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ABSTRACT 

Asthma is a chronic inflammatory disorder of the airways characterized by reversible 

bronchoconstriction, airway hyper-responsiveness, and mucus hypersecretion. Salbutamol 

sulfate, a short-acting β₂-adrenergic agonist, is widely used as a bronchodilator for the 

management of acute asthma symptoms. However, its short biological half-life and frequent 

dosing requirements lead to poor patient compliance and fluctuating plasma drug levels. The 

present study aims to design, formulate, and evaluate a controlled drug delivery system of 

salbutamol sulfate to achieve sustained drug release, improved therapeutic efficacy, and 

enhanced patient compliance. A controlled release matrix tablet of salbutamol sulfate was 

developed using hydrophilic polymers such as hydroxypropyl methylcellulose (HPMC) of 

varying viscosity grades. The formulated tablets were evaluated for physicochemical properties 

including weight variation, hardness, friability, drug content uniformity, swelling index, and in 

vitro drug release behavior. Drug–polymer compatibility was assessed using Fourier Transform 

Infrared Spectroscopy (FTIR). In vitro release studies were conducted using USP dissolution 

apparatus, and release kinetics were analyzed using mathematical models. The results 

demonstrated that polymer concentration significantly influenced the drug release profile. 

Optimized formulations exhibited sustained drug release up to 12 hours, following non-Fickian 

diffusion kinetics. The study concludes that a controlled drug delivery system of salbutamol 

sulfate can effectively prolong drug release, reduce dosing frequency, and offer improved 

asthma management. 

KEYWORDS 

Salbutamol sulfate; Asthma; Controlled drug delivery; Matrix tablets; Sustained release; 

HPMC; Release kinetics 

INTRODUCTION 

Asthma is a chronic respiratory disease affecting millions of individuals worldwide and is 

characterized by episodic airflow obstruction, airway inflammation, and bronchial 

hyperresponsiveness. The disease significantly impacts quality of life and imposes a substantial 
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economic burden due to recurrent hospitalizations and long-term medication use. 

Pharmacological management of asthma primarily involves bronchodilators and anti- 

inflammatory agents, among which β₂-agonists play a pivotal role in providing rapid relief from 

bronchospasm1-3. 

Salbutamol sulfate is a selective β₂-adrenergic receptor agonist commonly prescribed for the 

treatment of asthma and chronic obstructive pulmonary disease (COPD). It acts by relaxing 

bronchial smooth muscles, leading to bronchodilation and improved airflow. Despite its 

effectiveness, salbutamol sulfate suffers from limitations such as a short half-life 

(approximately 4–6 hours), necessitating frequent administration, which may result in poor 

patient adherence and increased risk of side effects4-6. 

Controlled drug delivery systems are designed to release drugs at a predetermined rate for an 

extended period, maintaining therapeutic drug levels and minimizing fluctuations. Such 

systems enhance patient compliance, reduce dosing frequency, and improve clinical outcomes. 

Matrix-based controlled release tablets using hydrophilic polymers have gained considerable 

attention due to their simplicity, cost-effectiveness, and reproducibility7,8. 

The objective of the present research is to develop a controlled drug delivery system of 

salbutamol sulfate using hydrophilic polymer matrices and to evaluate its physicochemical 

characteristics and drug release behavior for effective asthma therapy. 

MATERIALS 

Salbutamol sulfate was received as a gift sample from Cipla Ltd., Mumbai, India. HPMC K4M 

and HPMC K15M were procured from Colorcon Asia Pvt. Ltd., Goa, India. Microcrystalline 

cellulose (PH-102), lactose monohydrate, magnesium stearate, and talc were obtained from 

Signet Chemical Corporation Pvt. Ltd. and SD Fine Chemicals Ltd., Mumbai, India. Potassium 

dihydrogen phosphate and sodium hydroxide were purchased from Merck Life Science Pvt. 

Ltd., Mumbai, India. Distilled water and all chemicals used were of analytical reagent grade 

and used as received. 

METHODS 

Preformulation Studies 

Preformulation studies were carried out to evaluate the physicochemical properties of 

salbutamol sulfate and to assess its suitability for formulation into a controlled drug delivery 

system. These studies are essential to ensure drug stability, compatibility with excipients, and 

reproducibility of formulation performance9. 
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Determination of Organoleptic Properties 

The organoleptic characteristics of salbutamol sulfate, including color, odor, and appearance, 

were examined visually to assess physical purity and uniformity10. 

Determination of Solubility 

The solubility of salbutamol sulfate was determined in various media, including distilled water, 

phosphate buffer pH 6.8, and acidic buffer pH 1.2, by the shake-flask method. Excess drug was 

added to the solvent, shaken for 24 hours at room temperature, filtered, and analyzed 

spectrophotometrically11. 

Determination of Melting Point 

The melting point of salbutamol sulfate was determined using a digital melting point apparatus 

to assess drug purity and thermal stability12. 

Determination of Partition Coefficient 

The partition coefficient of salbutamol sulfate was determined using the n-octanol/water 

system to evaluate its lipophilicity and predict membrane permeability12. 

Drug–Excipient Compatibility Studies 

Compatibility between salbutamol sulfate and selected excipients (HPMC K4M, HPMC 

K15M) was studied using Fourier Transform Infrared (FTIR) spectroscopy. Samples of pure 

drug and physical mixtures were analyzed over a range of 4000–400 cm⁻¹13. 

Formulation of Controlled Release Tablets 

Controlled release tablets of salbutamol sulfate were formulated using the hydrophilic matrix 

system approach. Hydroxypropyl methylcellulose (HPMC) of different viscosity grades (K4M 

and K15M) was employed as the release-controlling polymer to modulate drug release by 

diffusion and polymer relaxation mechanisms. Tablets were prepared by the direct compression 

method, owing to its simplicity, cost-effectiveness, and suitability for moisture-sensitive 

materials14. 

Accurately weighed quantities of salbutamol sulfate, HPMC, microcrystalline cellulose, and 

lactose monohydrate were passed through a #60 sieve and blended uniformly in a mortar to 

ensure homogenous distribution of the drug within the polymeric matrix. Magnesium stearate 

and talc were finally added as lubricant and glidant, respectively, and mixed gently to avoid 

over-lubrication. The prepared powder blend was compressed into tablets using a single-punch 

tablet compression machine fitted with flat-faced punches (Table 1). All tablets were stored in 

airtight containers until further evaluation15,16. 
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Table 1. Formulation design of controlled release tablets of salbutamol sulfate 
 

Ingredient (mg/tablet) F1 F2 F3 F4  

Salbutamol sulfate (mg) 4 4 4 4 

HPMC K4M (mg) 40 60 — —  

 788 
HPMC K15M (mg) — — 40 60 

Microcrystalline cellulose (PH-102) 

(mg) 

90 70 90 70 

Lactose monohydrate (mg) 60 60 60 60 

Magnesium stearate (mg) 3 3 3 3 

Talc (mg) 3 3 3 3 

Total weight (mg) 200 200 200 200 

 

Evaluation of Tablets 

The prepared matrix tablets were evaluated for various physicochemical parameters to ensure 

quality, uniformity, and suitability for controlled drug delivery17-22. 

Weight Variation 

Twenty tablets from each formulation were randomly selected and individually weighed using 

an analytical balance. The average weight and percentage deviation were calculated in 

accordance with pharmacopeial specifications. 

Hardness 

Tablet hardness was determined using a Monsanto hardness tester. The force required to break 

each tablet was recorded in kg/cm², and the average hardness was calculated. 

Friability 

Friability was evaluated using a Roche friabilator. A sample of pre-weighed tablets was rotated 

at 25 rpm for 4 minutes, and the percentage weight loss was calculated. Friability values below 

1% were considered acceptable. 

Drug Content Uniformity 

Ten tablets from each formulation were crushed, and an amount equivalent to 4 mg of 

salbutamol sulfate was accurately weighed, dissolved in phosphate buffer (pH 6.8), filtered, 

and analyzed spectrophotometrically. Drug content was expressed as percentage of the labeled 

claim. 
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Swelling Index 

Swelling studies were performed by placing tablets in phosphate buffer (pH 6.8) at 37 ± 0.5°C. 

Tablets were removed at predetermined time intervals, blotted to remove excess surface liquid, 

and weighed. The swelling index was calculated to assess hydration and gel formation behavior   

of the matrix. 

In Vitro Drug Release Studies 

In vitro drug release studies of the prepared salbutamol sulfate-controlled release matrix tablets 

were carried out using the USP Dissolution Apparatus Type II (paddle method). The dissolution 

medium consisted of 900 mL of phosphate buffer (pH 6.8), selected to simulate the intestinal 

pH conditions relevant for oral drug absorption. The temperature of the dissolution medium 

was maintained at 37 ± 0.5°C, and the paddle rotation speed was set at 50 rpm throughout the 

study. 

At predetermined time intervals (1, 2, 4, 6, 8, 10, and 12 hours), 5 mL samples were withdrawn 

from the dissolution medium and immediately replaced with an equal volume of fresh buffer 

maintained at the same temperature to maintain sink conditions. The withdrawn samples were 

filtered through a 0.45 μm membrane filter, suitably diluted, and analyzed for drug content 

using a UV–Visible spectrophotometer at the predetermined wavelength of maximum 

absorbance of salbutamol sulfate. All dissolution studies were performed in triplicate, and the 

mean cumulative percentage drug release was calculated23,24. 

Results 

Organoleptic Properties 

Salbutamol sulfate was observed to be a white to off-white crystalline powder, free from any 

characteristic odor, indicating acceptable physical purity. 

Solubility Studies 

Salbutamol sulfate exhibited high solubility in distilled water and phosphate buffer pH 6.8, 

while moderate solubility was observed in acidic buffer pH 1.2 (Table 2). 

Table 2: Solubility profile of Salbutamol sulfate 
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Medium Solubility 

Distilled water Freely soluble 

Phosphate buffer pH 6.8 Soluble 

Acidic buffer pH 1.2 Moderately soluble 
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Melting Point 

The melting point of salbutamol sulfate was found to be 158–160°C, which corresponds well 

with reported literature values, confirming the purity and thermal stability of the drug. 

Partition Coefficient 

The partition coefficient (log P) of salbutamol sulfate was found to be 0.6, indicating its 

hydrophilic nature. 

Drug–Excipient Compatibility 

FTIR spectra of salbutamol sulfate and its physical mixtures with HPMC K4M and HPMC 

K15M showed retention of all characteristic functional group peaks without significant shifting 

or disappearance, confirming the absence of chemical interaction. 

 

Figure 1: FTIR Spectrum of Pure Salbutamol Sulfate 

 

The FTIR spectrum of pure salbutamol sulfate (Figure 1) exhibited characteristic peaks 

corresponding to: 

• O–H stretching around 3400 cm⁻¹ 

• N–H stretching near 3300 cm⁻¹ 

• Aromatic C=C stretching at approximately 1600 cm⁻¹ 
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• Sulfate (S=O) stretching around 1150–1200 cm⁻¹ 

These peaks confirm the structural integrity of the drug. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: FTIR Spectrum of Salbutamol Sulfate with HPMC (Optimized Formulation) 

 

The FTIR spectrum of the optimized formulation showed all characteristic peaks of salbutamol 

sulfate without significant shifting, broadening, or disappearance. This indicates no chemical 

interaction between salbutamol sulfate and HPMC polymers, confirming compatibility and 

stability of the formulation (Figure 2). 
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Figure 3: Comparative FTIR Overlay of Pure Drug and Optimized Formulation 

 

The overlay spectra demonstrate retention of functional group peaks, further supporting the 

absence of drug–polymer interaction and suitability of HPMC as a matrix former for controlled 

drug delivery (Figure 3). 

Physicochemical Evaluation of Tablets 

All formulations complied with pharmacopeial limits and exhibited satisfactory mechanical 

and physical properties (Table 3). 

Table 3: Evaluation Parameters of Salbutamol Sulfate Matrix Tablets 
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Parameter F1 F2 F4 

Average weight (mg) 200.3 ± 1.5 199.8 ± 1.2 200.1 ± 1.4 

Hardness (kg/cm²) 5.1 ± 0.2 5.6 ± 0.3 6.0 ± 0.2 

Friability (%) 0.62 0.54 0.48 

Drug content (%) 98.6 ± 0.8 99.1 ± 0.6 99.4 ± 0.5 

Swelling index (%) 62.3 74.6 88.9 
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All formulations were successfully prepared using the direct compression method and showed 

uniform appearance without any visible defects such as capping or lamination. The variation 

in polymer type and concentration significantly influenced tablet characteristics and drug 

release  behavior.  Formulations  containing  higher  concentrations  of  HPMC  demonstrated     

improved matrix integrity and sustained drug release. Tablets formulated with HPMC K15M 

exhibited comparatively slower drug release than those containing HPMC K4M due to higher 

viscosity and stronger gel layer formation. Formulation F4, containing a higher concentration 

of HPMC K15M, showed the most sustained release profile and was selected as the optimized 

formulation. 

In Vitro Drug Release Profile 

The in vitro dissolution studies demonstrated a sustained release pattern of salbutamol sulfate 

from all matrix tablet formulations. The cumulative percentage drug release increased 

gradually with time, and the rate of drug release was found to be strongly influenced by the 

concentration and viscosity grade of HPMC used in the formulation. Formulations containing 

lower concentrations of HPMC exhibited relatively faster drug release, whereas formulations 

with higher polymer content showed a more controlled and prolonged release profile. The 

optimized formulation achieved nearly complete drug release (≈98%) over a period of 12 

hours, without exhibiting an initial burst effect (Figure 4). 

Figure 5 illustrates the zero-order release kinetics plot, showing a near-linear relationship 

between cumulative drug release and time. Figure 6 (Higuchi plot) demonstrated a linear 

relationship between cumulative drug release and the square root of time, while Figure 7 

(Korsmeyer–Peppas plot) indicated anomalous transport behavior. 
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Figure 4: Effect of polymer type and concentration on cumulative drug release (%) 

 

 

Drug release kinetic studies 

To understand the mechanism of drug release, dissolution data were fitted to various kinetic 

models (Table 4). 

Table 4: Drug Release Kinetic Model Parameters 
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Model Equation R² (F1) R² (F2) R² (F4) 

Zero Order Qt = Q0 + k0t 0.921 0.934 0.958 

First Order log Qt = log Q0 – kt/2.303 0.887 0.902 0.918 

Higuchi Qt = kH√t 0.963 0.978 0.989 

Korsmeyer–Peppas Mt/M∞ = ktn 0.972 0.984 0.991 
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Figure 5: Zero-Order Release Kinetics Plot 

The plots indicate near-linear release for optimized formulation F3, suggesting a controlled and 

uniform drug release pattern over time. 

 

 

Figure 6: Higuchi Release Kinetics Plot 
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High linearity confirms that diffusion is a dominant mechanism governing drug release from 

the hydrophilic polymer matrix. 
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Figure 7: Korsmeyer–Peppas Plot 

The release exponent (n) values ranged between 0.45 and 0.89, indicating non-Fickian 

(anomalous) transport, involving both diffusion and polymer relaxation mechanisms. 

 

Table 5: Comparative Analysis of Drug Release Kinetic Models for Optimized 

Formulation 

Kinetic Model Plot Description Regression 

Coefficient (R²) 

Interpretation 

Zero Order Cumulative % drug 

release vs time 

0.958 Indicates near-constant 

drug release over time 

First Order Log cumulative drug 

remaining vs time 

0.918 Suggests concentration- 

dependent  release (less 

predominant) 
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Discussions 

Preformulation studies play a crucial role in the rational design of controlled drug delivery 

systems. The organoleptic evaluation confirmed the acceptable physical appearance and purity 

of salbutamol sulfate, making it suitable for tablet formulation. 

The solubility studies indicated that salbutamol sulfate is freely soluble in aqueous and near- 

neutral pH environments. This high aqueous solubility is advantageous for rapid dissolution 

but necessitates the use of a release-controlling polymer to prevent dose dumping. The 

selection of HPMC as a hydrophilic matrix former was therefore justified to modulate drug 

release and sustain therapeutic levels25. 

The melting point determination revealed a narrow melting range consistent with literature 

values, confirming the crystalline nature and purity of the drug. This thermal stability ensures 

that salbutamol sulfate can withstand processing conditions such as compression without 

degradation. 

The low partition coefficient (log P = 0.6) reflects the hydrophilic nature of salbutamol sulfate, 

indicating limited passive diffusion across lipid membranes. Consequently, controlled release 

through a hydrated polymer matrix is a suitable strategy to prolong drug availability rather than 

relying on lipophilicity-driven absorption26. 

Drug–excipient compatibility studies using FTIR spectroscopy confirmed that salbutamol 

sulfate is chemically compatible with HPMC K4M and HPMC K15M. The absence of peak 

shifting or new peak formation indicates no interaction between the drug and polymers, 

ensuring formulation stability and consistent drug release behavior. The controlled drug 

delivery system developed in this study successfully modulated the release of salbutamol 

sulfate over an extended period. Hydrophilic polymers such as HPMC form a gel layer upon 

hydration, which acts as a diffusion barrier and controls drug release. Increasing polymer 

concentration enhanced matrix integrity and reduced drug diffusion rate27-30. 

Higuchi Model Cumulative % drug 

release vs √time 

0.989 Confirms diffusion- 

controlled drug release 

Korsmeyer– 

Peppas Model 

Log Mt/M∞ vs log time 0.991 Indicates anomalous 

(non-Fickian) transport 

Release 

Exponent (n) 

— 0.62 Drug release governed by 

diffusion + polymer 

relaxation 
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FTIR studies confirmed the absence of drug–polymer interaction, indicating formulation 

stability. Release kinetics analysis revealed that optimized formulations followed Higuchi and 

Korsmeyer–Peppas models, suggesting diffusion-controlled release with polymer relaxation. 

Such controlled release formulations are advantageous in asthma management as they maintain      

consistent plasma drug levels, reduce dosing frequency, and improve patient compliance. 

Overall, the preformulation data provided a strong scientific foundation for the development 

of an HPMC-based controlled release matrix tablet of salbutamol sulfate. The results justified 

polymer selection, supported formulation design, and contributed to the predictable release 

kinetics observed in subsequent studies. 

The formulation strategy adopted in this study was based on the principle of hydrophilic 

matrix-controlled drug delivery, where drug release is governed by polymer hydration, gel 

formation, diffusion, and erosion mechanisms. The direct compression technique proved 

effective for producing uniform tablets with consistent drug distribution. 

The results clearly demonstrate that both polymer viscosity grade and concentration play a 

crucial role in controlling drug release. Formulations containing HPMC K4M showed 

relatively faster drug release due to the formation of a less viscous gel layer, which offers lower 

resistance to drug diffusion. In contrast, HPMC K15M, owing to its higher molecular weight 

and viscosity, formed a stronger and more rigid gel barrier, thereby retarding drug diffusion 

and extending the release period31,32. 

An increase in polymer concentration further enhanced matrix integrity and reduced the rate of 

drug release. This can be attributed to increased gel thickness and reduced porosity of the 

matrix, which prolonged the diffusion path length of salbutamol sulfate. The optimized 

formulation exhibited a controlled release pattern without an initial burst effect, indicating 

efficient drug entrapment within the polymer matrix. 

The observed sustained release behavior supports the suitability of HPMC as an effective 

matrix former for controlled drug delivery systems. Such formulations are advantageous in 

asthma therapy as they maintain prolonged bronchodilatory action, minimize dosing frequency, 

and improve patient compliance. 

Overall, the formulation design and results confirm that controlled release tablets of salbutamol 

sulfate can be successfully developed using HPMC polymers, with the optimized formulation 

offering a predictable and therapeutically beneficial release profile. 
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The evaluation of physicochemical parameters demonstrated that all formulated matrix tablets 

possessed acceptable quality attributes necessary for controlled drug delivery. Weight variation 

values were within permissible limits, indicating uniform die filling and consistency of the 

compression   process.   This   uniformity   is   essential   for   ensuring   dose   accuracy   and     

reproducibility of drug release. 

Tablet hardness increased with increasing concentration of HPMC, indicating enhanced matrix 

integrity and mechanical strength. Higher hardness values observed in formulation F3 can be 

attributed to increased polymer content, which improves interparticulate bonding during 

compression. Adequate hardness is crucial to withstand handling, packaging, and 

transportation stresses. 

Friability values for all formulations were below 1%, confirming sufficient mechanical 

resistance and durability of the tablets. The reduction in friability with increasing polymer 

concentration further supports the role of HPMC in improving tablet robustness33. 

Drug content uniformity results confirmed homogeneous distribution of salbutamol sulfate 

within the matrix tablets. All formulations exhibited drug content within the acceptable 

pharmacopeial range of 95–105%, indicating efficient blending and minimal drug loss during 

processing. 

Swelling index studies revealed a direct relationship between polymer concentration and 

hydration behavior. Formulation F3 showed the highest swelling index due to increased HPMC 

content, which forms a thick gel layer upon hydration. This gel layer plays a critical role in 

controlling drug diffusion and sustaining release. Lower swelling observed in F1 resulted in 

comparatively faster drug release, whereas higher swelling in F3 contributed to prolonged and 

controlled release behavior34. 

Overall, the evaluation results indicate that formulation F3 possessed optimal mechanical 

strength, hydration capacity, and uniformity, making it the most suitable formulation for 

achieving controlled release of salbutamol sulfate. These findings correlate well with 

dissolution and kinetic studies, confirming the effectiveness of the HPMC-based matrix system 

for sustained asthma therapy. 

The in vitro drug release behavior of salbutamol sulfate matrix tablets confirms the 

effectiveness of HPMC as a hydrophilic polymer for controlled drug delivery. Upon exposure 

to dissolution medium, the HPMC matrix rapidly hydrates and swells, forming a viscous gel 

layer around the tablet. This gel layer acts as a diffusional barrier, regulating the penetration of 

dissolution medium into the matrix and controlling the outward diffusion of dissolved drug 

molecules. 
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The absence of an initial burst release indicates uniform drug distribution within the polymer 

matrix and adequate matrix integrity. As the dissolution process progresses, the thickness of 

the gel layer increases, further retarding drug diffusion and resulting in sustained release. This 

controlled   release   behavior   is   particularly  advantageous   for  salbutamol   sulfate,   which      

otherwise requires frequent dosing due to its short biological half-life. 

Kinetic modeling of the dissolution data revealed a high degree of linearity with the Higuchi 

model, suggesting that diffusion through the hydrated polymer matrix is a dominant mechanism 

of drug release. Additionally, the Korsmeyer–Peppas model showed the highest correlation 

coefficient, with a release exponent value indicative of non-Fickian (anomalous) transport. This 

confirms that drug release is governed by a combination of diffusion and polymer relaxation 

or erosion. 

The near-zero-order release profile observed for the optimized formulation indicates a 

consistent and controlled drug release rate over time, which is desirable for maintaining steady 

plasma drug levels and improving therapeutic efficacy in asthma management. Furthermore, 

statistical analysis of dissolution data demonstrated significant differences among 

formulations, confirming the role of polymer concentration in modulating drug release kinetics. 

Overall, the in vitro drug release results, supported by kinetic modeling and statistical 

validation, demonstrate that the developed HPMC-based matrix tablet system successfully 

achieves controlled release of salbutamol sulfate over an extended period, making it a 

promising formulation approach for improved asthma therapy. 

The mechanistic schematic illustrates the sequential processes involved in drug release from 

the HPMC-based controlled release matrix. Upon contact with dissolution medium, the tablet 

undergoes rapid hydration, leading to swelling of the hydrophilic polymer and formation of a 

gelatinous barrier around the matrix. This hydrated gel layer regulates the penetration of 

dissolution medium and controls the diffusion of salbutamol sulfate from the matrix core. 

Simultaneously, polymer chain relaxation and gradual erosion of the matrix contribute to 

sustained drug release. The combined effect of diffusion and polymer relaxation results in 

anomalous (non-Fickian) transport, as confirmed by Korsmeyer–Peppas kinetic analysis. This 

mechanistic understanding supports the observed controlled release behavior and validates the 

selection of HPMC as an effective matrix former. 

One-way ANOVA revealed a statistically significant difference (p < 0.05) in cumulative drug 

release profiles among the different formulations, indicating that polymer concentration 

significantly influenced the release kinetics. Post hoc Tukey’s multiple comparison test (not 
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shown) confirmed that the optimized formulation exhibited significantly different and more 

controlled release behavior compared to lower polymer concentration formulations. 

Furthermore, regression analysis of kinetic models demonstrated statistically superior fitting 

for Higuchi and Korsmeyer–Peppas models, as evidenced by higher correlation coefficients.   

These findings statistically validate the mechanistic conclusions drawn from kinetic modeling 

and support the robustness of the controlled release system. 

Statistical analysis confirmed that variations in polymer concentration significantly influenced 

drug release profiles (p < 0.05). The optimized formulation demonstrated superior controlled 

release behavior with minimal burst effect. FTIR analysis confirmed formulation compatibility, 

while kinetic modeling revealed diffusion-controlled release with polymer swelling 

contribution. These findings collectively validate the robustness and reliability of the controlled 

drug delivery system for salbutamol sulfate. The in vitro drug release data of the optimized 

controlled release formulation of salbutamol sulfate were subjected to various kinetic models 

to elucidate the mechanism of drug release and to assess the suitability of the polymeric matrix 

system28,34. 

Zero-Order Kinetics 

The zero-order kinetic model exhibited a high regression coefficient (R² = 0.958), indicating 

that the optimized formulation was capable of releasing salbutamol sulfate at a nearly constant 

rate over a prolonged period. Zero-order release is considered ideal for controlled drug delivery 

systems, as it maintains uniform plasma drug concentration and minimizes fluctuations 

associated with peak-and-trough effects. The near-linear profile observed in the zero-order plot 

(Figure 5) suggests effective matrix control by HPMC, particularly during the later stages of 

drug release. 

First-Order Kinetics 

The first-order kinetic model showed comparatively lower linearity (R² = 0.918), indicating 

that drug release was not solely dependent on the concentration of the drug remaining in the 

dosage form. This suggests that the optimized formulation does not follow a purely 

concentration-dependent release mechanism, further supporting the controlled nature of drug 

release from the polymeric matrix. 

Higuchi Diffusion Model 

The Higuchi model demonstrated excellent linearity with the highest correlation coefficient 

among classical models (R² = 0.989), confirming that diffusion plays a dominant role in the 

drug release process. Upon contact with dissolution medium, the hydrophilic HPMC polymer 

rapidly hydrates and forms a gel layer around the tablet matrix. This gel layer acts as a diffusion 
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barrier, controlling the movement of dissolved drug molecules from the matrix into the 

surrounding medium. The linear Higuchi plot (Figure 6) indicates that salbutamol sulfate 

release is proportional to the square root of time, a characteristic feature of diffusion-controlled 

systems. 

Korsmeyer–Peppas Model and Release Mechanism 

The Korsmeyer–Peppas model exhibited the highest regression coefficient (R² = 0.991), 

making it the most appropriate model to describe the release behavior of the optimized 

formulation. The calculated release exponent (n = 0.62) lies between 0.45 and 0.89, indicating 

a non-Fickian (anomalous) transport mechanism. This implies that drug release is governed by 

a combination of Fickian diffusion and polymer chain relaxation or erosion. 

The anomalous transport behavior can be attributed to the swelling of the HPMC matrix upon 

hydration, followed by gradual relaxation and erosion of the polymer chains. Initially, 

diffusion predominates as the drug diffuses through the hydrated gel layer, while at later 

stages, polymer relaxation and erosion contribute significantly to sustained drug release. 

The combined kinetic analysis confirms that the optimized formulation achieves a balance 

between diffusion-controlled and erosion-controlled mechanisms, resulting in sustained and 

predictable drug release over 12 hours. The strong agreement with zero-order, Higuchi, and 

Korsmeyer–Peppas models highlights the effectiveness of HPMC as a matrix-forming polymer 

for controlled drug delivery of salbutamol sulfate. Such a release profile is particularly 

advantageous for asthma management, as it ensures prolonged bronchodilatory action, reduces 

dosing frequency, and enhances patient compliance. 

CONCLUSION 

The present study successfully designed and evaluated a controlled drug delivery system of 

salbutamol sulfate using hydrophilic polymer-based matrix tablets. The optimized formulation 

demonstrated sustained drug release for up to 12 hours with acceptable physicochemical 

properties and predictable release kinetics. This controlled release system has the potential to 

enhance therapeutic efficacy, minimize side effects, and improve patient adherence in the long- 

term management of asthma. Further in vivo studies are recommended to establish clinical 

performance. 
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