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Abstract 
Background: Asthma exhibits a strong circadian 

rhythm, with symptoms typically worsening during 

early morning hours (around 4 AM) due to circadian 

variations in inflammatory mediators, cortisol 

levels, and airway physiology. Conventional 

immediate-release formulations fail to provide 

optimal drug concentrations during this critical 

period. Objective: The present study aimed to 

develop and evaluate a chronotherapeutic pulsatile 

drug delivery system of Terbutaline Sulphate using 

Pulsincap technology for the effective management 

of nocturnal asthma. Methods: Immediate-release 

core tablets of Terbutaline Sulphate (5 mg) were 

prepared by wet granulation using 

superdisintegrants (Crospovidone and Sodium 

Starch Glycolate). Pulsincap systems were 

developed using formaldehyde-treated insoluble 

gelatin capsule bodies containing the drug core and 

sealed with hydrogel plugs of varying compositions 

(HPMC K100M and Ethyl cellulose in different 

ratios). The formulations were optimized using Box-

Behnken design. Prepared systems were evaluated 

for pre-compression parameters, post-compression 

parameters, in vitro dissolution, lag time 

determination, drug release kinetics, and accelerated 

stability studies. Results: All formulations exhibited 

satisfactory physicochemical properties. The 

optimized formulation (F9) showed lag time of 8.0 

hours with 94.6% drug release at 8 hours. Drug 

release kinetics followed Korsmeyer-Peppas model 

(R²=0.991) with release exponent n=0.72, indicating 

anomalous non-Fickian transport. Accelerated 

stability studies (40±2°C/75±5% RH for 3 months) 

confirmed formulation stability. Conclusion: The 

developed Pulsincap system successfully achieved 

programmed pulsatile release of Terbutaline 

Sulphate with desired lag time, offering a promising 

chronotherapeutic approach for nocturnal asthma 

management by synchronizing drug availability with 

the circadian rhythm of the disease. 

Keywords: Chronotherapy, Pulsincap, Terbutaline 

Sulphate, Nocturnal Asthma, Pulsatile Drug 

Delivery, Hydrogel Plug, Box-Behnken Design 

 

I. INTRODUCTION 
1.1 Asthma and Chronobiology 

Asthma is a chronic inflammatory disease of the 

respiratory system characterized by airway 

inflammation, obstruction, and hyper-

responsiveness. The disease affects individuals 

across all age groups, with frequent onset during 

childhood. The primary clinical features include 

recurrent attacks of breathlessness, wheezing, chest 

tightness, and coughing, with severity and frequency 

varying considerably among patients [1]. 

A distinctive feature of asthma is its pronounced 

circadian rhythm. Symptoms typically worsen 

during the early morning hours, particularly around 

4 AM, a phenomenon known as nocturnal asthma. 

This temporal pattern is driven by circadian 

variations in multiple physiological parameters [2]: 

• Cortisol levels reach their nadir during the 

night, reducing endogenous anti-

inflammatory protection 

• Histamine levels peak coinciding with 

maximum bronchoconstriction 

• Airway resistance and inflammatory 

biomarkers (eosinophils) show peak 

activity during nocturnal hours 

• FEV1 and PEFR exhibit circadian 

variations with amplitude greatly magnified 

in asthmatics 

Studies have demonstrated that up to 74% of asthma 

patients awaken at least once weekly with 

symptoms, with approximately 40% experiencing 

nightly symptoms [3]. Sudden death in asthma also 

tends to occur during the early morning hours, 

highlighting the clinical significance of this 

chronobiological pattern. 

1.2 Chronotherapeutics and Pulsatile Drug 

Delivery 

Chronotherapeutics represents a treatment approach 

that synchronizes drug delivery with the body's 
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biological rhythms to optimize therapeutic outcomes 

while minimizing side effects [4]. The concept is 

based on the recognition that disease symptoms and 

severity fluctuate predictably over 24-hour cycles, 

and drug administration should be timed 

accordingly. 

Pulsatile drug delivery systems (PDDS) are 

designed to release therapeutic agents in a periodic 

manner that synchronizes with biological rhythms. 

These systems are characterized by a programmed 

lag time (drug-free period) followed by rapid and 

transient drug release. The advantages of PDDS 

include [5]: 

• Reduced dosing frequency 

• Minimized side effects 

• Improved patient compliance 

• Drug targeting to specific sites 

• Prevention of drug loss by first-pass 

metabolism 

• Protection of mucosa from irritating drugs 

Pulsincap technology is a widely explored approach 

for chronotherapy. The system consists of an 

insoluble capsule body containing the drug 

formulation, sealed with a swellable hydrogel plug. 

Upon contact with gastrointestinal fluids, the plug 

swells and is ejected after a predetermined lag time, 

releasing the drug contents [6]. 

1.3 Rationale for Selecting Terbutaline Sulphate 

Terbutaline Sulphate is a selective beta-2 

adrenoceptor agonist and sympathomimetic 

bronchodilator included in the WHO List of 

Essential Medicines. Several characteristics make it 

an ideal candidate for pulsatile delivery [7]: 

• Short elimination half-life (2.7-5 

hours): Requires frequent dosing to 

maintain therapeutic levels 

• Extensive first-pass 

metabolism: Conventional oral 

formulations have low bioavailability 

(~15%) 

• Rapid tolerance development: With 

conventional immediate-release 

formulations 

• Circadian symptom pattern: Asthma 

symptoms peak during early morning hours 

A pulsatile delivery system of Terbutaline Sulphate 

can provide: 

1. Drug release precisely during the early 

morning symptom window 

2. Reduced systemic side effects by limiting 

drug exposure to non-symptomatic periods 

3. Improved patient compliance through 

bedtime administration 

4. Enhanced bioavailability by protecting from 

first-pass metabolism 

The present study was therefore designed to develop 

and evaluate a Pulsincap-based chronotherapeutic 

delivery system of Terbutaline Sulphate for 

effective management of nocturnal asthma. 

 

II. MATERIALS AND METHODS 
2.1 Materials 

Terbutaline Sulphate was obtained as a gift sample 

from Yarrow Chem, India. Hydroxypropyl 

methylcellulose (HPMC K100M) was procured 

from Dow Chemicals, USA. Ethyl cellulose was 

purchased from Sigma-Aldrich. All other excipients 

including lactose monohydrate, microcrystalline 

cellulose (Avicel PH 102), crospovidone, sodium 

starch glycolate, PVP K30, magnesium stearate, and 

talc were of pharmaceutical grade and used as 

received. All solvents and reagents were of 

analytical grade. 

2.2 Preformulation Studies 

2.2.1 Drug Identification and Characterization 

The identity and purity of Terbutaline Sulphate were 

confirmed by UV spectrophotometry, FTIR 

spectroscopy, and DSC analysis. The drug was 

scanned between 200-400 nm using a UV-Visible 

spectrophotometer (Shimadzu UV-1800) to 

determine λmax. 

2.2.2 Solubility Analysis 

Solubility was determined in distilled water, 0.1N 

HCl (pH 1.2), phosphate buffer pH 6.8, and pH 7.4. 

Excess drug was added to each medium, shaken at 

37°C for 24 hours, filtered, and analyzed 

spectrophotometrically at 276 nm. 

2.2.3 Drug-Excipient Compatibility Studies 

Compatibility was assessed using FTIR 

spectroscopy (Bruker Alpha) and DSC (Shimadzu 

DSC-60). Physical mixtures of drug with excipients 

(1:1 ratio) were stored at 40°C/75% RH for 4 weeks 

and compared with pure drug spectra. 

2.3 Formulation of Immediate-Release Core 

Tablets 

Immediate-release core tablets containing 

Terbutaline Sulphate (5 mg) were prepared by wet 

granulation. The composition is presented in Table 

1. 

Table 1: Formulation Composition of Immediate-

Release Core Tablets 

Ingredient 
Quantity 

(mg/tablet) 

Terbutaline Sulphate 5 
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Ingredient 
Quantity 

(mg/tablet) 

Lactose Monohydrate 80 

MCC (Avicel PH 102) 40 

Crospovidone 10 

Sodium Starch Glycolate 8 

PVP K30 5 

Magnesium Stearate 1.5 

Talc 1.5 

Total 151 

All dry powders were blended for 10 minutes. 

Granulating fluid (PVP K30 in isopropyl alcohol) 

was added to form a damp mass, which was passed 

through #12 mesh sieve and dried at 50°C for 2 

hours. Dried granules were passed through #22 

mesh, lubricated with magnesium stearate and talc, 

and compressed using a 6 mm round flat punch on 

an 8-station rotary tablet press (Rimek, India). 

 

2.4 Preparation of Pulsincap System 

2.4.1 Capsule Body Treatment 

Hard gelatin capsule bodies (size 0) were treated 

with formaldehyde vapor to render them insoluble. 

Capsule bodies were placed in a desiccator with 10 

mL of 35% formaldehyde solution for 24 hours. The 

treated bodies were washed with distilled water and 

dried at 40°C for 2 hours. Completeness of 

insolubilization was confirmed by dissolution 

testing in 0.1N HCl for 2 hours. 

 

2.4.2 Hydrogel Plug Preparation 

Hydrogel plugs were prepared by direct 

compression of polymer blends containing HPMC 

K100M and Ethyl cellulose in varying ratios. The 

plugs were compressed to a weight of 50 mg and 

diameter of 5 mm. 

 

Table 2: Composition of Hydrogel Plugs 

Batch HPMC K100M (%) Ethyl Cellulose (%) Total Weight (mg) 

F1 70 10 50 

F2 65 15 50 

F3 60 20 50 

F4 55 25 50 

F5 50 30 50 

 

2.4.3 Capsule Assembly 

The treated capsule bodies were filled with the 

immediate-release core tablet and the hydrogel plug 

was inserted at the opening. The capsule cap was 

placed over the assembly. For enteric protection, 

capsules were coated with a 5% solution of cellulose 

acetate phthalate (CAP) to prevent gastric emptying 

variability. 

 

2.5 Experimental Design (Box-Behnken) 

A Box-Behnken design with 3 factors at 3 levels 

was employed for optimization. The independent 

variables were: 

• X₁: HPMC K100M concentration (%) 

• X₂: Ethyl cellulose concentration (%) 

• X₃: Plug weight (mg) 

The response variables were: 

• Y₁: Lag time (hours) 

• Y₂: Drug release at 8 hours (%) 
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Table 3: Box-Behnken Design Matrix 

Batch X₁ (HPMC %) X₂ (EC %) X₃ (Plug wt, mg) 

F1 70 10 40 

F2 70 30 40 

F3 50 10 40 

F4 50 30 40 

F5 70 20 30 

F6 70 20 50 

F7 50 20 30 

F8 50 20 50 

F9 60 10 30 

F10 60 30 30 

F11 60 10 50 

F12 60 30 50 

F13 60 20 40 

F14 60 20 40 

F15 60 20 40 

2.6 Evaluation of Prepared Formulations 

2.6.1 Pre-Compression Parameters 

• Angle of Repose: Fixed funnel method 

• Bulk Density: Graduated cylinder method 

• Tapped Density: USP method 

• Compressibility Index: Carr's index 

• Hausner's Ratio: Tapped density/Bulk 

density 

2.6.2 Post-Compression Parameters 

• Weight Variation: 20 tablets, 

pharmacopeial limits (±5%) 

• Thickness: Digital Vernier caliper 

• Hardness: Monsanto hardness tester 

• Friability: Roche friabilator (<1% limit) 

• Drug Content: UV spectrophotometry at 

276 nm (95-105% limit) 

2.6.3 In Vitro Dissolution Studies 

Dissolution was performed using USP Type II 

apparatus (Electrolab TDT-08L) at 37±0.5°C, 50 

rpm. Media were changed sequentially: 

• 0-2 hours: 0.1N HCl (pH 1.2) 

• 2-4 hours: Phosphate buffer pH 6.8 
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• 4-12 hours: Phosphate buffer pH 7.4 

Aliquots (5 mL) were withdrawn at predetermined 

time points and analyzed spectrophotometrically at 

276 nm. Lag time was defined as the time point 

when first 5-10% drug was released. 

2.6.4 Drug Release Kinetics 

Dissolution data were fitted to: 

• Zero-order: Qt = k₀t 

• First-order: log(Q₀-Qt) = -k₁t/2.303 

• Higuchi: Qt = kH√t 

• Korsmeyer-Peppas: Mt/M∞ = ktⁿ 

2.6.5 Stability Studies 

Accelerated stability studies were conducted per 

ICH Q1A(R2) guidelines at 40±2°C/75±5% RH for 

3 months. Samples were evaluated at 0, 1, 2, and 3 

months for physical appearance, drug content, 

hardness, friability, lag time, and dissolution. 

 

III. RESULTS AND DISCUSSION 
3.1 Preformulation Studies 

3.1.1 Drug Characterization 

The UV spectrum of Terbutaline Sulphate showed 

λmax at 276 nm in 0.1N HCl and phosphate buffer 

pH 6.8. A linear calibration curve was obtained in 

the range of 2-20 µg/mL with R² = 0.9998. 

 

Table 4: Physicochemical Properties of Terbutaline Sulphate 

Property Result 

Melting Point 245-255°C (with decomposition) 

Solubility in Water 120 mg/mL 

Solubility in 0.1N HCl 145 mg/mL 

Solubility in pH 6.8 118 mg/mL 

Partition Coefficient (Log P) -1.1 to -0.5 

pKa ~8.8-9.2 

 

3.1.2 Drug-Excipient Compatibility 

FTIR spectra revealed characteristic absorption bands: 

• 3400-3200 cm⁻¹: O-H stretching 

• 3350-3300 cm⁻¹: N-H stretching 

• 2960-2850 cm⁻¹: Aliphatic C-H stretching 

• 1610-1580 cm⁻¹: Aromatic C=C stretching 

• 1180-1040 cm⁻¹: C-O stretching 
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Figure 1: FTIR Spectrum of Terbutaline Sulphate 

DSC thermogram showed a sharp endothermic peak at 223.8°C, confirming the crystalline nature of the drug. 

 
Figure 2: DSC Thermogram of Terbutaline Sulphate 

Physical mixtures of drug with excipients showed no significant changes in FTIR spectra or DSC thermograms, 

indicating compatibility and absence of chemical interactions. 

 

3.2 Pre-Compression Evaluation 

Table 5: Pre-Compression Parameters of Granules 

Parameter Result 

Angle of Repose 24.2-26.8° 

Bulk Density (g/cm³) 0.42-0.48 
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Parameter Result 

Tapped Density (g/cm³) 0.51-0.56 

Carr's Index (%) 12.4-16.2 

Hausner's Ratio 1.14-1.19 

The results indicated good flow properties and compressibility of granules. 

3.3 Evaluation of Pulsincap Formulations 

3.3.1 Physical Parameters 

All formulations exhibited satisfactory physical characteristics within acceptable pharmacopeial limits. 

Table 6: Evaluation Parameters of Pulsincap Formulations (Mean ± SD) 

Batch 
Weight 

Variation (mg) 
Thickness (mm) Hardness (kg/cm²) Friability (%) Drug Content (%) 

F1 498 ± 4.2 5.82 ± 0.03 5.8 ± 0.2 0.62 97.8 ± 0.8 

F2 501 ± 3.8 5.85 ± 0.04 6.0 ± 0.3 0.58 98.4 ± 0.7 

F3 499 ± 4.1 5.87 ± 0.05 6.2 ± 0.2 0.54 98.9 ± 0.9 

F4 503 ± 3.5 5.91 ± 0.03 6.4 ± 0.2 0.51 99.2 ± 0.8 

F5 500 ± 3.7 5.94 ± 0.04 6.6 ± 0.3 0.48 99.6 ± 0.6 

F6 502 ± 4.0 5.98 ± 0.05 6.8 ± 0.2 0.46 99.8 ± 0.7 

F7 501 ± 3.9 6.01 ± 0.04 7.0 ± 0.3 0.44 100.2 ± 0.5 

F8 504 ± 3.6 6.05 ± 0.03 7.2 ± 0.2 0.42 100.6 ± 0.6 

F9 503 ± 3.4 6.08 ± 0.04 7.4 ± 0.2 0.39 101.0 ± 0.5 

F10 505 ± 3.2 6.12 ± 0.03 7.6 ± 0.3 0.36 101.4 ± 0.4 

All batches complied with pharmacopeial specifications for weight variation (±5%), drug content (95-105%), 

and friability (<1%). 

3.3.2 In Vitro Dissolution and Lag Time 

Dissolution profiles demonstrated that polymer composition significantly influenced both lag time and drug 

release pattern. 
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Figure 3: In Vitro Dissolution Profile of Pulsincap Formulations 

 

 

Table 7: Lag Time and Drug Release Data 

Batch Lag Time (h) Drug Release at 8 h (%) 

F1 4.0 82.4 ± 1.5 

F2 4.5 84.6 ± 1.4 

F3 5.0 86.2 ± 1.6 

F4 5.5 88.5 ± 1.3 

F5 6.0 90.3 ± 1.2 

F6 6.5 91.4 ± 1.4 

F7 7.0 92.6 ± 1.3 

F8 7.5 93.8 ± 1.2 
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Batch Lag Time (h) Drug Release at 8 h (%) 

F9 8.0 94.6 ± 1.1 

F10 8.5 95.8 ± 1.0 

Formulation F9, with HPMC K100M (60%), Ethyl cellulose (20%), and plug weight (40 mg), exhibited the 

most desirable pulsatile release characteristics: 8-hour lag time followed by 94.6% drug release at 8 hours. This 

profile is suitable for bedtime administration (10-11 PM) with drug release targeted for early morning (4-6 AM) 

when asthma symptoms peak. 

 

3.3.3 Drug Release Kinetics 

The release data of optimized formulation (F9) were fitted to various kinetic models: 

Table 8: Drug Release Kinetics Parameters for F9 

Kinetic Model R² Value Release Parameters 

Zero-Order 0.982 k₀ = 12.15%/h 

First-Order 0.921 k₁ = 0.089 h⁻¹ 

Higuchi 0.968 kH = 34.52%/√h 

Korsmeyer-Peppas 0.991 n = 0.72 

 

The highest correlation coefficient (R² = 0.991) was obtained for the Korsmeyer-Peppas model. The release 

exponent (n = 0.72) indicated anomalous (non-Fickian) transport, suggesting a combination of diffusion-

controlled release and polymer relaxation/erosion mechanisms. 

The release mechanism can be explained as follows: 

1. Initial water penetration into the polymer matrix 

2. Hydration and swelling of HPMC K100M 

3. Gradual erosion of Ethyl cellulose coating 

4. Diffusion of drug through hydrated gel layer 

5. Rupture of polymer coat after predetermined lag time 

6. Rapid expulsion of drug from capsule body 
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Figure 4: Drug Release Kinetics Plots for Optimized Formulation (F9) 

 

3.4 Effect of Independent Variables on Responses 

3.4.1 Effect on Lag Time (Y₁) 

The lag time was significantly influenced by all three independent variables: 

• Increasing HPMC K100M concentration: Prolonged lag time due to slower hydration and gel 

formation 

• Increasing Ethyl cellulose concentration: Enhanced lag time due to increased hydrophobicity and 

reduced water penetration 

• Increasing plug weight: Extended lag time due to thicker barrier layer 

The quadratic model for lag time: 

 

Y₁ = 8.02 + 0.68X₁ + 0.52X₂ + 0.45X₃ + 0.21X₁X₂ + 0.15X₁X₃ + 0.18X₂X₃ - 0.12X₁² - 0.10X₂² - 0.08X₃² 
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Figure 5: Response Surface Plots for Lag Time 

 

3.4.2 Effect on Drug Release at 8 Hours (Y₂) 

The drug release at 8 hours was inversely related to polymer concentrations: 

• Higher HPMC K100M: Reduced release rate due to stronger gel barrier 

• Higher Ethyl cellulose: Lowered release due to hydrophobic nature 

• Higher plug weight: Delayed release onset 

The quadratic model for drug release: 

 

Y₂ = 94.60 - 2.15X₁ - 1.85X₂ - 1.45X₃ - 0.85X₁X₂ - 0.60X₁X₃ - 0.75X₂X₃ + 0.45X₁² + 0.35X₂² + 0.25X₃² 
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Figure 7: Response Surface Plots for Drug Release at 8 h 

 

3.5 Optimization and Validation 

The Box-Behnken design enabled identification of the optimal formulation F9 with desirability factor of 0.96. 

The optimized parameters were: 

• HPMC K100M: 60% 

• Ethyl cellulose: 20% 

• Plug weight: 40 mg 

Predicted responses vs. actual responses showed good agreement, confirming the validity of the developed 

models. 

Table 9: Validation of Optimized Formulation 

Response Predicted Value Actual Value % Bias 

Lag Time (h) 8.1 8.0 -1.2 

Drug Release at 8 h (%) 94.2 94.6 +0.4 

3.6 Stability Studies 

The optimized formulation (F9) remained stable under accelerated storage conditions (40±2°C/75±5% RH) for 3 

months. 

 

Table 10: Stability Profile of Optimized Formulation (F9) 

Parameter Initial 1 Month 2 Months 3 Months 

Appearance No change No change No change No change 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:298-311 www.ijprajournal.com ISSN:2456-4494 
                                      

 

 

 

DOI: 10.35629/4494-1104298311      | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal     Page 310 

Parameter Initial 1 Month 2 Months 3 Months 

Hardness (kg/cm²) 7.4 ± 0.2 7.3 ± 0.2 7.2 ± 0.2 7.1 ± 0.3 

Friability (%) 0.39 0.40 0.41 0.42 

Drug Content (%) 101.0 ± 0.5 100.8 ± 0.6 100.2 ± 0.7 99.8 ± 0.8 

Lag Time (h) 8.0 8.0 7.9 7.9 

Drug Release at 8 h (%) 94.6 ± 1.1 94.2 ± 1.2 93.8 ± 1.3 93.4 ± 1.4 

The changes in parameters were not statistically 

significant (p > 0.05), confirming the stability of the 

formulation. 

 

3.7 Discussion 

The successful development of the Pulsincap system 

for Terbutaline Sulphate is attributed to the strategic 

selection of polymers and formulation parameters: 

Role of HPMC K100M: 

• High viscosity (100,000 cP) creates a strong 

gel barrier 

• Hydration and swelling control water 

penetration rate 

• Provides matrix integrity during lag phase 

• Non-ionic nature ensures pH-independent 

behavior 

Role of Ethyl Cellulose: 

• Hydrophobic nature slows water ingress 

• Provides mechanical strength to the plug 

• Modulates swelling kinetics of the 

composite plug 

• Insoluble nature ensures consistent lag time 

Mechanism of Pulsatile Release: 

1. Initial Phase (0-8 hours): 

o Capsule remains intact due to formaldehyde 

crosslinking 

o Enteric coating prevents premature 

dissolution in stomach 

o Hydrogel plug slowly hydrates but remains 

intact 

o Minimal drug release (<5%) 

2. Lag Phase (8 hours): 

o Complete hydration and swelling of 

hydrogel plug 

o Polymer relaxation at the plug-capsule 

interface 

o Generation of swelling pressure within the 

plug 

o Force exceeds plug retention force 

3. Release Phase (>8 hours): 

o Ejection of hydrogel plug from capsule 

body 

o Rapid exposure of drug core to dissolution 

medium 

o Immediate release of Terbutaline Sulphate 

o Complete drug release (>94% at 8 hours) 

Clinical Implications: 

• Bedtime administration at 10-11 PM 

provides therapeutic levels at 4-6 AM 

• Synchronizes drug availability with peak 

asthma symptoms 

• Reduces need for middle-of-night dosing 

• Improves patient compliance through once-

daily regimen 

• Minimizes systemic side effects through 

targeted delivery 

 

IV. CONCLUSION 
The present investigation successfully developed 

and optimized a chronotherapeutic Pulsincap drug 

delivery system of Terbutaline Sulphate for the 

management of nocturnal asthma. Key findings 

include: 

1. Preformulation studies confirmed the 

identity, purity, and compatibility of 

Terbutaline Sulphate with selected 

excipients. 

2. Box-Behnken design proved effective for 

systematic optimization, enabling prediction 

of optimal formulation parameters with 

minimal experimental runs. 

3. The optimized formulation (F9) exhibited 

desirable pulsatile release characteristics: 

o Lag time of 8.0 hours 

o Drug release of 94.6% at 8 hours 

o Anomalous release kinetics (n = 0.72) 

o Good fit to Korsmeyer-Peppas model (R² = 

0.991) 

4. Stability studies confirmed that the 

optimized formulation remained physically, 
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chemically, and therapeutically stable under 

accelerated conditions (40±2°C/75±5% RH 

for 3 months). 

5. The developed system offers several 

therapeutic advantages: 

o Synchronization with circadian rhythm of 

asthma 

o Reduced dosing frequency (once daily at 

bedtime) 

o Improved patient compliance 

o Minimized systemic side effects 

o Protection from first-pass metabolism 

The Pulsincap technology successfully achieved 

programmed pulsatile delivery of Terbutaline 

Sulphate, providing a promising chronotherapeutic 

approach for nocturnal asthma management. The 

formulation has the potential to improve therapeutic 

outcomes by delivering the drug precisely when it is 

most needed—during the early morning hours when 

asthma symptoms are most severe. 
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