanoparticles synthesized from the seed extract of S. aromaticum using 1000x magnification Lens.
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Plate 1b: Scanning Electron Microscopy characteristics showing the size of the Silver Nanoparticles synthesized from the seed extract of S. aromaticum using 1500x magnification Lens.
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Plate 2a: Scanning Electron Microscopy characteristics showing the size of the Silver Nanoparticles synthesized from the leaf extract of M. arvensis using 100x magnification Lens.
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Plate 2b: Scanning Electron Microscopy characteristics showing the size of the Silver Nanoparticles synthesized from the leaf extract of M. arvensis using 1500x magnification Lens.













Table 1:Antipseudomona Activity of Biosynthesized Silver Nanoparticles (Ag-NPs)
	
	MICs

	Isolates
	S. aromaticum
(mg/mL)
	M. arvensis
(mg/mL)
	Levofloxacin
(µg/mL)
	Cefotaxime (µg/mL)

	B1
	6.25
	0.078
	8.0
	2.0

	B2
	6.25
	0.078
	64.0
	2.0

	B3
	0.078
	0.078
	64.0
	8.0


B1=P. aeruginosa B1; B2=P. aeruginosa B2; B3=P. aeruginosa B3.



Table 2: Fractional Inhibitory Concentration of Synthesized Silver Nanoparticles in Combination with Antimicrobial Agents and P.aeruginosa isolates.
	Isolates
	FICs

	
	Ag-NPs_Sa + Lev
	Ag-NPs_Sa + CTX
	Ag-NPs_Ma + Lev
	Ag-NPs_Ma + CTX

	B1
	0.125
	0.5
	0.25
	1.0

	B2
	2.0
	2.0
	2.0
	1.0

	B3
	2.0
	2.0
	2.0
	2.0


FICs=Fractional Inhibitory concentrations; Ag-NPs=Silver-Nanoparticles; Ag-NPs_Sa=Silver-Nanoparticles derived from S. aromaticum; Ag-NPs_Ma= Silver-Nanoparticles derived from M. arvensis; Lev=Levofloxacin; CTX=Cefotaxime; B1=P. aeruginosa B1; B2=P. aeruginosa B2; B3= P. aeruginosa B3.


The results of this study demonstrate that the AgNPs synthesized from S. aromaticum and M. arvensis possess antipseudomonal activity, suggesting their potential utility in treating wound infections caused by multidrug-resistant P. aeruginosa. To the best of our knowledge, the antipseudomonal activity of AgNPs derived from these specific plants is a novel finding, although the inhibitory effects of their crude extracts have been previously reported (13, 14). The observed antimicrobial activity is likely attributable to the nanoparticles' size. While the precise mechanism of interaction between the AgNPs and the MDR P. aeruginosa isolates was not evaluated in this study, previous research has established that the efficacy of plant-synthesized AgNPs is often size-dependent (15). We therefore hypothesize that the activity of the biosynthesized AgNPs is related to their size and the functional groups present on their surface.
The efficacy of these plant-based AgNPs against P. aeruginosa from surgical wounds indicates their promising potential for developing new treatments for such infections. The combinations of biosynthesized AgNPs from S. aromaticum with cefotaxime or levofloxacin, and from M. arvensis with cefotaxime, exhibited a synergistic effect only against P. aeruginosa isolate B1, while demonstrating an indifferent effect against isolates B2 and B3. This suggests an inconsistency in the isolates' responses to the combinations. The factor underlying this inconsistent response remains unclear from our present study. We speculate that the efficacy of the antimicrobial combinations may vary depending on the specific resistance mechanisms of each strain, although the genetic diversity of the multidrug-resistant isolates was not evaluated. This variability in response to combination therapy could influence the selection of an appropriate treatment for infections caused by different strains of multidrug-resistant bacteria.
4. Conclusion
While the biosynthesized AgNPs from S. aromaticum and M. arvensis demonstrated inherent antipseudomonal activity, the response of the P. aeruginosa isolates to their combination with antibiotics was variable. Therefore, further investigation is necessary to elucidate the factors responsible for this inconsistent response.
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