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1. INTRODUCTION 

 

Antimicrobial resistance (AMR) to 

commercially available agents has been a rising global 

health concern. Public health organizations warn that 

the rapid spread of AMR internationally may result in a 

"post-antibiotic era" in the twenty-first century1. AMR 

undermines effective antibiotic management by 

spreading resistant microorganisms throughout 

communities, raising treatment costs. Recent studies 

have highlighted various factors contributing to AMR, 

including natural selection, antibiotic abuse and misuse, 

poor sanitation and hygiene, and the spread of 

substandard or counterfeit drugs2. This necessitates 

the search for newer options, such as drug 

combinations, and developing novel systems using 

commercially available drugs to produce safer and more 

effective drug delivery to reduce the risk of resistance3,4. 
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ABSTRACT 

 

 Ceftazidime (CP) is a third-generation bactericidal cephalosporin used to treat infections, such as 

pneumonia and meningitis. Despite its clinical use, the emerging threat of antimicrobial resistance makes the 

drug questionable. This study aims to entrap CP into niosomes, providing a unique mechanism for enhancing 

its antibacterial activity against selected pathogens. Five niosomal formulations with varying molar ratios of 

surfactant were prepared and tested for in vitro release and entrapment efficiency (EE). The most favorable 

formulation was further characterized using scanning electron microscopy (SEM), particle size (PS), 

polydispersity index (PDI), zeta potential (ZP), Fourier transform infrared spectroscopy (FTIR), and 

differential scanning calorimetry (DSC). A three-month accelerated stability study was also conducted to 

determine its suitability under common storage conditions. The antibacterial activity against selected 

pathogens was assessed using the agar well diffusion method. The formulation containing the highest molar 

ratio of Span 60 was selected due to its superior entrapment efficiency (72.49 ± 0.23%) and diffusion 

performance (804.8 ± 145.4 μg/hr). This optimized formulation exhibited a spherical, vesicular morphology 

with favorable particle size, polydispersity index, and zeta potential. FTIR and DSC analyses confirmed 

successful entrapment of the active compound, while minimal changes in entrapment efficiency, zeta potential, 

and pH under cold storage indicated relative stability. Moreover, it demonstrated enhanced antibacterial 

activity against Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylococcus aureus compared to 

the free drug. This study was the first to report that niosomal entrapment improves CP's antibacterial activity, 

establishing a framework for future advances in antimicrobial drug delivery. 
 

Keywords:  
Niosome; Ceftazidime; Nosocomial; Bactericidal; Antimicrobial resistance 
 

Research Article 

mailto:jtecalne@ceu.edu.ph


Pharmaceutical Sciences Asia 

 
472 

Nanocarriers such as niosomes have shown great 

potential in enhancing the delivery of antimicrobial agents, 

thereby contributing to the reduction of antimicrobial 

resistance (AMR), as highlighted by Barani et al.4. 

Niosomes offer several advantageous features: a 

micronized size that facilitates penetration through cell 

membranes, a lipid bilayer structure that enables efficient 

drug encapsulation, a hydrophobic character that promotes 

interaction with bacterial membranes, and a vesicular 

structure capable of encapsulating both hydrophilic and 

lipophilic drugs —allowing for the delivery of a wide 

range of antimicrobial agents4,5. Barani et al. also reported 

that charged niosomes can interact electrostatically with 

bacterial cell walls, further enhancing their targeting 

ability. Furthermore, niosomes can be functionalized with 

specific ligands such as chitosan, lactoferrin, or plant-

derived compounds like curcumin, depending on the target 

pathogen and therapeutic goals. Supporting these findings, 

Paseban et al. developed meropenem-loaded niosomes 

that exhibited four- to six-fold greater activity against 

methicillin-resistant Staphylococcus aureus (MRSA) 

compared to the free drug6. Similarly, Shiri et al. 

encapsulated berberine into niosomes, which 

demonstrated a minimum inhibitory concentration (MIC) 

of 80 μg/mL against Staphylococcus aureus and 

Escherichia coli7. 

Ceftazidime (CP) is a third-generation 

cephalosporin widely used to treat nosocomial 

infections such as meningitis, pneumonia, and other 

tissue infections. Its parenteral preparations are included 

in the latest editions of the British and the United States 

Pharmacopoeias, and they are classified as essential 

medicine in the Philippine National Drug Formulary 

(PNDF). Despite its low protein-binding capacity and 

high bioavailability, CP has a short half-life of less than 

two hours. The drug is becoming increasingly resistant 

in many settings, including neonatal and pediatric 

infections, intensive care units, and burn centers. 

Niosomes have been shown to form a 

concentration gradient within the cell membrane of 

pathogenic bacteria, resulting in sustained drug release 

and biofilm eradication5. They can also protect the drug 

against beta-lactamase and inhibit p-glycoprotein, 

which promotes further absorption8. These factors make 

them an ideal carrier for CP and other antibacterial 

agents. This study aims to provide an innovative drug 

delivery for CP by characterizing its niosomal 

formulation and evaluating its antibacterial activity 

against selected nosocomial pathogens. 

 

2. MATERIALS AND METHODS 

 

2.1. Materials 

 

CP (95%-102% purity) as the substrate and 

dicetyl phosphate (≥ 95% purity) were purchased from 

Chem-Impex International, Inc. (Illinois, USA). CP (USP 

RS) as the standard was purchased from AE Alchemists, 

Inc. (Bulacan, Philippines). Span 60, cholesterol, and 

dicetyl phosphate (DCP) were purchased from Sigma-

Aldrich (Missouri, USA). 

 

2.2. Drug-excipient compatibility 

 

An equimolar (1:1) ratio of CP with each of the 

excipients was mixed and then placed in screw-capped 

amber bottles before being stored at cold (2°C – 8°C) and 

controlled room (20°C – 25°C) temperatures for one 

month. The IR spectra were then acquired using a Fourier 

Transform Infrared (FTIR) spectrophotometer (IRSpirit-

T™, Shimadzu, Taguig, Philippines). The IR spectrum 

was recorded by placing a small amount of each sample on 

the ATR crystal surface. The spectrum was measured by 

collecting 20 scans with a resolution of 4 cm−1 across a 

wavenumber range of 4000 cm−1 to 500 cm−1. The 

spectrum was analyzed with LabSolutions™ IR software, 

and the results were given as percentage (%) transmittance. 

The absence of significant variations in the vibrations of 

the samples over the entire period will determine the 

relative compatibility between the drug and excipients. 

 

2.3. Preparation of niosomes 

 

The niosomes were prepared using the thin film 

method outlined by Bagheri et al. with some 

modifications9. 10 mL of chloroform was added to a 500-

mL round-bottom flask containing carefully weighed span 

60, cholesterol, and DCP. A rotary evaporator (RV 10®, 

IKA, Selangor, Malaysia) was used to remove the organic 

solvent at 60°C and 200 rotations per minute (rpm) for 30 

minutes until a thin film formed in the inner wall of the 

flask. A mixture of 100 mg CP in 10 mL of phosphate-

buffered saline (PBS) with a pH of 7.4 was added to the 

flask. The mixture was placed in the rotary evaporator at 

normal pressure for 50 minutes to facilitate complete 

hydration. The initial dispersion was stored overnight at 

4°C, then subjected to a bath sonicator at 60°C for 2 

minutes, forming multilamellar niosomes. Appendix A 

presents the composition of the blank niosomes and five 

formulations containing varying molar ratios of Span 60 

that were prepared and evaluated. Cholesterol and DCP are 

maintained at an equimolar ratio because excessive 

cholesterol levels can disrupt vesicle uniformity, strength, 

and permeability by promoting cluster formation10, while 

high DCP concentrations can inhibit niosomal formation 

due to electrical charges generated by membrane curvature 

modifications11. 

 

2.4. Entrapment efficiency (EE) 

 

The unentrapped CP was separated from the 

prepared niosomes by ultracentrifugation. 1 mL of the 
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niosomal dispersion was placed in Eppendorf tubes and 

centrifuged (Sorvall™ ST 8, Thermo Fischer Scientific, 

Massachusetts, USA) for 1 hour at 15,000 rpm and 4°C. 

The supernatant liquid was removed before washing the 

niosomes twice with 1 mL of PBS and centrifuged under 

the same conditions. To release the CP from the niosomal 

vesicles, 100 μL of the mixture was deposited in a small 

test tube using a micropipette and then lysed with 1 mL 

of n-propanol separately. PBS was added to make a 10 

mL volume. A UV-Vis spectrophotometer (UV-1280, 

Shimadzu, Taguig, Philippines) was used to measure the 

absorbance of the prepared mixture at 210 nm, with the 

amount of entrapped drug calculated using linear 

regression analysis of the previously performed 

calibration curve. 

The equation below was used to calculate the 

entrapment efficiency (EE), where C2 and C1 represent 

the amounts of drug entrapped in the niosomes and drug 

utilized to prepare the niosomes, respectively. The values 

were then expressed as a percentage (%). 
 

𝐸𝐸 = (
𝐶2

𝐶1
) 𝑥 100 

 

The ability of surfactants to self-assemble is 

essential for producing well-formed vesicles. This 

property is represented by the minimization of Gibb's free 

energy, which indicates the spontaneous solubilization of 

CP in niosomal vesicles12. The parameter (ΔG°) was 

computed using the equation below, where R denotes the 

universal gas constant and T represents the absolute 

temperature in Kelvin13. The results were provided as 

kilocalories per mole (kcal/mol). 
 

∆𝐺° = −2.303 ∗ 𝑅 ∗ 𝑇 ∗ log (
𝐶2

𝐶1
) 

 

2.5. In Vitro Drug Release Studies 

 

The release of CP from niosomes was 

evaluated using the work of Zaki et al., which 

employed a USP Dissolution Apparatus 1 (DT 950, 

Erweka, Langen, Germany)14. A cellulose membrane 

was soaked for 10 minutes in distilled water at 40°C 

before being cut to cover the basket assembly that will 

serve as the donor compartment. Glass tubes were 

securely connected to the open ends of each basket 

assembly to prevent leakage. Each basket assembly 

received a particular volume of formulations 1–5, 

equivalent to 50 mg of CP. To ensure complete 

submersion, the basket assemblies were attached to 

their respective rotating shafts and positioned 4 cm 

below the bottom surface of their dissolution vessel. 

Each dissolution vessel contained 500 mL of PBS to 

act as the receptor compartment. The basket assembly 

was rotated at 100 rpm, with the dissolution medium 

kept at 37 ± 0.5°C. 1 mL of aliquot was taken from 

each vessel every hour for 8 hours and immediately 

replaced with fresh medium. The absorbance of each 

sample was measured at the same wavelength using a 

UV-Vis spectrophotometer. The amount of CP 

released from the donor compartment was calculated 

using the same formula as the calibration curve. 

The amount of CP released was then plotted 

against time and fitted to various kinetic models to 

determine the possible release mechanism, as outlined in 

Appendix B. In these models, C = drug concentration at 

time t, C0 = initial drug concentration, k = rate constant, 

Q = cumulative amount of drug released at time t, kH = 

Higuchi rate constant, t½ = square root of time, Mt = 

amount of drug released at time t, M∞ = total amount of 

drug released at infinite time, kK = Korsmeyer-Peppas 

rate constant, and n = diffusional coefficient. 

The diffusion efficiency (DE) of each niosomal 

formulation was compared using the published formulas 

for difference (f1) and similarity (f2) factors by Zaki et 

al.14. The formulation with the most favorable results for 

drug encapsulation and diffusion efficiency will be 

referred to as the optimized niosomal formulation (ONF) 

of CP and will be further investigated. 

 

2.6. Solid state analysis 

 

The ONF underwent the following tests to 

characterize its behavior and properties as solids: 

 

2.6.1. Scanning electron microscope (SEM) 

 

The ONF was placed in a double-sided carbon 

tape previously affixed to the sample stub and was 

coated with gold at a reduced pressure of 0.001 mmHg 

until it reached a thickness of 200 nm. The surface 

morphology was observed at different magnifications 

using a 10 kV accelerating voltage (JSM-5310™, JEOL 

Ltd., Tokyo, Japan). 

 

2.6.2. Particle size (PS) and polydispersity index (PDI) 

analysis 

 

The ONF was diluted hundredfold with distilled 

water before being placed in a glass cuvette to be 

measured for PS and PDI using a nanoparticle analyzer 

(NanoPlus HD™, Micromeritics®, Georgia, USA) at 

25°C and 90° angle. 

 

2.6.3. Zeta potential (ZP) 

 

The ZP was measured in triplicate using a zeta 

potential analyzer (Zeta-Meter 4.0, Zeta-Meter, Inc., 

Virginia, USA) based on electrophoretic mobility. The 

ONF (2% w/v) was placed in an electrophoresis cell 

and analyzed with a 30 V applied voltage. 
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2.6.4. FTIR analysis 

 

An FTIR spectrophotometer (IRSpirit-T™, 

Shimadzu, Taguig, Philippines) was used to identify the 

vibrations of the functional groups present in the various 

components of the niosomes, with successful entrapment 

of CP demonstrated by detecting only the vibrations of 

the functional groups present in the niosomal structure. 

 

2.7. Differential scanning calorimetry (DSC) analysis 

 

5 mg of each sample (CP, ONF, blank niosomes) 

was weighed using an analytical balance before placing it 

in an aluminum pan for testing (DSC 6000, PerkinElmer®, 

Massachussets, USA). The sample was heated at 5°C per 

minute from 10°C to 400°C while receiving a nitrogen 

flow of 25 mL per minute. The data was analyzed using a 

software provided with the instrument (Pyris™, 

PerkinElmer®, Massachussets, USA). 

 

2.8. Stability testing 

 

Six batches of ONF were placed in tight, glass 

tubes. Three were stored at cold temperatures, while the 

others were kept in a stability oven at a controlled room 

temperature and 75 ± 5% RH for three months. The 

samples were tested for EE, ZP, pH, SEM, and FTIR 

analyses at the end of each month. 

 

2.9. Antibacterial assay 

 

The experiment was conducted at the 

University of the Philippines (Diliman, Quezon City, 

Philippines). The assay included four pathogenic strains 

of Escherichia coli (ATCC BAA-2452), 

Staphylococcus aureus (ATCC BAA-1708), 

Pseudomonas aeruginosa (ATCC 27853), and 

Klebsiella pneumoniae (ATCC BAA-1705). The test 

pathogens were initially cultivated in Mueller-Hinton 

Agar (MHA) and then transferred to 0.1% peptone 

water with turbidity set to 0.5 MacFarland units. 

The bacterial agar was prepared using the streak 

plate method, which involves streaking each test 

inoculum to the entire surface of pre-poured MHA plates 

with a cotton swab into an applicator stick. The procedure 

was repeated twice, with the plate rotated to 60° to ensure 

even distribution of the inoculum. A sterilized cork borer 

was used to drill three equidistant 10 mm diameter wells 

in each plate. The blank niosomes, 0.05% w/v CP, and 

ONF with the same drug concentration were diluted with 

PBS. 200 µL of each sample into the separate wells using 

a microtiter pipet. The plates were incubated (DRP-9082, 

Nade®, Zhejiang, China) for 24 hours at 37°C before 

being inspected for zones of inhibition (ZOI). The ZOI 

was measured with a digital Vernier caliper and reported 

in millimeters (mm). 

2.10. Statistical analysis 

 

The tests were performed in triplicates, and the 

results were expressed as the mean ± standard error (SE) 

of the mean. A t-test was employed to determine 

significant differences in activity between samples and 

positive controls (p < 0.05). 

 

3. RESULTS AND DISCUSSION 

 

3.1. Drug-excipient compatibility 

 

The FTIR spectrum in Appendix C detects the 

presence of each component in the formulation. The C-

H vibrations at 2955.8 cm-1, 2929.7 cm-1, 2918.5 cm-1, 

and 2914.8 cm-1 suggest the presence of aliphatic groups 

in all excipients. O-H vibration at 3101.2 cm-1 suggests 

the presence of an alcohol group, C=O vibrations at 

1110.8 cm-1, and 1107.0 cm-1, and 1703.4 cm-1 suggest 

the presence of an ester group, C-O vibrations at 1218.8 

cm-1 suggests the presence of a cyclic ether, and C-H 

vibrations at 954.2 cm-1 and 890.8 cm-1 suggests the 

presence of alkenes. These peaks are notable because 

they highlight the presence and significance of span 60 

in the formulation. Similar vibrations at 954.2 cm-1 and 

890.8 cm-1 also suggest the presence of numerous 

alkene groups in the structure of CP. The N-H vibrations 

at 1617.7 cm-1 imply the presence of an amine group, 

which is present only in the structure of CP. The shift in 

C=O vibrations to 1751.9 cm-1 suggests possible 

interactions between CP and other excipients. Overall, 

the similarity of the position and appearance of the 

spectra within CP-excipient pairings, as well as the 

retention of bands indicating CP throughout the storage 

period, suggests that the formulation is compatible. 

 

3.2. Optimization parameters 

 

Appendix D shows the calibration curve for CP 

and the equation developed using linear regression to 

compute the equivalent drug concentration based on the 

absorbance of each sample. An R2 value of 0.9957 

indicates that the curve is linear, and that the resulting 

equation is valid. Appendix E displays niosomal 

formulation and drug entrapment parameters, including 

EE, DE, and ΔG°. Formulation 5 (F5) exhibited the 

highest entrapment and diffusion efficiency, with values 

of 72.49 ± 0.23% and 804.8 ± 145.4 mcg/hr, 

respectively. The results confirm the earlier observation 

by Uchegbu et al. that the molar quantity of the 

surfactant is strongly correlated with niosomal 

entrapment and diffusion, accompanied by a consistent 

reduction in energy consumption15. The increased drug 

entrapment is attributed to the enhanced bilayer fluidity 

of the niosomes formed above the phase transition 

temperature of Span 60 (50 °C). At this temperature, the 
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surfactant molecules become more mobile, promoting 

proper vesicle formation and enabling more efficient 

drug entrapment within the bilayer. In addition, the 

balance of mutual repulsion between surfactant layers 

plays a crucial role in niosomal entrapment and 

stabilization. As elaborated by Kazi et al., when the drug 

interacts with the surfactant head groups, electric 

charges may develop, leading to mutual repulsion that 

increases vesicle size and potentially enhances 

entrapment efficiency16. This principle supports the 

incorporation of cholesterol and DCP into the 

formulation. Cholesterol, through its hydroxyl groups, 

can form hydrogen bonds with the hydrophilic regions 

of the surfactant, thereby increasing bilayer rigidity and 

cohesion17. Meanwhile, DCP, a negatively charged 

molecule, induces electrostatic repulsion between 

vesicles, which prevents aggregation or fusion and 

enhances the overall stability of the niosomal system8. 

Furthermore, increasing the amount of Span 60 

improves vesicle formation, which contributes to 

greater thermodynamic stability of the system. This is 

supported by the observed decrease in Gibbs free energy 

(ΔG), indicating that the process becomes more 

spontaneous and shifts toward a more stable energy 

state16. As a result, F5 exhibited the lowest free energy 

change during niosome formation. In isolated systems 

such as niosomes and liposomes, no energy is usually 

exchanged with the environment, resulting in non-

spontaneous processes during drug entrapment due to 

decreased entropy. This observation contradicts the 

third law of thermodynamics, which states that the 

entropy of a pure crystalline drug is zero due to 

spontaneous processes involving interconversion from 

amorphous to crystalline states. Furthermore, f2 values 

below 50 and f1 values above 15 confirmed the 

significant difference in diffusion efficiency between F5 

and the other formulations18. 

 

3.3. In vitro drug release 

 

Figure 1 presents the in vitro release kinetics of 

the loaded niosomal formulations over eight hours, which 

are consistent with the findings reported by Zaki et al. and 

Akbarzadeh et al.14,19. In agreement with previous 

research, F5 which contained the highest amount of Span 

60 and exhibited the highest EE, also released the least 

amount of CP. Although Formulation 1 showed the 

lowest CP release at certain time points, its release profile 

displayed non-cumulative fluctuations, including 

decreases in drug release, which are not expected in a 

cumulative release profile and may be attributed to 

experimental inconsistencies or measurement errors. In 

contrast, Formulation 5 demonstrated a consistent, 

gradual increase in drug release, characteristic of a 

controlled and sustained release system. Therefore, F5 

was selected as the formulation that released the least 

cumulative amount of CP over time. These findings 

reinforce the notion that surfactant type and 

concentration play a crucial role in drug entrapment and 

release behavior. 

Numerous studies have reported that among 

commonly used surfactants, Span 60 demonstrates the 

highest EE19-21. This is largely attributed to its high phase 

transition temperature, which facilitates the formation of 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Cumulative release profile of CP from five niosomal formulations over 8 hours using USP Dissolution Apparatus 1, with samples 

collected hourly in PBS (pH 7.4, 37 ± 0.5°C) and CP quantified via UV-Vis spectrophotometry. 
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a rigid bilayer structure capable of retaining greater 

amounts of drug while minimizing diffusion across the 

membrane, thereby resulting in sustained drug 

release19. Additionally, the alkyl chain length of the 

surfactant plays a critical role in modulating drug 

release; surfactants with longer alkyl chains tend to 

form less permeable bilayers at physiological 

temperatures, leading to prolonged release profiles20. 

This observation is supported by the findings of 

Alyami et al., who reported that among pilocarpine-

loaded niosomal formulations prepared with various 

types of Spans, Span 60 produced the largest vesicle 

size and the highest EE22. These findings collectively 

justify the selection of Span 60 as the surfactant of 

choice in the present formulation. Other factors that 

contribute to prolonged drug release in niosomes 

include vesicle size23, cholesterol content, and the 

method of preparation. Higher cholesterol levels 

enhance bilayer rigidity and reduce membrane 

permeability, thereby limiting osmotic alterations and 

promoting greater drug retention within the niosomes. 

Additionally, the preparation method significantly 

influences EE and subsequent drug release behavior. 

Ugorji et al. reported that niosomes prepared using the 

thin-film hydration method exhibited significantly 

higher EE compared to those produced by other 

methods21. 

After fitting the results to multiple models to 

describe the primary mechanism for drug release, the 

R2 values were calculated and presented in Appendix 

F. The findings show that the primary mechanism 

involved in drug release in niosomal formulations best 

fits the Korsmeyer-Peppas model. The model involves 

four mechanisms developed to comprehend the 

complex mechanisms of polymeric nanoparticles, such 

as niosomes and liposomes in controlled and sustained 

drug release, as measured by the calculated diffusion 

or release exponent (n). Data shows that the values for 

all niosomal formulations ranged from 0.50 to 1.00, 

indicating an anomalous, non-Fickian diffusion 

mechanism. This implies that the mechanism for drug 

release is a combination of diffusion and polymer 

swelling, resulting in non-linear drug release over 

time. Such behavior had been observed in a study 

employing the development of niosomes containing 

tyloxapol12. 

Based on the EE and in vitro release profiles 

of the loaded niosomal formulations, F5 was selected 

as the ONF for further characterization. 

 

3.4. Solid state analysis 

 

The ONF exhibited a PS of 223.16 ± 10.05 nm 

and a PDI of 0.23 ± 0.02, indicating a relatively uniform 

particle distribution. The method of preparation, as well 

as the type and amount of components utilized, can all 

influence the PS and PDI of niosomes. A study on 

niosomes containing fluorouracil prepared using 

various methods found that the thin film hydration 

method resulted in formulations with the lowest PS and 

PDI21. In addition to having higher EE and superior 

drug release profiles, niosomes formed using span 60 

have a smaller particle size, similar to a study on 

niosomes containing gallic acid24. Notably, the 

inclusion of CP reduced niosomal size due to a 

stronger lipid bilayer developing between the drug and 

the excipients. The particle size significantly impacts 

drug absorption and subsequent distribution 

throughout the body. A low PDI, as evidenced by the 

samples, suggests particle size uniformity and higher 

entrapment efficiency, supporting the previously 

supplied findings. 

A zeta potential test was performed to 

determine the stability of the formulation and behavior 

in the presence of various substances in the body. The 

ONF exhibited a ZP of −47.69 ± 5.28 mV, indicating 

favorable electrostatic stability. The negative charge of 

the findings represents their stability and reduced risk 

of aggregation, which is caused by the adsorption of 

certain ions on the vesicle surface. A work by 

Zolghadri et al. supports the relative stability of ONF 

based on its zeta potential, stating that levels greater 

than +35 or -35 mV are stable24. 

The SEM photomicrograph in Figures 2A and 

2B illustrates that the niosomes exhibit a large, 

spherical, and vesicular morphology. Drug entrapment 

ensured the stabilization of the nanoparticle network, 

which resembled the bilipid layer of cell membranes, 

with increased rigidity conferred by a higher molar 

quantity of span 60.  This observation is consistent 

with the production of SMVs with larger pore 

diameters, whose permeability varies with storage and 

time. 

The C-H vibrations at 2920.0 cm-1, 2860.6 cm-

1, and 1379.9 cm-1, C=O vibrations at 1645.4 cm-1, and 

C-C vibrations at 722.2 cm-1 indicate the presence of 

methyl and carbonyl groups, which are present in the 

excipients comprising the niosome. The C-O vibrations 

at 1055 cm-1 indicate the presence of cyclohexane, a key 

part of the structure of cholesterol. N-H vibrations at 

3419.8 cm-1 and C-N vibrations at 1177.6 cm-1 indicate 

the presence of amine, SCN vibrations at 2075.5 cm-1 

indicate the presence of an isothiocyanate group, and 

C=O vibrations at 1738.3 cm-1 indicate the presence of 

carbonyl groups, which are notable because these 

groups are only found in the structure of CP25. The 

similarity between the spectra of blank niosomes and 

ONF in Figure 3 indicates that the drug may be trapped 

inside the ligand, consistent with the findings of 

Aguilar-Jiménez and her group26. The differences in 

signals between the three samples indicate that the ONF 

is distinct from the original molecules. 
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Figure 2. SEM images of the optimized niosomal formulation (ONF): Freshly prepared ONF imaged at varying magnifications after gold 

coating under vacuum (A–B); Morphological changes in ONF stored under cold and controlled room conditions over 90 days (C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. FTIR spectra of the CP (A), CP-loaded ONF (B), and blank niosomes (C), confirming successful drug entrapment. 
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Figure 4. DSC thermograms of CP (A), ONF (B), and blank niosomes (C), reveal changes in thermal behavior, indicating successful drug 

encapsulation within the niosomal matrix. 

 

3.5. Differential scanning calorimetry (DSC) analysis 

 

Figure 4 presents the DSC thermograms of CP, 

ONF, and blank niosomes. The thermogram of pure CP 

(Figure 4A) displays two pronounced endothermic 

peaks. The first peak, observed at 102.33°C with an 

enthalpy change (ΔH) of 197.381 J/g, corresponds to the 

melting point of the crystalline drug. This is further 
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supported by a second sharp endothermic event at 

167.30°C (ΔH = 14.7599 J/g), indicative of its high 

crystallinity27. 

In contrast, the thermogram of the optimized 

niosomal formulation (Figure 4B) shows a broad 

endothermic peak at 86.63°C, with a significantly 

higher enthalpy change (ΔH = 1513.3406 J/g). Notably, 

the absence of CP’s characteristic melting peaks 

suggests a loss of crystallinity and a possible 

transformation to an amorphous or molecularly 

dispersed form within the niosomal bilayer. This 

thermal shift, along with the disappearance of sharp 

peaks, implies strong drug–excipient interactions and 

supports successful drug encapsulation28. 

The DSC curve of the blank niosomes (Figure 

4C) exhibits a major endothermic peak at 78.36°C (ΔH 

= 971.4922 J/g), corresponding to the phase transition 

of surfactant and cholesterol components. The similarity 

between the thermal profiles of ONF and blank 

niosomes indicates that the matrix governs the overall 

thermal behavior of the formulation. This further 

confirms the entrapment of CP within the vesicular 

structure, rather than existing in its crystalline form29. 

Collectively, these thermal transitions and the 

disappearance of CP’s melting endotherms in the ONF 

thermogram provide strong evidence of successful 

encapsulation and suggest potential molecular 

dispersion of CP within the niosomal bilayer. 

 

3.6. Stability testing 

 

Figure 2C displays SEM photomicrographs of 

ONF stored at controlled temperature, revealing 

niosomal breakdown around the second month, as 

supported by a significant loss of 23.96% of its initial 

EE. The neutralization of the surface charge of 

surfactant molecules upon breakdown, as well as the 

increased molecular motion and collision frequency at 

high temperatures, resulted in the gradual 

disintegration of niosomes, reducing their ability to 

entrap the drug and inducing leakage30. Figure 5 

shows a yellowish-white color caused by the 

conversion of leaked CP to pyridine and Δ-2 isomers 

through temperature-dependent electrophilic and 

nucleophilic assaults hydrolyzing the beta-lactam 

ring31. The FTIR spectra in Appendix G supports this 

explanation by revealing bands indicating CP, such as 

C=O vibrations at 1111.0 cm-1, 1106.9 cm-1, and 

1702.9 cm-1, C-H vibrations at 954.0 cm-1, and N-H 

vibrations at 1613.9 cm-1, indicating the presence of a 

heterocyclic nitrogen ring such as pyridine25. The 

presence of these two compounds is also evidenced by 

a steady increase in pH to 6.13. The ONF also declined 

in ZP, reaching -33.69 ± 1.36 mV. ZP is determined by 

the electrostatic repulsion of adjacent particles, which 

increases ion flow and decreases viscosity as the 

temperature rises.  

After three months of storage at cold 

temperatures, ONF retained its original, milky-white 

color and lost 0.61% of its initial EE, with SEM 

photomicrographs indicating niosomal integrity. The 

pH increased slightly to 6.03, and FTIR spectra 

revealed bands found only in the excipients comprising 

the niosomes. These results in Figure 6 demonstrate 

the retention of CP and the preservation of niosomal 

integrity, resulting in minimal drug release. 

Overall, the findings imply that temperature 

plays an important role in niosomal stability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Organoleptic evaluation of ONF stored at cold and controlled room temperature over 3 months showing visual changes in color and 

appearance. 
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Figure 6. Stability evaluation of ONF stored under cold and controlled room conditions over 90 days, showing changes in entrapment efficiency 

(A), zeta potential (B), and pH (C). 

 

3.7. Antibacterial assay 

 

Figure 7 compares the results of the agar well 

diffusion assay for the ONF, free CP, and blank 

niosomes against selected nosocomial pathogens. The 

ONF exhibited ZOIs ranging from 26 mm to 40 mm, 

which were notably larger than those of the free drug 

(20 mm to 37 mm). These results confirm that niosomal 

encapsulation enhanced the antibacterial activity of CP 

against the tested pathogens. The improved antibacterial 

activity of the ONF can be attributed to a combination 

of improved physicochemical properties and controlled 

drug delivery behavior. The high EE ensured a greater 

proportion of the active compound was retained and 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. ZOI of blank niosomes, CP, and ONF against K. pneumoniae, P. aeruginosa, and S. aureus determined using the well diffusion assay. 
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made bioavailable, while the uniform particle size and 

highly negative zeta potential contributed to formulation 

stability and facilitated effective diffusion into the 

surrounding medium. The sustained release profile, 

governed by a non-Fickian diffusion mechanism, 

allowed for prolonged antimicrobial action and 

consistent exposure of bacterial cells to the drug over 

time. Furthermore, the nanoscale dimensions and 

amphiphilic nature of the vesicles likely promoted 

stronger interactions with bacterial membranes, 

enhancing cellular uptake and increasing local drug 

concentration at the infection site. These properties 

collectively result in improved diffusion, membrane 

fusion, and drug retention, explaining the enhanced 

antibacterial activity observed. However, certain 

Escherichia coli strains express the New Delhi metallo-

β-lactamase-1 (NDM-1) enzyme, which confers 

resistance to carbapenems and cephalosporins32. As a 

result, none of the tested samples exhibited significant 

activity against this resistant bacterium. 

 

4. CONCLUSION 

 

Our study is the first to report the subsequent 

improvement in the antibacterial activity of CP through 

niosomal entrapment. The ONF with the highest amount 

of span 60 exhibited the highest EE and DE, highlighting 

its importance in producing the most rigid niosomes that 

will release the drug in the slowest, most controlled 

manner. The FTIR studies suggest drug-excipient 

compatibility and the relative stability of the formulation 

at common storage conditions. The ONF also 

demonstrated greater antibacterial activity against 

selected nosocomial pathogens than the free drug due to 

the non-Fickian release mechanisms and enhanced 

intrabacterial drug release caused by its niosomal 

structure. However, testing for minimum inhibitory and 

bactericidal concentrations is recommended to provide 

greater insight into the formulation's action. Lastly, 

accelerated stability studies and toxicity tests are 

recommended to determine the suitability of the 

formulation for commercial use. This study establishes a 

framework for future advances in antimicrobial drug 

delivery, which are crucial in combating the progressive 

rise of drug-resistant microbes. 
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