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ABSTRACT 
Montelukast Sodium is widely used for the management of asthma,but its low bioavailability due to the first-pass effect 
limits its therapeutic efficacy. A novel proniosomal gel-based delivery system can enhance EE, improve stability, and 
provide sustained drug discharge over an extended period.This study aims to formulate and assess a Montelukast Sodium 
proniosomal gel using different non-ionic surfactants, penetration enhancers, and gelling agents to optimize drug 
encapsulation, stability, and controlled drug discharge.Montelukast Sodium proniosomal gel was made using the 
coacervation phase separation approach. Varioussurfactants (Span 20/60/80, Tween 20/80), cholesterol (to control drug 
leakage), soya lecithin (as a penetration enhancer), and carbopol (as a gelling agent) were incorporated. The formulations 
were assessed for Fourier-transform infrared compatibility studies, vesicle size analysis, scanning electron microscopy 
(SEM), drug entrapment efficiency (EE), drug content, rheological behavior, in vitro drug discharge, and stability as per 
ICH Q1C guidelines.The study confirmed that Montelukast Sodium was successfully entrapped in all nine formulations. 
The type of surfactant and cholesterol content significantly influenced drug discharge and EE. FTIR analysis indicated no 
drug-excipient interactions, and SEM studies revealed uniform, spherical vesicles. The vesicle size of the optimized 
formulation (F2) ranged from 3.33±0.12 to 5.83±0.21 µm, with an EE of 54.46±0.50% and a drug discharge of 
90.81±0.031%. The discharge kinetics followed a zero-order model and fitted the Higuchi equation, suggesting Super-Case 
II transport diffusion. Stability studies demonstrated that the formulation remained stable for 90 days, with the highest drug 
retention observed at 4°C.The optimized proniosomal gel formulation (F2) exhibited enhanced drug entrapment, prolonged 
drug discharge, and improved stability, making it a promising alternative for sustained delivery of Montelukast Sodium in 
asthma management. 
Keywords: Montelukast Sodium, Proniosomal gel, Entrapment efficiency, Diffusion studies. 
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INTRODUCTION 
Drug targeting is an advanced approach in pharmaceutical 
sciences that aims to distribute drugs specifically to the site 
of action, curtailing systemic side effects and surging drug 
efficacy. This strategy involves modifying drug molecules 
to achieve precise localization within the body, thereby 
improving therapeutic outcomes. Targeted drug delivery 
systems (DDS) can be passive/active/stimulus-responsive 
targeting[1]. Passive targeting relies on physiological 
conditions, such as the surge permeability and holding 
effect seen in tumor tissues, to accumulate the drug at the 
target site[2]. Active targeting involves modifying drugs 
with ligands that selectively bind to receptors amplified on 
infected cells. Stimuli-responsive targeting utilizes internal 

(pH, enzyme activity, redox potential) or external 
(temperature, magnetic field, ultrasound) activates to 
regulate drug discharge at the anticipated site[3]. 
Nanocarriers like liposomes, niosomes, dendrimers, and 
polymeric nanoparticles are usually used to facilitate drug 
targeting. These approaches improve drug bioavailability 
and therapeutic index and reduce toxicity, making them 
highly beneficial for treating diseases like cancer, 
inflammatory disorders, and neurodegenerative 
conditions[4]. 
Proniosomes are a promising nanocarrier system for 
targeted DDS, presentingrewards such as improved 
stability, precise drug discharge, and improved 
bioavailability. These are dry, free-flowing formulations 
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that, upon hydration, form niosomesvesicular structures 
containing non-ionic surfactants, cholesterol, and 
stabilizers[5]. Proniosomes are particularly useful for drug 
targeting as they encapsulate hydrophilic and lipophilic 
drugs, providing sustained and site-specific delivery[6]. 
They can be tailored for passive and active targeting by 
modifying their composition with ligands or surface 
modifications that enable receptor-mediated DDS. Due to 
their biocompatibility, proniosomes have been extensively 
studied for discharging drugs to cancer cells, inflammatory 
sites, and even across the blood-brain barrier. Additionally, 
their ability to enhance permeability through biological 
membranes makes them suitable for transdermal, oral, and 
pulmonary DDS[7]. Compared to conventional drug 
formulations, proniosomes exhibit improved therapeutic 
efficacy while minimizing systemic side effects, making 
them a valuable tool in modern drug-targeting strategies[8]. 
Montelukast is a selective leukotriene receptor antagonist 
(LTRA) widely used in the management of asthma and 
allergic rhinitis[9]. It works by blocking cysteinyl 
leukotriene receptors (CysLT1) in the airways, thereby 
reducing inflammation, bronchoconstriction, and mucus 
production[10]. This action helps prevent asthma attacks 
and alleviates symptoms [11]. Montelukast is usually 
prescribed as an oral tablet or chewable formulation, 
making it anexpedient option for long-term asthma control 
and exercise-induced bronchoconstriction[12]. Unlike 
corticosteroids, it does not cause significant 
immunosuppressive effects, making it suitable for chronic 
use, especially in pediatric and elderly populations. 
Additionally, Montelukast has shown potential in managing 
other inflammatory conditions, such as chronic urticaria 
and atopic dermatitis. Despite its effectiveness, it is not a 
rescue medication for acute asthma attacks and is usually 
used as an adjunct to inhaled corticosteroids or 
bronchodilators. Its good safety profile, ease of 
administration, and role in reducing asthma exacerbations 
make Montelukast a key drug in respiratory therapy[13]. 
The present research is to develop a proniosomal gel (PNG) 
system for Montelukast Sodium, to enhance in vitro 
bioavailability, certify ease of administration, improve 
patient compliance, and achieve a stable dosage 
formulation. 
 
MATERIALS AND METHODS 
Materials 
Montelukast Sodium was gifted from Micro Labs Limited, 
Bengaluru, Karnataka, India. Soya lecithin, cholesterol, 
span 20,60,80, tween 20,80, carbopol 934P, 
triethanolamine, and ethanol used in the present work were 
of AR from S D Fine-Chem Limited, India. 
 
Standard curve making 
A precisely weighed 100 mg of Montelukast sodium was 
dissolved in phosphate buffer solution (PBS) (pH 7.4), and 
the volume was adjusted to 100 mL to form Stock A. From 
this solution, 10 mL was further diluted to 100 mL with the 
same PBS to obtain Stock B. Subsequently, a series of 
dilutions (10 to 40 µg/mL)wasmade to establish a 

calibration curve[14, 15]. The absorbance of these solutions 
was verified with a UV/Visible spectrophotometer at 283 
nm. 
 
Making of Proniosomes 
The co-acervation phase separation tactic is one of the most 
used approachesfor preparing PNGs. In this process, 
surfactant, lecithin, cholesterol, and the drug are kept in a 
clean, dry, wide-mouthed glass vial (5mL). A specific 
volume of absolute ethanol (0.5–1 mL) is then added to the 
vial. The mixture is gently warmed and stirred using a glass 
rod to guarantee uniform dispersion. To prevent solvent 
evaporation, the vial is covered with a lid. The vial is then 
kept in a water bath at 65±2°C for approximately 5 minutes, 
allowing the surfactant mixture to dissolve totally. After 
this, 1.6 mL of PBS is introduced into the vial, and the 
mixture is further heated in the water bath for about two 
minutes until a clear solution is formed (Show in Fig.1). The 
solution is cooled to room temperature to get 
proniosomes[16].  

 
Fig.1. Preparation of proniosomal formulation 

 
Making of Proniosomal gel 
The required amount of Carbopol-934P was accurately 
weighed and allowed to soak in an appropriate volume of 
distilled water for 3 h. The mixture was then subjected to 
mechanical stirring at 100 rpm to obtain a homogeneous, 
viscous solution. To achieve neutralization, triethanolamine 
was added dropwise while incessantly stirring. 
Subsequently, additional excipients, including 0.2% methyl 
paraben and 0.02% propyl paraben, were incorporated into 
the mixture. Stirring was sustained until a clear, transparent 
gel was formed (Show in Fig.2). Finally, the proniosomes 
were thoroughly blended with the carbopol gel to certify 
uniform distribution.(Show in tabele.1) [17, 18]. 

 
Fig.2. Step-wise representation of proniosomal gel 

making 
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Table1: Composition of proniosomal gels 
Bat
ch 

Montel
ukast 
sodium 
(g) 

Surfactant
s 

Qua
ntity 
(mg) 

Choles
terol 
(mg) 

Lecit
hin 
(mg) 

F1 1 Span 20 1000 100 100 
F2 1 Span 60 1000 100 100 
F3 1 Span 80 1000 100 100 
F4 1 Tween 20 1000 100 100 
F5 1 Tween 80 1000 100 100 
F6 1 Tween20:T

ween80 
500:5
00 

100 100 

F7 1 Span20: 
Span60 

500:5
00 

100 100 

F8 1 Span60: 
Span80 

500:5
00 

100 100 

F9 1 Span80: 
Span20 

500:5
00 

100 100 

 
Assessing of proniosomal gel 
Physical examination 
The PNGs underwent a thorough visual inspection to assess 
their physical properties, which are crucial for ensuring 
their quality, stability, and patient acceptability[19]. The 
color was observed under both normal daylight and 
artificial lighting to certify uniformity and the absence of 
discoloration, as any unexpected changes could indicate 
instability, contamination, or ingredient 
incompatibility[20]. The odor was checked to confirm the 
absence of any unpleasant or rancid smell, as a neutral odor 
is desirable, and deviations may indicate degradation or 
microbial growth. Homogeneity was judged by visually 
inspecting and gently stirring the PNGs to certify uniform 
distribution of the active pharmaceutical ingredient (API) 
and excipients, which is essential for consistent drug 
discharge. The gel’s consistency was assessed by touching 
and spreading a small amount between fingers to certify it 
had an optimal thickness, neither too thick nor too runny, 
allowing for easy application and effective DDS. The 
presence of grittiness was tested by rubbing the gel between 
fingers, as a smooth texture is essential for patient comfort 
and enhanced therapeutic action, while any coarse particles 
could indicate improper mixing, imperfect dissolution, or 
contamination. Spreadability was resolute by applying a 
verified quantity onto a glass slide and pressing it with 
another slide under constant weight, ensuring the gel 
spreads smoothly over the skin or mucosal surface without 
excessive force, as poor spreadability can lead to uneven 
drug distribution and reduced therapeutic efficacy. These 
physical features are vital in finding the PNG’s 
effectiveness, patient compliance, and market acceptability, 
as any deviations in color, odor, consistency, or texture may 
signal instability that could compromise efficacy and safety. 
The outcomes of this comprehensive physical examination 
are systematically recorded and presented in Table 2, 
providing a clear assessment of the PNG’s quality 
restrictions[21]. 
 
Assessing pH 

The pH of the PNGs was assessed using a standardized pH 
meter to certify their compatibility with skin and mucosal 
surfaces, as an appropriate pH range is crucial to prevent 
irritation and maintain formulation stability. Before 
verification, the pH meter was adjusted using standard PBS 
to certify accuracy. A small quantity of each gel sample was 
dispersed in distilled water, and the electrode of the pH 
meter was immersed in the solution to obtain readings. 
Measurements were taken from three different samples to 
certify consistency and reliability, and the average pH was 
recorded. Maintaining an optimal pH is essential for 
enhancing patient comfort, ensuring drug stability, and 
preventing potential adverse reactions. Any significant 
deviation from the physiological pH range could lead to 
skin frustration or reduced therapeutic efficacy. The pH 
obtained for the PNGs is systematically documented in 
Table 3, providing insight into their suitability for intended 
pharmaceutical or dermatological applications[22]. 
 
Rheological studies 
The viscosity of the PNGs (Brookfield viscometer) is used 
to find their flow behavior and certify consistency in 
application. Viscosity is a critical consideration that 
influences the gel's spreadability, retention on the skin, and 
overall therapeutic efficacy. To direct the measurement, a 
suitable spindle was selected based on the gel's consistency, 
ensuring accurate readings. The gel sample was transferred 
into a 30 mL beaker, taking care to prevent the entrapment 
of air bubbles, which could interfere with the viscosity 
measurements. The spindle was then engrossed 
appropriately in the gel, and the viscometer’s motor was 
activated after inputting the spindle number. The viscosity 
was recorded using a floating-point display, providing 
precise measurements of the gel’s resistance to flow[23]. 
The spindle selection was performed using a trial-and-error 
approach to optimize accuracy and certify reproducibility. 
Proper viscosity is indispensable for ease of use, patient 
comfort, and effective DDS.  
 
Spreadability coefficient studies 
The spreadability of the PNG was assessed 48 h post-
preparation to assess its ease of use and uniform distribution 
over the skin or mucosal surface. This limit is crucial in 
finding the gel’s ability to cover the intended area 
effectively without excessive effort. To direct the test, an 
adequate quantity of the gel was evenly applied to a clean, 
dry lower glass slide[24]. An identical upper glass slide was 
carefully positioned over the gel to certify uniform contact. 
A constant weight of 20 g was then kept on the upper slide 
and maintained for 2 h to standardize the pressure applied. 
The time required for the upper slide to slip off due to 
gravitational force was recorded, serving as an indirect 
measure of the gel’s spreadability. A lower time reading 
designates better spreadability, which is essential for patient 
compliance and effective therapeutic action (e.q.1). 
𝑆𝑝𝑟𝑒𝑎𝑑𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
!"#$%&	&#"(	)*	+,,"-	./#("	($)×3"*$&%	)4	$/5..	./#("	(67)

89:;	<==>	(?;@)
--- (1) 
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This estimation provides a quantitative measure of the gel’s 
ease of application, ensuring that it meets the anticipated 
criteria for smooth and uniform[25]. 
 
SEM analysis 
A small quantity (0.2 g) of the PNG was accurately weighed 
and diluted with 10 mL of PBS at pH 7.4 in a clean glass 
tube to facilitate vesicle dispersion. The resulting 
suspension was carefully made for Scanning Electron 
Microscopy (SEM) analysis to assess the morphological 
features, surface topology, and size distribution of the 
niosomal vesicles. The vesicles were equestrian onto an 
aluminum stub using double-sided adhesive carbon tape to 
confirm proper fixation. To enhance conductivity and 
improve imaging resolution, the vesicles were sputter-
coated with a fine layer of gold-palladium (Au/Pd) using a 
vacuum evaporator. This coating prevents electron charging 
and allows for clearer visualization of the surface 
structure[26]. The coated vesicles were then analyzed under 
a SEM at an appropriate accelerating voltage, enabling 
high-magnification imaging of their surface features. The 
SEM marks provide critical insights into the vesicular 
morphology, structural integrity, and homogeneity of the 
PNGs.  
 
Vesicle size analysis 
To accurately determine the vesicle size (VS), 100 mg of 
the PNG was hydrated with a 0.9% saline solution in a small 
glass vial. The hydration process involved intermittent 
shaking for 10 minutes to guarantee uniform dispersion of 
the niosomal vesicles. The resulting suspension was then 
examined under an optical microscope at 100× 
magnification to visualize and measure the VS[27]. This 
analysis provided critical insights into the uniformity and 
size distribution of the vesicles, which are essential 
considerations influencing the stability and drug 
dischargefeatures of the PNGs.  
 
Entrapment efficiency 
To find theentrapment efficiency (EE) of the PNG, 0.1 g of 
the gel was reconstituted with 10 mL of PBS in a glass tube. 
The aqueous suspension was then subjected to sonication in 
a sonicator bath for 30 minutes to safeguard thorough 
dispersion of the niosomal vesicles. Following sonication, 
the montelukast-loaded niosomes were separated from the 
untrapped drug by centrifugation (10,000 rpm) at frozen 
conditions (4°C) for 30 minutes[28]. The supernatant was 
carefully collected, diluted with PBS, and analyzed 
spectrophotometrically at 283 nm using a UV-visible 
spectrophotometer. The % EE was estimated with e.q.2. 
 
%	𝐸𝐸 =
A)&5/	7)*&"/+B5.&	C)(#+7	57)+*&DE-""	7)*&"/+B5.&	C)(#+7	57)+*&

A)&5/	7)*&"/+B5.&	C)(#+7	57)+*&
--- (2) 
This analysis provided insights into the EE of the drug 
within the niosomal vesicles, which is a critical factor 
influencing drug discharge and therapeutic efficacy[25].  
 
Drug content analysis 

To assess the drug content, a quantity of proniosomes 
equivalent to 20 mg of Montelukast Sodium was transferred 
into a standard volumetric flask. The sample was lysed 
using 25 mL of methanol and subjected to unceasing 
shaking for 15 minutes to ensure complete dissolution of 
the drug. The resulting clear solution was then diluted to 
100 mL with methanol to obtain a uniform level. 
From this stock solution, a 10 mL aliquot was withdrawn 
and further diluted to 100 mL using PBS to maintain 
consistency in the analysis. The absorbance of the final 
solution was modulated at 283 nm using a UV-visible 
spectrophotometer. The amount of Montelukast Sodium 
was determined based on a previously established 
calibration curve, ensuring accurate quantification of the 
drug content in the PNGs[29]. 
 
In vitrodiffusion   
The in vitro diffusion of the PNG were done with an 
egg/cellophane membrane to assess drug dischargefeatures. 
A quantity of PNG equivalent to 20 mg of Montelukast 
Sodium was carefully taken for the experiment. The 
membrane was securely equestrian onto a vertical Franz 
diffusion cell, ensuring that it faced the receiving chamber 
for proper diffusion. 
The donor chamber was charged with the drug-containing 
PNGs, while the receiving chamber was filled with PBS to 
simulate physiological conditions. The membrane surface 
area accessible for diffusion was 2.54 cm², and the system 
was operated at 37 ± 0.5°C to replicate in vivo conditions. 
To certify uniform drug diffusion, the receptor fluid was 
unceasingly stirred at 100 rpm throughout the 
experiment[30]. 
At specific time points, 1 mL aliquots were removed from 
the receptor compartment and proximatelyswapped with an 
equivalent volume of fresh PBS to certify sink conditions 
were maintained[31]. The drug diffused was then quantified 
by UV-Vis spectrophotometry at a wavelength of 283 nm.  
 
Kinetic modelling of drug dissolution outlines 

The in vitro drug discharge profile of all PNGs was 
analyzed using various mathematical kinetic models to find 
the discharge mechanism. The data were plotted in different 
modes to assess the drug dischargefeatures. In the zero-
order kinetic model, first-order, and Higuchi models [32].  
Additionally, the Korsmeyer-Peppas model is used to find 
the discharge exponent (n), which helps classify the 
mechanism of transport. These kinetic models provide 
valuable insights into the dischargefeatures of the PNG, 
helping to understand the mechanism and control of drug 
discharge for enhanced therapeutic efficacy[33]. 
 
Stability studies 
The optimized PNGs were sealed in 5 mL clear glass vials 
and subjected to stability studies under different storage 
conditions as per ICH Q1C guidelines. The PNGs were 
stored at 4°C and 25°C, and accelerated conditions (45±2°C 
and 75±5% RH) to assesstheir stability over time[34]. 
Samples were analyzed at specific intervals for physical 
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appearance, drug content, EE, and in vitro diffusion study 
for up to 90 days[34-49].  
 
RESULTS 
FTIR compatibilitystudies 
The FT-IR spectroscopy analysis was directed to assess the 
compatibility of Montelukast Sodium with the selected 
polymers and excipients. The FT-IR spectrum of pure 
Montelukast Sodium exhibited distinct absorption peaks at 
3399.10 cm⁻¹ (COOH stretching), 2985.09 cm⁻¹ (C-H 
stretching), 636.01 cm⁻¹ (C-Cl stretching), 556.19 cm⁻¹ (C-
S stretching), 1588.50 cm⁻¹ (C=C stretching), 1493.45 cm⁻¹ 
(C-C stretching), and 3654.67 cm⁻¹ (OH stretching). The 
FTR spectra of the physical mixture of Montelukast Sodium 
with excipients retained all typicalpeaks of the drug without 
significant shifts, disappearance, or formation of new 
peaks. This specifies that there was no major chemical 
contact between Montelukast Sodium and the excipients 
(Show in Fig.3). 

 

Fig.3. A) FTIR Spectrum of Montelukast Sodium & B) 
Along with all excipients 

 
UV analysis of Montelukast 
The absorption maximum (λmax) of Montelukast Sodium 
was resolvedwith a UV-Visible spectrophotometer. The 
standard calibration curve of the drug was made in PBS by 
verifying the absorbance at the identified λmax. The 
calibration curve displayed a straight-line relationship with 
a correlation coefficient (R²) of 0.9969, demonstrating a 
strong linear correlation (Show in Fig.4). 

 
Fig.4. Calibration curve of Montelukast Sodium 

 
Assessment 
Physical examination 
The PNG (F1–F9) were assessed for their physical 
properties, including spreadability, washability, 
homogeneity, color, odor, and phase separation. All PNGs 
demonstrated easy spreadability and were washable. They 
exhibited uniform homogeneity, appeared opaque in color, 
and had an aromatic odor. Additionally, no phase separation 
was observed in any of the PNGs (Show in Table 2). 

 
Table 2: Physical examination of proniosomal gels 

Trial Spreadability Washability Homogeneity Colour Odour Phase 
Separation 

F1 Easy Washable Yes Opaque Aromatic No 
F2 Easy Washable Yes Opaque Aromatic No 
F3 Easy Washable Yes Opaque Aromatic No 
F4 Easy Washable Yes Opaque Aromatic No 
F5 Easy Washable Yes Opaque Aromatic No 
F6 Easy Washable Yes Opaque Aromatic No 
F7 Easy Washable Yes Opaque Aromatic No 
F8 Easy Washable Yes Opaque Aromatic No 
F9 Easy Washable Yes Opaque Aromatic No 

Determination of pH 
The pH of the PNG was verified at 25ºC and found to be 
within the range of 6.74±0.178 to 7.20±0.134, which falls 

within the acceptable limits for topical preparations. The 
detailed pH for each PNGis presented in (Show in Table. 3). 
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Table 3: pH of proniosomal gels 
Formulation pH ± SD 
F1 6.98 ± 0.054 
F2 6.80 ± 0.043 
F3 7.03 ± 0.167 
F4 6.93 ± 0.068 
F5 7.12 ± 0.231 
F6 7.20 ± 0.134 
F7 6.86 ± 0.125 
F8 6.97 ± 0.202 
F9 6.74 ± 0.178 
Mean±SD; n=3 

 
Rheological studies  
The rheological behavior of the PNG was judged by 
plotting a graph of shear rate vs. viscosity (Show in Fig.5). 
The results demonstrated that the viscosity of the PNGs 
reduced with an upsurge in shear rate, indicating a 
pseudoplastic flow. This behavior suggests that the PNGs 
exhibit non-Newtonian flow (shear-thinning properties), 
which is advantageous for topical application. 

 
Fig.5. Rheological profile of proniosomal gels 
Spreadability coefficient studies 
The spreadability of different PNGs was assessed (Show in 
Table 4). All PNGs exhibited good spreadability, indicating 
ease of application. Among the tested PNGs, F4 
demonstrated the highest spreading coefficient, suggesting 
superior Spreadability compared to the other PNGs. 
 
Table 4: Spreadability of montelukast sodium gels 

 
 
 
 
 
 
 
 
 
 
 
 

Vesicle size analysis 
The VS is crucial for the topical application of vesicles, as 
it influences drug penetration and stability. The VS of the 
PNGsranged from 3.33 ± 0.12 to 5.83 ± 0.21 µm, as (shown 
in Fig.6.) Among the PNGs, F8 and F2, which were 
composed of span 60 and a grouping of span 20 and span 
60, showed larger VS compared to the other PNGs. 

 
Fig.6. Comparison of vesicle size of proniosomal gels 
 
Entrapment efficiency 
The EE of the PNGs was found to range from 19.41 ± 
0.89% to 54.46 ± 0.50%. The EE of all 9 PNGs is 
represented in Figure 7, with F2 exhibiting the highest EE 
(54.46%). 

 
Fig.7. Comparison of the entrapment efficiency of 
proniosomal formulations 
 
As shown in the result, proniosomes formed from span 
exhibited good EE. This could be clarifiedbased on the 
niosomal efficiency, which might be because of the leakage 
of the vesicles. The higher entrapment may be clarified by 
high cholesterol content. 
 
Drug content analysis 
The drug content of the developed PNGs(F1 to F9) 
containing Montelukast Sodium was found to be in the 
range of 90.22 ± 0.09% to 97.37 ± 0.19%, indicating a high 
level of drug loading within the PNGs. These readings 
suggest that the drug was effectively incorporated during 
the PNGs process and remained stable throughout the 
preparation. 
 
SEM results 
The SEM images of the optimized F2, as depicted in Fig.8, 
revealed that the vesicles are spherical with clearly defined 
and sharp boundaries. The vesicles appeared to be well-
identified and distinguishable from one another, although 
there was slight heterogeneity in their size distribution. 

Trials  Time (sec) Spreadability 
(gcm/sec) 

F1 5.1±0.21 29.01 ± 0.32 
F2 5.5±0.22 26.90 ± 0.25 
F3 5.3±0.35 27.92 ± 0.43 
F4 4.5±0.14 32.88 ± 0.47 
F5 4.8±0.06 30.83 ± 0.06 
F6 5.6±0.42 26.42 ± 0.17 
F7 5.7±0.21 25.96 ± 0.24 
F8 5.7±0.36 25.96 ± 0.08 
F9 5.8±0.27 25.51 ± 0.36 
Values in mean ±SD; n=3 
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Fig.8. SEM analysis of F2 

 
In-vitro diffusion studies 
The invitro drug diffusion study for Montelukast Sodium-
loaded PNG was conductedover 12 h (Table 5). Among all 
the PNGs, F2 exhibited the highest drug discharge of 
90.81% within 12 h. The initial phase of drug discharge 
(first 7 h) showed 40% to 50% discharge, which was likely 
due to the burst discharge of unstable or improperly formed 
niosomes. After 9 h, the discharge profile extending up to 
12 h (Fig.9). 
 

 
Fig.9. Drug discharge profile of the F1-F9 
 
 
Drug discharge kinetics 
The regression analysis for the in vitro drug discharge data 
of all PNGs was assessed using different kinetic models, as 
shown in Table 6. F2 exhibited the highest regression 
readings (R² = 0.9629) for Zero-order kinetics, indicating 
that drug discharge occurred at a constant rate, independent 
of concentration. The Higuchi model also showed a high 
regression coefficient (R² = 0.9412) for F2, suggesting that 
the discharge was diffusion-controlled. Furthermore, the 
Korsmeyer-Peppas model for F2 yielded an ‘n’ value of 
1.1766, indicating Super case-II transport, which involves 
both diffusion and polymer relaxation mechanisms(Show in 
table. 5). 

 
Table 5: Regression coefficient (r2) values of kinetics 
model for the batches F1 to F9 

Tri
al  

Kinetic drug 
discharge 

Mechanism of 
discharge 

 

Zero 
order 

First 
order 

Higu
chi 

Korsmeyer- 
Peppas 

 

R² R² R² R² Slope 
'n' 

 

F1 0.9689 0.6945 0.875
6 

0.749
1 

1.190
6 

 

F2 0.9629 0.6113 0.941
2 

0.696
2 

1.176
6 

 

F3 0.9782 0.6096 0.954
5 

0.690
6 

1.125
8 

 

F4 0.9899 0.6771 0.938
4 

0.775
3 

1.198
0 

 

F5 0.9796 0.6195 0.938
4 

0.738
3 

1.164
5 

 

F6 0.9919 0.6773 0.934
8 

0.760
8 

1.163
8 

 

F7 0.9892 0.6236 0.964
6 

0.722
1 

1.172
4 

 

F8 0.9825 0.5952 0.967 0.684
6 

1.122
8 

 

F9 0.9645 0.5506 0.987
6 

0.652
4 

1.094
4 

 

 
Stability studies data 
The stability studies of the selected PNG were directed as 
per ICH Q1C guidelines over 90 days at different storage 
conditions: 4°C, 25°C, and 45±2°C with 75±5% RH. The 
PNGs were periodically assessed for visual appearance, pH, 
VS, EE, drug content, and in vitro diffusion studies, as 
presented in Table 6, Figures 10 and 11. The results 
demonstrated that the PNG remained most stable at 4°C, 
with no significant changes in physical or chemical features 
over the 12-week study period. The stability data of selected 
F2 stored at accelerated stability studies (45ºC±2 °C and 
75±5% RH) is shown in Table 6. 
 
Table 6: Physicochemical considerations of best F2 at 0, 
1stand 2ndmonth 
 

No.
of 
day
s 

Physic
al 
Appea
rance 

pH Vesicle 
size 
(µm) 

%Drug 
content 

0 No 
change 

6.80±
0.04 

5.416±0
.05 

95.675±0
.07 

30 No 
change 

6.74±
0.06 

5.833±0
.07 

95.563±0
.08 

60 No 
change 

7.36±
0.05 

4.583±0
.09 

94.539±0
.06 

Value in mean±SD; n=3 
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Fig.10. Drug entrapment of better formulation (F2) at 0, 
1st, and 2ndmonths 
 

 
Fig.11 In vitro diffusion studies of best formulation F2 at 
0, 1st, and 2nd months 
 
DISCUSSION 
FTIR spectroscopy is a reliable analytical tactic for 
detecting potential interactions between drug molecules and 
excipients in pharmaceutical formulations. In this study, the 
identical presence of functional group vibrations in both 
pure Montelukast Sodium and the physical mixture 
confirms that the molecular structure of the drug remains 
unchanged when combined with excipients. The absence of 
any significant peak shifts or additional peaks suggests that 
Montelukast Sodium remains chemically stable and 
compatible with the selected excipients. This is a crucial 
factor in ensuring the integrity and effectiveness of the final 
PNG. These findings support the suitability of the selected 
excipients for developing a stable proniosomal system for 
Montelukast Sodium. 
The results confirm that Montelukast Sodium follows 
Beer’s law in PBS, as indicated by the linearity of the 
calibration curve. The high correlation coefficient (0.9969) 
suggests an accurate and consistent relationship between 
drug levels and absorbance, ensuring precise quantification 
of the drug in further analytical and formulation studies. 
This validation supports the suitability of UV-visible 
spectrophotometry as a reliable tacticfor drug estimation. 
The physical features of the PNG indicate its suitability for 
topical application. The absence of phase separation 
suggests good formulation stability, while the uniform 
homogeneity and ease of spreadability certify consistent 
application. The opaque appearance and aromatic odor 

contribute to user acceptability, further supporting the 
formulation's quality. These properties confirm that the gel 
meets essential criteria for an effective proniosomal DDS. 
The observed physical features of the PNG suggest their 
suitability for topical application. The ease of spreadability 
certifys smooth application, while washability allows for 
convenient removal. Uniform homogeneity designatesthe 
proper distribution of ingredients, preventing 
inconsistencies in DDS. The opaque appearance and 
aromatic odor contribute to user acceptability, enhancing 
patient compliance. Moreover, the absence of phase 
separation confirms the stability of the formulations over 
the study period, making them suitable for further 
development. 
The pH of a topical medications is a critical consideration 
that affects skin compatibility and overall stability. The 
observed pH indicates that the formulations are well within 
the physiological pH range of the skin, reducing the 
likelihood of exasperation or discomfort upon application. 
This guarantees that the PNGs are safe for prolonged use 
and maintain their effectiveness without causing adverse 
skin reactions. 
The observed pseudoplastic behavior is desirable for topical 
medications as it confirms ease of application and 
spreadability on the skin. Non-Newtonian gels reduce 
resistance to flow under higher shear rates, meaning they 
become less viscous when applied and return to their 
original consistency when at rest. This property enhances 
user experience by facilitating smooth application while 
ensuring optimal retention on the skin after application. The 
findings confirm that PNGpossesses appropriate 
rheological properties for topical administration. 
The ability of a topical medications to spread easily is a 
critical restriction influencing patient compliance and 
effectiveness. The high spreadability observed in 
formulation F4 suggests an optimal balance of viscosity and 
consistency, allowing for smooth application over the skin 
surface. The improved spreading coefficient of F4 could be 
attributed to the appropriate selection and levels of 
excipients, which facilitated better gel flow and 
distribution. This feature confirms uniform drug 
application, enhancing therapeutic efficacy. 
VS plays a significant role in finding the stability and 
effectiveness of PNG. The results indicate that a surge in 
surfactant levels leads to a rise in VS, which could be due 
to the enhanced bilayer formation. However, an upsurge in 
EE resulted in a slash in VS, possibly due to better drug 
entrapment within the vesicular structure. The formulations 
with larger VS (F8 and F2) may offer sustained drug 
discharge, whereas those with smaller vesicles could 
facilitate better skin penetration. Thus, optimizing VS is 
essential for achieving the anticipated therapeutic outcome. 
EE is a critical restriction in proniosomal formulations as it 
directly influences drug discharge and stability. The results 
indicate significant variability in EE across formulations, 
with F2 achieving the highest encapsulation (54.46%). This 
could be attributed to the optimized ratio of surfactants and 
cholesterol, which enhances drug incorporation within the 
vesicles. Higher EEguarantees improved drug retention, 
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leading to prolonged discharge and enhanced 
bioavailability. Variations in surfactant composition and 
levels may account for the observed differences among 
formulations. Thus, F2 may be a promising candidate for 
further development due to its superior drug retention 
capacity. 
As shown in the results, proniosomes formulated using 
Span surfactants demonstrated good EE. This observation 
can be attributed to the ability of span surfactants, 
particularly span 60, to form stable vesicles with tight 
bilayer packing, which reduces drug leakage. The higher EE 
observed in some formulations may also be due to the 
augmented cholesterol content, which plays a key role in 
stabilizing the bilayer structure of vesicles. Cholesterol 
enhances membrane rigidity and reduces permeability, 
thereby minimizing drug leakage and contributing to 
improved entrapment. Therefore, the combination of span 
surfactants and high cholesterol levels appears to be a 
significant factor in achieving higher EE in proniosomal 
formulations. 
The drug content analysis confirms that Montelukast 
Sodium was uniformly distributed across all the PNG. This 
uniformity is essential to certify consistency in therapeutic 
performance and reliable assessment in subsequent studies. 
The high % readings close to 100% also reflect the 
efficiency of the formulation approach and the 
compatibility of the drug with the excipients used. These 
drug content results provided the basis for estimating both 
EE and in vitro drug discharge, supporting the reliability 
and reproducibility of the developed PNG. 
The SEM analysis confirmed the morphological features of 
the proniosomal vesicles. The spherical shape of the 
vesicles supports their potential for enhanced skin 
permeation and DDS. The slight heterogeneity in size may 
be attributed to the PNG making and surfactant 
composition, yet the sharp boundaries indicate good 
structural integrity of the vesicles. These morphological 
traits further validate the suitability of F2 for topical 
application and efficient drug entrapment. 
The kinetic analysis of F2 confirms that the drug discharge 
follows Zero-order kinetics, which is a desirable 
characteristic for maintaining a consistent drug level over 
time. The strong correlation with the Higuchi model 
suggests that diffusion plays a significant role in drug 
discharge. The Korsmeyer-Peppas model results further 
reinforce that the discharge mechanism is Super case-II 
transport, meaning that in addition to diffusion, polymer 
swelling and relaxation also contribute to the controlled 
discharge profile. These findings highlight that F2 
demonstrates an optimal balance between diffusion and 
matrix relaxation, making it a promising PNG for sustained 
DDS through PNG. The results suggest that the Zero-order 
kinetic model and Super case-II transport mechanism 
confirm a prolonged and controlled discharge of 
Montelukast Sodium, enhancing its therapeutic efficacy in 
topical applications. 
The stability assessment revealed that lower storage 
temperatures (4°C) helped maintain the structural integrity 
of the vesicles, preventing aggregation or leakage of the 

drug. The pH, VS, EE, and drug content remained nearly 
unchanged at this temperature. However, at higher 
temperatures (25°C and 45±2°C), slight variations were 
observed, particularly in VS and EE, indicating minor 
degradation or instability over time. The in vitro diffusion 
profile of the PNG stored at 4°C showed consistent drug 
discharge, reinforcing the importance of storing 
proniosomal gels under refrigeration for better shelf 
stability. These findings suggest that temperature plays a 
crucial role in maintaining the efficacy and integrity of 
PNG, and storing them at lower temperatures is ideal for 
long-term stability. 
 
CONCLUSION 
The study successfully demonstrates the development of a 
stable and effective proniosomal gel (PNG) system for the 
topical delivery of Montelukast Sodium. FTIR analysis 
confirmed the absence of drug–excipient interactions, 
ensuring chemical stability. UV-spectrophotometric 
validation affirmed precise drug estimation, while the 
physical and rheological assessments supported the gel's 
suitability for skin application. Among all formulations, F2 
emerged as the most promising, exhibiting optimal vesicle 
size, high entrapment, desirable spreadability, and a 
sustained zero-order drug release governed by Super case-
II transport. Morphological analysis via SEM further 
validated the vesicular integrity, and stability studies 
emphasized the importance of cold storage for maintaining 
formulation quality. Overall, the findings establish F2 as a 
potent candidate for enhanced topical drug delivery, 
combining formulation stability with prolonged therapeutic 
efficacy.. 
. 
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