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Abstract 

Urinary tract infections (UTIs) are a major global health concern, exacerbated 

by the rise of multidrug-resistant (MDR) pathogens and biofilm formation. This 

study evaluated the antibacterial and antibiofilm effects of green-synthesized zinc 

oxide nanoparticles (ZnO NPs), alone and in combination with ceftriaxone, 

against clinical MDR isolates of Escherichia coli and Klebsiella pneumoniae. 

Most isolates demonstrated biofilm-forming ability, with K. pneumoniae showing 

stronger biofilm production than E. coli. ZnO NPs were synthesized using 

Dracaena  sanderiana extract and characterized by UV-Vis spectroscopy, X-ray 

diffraction, and TEM, confirming uniform, spherical nanoparticles with an 

average size of ~13 nm and hexagonal wurtzite structure. Minimum inhibitory 

concentration (MIC) assays revealed effective antibacterial activity, and sub-MIC 

treatments significantly reduced biofilm formation. Notably, combination 

treatment with ZnO NPs and ceftriaxone exhibited enhanced antibiofilm activity 

compared to individual treatments. The inhibitory effect is attributed to reactive 

oxygen species generation, disruption of cell membranes, and interference with 

biofilm matrix components. These findings suggest that ZnO NPs, particularly in 

combination with conventional antibiotics, represent a promising strategy to 

combat MDR uropathogens and improve UTI management. 
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1. Introduction 

Urinary tract infections (UTIs) are among the most common infectious 

diseases worldwide, affecting hundreds of millions of individuals annually, with 

over 150 million cases reported globally (Mancuso et al., 2023). They impose a 

significant economic burden on healthcare systems; in the United States alone, 

annual costs related to diagnosis, treatment, hospital admissions, and recurrent 

episodes exceed 3.5 billion USD (Flores-Mireles et al., 2015). In developing 
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countries, limited diagnostic tools, restricted antibiotic access, and the rapid 

spread of antimicrobial resistance further exacerbate this burden (Murray et al., 

2022). 

The management of UTIs is complicated by high recurrence rates and the 

emergence of multidrug-resistant (MDR) pathogens. Gram-negative bacteria, 

particularly Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis, are 

the primary causative agents. However, Gram-positive pathogens, notably 

Staphylococcus aureus, are increasingly observed in hospital-acquired UTIs, 

reflecting evolving epidemiology and persistent challenges in infection control 

(Al-Amery, 2023)  

A major contributor to persistence and treatment failure is biofilm formation. 

Biofilms are structured communities of microorganisms embedded in a self-

produced extracellular matrix, adhering to urinary catheters, epithelial surfaces, 

and medical devices. They protect bacteria from antibiotics and host immunity, 

increase tolerance, and promote chronic or recurrent infections. Biofilms also act 

as reservoirs for resistance genes, accelerating antimicrobial resistance 

dissemination (Muhammad et al., 2020). 

Nanotechnology offers promising solutions against MDR pathogens. Zinc 

oxide nanoparticles (ZnO NPs) have broad-spectrum antibacterial activity 

through multiple mechanisms, including reactive oxygen species production, Zn²⁺ 

ion release, membrane disruption, biofilm inhibition, and quorum sensing 

interference, reducing bacterial virulence and persistence (Luo et al., 2024).  

Despite increasing interest in the antibacterial potential of ZnO NPs, few 

studies have comprehensively evaluated their effects on biofilm formation. 

Therefore, this study aims to assess the anti-biofilm activity of green-synthesized 

ZnO NPs against clinical MDR isolates, providing insights for innovative 

therapeutic strategies to combat antimicrobial resistance and improve UTI 

treatment outcomes. 

2. Materials and methods 

2.1 Materials 

Fresh leaves of D. sanderiana were obtained from a local market in Al-Anbar, 

Iraq. Zinc sulfate heptahydrate (ZnSO₄·7H₂O, ≥ 99% purity, analytical grade) was 

purchased from HiMedia (India). Sodium hydroxide pellets (NaOH, ≥ 98% 

purity, analytical grade) were obtained from Sigma-Aldrich (USA). Blood agar, 

MacConkey agar, Mueller-Hinton broth (MHB), and Brain Heart Infusion broth 

(BHI) were acquired from HiMedia (India). Ceftriaxone (CRO, 1000 mg/vial) 

was procured from Acino (Switzerland). Resazurin sodium salt (≥ 90% purity) 

was purchased from Sigma-Aldrich (USA).  

 

2.2 Methods 

2.2.1 Collection, culturing and I dentification of clinical specimens 

A total of 175 urine samples were collected from patients as mid-stream urine 

at AL-Ramadi Teaching Hospital for Maternity and AL-Ramadi Teaching 
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Hospital. Samples were cultured on blood agar and MacConkey agar and 

incubated at 37℃ for 18–24 hours. Following bacterial growth, isolates recovered 

from MacConkey agar were identified and further confirmed using the VITEK 2 

system with GN cards, according to the manufacturer’s instructions. 

2.2.2 Green biosynthesis of ZnO nanoparticles 

Two grams of plant powder were placed  in a 250 ml beaker, stirred, and 

heated at 65 ℃ in 100 ml of deionized water for a duration of 2 hours (Abo-

Shama et al., 2020) .The extract was permitted  to cool and subsequently 

centrifuged at 4000 rpm for 15 minutes, followed by  filtration  with  Whatman 

filter paper No1. To synthesize   ZnONPs, as illustrated in (Fig 2-1), 100 ml of 

0.1 M aqueous solution of zinc sulfate was placed in a 250 ml beaker. 

Subsequently , 25 ml of plant extract was introduced  dropwise at room 

temperature. The solution was stirred for 15 minutes at 65℃ and100 rpm. The pH 

of the solution was  subsequently adjusted to 12 by dropwise addition   of 2M 

NaOH solution. The mixture was combined  and subjected to heating  at 65 ℃ for 

a duration of 2 hours. A transition in color  from pale yellow to white was 

observed, indicating the formation of zinc oxide nanoparticles. The resultant  

solution was subjected to  centrifugation for 20 minutes at 4000 rpm to provide  a 

precipitate, which was subsequently  dried in an oven at 300 ℃ overnight for 

utilization in biological applications. 
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Figure (2-1): Green synthesis of ZnO NPs 

 

2.2.3 Characterization of ZnO NPs 

Characterization is essential for understanding the properties of nanoparticles. 

The following methods were employed to determine the characteristics of ZnO 

NPs. UV-visible spectroscopy was used to analyze the optical properties of the 

samples. X-ray diffraction (XRD) is a widely used technique in materials science 

for determining a material's crystallographic structure (Abbas et al., 2024). 

Additionally, Transmission Electron Microscopy (TEM) is used to examine the 

structural parameters of the nanoparticles, including size and shape. TEM 

analysis has revealed the morphological characteristics of green-synthesized ZnO 

NPs (Albarakaty et al., 2023). 

2.2.4 Quantitative Assessment of Biofilm Formation 

The biofilm-forming ability of E. coli and K. pneumoniae was evaluated 

using the methodology of Faiq and Ahmed, (2024), with slight modifications, 

specifically the exclusion of glucose from the BHI medium as described in the 

protocol. Quantitative assessment was performed using a colorimetric microtiter 

plate assay. 

 Fresh bacterial colonies were inoculated into brain heart infusion (BHI) 

broth, incubated, and adjusted to 0.5 McFarland turbidity. A standardized 

suspension (200 µL) was dispensed in triplicate into 96-well microtiter plates, 

with sterile BHI as a negative control. Plates were incubated aerobically at 37°C 

for 24 hours. Non-adherent cells were removed by washing with PBS, and 

biofilms were fixed with methanol, stained with crystal violet, and then 

solubilized with ethanol. The optical density (OD) of the stained biofilms was 

measured at 630 nm, and isolates were classified as non-, weak, moderate, or 

strong biofilm producers based on OD relative to negative control. 

The biofilm-forming ability of the bacterial isolates was determined by 

comparing the optical density (OD) readings according to the following criteria: 

OD ≤ ODc non-biofilm production 

ODc < OD ≤ 2×ODc weak biofilm production 

2×ODc < OD ≤ 4×ODc moderate biofilm production 

OD > 4×ODc strong biofilm production. 

Where: 

OD = optical density of the test isolate at 630 nm 

ODc = optical density of the negative control at 630 nm 

2.2.5 Determination of Minimum Inhibitory Concentration 
The research employed  the minimum inhibitory concentration (MIC) assay 

to determine the lowest concentration of ZnONPs that  inhibits  the growth of 
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MDR bacteria. A 96-well plate was filled with 100µl of Muller Hinton broth 

(MHB), along with serial 2-fold dilutions of ZnONPs and ceftriaxone solution. 

Finally, 10µl of fresh prepared bacterial culture broth. The plates were coated  

with self-adhesive membranes and incubated at 37°C for 24 hours. Subsequent to  

incubation, 20 μL of resazurin solution was added to each well. The color 

transitioned from blue to pink, indicating bacterial growth. The MIC was 

identified  as the minimal concentration of  ZnO NPs and CRO concentration that 

inhibited this color change (Hamid et al., 2024). 

2.2.6 Biofilm inhibition assay 

The inhibitory efficacy  of ZnONPs on biofilm formation by these isolates 

was evaluated using  the microtiter plate method as described by Jabbar et al. 

(2021) with some modifications to quantify the percentage of biofilm formation. 

The bacterial culture in brain heart infusion broth was prepared and adjusted to 

conform to  McFarland standard No. 0.5. The suspension was subsequently 

inoculated with sub-MIC of ZnONPs, CRO, and their combination. In three 

triplicate vertical rows, 200 µl of prepared bacterial suspension containing the 

treatments were added to a microtiter plate for each biofilm producing  bacterial 

isolate, while 200µl from untreated suspension was put  into another three wells 

to  serve as a control. The plate was incubated at 37 ºC for 24 hours, facilitating 

biofilm formation by the cells. The plate was rinsed three times with sterile 

distilled water and air dried at room temperature for 45 minutes. Subsequently, 

200 μl of a 0.1 % crystal violet solution was added to each well for 15 minutes 

and rinsed again. Subsequently, 200 μL of 99 % ethanol was added to each well 

for 15 minutes to remove the stain from the biofilm and followed by 

spectrophotometer measurement. 

3. Results and discussion 

3.1 Isolation and Identification 

A total of 175 clinical samples were analyzed, yielding 86 bacterial isolates, 

including 32 E. coli and 21 K. pneumoniae, along with other bacterial species. 

Identification using the VITEK 2 Compact system showed strong concordance 

with initial biochemical tests, demonstrating its reliability as a confirmatory 

method and its suitability as an alternative to conventional identification 

techniques in clinical laboratories. Previous studies, including Funke et al. (2004) 

and Elbehiry et al. (2016), reported accuracy rates approaching 98%, though 

performance may vary depending on bacterial species and card types. 

3.2 Biofilm Formation 

Statistical analysis demonstrated significant differences in biofilm formation 

intensity among weak, moderate, and strong producers within each bacterial 

species (p < 0.05). The P values for E. coli and K. pneumoniae were 0.001, 

indicating statistically significant variation in biofilm production levels. 

Among the 32 E. coli isolates, 84.38% were weak biofilm producers, 6.25% 

were moderate, 6.25% were strong producers, and 3.13% were non-biofilm 

formers, indicating that 96.88% of the isolates were capable of forming biofilms. 
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In contrast, all K. pneumoniae isolates (100%) demonstrated biofilm-forming 

ability, with 61.90% classified as strong and 38.10% as moderate producers Table 

(3-1). 

Table (3-1): Biofilm Formation Categories of the Studied Bacterial 

Isolates 

Bacterial 

isolate 

No. of 

isolates 

Biofilm formation categories 

Strong Moderate Weak Producer 
Non 

producer 

E. coli 32 
2 

(6.25%) 
2 (6.25%) 

27 

(84.38%) 

31 

(96.88%) 
1 (3.13%) 

K. 

pneumoniae 
21 

13 

(61.90%) 

8 

(38.10%) 
0% 

21 

(100%) 
0% 

 

These findings are consistent with previous reports indicating a higher 

biofilm-forming capacity in K. pneumoniae compared to E. coli, which has been 

attributed to the production of extracellular polysaccharides that contribute to 

biofilm matrix stability (Zhu et al., 2021). Variations among studies may be 

related to differences in environmental conditions, geographic location, study 

period, or the number of isolates examined. 

3.3 UV-Visible Spectra of ZnO NPs 

UV-Vis spectroscopy showed a characteristic absorption peak at 380 nm 

(Figure 3-1), confirming the formation of ZnO NPs using D. sanderiana extract. 

The blue shift indicates a quantum confinement effect, typical for nanoparticles 

smaller than the exciton Bohr radius (Kamarajan et al., 2022). 

The observed peak is consistent with previous studies reporting ZnO NPs 

absorption between 320–390 nm (Jamdagni et al., 2018) and with other plant-

mediated syntheses at ~368–370 nm (Shankar Thirumoorthy et al., 2021; 

Abomuti et al., 2021). Differences in some reports, such as 280 nm (Abo-Shama 

et al., 2020), may result from variations in extract composition, temperature, or 

reaction time. 

These findings confirm that the synthesized ZnO NPs exhibit typical optical 

properties of nanoscale ZnO, validating the green synthesis method. 
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Figure (3-1): UV-Visible absorption spectrum of ZnO nanoparticles 

showing 

a characteristic absorption peak at 380 nm 

 

 

3.4 X-Ray Diffraction Analysis (XRD) 

The XRD pattern of the synthesized ZnO NPs exhibited characteristic peaks 

corresponding to the hexagonal wurtzite structure (Figure 3-2). Diffraction peaks 

observed at 30.1°, 33.9°, 36.6°, 44.1°, 56.6°, 60.0°, and 65.1° matched the (100), 

(002), (101), (102), (110), (103), and (200) planes, consistent with JCPDS card 

No. 36-1451. The sharp and intense peaks indicate a well-crystalline nature of the 

nanoparticles. The average crystallite size, calculated using Scherrer’s formula, 

was estimated to be 41 nm, confirming the integrity of the synthesized material 

(Kalpana et al., 2018). 

 

Figure (3-2): X-ray diffraction spectra of ZnONPs 

These results are consistent with previous studies reporting hexagonal 

wurtzite ZnO NPs with distinct diffraction peaks at similar 2θ values (Abu-Muti 

et al., 2021; Abo-Shama et al., 2020), validating the crystalline structure achieved 

through the green synthesis approach. 

3.5 Transmission Electron Microscopy Analysis (TEM) 

TEM analysis revealed that the biosynthesized ZnO NPs exhibited a uniform 

spherical morphology, with particle diameters ranging from 10 to 20 nm (Figure 

3-3) and an average size of approximately 13 nm. Such nanoscale dimensions are 

favorable for maximizing surface reactivity and enhancing interactions with 

bacterial cell walls. 
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Figure (3-3): Transmission electron microscopy (TEM) images of ZnO 

nanoparticles. 

These results are consistent with previous studies reporting comparable 

particle sizes (Abomuti et al., 2021), though the current NPs showed a slightly 

larger average size with a narrower distribution (Figure 3-4), indicating a more 

controlled synthesis. Variations in size and morphology among studies (Nxumalo 

et al., 2024; Abo-Shama et al., 2020) are likely due to differences in synthesis 

parameters, precursor concentration, and the nature of the biological reducing and 

stabilizing agents. In this study, the phytochemicals in D. sanderiana extract likely 

promoted uniform nucleation and growth, resulting in well-dispersed, spherical 

nanoparticles. Although slight agglomeration was observed, a common 

phenomenon due to van der Waals forces, it did not significantly affect surface 

reactivity or potential antibacterial activity (Shrestha et al., 2020). Overall, TEM 

confirms that the synthesized ZnO NPs possess a fine, uniform structure, 

supporting their enhanced reactivity and potential efficacy against bacterial 

pathogens. 

 

 

 

 

 

 

 

 

Figure (3-4): 

Average diameter of 

ZnO 

nanoparticles by TEM. 

3.6 MIC Determination of ZnO NPs and Antibiotics Against Clinical 

Isolates 

The experiments were conducted on multidrug-resistant (MDR) isolates, 

namely E. coli (E1) and K. pneumoniae (K21).The minimum inhibitory 
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concentration (MIC) results showed that the MIC value of ceftriaxone (CRO) was 

128 µg/mL for both E. coli and K. pneumoniae. Regarding zinc oxide 

nanoparticles (ZnO NPs), the MIC value was 1562.5 µg/mL against E. coli and 

3125 µg/mL against K. pneumoniae. 

These findings demonstrate enhanced antibacterial performance against 

Gram-negative isolates. The antibacterial activity of ZnO NPs is generally 

attributed to membrane disruption, increased permeability, generation of reactive 

oxygen species, and the release of Zn²⁺ ions, which can damage cellular lipids, 

proteins, and DNA (Alshareef et al., 2021; Murali et al., 2021). 

3.7 Antibiofilm Activity of ZnO NPs Against the Biofilm-producing 

Isolates 

Biofilm formation was assessed using the crystal violet assay at 630 nm, with 

a negative control optical density (OD) of 0.058 as the reference value. The 

untreated E. coli isolate showed an OD of 0.158, indicating moderate biofilm 

formation. After treatment with sub-MIC concentrations of ZnO NPs (781 

µg/mL) and ceftriaxone (64 µg/mL), the OD values decreased to 0.062 and 0.070, 

respectively. The combined treatment (195 + 16 µg/mL) further reduced the OD 

to 0.077, reflecting weak biofilm formation. 

Similarly, the untreated K. pneumoniae isolate exhibited an OD of 0.144, 

indicating moderate biofilm production. Upon exposure to ZnO NPs (1562.5 

µg/mL) and ceftriaxone (64 µg/mL), OD values decreased to 0.076 and 0.097, 

respectively. The combination treatment (390.5 + 16 µg/mL) reduced the OD to 

0.096, indicating weak biofilm formation. Table (3-2). 

Table (3-2): Impact of Sub-MIC Treatments on Biofilm Formation in 

Selected Isolates 

Isolate 

code 

OD 

untreated 

OD (ZnO NPs 

at sub-MIC) 

OD (Antibiotic 

at sub-MIC) 

OD (ZnO NPs + 

antibiotic at 

sub-MIC) 

E1 0.158 0.062 0.070 0.077 

K21 0.144 0.076 0.097 0.096 

The inhibitory effect of ZnO NPs on biofilm formation can be attributed to 

multiple complementary mechanisms. Primarily, ZnO NPs generate ROS, leading 

to damage of the bacterial cell membrane and destabilization of the biofilm. In 

parallel, they reduce bacterial cell surface hydrophobicity, thereby weakening 

bacterial adhesion and aggregation, as demonstrated by Abdelghafar et al. (2022).  

Nanoparticles can also act at multiple levels by targeting key bacterial 

components involved in biofilm development and maintenance. These include 

extracellular DNA (eDNA), which plays a critical role in bacterial adhesion, 

aggregation, biofilm formation, structural integrity, and intercellular 

communication (Abadeer et al., 2015). 

Overall, the treatments significantly reduced biofilm formation in both 

isolates, demonstrating the antibiofilm potential of ZnO NPs alone and in 
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combination with antibiotics. 

The differences between study results may be attributed to variations in 

bacterial isolate types, nanoparticle concentrations, the type of antibiotic used, 

and biofilm incubation conditions such as temperature, incubation time, and 

culture medium. Additionally, the physicochemical properties of the 

nanoparticles, including size, shape, and surface charge, can influence inhibitory 

efficacy, explaining the variability observed among different studies. 
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