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Asthma is a prevalent respiratory disorder characterized by airway inflammation and 

bronchoconstriction, significantly impacting patients’ quality of life. This review 

investigates the anti-asthmatic activities of salbutamol, a selective β2-adrenergic 

agonist, and theophylline anhydrous, a phosphodiesterase inhibitor, using goat trachea 

as a model system. Goat tracheal tissues exhibit physiological similarities to human 

airways, making them suitable for studying bronchial responses.Salbutamol 

demonstrates rapid bronchodilation by relaxing bronchial smooth muscle through β2 

receptor stimulation. In contrast, theophylline enhances cAMP levels, leading to 

prolonged bronchial relaxation. Experimental results indicate that both agents 

effectively induce relaxation of pre-contracted tracheal tissues, with salbutamol acting 

more swiftly and theophylline offering sustained effects. This review highlights their 

distinct mechanisms, comparative efficacy, and safety profiles, underscoring their 

relevance in asthma management. Further research is warranted to explore combination 

therapies and novel drug formulations to optimize treatment strategies for asthma. 

Asthma is a chronic respiratory condition that affects millions worldwide, leading to 

significant morbidity and impaired quality of life. The management of asthma typically 

involves bronchodilators, with salbutamol and theophylline anhydrous being two of the 

most widely used agents. Salbutamol, a selective β2-adrenergic agonist, provides rapid 

relief from bronchoconstriction by relaxing bronchial smooth muscle. Theophylline 

anhydrous, on the other hand, acts as a phosphodiesterase inhibitor, increasing 

intracellular cAMP levels and promoting sustained bronchodilation.This review 

critically examines the anti-asthmatic activities of salbutamol and theophylline through 

studies conducted on goat trachea, a model that closely mimics human airway 

physiology. In vitro experiments demonstrate that salbutamol induces immediate and 

significant relaxation of pre-contracted tracheal tissues, making it particularly effective 

for acute asthma attacks. 
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In contrast, theophylline’s bronchodilator effects, while 

slower to onset, are longer-lasting, offering benefits for 

chronic asthma management. Both agents are generally well-

tolerated, although theophylline requires careful monitoring 

due to potential toxicity at higher concentrations. This 

review underscores the importance of understanding the 

distinct pharmacological profiles of these drugs, their 

comparative efficacy, and safety considerations in clinical 

practice. Additionally, it highlights the need for further 

research on combination therapies and novel drug 

formulations that could enhance treatment efficacy and 

minimize side effects for patients with asthma. Ultimately, 

insights gained from studies on goat trachea can inform 

therapeutic strategies and improve outcomes for individuals 

suffering from this pervasive respiratory condition. 

INTRODUCTION 

Mechanisms of Action 

❖ Salbutamol: 

• Receptor Binding: Salbutamol is a selective 

agonist for β2-adrenergic receptors, 

predominantly located in bronchial smooth 

muscle. 

• Activation of Adenylyl Cyclase: Upon binding 

to the β2 receptors, salbutamol activates 

adenylyl cyclase, leading to increased levels of 

cyclic adenosine monophosphate (cAMP). 

• Smooth Muscle Relaxation: Elevated cAMP 

levels activate protein kinase A (PKA), which 

inhibits myosin light chain kinase (MLCK), 

preventing contraction of smooth muscle 

fibres. 

• Bronchodilation The resulting relaxation of 

bronchial smooth muscle leads to 

bronchodilation, easing airflow and alleviating 

asthma symptoms. 

• Additional Effects: Salbutamol may also 

exhibit anti-inflammatory effects by reducing 

the release of pro-inflammatory mediators 

from mast cells. 

Fig:  Mechanism action of salbutamol 

❖ Theophylline:  

• Phosphodiesterase Inhibition: Theophylline 

inhibits phosphodiesterase enzymes 

(particularly PDE4), preventing the 

breakdown of cAMP in bronchial tissues. 

• Increased cAMP Levels: The accumulation of 

cAMP leads to enhanced activation of PKA, 

similar to the mechanism of salbutamol. 

• Smooth Muscle Relaxation: Increased cAMP 

results in reduced activity of MLCK, leading 

to relaxation of bronchial smooth muscle and 

subsequent bronchodilation. 

• Bronchodilation and Respiratory Muscle 

Stimulation: Theophylline not only relaxes 

bronchial tissues but also improves the 

contractility of respiratory muscles, 

contributing to overall respiratory function. 

• Anti-inflammatory Effects: Theophylline has 

been shown to exert additional anti-

inflammatory effects by inhibiting leukocyte 
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activation and reducing the release of 

inflammatory mediators. 

Fig : Mechanism action of Theophylline 

Experimental Studies on Goat Trachea : Goat 

trachea has been widely used in experimental 

studies to investigate the effects of various 

pharmacological agents on bronchial tissues. Its 

anatomical and physiological similarities to 

human airways make it a valuable model for 

studying airway responsiveness and the action of 

bronchodilators. 

Methodology:  

❖ Tissue Preparation 

• Source: Fresh tracheal segments are obtained 

from healthy goats immediately post-

slaughter. 

• Isolation: The trachea is carefully dissected, 

cleaned, and cut into 2-3 cm sections to ensure 

adequate exposure during experimentation. 

❖ Organ Bath Setup 

• Equipment: Isolated tracheal segments are 

mounted in a temperature-controlled organ 

bath containing Krebs-Henseleit solution, 

which is continuously oxygenated. 

• Tension Measurement: The setup is equipped 

with a force transducer to measure isometric 

tension changes in response to drug 

administration. 

❖ Experimental Design: 

• Drug Administration 

Salbutamol: Various concentrations (e.g., 0.1 µM 

to 10 µM) are applied to pre-contracted tracheal 

tissues to assess bronchodilator effects. 

Theophylline: Similar concentration ranges are 

tested to evaluate its relaxation effects on pre-

contracted tissues. 

• Pre-contraction Induction: 

Contracting Agents: Tissues are pre-contracted 

using agents like acetylcholine or histamine to 

simulate bronchoconstriction before drug 

application. 

❖ Results:  

• Salbutamol: 

Response: Salbutamol demonstrates rapid and 

significant relaxation of pre-contracted goat 

tracheal tissues, with effects observable within 

minutes. 

Dose-Dependency: The degree of relaxation 

correlates positively with salbutamol 

concentration, indicating its potent bronchodilator 

capacity. 

• Theophylline 

Response: Theophylline also induces a dose-

dependent relaxation; however, the onset is 

slower compared to salbutamol. 

Duration: The effects of theophylline are sustained 

longer, contributing to prolonged bronchodilation. 

Comparative Analysis 
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Efficacy: Salbutamol is more effective for acute 

relief due to its rapid action, while theophylline is 

better suited for long-term management due to its 

sustained effects. 

Mechanisms: Salbutamol’s action is primarily 

through β2-adrenergic receptor stimulation, while 

theophylline acts via phosphodiesterase inhibition 

and increased cAMP levels. 

CONCLUSION: Studies on goat trachea provide 

valuable insights into the anti-asthmatic activities 

of salbutamol and theophylline. These 

experiments underscore the distinct mechanisms 

and pharmacological profiles of each agent, 

enhancing understanding of their therapeutic roles 

in asthma management. Further research could 

explore combination therapies and the impact of 

other variables on drug efficacy. 
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