
 

 
 

https://doi.org/10.2478/acph-2025-0026 1 

 2 

Short communication 3 

 4 

Niosome-based delivery systems for olanzapine: Formulation, characterization, 5 

and kinetic evaluation 6 

 7 

SAMIAH ALHABARDI1,* 8 

BASMAH ALDOSARI1 9 

GADAH AL-HAMOUD2 10 

SHOG MOAHMMED ALALI1 11 

REEMA AL KHBIAH1 12 

LAMA ALBULAYHI1 13 

WEDAD SARAWI3 14 

NAIFA ALENAZI4 15 

 16 

Samiah Alhabardi ORCID: 0000-0001-8077-9103 17 

 18 

¹ Department of Pharmaceutics, College of Pharmacy, King Saud University, Riyadh, Saudi Arabia 19 

² Department of Pharmacognosy, College of Pharmacy, King Saud University, Riyadh, Saudi Arabia,  20 

³ Department of Pharmacology and Toxicology, College of Pharmacy, King Saud University, P.O. Box 22452, 21 

Riyadh 11495, Saudi Arabia 22 

⁴ College of Pharmacy, Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia 23 

 24 

*Correspondance;e-mail: salhabardi@ksu.edu.sa 25 

 26 

ABSTRACT 27 

This study investigates the development and characterization of niosome-based delivery systems for olanzap-28 

ine, an antipsychotic drug. Niosomes were prepared using various grades of Span surfactants (Span 60, Span 29 

40, and Span 20) in combination with cholesterol at different ratios. The formulations were characterized for 30 

particle size, polydispersity index, zeta potential, and encapsulation efficiency. Results showed an inverse 31 

relationship between surfactant Hydrophilic-Lipophilic Balance (HLB) values and niosome size, with Span 32 

60 producing the smallest vesicles. Optimal formulations were achieved with a 1:1 ratio of surfactant to cho-33 

lesterol. Span 60 niosomes exhibited the highest encapsulation efficiency (up to 81 ± 2.5 %) and the most 34 

negative zeta potential, indicating superior stability. In vitro release studies demonstrated sustained release 35 

profiles for all niosomal formulations compared to the free drug, with Span 60 formulations showing the 36 
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slowest release rates. Release kinetics analysis revealed a Fickian diffusion-controlled mechanism best de-37 

scribed by the Korsmeyer-Peppas model. These findings suggest that niosomal formulations, particularly 38 

those based on Span 60, offer a promising approach for improving olanzapine delivery, potentially enhancing 39 

its bioavailability and therapeutic efficacy in the treatment of psychiatric disorders. 40 
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 46 

INTRODUCTION 47 

Olanzapine, an antipsychotic of the thienobenzodiazepine class, is widely used in the treatment of schizophre-48 

nia and related psychiatric disorders. It is classified as an ‘atypical antipsychotic’(also known as a second-49 

generation antipsychotic) because, unlike older typical antipsychotics, it blocks both dopamine and serotonin 50 

receptors and is associated with a lower risk of movement-related side effects, such as tremors and muscle 51 

stiffness. Its effectiveness stems from its unique pharmacological profile, primarily antagonizing dopamine 52 

D2 and serotonin 5-HT2A receptors, with a higher affinity for the latter. This dual action allows olanzapine 53 

to manage both positive and negative symptoms of psychosis effectively (1). Unlike traditional antipsychotics, 54 

olanzapine's weaker binding to D2 receptors results in a reduced risk of extrapyramidal side effects, a signif-55 

icant advantage in long-term treatment. The drug's broad receptor binding profile, which includes interactions 56 

with histamine H1, muscarinic M1-5, and alpha-1 adrenergic receptors, further enhances its therapeutic po-57 

tential (2). These pharmacological properties, combined with its improved side effect profile compared to 58 

first-generation antipsychotics, have established olanzapine as a valuable and widely prescribed option in 59 

psychiatric care (3). Due to pharmacokinetic problems, olanzapine's efficacy is restricted, despite its thera-60 

peutic advantages. Its oral bioavailability is approximately 60 %, primarily due to extensive first-pass metab-61 

olism in the liver, which restricts the amount of drug that reaches systemic circulation. Additionally, olanzap-62 

ine exhibits poor aqueous solubility (0.076 mg/mL at neutral pH) and moderate lipophilicity (log P 1.8), but 63 

its solubility increases significantly in acidic and organic solvents such as HCl (16.56 mg/mL), DMSO (62 64 
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mg/mL), and ethanol (9 mg/mL) (4). The drug has a large volume of distribution, around 1000 liters, indicating 65 

extensive tissue distribution, and is highly protein-bound, with about 93 % attached to plasma proteins such 66 

as albumin and alpha-1 acid glycoprotein. This high protein binding limits the free drug available to cross the 67 

blood-brain barrier, resulting in only a modest effective dose reaching the brain, where it exerts its primary 68 

therapeutic effects (5). 69 

Given the limitations of olanzapine's bioavailability, there is increasing interest in novel drug delivery systems, 70 

particularly niosomes (6). Niosomes are microscopic, lamellar vesicles primarily composed of non-ionic sur-71 

factants and cholesterol. The non-ionic surfactants, such as Spans and Tweens/Polysorbates possess both hy-72 

drophilic (water-attracting) head groups and hydrophobic (water-repelling) tail groups (7). In aqueous envi-73 

ronments, surfactant molecules self-assemble such that the hydrophilic heads face the aqueous phase (both 74 

inside and outside the vesicle), while the hydrophobic tails align inward, forming a closed bilayer structure. 75 

Cholesterol is incorporated into the bilayer to provide rigidity and stability, reducing membrane permeability 76 

and preventing leakage of encapsulated drugs. This bilayer configuration allows niosomes to encapsulate both 77 

hydrophilic drugs (in the aqueous core) and lipophilic drugs (within the bilayer itself). Energy input (e.g., heat 78 

or agitation) is typically required for vesicle formation. The resulting structure is similar to liposomes, but 79 

generally more stable due to the use of non-ionic surfactants (8). 80 

This delivery system has the potential to improve absorption and bioavailability, leading to better therapeutic 81 

outcomes and fewer side effects (9). Niosomes are appealing due to their stability, biodegradability, and bio-82 

compatibility, making them suitable for pharmaceutical applications without triggering an immune response 83 

(10). They also provide protection against environmental factors and biological enzymes, which is especially 84 

beneficial for drugs administered orally or parenterally (11). Furthermore, the cost-effectiveness of niosomes, 85 

derived from inexpensive non-ionic surfactants, positions them as an attractive option for researchers and 86 

pharmaceutical companies aiming to develop innovative drug formulations (12). Overall, niosomes represent 87 

a promising approach to overcoming the pharmacokinetic challenges associated with olanzapine, potentially 88 

improving its clinical efficacy and patient compliance (10). 89 
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The present study focuses on the development of olanzapine-loaded niosomes as drug carriers by systemati-90 

cally investigating the effects of various Span surfactant grades (Fig. 1) and cholesterol ratios, an aspect pre-91 

viously underexplored in the literature (13). By optimizing surfactant composition and formulation conditions 92 

specifically for olanzapine, this work not only advances understanding of niosomal stability and performance 93 

but also addresses key limitations of the drug, such as poor water solubility and bioavailability. 94 

 95 

 96 

 97 

Fig. 1. Chemical structure of different grades of Span and cholesterol. 98 

 99 

 100 

EXPERIMENTAL 101 

Materials 102 

Olanzapine powder (free base, purity ≥ 99 %, Jazeera JPI, Riyadh, Saudi Arabia) was used. Span 60 (purity ≥ 103 

99 %, Wako Pure Chemical Industries Ltd., Osaka, Japan), Span 40 (purity ≥ 98 %, Wako Pure Chemical 104 

Industries Ltd., Osaka, Japan), Span 20 (purity ≥ 99 %, Wako Pure Chemical Industries Ltd., Osaka, Japan), 105 

and cholesterol (purity ≥ 99 %, Wako Pure Chemical Industries Ltd., Osaka, Japan) were utilized as primary 106 

components for niosome preparation. Diethyl ether (analytical grade, Merck Chemical Company, Germany) 107 

was employed as the organic solvent. Phosphate-buffered saline (PBS, pH 7.4, Sigma-Aldrich, St. Louis, 108 
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USA) and Polysorbate 20 (purity ≥ 99 %, Sigma-Aldrich, St. Louis, USA) were used for in vitro release 109 

studies. Phosphotungstic acid (Sigma-Aldrich, St. Louis, USA) was used for negative staining in TEM analy-110 

sis. Polyvinylidene fluoride (PVDF) syringe filters (0.22 μm, Millipore, Burlington, USA) were used for sam-111 

ple filtration. All other chemicals and reagents (analytical grade, Merck Chemical Company, Germany) were 112 

employed as received without further purification. 113 

 114 

Methods 115 

Ether injection method. – Niosomes were prepared using the ether injection method. Specifically, Span 60, 116 

Span 40, Span 20, and cholesterol were used as the primary components. The required amounts of surfactant 117 

and cholesterol were first dissolved in 10 mL of diethyl ether (Table I). Olanzapine was then added to this 118 

lipid solution. The resulting lipid-drug solution was slowly injected at a rate of 0.25 mL/min into 10 mL of 119 

preheated phosphate-buffered saline (PBS, pH 7.4) maintained at 60 ± 2 °C using a 14-gauge needle. The 120 

mixture was stirred continuously at 50 rpm with a magnetic stirrer (IKA RCT basic, Germany) during injection 121 

to ensure uniform vesicle formation. 122 

As the ether rapidly vaporized upon contact with the hot aqueous phase, niosomes spontaneously formed due 123 

to the self-assembly of the surfactant and cholesterol molecules into bilayer vesicles. After injection, the sus-124 

pension was stirred at 50 rpm for 2 hours at 60 °C to ensure complete evaporation of residual diethyl ether 125 

(boiling point: 34.6 °C). The niosomal suspension was then allowed to equilibrate at 25 ± 2 °C for 30 minutes 126 

and subsequently stored at 4 - 8 °C until further characterization. 127 

 128 

Table I. Surfactant and cholesterol composition for olanzapine encapsulated niosomes 129 

 130 

Formulation 

Code 
Composition 

Molar 

ratio 

Surfactant 

(mg) 

Cholesterol 

(mg) 

Olanzapine 

(mg) 

FS60-1 
Cholesterol : Span 

60 
1:1 100 100 10 

FS60-2 
Cholesterol : Span 

60 
1:2 133 67 10 
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FS60-3 
Cholesterol : Span 

60 
1:3 150 50 10 

FS60-4 
Cholesterol : Span 

60 
1:4 160 40 10 

FS40-1 
Cholesterol : Span 

40 
1:1 100 100 10 

FS40-2 
Cholesterol : Span 

40 
1:2 133 67 10 

FS40-3 
Cholesterol : Span 

40 
1:3 150 50 10 

FS40-4 
Cholesterol : Span 

40 
1:4 160 40 10 

FS20-1 
Cholesterol : Span 

20 
1:1 100 100 10 

FS20-2 
Cholesterol : Span 

20 
1:2 133 67 10 

FS20-3 
Cholesterol : Span 

20 
1:3 150 50 10 

FS20-4 
Cholesterol : Span 

20 
1:4 160 40 10 

 131 

 132 

 133 

Characterization of niosomes 134 

Determination of vesicle size, polydispersity index and zeta potential. – Particle size, polydispersity index 135 

(PDI), and zeta potential of the niosomes were analyzed using a Zetasizer Nano ZS (Malvern Panalytical, UK) 136 

equipped with dynamic light scattering (DLS) and laser Doppler electrophoresis technologies. For particle 137 

size and PDI measurements, 1 mL of niosomal suspension was diluted 1:10 (v/v) with deionized water to 138 

ensure optimal scattering intensity and avoid multiple scattering effects. The diluted samples were analyzed 139 

in triplicate at 25 °C using a 633 nm He-Ne laser and a detector angle of 173 °, with data processed via 140 

cumulant analysis to determine the Z-average hydrodynamic diameter and PDI. 141 
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Zeta potential measurements were performed using the same instrument, with samples diluted similarly, to 142 

maintain electrophoretic mobility within the instrument’s detection range. The electrophoretic mobility of the 143 

niosomes was converted to potential using the Smoluchowski approximation, and triplicate measurements 144 

were conducted at 25 °C to ensure reproducibility. Zeta potential measurements in deionized water (ionic 145 

strength ≈ 0) provide a baseline for inter-formulation stability comparisons. While PBS (pH 7.4, ionic strength 146 

≈ 0.16 M) may reduce absolute zeta potential values through charge shielding, prior studies confirm that rel-147 

ative trends between Span-based niosomes remain consistent across media (14). 148 

 149 

Determination of the drug entrapment efficiency in niosomes. – The entrapment efficiency (EE %) of niosomes 150 

was quantified using an ultracentrifugation method coupled with UV-Vis spectrophotometry. An aliquot of 151 

niosomal suspension (1 mL) was diluted 1:10 (v/v) with PBS, pH 7.4 containing 0.5 % (w/v) Polysorbate 20 152 

to ensure uniform dispersion and enhance olanzapine solubility. The diluted sample was ultracentrifuged at 153 

17,000 rpm (25,000 ×g) for 45 minutes at 4 °C to sediment vesicles, leaving free drug in the supernatant. After 154 

ultracentrifugation, the supernatant was carefully aspirated and filtered through a 0.22 μm membrane to re-155 

move residual particulates. 156 

The absorbance of the supernatant was measured at 206 nm using a UV-Vis spectrophotometer. For 157 

quantification, a standard calibration curve was prepared by dissolving olanzapine in PBS (pH 7.4) with 0.5 % 158 

(w/v) Polysorbate 20, followed by serial dilution to achieve concentrations within the linear range. The curve 159 

exhibited excellent linearity (R2 = 0.998). The concentration of unentrapped drug was calculated using 160 

equation: 161 

EE % = (
𝐶total − 𝐶free

𝐶total

) × 100 162 

Where 𝐶total is the initial drug concentration (10 mg/mL) and 𝐶free is the free drug concentration quantified 163 

in the supernatant. Triplicate measurements ensured reproducibility, with results reported as mean ± SD. 164 

 165 
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In vitro release studies. – The in vitro release profiles of optimized niosomal formulations were evaluated 166 

using Franz diffusion cells (12 mL). The in vitro release was conducted using PBS, pH 7.4 containing 0.5 % 167 

(w/v) Polysorbate 20 as the receptor medium, maintained at 37 ± 0.5 °C and continuously stirred. 168 

In the donor compartment, 2 mL of niosomal suspension or the drug supension in PBS (corresponding to 169 

olanzapine content in niosomes) was applied. Aliquots (0.5 mL) were withdrawn from the receptor chamber 170 

at 1, 2, 4, 6, 8, 12, and 24 hours, with immediate replacement by fresh pre-warmed medium to maintain con-171 

stant volume and sink conditions. Samples were filtered through 0.22 µm PVDF syringe filters before analysis. 172 

A calibration curve was constructed using olanzapine standards (2.5 - 25 μg/mL in PBS, pH 7.4 containing 173 

0.5 % (w/v) Polysorbate 20). A stock solution (100 μg/mL) was serially diluted, and absorbance measured at 174 

206 nm (Shimadzu UV-1900i). The curve exhibited linearity (R² = 0.9993) across the tested range. 175 

 176 

Kinetics of drug release. – The drug release profiles from niosomes were analyzed using the DD-Solver add-177 

in for Microsoft Excel to systematically assess the release mechanisms. Release data were fitted to four phar-178 

macokinetic models: Zero-order (constant rate), First-order (concentration-dependent), Higuchi (diffusion-179 

controlled), and Korsmeyer-Peppas (transport mechanism). The coefficient of determination (R²) was com-180 

puted for each model to evaluate the fit quality, with the highest R² value indicating the most appropriate 181 

model for describing the release behavior. This approach provided insights into whether drug release was 182 

governed by diffusion, matrix erosion, or a combination of mechanisms. 183 

 184 

In vitro stability study. – The in vitro stability of selected olanzapine niosomes was evaluated over six months 185 

under refrigerated storage (4–8 °C). Formulations (FS60-1 to FS60-4 and FS40-1 to FS40-4) were stored in 186 

light-protected vials, with samples analyzed at 3 and 6 months. Key parameters: vesicle size, PDI, zeta poten-187 

tial, and EE % were assessed using dynamic light scattering (Malvern Zetasizer Nano ZS) for size/PDI, elec-188 

trophoretic mobility for zeta potential, and UV-Vis spectrophotometry (after ultracentrifugation) for EE %. 189 

Triplicate measurements ensured reproducibility, and one-way ANOVA (p < 0.05) provided statistical rigor. 190 

This approach systematically quantified colloidal stability and drug retention during storage. 191 
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 192 

Statistical analysis 193 

The study compared different niosomal formulations and evaluated their key properties using statistical anal-194 

ysis. One-way ANOVA was used for comparing more than two groups, while the independent samples t-test 195 

was employed for direct two-group comparisons. Statistical significance was set at p < 0.05, meaning differ-196 

ences were considered significant if the probability of random occurrence was below this threshold. Results 197 

were reported as mean ± standard deviation, with all measurements performed in triplicate for accuracy and 198 

reproducibility. Data analysis was carried out using SPSS 10.1 for Windows, allowing thorough statistical 199 

evaluation of the experimental outcomes. 200 

 201 

RESULTS AND DISCUSSION 202 

Preparation and characterization of niosomes 203 

This study focused on optimizing olanzapine niosome formulations by examining the effects of different sur-204 

factant types and ratios on key characteristics. Researchers used the ether injection method to create various 205 

niosome formulations, systematically altering surfactant parameters to identify the optimal combination (15). 206 

During the study, a variety of niosome formulations were prepared using the ether injection technique. The 207 

formulations are categorized into three main groups: FS60, FS40, and FS20, corresponding to Span 60, Span 208 

40, and Span 20 surfactants, respectively. Span 60 is a nonionic surfactant synthesized by the esterification of 209 

sorbitan with stearic acid. Span 40 is a sorbitan ester derived from the combination of sorbitan and palmitic 210 

acid. Similarly, Span 20 is produced from sorbitan and lauric acid. Generally, Spans are sorbitan fatty acid 211 

esters, which are commonly used as emulsifiers and stabilizers in pharmaceutical formulations (16). Each 212 

group of niosomes is further divided based on cholesterol to surfactant ratios as shown before in Table I. 213 

The results presented in Table II offer valuable insights into olanzapine-encapsulated niosomes main charac-214 

teristics including particle size, PDI, zeta potential, and EE %. 215 

Olanzapine niosomes revealed a wide range of mean particle diameters, from 112 ± 4 nm to 651 ± 22 nm 216 

(Table II). Statistical analysis using one-way ANOVA demonstrated a significant difference in particle size 217 
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between the different surfactant groups (p < 0.05). Also, this study showed a significant correlation between 218 

surfactant (HLB) values and niosome size (p < 0.05). Lower HLB surfactants consistently produced smaller 219 

vesicles when cholesterol content remained constant, with FS60 niosomes (lowest HLB) being the smallest, 220 

followed by FS40 and FS20 niosomes. Vesicle size increased as the surfactant ratio increased and the choles-221 

terol ratio decreased, with an optimal surfactant-to-cholesterol ratio of 1:1 observed across all formulations. 222 

PDI values indicated relatively uniform size distributions in most formulations, with Span 40 niosomes ex-223 

hibiting lower PDI values, suggesting more homogeneous vesicle populations. The difference in PDI between 224 

the examined niosomes was statistically significant (p < 0.05). 225 

The zeta potential measurements, which serve as a crucial indicator of niosomes stability, exhibited a con-226 

sistent trend across the formulations, mirroring the pattern observed in particle size analysis. All formulations 227 

displayed negative zeta potentials, with values ranging from -9 ± 2.5 to –37 ± 2.8 mV. Among the formula-228 

tions, FS60 niosomes demonstrated the most negative zeta potential values, followed by FS40 niosomes, and 229 

then FS20 niosomes. Statistical analysis confirmed significant differences in zeta potential between the groups 230 

(one-way ANOVA, p < 0.01), with FS60 niosomes demonstrating the most negative zeta potential values, 231 

followed by FS40 niosomes, and then FS20 niosomes. 232 

The analysis of EE % in niosomal formulations reveals a relationship between surfactant composition, cho-233 

lesterol content, and vesicle size. As the ratio of surfactant to cholesterol increases within each surfactant 234 

group, a general trend of decreasing EE % is observed. However, formulations with higher cholesterol content 235 

tend to demonstrate enhanced EE %, particularly in Span 40 and Span 60 formulations. A distinct pattern 236 

emerges in EE %, with FS60 niosomes exhibiting the highest value at 81 %, followed by FS40 at 66 %, and 237 

FS20 at 29 %. These differences in EE % were statistically significant (one-way ANOVA, p < 0.001). This 238 

trend highlights the superior encapsulation performance of Span 60 formulations. Notably, an inverse corre-239 

lation is observed between entrapment efficiency and vesicle size (Pearson’s r = –0.85, p < 0.01), suggesting 240 

that smaller vesicles are more adept at encapsulating olanzapine. This unexpected relationship between vesicle 241 

size and encapsulation efficiency underscores the complex interplay of factors influencing the drug entrapment 242 

capabilities of niosomes.  243 
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The selection of surfactant and its proportion relative to cholesterol plays a pivotal role in determining the 244 

physicochemical properties of niosomes (17). Our study revealed an inverse relationship between the HLB 245 

value of surfactants and niosome size, with Span 60 (HLB 4.7) consistently producing smaller vesicles com-246 

pared to Span 40 (HLB 6.7) and Span 20 (HLB 8.6). Previous studies demonstrated a correlation between 247 

surfactant HLB values and niosome particle size (18). Surfactants with lower HLB values, such as Span 60 248 

and Brij 72 (HLB ≈ 4.8), typically produced smaller niosomes compared to those with higher HLB values, 249 

like Tween 60 (HLB = 14.9). This trend is supported by studies on various drug-loaded niosomes, including 250 

carvedilol-niosomes and griseofulvin-loaded niosomes. Cholesterol content emerged as another critical factor 251 

in niosomes formation and stability, with optimal formulations achieved at a 1:1 surfactant-to-cholesterol ratio 252 

across all surfactant types, supporting cholesterol's role as a stabilizing agent in niosomal membranes (19). 253 

The impact of cholesterol content on niosome size appears to be surfactant-dependent; hydrophilic surfactants 254 

like Tween 60 show minimal size changes with increasing cholesterol content, while more lipophilic surfac-255 

tants like Brij 72 and Span 60 exhibit decreased average particle diameters at higher cholesterol concentrations 256 

(20). 257 

The EE % showed a clear trend, with Span 60 formulations exhibiting the highest EE % (up to 81 ± 2.5 %), 258 

followed by Span 40 and Span 20. This superior performance of Span 60 can be attributed to its lower HLB 259 

value and longer alkyl chain length, which promote stronger interactions with cholesterol and more efficient 260 

drug entrapment (21). The inverse relationship observed between vesicle size and EE % suggests that smaller 261 

vesicles may provide a more favorable environment for olanzapine encapsulation, possibly due to increased 262 

surface area to volume ratio (22). Zeta potential measurements revealed negative values for all formulations, 263 

with Span 60 niosomes showing the most negative zeta potentials. This characteristic is crucial for niosome 264 

stability, as it indicates strong electrostatic repulsion between vesicles, preventing aggregation. 265 

 266 

Table II. Characteristics of olanzapine niosomes 267 

 268 

Formulation 

code 

Particle Size 

(nm)  

 

PDI 

Zeta potential 

(mV) 
EE % 
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FS60-1 112 ± 4 0.31 ± 0.04 -24 ± 1.6 81 ± 2.5 

FS60-2 143 ± 3.5 0.32 ± 0.02 -27 ± 1.7 76 ± 1.5 

FS60-3 157 ± 2.5 0.43 ± 0.01 -33 ± 2.2 72 ± 2.6 

FS60-4 168 ± 9.1 0.38 ± 0.06 -37 ± 2.8 70 ± 2.5 

FS40-1 180 ± 18 0.25 ± 0.03 -22 ± 4 66 ± 3.5 

FS40-2 220 ± 5.5 0.20 ± 0.08 -24 ± 4.6 54 ± 4 

FS40-3 270 ± 5.2 0.22 ± 0.03 -28 ± 2.2 49 ± 2 

FS40-4 310 ± 30 0.27 ± 0.07 -32 ± 2.6 43 ± 2.3 

FS20-1 350 ± 25 0.37 ± 0.02 -9 ± 2.5 29 ± 2.6 

FS20-2 400 ± 6 0.42 ± 0.02 -11 ± 2.5 27 ± 1 

FS20-3 462 ± 12 0.29 ± 0.04 -18 ± 1.9 22 ± 1.5 

FS20-4 651 ± 22 0.55 ± 0.07 -21 ± 3 18 ± 2.5 

The results are expressed as mean ± SD, n = 3. 269 

 270 

In vitro release studies 271 

Niosomes were prepared using the ether injection method, employing surfactants such as Span 20, Span 40, 272 

and Span 60 in combination with cholesterol at various ratios. The optimal niosomal formulations for each 273 

surfactant were selected based on key characteristics, including size distribution, PDI, zeta potential, and EE 274 

%. These selected formulations were then subjected to further in vitro release and stability studies to evaluate 275 

their performance and suitability for drug delivery applications. 276 

In the present study, the formulations containing Span 20 were withdrawn from further in vitro release study 277 

due to their low encapsulation efficiency. The in vitro release studies for niosomal formulations containing 278 

Span 60 and Span 40, as well as an olanzapine suspension, over a 24-hour period were conducted in PBS, pH 279 

7.4 containing 0.5 % (m/V) Polysorbate 20. The free drug, used as control, demonstrated the fastest release 280 

profile among all tested formulations. It reached 94 % release at 24 hours, indicating that the niosomal formu-281 

lations effectively sustained the drug release compared to the free drug (Fig. 3 and Fig. 4). 282 

For Span 60 formulations, four different niosomal preparations (FS60-1 to FS60-4) were tested. The data 283 

shows a gradual increase in drug release over time for all formulations. FS60-1 demonstrated the highest 284 

release rate, reaching 82 % at 24 hours, followed by FS60-2 at 62 %, FS60-3 at 52 %, and FS60-4 at 42 %. 285 
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This trend suggests that the formulation components for FS60-1 resulted in faster drug release compared to 286 

the other Span 60 niosomes (Fig. 2). The observation that a 1:1, cholesterol : Span ratio, led to a faster release 287 

than a 1 : 4 ratio appears counterintuitive, as higher cholesterol content is generally expected to increase mem-288 

brane rigidity and slow drug release. However, this can be explained by considering vesicle size. Namely, 289 

smaller vesicles (associated with higher cholesterol) have a larger surface area-to-volume ratio, which may 290 

facilitate faster drug release despite increased rigidity. Additionally, excessive cholesterol can disrupt the op-291 

timal packing of surfactant molecules, increasing permeability and thus accelerating release (23). 292 

Similarly, for Span 40 formulations, four niosomal preparations (FS40-1 to FS40-4) were evaluated. The re-293 

lease profiles for Span 40 niosomes showed a generally faster release rate compared to Span 60 formulations. 294 

FS40-1 and FS40-2 exhibited the highest release rates, both reaching around 82-83 % at 24 hours. FS40-3 and 295 

FS40-4 showed lower release rates of 72and 62 % at 24 hours, respectively (Fig. 3). These results suggest that 296 

both Span 60 and Span 40 niosomal formulations can provide sustained release of olanzapine compared to the 297 

free drug. However, Span 60 formulations generally showed slower release rates than Span 40 formulations, 298 

indicating that Span 60 may be more effective in creating stable niosomes for prolonged drug delivery. 299 

The selected niosomal formulations (FS60-1 to FS60-4) were also examined for olanzapine release kinetics 300 

(Tables III and IV) using various mathematical models. The Zero-order model showed varying degrees of fit, 301 

with FS60-4 demonstrating the best correlation (R² = 0.940). The First-order model yielded mixed results, 302 

with FS60-2 showing a poor fit (negative R² value). The Higuchi model, describing diffusion-based release, 303 

showed good correlation for FS60-4 (R² = 0.946), suggesting a primarily diffusion-controlled release. How-304 

ever, the Korsmeyer-Peppas model emerged as the most suitable for all formulations, with consistently high 305 

R² values (0.965) and n values of 0.356, indicating Fickian diffusion-controlled release. 306 

The kinetic analysis of drug release from formulations FS40-1 to FS40-4 revealed varying model fits (Table 307 

4). Zero-order and first-order models showed poor correlation, while the Higuchi model demonstrated better 308 

alignment with release kinetics. The Korsmeyer-Peppas model emerged as the most suitable, with the highest 309 

R² values and n values below 0.45, indicating a Fickian diffusion-controlled release mechanism. 310 
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The release kinetics analysis revealed that olanzapine release from niosomes followed the Korsmeyer-Peppas 311 

model, with all formulations exhibiting n-values < 0.45 (Tables 3 and 4). For spherical systems like niosomes, 312 

these n-values ≤ 0.45 confirm Fickian diffusion, where drug release is driven by passive diffusion through the 313 

niosomal matrix, without significant matrix erosion or relaxation. The consistent n-values and high model fit 314 

(R²) underscore the niosomes’ structural integrity during release, enabling a sustained, diffusion-controlled 315 

profile. These results highlight the formulations’ suitability for controlled-release applications, aligning with 316 

their stable colloidal properties and predictable release kinetics (24, 25). 317 

Span 60 formulations exhibited slower release rates than Span 40, attributed to Span 60's higher phase transi-318 

tion temperature and greater lipophilicity, resulting in more tightly packed and rigid bilayers (13). The inclu-319 

sion of cholesterol further reduced drug release rates by enhancing bilayer stability and rigidity (26). These 320 

findings highlight the complex interplay between surfactant properties and cholesterol content in determining 321 

niosome characteristics, including size, stability, and drug release kinetics (27). The superior performance of 322 

Span 60-based niosomes in retarding drug release underscores their potential for improving delivery and bio-323 

availability of poorly water-soluble drugs like olanzapine through sustained and controlled release mecha-324 

nisms (28, 29). 325 

 326 

Fig. 2. In vitro release profiles of olanzapine Span 60 niosomes. The resuls are mean ± SD, n = 3. 327 

 328 
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 333 

Fig. 3. In vitro release profiles of olanzapine Span 40 niosomes. The results are mean ± SD, n = 3. 334 

 335 

 336 

Table III. Drug release kinetics of Span 60 niosomes formulation 337 

 338 

Formula-

tion code 

Zero-order First-order 
Higuchi 

model 

Korsmeyer-Peppas 

model 

R⁰ R² R¹ R² R² n R² 

FS60-1 4.573 0.826 0.122 0.740 
 

0.844 
0.356 0.965 

FS60-2 3.646 0.784 0.079 -0.106 
 

0.577 
0.356 0.965 

FS60-3 3.009 0.787 0.053 0.030 
 

0.765 
0.356 0.965 

FS60-4 2.174 0.940 0.029 0.618 
 

0.946 
0.356 0.965 

 339 
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Table IV. Drug release kinetics of Span 40 niosomes formulation 342 

 343 

Formula-

tion code 

 

Zero-order First-order 
Higuchi 

model 

Korsmeyer-Peppas 

model 

R⁰ R² R¹ R² R² n R² 

FS40-1 4.799 –2.172 0.15233 0.4147 0.5164 0.2803 0.9787 

FS40-2 4.675 –0.882 0.13040 0.6861 0.8018 0.3382 0.9755 

FS40-3 4.152 –1.612 0.10299 0.2357 0.6369 0.3008 0.9640 

FS40-4 3.6036 –1.722 0.07723 –0.1067 0.5920 0.2940 0.9517 

 344 

 345 

In vitro stability study 346 

Over a 6-month storage period at 4–8 °C, olanzapine-loaded niosomal formulations based on Span 60 and 347 

Span 40 displayed distinct stability profiles, with several parameters demonstrating changes typical of nioso-348 

mal systems (Table V). For Span 60 formulations (FS60-1 to FS60-4), a marked and statistically significant 349 

increase in vesicle size was observed over time. For example, the vesicle size of FS60-1 increased from 350 

112 ± 4 nm at time 0 to 221.7 ± 6 nm after 6 months (paired t-test, p < 0.001), suggesting vesicle aggregation 351 

or fusion during storage. Despite this increase, the PDI remained below 0.4, suggesting that the dispersions 352 

retained acceptable homogeneity. Zeta potential values for Span 60 niosomes became significantly more neg-353 

ative after 3 months, which may reflect enhanced colloidal stability, before partially reverting at 6 months. EE 354 

% in Span 60 niosomes showed a gradual but statistically significant decline, consistent with minor drug 355 

leakage, a common finding in niosomal stability studies. 356 

In contrast, Span 40 formulations (FS40-1 to FS40-4) exhibited greater variability. While FS40-1 and FS40-357 

2 showed steady increases in vesicle size, FS40-3 and FS40-4 displayed an initial decrease at 3 months fol-358 

lowed by regrowth, a phenomenon sometimes attributed to vesicle compaction or bilayer restructuring. Zeta 359 

potential values for Span 40 niosomes trended toward less negative values over time (e.g., FS40-4: 360 

−32 ± 2.6 mV at time 0 to −24.6 ± 1.9 mV at 6 months; p < 0.01), indicating a reduction in electrostatic stabi-361 

lization and a greater propensity for aggregation. Notably, some Span 40 formulations exhibited a statistically 362 

significant increase in EE % over time (FS40-4: 43 ± 2.3 % at time 0 to 64.7 ± 3.5 % at 6 months; p < 0.01), 363 
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which may be due to molecular rearrangements within the vesicle bilayer that enhance drug retention, a be-364 

havior occasionally reported in the literature (30). Throughout, PDI values for Span 40 remained ≤ 0.35, in-365 

dicating acceptable colloidal uniformity. 366 

Collectively, these findings not only confirm that Span 60-based niosomes offer more robust and predictable 367 

long-term stability but also reveal the complex and sometimes counterintuitive behavior of Span 40 systems, 368 

where structural changes during storage can unexpectedly enhance drug retention. These results align with 369 

literature attributing Span 60’s superior stability to its longer alkyl chain and higher phase transition temper-370 

ature (31), while emphasizing the need for tailored stabilization strategies particularly optimized storage con-371 

ditions for Span 40-based formulations intended for sustained-release drug delivery. 372 

 373 

Table V. Stability profile of Span 60 and Span 40 olanzapine niosomal formulations: changes in vesicle size, 374 

zeta potential, PDI, and EE % over 6 months at 4–8 °C 375 

Formulation Time Particle Size 

(nm) 

Zeta Potential 

(mV) 

PDI EE % 

FS60-1 Initial 112 ± 4 –24 ± 1.6 0.31 ± 0.04 81 ± 2.5 

 3 months 211.6 ± 5* –30.5 ± 1.5 0.29 ± 0.03 76.2 ± 3 

 6 months 221.7 ± 6* –28.0 ± 1.6 0.37 ± 0.04 74.0 ± 3.5* 

FS60-2 Initial 143 ± 3.5 –27 ± 1.7 0.32 ± 0.02 76 ± 1.5 

 3 months 182.1 ± 4* –31.3 ± 1.4 0.28 ± 0.02 78.0 ± 2 

 6 months 190.7 ± 5* –28.7 ± 1.5 0.36 ± 0.03 75.8 ± 2.5 

FS60-3 Initial 157 ± 2.5 –33 ± 2.2 0.43 ± 0.01 72 ± 2.6 

 3 months 176.7 ± 3* –32.0 ± 1.6 0.29 ± 0.02 78.5 ± 3* 

 6 months 185.1 ± 4* –29.2 ± 1.7 0.37 ± 0.03 76.2 ± 3.5* 

FS60-4 Initial 168 ± 9.1 –37 ± 2.8 0.38 ± 0.06 70 ± 2.5 
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 3 months 169.9 ± 7 –32.1 ± 1.7 0.31 ± 0.03 79.2 ± 3* 

 6 months 178.1 ± 8 –29.4 ± 1.8 0.42 ± 0.04 76.8 ± 3.5* 

FS40-1 Initial 180 ± 18 –22 ± 4 0.25 ± 0.03 66 ± 3.5 

 3 months 253.3 ± 20* –25.6 ± 1.8 0.27 ± 0.02 66.0 ± 4 

 6 months 265.5 ± 22* –23.0 ± 1.9 0.35 ± 0.03 63.2 ± 4.5 

FS40-2 Initial 220 ± 5.5 –24 ± 4.6 0.20 ± 0.08 54 ± 4 

 3 months 234.0 ± 6 –26.5 ± 1.7 0.26 ± 0.03 66.7 ± 4.5* 

 6 months 245.3 ± 7 –23.8 ± 1.8 0.34 ± 0.04 63.8 ± 5 

FS40-3 Initial 270 ± 5.2 –28 ± 2.2 0.22 ± 0.03 49 ± 2 

 3 months 228.3 ± 6* –27.1 ± 1.6 0.27 ± 0.02 67.3 ± 3* 

 6 months 239.1 ± 7* –24.2 ± 1.7 0.35 ± 0.03 64.3 ± 3.5* 

FS40-4 Initial 310 ± 30 –32 ± 2.6 0.27 ± 0.07 43 ± 2.3 

 3 months 220.2 ± 8* –27.7 ± 1.8* 0.26 ± 0.03 67.9 ± 3* 

 6 months 230.7 ± 9* –24.6 ± 1.9* 0.34 ± 0.04 64.7 ± 3.5* 

The values are mean ± SD, n = 3. *Statistically significant difference compared to initial value (p < 0.05). 376 

 377 

CONCLUSIONS 378 

This study successfully optimized niosomal formulations using Span surfactants and cholesterol, resulting in 379 

improved drug encapsulation and controlled release profile. Among the formulations, Span 60-based niosomes 380 

exhibited superior colloidal stability compared to Span 40-based systems, as indicated by smaller increases in 381 

vesicle size, more stable surface charge, and better drug retention over time. Nonetheless, the gradual aggre-382 

gation and drug leakage observed during storage highlight the need for improved stabilization strategies to 383 

ensure long-term integrity. While the findings support the potential of Span 60 niosomes for delivering poorly 384 
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soluble drugs like olanzapine, further research is required. In particular, comprehensive preclinical studies 385 

including evaluations of stability under gastric conditions, permeability, and in vivo efficacy are essential. 386 

Additionally, clarification of the final dosage form and assessment of formulation scalability will be critical 387 

steps toward translating this approach from the laboratory to clinical application. 388 
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