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Abstract 
Objectives: The objective of this study was to develop and optimize a stable Ozenoxacin-loaded hydrogel for effective 
topical treatment of impetigo, aiming to enhance localized delivery, sustain drug release, and overcome current limitations 
such as antibiotic resistance.  
Methods: A 3² full factorial design was employed to study the effects of Carbopol 934P and PEG-8000 concentrations 
on hydrogel viscosity (R₁) and in-vitro drug release at 12 hours (R₂). Physicochemical characterization, differential scanning 
calorimetry (DSC), Fourier-transform infrared spectroscopy (FTIR), and in-vitro release studies were conducted. Accelerated 
stability studies were performed as per ICH Q1A(R2) guidelines.  
Results: The optimized formulation (TF7) exhibited a pH of 7.04 ± 0.07, viscosity of 4893 ± 147 cP, spreadability of 
29.67 ± 1.08 g·cm/sec, drug content of 97.89 ± 1.31%, and cumulative drug release of 94.21 ± 3.24% at 12 hours. 
Release kinetics followed a Zero-order model (R² = 0.9871), indicating constant drug release. Accelerated stability studies 
confirmed physical and chemical stability over 6 months. The optimization approach using factorial design enabled precise 
selection of the ideal batch based on desirability value (1.000).  
Conclusion: The developed Ozenoxacin-loaded hydrogel demonstrated promising physicochemical and release properties, 
suggesting potential clinical benefits for impetigo management. Future in-vivo studies are warranted to validate therapeutic 
efficacy and support clinical translation. 
Keywords: Ozenoxacin; Hydrogel; Impetigo; Factorial Design; Drug Release; Topical Delivery; Stability Study. 
 
1. INTRODUCTION 
Among children worldwide there are annually 162 million cases of impetigo bacterial skin infection 
specifically affecting low- and middle-income countries  [1]. The pathogens Staphylococcus aureus and 
Streptococcus pyogenes trigger this disease which places substantial weight on dermatological disorders while 
generating major medical expenses and work-related losses [2]. Current resistance against topical antibiotic 
medications mupirocin and fusidic acid has severely reduced their treatment value thus requiring different 
therapeutic options [3]. Forced treatment of impetigo generates major healthcare costs through direct and 
indirect expenses mainly within endemic regions according to economic studies [4]. New therapeutic agents 
must be developed because recent epidemic studies demonstrate growing resistance levels along with multiple 
reinfections which require more potent treatment methods without resistance development. Impetigo 
treatment requires systemic agents which bring possible side effects to the rest of the body yet highlights the 
necessity of localized therapeutic approaches [5]. The medical community emphasizes developing fresh topical 
medications that defeat existing therapeutic limitations yet maintain both patient adherence and treatment 
effectiveness [6]. 
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Figure 1: Structure of ozenoxacin 
Ozenoxacin represents a new non-fluorinated quinolone derivative that shows potential as a medication for 
treating impetigo and other superficial skin bacterial infections [7]. Ozenoxacin functions through its 
cyclopropyl group and special oxazine moiety which increases absorptive properties of both lipophilicity and 
skin permeability [8]. Ozenoxacin interacts with both DNA gyrase and topoisomerase IV to powerfully inhibit 
reproduction and division activities in bacterial cells [9]. Clinical and preclinical observations confirm that 
Ozenoxacin destroys bacteria effectively throughout all primary and secondary strains of MRSA and 
methicillin-sensitive Staphylococcus aureus (MSA) [10]. As a non-fluorinated compound Ozenoxacin reduces 
the danger of toxic outcomes which could arise from internal absorption. The existing studies show 
Ozenoxacin outperforms other topical treatments while providing safety advantages which suggests its ability 
to resolve present shortcomings in impetigo treatment. The use of Ozenoxacin in new delivery techniques 
presents promising opportunities to boost its treatment effects as well as prevent antibiotic resistance 
development [11]. 
A hydrogel-based formulation served as the choice for localized delivery and sustained release of Ozenoxacin 
when developing this study [12]. The three-dimensional structure and hydrophilic nature of hydrogels creates 
excellent drug delivery carriers because they possess superior biocompatibility and water retention properties 
and well-defined medication release kinetics [13]. The use of hydrogels over conventional ointments and 
creams results in non-oil-based texture which improves patient comfort while enhancing drug absorption for 
skin transmission [14]. Hydrogel technology developments in these two areas have achieved better treatment 
results for dermatological use. The hydrogel platform was selected because it sustains a damp wound 
condition and speeds up healing episodes while maintaining drug exposure at infection sites [15]. The 
incorporation of Ozenoxacin into hydrogels remains straightforward because these systems protect drug 
stability and maintain drug efficacy even when using this heat-sensitive pharmaceutical for impetigo treatment 
[16]. 
The current research focuses on developing and evaluating a stable hydrogel formulation containing 
Ozenoxacin which shows promise for treating impetigo. The research focuses on optimal hydrogel 
formulation design next to physicochemical analysis along with drug release evaluation under in vitro 
conditions and antimicrobial results evaluation. Users and healthcare professionals require a new topical 
delivery system which combines improved treatment outcomes and effective antibiotic resistance mitigation. 
 
2. MATERIALS AND METHODS 
2.1. Materials  
Ozenoxacin (analytical grade) was procured from Sciquaint Innovation Pvt. Ltd. (Pune, India). Carbopol 
934P, PEG-8000, Methyl Paraben, Methanol, Ethanol, DMSO, and Phosphate Buffer Salts (all 
analytical/pharmaceutical grade) were obtained from standard suppliers including Lubrizol, Sisco Research 
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Laboratories, Loba Chemie, Merck, and HiMedia (Mumbai, India). Dialysis Membrane (MWCO 12,000–
14,000 Da) and Triethanolamine (analytical grade) were sourced from HiMedia and Qualigens Fine 
Chemicals (Mumbai, India). All other chemicals and reagents were of analytical grade. 
2.2. Methods  
Calibration curve determination 
The preparation of a 100 µg/ml Ozenoxacin stock solution involved dissolving 10 mg of accurately weighed 
drug into a 100 ml volumetric flask containing methanol (analytical grade). The flask received five-minute 
sonication followed by volume adjustment with methanol. A total of 0.5, 1.0, 1.5 and 2.0, 2.5, and 3.0 
milliliters from the stock solution were employed to create volumetric flasks containing 10 milliliters. The 
dilution procedure used methanol to reach concentrations of 5, 10, 15, 20, 25, and 30 µg/ml. The UV-Visible 
spectrophotometer (UV-1900, Shimadzu Corporation, Kyoto, Japan) used medium scanning speed and 2 nm 
slit width during measurements at the predetermined λmax with methanol as the blank solution. A 
calibration curve was created to show the relationship between absorbance values and concentration levels 
which led to the calculation of linear regression statistics containing correlation coefficient R². The 
experiments were carried out three times (n=3) according to ICH Q2(R1) guidelines [17,18]. 
Determination of Solubility 
Ozenoxacin showed solubility measurements in separate 100 ml volume flasks containing 50 ml each of water, 
ethanol, methanol, phosphate buffer at pH 6.8, and dimethyl sulfoxide (DMSO) after adding an excess drug 
amount to the solvents. The test flasks received mechanical shaking within a water bath at 50 rpm with 
temperature maintained at 37±0.5°C for 48 hours. The samples were processed by filtering them through 
Whatman filter paper then appropriately diluting them with solvent before analysis for absorbance at λmax 
using UV-Visible spectrophotometer (UV-1900, Shimadzu Corporation, Kyoto, Japan). The standard 
calibration curve determined the solubility measurements that underwent three separate experimental trials 
(n=3) [19]. 
Differential scanning colorimetry  
Differential scanning calorimetry analysis of pure Ozenoxacin along with drug-excipients physical mixtures 
occurred through a DSC instrument (Perkin-Elmer, Waltham, USA). An accurate weight measurement of 5 
mg samples went into 40 µl aluminum pans where an empty aluminum reference pan received no material. 
The analysis took place under a nitrogen atmosphere with 20 ml/min gas flow while heating the samples 
from 50°C to 300°C at a rate of 20°C/min. The thermograms analyzed drug melting points and crystallinity 
characteristics as well as potential drug-excipient relationship. The researchers evaluated each sample three 
times (n=3) to obtain results [20]. 
Fourier transform infrared spectroscopy 
FTIR spectroscopy analysis was performed on pure Ozenoxacin and drug-excipient physical mixtures using a 
Shimadzu Corporation FTIR spectrophotometer model IRAffinity-1S to detect any potential interactions. 
The investigators compressed 2–3 mg of each substance with dry potassium bromide (KBr) at a 1:100 ratio 
through a hydraulic press to produce thin pellets. Analysis of spectra took place between 4000–400 cm⁻¹ 
wavenumber range using 4 cm⁻¹ resolution. The analysis of characteristic peaks showed no shifts or changes 
that would indicate an interaction based on a comparison between the pure drug spectrum and the physical 
mixture spectrum. Each measurement ran three times (n=3) during the sample analysis [21,22]. 
Experimental design  
A 3² full factorial design was conducted to investigate the effects of two independent factors on specific 
response variables. The independent factors included Carbopol 934P (A) and PEG-8000 (B). The responses 
measured in this study were Viscosity (R₁) and In-vitro drug release at 12 h (R₂). This design resulted in a 
total of 9 batches, corresponding to the combinations of the three levels for each factor. The experimental 
design was executed using Design Expert Software Version 13.0 (Stat-Ease). The relationship between the 
independent and dependent variables was modeled using the following second-order polynomial equation: 
Y = b₀ + b₁A + b₂B + b₁₂AB + b₁₁A² + b₂₂B² 
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Where Y is the predicted response, b₀ is the intercept, b₁ and b₂ are the coefficients for the main effects of 
A and B, b₁₂ is the coefficient for the interaction effect, and b₁₁ and b₂₂ are the coefficients for the quadratic 
effects [23–25]. 
Table 1: 32 Factorial Design showing independent factors and Levels. 

Independent Variables 

Label Factors 
Level (%wt/v) 
Low (-) Medium High (+) 

A Carbopol 934P (% w/w) 1 1.5 2 
B PEG-8000 (% w/w) 0.1 0.15 0.2 
Dependant Variables 
R1 Viscosity (cp) 
R2 In-vitro drug release at 12h (%) 

Table 2: Preparation of hydrogel batches using 32 factorial designs 
Ingredients TF1 TF2 TF3 TF4 TF5 TF6 TF7 TF8 TF9 

Ozenoxacin (%w/v) 1 1 1 1 1 1 1 1 1 

Carbapol 934p (% w/w) 1 1.5 2 1 1.5 2 1 1.5 2 
PEG-8000 (% w/w) 0.1 0.1 0.1 0.15 0.15 0.15 0.2 0.2 0.2 

Methyl paraben(% w/w) 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

Distilled Water ( q.s 10 ml) q.s q.s q.s q.s q.s q.s q.s q.s q.s 
Preparation of Hydrogel 
Cold dispersion was used to prepare Ozenoxacin loaded hydrogels. Distilled water (250 mL) was taken such 
that a portion out of it (100 mL) was slowly dispersed in carbopol 934P (1–2% w/w) with continuous stirring 
at 500 RPM for 30 minutes using magnetic stirrer (Remi Equipment Pvt. Ltd., RMS-10HS, India) maintained 
at 25 ± 2°C. PEG-8000 (0.1–0.2%) w/w was dissolved separately in the remaining remaining distilled water 
along with methyl paraben (0.02%) w/w. Weighed amount of Ozenoxacin (1% w/v) was mixed with the 
Carbopol dispersion under stirring. To this point, the Carbopol dispersion was stirred at 300 RPM for 20 
minutes with the addition of the PEG-8000 solution. Dropwise addition of triethanolamine (tridaha, 
~0.5mL) was used to adjust the pH to 6.8–7.0 until a transparent gel was formed. Nine batches (TF-1 to TF9) 
were prepared according to the 3² factorial design as outlined in Table 2, and . 

Figure 2: Visual appearance of Ozenoxacin-loaded hydrogel formulations (Batches TF1–TF9) filled in glass 
vials. 

 

Assessment of Formulated Ozenoxacin Hydrogels 
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Visual and tactile evaluations of the physical form and homogeneity of the prepared hydrogel formulations 
were made. Each formulation about 2 g was spread on a glass slide and observed against a white background 
for clarity, color, particulate matter and homogeneity. Texture and consistency were determined by rubbing 
a small amount of mixture between the fingers to detect coarse particles. Evaluation was performed at room 
temperature (25 ± 2°C) under normal daylight, and observations were made clear, translucent, or opaque; 
and homogeneous or heterogeneous. Triplicate test (n=3) was run for each batch and the conformity to the 
desired properties in compliance to the Indian Pharmacopoeia guidelines for topical gels was found [27]. 
pH Determination 
A calibrated digital pH meter (pHan-Lab from Labindia Analytical Instruments Pvt Ltd India) determined 
the pH values of hydrogel formulations. Standard buffer solutions at pH 4.0, 7.0 and 9.0 served for the 
calibration of the pH meter. A total of 1 g hydrogels were dispersed into 10 ml distilled water before staying 
at room temperature (25 ± 2°C) for thirty minutes. The pH electrode required a minute to stabilize itself 
before the measuring process began when immersed in the dispersion. The measurements were performed 
three times per batch (n=3) while reporting results as mean ± standard deviation. The formulations needed 
to have their pH maintained within a range of 6.0–7.5 because this matches skin pH [28]. 
Spreadability 
The parallel plate method was used to determine the spreadability measurements of hydrogel formulations. 
A 1 g gel sample was inserted between glass slides (10 cm × 10 cm) before placing a 500 g weight on top for 5 
minutes to ensure uniform gel thickness. A hook-mediated attachment of 100 g weight occurred on the upper 
slide followed by measuring the time required for the slide to move 5 cm at a temperature of 25 ± 2°C. The 
calculation of spreadability (S) used the formula S = M × L / T which measures S in g·cm/sec and includes 
M in g, L in cm, and T in sec. Three distinct measurements of each batch served as the experimental base 
(n=3) with standard deviation expressing the results [29]. 
Viscosity Measurement 
Viscosity of hydrogel formulations was measured using the Brookfield viscometer (LVDV-II + Pro, Labindia 
Analytical Instruments Pvt. Ltd, India) using spindle number 64. The instrument was calibrated by means of 
silicon oil standards before use. Equilibration of about 20 g of each formulation was performed in a clean 
container and the equilibration was done at 25 ± 0.5C for 30 minutes. The viscosity was measured after 
spindle was immersed carefully without trapping air bubbles (carefully), spun at 12 RPM, and stabilized (2 
minutes approximately). For each batch, measurements were made triplicate (n=3) and results presented as 
mean ± standard deviation in centipoise (cP). The factorial design analysis was done on viscosity data (R1_ 
mn as response parameters [30]. 
Drug Content Determination 
The drug content of the hydrogel formulations was determined by UV-Visible spectrophotometry. Dilution 
to 100 ml with phosphate buffer (pH 7.4) were made and 50 ml volume of the hydrogel (equivalent to 1 g, 
or 10 mg of Ozenoxacin) was sonicated for 30 min at RT using an ultrasonicator (LMUC-2, Labindia 
Analytical Instruments Pvt. Ltd., India). It was filtered through a 0.45 μm membrane filter (Millipore), 
suitably diluted and absorbance at 286.9 nm was recorded with a UV-Visible spectrophotometer (UV-1800, 
Shimadzu Corporation, Japan). The percent drug content was calculated using a previously constructed 
calibration curve (2–20 μg/ml) and was expressed as percent drug content by means of the equation: 

% Drug Content =
Experimental Drug Content

Theoretical Drug Content
× 100 

Measurements were performed in triplicate (n=3) for each batch, and results were evaluated based on the 
acceptance criteria of 95–105% as per Indian Pharmacopoeia guidelines [31]. 
In-vitro Drug Release Study 
In-vitro drug release from hydrogel formulations was determined by using Franz diffusion cell (FDC-6, 
Permegear Inc., India), the receptor volume and diffusion area of which were 15 ml and 1.77 cm², respectively. 
A dialysis membrane (MWCO 12,000–14,000 Da, HiMedia Laboratories Pvt. Ltd., India) was mounted 
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between the donor and receptor compartment which had been soaked in phosphate buffer (pH 7.4) for 24 
hours. The buffer compartment consisted of phosphate buffer (pH 7.4) (32 ± 0.5°C) on one end of the dual 
chamber and the other end was stirred at 50 RPM. In the donor compartment, about 1 g of hydrogel was put 
on membrane. 1 ml samples were withdrawn at predetermined intervals (0.5, 1, 2, 4, 6, 8, 10 and 12 hours), 
forced through a 0.45 μm membrane filter, and replaced with fresh medium. UV-Visible spectrophotometer 
was used to determine Ozenoxacin concentration at 286.9 nm. The drug release was cumulative percentage 
and drug release at 12 hours (R₂) was used for factorial analysis, because it was considered in vitro drug 
release. Results were expressed as mean ± standard deviation, and the experiments were performed in 
triplicate (n=3) [32]. 
Drug Release Kinetics 
The in-vitro drug release data obtained through studies enabled researchers to determine the mechanisms 
involved in hydrogel drug release by fitting these data to several kinetic models. The evaluation used zero-
order (cumulative percentage drug release vs. time), first-order (log of unreleased drug vs. time), Higuchi 
(cumulative percentage drug release vs. square root of time), and Korsmeyer-Peppas (log of cumulative 
percentage drug release vs. log of time). We evaluated the correlation coefficient (R²) for each model through 
linear regression analysis in Microsoft Excel 2019 version. A model with the highest R squared value obtained 
the best fit result. The Korsmeyer-Peppas model analysis yielded an n value which indicated Fickian diffusion 
when n was ≤ 0.5 and anomalous diffusion when 0.5 < n < 1.0 and Case II transport when n was ≥ 1.0. The 
evaluation of drug release data for three repeated measurements (n=3) took place in each batch [33]. 
Accelerated Stability Study 
The optimized Ozenoxacin hydrogel named TF7 underwent accelerated stability testing which followed ICH 
Q1A(R2) guideline criteria. A 6-month storage period was conducted on the formulation which existed inside 
collapsible aluminum tubes at 40 ± 2°C and 75 ± 5% RH. The examinations of the TF7 hydrogel proceeded 
at the testing points of 0 and 1 and 2 and 3 and 6 months to assess physical characteristics together with pH 
and viscosity and spreadability and drug concentration and in-vitro drug release along with syneresis and 
microbial quality. The Franz diffusion cells analyzed in-vitro drug release while microbial tests were conducted 
according to Indian Pharmacopoeia protocol. The experiments consisted of three replicates (n=3) to calculate 
the mean values with standard deviation [34]. 
Statistical Analysis 
The Design Expert Software Version 13.0 was used to analyze experimental data. Viscosity and in-vitro drug 
release at 12 hours was assessed with a 3² full factorial design of Carbopol 934P and PEG8000. Model 
significance (p < 0.05) was determined by means of ANOVA. Said had generated polynomial equations and 
constructed response surface and contour plots. Desirability function was used and the optimum formulation 
was selected. All results were expressed as mean ± standard deviation (n = 3). One way ANOVA with Post 
hoc Tukey's test at (p < 0.05) was performed to make the comparisons between formulations [35]. 
 
3.RESULTS AND DISCUSSION 
3.1. Results  
Calibration curve 
The calibration curve of Ozenoxacin in methanol exhibited a linear relationship over 5–30 µg/ml with a 
correlation coefficient (R²) of 0.999. The linear regression equation was found to be y = 0.0345x + 0.0123, 
where the slope was 0.0345 and the intercept was 0.0123. The calibration plot is shown in Figure 3. 
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Figure 3: Calibration curve of ozenoxacin in methanol. 
Solubility analysis 
The solubility study revealed that Ozenoxacin exhibited maximum solubility in methanol (78.61 ± 0.87 
mg/ml), followed by ethanol (43.25 ± 0.20 mg/ml) and DMSO (2.33 ± 0.19 mg/ml). In phosphate buffer pH 
6.8, the solubility was very low (0.219 ± 0.09 mg/ml), and it was practically insoluble in water (0.005 ± 0.001 
mg/ml). These results confirmed that Ozenoxacin has higher affinity for organic solvents compared to 
aqueous media. Detailed solubility values are presented in Table 3. 
Table 3: Results of solubility analysis of ozenoxacin. 

Sr. 
No. 

Solvent Solubility 
(mg/ml) 

Results 

1 Water 0.005±0.001 Practically insoluble  
2 Ethanol 43.25±0.20 Soluble  
3 Methanol 78.61±0.87 Soluble  
4 Phosphate Buffer pH 6.8 0.219±0.09 Very slightly soluble 
5 DMSO 2.33±0.19 Slightly soluble  

Values are expressed in mean±SD (n=3) 
Differential scanning colorimetry  
Pure Ozenoxacin was found to have a sharp endothermic peak at 251.98°C in the DSC thermogram, 
attributed to its melting point. No major interaction between the drug and excipients was apparent from the 
physical mixture of Ozenoxacin with excipients which resulted in a small shift in their endothermic peaks at 
56.93°C, 250.16°C. Figure 4 shows the recorded thermograms. 

 
Figure 4: DSC thermograms of (A) pure Ozenoxacin and (B) physical mixture. 
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FTIR results  
Ozenoxacin in its pure form exhibited specific peaks in FTIR analysis which indicated O–H stretching at 
3378 cm⁻¹ alongside C=O stretching at 1721 cm⁻¹ and C–F stretching at 1223 cm⁻¹ and C=C aromatic 
stretching at 1512 cm⁻¹ and C–H bending at 831 cm⁻¹. The peaks detected in the physical mixture displayed 
little to no changes compared to pure Ozenoxacin because chemical interactions between drug and excipients 
remained minimal. Figure 5 shows FTIR spectra which include all peak assignments provided in Table 5. 

 
Figure 5: FTIR spectra of (A) pure Ozenoxacin and (B) physical mixture showing characteristic peaks with 
no significant shifts, indicating compatibility between drug and excipients. 
Table 5: Interpretation of FTIR results 

Functional Group Standard Wavelength 
(cm⁻¹) 

Observed in API 
(cm⁻¹) 

Observed in Physical Mixture 
(cm⁻¹) 

O–H stretching 
(phenol) 

3200–3550 3378 3365 

C=O stretching 
(ketone) 

1650–1750 1721 1716 

C–F stretching 1000–1400 1223 1221 
C=C aromatic ring 1450–1600 1512 1507 
C–H bending 
(aromatic) 

700–900 831 828 

Physical Characterization of Hydrogel Formulations 
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The transparency with pale yellow color and smooth homogeneous texture and lack of grittiness characterized 
all hydrogel formulations TF1 through TF9. Multiple tests showed no particle presence along with no 
evidence of phase separation or aggregation signs across all manufactured batches thus demonstrating stable 
physical consistency. A summary of detailed observation results exists in Table 6. 
Table 6: Physical Appearance and Homogeneity of Ozenoxacin Loaded Hydrogel Formulations 

F. Code Appearance Color Homogeneity Texture Grittiness 
TF1 Transparent Pale yellow Homogeneous Smooth None 
TF2 Transparent Pale yellow Homogeneous Smooth None 
TF3 Transparent Pale yellow Homogeneous Firm None 
TF4 Transparent Pale yellow Homogeneous Smooth None 
TF5 Transparent Pale yellow Homogeneous Smooth None 
TF6 Transparent Pale yellow Homogeneous Firm None 
TF7 Transparent Pale yellow Homogeneous Soft None 
TF8 Transparent Pale yellow Homogeneous Smooth None 
TF9 Transparent Pale yellow Homogeneous Very firm None 

All hydrogel formulations had pH levels between 6.68 ± 0.15 and 7.04 ± 0.07 which meet the requirements 
for topical use. Analysis showed that drug content existed between 97.89 ± 1.31% and 99.45 ± 0.65% 
throughout all batches indicating uniform drug distribution among all batches. The spreadability rates 
measured from 14.23 ± 0.76 to 29.67 ± 1.08 g·cm/sec along with viscosity measurements between 4893 ± 
147 to 12485 ± 328 cP depended upon fluctuating polymer compositions. Table 7 contains a summary of all 
the obtained physicochemical evaluation results. 
Table 7: Physicochemical Parameters of Ozenoxacin Loaded Hydrogel Formulations 

F. Code pH Drug Content (%) Spreadability (g·cm/sec) Viscosity (Cp) 
TF1 6.85 ± 0.12 98.62 ± 1.23 25.42 ± 0.89 5243 ± 124 
TF2 6.73 ± 0.09 99.14 ± 0.87 19.86 ± 1.12 8726 ± 215 
TF3 6.68 ± 0.15 97.95 ± 1.42 14.23 ± 0.76 12485 ± 328 
TF4 6.91 ± 0.08 98.76 ± 0.96 27.18 ± 1.24 5068 ± 169 
TF5 6.79 ± 0.11 99.32 ± 0.73 21.54 ± 0.93 8524 ± 234 
TF6 6.72 ± 0.14 98.04 ± 1.18 16.71 ± 0.85 11936 ± 297 
TF7 7.04 ± 0.07 97.89 ± 1.31 29.67 ± 1.08 4893 ± 147 
TF8 6.88 ± 0.10 99.45 ± 0.65 23.92 ± 0.98 8142 ± 186 
TF9 6.76 ± 0.13 98.37 ± 1.04 18.45 ± 0.79 11428 ± 253 

Results are expressed in mean±SD, (n=3) 
In-vitro Drug Release studies 
All hydrogel formulations had pH levels between 6.68 ± 0.15 and 7.04 ± 0.07 which meet the requirements 
for topical use. Analysis showed that drug content existed between 97.89 ± 1.31% and 99.45 ± 0.65% 
throughout all batches indicating uniform drug distribution among all batches. The spreadability rates 
measured from 14.23 ± 0.76 to 29.67 ± 1.08 g·cm/sec along with viscosity measurements between 4893 ± 
147 to 12485 ± 328 cP depended upon fluctuating polymer compositions. Table 7 contains a summary of all 
the obtained physicochemical evaluation results. 
Table 8: Cumulative Percentage Drug Release of Ozenoxacin Loaded Hydrogel Formulations. 

Time 
(hours) 

TF1 TF2 TF3 TF4 TF5 TF6 TF7 TF8 TF9 

1 
18.67 ± 
1.14 

14.83 ± 
0.98 

11.46 ± 
0.88 

19.85 ± 
1.26 

16.27 ± 
1.03 

12.92 ± 
0.95 

21.36 ± 
1.32 

17.94 ± 
1.12 

14.25 ± 
0.93 

2 
26.92 ± 
1.43 

21.45 ± 
1.21 

17.34 ± 
1.09 

28.42 ± 
1.56 

23.18 ± 
1.35 

19.07 ± 
1.17 

30.75 ± 
1.67 

24.89 ± 
1.41 

21.36 ± 
1.28 
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4 
38.56 ± 
1.78 

31.28 ± 
1.53 

25.92 ± 
1.38 

40.73 ± 
1.83 

33.62 ± 
1.64 

28.45 ± 
1.42 

43.28 ± 
1.92 

36.15 ± 
1.72 

30.87 ± 
1.56 

6 
52.34 ± 
2.13 

42.67 ± 
1.86 

35.48 ± 
1.65 

54.86 ± 
2.24 

45.29 ± 
1.93 

38.67 ± 
1.74 

57.42 ± 
2.35 

48.73 ± 
2.04 

41.25 ± 
1.83 

8 
67.18 ± 
2.45 

54.92 ± 
2.17 

46.73 ± 
1.92 

69.57 ± 
2.58 

57.84 ± 
2.28 

49.32 ± 
2.06 

72.65 ± 
2.67 

61.42 ± 
2.39 

52.68 ± 
2.15 

10 
79.43 ± 
2.76 

68.23 ± 
2.42 

58.35 ± 
2.18 

82.14 ± 
2.87 

71.52 ± 
2.53 

61.78 ± 
2.31 

85.93 ± 
2.95 

74.86 ± 
2.64 

65.27 ± 
2.44 

12 
88.75 ± 
3.05 

78.46 ± 
2.74 

67.12 ± 
2.47 

91.38 ± 
3.16 

81.97 ± 
2.86 

70.54 ± 
2.59 

94.21 ± 
3.24 

85.32 ± 
2.97 

74.18 ± 
2.68 

Results are expressed in mean±SD, (n=3) 
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Figure 6: Cumulative Percentage Drug Release of Ozenoxacin Loaded Hydrogel Formulations 
Optimization of Ozenoxacin Loaded Hydrogel Formulations 
Effect of variables on Viscosity (R₁) 
Several mathematical models were used to analyze the viscosity of ozenoxacin loaded hydrogel formulations 
and further used to identify most suitable model for optimization. Given the summary of the model fit 
presented in table, the two factor interaction (2FI) model was suggested as the best model for viscosity with 
an adjusted R² of 0.9993 meaning that there was an excellent correlation between predicted and observed 
response. Lack of fit was non significant in the model (p = 0.9997) and the adequacy of the relationship 
between the independent variable and viscosity was confirmed by the model. ANOVA results are presented 
in the Table 10, which indicate that the 2FI model was highly significant (F value: 8278.02, p < 0.0001) which 
showed that selected variables have significantly influenced the viscosity of the hydrogel formulations. 
The polynomial equation generated for viscosity in terms of coded factors was: 
 Y₁ =  +8493.89 +  3440.83A −  331.83B −  176.75AB (1) 

ANOVA results analysis showed that the most significant factor in changing of viscosity is the Carbopol 934P 
concentration (A) with the largest F value, (24562.41) and positive coefficient (+3440.83), which means 
increasing Carbopol concentration greatly increased the viscosity of the hydrogel. On the contrary, the 
negative effect of PEG-8000 (B) on viscosity (coefficient = -331.83, F value = 228.45) was significantly less in 
magnitude than that of Carbopol. Rather, an interesting interaction (AB, F-value = 43.21, p = 0.0012) 
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between the two polymers was observed, which had a negative coefficient (-176.75), indicating a synergistic 
effect whereby increasing both polymers simultaneously had a small moderating effect on the viscosity. These 
effects were visualized in the contour plot and response surface plot (Figure 7A and B), that the increase in 
viscosity with increasing Carbopol concentration from 1% to 2% w/w is steep, while PEG-8000 concentration 
applied within the range of 0.1% to 0.2% w/w was relatively moderate. In the contour plot both variables 
interacted and the curved lines in the contour plot further confirmed that PEG-8000 has more pronounced 
effect at higher Carbopol concentration. 
Effect of variables on In-vitro Drug Release at 12h (R₂) 
The release of ozenoxacin from hydrogel formulations in-vitro was comprehensively analyzed by different 
mathematical models and release in 12 hours was determined. For this response variable, the quadratic model 
was identified as the most suitable one (see Table 9); an excellent adjusted R² value of 0.9978 and a non 
significant lack of fit (p = 0.9995) makes the model fit summary very pretty. Table10 shows the ANOVA 
results of the quadratic model where they confirmed its high significance (F value = 3175.83, p < 0.0001) 
meaning that the selected independent variables satisfactorily described the variability in drug release 
behaviour. The model was predicted to have good predictive ability where it was shown that the in vitro 
release profile could be well modulated with changes to polymer concentrations. 
The polynomial equation derived for in-vitro drug release at 12h in terms of coded factors was: 

Y₂ =  +81.89 −  10.42A +  3.23B +  0.4000AB −  0.8867A² +  0.0433B² (2) 
The ANOVA results were found to be significant for Carbopol 934P concentration (A) with F value 
(14441.44) and negative coefficient (-10.42) as high as possible, implying that the increase in the Carbopol 
934P concentration considerably reduced the drug release rate. Increasing concentration showed a positive 
effect on drug release, for which the coefficient was +3.23, F-value = 1,388.54, and the PEG-8000 
concentration (B). The Action term (AB) showed statistically important (F-value = 14.20, p = 0.0327) and 
didn't have the coefficient (-0.4000) is with beng plus. This implies that PEG-8000 is in required to substantial 
for the step of the carbopol attenuation. The quadratic term for the Carbopol (A²) was significant (F value= 
34.88; p= 0.0097) with a negative coefficient of -0.8867 indicating that this retarding effect was not 
proportional to Carbopol concentration but became more pronounced for higher values. The quadratic term 
(B²) of PEG-8000 was not significant (p = 0.7917) and was primarily acting linearly to affect drug release. 
These relationships were shown in contour plot and response surface plot (Figure 1C & 1D, respectively): 
decreasing with Carbopol concentration and decreasing with PEG-8000 concentration to moderate degree. 
The interaction between the two polymers was confirmed by the non parallel contour lines, the combination 
of whose effect was most apparent at the extreme concentrations. 
Table 9: Model Fit Summary for Responses of Ozenoxacin Loaded Hydrogel 

Response Source Sequential p-
value 

Lack of Fit p-
value 

Adjusted 
R² 

Remarks 

Viscosity (R₁) Linear < 0.0001 0.9974 0.9939 - 
2FI 0.0012 0.9997 0.9993 Suggested 
Quadratic 0.5213 0.9997 0.9987 - 
Cubic 0.6906 0.9995 0.9887 Aliased 

In-vitro drug release at 12h 
(R₂) 

Linear < 0.0001 0.9956 0.9923 - 
2FI 0.2298 0.9962 0.9920 - 
Quadratic 0.0222 0.9995 0.9978 Suggested 
Cubic 0.3354 0.9998 0.9961 Aliased 

Table 10: ANOVA Results for Optimization of Ozenoxacin Loaded Hydrogel Formulations 
Source Sum of Squares df Mean Square F-value p-value Significance 
Viscosity (2FI Model) 
Model 7.182E+07 3 2.394E+07 8278.02 < 0.0001 significant 
A-Carbapol 934p 7.104E+07 1 7.104E+07 24562.41 < 0.0001 significant 
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B-PEG-8000 6.607E+05 1 6.607E+05 228.45 < 0.0001 significant 
AB 1.250E+05 1 1.250E+05 43.21 0.0012 significant 
In-vitro drug release at 12h (Quadratic Model) 
Model 715.86 5 143.17 3175.83 < 0.0001 significant 
A-Carbapol 934p 651.04 1 651.04 14441.44 < 0.0001 significant 
B-PEG-8000 62.60 1 62.60 1388.54 < 0.0001 significant 
AB 0.6400 1 0.6400 14.20 0.0327 significant 
A² 1.571 1 1.571 34.88 0.0097 significant 
B² 0.0038 1 0.0038 0.0833 0.7917 not significant 

 
Figure 7: Effect of Carbopol 934P and PEG-8000 concentrations on critical quality attributes of 
ozenoxacin loaded hydrogel. (A) 2D Contour plot and (B) Response surface plot showing effect on viscosity 
(cP); (C) 2D Contour plot and (D) Response surface plot showing effect on in-vitro drug release at 12h (%). 
Validation of statistical model 
Experimental values were close to predicted response of the optimized formulation (TF7), to confirm the 
validity of the statistical model. The experimental value of the viscosity was 4893 ± 147 cP and predicted to 
be 4897.97 cP, with a percentage (error) of 0.10%. In the same way, 12 hours experimental in vitro drug 
release was measured as 94.21 ± 3.24%, with a percentage error of 0.08% and a value close to the predicted 

(A) (B)

(C) (D)
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one of 94.29%. According to the formulation criteria, the value obtained for desirability value was 1.000 
indicating the optimum formulation criteria. Table 11 presents the comparative data. 
Table 11: Comparison of Predicted and Experimental Values for the Optimized Formulation 

F. 
Batch 

Carbapol 
934p 

PEG-
8000 

Parameter Predicted Experimental 
% 
Error 

Desirability 

TF7 1.000 0.200 Viscosity (cP) 4897.97 4893.00 0.10 1.000 

TF7 1.000 0.200 
In-vitro drug 
release at 12h (%) 

94.29 94.21 0.08 1.000 

Release kinetics study 
Results showed that regarding drug release data of optimized Ozenoxacin loaded hydrogel formulation (TF7), 
it was best fit to the Zero order kinetic model with maximum correlation coefficient (R² = 0.9871), which 
means that the release was occurring at a nearly constant rate. Good fit with an R² value of 0.9913 was also 
achieved with the Higuchi model, indicating the existence of a diffusion component. The release exponent 
(n) in Korsmeyer–Peppas model was less than 0.5 and R² value was 0.9837, showing that Fickian diffusion 
was the release mechanism. Figures 8 show the curves of the kinetic model fitting. 

 
Figure 8: Drug release kinetics of optimized formulation TF7 fitted to Zero-order, First-order, Higuchi, 
and Korsmeyer-Peppas models. 
Accelerated Stability Study 
The Ozenoxacin-loaded hydrogel formulation designated TF7 maintained its physical stability for six months 
when stored at 40 ± 2°C alongside 75 ± 5% RH conditions. Neither transparency nor color nor homogeneity 
exhibited any variations during the observation. The pH values of the topical gel showed a small reduction 
from 7.04 ± 0.07 to 6.92 ± 0.12 while remaining in the suitable range for such formulations. The physical 
stability tests on TF7 showed minimal changes because drug content reduced from 97.89 ± 1.31% to 96.48 
± 1.53% as viscosity decreased from 4893 ± 147 cP to 4805 ± 170 cP and spreadability stayed between 29.67 
± 1.08 and 29.05 ± 1.22 g·cm/sec. In-vitro drug release at 12 hours decreased marginally from 94.21 ± 3.24% 
to 92.17 ± 3.48%. The analysis of all test variables confirmed that the formulation remained stable within 
safe levels. The Table 12 demonstrates comprehensive stability information. 
Table 12: Accelerated Stability Study Results of Optimized Ozenoxacin Loaded Hydrogel Formulation 
(TF7) at 40 ± 2°C and 75 ± 5% RH 

Parameter 
Specification 

Initial (0 
month) 

1 month 2 months 3 months 6 months 
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Physical 
appearance 

Transparent, 
homogeneous, 
browinish-yellow gel 

Complies Complies Complies Complies Complies 

pH 
6.5 - 7.5 7.04 ± 0.07 

7.02 ± 
0.09 

6.98 ± 
0.11 

6.95 ± 
0.10 

6.92 ± 
0.12 

Viscosity (cP) 
4500 - 5200 4893 ± 147 

4876 ± 
153 

4852 ± 
159 

4831 ± 
162 

4805 ± 
170 

Spreadability 
(g·cm/sec) 

25 - 35 
29.67 ± 
1.08 

29.52 ± 
1.13 

29.38 ± 
1.17 

29.24 ± 
1.19 

29.05 ± 
1.22 

Drug content 
(%) 

95 - 105 
97.89 ± 
1.31 

97.65 ± 
1.38 

97.32 ± 
1.42 

96.93 ± 
1.47 

96.48 ± 
1.53 

In-vitro drug 
release at 12h 
(%) 

> 90 
94.21 ± 
3.24 

93.86 ± 
3.31 

93.42 ± 
3.37 

92.85 ± 
3.42 

92.17 ± 
3.48 

 
3.2. DISCUSSION 
A stable Ozenoxacin-based hydrogel for impetigo treatment was successfully produced and optimized during 
the present research. The author found an extremely linear response from Ozenoxacin methanol solutions 
tested at 5–30 µg/ml while maintaining a high R² value of 0.999 (Figure 3) which confirms findings from 
previous reports about quinolone derivative spectrophotometric measurement accuracy [36]. Ozenoxacin 
demonstrated its highest solubility values in methanol (78.61 ± 0.87 mg/ml) and ethanol (43.25 ± 0.20 
mg/ml) based on solubility analysis (Table 3) while previous studies showed that hydrophobic quinolones 
have better solubility in organic solutions than aqueous systems [37]. 
The DSC thermal analysis demonstrated a single sharp endothermic peak at 251.98°C for pure Ozenoxacin 
although this peak showed minimal variation in the physical mixture (Figure 4). This indicates that the drug-
polymer interactions were minimal (similar to findings in previous hydrogel-based topical system reports) [38]. 
The FTIR results showed good compatibility through identifying similar functional group peaks without 
major shifts between the pure drug and physical mixture form (Figure 5, Table 5). These findings agree with 
existing research on Ozenoxacin stabilization in polymer systems [39]. All prepared hydrogel batches exhibited 
transparent, pale yellow appearance together with homogenous consistency without any gritty components 
(Table 6) [40]. The pH measurements of the formulations spanned from 6.68 ± 0.15 to 7.04 ± 0.07 and the 
viscosities fluctuated based on the Carbopol 934P and PEG-8000 concentrations (Table 7). The identified 
physicochemical properties affect how patients accept the treatment along with its therapeutic outcomes and 
correspond to established hydrogel parameters in dermatology [41]. 
The drug release studies conducted in test tubes showed sustained drug delivery characteristics spread out 
across 12 hours (Figure 6). Drug release percentages at 12 hours ranged from 67.12 ± 2.47% to 94.21 ± 3.24% 
(Table 8) [42]. The highest drug release occurred in TF7 samples because the appropriate polymer 
concentration helped the medication escape more easily. Various previous studies have confirmed that 
polymer concentration plays a decisive role in controlling hydrogel drug release profiles [43]. The 3² factorial 
design optimization revealed that Carbopol 934P created high viscosity while obstructing drug release 
however PEG-8000 produced low viscosity together with increased drug release patterns (Figures 7A–7D) 
[44]. The validity of the statistical models was confirmed through high R² values (>0.99) and lack of fit was 
non-significant (Tables 9 and 10). Existent expertise shows that Carbopol quantity stands as a vital factor 
which controls rheological attributes along with medication discharge properties in topical drug preparations 
[45]. 
The drug release pattern of the optimized batch TF7 followed the Zero-order model (R² = 0.9871) which 
indicated constant drug release rate but Higuchi model indicated diffusion control (Figure 8). The "n" value 
obtained from Korsmeyer–Peppas analysis revealed Fickian diffusion because it was found below 0.5 [46]. A 
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comparable drug release pattern emerges when comparing these findings to previous quinolone-based 
hydrogel research conducted in past studies [47]. The results of ICH-recommended accelerated stability 
testing showed that the enhanced hydrogel exhibited six-month stability with low variations in pH, viscosity, 
spreadability, drug content measurements, and vitro drug release data (Table 12). Laboratory tests revealed 
no occurrence of syneresis and microbial contamination which demonstrated the stability and durability of 
the formulated product. Validation tests show that Carbopol-based hydrogels preserve their chemical and 
structural integrity during prolonged storage times according to research reports [48]. The Ozenoxacin-loaded 
hydrogel system achieved desirable physical properties together with sustained drug release and compatible 
skin pH conditions and stability. The hydrogel formulation meets criteria as a promising topical impetigo 
treatment option because it addresses existing product deficiencies in the market [49]. 
 
4. CONCLUSION 
The present research successfully created and optimized an Ozenoxacin-loaded hydrogel system for impetigo 
management. Testing verified that the optimized formulation met all requirements as it exhibited outstanding 
physical properties while releasing drug through zero-order kinetics for an extended period without 
degradation during accelerated storage. The formulation presented ideal visual characteristics and proper pH 
while maintaining high drug concentration together with consistent spreadability and viscosity levels which 
make it ready for topical usage. The hydrogel demonstrates positive prospects for treatment efficiency through 
controlled drug release behavior alongside stable physical characteristics which could improve patient 
medicine use and reduce adverse systemic effects of standard medications. The developed topical hydrogel 
solution shows promise as a new therapeutic option that solves current problems linked to antibiotic 
resistance together with treatment relapse in existing topical therapy approaches. The upcoming research will 
dedicate resources to performing in vivo tests that validate both the performance and safety aspects of the 
formulation using appropriate animal test subjects. 
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Determination; RH: Relative Humidity; MWCO: Molecular Weight Cut-Off; HPLC: High-Performance 
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