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ABSTRACT 

Nocturnal asthma affects 60-74% of asthmatic patients with symptoms worsening during early 

morning hours (4-6 AM), disrupting sleep and reducing quality of life. This research aimed to 

develop a chronotherapeutic pulsatile drug delivery system for salbutamol sulphate to synchronize 

drug release with circadian disease patterns. Core tablets containing 4 mg salbutamol sulphate 

were formulated using wet granulation with croscarmellose sodium (10%) as superdisintegrant, 

achieving rapid disintegration (35 seconds) and complete release within 15 minutes. Press-coated 

tablets using HPMC K4M and ethylcellulose (50:50, 50 mg each) demonstrated optimal lag time 

of 5.1 hours followed by rapid drug release (>90% in 1.4 hours). Characterization using SEM, 

DSC, XRPD, and FTIR confirmed uniform coating, drug-excipient compatibility, and crystalline 

drug retention. Stability studies showed no significant changes over 6 months at 40°C/75% RH. 

In vivo pharmacokinetic studies in rabbits demonstrated 4.8-hour lag time with bioavailability 

comparable to immediate-release formulations. The developed system successfully addresses the 

chronobiological needs of nocturnal asthma, offering improved therapeutic management with 

convenient once-nightly dosing. 

Keywords: Chronotherapy, Pulsatile drug delivery, Nocturnal asthma, Salbutamol sulphate, Press-

coated tablets 
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INTRODUCTION 

1.1 Overview of Asthma and Its Chronobiology 

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

obstruction, bronchial hyperresponsiveness, and underlying inflammation [1]. It affects 

approximately 300 million people worldwide, with prevalence rates continuing to rise, particularly 

in developing countries [2]. The disease manifests through recurrent episodes of wheezing, 

breathlessness, chest tightness, and coughing, which can significantly impair the quality of life of 

affected individuals [3]. 

One of the most critical aspects of asthma pathophysiology is its circadian variation, with 

symptoms typically worsening during the early morning hours between 4:00 AM and 6:00 AM [4]. 

This phenomenon, known as nocturnal asthma or morning dipping, affects approximately 60-74% 

of asthmatic patients and represents a major clinical challenge in asthma management [5]. The 

circadian rhythm of asthma is attributed to various physiological factors, including variations in 

airway caliber, bronchial reactivity, inflammatory mediator release, and pulmonary function 

throughout the 24-hour cycle [6]. 

1.2 Conventional Treatment Approaches and Their Limitations 

The current management of asthma primarily relies on two categories of medications: controller 

medications (long-term anti-inflammatory agents) and reliever medications (rapid-acting 

bronchodilators) [11]. Beta-2 adrenergic agonists, particularly salbutamol sulphate, serve as the 

cornerstone of symptomatic relief in asthma management [12]. Salbutamol acts by stimulating 

beta-2 receptors on bronchial smooth muscle, leading to relaxation and bronchodilation through 

increased intracellular cyclic adenosine monophosphate (cAMP) levels [13]. 

1.3 Chronotherapy and Chronopharmaceutics 

Chronotherapy represents a paradigm shift in drug delivery, focusing on the synchronization of 

drug administration with biological rhythms to optimize therapeutic efficacy and minimize adverse 

effects [20]. The concept is based on the understanding that the body's response to medications 

varies according to circadian rhythms, affecting drug absorption, distribution, metabolism, and 

elimination [21]. In the context of asthma, chronotherapeutic approaches aim to deliver medication 
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at times when it is most needed, specifically during the early morning hours when symptoms 

typically worsen [22]. 

Chronopharmaceutics is the discipline that designs and develops drug delivery systems capable of 

releasing medication at predetermined times to match the body's circadian requirements [23]. 

These systems incorporate time-controlled mechanisms that can delay drug release for a specific 

period after administration, ensuring that peak plasma concentrations coincide with the time of 

maximum disease activity [24]. For nocturnal asthma, the ideal chronotherapeutic system would 

be administered at bedtime and release the drug 4-6 hours later, providing optimal bronchodilation 

during the critical early morning period [25]. 

1.4 Pulsatile Drug Delivery Systems 

Pulsatile drug delivery systems (PDDS) are specialized formulations designed to release drugs 

rapidly and completely after a predetermined lag time following administration [28]. Unlike 

sustained-release or controlled-release systems that provide continuous drug release, pulsatile 

systems mimic the natural secretion patterns of various biological substances and hormones in the 

body [29]. These systems are particularly suitable for drugs and diseases that exhibit 

chronopharmacological behavior, where constant drug levels are not desirable or necessary [30]. 

1.9 Evaluation Parameters for Chronotherapeutic Systems 

The evaluation of chronotherapeutic pulsatile drug delivery systems encompasses multiple 

dimensions, including in vitro characterization, in vivo performance assessment, and clinical 

efficacy studies. In vitro dissolution studies serve as the foundation for evaluating pulsatile release 

characteristics, providing information about lag time, release rate after lag phase, and overall 

release profile. These studies are typically conducted using USP dissolution apparatus under 

conditions that simulate the gastrointestinal environment. 

1.10 Scope and Objectives of the Present Study 

The present research aims to design, develop, and comprehensively evaluate a chronotherapeutic 

pulsatile drug delivery system of salbutamol sulphate specifically tailored for the management of 

nocturnal asthma. The study will explore various formulation approaches, including press-coated 
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tablets, polymer-coated systems, and capsular devices, to achieve a reproducible lag time of 4-6 

hours followed by rapid drug release. 

Specific objectives include: (1) selection and optimization of core formulation containing 

salbutamol sulphate with appropriate excipients for immediate release characteristics; (2) 

identification and evaluation of suitable barrier-forming polymers or coating materials to achieve 

the desired lag time; (3) systematic optimization of formulation variables using design of 

experiments approach; (4) comprehensive physicochemical and pharmaceutical characterization 

of the developed systems; (5) in vitro evaluation of pulsatile release behavior under various 

dissolution conditions; (6) stability assessment under accelerated and long-term storage 

conditions; and (7) preliminary in vivo evaluation of pharmacokinetic performance. 

2.1 Introduction to Salbutamol Sulphate 

Salbutamol sulphate, also known as albuterol sulphate in the United States, is a synthetic 

sympathomimetic bronchodilator that belongs to the class of selective beta-2 adrenergic receptor 

agonists. It is one of the most widely prescribed medications for the management of reversible 

airway obstruction associated with asthma, chronic obstructive pulmonary disease (COPD), and 

exercise-induced bronchospasm. Since its introduction in clinical practice in the late 1960s, 

salbutamol has become the standard short-acting beta-agonist (SABA) used worldwide for rapid 

relief of acute bronchospasm and prevention of exercise-induced asthma symptoms. 

2.3.1 Mechanism of Action 

Salbutamol exerts its therapeutic effects through selective stimulation of beta-2 adrenergic 

receptors located primarily on bronchial smooth muscle cells. These receptors are G-protein 

coupled receptors that, when activated, initiate a cascade of intracellular events leading to 

bronchodilation. The binding of salbutamol to beta-2 receptors activates adenylyl cyclase enzyme, 

which catalyzes the conversion of adenosine triphosphate (ATP) to cyclic adenosine 

monophosphate (cAMP). 

The increased intracellular cAMP levels trigger several downstream effects that collectively result 

in relaxation of bronchial smooth muscle. cAMP activates protein kinase A (PKA), which 

phosphorylates various target proteins involved in smooth muscle contraction. This 



  
NeuroQuantology | July 2026 | Volume 24 | Issue 7 | Page 481-499 | doi: 10.48047/nq.2026.24.7. NQ27035 
Prabhas Kommu/ Design and Evaluation of a Chronotherapeutic Pulsatile Drug Delivery System of Salbutamol Sulphate for Nocturnal Asthma  

Eissn: _1303-5150           485            www.neuroquan tology.com  

phosphorylation leads to decreased intracellular calcium ion concentrations, reduced myosin light 

chain kinase activity, and increased activity of myosin light chain phosphatase. The net result is 

smooth muscle relaxation, bronchodilation, and improved airflow through previously constricted 

airways. 

2.3.2 Beta-2 Receptor Selectivity 

The therapeutic advantage of salbutamol lies in its selectivity for beta-2 adrenergic receptors over 

beta-1 receptors. Beta-1 receptors are predominantly found in cardiac tissue, and their stimulation 

leads to increased heart rate, cardiac contractility, and potential arrhythmias. Salbutamol 

demonstrates approximately 25-fold greater selectivity for beta-2 receptors compared to beta-1 

receptors, which minimizes cardiovascular side effects at therapeutic doses. 

2.4.1 Absorption 

Following oral administration, salbutamol sulphate is rapidly absorbed from the gastrointestinal 

tract, primarily in the small intestine. The absorption process is relatively complete, with the drug 

being well absorbed across the intestinal epithelium. Peak plasma concentrations are typically 

achieved within 2 to 3 hours after oral dosing of immediate-release formulations. The rate of 

absorption can be influenced by factors such as gastric pH, presence of food, gastrointestinal 

motility, and formulation characteristics. 

2.4.2 Distribution 

After absorption, salbutamol distributes throughout the body, though it does not extensively 

penetrate lipid membranes due to its hydrophilic nature. The apparent volume of distribution is 

approximately 2 to 3 liters per kilogram body weight, indicating moderate tissue distribution. The 

drug crosses biological membranes primarily through passive diffusion and to some extent through 

active transport mechanisms. 

2.4.3 Metabolism 

Salbutamol undergoes extensive first-pass metabolism in the liver following oral administration, 

which significantly affects its systemic bioavailability. The primary metabolic pathway involves 

sulfate conjugation by phenolsulphotransferase enzymes, particularly SULT1A3, to form 
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salbutamol 4-O-sulphate, which is the major inactive metabolite. This conjugation reaction occurs 

mainly in the liver and intestinal wall. 

Additional minor metabolic pathways include oxidative metabolism mediated by cytochrome 

P450 enzymes, though this represents a smaller fraction of overall metabolism. The first-pass 

effect reduces the oral bioavailability of salbutamol to approximately 50% compared to 

intravenous administration. The metabolites formed are pharmacologically inactive and do not 

contribute to the therapeutic or adverse effects of the drug. 

2.5 Therapeutic Uses and Clinical Applications 

2.5.1 Bronchial Asthma 

Salbutamol is indicated as a bronchodilator for the relief and prevention of bronchospasm in 

patients with reversible obstructive airway disease. In asthma management, it serves as a rescue 

medication for acute symptom relief, providing rapid bronchodilation during asthma attacks. The 

drug is effective in relieving symptoms such as wheezing, chest tightness, shortness of breath, and 

coughing associated with acute bronchospasm. 

For chronic asthma management, salbutamol is used on an as-needed basis for symptom control 

and as preventive therapy before exposure to known triggers such as exercise, cold air, or allergens. 

Current asthma management guidelines recommend salbutamol and other short-acting beta-

agonists as first-line therapy for acute symptom relief in all severity categories of asthma. 

However, regular scheduled use of salbutamol alone without anti-inflammatory therapy is not 

recommended for persistent asthma, as it does not address the underlying inflammatory process. 

2.5.2 Chronic Obstructive Pulmonary Disease 

In patients with COPD, salbutamol provides symptomatic relief by reversing the reversible 

component of airway obstruction. While COPD is characterized primarily by irreversible airflow 

limitation, many patients exhibit some degree of bronchodilator responsiveness. Salbutamol is 

used both as needed for symptom relief and as part of regular maintenance therapy in combination 

with other bronchodilators and anti-inflammatory medications. 

2.5.4 Other Clinical Applications 
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Beyond its primary respiratory indications, salbutamol has been explored for several off-label uses. 

In obstetrics, it has been used as a tocolytic agent to suppress premature labor by relaxing uterine 

smooth muscle, though this application has become less common with the availability of more 

specific tocolytic agents. Salbutamol has also been investigated for its effects on potassium 

homeostasis, as beta-2 agonists can promote intracellular potassium shift and have been used in 

managing acute hyperkalemia. 

2.7.2 Serious Adverse Effects 

While serious adverse effects are uncommon at therapeutic doses, they can occur, particularly with 

excessive use or in predisposed individuals. Paradoxical bronchospasm, though rare, can occur 

with inhaled formulations and represents a potentially serious complication requiring immediate 

discontinuation and alternative therapy. Hypokalemia can result from intracellular potassium shift 

induced by beta-2 agonists, potentially leading to cardiac arrhythmias, especially in patients 

receiving high doses or concurrent medications that affect potassium balance. 

Lactic acidosis has been reported rarely with high-dose salbutamol therapy, particularly with 

intravenous administration. Hyperglycemia may occur due to beta-2-mediated glycogenolysis and 

gluconeogenesis. Patients with diabetes may experience difficulty in controlling blood glucose 

levels. Hypersensitivity reactions, including angioedema, urticaria, bronchospasm, and 

hypotension, though very rare, have been reported. 

2.7.3 Drug Interactions 

Beta-adrenergic blocking agents (beta-blockers) antagonize the effects of salbutamol and should 

generally be avoided in patients requiring bronchodilator therapy. If beta-blockers are necessary, 

cardioselective agents should be preferred, though even these may precipitate bronchospasm in 

susceptible individuals. Monoamine oxidase inhibitors (MAOIs) and tricyclic antidepressants may 

potentiate the cardiovascular effects of salbutamol due to interference with catecholamine 

metabolism. 

2.8 Contraindications and Precautions 

Salbutamol is contraindicated in patients with known hypersensitivity to salbutamol or any 

component of the formulation. While not an absolute contraindication, caution is warranted in 
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patients with cardiovascular disorders, including coronary insufficiency, cardiac arrhythmias, and 

hypertension, as the drug may exacerbate these conditions through its cardiovascular effects. 

Patients with hyperthyroidism may be more sensitive to the effects of sympathomimetic amines, 

including salbutamol. Caution is advised in patients with diabetes mellitus, as salbutamol may 

affect glucose metabolism and insulin requirements. In patients with severe renal impairment, dose 

adjustment and careful monitoring are recommended due to the drug's renal elimination. 

LITERATURE REVIEW 

3.1 Overview of Circadian Rhythms in Respiratory Diseases 

The concept of circadian variation in physiological and pathological processes has been 

extensively studied over the past several decades, with particular emphasis on respiratory 

disorders. Research has demonstrated that lung function, airway resistance, and inflammatory 

mediator release follow distinct 24-hour patterns that significantly influence disease manifestation 

and treatment outcomes [31]. The circadian clock system, governed by the suprachiasmatic 

nucleus in the hypothalamus, coordinates peripheral clocks in various tissues, including the lungs, 

to regulate time-dependent biological functions [32]. 

3.2 Chronopharmacology of Beta-2 Agonists 

The field of chronopharmacology examines how the time of drug administration influences 

therapeutic efficacy and adverse effects. For beta-2 agonists like salbutamol, 

chronopharmacological studies have revealed significant temporal variations in drug response 

related to circadian fluctuations in receptor density, receptor sensitivity, and downstream signaling 

pathways [43]. Beta-2 adrenergic receptor expression and responsiveness in bronchial smooth 

muscle exhibit circadian variation, with reduced receptor numbers and function during nighttime 

hours [44]. 

Methodology  

AIM AND OBJECTIVES 

4.1 Rationale and Justification 
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Nocturnal asthma represents a significant clinical challenge affecting a substantial proportion of 

asthmatic patients worldwide. The characteristic worsening of symptoms during early morning 

hours, typically between 4:00 AM and 6:00 AM, disrupts sleep quality, impairs daily functioning, 

and increases the risk of severe asthma exacerbations. Despite the widespread recognition of this 

circadian pattern in asthma pathophysiology, conventional therapeutic approaches fail to 

adequately address the temporal nature of the disease. 

4.2 Aim 

The aim of the present research work is to design, develop, and comprehensively evaluate a 

chronotherapeutic pulsatile drug delivery system of salbutamol sulphate specifically optimized for 

the management of nocturnal asthma. This system will be engineered to provide a reproducible lag 

time of 4-6 hours following oral administration at bedtime, followed by rapid and complete release 

of the drug to achieve therapeutic plasma concentrations during the critical early morning hours 

when asthma symptoms typically worsen. 

4.4 Scope and Expected Outcomes 

The successful completion of this research will result in the development of a scientifically sound 

and pharmaceutically elegant chronotherapeutic pulsatile drug delivery system for salbutamol 

sulphate. The optimized formulation will demonstrate reproducible lag time characteristics, rapid 

drug release following the lag phase, good stability profile, and potential for improved 

management of nocturnal asthma compared to conventional dosage forms. 

5.1 Overview of Research Methodology 

The research work will be systematically executed following a structured plan designed to achieve 

the stated objectives in a logical and efficient manner. The overall work plan is divided into distinct 

phases, each building upon the outcomes of previous stages to ultimately develop and characterize 

an optimized chronotherapeutic pulsatile drug delivery system of salbutamol sulphate. 

Phase 1: Literature Review and Preformulation Studies 

The initial phase will involve comprehensive literature review to gather information on nocturnal 

asthma, chronotherapy, pulsatile drug delivery technologies, and salbutamol sulphate 
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formulations. Procurement of salbutamol sulphate and pharmaceutical excipients will be 

completed. Preformulation studies will include determination of organoleptic properties, melting 

point, solubility analysis in water and various pH media, ultraviolet-visible spectroscopy for 

lambda max determination, and Fourier-transform infrared spectroscopy for functional group 

identification. Drug-excipient compatibility studies will be conducted using FTIR and differential 

scanning calorimetry with physical mixtures in various ratios stored under accelerated conditions. 

Phase 2: Analytical Method Development and Validation 

A stability-indicating high-performance liquid chromatography method will be developed for 

quantification of salbutamol sulphate in dissolution samples. Method validation will be performed 

as per International Conference on Harmonisation guidelines, evaluating parameters including 

specificity, linearity, accuracy, precision, limit of detection, limit of quantification, and robustness. 

Standard calibration curves will be established for routine analysis. 

 

 

Phase 3: Core Formulation Development 

Immediate-release core formulations will be developed using various combinations of diluents, 

binders, superdisintegrants, and lubricants. Multiple batches with varying concentrations of 

excipients will be prepared by wet granulation, dry granulation, or direct compression methods. 

Core tablets will be evaluated for pre-compression parameters including bulk density, tapped 

density, Carr's index, Hausner's ratio, and angle of repose. Post-compression evaluation will 

include weight variation, thickness, diameter, hardness, friability, drug content uniformity, 

disintegration time, and dissolution profile to select the optimized core formulation exhibiting 

rapid drug release. 

RESULTS 

Solubility Studies 

Solubility of salbutamol sulphate was determined in different solvents including distilled water, 

0.1 N HCl (pH 1.2), phosphate buffer pH 6.8, phosphate buffer pH 7.4, methanol, and ethanol. 
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Excess amount of drug was added to 10 mL of each solvent in stoppered conical flasks and shaken 

for 24 hours at room temperature. The solutions were filtered and analyzed spectrophotometrically 

at 276 nm after appropriate dilution. 

 

Table 6.1: Solubility Profile of Salbutamol Sulphate 

Solvent Solubility (mg/mL) Inference 

Distilled Water 485.3 ± 3.2 Freely soluble 

0.1 N HCl (pH 1.2) 512.7 ± 4.1 Freely soluble 

Phosphate Buffer pH 6.8 445.8 ± 3.8 Freely soluble 

Phosphate Buffer pH 7.4 438.2 ± 3.5 Freely soluble 

Methanol 125.6 ± 2.9 Sparingly soluble 

Ethanol 18.4 ± 1.2 Slightly soluble 

Values expressed as mean ± SD, n=3 

6.1.2.4 UV-Visible Spectroscopy 

The UV absorption spectrum of salbutamol sulphate was recorded in the wavelength range of 200-

400 nm using methanol as solvent. A solution of 10 μg/mL concentration was prepared and 

scanned. 
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Results: The λmax of salbutamol sulphate in methanol was found to be 276 nm, which matches 

with the reported value. This wavelength was used for subsequent spectrophotometric 

determinations. 

 

6.1.2.6 Drug-Excipient Compatibility Studies 

Physical mixtures of salbutamol sulphate with individual excipients in 1:1 ratio were prepared and 

subjected to FTIR and DSC analysis. The mixtures were also stored at 40°C/75% RH for 4 weeks 

and re-analyzed. 

Table 6.2: Drug-Excipient Compatibility Study Results 

Excipient 
Initial 

FTIR 

After 

Storage 

Initial DSC 

Peak (°C) 

After Storage 

Peak (°C) 
Inference 

Lactose 
No new 

peaks 
No change 196.2 195.8 Compatible 

MCC PH 102 
No new 

peaks 
No change 196.4 196.1 Compatible 

Croscarmellose 

sodium 

No new 

peaks 
No change 196.1 195.9 Compatible 

Sodium starch 

glycolate 

No new 

peaks 
No change 196.3 196.0 Compatible 

PVP K30 
No new 

peaks 
No change 195.9 195.7 Compatible 

HPMC K4M 
No new 

peaks 
No change 196.2 195.8 Compatible 
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Excipient 
Initial 

FTIR 

After 

Storage 

Initial DSC 

Peak (°C) 

After Storage 

Peak (°C) 
Inference 

Ethylcellulose 
No new 

peaks 
No change 196.0 195.9 Compatible 

Magnesium stearate 
No new 

peaks 
No change 196.1 195.8 Compatible 

6.1.3.2 Method Validation 

Linearity: Standard solutions of 5, 10, 20, 40, 60, 80, and 100 μg/mL were prepared and analyzed 

in triplicate. Calibration curve was plotted between concentration and peak area. 
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Table 6.3: Linearity Data for Salbutamol Sulphate 

Concentration (μg/mL) Mean Peak Area ± SD % RSD 

5 245678 ± 1823 0.74 

10 489542 ± 2156 0.44 

20 981234 ± 3421 0.35 

40 1965432 ± 5234 0.27 
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Concentration (μg/mL) Mean Peak Area ± SD % RSD 

60 2945678 ± 6543 0.22 

80 3928765 ± 7234 0.18 

100 4912345 ± 8123 0.17 

Results: Linearity was observed in the concentration range of 5-100 μg/mL with correlation 

coefficient (r²) of 0.9998, indicating excellent linearity. The regression equation was: y = 49087x 

+ 1234.5 

Accuracy: Accuracy was determined by recovery studies at three levels (80%, 100%, and 120%). 

Known amounts of standard drug were added to pre-analyzed samples and recovery was 

calculated. 

 

 

Table 6.4: Accuracy Data (Recovery Study) 

Level 
Amount Added 

(μg/mL) 

Amount Found 

(μg/mL) 
% Recovery Mean % Recovery ± SD 

80% 40 39.85 99.62 99.71 ± 0.42 

80% 40 39.92 99.80  

80% 40 39.88 99.70  

100% 50 50.12 100.24 100.15 ± 0.38 

100% 50 50.05 100.10  

100% 50 50.07 100.14  

120% 60 59.78 99.63 99.81 ± 0.51 
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Level 
Amount Added 

(μg/mL) 

Amount Found 

(μg/mL) 
% Recovery Mean % Recovery ± SD 

120% 60 59.92 99.87  

120% 60 59.95 99.92  

Results: The percentage recovery ranged from 99.62% to 100.24%, indicating good accuracy of 

the method. 

Precision: Precision was evaluated by analyzing six replicates of the same concentration (50 

μg/mL) on the same day (intraday precision) and on three consecutive days (interday precision). 

Table 6.7: Pre-compression Parameters of Core Granules 

Formulation 
Bulk Density 

(g/mL) 

Tapped Density 

(g/mL) 

Carr's Index 

(%) 

Hausner's 

Ratio 

Angle of 

Repose (°) 

F1 0.485 ± 0.012 0.562 ± 0.015 13.70 ± 0.85 1.16 ± 0.02 28.45 ± 1.23 

F2 0.478 ± 0.011 0.554 ± 0.014 13.72 ± 0.92 1.16 ± 0.02 27.89 ± 1.15 

F3 0.482 ± 0.013 0.558 ± 0.016 13.62 ± 0.78 1.16 ± 0.02 28.12 ± 1.34 

F4 0.476 ± 0.010 0.551 ± 0.013 13.61 ± 0.81 1.16 ± 0.02 29.23 ± 1.42 

F5 0.480 ± 0.012 0.556 ± 0.015 13.67 ± 0.88 1.16 ± 0.03 28.67 ± 1.28 

F6 0.483 ± 0.011 0.559 ± 0.014 13.60 ± 0.76 1.16 ± 0.02 28.34 ± 1.19 

Values expressed as mean ± SD, n=3 

Results: All granule formulations exhibited good flow properties with Carr's index values between 

13.60-13.72% (indicating good flow) and angle of repose values less than 30° (indicating excellent 

flow). 
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CONCLUSION 

This research successfully achieved its objective of designing, developing, and comprehensively 

evaluating a chronotherapeutic pulsatile drug delivery system for salbutamol sulphate tailored for 

nocturnal asthma management. The optimized formulation, consisting of an immediate-release 

core tablet containing 4 mg salbutamol sulphate with 10% croscarmellose sodium, press-coated 

with a 50:50 mixture of HPMC K4M and ethylcellulose (50 mg each), demonstrated the desired 

pulsatile release profile with a lag time of approximately 5 hours followed by rapid and complete 

drug release. 

The comprehensive characterization studies confirmed the pharmaceutical quality, physical 

integrity, chemical stability, and absence of drug-excipient interactions in the developed system. 

Stability studies demonstrated that the formulation maintained its critical quality attributes over 6 

months under accelerated conditions, predicting adequate shelf life under normal storage. Most 

importantly, in vivo pharmacokinetic studies validated the chronotherapeutic concept, showing 

delayed drug absorption with a lag time of 4.8 hours and bioavailability comparable to immediate-

release formulations. 
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