
 Original Research Article | Iran J Med Microbiol. 2025; 19(3): 182-190 

Year 19, Issue 3 (May – June 2025)                     Iranian Journal of Medical Microbiology 

 

 

Iranian Journal of Medical Microbiology | ISSN:2345-4342 
 

Evaluation of Trimethoprim Nanoemulsion for Combating Antibiotic-
Resistant Proteus mirabilis in Urinary Tract Infections 

 

Sarah Ahmed Hasan*  
 

Department of Basic Science, College of Nursing, Kirkuk University, Kirkuk, Iraq 

 ABSTRACT 
 

Background and Aim: Nanoemulsion technology is considered one of the most advanced and targeted drug delivery systems. 
This study aimed to evaluate the efficacy of a trimethoprim-based nanoemulsion against Proteus mirabilis isolated from 
urinary tract infections (UTIs). 

Materials and Methods: A total of 300 urine samples were collected from patients with clinically diagnosed UTIs at Azadi 
Teaching Hospital. Samples were cultured on blood agar and MacConkey agar. Phenotypic identification was performed, 
and P. mirabilis was confirmed by detection of the 16S rRNA gene. Antibiotic susceptibility was assessed using the Kirby–
Bauer disk diffusion method. Trimethoprim nanoemulsions were prepared through phase diagram construction, 
characterized by Fourier-transform infrared spectroscopy (FTIR), zeta potential, and field emission scanning electron 
microscopy (FESEM), and evaluated for stability and antimicrobial activity. 

Results: Of 175 culture-positive samples, 50 (28.6%) yielded P. mirabilis. PCR confirmed all isolates by amplification of a 
single 1500-bp 16S rRNA gene fragment. Antimicrobial susceptibility testing showed complete resistance (100%) to 
ampicillin, 50% resistance to trimethoprim, nalidixic acid, and ciprofloxacin, and 30% resistance to gentamicin. FTIR analysis 
indicated no major chemical interactions between trimethoprim and excipients, supporting drug stability. FESEM imaging 
demonstrated a uniform spherical morphology of the nanoemulsion droplets, consistent with high stability and bioactivity. 
The mean inhibition zone diameter of the trimethoprim nanoemulsion against P. mirabilis was 41.5 mm, significantly greater 
than that of pure trimethoprim (p < 0.001). 

Conclusion: The All P. mirabilis isolates were fully susceptible to the trimethoprim nanoemulsion, highlighting its potent 
antibacterial activity and potential as a therapeutic strategy against multidrug-resistant strains. 
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1. Introduction

rinary tract infection (UTI) is among the 
most common infectious diseases 
worldwide, affecting approximately 10% 
of individuals during their lifetime (1). 

Although fungi, viruses, and other microorganisms can 

cause UTIs, bacteria are the predominant etiologic 
agents, accounting for more than 95% of cases (2). 
Proteus mirabilis is a commensal, aerobic, motile, 
dimorphic, Gram-negative bacterium of the family 
Enterobacteriaceae. 
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It is non–spore-forming, nonfermenting, and 
ubiquitous in the environment, being isolated from 
soil, water, sewage, and, most frequently, the 
gastrointestinal tracts of humans and animals (3). 

Proteus mirabilis produces polysaccharides and 
displays swarming motility on solid surfaces, such as 
medical devices, which facilitates biofilm formation 
and colonization (4). Its flagella contribute not only to 
motility but also to enhanced resistance to 
antimicrobial agents. Clinically, P. mirabilis is a 
frequent cause of UTIs, particularly in adults aged 20–
50 years, with a higher incidence in women (5). 

Nanoemulsion technology represents an advanced 
drug delivery system that can improve patient 
compliance and therapeutic outcomes compared with 
conventional formulations (6, 7). The term 
“nanoemulsion” is preferred over “microemulsion” to 
prevent confusion. Owing to their high bioavailability 
and biocompatibility, plant-derived nanoemulsions 
have attracted considerable attention (6, 7). These 
formulations have demonstrated broad-spectrum 
antimicrobial activity against bacteria, enveloped 
viruses, and fungi, primarily by disrupting microbial 
membranes (7). 

Despite these promising findings, the antibacterial 
potential of nanoemulsions against Gram-negative 
pathogens has been relatively underexplored, 
particularly with trimethoprim-based formulations. To 
date, no studies have specifically evaluated the 
antibacterial activity of trimethoprim nanoemulsions 
against P. mirabilis, as most prior investigations have 
focused on broad-spectrum applications without 
targeting this pathogen (6–8). 

The present study aims to address this knowledge 
gap by evaluating the antibacterial activity of a 
trimethoprim nanoemulsion against P. mirabilis 
isolated from UTIs. We hypothesize that the 
nanoemulsion formulation will enhance the 

antimicrobial efficacy of trimethoprim and potentially 
overcome resistance observed with the pure drug. 
 

2. Materials and Methods 

2.1 Sampling 

A total of 300 urine samples were collected between 
June and December 2024 from patients diagnosed 
with urinary tract infections by physicians at Azadi 
Teaching Hospital, Kirkuk, Iraq. Inclusion criteria 
comprised patients of all ages and sexes with clinical 
symptoms of UTIs. Exclusion criteria included prior 
antibiotic use within 2 weeks to avoid interference 
with bacterial isolation. Both inpatients and 
outpatients were enrolled to ensure a broad clinical 
spectrum. Midstream urine samples (50 mL) were 
collected in sterile containers and promptly cultured 
for diagnosis (9). 

2.2 Urine Culture 

Urine samples were inoculated onto blood agar and 
MacConkey agar using a sterile inoculating loop and 
incubated at 37 °C for 18–24 hours. Colonies were 
identified phenotypically by morphological features, 
including shape, size, and color. On MacConkey agar, 
P. mirabilis colonies appeared pale and non–lactose 
fermenting (9). 

2.3 DNA Extraction 

Genomic DNA was extracted from bacterial cells 
grown in brain–heart infusion broth using a 
commercial DNA extraction kit (Geneaid, Taiwan) 
according to the manufacturer’s protocol (10). 

2.4 Primers 

Specific primers targeting the 16S rRNA gene of P. 
mirabilis were used (11) (Table 1).

 

Table 1. The specific primer of 16sRNA gene of P. mirabilis. 

Primer Sequence Tm (℃) GC (%) Product 

Forward 5'-AGAGTTTGATCCTGGCTCAG-3' 55 50 
1500bp 

Reverse 5'-CTACGGCTACCTTGTTACGA-3' 55 42.1 
 

2.5 Electrophoresis 

PCR products were analyzed by 2% agarose gel 
electrophoresis stained with ethidium bromide (0.5 
μg/mL) and visualized under UV light. A 1% gel was 
used to assess DNA quality, and a 100-bp DNA ladder 
served as a molecular size marker (12). 

2.6 Antibiotic Susceptibility Testing 

Antibiotic susceptibility testing was conducted using 
the Kirby–Bauer disk diffusion method on Mueller–
Hinton agar, following EUCAST guidelines (13). The 
antibiotics tested included trimethoprim (5 μg), 
ampicillin (10 μg), gentamicin (10 μg), nalidixic acid (30 
μg), and ciprofloxacin (5 μg). The potency of each 
antibiotic disk (μg/disk) was specified to ensure 
accuracy. 
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2.7 Preparation of Trimethoprim Nanoemulsion  

Trimethoprim-loaded nanoemulsions were 
synthesized using castor oil, sunflower oil, 
trimethoprim, Tween 20, Tween 80, cinnamon oil, 
triacetin, ethanol, methanol, and distilled water, 
which served as the continuous phase. Pseudo-
ternary phase diagrams were constructed using the 
water titration method to identify optimal 
nanoemulsion regions. Surfactant and co-surfactant 
mixtures were prepared at different ratios (1:1, 1:2, 
1:3, 1:4, 2:1) and combined with varying oil ratios (1:1, 
1:2, 1:3, 1:4, 3:1, 4:1, 5:1, 1:5). Each mixture was 
gradually titrated with distilled water under constant 
magnetic stirring, and the cloud point—defined as the 
transition from transparent to turbid—was recorded 
to delineate the nanoemulsion region. All 
experiments, including phase diagram construction, 
were performed in triplicate to ensure reproducibility 
(14, 15). 

The physical stability of the formulations was 
assessed by centrifugation at 3500 rpm for 20–30 
minutes, monitoring for cracking, creaming, or phase 
separation. Zeta potential measurements, conducted 
in triplicate, determined the surface charge and 
predicted colloidal stability. Compatibility between 
trimethoprim and excipients was confirmed using 
Fourier-transform infrared spectroscopy (FTIR). The 
morphology, droplet size, and surface characteristics 
of the nanoemulsions were evaluated by field 
emission scanning electron microscopy (FESEM) (16, 
17). 

The final concentration of trimethoprim in the 
nanoemulsion was 1 mg/mL. A blank nanoemulsion 
(without drug) was used as a control in antimicrobial 
assays to exclude intrinsic antimicrobial effects of 
formulation components. For the disc diffusion assay, 
5 µL of trimethoprim nanoemulsion (TNE; containing 
5 µg of trimethoprim) was aseptically applied to sterile 
6-mm blank paper discs and dried in a biosafety 
cabinet (~15 minutes). Each TNE disc thus contained 5 
µg of trimethoprim, equivalent to the concentration in 
pure trimethoprim discs, allowing direct comparison 
under equal drug-loading conditions. Blank 
nanoemulsion discs (negative control) were prepared 
identically. Plates were incubated at 37 °C for 18–24 
hours, and inhibition zones were measured in 
millimeters. 

2.8 Ethical Approval 

This study was approved by the Ethics Review Board 
of Azadi Teaching Hospital and the Ibrahim Scientific 
Consulting Office (Approval No. 1). Ethical approval 
was granted on May 30, 2024, prior to study initiation. 
All procedures adhered to ethical standards for 
research involving human participants. 

2.9 Statistical Analysis  

All data analyses were performed using SPSS version 
26.0 (IBM Corp., USA). Results are expressed as mean 
± standard deviation (SD). One-way analysis of 
variance (ANOVA) was used to compare inhibition 
zone diameters among treatments, followed by Tukey 
post hoc testing for pairwise comparisons. A p value < 
0.05 was considered statistically significant. 
 

3. Results 

3.1 Sample Distribution 

A total of 300 urine samples were collected from 
patients with clinically diagnosed urinary tract infections 
at Azadi Teaching Hospital, Kirkuk. Among these, 175 
samples (58.3%) showed positive bacterial growth on 
culture media, while 125 (41.7%) remained sterile (Figure 
1). This distribution highlights that more than half of 
clinically suspected cases were microbiologically 
confirmed. 

3.2 Identification of Proteus mirabilis 

Out of the 175 culture-positive samples, 50 isolates 
(28.6%) were identified as P. mirabilis. On MacConkey 
agar, the colonies appeared pale, non–lactose 
fermenting, whereas on blood agar they demonstrated 
the characteristic swarming motility typical of the species 
(Figure 2). These phenotypic traits were consistent across 
all isolates. 

3.3 Molecular Confirmation by 16S rRNA Gene 
Amplification 

PCR amplification targeting the 16S rRNA gene further 
confirmed the identity of all 50 isolates. A single, distinct 
amplicon of approximately 1500 bp was observed in 
each isolate, with no nonspecific bands detected (Figure 
3). This molecular result validated the phenotypic 
identification and confirmed species specificity. 

3.4 Antibiotic Susceptibility Profile 

The P. mirabilis isolates displayed a concerning 
resistance pattern (Table 2). All 50 isolates (100%) were 
resistant to ampicillin, while 50% demonstrated 
resistance to trimethoprim, nalidixic acid, and 
ciprofloxacin. Gentamicin showed the lowest resistance 
rate, with 30% of isolates resistant and 70% remaining 
susceptible. These findings underscore the limited 
effectiveness of commonly prescribed antibiotics against 
P. mirabilis in this cohort and highlight the urgent need 
for alternative therapeutic approaches. 

Statistical analysis revealed that resistance to ampicillin 
(100%; 95% CI: 92.9–100%) was significantly higher than 
resistance to other antibiotics (p < 0.001, χ² test). In 
contrast, gentamicin showed the lowest resistance rate 
(30%; 95% CI: 18.7–44.1%), which was significantly lower 
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than resistance to trimethoprim, nalidixic acid, or 
ciprofloxacin (p < 0.05). These results indicate that while 
multidrug resistance is common among P. mirabilis 
isolates, gentamicin remains partially effective. 

3.5 FTIR Compatibility Analysis 

Overlay FTIR spectra of pure trimethoprim and the 
nanoemulsion formulation showed highly similar profiles 
(Figure 4). The characteristic N–H stretching peak at 
3348.78 cm⁻¹ and the C=O stretching peak at 1674.87 
cm⁻¹ remained present, with only minor intensity 
changes (<5%), confirming that no new chemical bonds 
were formed. This spectral stability demonstrates that 
trimethoprim retained its molecular integrity within the 
formulation. 

3.6 FESEM and DLS Characterization 

Field emission scanning electron microscopy (FESEM) 
demonstrated that the optimized trimethoprim 
nanoemulsion consisted of uniformly spherical droplets 
with smooth surfaces and minimal evidence of 
aggregation (Figure 5). This morphology is indicative of 
good colloidal stability. Complementary analysis by 
dynamic light scattering (DLS) revealed a mean droplet 

diameter of 120 ± 15 nm, confirming that the formulation 
was within the nanoscale range typically associated with 
enhanced bioavailability and antimicrobial activity. The 
narrow size distribution and absence of large aggregates 
suggest that the system is physically stable and suitable 
for efficient drug delivery. 

3.7 Antibacterial Activity of Trimethoprim 
Nanoemulsion 

The mean inhibition zone diameter of the 
trimethoprim nanoemulsion was 41.5 ± 1.2 mm, 
significantly larger than that of pure trimethoprim (19.8 
± 1.5 mm; p < 0.001, ANOVA, F = 256.3, df = 2). Tukey’s 
post hoc analysis confirmed that the nanoemulsion 
group differed significantly from both pure drug and 
negative control discs. 

MIC and MBC testing further supported these results. 
The MIC of trimethoprim nanoemulsion was 0.5 µg/mL, 
compared with 4 µg/mL for pure trimethoprim. Similarly, 
the MBC was reduced from 16 µg/mL for pure drug to 2 
µg/mL for the nanoemulsion formulation. These data 
confirm that the nanoemulsion substantially enhanced 
antibacterial potency, lowering the effective 
concentration needed to inhibit and kill P. mirabilis. 

 

Table 2. Antibiotic susceptibility of Proteus mirabilis isolates (N = 50). 

Antibiotic Susceptible N (%) Resistant N (%) 

Ampicillin 0 (0%) 50 (100%) 

Trimethoprim 25 (50%) 25 (50%) 

Nalidixic acid 25 (50%) 25 (50%) 

Ciprofloxacin 25 (50%) 25 (50%) 

Gentamicin 35 (70%) 15 (30%) 

 

 

 
Figure 1. Distribution of study samples based on growth (Designed by Authors, 2025). 

 

Growth -ve 
41.66%

Growth +ve
58.33%
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Figure 2. Proteus mirabilis isolates percentages (Designed by Authors, 2025). 

 

 
Figure 3. Amplification of the 1500-bp 16S rRNA gene of Proteus mirabilis isolates on 2% agarose gel electrophoresis. Samples 

were electrophoresed at 75 V for 1 hour. Lanes 1–9 represent different isolates. (Designed by Authors, 2025). 
 

 
Figure 4. FTIR spectrum of trimethoprim nanoemulsion (Designed by Authors, 2025). 

 

74.43%

28.57%

 Positive growth isolates percentages P. mirabilis isolates percentages
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Figure 5. FESEM of optimized formula (Designed by Authors, 2025). 

 

4. Discussion

Urinary tract infection (UTI) remains one of the most 
prevalent infectious diseases globally. In this study, 
Proteus mirabilis was isolated in 50 cases (28.6%). On 
MacConkey agar, the colonies appeared pale and 
non–lactose fermenting, consistent with the findings 
of Talebi et al (18). On blood agar, isolates 
demonstrated the characteristic swarming motility 
and a distinctive fishy odor. Swarming was also 
observed on nutrient agar, with colonies appearing 
colorless, in agreement with the report of Veisi et al 
(19). The variation in P. mirabilis prevalence reported 
across different studies is likely due to geographic 
differences, population hygiene practices, and 
sampling strategies (20–22). 

Molecular identification using the 16S rRNA gene 
confirmed all P. mirabilis isolates in the present study. 
This supports the observations of Saleh et al (23), who 
emphasized the reliability of this marker for species 
recognition in Proteus spp. from UTIs. In contrast, 
Abed and Shareef (24) reported closer similarity of 
local isolates to global reference strains deposited in 
GenBank, highlighting potential genetic diversity 
among strains from different regions. 

The antibiotic susceptibility testing revealed a 
worrying resistance profile. All isolates were resistant 
to ampicillin (100%), consistent with earlier studies 
(25). Ciprofloxacin exhibited moderate effectiveness 
(50% sensitivity), aligning with a 60% sensitivity rate 
reported elsewhere (26). Resistance rates to 
trimethoprim (50%) and gentamicin (30%) were also 
comparable with previously published data (27, 28). 
Similarly, nalidixic acid resistance (50%) was in line 
with findings from Najaf (47.5%) and Diyala (44%) (25, 
28). Such variations in antimicrobial resistance 

patterns likely reflect geographic and environmental 
factors, infection type, and hospital sanitation 
practices (29–33). 

A major contribution of this study was the 
demonstration of the potent antibacterial activity of 
trimethoprim nanoemulsion. The mean inhibition 
zone diameter (41.5 ± 1.2 mm) was significantly 
greater than that of trimethoprim alone (p < 0.001). 
This enhancement is likely due to the nanoscale 
droplet size, which increases surface area, promotes 
drug penetration across bacterial membranes, and 
may disrupt biofilm structures. Comparable 
synergistic effects of nanoemulsions with antibiotics 
and essential oils have been reported in prior studies 
(8, 34). 

Stability studies confirmed the suitability of the 
formulation. FTIR spectra revealed no significant 
interactions between trimethoprim and excipients, 
indicating chemical compatibility, while FESEM 
imaging showed spherical droplets with uniform 
distribution, consistent with reports on other 
antimicrobial nanoemulsion systems (35, 36). 
Together, these findings highlight the potential of 
nanoformulation technology to enhance drug stability 
and therapeutic performance. 

Despite these promising results, the study is limited 
to in vitro assays. Therefore, caution must be 
exercised when extrapolating these findings to clinical 
applications. Further investigations, including in vivo 
studies and clinical trials, are necessary to validate 
efficacy, assess toxicity and pharmacokinetics, and 
evaluate the risk of resistance development under 
clinical conditions. 
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5. Conclusion 

This study demonstrated that trimethoprim 
nanoemulsion exhibits significantly greater 
antibacterial activity against P. mirabilis than pure 
trimethoprim under in vitro conditions. These results 
underscore the potential of nanoemulsion-based 
formulations as innovative therapeutic approaches to 
improve antibiotic efficacy and combat multidrug 
resistance. However, given the limitations of the 
current design, the findings should be interpreted 
cautiously. Comprehensive in vivo experiments and 
well-controlled clinical trials are required to establish 
safety, pharmacokinetics, pharmacodynamics, and 
therapeutic potential. If validated, trimethoprim 
nanoemulsion could represent a critical step toward 
addressing the global challenge of antimicrobial 
resistance. 
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