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Abstract 16 

Ocular infections, can lead to severe complications, and may result in vision loss, if not 17 

treated effectively. Norfloxacin (NFX), a broad-spectrum fluoroquinolone antibiotic, acts 18 

by inhibiting bacterial DNA replication and transcription and is effective against drug-19 

resistant pathogens commonly associated with serious ocular infections. However, its 20 

poor water solubility limits its therapeutic potential for ocular delivery. In this study 21 

nanoparticles was formulated with Eudragit® RS 100 (ERS100) and Polycaprolactone 22 

(PCL) to enhance the ocular bioavailability of NFX. The nanoparticles were prepared 23 

using the spray-drying method. According to the characterization studies the optimized 24 

formulation exhibited a particle size of 383.43 ± 8.01 nm, a low PDI of 0.135 ± 0.01, and 25 

a positively charged zeta potential of +34.97 ± 0.22 mV, indicating excellent stability and 26 

favorable interaction with the negatively charged ocular surface, which may enhance the 27 

ocular bioavailability of NFX. Cytotoxicity studies using the MTT assay on the human 28 

retinal pigment epithelial cell line (ARPE-19) confirmed the ocular safety of the 29 

nanoparticles, as their IC50 values vastly exceeded their minimum inhibitory 30 

concentrations (MICs), indicating a broad therapeutic safety margin. Antimicrobial 31 

efficacy was further confirmed through disk diffusion and MIC assays. Based on the 32 

obtained results, it can be concluded that ERS100–PCL-based nanoparticles have strong 33 

potential as an effective ocular delivery system for NFX in the treatment of severe ocular 34 

infections. 35 
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Introduction 3 

Ocular infections, which are often of bacterial origin, may arise from various factors, 4 

including contact lense use, chronic nasolacrimal duct obstruction, trauma, surgical 5 

procedures, aging, and conditions such as dry eye syndrome. If not treated effectively, 6 

these infections can lead to serious complications, including vision loss, [1].  7 

Bacterial conjunctivitis, generally characterized by itching, stinging, and tearing of the 8 

eye, is considered one of the most  prevalent ocular infections worldwide [2,3]. For the 9 

treatment of conjunctivitis, broad-spectrum topical antibiotics are commonly initiated 10 

based on the assumption of the bacterial etiology [3,4]. Topical administration is 11 

generally preferred over systemic antibiotic therapy due to its ease of dosing, suitability 12 

for self-administration, and ability to achieve higher drug concentrations at the site of 13 

infection, thereby enabling more rapid and sufficient treatment [4,5]. 14 

Among the broad spectrum antibiotics used for the treatment of ocular infections, 15 

fluoroquinolones such as lomefloxacin, ciprofloxacin, ofloxacin, levofloxacin, and 16 

norfloxacin (NFX) are widely used because of their ability to inhibit bacterial DNA 17 

replication and RNA synthesis. Furthermore, these agents exhibit potent bactericidal 18 

activity against drug-resistant pathogens including, Staphylococcus aureus (S. aureus) 19 

and Pseudomonas aeruginosa (P. aeruginosa), which are among the most clinically 20 

significant bacterial pathogens responsible for ocular infections and are frequently 21 

associated with severe inflammation and potential vision loss if not promptly treated 22 

[6,7]. 23 

NFX is a 4-quinolone derivative with broad-spectrum antibacterial activity against both 24 

Gram-positive and Gram-negative bacteria, including S. aureus and P. aeruginosa. Its 25 

mechanism of action involves the inhibition of DNA gyrase (topoisomerase II) and 26 

topoisomerase IV, enzymes essential for bacterial DNA replication, transcription, and 27 

repair [8,9]. Although NFX is most commonly used for the treatment of genitourinary 28 

infections and acute gastroenteritis, several studies have also demonstrated its 29 

antimicrobial efficacy against isolates obtained from conjunctivitis and blepharitis cases 30 

[10]. Furthermore, previous studies have reported the safety and effectiveness of NFX in 31 

the topical treatment of bacterial ocular infections despite its limited ocular 32 



3 

 

bioavailability, which is mainly attributed to its lipophilic nature and poor aqueous 1 

solubility [8,11]. 2 

In addition to the solubility-related limitations of active pharmaceutical ingredients, 3 

ocular drug delivery remains highly challenging due the unique anatomical and 4 

physiological structure of the eye [12]. Tear turnover rapidly eliminates administered 5 

formulations from the ocular surface, thereby limiting drug residence time, while the 6 

complex structure of the cornea acts as a natural barrier to both hydrophilic and lipophilic 7 

drugs, restricting effective treatment of severe ocular disorders [13,14]. To overcome 8 

these barriers and enhance both ocular residence time and drug penetration through the 9 

corneal layers, various novel drug delivery systems have been developed [15,16]. Among 10 

these systems, polymeric nanoparticles have attracted considerable attention for topical 11 

ocular applications targeting both anterior and posterior segment diseases [17,18]. 12 

In the present study, NFX-loaded polymeric nanoparticles were formulated using 13 

Eudragit® RS 100 (ERS100) and polycaprolactone (PCL) with the aim of prolonging 14 

precorneal residence time and improving ocular drug disposition, thereby enhancing 15 

therapeutic efficacy [19]. The nanoparticles were prepared using the spray-drying method 16 

and were comprehensively characterized in terms of their physicochemical properties 17 

[19]. The cytotoxicity of the developed nanoparticles was evaluated using the MTT assay. 18 

In addition, their antibacterial efficacy was investigated against a panel of clinically 19 

relevant bacterial strains, including Bacillus subtilis (B. subtilis), S. aureus, P. 20 

aeruginosa, and Escherichia coli (E. coli), using disk diffusion and minimum inhibitory 21 

concentration (MIC) assays. 22 

Experimental 23 

Materials 24 

NFX was purchased from Sigma (Germany). ERS100 was obtained from Röhm Pharma 25 

Polymers (Germany), while PCL was purchased from Sigma (Germany). Acetic acid, 26 

acetone, acetonitrile, calcium chloride dihydrate, deutero-chloroform, ethanol, methanol, 27 

potassium chloride, sodium bicarbonate, sodium chloride were obtained from Merck 28 

(Germany). O-phosphoric acid, potassium phosphate monobasic were purchased from 29 

Sigma (Germany). Human retinal pigment epithelium cell line (ARPE-19) was provided 30 
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from Sabancı University Nanotechnology Research and Application Center (SUNUM). 1 

All other chemicals and reagents used in the study were of analytical grade. 2 

Methods 3 

Preparation of Nanoparticles 4 

The nanoparticles were prepared using the spray-drying method [19].  Briefly, ERS100 5 

(1 g) and/or a mixture of ERS100:PCL (3:1, w/w) (1 g) were dissolved in acetone (100 6 

mL). NFX was added to prepared solutions under mild agitation (200 rpm) to facilitate 7 

complete dissolution. The clear solutions were then spray-dried using a Nano Spray Dryer 8 

(B90, BUCHI Labortechnik AG, Flawil, Switzerland) with an inlet temperature of 9 

60°C±1°C (outlet temperature of 40°C±5°C). The dry powders were collected and stored 10 

in tightly sealed, colored vials at room temperature until being analyzed. Placebo 11 

nanoparticles were prepared as described above without the addition of active agent. The 12 

efficiency of the spray drying process in terms of the active ingredient was evaluated 13 

using the drug recovery equation (Eq 1). 14 

Drug recovery (%) = ( TNFX / INFX ) × 100                                                                                             (Eq. 1) 15 

In Eq. 1 the where TNFX was the total amount of NFX after spray-drying, INFX was initial amount of NFX. 16 

Characterization of nanoparticles 17 

Morphology 18 

Scanning electron microscopy (SEM; Hitachi, SPC-900-C SEM, China) was used to 19 

analyse the shapes and surface properties of the prepared nanoparticles. The analysis was 20 

carried out at a room temperature of 25°C ± 2°C with different magnification rates. 21 

Particle size and zeta potential analyses 22 

Particle size, polydispersity index (PDI) and zeta potential analyses were performed using 23 

Malvern Nano ZS (Zetasizer Nano Series, Worcestershire, UK). All nanoparticle samples 24 

were dispersed in ethanol immediately prior to analysis. All analyses were repeated three 25 

times at a temperature of 25 ± 2 °C. 26 

Thermal analyses 27 

The thermal analyses of the polymeric nanoparticle formulations were performed using a 28 

differential scanning calorimetry (DSC; DSC60 Shimadzu, Tokyo, Japan). Samples were 29 
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analyzed against an empty aluminum cell as a reference within the temperature range of 1 

30–300°C (10 °C.min⁻¹), under nitrogen gas with a flow rate of 50 mL.min⁻¹. 2 

Thermograms of the pure materials were also analyzed and used as references to evaluate 3 

the thermal behaviours of the nanoparticles. 4 

Nuclear magnetic resonance analyses 5 

The structural characteristics of the nanoparticles were analyzed by proton nuclear 6 

magnetic resonance (1H-NMR) spectroscopy using the Ultra-Shield™ CPMAS NMR 7 

spectrometer (Bruker, Rheinstetten, Germany). Deutero-chloroform (CDCI3) was used as 8 

the solvent. Spectra of pure polymers and pure NFX were used as references to evaluate 9 

the structural differentiaitions during the formulation stages of the nanoparticles. 10 

Fourier transform infrared spectrophotometry analyses 11 

Fourier transform infrared spectroscopy (FT-IR) were recorded in the range of 400–4000 12 

cm⁻¹ using a Shimadzu IR Prestige-21 instrument (Tokyo, Japan), which features a 13 

deuterated triglycine sulfate (DTGS) detector modified with L-alanine and a Germanium-14 

coated potassium bromide beam splitter. FT-IR spectra of pure polymers and pure NFX 15 

were used as references to evaluate the spectra of nanoparticles. 16 

Analytical method validation for norfloxacin quantification 17 

A modified high-performance liquid chromatography (HPLC) method was used for 18 

quantitative analyses of NFX in the samples. Method validation was performed following 19 

the ICH Q2(R1) guidelines. Shimadzu 20 A (Tokyo, Japan) with GL Sciences Inc. 20 

column (Tokyo, Japan; column diameter: 4.6 mm, column length: 15.0 cm, particle 21 

diameter: 5 μm and particle size: 100 c) was used as the instrument. Acetonitrile: 22 

phosphate buffer (16:84, v/v, pH: 3) was used as the mobile phase with a flow rate of 1.0 23 

mL.min-1. 5 μL constant amount of samples was injected via an Automatic Injector 24 

(Shimadzu, Tokyo, Japan) and Photodiode Array Detector (Shimadzu, Tokyo, Japan) was 25 

used at 278 nm while the temperature of the column was set to 30°C±1°C [20].  26 

Drug loading and encapsulation efficiency 27 

Accurately weighed nanoparticles (5 mg) were dissolved in 10 mL of a 1:1 (v/v) mixture 28 

of methanol and 1% acetic acid and HPLC analyses were performed after proper dilutions 29 

for the determination of the total NFX content stated as the drug loading (DL). For the 30 
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determination of NFX located on the surface of the nanoparticles, accurately weighed 1 

nanoparticle samples (5 mg) were dispersed in 10 mL of 1% acetic acid. The prepared 2 

samples were vortexed for 2 minutes, filtered through a 0.45 µm membrane filter, and 3 

subsequently analyzed by HPLC (n=3). Encapsulation efficiency (EE), which expresses 4 

the amount of NFX placed in the particle lattice, was calculated after determining the 5 

difference between the total amount of NFX and the amount of NFX adsorbed onto the 6 

surface of the nanoparticles. The LC and encapsulation efficiency (EE) were determined 7 

using Equations 2 and 3, respectively. 8 

DL % = (TNFX / WPNP) × 100        (Eq. 2) 9 

In Eq. 2 the TNFX was the weight of NFX loaded to the polymeric nanocarrier, and the WPNP carrier was the 10 

weight of the polymeric nanocarrier. 11 

 12 

EE % = [(TNFX - SNFX) / TNFX] × 100       (Eq.3) 13 

In Eq. 3 the where TNFX was the total amount of NFX, SNFX was the amount of free NFX, namely those not 14 

being encapsulated and located on the surface of the particles. 15 

 16 

In vitro Drug Release and Release Kinetics 17 

The release of NFX from polymeric nanoparticles was analyzed by dialysis membrane 18 

(D9777-100FT, Sigma-Aldrich) method [21]. Simulated tear fluid (STF) was prepared as 19 

the release medium (pH 7.4) [21]. Considering sink conditions certain amounts of pure 20 

NFX, and nanoparticle formulations were weighed and placed into dialysis bags, and 1 21 

mL of STF was added to the membrames and were securely sealed at both ends. The 22 

dialysis bags were stirred under a constant speed of 150 rpm in 40 mL of release medium 23 

maintained at 34°C ±1°C over 48 hours. At predetermined time intervals, 1 mL samples 24 

were withdrawn from the release medium, and an equal volume of simulated STF was 25 

replenished maintaining sink conditions. The analyses were performed in triplicate for 26 

each formulation. DDSolver software program was also utilized to analyze the release 27 

kinetics of NFX from polymeric nanoparticles [22]. 28 

Evaluation of the cytotoxicity 29 

The cytotoxicity of pure materials and polymeric nanoparticles were evaluated by MTT 30 

assay [23] on human retinal pigment epithelium cell line (ARPE-19) as previously 31 
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described [24]. Briefly, ARPE-19 cells were maintained in Dulbecco’s Modified Eagle 1 

Medium (DMEM) supplemented with 10% FBS and 1% penicillin-streptomycin. For the 2 

assay, cells were seeded into 96-well plates at a density of 1×104 cells and incubated for 3 

24 hours at 37∘C in a humidified atmosphere with 5% CO2. After the initial incubation, 4 

the cells were treated with pure NFX, placebo formulations, and NFX-loaded 5 

formulations. Solutions of pure NFX were prepared in concentrations ranging from 50 to 6 

500 µg.mL-1 and the corresponding amounts of NFX in the loaded formulations were 7 

calculated to ensure a consistent dose-response analysis. Following 24 and 48 hours of 8 

treatment, the medium was aspirated from cells and 20 µL of MTT solution (5 mg.mL-1 9 

in PBS) was added to each well. The plates were then incubated for another 3 hours to 10 

allow for formazan crystal formation. Subsequently, the MTT solution was carefully 11 

removed, and 200 µL of dimethyl sulfoxide (DMSO) was added to dissolve the resulting 12 

formazan crystals. The absorbance was measured at 570 nm using a microplate reader 13 

(Cytation 5, BioTek, UK), and the resulting values were used to calculate cell viability. 14 

Viability was expressed as a percentage relative to the untreated control cells, which were 15 

considered to have 100% viability. All experiments were conducted in triplicates. The 16 

IC50 values for the effect of each group on the cells were also calculated. 17 

Antimicrobial Activity Tests 18 

Standard bacterial strains B. subtilis NRRL B478, S. aureus ATCC 6538, P. aeruginosa 19 

ATCC 27853, and E. coli ATCC 3521 were used for antimicrobial activity tests. Samples 20 

were prepared by dissolving the formulations in 10% DMSO–methanol solution. 21 

Disc Diffusion Method 22 

Fresh cultures of the test microorganisms were suspended achieve turbidity equivalent to 23 

the 0.5 McFarland standard (1.5 × 10⁸ CFU.mL-1). Within 15 mins of preparation, 100 24 

μL of the suspension was spread evenly over the entire surface of MHA plates using a 25 

sterile Drigalski spatula. After allowing the surface to dry for 3–5 minutes, 6 mm paper 26 

discs impregnated with stock concentrations (formulations at 3 mg.mL-1 and NFX at 1.5 27 

mg.mL-1) were placed on the agar surface using sterile forceps [25]. The plates were 28 

inverted and incubated at 37°C for 16–18 hours. After incubation, the diameter of each 29 

inhibition zone, excluding the disc, was measured in millimeters (mm) [26]. 30 

 31 
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Determination of minimum inhibitory concentration 1 

The minimum inhibitory concentrations (MIC) of the formulations were determined using 2 

the broth microdilution method in 96-well microplates. Two-fold serial dilutions of the 3 

formulations (ranging from 0.75 to 0.0003 mg.mL-1) and NFX (from 0.37 to 0.0001 4 

mg.mL-1) were prepared in cation-adjusted MHB for bacterial strains. Fresh bacterial 5 

cultures were adjusted to the 0.5 McFarland standard (approximately 1.5 × 10⁸ CFU.mL-6 

1) and diluted in cation-adjusted MHB to yield a final inoculum of 2.5–5 × 10⁵ CFU.mL-7 

1 in each test well. Equal volumes (100 μL) of the formulations and inoculum were 8 

dispensed into each well. The test included medium only (sterility control), inoculum only 9 

(growth control), and NFX (positive control) [27]. The plates were incubated at 37 °C for 10 

18–20 hours. After incubation, 20 μL of 0.01% resazurin dye was added to each well, 11 

followed by an additional 3-hour incubation at 37 °C. The appearance of a pink color 12 

indicated microbial growth, whereas a blue-violet color indicated inhibition. MIC values 13 

were determined based on these color changes. 14 

Statistical Analysis 15 

All experiments were performed in triplicate, and the results are expressed as mean ± 16 

standard deviation (SD). Statistical analyses were performed using GraphPad Prism 17 

software (GraphPad Software, San Diego, CA, USA). Differences among the formulation 18 

groups were evaluated using one-way analysis of variance (ANOVA), followed by 19 

Tukey’s multiple-comparison test. A p value < 0.05 was considered statistically 20 

significant. 21 

Results and Discussion 22 

Preparation of nanoparticles 23 

In the preliminary studies, various polymers and polymeric mixtures were studied and 24 

considering particle size and zeta potential values ERS100 and PCL polymers were 25 

selected for further studies. Compositions of the formulations prepared were presented in 26 

Table 1. 27 

 28 

 29 
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Table 1. Compositions of the prepared nanoparticle formulations 1 

Code 
NFX 

(mg) 

ERS100 

(g) 

ERS100:PCL Acetone 

(mL) (3:1; w/w) (g) 

NE0 - 1 - 100 

NE1 50 1 - 100 

NE2 100 1 - 100 

NE3 150 1 - 100 

NEP0 - - 1 100 

NEP1 50 - 1 100 

NEP2 100 - 1 100 

NEP3 150 - 1 100 

*ERS100: Eudragit® RS 100, PCL: Polycaprolactone 2 

Characterization of Nanoparticles 3 

Morphology 4 

The morphological analyses of the particles were evaluated with SEM micro-images in 5 

our study (Figure 1). The particle sizes and shapes of particulate drug delivery systems 6 

formulations are very critical for ocular administration, as they may influence the eye 7 

irritation potential of the formulations [28]. SEM micro-images have demonstrated that 8 

the nanoparticles were formed with a spherical morphology with considerable smooth 9 

surfaces as expected which is preferential for ocular applications (Figure 1). 10 

Particle size and zeta potential analyses 11 

The particle size is a critical factor influencing key parameters including encapsulation 12 

efficiency, the release profile of the active substance, mucoadhesive properties and also 13 

the stability of particulate drug delivery systems [29]. Moreover, smaller particles are 14 

more readily absorbed by precorneal ocular tissues, whereas larger particles exhibit 15 

enhanced adhesion to the ocular surface and provide a more sustained drug release profile 16 

[21]. The particle size, PDI and zeta potential values of the nanoparticle formulations 17 

were presented in Table 2. 18 

The particle sizes of the prepared nanoparticles were relatively comparable (Table 2). 19 

Among them, the NE3 formulation exhibited the smallest particle size with 233.47 ± 20 

16.93 nm (Table 2). Increasing the active substance concentration or incorporating PCL 21 

into the formulation did not result in a significant change in particle size (Table 2). 22 

 23 

 24 
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 1 

Figure 1. SEM micro-images of NFX, physical mixtures and nanoparticle formulation 2 

 3 

 4 

 5 

 6 

 7 

 8 
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Table 2. Particle size, polydispersity index, zeta potential, encapsulation efficiency, drug loading, and 1 
drug recovery values of the nanoparticle formulations (Mean ± SE, n = 3). 2 

Code PS (nm) PDI ZP (mV) EE (%) DL (%) Drug recovery (%) 

NE0 502.80  ±  8.91 0.452  ±  0.020 +9.63  ±  0.34 - - - 

NE1 328.73  ±  24.01 0.258  ±  0.070 +14.45  ±  1.38 64.79 ± 0.04 3.20 ± 0.09 67.09 ± 0.01 

NE2 235.27  ±  23.51 0.167  ±  0.020 +9.96   ±  2.72 27.72 ± 0.05 6.41 ± 0.16 70.52 ± 0.04 

NE3 233.47  ±  16.93 0.214  ±  0.000 +11.85  ±  1.99 24.52 ± 0.09 9.38 ± 0.33 71.89 ± 0.19 

NEP0 438.63  ±  22.53 0.381  ±  0.040 +36.20  ±  1.13 - - - 

NEP1 315.50  ±  13.59 0.272  ±  0.050 +38.43  ±  2.76 65.09 ± 0.01 3.81 ± 0.04 79.95 ± 0.00 

NEP2 335.47  ±  4.86 0.161  ±  0.040 +36.30  ±  1.96 43.17 ± 0.12 7.31 ± 0.06 80.39 ± 0.00 

NEP3 383.43  ±  8.01 0.135  ±  0.010 +34.97  ±  0.22 32.44 ± 0.08 11.32 ± 0.19 86.78 ± 0.06 

PS: Mean particle size, PDI: Polydispersity index, ZP: Zeta potential, EE: Encapsulation efficiency, DL: Drug loading 3 

 4 

Notably, placebo nanoparticles were larger in size compared to those loaded with the 5 

active substance. This difference may be attributed to physicochemical interactions 6 

between NFX and the polymers used in the formulation. The PDI values of the particles, 7 

particularly those of the charged formulations, were well below 0.5, indicating a relatively 8 

homogeneous particle size distribution [30,31]. 9 

Permeability is a significant characteristic of nanoparticles. Particle size and surface 10 

charge directly affect intraocular penetration [32]. Studies have shown that membrane 11 

permeability decreases as particle size increases, with particles smaller than 400 nm 12 

exhibiting greater penetration through polarized epithelial cells [33]. 13 

For ocular applications, particle sizes need to be smaller than 10 µm to minimize ocular 14 

irritation and discomfort [34,35]. In this regard, the prepared NE and NEP nanoparticles 15 

exhibited particle sizes within the desired range, ensuring safe ocular delivery and 16 

effective permeation (Table 2). 17 

Zeta potential, which represents the electrical potential at the slipping plane between a 18 

particle’s surface and the surrounding dispersion medium, is a critical indicator of the 19 

colloidal stability of nanoparticle systems. It also correlates with important characteristics 20 

like cellular uptake, toxicity, and dissolution behaviors of the particles [36,37]. For a 21 

formulation to be considered as physically stable, the zeta potential values should be 22 

greater than ± 30 mV [38]. 23 

The surfaces of the cornea and conjunctiva are negatively charged due to the sialic acid 24 

residues therefore when the ophthalmic formulations have cationic charges, extended 25 

adhesion to the anterior segment of the eye will be achieved which will result in enhanced 26 
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ocular retention and bioavailability with topical applications [39]. Our analyses results 1 

revealed that the zeta potential values of the NE particles were detected to be 2 

approximately +10 mV while NEP particles exhibited zeta potential values exceeding 3 

+30 mV indicating greater stability potential probably as a result of the orientation of the 4 

quaternary ammonium groups of the ERS100 towards the surface of the particles (Table 5 

2). Since the formulations will be applied topically, the prepared nanoparticles are 6 

expected to adhere effectively to the anterior segment of the eye and provide efficient 7 

treatment due to their cationic zeta potential which is attributed to the positively charged 8 

quaternary ammonium groups of ERS100 [40]. 9 

Thermal analyses 10 

DSC was performed to evaluate the thermal behavior of polymers and nanoparticles in 11 

response to temperature changes and to characterize their structural changes [41,42]. The 12 

endothermic melting peak of NFX was observed at 218.79 °C (Figure 2). The DSC 13 

thermograms of the semi-crystalline structure of PCL and the amorphous structure of 14 

ERS100 were used as a reference to evaluate the thermograms of the nanoparticles 15 

(Figure 2). An endothermic peak corresponding to NFX was not detected in the DSC 16 

thermogram of the nanoparticle samples indicating that NFX is molecularly dispersed 17 

within the polymer matrix and that the amorphous structure of the polymer remains 18 

unchanged upon drug loading (Figure 2) [34]. The resulting amorphous structure is 19 

expected to enhance the aqueous solubility of the formulation while maintaining 20 

sustained drug release [43].  21 

Nuclear magnetic resonance analyses 22 

¹H-NMR analyses were employed to investigate the structural characteristics of both the 23 

nanoparticles and NFX [40]. In the ¹H-NMR spectrum of NFX, the signal observed 24 

between 7.54 and 8.64 ppm corresponds to the aromatic protons of NFX, while the peaks 25 

at 1.18 ppm and 1.31 ppm are attributed to the CH₃ and CH₂ groups, respectively (Figure 26 

3) [44]. Upon comparison of the NFX-loaded nanoparticle formulations no significant 27 

differences were observed among the proposed signals (Figure 3). 28 

The signal in the 8–9 ppm range, characteristic of pure NFX, was also detected in the 29 

spectra of the drug-loaded nanoparticles, with reduced intensity (marked with arrows) 30 

considering incorporated amount of NFX (Figure 3) suggesting that the active substance 31 
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was successfully incorporated into the nanoparticles without significant alteration of its 1 

chemical structure [40]. Potential interactions between the formulation components and 2 

the active substance were investigated using FT-IR spectroscopy in the wavelength range 3 

of 4000–400 cm⁻¹ [45]. 4 

 5 

Figure 2. DSC thermograms of pure materials, physical mixtures and nanoparticle formulations 6 

(Endothermic melting peaks of NFX was marked with arrows). 7 

 8 
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 1 

Figure 3. 1H-NMR spectra of pure materials, physical mixtures and nanoparticle formulations 2 

 3 

Fourier transform infrared spectrophotometry analyses 4 

A distinct characteristic peak was observed in the FT-IR spectrum of NFX within the 5 

range of 3550–3500 cm⁻¹, corresponding to the O–H stretching vibration and indicative 6 

of intermolecular hydrogen bonding. The broad absorption band observed between 3500–7 

3300 cm⁻¹ is attributed to N–H stretching vibrations in the imino region of the piperazinyl 8 

groups. Additionally, the peak observed in the range of 2750–2700 cm⁻¹ is associated 9 

with the ethyl group, while the band around 2500 cm⁻¹ corresponds to the O–H stretching 10 

of the carboxylic acid group (Figure 4) [45]. For ERS, a characteristic C–O stretching 11 
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peak was observed at 1720 cm⁻¹ (Figure 4) [46]. In the FT-IR spectrum of PCL, peaks 1 

corresponding to aliphatic C–H stretching vibrations were detected at 2865 and 2942 2 

cm⁻¹. The absorption peak associated with the carbonyl (C=O) stretching appeared at 3 

1721 cm⁻¹, while C–O and C–C stretching vibrations were identified at 1292.9 cm⁻¹. 4 

Additionally, characteristic peaks corresponding to C–O–C stretching were observed at 5 

1162 and 1238 cm⁻¹ (Figure 4) [47]. 6 

The FT-IR spectra of the physical mixtures of NFX and the polymers showed preservation 7 

of characteristic peaks, suggesting the absence of chemical interactions during 8 

formulation stages. The FT-IR spectra of the nanoparticle formulations exhibited similar 9 

profiles, with a noticeable decrease in the intensity of the characteristic peaks of NFX 10 

suggesting the successfull incorporation of NFX into the polymer matrix (Figure 4). 11 

Analytical method validation for norfloxacin quantification 12 

The HPLC method was modified and validation studies were performed for the 13 

determination of NFX [20]. Analyses results demonstrated a high level of linearity for 14 

1% acetic acid (v/v), with a correlation coefficient (r²) of 0.9995 and a calibration curve 15 

described by the equation y = 39401x − 30475. Furthermore, the method met the ICH 16 

criteria for accuracy, repeatability, and reproducibility, as accuracy was within the range 17 

of 98.0%–102.0%, and RSD values in precision studies were below 2% [48]. 18 

Drug loading and Encapsulation Efficiency 19 

The amount of NFX encapsulated in the polymeric matrix of the nanoparticles were 20 

presented in Table 2. DL% and EE% were calculated using Equation 1 and Equation 2, 21 

respectively. According to the analyses results, formulations NE1 and NEP1 exhibited 22 

the highest encapsulation efficiencies, with values of 64.79 ± 0.04% and 65.09 ± 0.01%, 23 

respectively. In contrast, for NE2, NE3, NEP2, and NEP3 formulations, a substantial 24 

portion of the active compound was adsorbed onto the particle surfaces. Consequently, 25 

as the initial drug concentration increased, a decrease in EE was observed.  26 

This could potentially be attributed to electrostatic attractions within the active agent and 27 

the polymers [49]. The incorporation of PCL into the formulation positively influenced 28 

both the EE of the active substance and the overall DL. Furthermore, this addition 29 

increased drug recovery (Table 2). 30 

 31 
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 1 

Figure 4. FT-IR spectra of pure materials, physical mixtures and nanoparticle formulations 2 

In vitro Drug Release and Release Kinetics 3 

The in vitro release study demonstrated that approximately 60–70% of NFX was released 4 

from all nanoparticle formulations within the first 3 to 4 hours. This rapid initial release 5 
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is likely attributable to the active substance being primarily adsorbed onto the surface of 1 

the polymer matrix [50]. Nevertheless, such an initial burst release could be advantageous 2 

for rapidly achieving the minimum effective drug concentration required for antibacterial 3 

activity [28]. As presented in Figure 5, NFX release from the nanoparticle formulations 4 

extended up to approximately 48 hours. 5 

During the first 30 minutes, the release rate from NEP nanoparticles was higher than that 6 

of NE nanoparticles. However, in the subsequent hours, the release profiles of both 7 

formulations became comparable and followed a similar pattern. Among these, NE3 8 

exhibited a relatively slower release profile compared to the other formulations. When 9 

the release profile of pure NFX was examined, it reached 99% cumulative release within 10 

8 hours, whereas the NE and NEP nanoparticle formulations achieved 99% release at 48 11 

hours (Figure 5). As expected, the use of ERS100 and PCL polymers successfully enabled 12 

a sustained and prolonged release of the drug in all nanoparticle formulations. In vitro 13 

release studies suggest that the ocular application of NFX, a drug with very low water 14 

solubility, has the potential to enhance its bioavailability. 15 

To gain insights into the potential in vivo release behavior of the prepared nanoparticle 16 

formulations, their conformity to various in vitro mathematical release models was 17 

assessed using the DD-Solver program [22]. 18 

To determine the best-fitting kinetic model for the release data, three statistical 19 

parameters were evaluated: The adjusted coefficient of determination (R²adj), Model 20 

Selection Criterion (MSC), and Akaike Information Criterion (AIC). The optimal model 21 

was identified by a R²adj value closest to 1, along with the highest MSC and lowest AIC 22 

[51]. The results of this evaluation are presented in Table 3. 23 

The release kinetics of pure NFX and the NE1 formulation were found to follow first-24 

order kinetics, indicating that the drug release rate is concentration-dependent [52]. 25 

In contrast, the release profiles of all other nanoparticle formulations were best described 26 

by the Korsmeyer–Peppas model. This model is commonly employed to analyze drug 27 

release from polymeric carrier systems when the exact mechanism is unknown or when 28 

the release involves multiple processes such as the diffusion of water into the matrix, 29 

swelling of the matrix and dissolution of the matrix [53]. The permeation of the active 30 

compound through the membranes is primarily explained by passive diffusion, which is 31 

the spontaneous mass transfer of a substance from an area of high concentration to an 32 
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area of lower concentration. This diffusion adheres to Fick's Law [54]. In the Korsmeyer-1 

Peppas model, the obtained "n" value is an indicator of Fickian diffusion when n<0.45 2 

the diffusion process is considered to be Fickian [55]. According to Table 3, the "n" value 3 

for all nanoparticle formulations is less than 0.45. Thus, it can be concluded that diffusion 4 

in the prepared nanoparticle formulations occurs in accordance with Fick's Law [55]. 5 

 6 

 7 

Figure 5. In vitro release profiles of NFX and nanoparticle formulations (Mean ± SE, n= 3) 8 

 9 

 10 
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Evaluation of the Cytotoxicity 1 

The safety profile of drug delivery systems require comprehensive cytotoxicity 2 

assessment of their constituent polymeric carriers.  3 

In our study nanoparticles were formulated with ERS, a cationic polymer known for its 4 

controlled release and mucoadhesive properties [56] and a blend of PCL which is a 5 

biocompatible and biodegradable polymer with ERS100 [57]. Within the scope of this 6 

study, the in vitro toxicity profiles of placebo nanoparticles, the active substance NFX, 7 

and active substance-loaded nanoparticles on ocular cells were evaluated using the MTT 8 

cytotoxicity assay. The ARPE-19 was utilized for the MTT cytotoxicity assay, as it is a 9 

widely recognized cell model in ocular drug safety studies [58,59]. Although corneal cell 10 

lines are traditionally preferred, recent comparative studies have revealed that IC50 values 11 

obtained from ARPE-19 cells exhibit a stronger correlation with in vivo ocular irritation 12 

(Draize test scores) compared to those obtained from rabbit corneal cells [60]. Therefore, 13 

the MTT assay performed on ARPE-19 cells provides predictive insights for assessing 14 

the ocular safety and evaluating the irritation potential of the prepared nanoparticles 15 

[58,61]. 16 

Cytotoxicity values of all formulations with respect to time and concentration were 17 

presented in Figure 6.  18 

According to the MTT analyses results, both the NE0 and the NEP0 formulations were 19 

determined to be generally highly biocompatible, as the IC50 value could not be 20 

determined even at the highest concentrations tested. However, the 24-hour viability 21 

values at the 500 μg.mL-1 concentration, NE0 exhibited lower cytotoxicity compared to 22 

NEP0 formulation with 85.19% and 78.11% cytotoxicity values while the difference 23 

diminished at the end of 48-hours incubation, with 76.36% and 75.45% viability values 24 

respectively (Figure 6). 25 

Our data was supperted by former studies showing the non-toxic, stable, non-dose-26 

dependent cytotoxicity of PCL nanoparticles [62–64]. Similarly, non-toxic characters of 27 

the nanoparticles have also been reported for ERS100 formulations [30]. As a result, our 28 

findings are compatible with the literature. Although the general principle in the literature 29 

suggests that the addition of PCL should mitigate the cationic toxicity potential 30 

originating from ERS100 thus enhance biocompatibility [65,66]. 31 

 32 

 33 
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Table 3. In vitro release kinetic models of NFX and nanoparticle formulations 1 

Code Criteria 
Zero 
order 

First 
order 

Higuchi 
Hixon-
Crowell 

Hopfenberg 
Korsmeyer-

Peppas 

NE1 

k 3.2674 0.3645 22.2922 0.0231 0.0808 43.0771 

R²adj -1.0991 0.9921 0.3457 -0.1093 0.9863 0.7899 

AIC 114.9692 53.4970 102.1464 107.9533 60.4757 81.5348 

MSC -1.3094 4.2790 -0.1437 -0.6716 3.6446 0.8955 

n           0.2727 

NE2 

k 3.0621 0.1670 20.6961 0.0313 0.0313 47.9785 

R²adj -1.7248 0.5600 0.1975 0.0137 -0.0724 0.9329 

AIC 112.7082 92.6517 99.2622 101.5303 103.2920 64.6265 

MSC -1.8103 0.0130 -0.5879 -0.7941 -0.9543 1.7336 

n           0.2164 

NE3 

k 2.9271 0.1213 19.6844 0.0267 0.0267 44.5963 

R²adj -1.9152 0.2083 0.1429 -0.2325 -0.3663 0.9570 

AIC 111.3995 97.0610 97.9335 101.9300 103.9042 57.9028 

MSC -1.9730 -0.6695 -0.7488 -1.1121 -1.2916 2.0252 

n           0.2387 

NEP1 

k 3.1849 0.1919 21.9456 0.0344 0.0344 54.4298 

R²adj -2.2071 0.4644 -0.0514 -0.2565 -0.3004 0.8909 

AIC 115.2408 95.5543 102.9729 104.9330 106.1523 70.7596 

MSC -2.0661 -0.2764 -0.9508 -1.1290 -1.2399 1.1844 

n           0.1713 

NEP2 

k 3.2157 0.2159 22.3090 0.0361 0.0361 55.6413 

R²adj -2.7387 0.3885 -0.2807 -0.5731 -0.5454 0.9499 

AIC 116.0806 96.1644 104.2963 106.5578 107.2034 62.2833 

MSC -2.0661 -0.5878 -1.3271 -1.5327 -1.5914 1.7700 

n           0.2123 

NEP3 

k 3.0575 0.1500 20.6923 0.0303 0.0303 47.4174 

R²adj -2.0309 0.3676 0.0977 -0.1591 -0.2715 0.9749 

AIC 112.8046 95.5673 99.4763 102.2319 104.0904 53.8037 

MSC -2.0326 -0.4655 -0.8209 -1.0714 -1.2404 2.5740 

n           0.2382 

NFX 

k 3.3250 0.4575 23.0147 0.0289 0.1012 49.5456 

R²adj -1.3226 0.9913 0.2222 -0.0232 0.9651 0.7939 

AIC 116.5601 55.1520 104.5262 107.5430 71.2180 82.0146 

MSC -1.4381 4.1445 -0.3441 -0.6184 2.6839 0.8918 

n           0.2497 
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 1 

Figure 6. Cytotoxicity results of nanoparticle formulations (n = 3; mean ± SD). 2 

 3 

Zeta potential measurements indicated that the PCL incorporation unexpectedly shifted 4 

the charge to a more cationic direction. This unanticipated result suggests that the 5 

observed minor increase in NEP0 cytotoxicity may be attributed to the resultant highly 6 

positive surface charge. Furthermore, studies have demonstrated that the PCL type used 7 

in the formulation (80 kDa) may exhibit higher in vitro toxicity compared to other low 8 

molecular weighted PCL derivatives [67]. 9 

In a related study, the cell viability of Human Corneal Epithelial Cells (HCECs) exposed 10 

to NFX was investigated using the MTT assay, which demonstrated that NFX 11 

concentrations over 375 μg.mL-1 exhibited dose- and time-dependent cytotoxicity [68]. 12 

In our study, a comparable concentration of 375 μg.mL-1 resulted in a cell viability of 13 

47.96% at 24 hours, which further decreased to 35.92% at 48 hours (Figure 6). Upon the 14 
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evaluation of the NFX-loaded formulations, both the NE and NEP series successfully 1 

demonstrated a reduction in the cytotoxicity of free NFX. However, formulations 2 

characterized by a higher NFX of DL (NE3 and NEP3) exhibited a more pronounced 3 

toxic profile. This observation is attributed to their higher overall NFX content and, 4 

consequently, lower polymer protection per unit mass relative to other formulations.  5 

This increase in cytotoxicity is therefore interpreted as a direct consequence of the 6 

elevated NFX loading. The IC50 value for the pure active compound NFX was determined 7 

to be 359.4 μg.mL-1 and 357.8 μg.mL-1 at 24 and 48 hours, respectively. Formulations 8 

containing ERS100 were observed to increase the IC50 value of NFX, with cell viability 9 

remaining above 50% even at the highest tested concentration. Specifically, the IC50 10 

values of NFX in ERS-PCL formulations were elevated to 443.6 μg.mL-1 and 366.5 11 

μg.mL-1 at 24 and 48 hours, respectively (Figure 6). 12 

 13 

Antimicrobial Activity Tests 14 

Disc diffusion method 15 

The antimicrobial disc diffusion method, also known as the Kirby–Bauer test, is a 16 

standard method used to evaluate bacterial susceptibility to antibiotics. The formulations 17 

prepared with NFX exhibited variable inhibition zones depending on the tested 18 

concentration and bacterial strain (Table 4, Figure 7). Among the Gram-positive strains, 19 

B. subtilis showed inhibition zones ranging from 24.1 to 33.9 mm, while S. aureus 20 

exhibited zones between 16.0 and 30.2 mm. Gram-negative strains demonstrated lower 21 

sensitivity: P. aeruginosa showed inhibition zones of 12.0–21.7 mm, and E. coli 22 

displayed zones ranging from 18.1 to 29.8 mm. NFX (positive control) consistently 23 

produced larger inhibition zones, measuring 33.9–36.1 mm for B. subtilis and S. aureus, 24 

30.1 mm for E. coli, and 29.9 mm for P. aeruginosa (Table 4, Figure 7). The drug-free 25 

formulations (NE0 and NEP0) produced either no inhibition or only small and highly 26 

variable inhibition zones. The relatively large SD values observed for these blank 27 

formulations resulted from inconsistent detection of very small inhibition zones among 28 

replicate measurements. Because the inhibition boundaries were close to the disc edge, 29 

minor differences among replicates resulted in relatively high variability. In contrast, 30 

NFX-containing formulations produced clearly defined inhibition zones with 31 

substantially lower variability. Statistical differences in inhibition zone diameters among 32 
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the formulations were evaluated using one-way ANOVA followed by Tukey’s multiple-1 

comparison test, with statistical significance defined as p < 0.05. 2 

 3 

Table 4. Zone inhibition diameters (mm) of NFX and nanoparticle formulations  4 

Code B. subtilis S. aureus P. aeruginosa E. coli 

NFX 36.1 ± 0.4 33.9 ± 0.1 29.9 ± 0.3 30.1 ± 0.4 

NE0 - - 3.3 ± 3.0 3.6  ± 3.5 

NE1 24.1 ± 0.3 16.0 ± 0.2 12.0 ± 0.2 18.1 ± 0.3 

NE2 28.0 ± 0.2 21.8 ± 0.6 14.0 ± 0.2 21.9 ± 0.4 

NE3 29.8 ± 1.1 28.0 ± 0.2 21.7 ± 0.4 29.8 ± 0.4 

NEP0 3.3  ± 3.5 - - - 

NEP1 26.0 ± 0.2 22.2 ± 0.5 12.0 ± 0.2 20.1 ± 0.3 

NEP2 29.6 ± 0.7 28.1 ± 0.3 15.8 ± 0.5 24.2 ± 0.5 

NEP3 33.9 ± 0.2 30.2 ± 0.5 20.0 ± 0.2 25.1 ± 0.4 

Bacillus subtilis (B. subtilis), Staphylococcus aureus (S. aureus), Pseudomonas aeruginosa (P. aeruginosa), Escherichia coli (E. coli) 5 

 6 

In the disc diffusion method, Gram-positive strains (B. subtilis and S. aureus) generally 7 

exhibited greater susceptibility than Gram-negative strains, which is consistent with 8 

structural differences in their cell walls. Gram-negative bacteria possess an outer 9 

membrane enriched with lipopolysaccharides, which decreases permeability to 10 

hydrophobic compounds and antibiotics [69]. Notably, P. aeruginosa displayed the 11 

lowest susceptibility, consistent with its well-documented multidrug resistance 12 

mechanisms, including efflux pumps and low outer membrane permeability [70]. 13 

Determination of minimum ınhibitory concentration (MIC) 14 

MIC test is a standard method used to determine the lowest concentration of an 15 

antimicrobial agent that visibly inhibits microbial growth. The MIC values of the 16 

formulations were determined within the range of 0.04 and 0.75 μg.mL-1 (Table 5).  17 

 18 
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 1 

Figure 7. Inhibition zone diameters of NFX and nanoparticle formulations against the tested bacterial 2 

strains. Data are presented as mean ± SD (n = 3). Statistical comparisons among formulation groups were 3 

performed using one-way ANOVA followed by Tukey’s multiple-comparison test. Statistical significance 4 

was accepted at p < 0.05. 5 

For the NE series, the lowest MIC values were observed against S. aureus, P. aeruginosa, 6 

and E. coli (0.04–0.18 μg.mL-1), while slightly higher MIC values were recorded for B. 7 

subtilis (0.09–0.37 μg.mL-1). In contrast, for the NEP series, identical MIC concentrations 8 

(0.04–0.18 μg.mL-1) were observed across all tested microorganisms. NFX, consistent 9 

with its well-documented efficacy, exhibited markedly lower MIC values (0.002–0.005 10 

μg.mL-1) against the tested strains. MIC determinations were performed in triplicate, and 11 

identical MIC endpoints were obtained across the replicate experiments. Since MIC 12 

represents a discrete endpoint derived from two-fold serial dilutions rather than a 13 

continuous quantitative measurement, the results are reported as modal MIC values rather 14 

than mean ± SD (Table 5). 15 
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The results have demonstrated that the NFX-based formulations retained antimicrobial 1 

activity against both Gram-positive and Gram-negative bacteria, although their efficacy 2 

was reduced compared to the pure NFX standard. This reduction may be attributed to 3 

formulation-related factors that influence drug release and bioavailability, such as 4 

excipient interactions or altered diffusion through the agar medium [71]. The obtained 5 

MIC values revealed a dose-dependent activity, where higher formulation concentrations 6 

resulted in increased inhibition. Although the inhibitory concentrations were higher than 7 

those of pure NFX, the formulations still exhibited clinically significant antimicrobial 8 

activity. The consistency between disc diffusion and MIC results further validates the 9 

antimicrobial potential of these formulations. 10 

Table 5. MIC values of NFX and nanoparticle formulations (μg.mL-1) 11 

Code B. subtilis  S. aureus P. aeruginosa  E. coli  

NFX 0.005 0.005 0.005 0.002 

NE0 - - > 0.75 > 0.75 

NE1 0.37 0.18 0.18 0.18 

NE2 0.18 0.09 0.09 0.09 

NE3 0.09 0.04 0.04 0.04 

NEP0 > 0.75 - > 0.75 > 0.75 

NEP1 0.18 0.18 0.18 0.18 

NEP2 0.09 0.09 0.09 0.09 

NEP3 0.04 0.04 0.04 0.04 

Bacillus subtilis (B. subtilis), Staphylococcus aureus (S. aureus), Pseudomonas aeruginosa (P. aeruginosa), Escherichia coli (E. coli) 12 

Furthermore, evaluating the clinical relevance of these findings alongside the in vitro 13 

release profiles clearly demonstrates that the formulations provide an immediately 14 

effective drug dose. Notably, even with the NE1 and NEP1 formulations (which contain 15 

the lowest NFX content) concentrations of NFX approximately 2 and 7 μg.mL-1 were 16 

achieved at the earliest sampling time point (30 minutes), respectively (NFX MIC range: 17 

0.002–0.005 μg.mL-1). This confirms that the prepared nanoparticles possess the capacity 18 

to achieve and maintain local drug concentrations well above the inhibitory threshold 19 

from the moment of initial administration. 20 

Conclusion 21 

The anatomical and physiological barriers of the eye, combined with the low solubility 22 

of the active substance, result in limited bioavailability of topically administered drugs in 23 

the treatment of severe ocular infections. Therefore, alternative strategies are required to 24 
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improve ocular bioavailability following topical application. In this study, NFX-loaded 1 

polymeric nanoparticles for ocular application were successfully prepared with a 2 

spherical morphology using the spray drying method. DSC analysis confirmed the 3 

amorphous nature of the nanoparticles. Characterization by FT-IR and 1H-NMR 4 

demonstrated that NFX remained stable throughout the formulation processes.  5 

The nanoparticles exhibited a particle size of 383.43 ± 8.01 nm, a PDI of 0.135 ± 0.01, 6 

and a positive zeta potential of +34.97 ± 0.22 mV. Crucially, the optimized nanoparticles 7 

exhibited particle sizes well below the 10 µm threshold, ensuring their suitability for 8 

ocular administration by minimizing irritation and facilitating effective permeation. 9 

Additionally, the drug loading study indicated that NFX was incorporated into the 10 

polymers in sufficient amounts. The NEP formulations exhibited increased EE% and 11 

DL% compared to the NE formulations. The inclusion of PCL in the formulation had a 12 

positive effect on the particle characteristics. Among the formulations studied, NEP3 13 

formulation distinguished itself by demonstrating superior physical stability, higher NFX 14 

loading and prolonged release properties. The prepared nanoparticles were successfully 15 

dispersed colloidally in NFX artificial tears, despite the drug’s very low water solubility. 16 

The amorphous structure of the polymers contributed to improved solubility. 17 

Furthermore, in vitro release studies demonstrated that bioavailability could be enhanced 18 

by formulating nanoparticles suitable for ocular application with sustained release 19 

extending up to 48 hours. The release of NFX from the nanoparticles was found to be 20 

optimally modeled by the Korsmeyer-Peppas kinetics, suggesting a mechanism governed 21 

by both diffusion and polymer properties. Moreover, the initial drug release from the 22 

nanoparticles guarantees immediate therapeutic action, as the local drug concentration 23 

rapidly exceeds the required MIC. 24 

Cytotoxicity assays conducted on ARPE-19 cells confirmed that the IC50 values of the 25 

nanoparticle formulations significantly exceeded their MICs. For instance, while the MIC 26 

of the optimal NEP3 formulation was 0.04 μg.mL-1, its IC50 values ranged between 366.5 27 

and 443.6 μg.mL-1, thereby validating a remarkably broad therapeutic safety margin for 28 

topical ocular application. 29 

Antimicrobial activity tests, particularly the disc diffusion method, showed that Gram-30 

positive bacteria (B. subtilis and S. aureus) showed higher susceptibility compared to their 31 

Gram-negative counterparts. Notably, formulations NE3 and NEP3 displayed superior 32 
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efficacy, with inhibition values increasing in a dose-dependent manner. The coherence 1 

between the disc diffusion and MIC test results strongly validates the potential of the 2 

NFX-loaded nanoparticles as an effective system for treating ocular infections. In 3 

conclusion, NFX-loaded nanoparticles are anticipated to be a promising and effective 4 

alternative for the clinical management of ocular bacterial infections which will be with 5 

revealed more clearly with upcoming in vivo studies. 6 
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