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ABSTRACT 

 

The pharmacology of drugs acting on the respiratory system encompasses a variety of agents 

designed to manage and treat respiratory conditions such as asthma, chronic obstructive 

pulmonary disease (COPD), allergic rhinitis, and cough. Bronchodilators, including beta-2 

agonists, anticholinergics, and methylxanthines, are pivotal in relieving bronchoconstriction 

by relaxing the smooth muscles of the airways. Anti-inflammatory drugs, such as 

corticosteroids, leukotriene modifiers, and mast cell stabilizers, reduce airway inflammation 

and prevent exacerbations. Additionally, biologic agents targeting specific inflammatory 

pathways, like anti-IgE and anti-IL-5 antibodies, offer advanced treatment options for severe 

asthma. Expectorants and mucolytics facilitate the clearance of mucus, while antitussives 

suppress the cough reflex. Nasal decongestants alleviate nasal congestion by constricting 

blood vessels in the nasal mucosa. Respiratory stimulants, on the other hand, enhance the 

respiratory drive in cases of respiratory depression. Each drug class has a specific mechanism 

of action, therapeutic use, and potential side effects, making a comprehensive understanding 

of their pharmacology essential for optimizing respiratory care and improving patient 

outcomes. 

 

Introduction 

 

Drugs acting on the respiratory system are used to treat various respiratory conditions such as 

asthma, chronic obstructive pulmonary disease (COPD), allergic rhinitis, and other related 

disorders. These drugs can be broadly classified into several categories based on their 

mechanisms of action and therapeutic uses. 

 

Classification of Respiratory Drugs 

 

1. Bronchodilators 

 Beta-2 Agonists: These drugs stimulate beta-2 adrenergic receptors in the bronchial 

smooth muscle, leading to bronchodilation. They can be short-acting (SABA) or long-

acting (LABA). 

 Short-acting beta-2 agonists (SABA): Albuterol (Salbutamol), Levalbuterol 

 Long-acting beta-2 agonists (LABA): Salmeterol, Formoterol 
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 Anticholinergics: These drugs block the muscarinic receptors in the bronchial 

smooth muscle, leading to bronchodilation. 

 Short-acting: Ipratropium bromide 

 Long-acting: Tiotropium bromide 

 Methylxanthines: These drugs inhibit phosphodiesterase, leading to an increase in 

cyclic AMP and bronchodilation. 

 Theophylline, Aminophylline 

 

2. Anti-inflammatory Drugs 

 Corticosteroids: These drugs reduce inflammation by inhibiting multiple 

inflammatory cytokines. 

 Inhaled corticosteroids (ICS): Beclomethasone, Budesonide, Fluticasone 

 Systemic corticosteroids: Prednisone, Methylprednisolone 

 Leukotriene Modifiers: These drugs inhibit leukotrienes, which are involved in the 

inflammatory process. 

 Leukotriene receptor antagonists: Montelukast, Zafirlukast 

 5-lipoxygenase inhibitors: Zileuton 

 Mast Cell Stabilizers: These drugs prevent the release of histamine and other 

mediators from mast cells. 

 Cromolyn sodium, Nedocromil 

 

3. Combination Drugs 

 These drugs combine bronchodilators and anti-inflammatory agents for a synergistic 

effect. 

 Fluticasone/Salmeterol (Advair) 

 Budesonide/Formoterol (Symbicort) 

 

4. Antihistamines 

 These drugs block histamine receptors and are used in allergic conditions. 

 First-generation: Diphenhydramine, Chlorpheniramine 

 Second-generation: Cetirizine, Loratadine, Fexofenadine 

 

5. Decongestants 

 These drugs reduce nasal congestion by vasoconstriction. 

 Sympathomimetics: Pseudoephedrine, Phenylephrine 

 

6. Antitussives 

 These drugs suppress coughing. 

 Opioid antitussives: Codeine, Hydrocodone 

 Non-opioid antitussives: Dextromethorphan, Benzonatate 
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7. Expectorants and Mucolytics 

 These drugs help in the removal of mucus from the respiratory tract. 

 Expectorants: Guaifenesin 

 Mucolytics: Acetylcysteine, Carbocisteine 

 

Mechanisms of Action 

 

1. Bronchodilators 

 Beta-2 Agonists: Activation of beta-2 adrenergic receptors leads to relaxation of 

bronchial smooth muscle. 

 Anticholinergics: Blockade of muscarinic receptors inhibits bronchoconstriction. 

 Methylxanthines: Inhibition of phosphodiesterase increases cAMP, leading to 

bronchodilation. 

 

2. Anti-inflammatory Drugs 

 Corticosteroids: Suppress the production of inflammatory cytokines and reduce 

airway inflammation. 

 Leukotriene Modifiers: Block the effects of leukotrienes, reducing 

bronchoconstriction and inflammation. 

 Mast Cell Stabilizers: Prevent the release of mediators from mast cells. 

 

3. Antihistamines 

 Block histamine receptors, reducing symptoms of allergic reactions. 

 

4. Decongestants 

 Stimulate alpha-adrenergic receptors, causing vasoconstriction and reducing nasal 

congestion. 

 

5. Antitussives 

 Suppress the cough reflex through central or peripheral mechanisms. 

 

6. Expectorants and Mucolytics 

 Expectorants increase the volume and reduce the viscosity of bronchial secretions, 

facilitating their removal. 

 Mucolytics break down mucus, making it easier to clear from the airways. 

 

Clinical Applications 

 

 Asthma: Beta-2 agonists, corticosteroids, leukotriene modifiers, and mast cell 

stabilizers. 

 COPD: Anticholinergics, beta-2 agonists, corticosteroids. 

 Allergic Rhinitis: Antihistamines, corticosteroids, decongestants. 
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 Cough: Antitussives, expectorants, mucolytics. 

 

Side Effects and Monitoring 

 

1. Beta-2 Agonists 

 Side effects: Tachycardia, tremors, nervousness. 

 Monitoring: Heart rate, frequency of use. 

 

2. Anticholinergics 

 Side effects: Dry mouth, urinary retention, constipation. 

 Monitoring: Signs of anticholinergic effects. 

 

3. Corticosteroids 

 Side effects: Oral thrush (inhaled), weight gain, osteoporosis (systemic). 

 Monitoring: Adrenal function, bone density, signs of infection. 

 

4. Leukotriene Modifiers 

 Side effects: Headache, liver enzyme elevation. 

 Monitoring: Liver function tests. 

 

5. Antihistamines 

 Side effects: Sedation (first-generation), dry mouth. 

 Monitoring: Level of sedation, anticholinergic effects. 

 

6. Decongestants 

 Side effects: Hypertension, insomnia. 

 Monitoring: Blood pressure, heart rate. 

 

Anti -Asthmatic Drugs 

 

Anti-asthmatic drugs are medications used to manage and treat asthma, a chronic respiratory 

condition characterized by airway inflammation, bronchoconstriction (narrowing of the 

airways), and increased mucus production. These drugs aim to relieve symptoms, reduce 

airway inflammation, and improve lung function. There are several classes of anti-asthmatic 

drugs, each with its own mechanism of action and specific role in asthma management. Some 

of the common classes of anti-asthmatic drugs include: 

 

1. Bronchodilators 

 Beta-2 Agonists: These drugs, like albuterol and salmeterol, relax the smooth 

muscles in the airways, causing bronchodilation and rapid relief of acute asthma 

symptoms. They are commonly used as rescue inhalers for quick relief during asthma 

attacks. 
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 Anticholinergics: Medications like ipratropium bromide work by blocking the action 

of acetylcholine, a neurotransmitter that can cause airway constriction. 

 

2. Corticosteroids (Anti-Inflammatory Agents) 

 Inhaled Corticosteroids: Drugs like fluticasone and budesonide reduce airway 

inflammation and are used for long-term asthma control. 

 Oral Corticosteroids: In severe asthma exacerbations, oral corticosteroids like 

prednisone may be prescribed to quickly reduce inflammation and symptoms. 

 

3. Leukotriene Modifiers 

 These drugs, such as montelukast, zafirlukast, and zileuton, block the action of 

leukotrienes, which are inflammatory compounds involved in asthma. They help to 

reduce airway inflammation and constriction. 

 

4. Mast Cell Stabilizers 

 Cromolyn sodium and nedocromil sodium inhibit the release of inflammatory 

mediators from mast cells, which can help prevent asthma attacks by reducing airway 

inflammation. 

 

5. Monoclonal Antibodies 

 These biologic drugs target specific immune system molecules involved in asthma. 

Examples include omalizumab, mepolizumab, reslizumab, andbenralizumab. They are 

used in severe, uncontrolled asthma cases. 

 

6. Theophylline 

 Theophylline is a bronchodilator with anti-inflammatory properties. It is used less 

frequently today due to the availability of other, more effective medications. 

 

7. Long-Acting Beta-Agonists (LABAs) 

 Drugs like salmeterol and formoterol are used in combination with inhaled 

corticosteroids for long-term asthma control. 

 

8. Antitussives: Some anti-asthmatic medications, like codeine or dextromethorphan, may 

be used to control coughing associated with asthma. 

 

9. Biologics: Newer biologic therapies target specific pathways and molecules involved in 

asthma inflammation. They are often reserved for severe asthma cases that do not respond 

to traditional treatments. 

 

Drugs Used in the Management of Copd 

 

Anti-asthmatic drugs are medications used to treat and manage asthma, a chronic 

inflammatory disease of the airways characterized by recurrent episodes of wheezing, 

breathlessness, chest tightness, and coughing. These drugs aim to reduce inflammation, 

prevent bronchoconstriction, and relieve acute symptoms. 
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Classification of Anti-Asthmatic Drugs 

 

Anti-asthmatic drugs can be classified into several categories based on their mechanisms of 

action and therapeutic uses: 

 

1. Bronchodilators 

 Beta-2 Agonists 

 Short-acting beta-2 agonists (SABA) 

 Long-acting beta-2 agonists (LABA) 

 Anticholinergics 

 Short-acting muscarinic antagonists (SAMA) 

 Long-acting muscarinic antagonists (LAMA) 

 Methylxanthines 
 

2. Anti-inflammatory Drugs 

 Corticosteroids 

 Inhaled corticosteroids (ICS) 

 Systemic corticosteroids 

 Leukotriene Modifiers 

 Leukotriene receptor antagonists 

 5-lipoxygenase inhibitors 

 Mast Cell Stabilizers 
 

3. Biologic Agents 

 Anti-IgE antibodies 

 Anti-IL-5 antibodies 

 Anti-IL-4/IL-13 antibodies 

 

4. Combination Drugs 

 ICS/LABA combinations 

 ICS/LAMA/LABA combinations 

 

Pharmacology of Anti-Asthmatic Drugs 

 

1. Bronchodilators 

Beta-2 Agonists 

 Short-acting beta-2 agonists (SABA) 

 Examples: Albuterol (Salbutamol), Levalbuterol 
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 Mechanism of Action: SABAs stimulate beta-2 adrenergic receptors in the 

bronchial smooth muscle, leading to muscle relaxation and bronchodilation. They 

provide rapid relief from acute bronchoconstriction. 

 Uses: Relief of acute asthma symptoms and prevention of exercise-induced 

bronchospasm. 

 Side Effects: Tachycardia, tremors, nervousness, hypokalemia. 

 Long-acting beta-2 agonists (LABA) 

 Examples: Salmeterol, Formoterol 

 Mechanism of Action: LABAs provide prolonged stimulation of beta-2 

adrenergic receptors, leading to sustained bronchodilation. 

 Uses: Maintenance therapy for chronic asthma, used in combination with inhaled 

corticosteroids. 

 Side Effects: Similar to SABAs, increased risk of asthma-related death when used 

alone. 

Anticholinergics 

 Short-acting muscarinic antagonists (SAMA) 

 Example: Ipratropium bromide 

 Mechanism of Action: SAMAs block muscarinic receptors in the bronchial 

smooth muscle, leading to bronchodilation and reduced mucus secretion. 

 Uses: Relief of acute asthma symptoms, often used in combination with SABAs. 

 Side Effects: Dry mouth, throat irritation, urinary retention. 

 Long-acting muscarinic antagonists (LAMA) 

 Example: Tiotropium bromide 

 Mechanism of Action: LAMAs provide prolonged blockade of muscarinic 

receptors, leading to sustained bronchodilation. 

 Uses: Maintenance therapy for chronic asthma and COPD. 

 Side Effects: Similar to SAMAs, with potential for systemic anticholinergic 

effects. 

Methylxanthines 

 Examples: Theophylline, Aminophylline 

 Mechanism of Action: Methylxanthines inhibit phosphodiesterase, leading to 

increased levels of cyclic AMP and bronchodilation. They also have anti-

inflammatory effects. 

 Uses: Maintenance therapy for chronic asthma, often as an add-on treatment. 

 Side Effects: Nausea, vomiting, insomnia, arrhythmias, seizures (narrow therapeutic 

index). 
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2. Anti-inflammatory Drugs 

Corticosteroids 

 Inhaled corticosteroids (ICS) 

 Examples: Beclomethasone, Budesonide, Fluticasone 

 Mechanism of Action: ICS reduce airway inflammation by inhibiting the 

production of inflammatory cytokines, reducing airway hyperresponsiveness, and 

decreasing mucus production. 

 Uses: First-line maintenance therapy for chronic asthma. 

 Side Effects: Oral thrush, hoarseness, potential systemic effects with high doses. 

 Systemic corticosteroids 

 Examples: Prednisone, Methylprednisolone 

 Mechanism of Action: Systemic corticosteroids reduce inflammation throughout 

the body, including the airways. 

 Uses: Short-term treatment of severe asthma exacerbations. 

 Side Effects: Weight gain, osteoporosis, adrenal suppression, hyperglycemia, 

increased risk of infection. 

Leukotriene Modifiers 

 Leukotriene receptor antagonists 

 Examples: Montelukast, Zafirlukast 

 Mechanism of Action: These drugs block leukotriene receptors, reducing 

bronchoconstriction, inflammation, and mucus production. 

 Uses: Maintenance therapy for chronic asthma, especially in patients with allergic 

components. 

 Side Effects: Headache, gastrointestinal disturbances, neuropsychiatric events 

(rare). 

 5-lipoxygenase inhibitors 

 Example: Zileuton 

 Mechanism of Action: Inhibits 5-lipoxygenase, reducing the synthesis of 

leukotrienes. 

 Uses: Maintenance therapy for chronic asthma. 

 Side Effects: Liver enzyme elevation, headache. 

Mast Cell Stabilizers 

 Examples: Cromolyn sodium, Nedocromil 

 Mechanism of Action: Prevent the release of histamine and other inflammatory 

mediators from mast cells. 

 Uses: Maintenance therapy for mild persistent asthma, prevention of exercise-induced 

bronchospasm. 

 Side Effects: Throat irritation, coughing. 
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3. Biologic Agents 

Anti-IgE Antibodies 

 Example: Omalizumab 

 Mechanism of Action: Binds to IgE, preventing it from binding to its receptor on 

mast cells and basophils, reducing allergic inflammation. 

 Uses: Severe allergic asthma not controlled by conventional therapies. 

 Side Effects: Injection site reactions, anaphylaxis (rare). 

Anti-IL-5 Antibodies 

 Examples: Mepolizumab, Reslizumab, Benralizumab 

 Mechanism of Action: Target and neutralize IL-5, reducing eosinophilic 

inflammation in the airways. 

 Uses: Severe eosinophilic asthma. 

 Side Effects: Injection site reactions, headache. 

Anti-IL-4/IL-13 Antibodies 

 Example: Dupilumab 

 Mechanism of Action: Inhibits IL-4 and IL-13 signaling, reducing inflammation and 

mucus production. 

 Uses: Moderate to severe asthma with an eosinophilic phenotype or corticosteroid-

dependent asthma. 

 Side Effects: Injection site reactions, conjunctivitis. 

 

4. Combination Drugs 

ICS/LABA Combinations 

 Examples: Fluticasone/Salmeterol (Advair), Budesonide/Formoterol (Symbicort) 

 Mechanism of Action: Provide both anti-inflammatory effects (ICS) and sustained 

bronchodilation (LABA). 

 Uses: Maintenance therapy for moderate to severe asthma. 

 Side Effects: Similar to individual components. 

ICS/LAMA/LABA Combinations 

 Example: Fluticasone/Umeclidinium/Vilanterol (Trelegy Ellipta) 

 Mechanism of Action: Provide anti-inflammatory effects, bronchodilation, and 

reduced mucus secretion. 

 Uses: Maintenance therapy for severe asthma and COPD. 

 Side Effects: Similar to individual components. 
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Expectorants and Antitussives 

 

Anti-asthmatic drugs are medications used to treat and manage asthma, a chronic 

inflammatory disease of the airways characterized by recurrent episodes of wheezing, 

breathlessness, chest tightness, and coughing. These drugs aim to reduce inflammation, 

prevent bronchoconstriction, and relieve acute symptoms. 

 

Classification of Anti-Asthmatic Drugs 

 

Anti-asthmatic drugs can be classified into several categories based on their mechanisms of 

action and therapeutic uses: 

 

1. Bronchodilators 

 Beta-2 Agonists 

 Short-acting beta-2 agonists (SABA) 

 Long-acting beta-2 agonists (LABA) 

 Anticholinergics 

 Short-acting muscarinic antagonists (SAMA) 

 Long-acting muscarinic antagonists (LAMA) 

 Methylxanthines 
 

2. Anti-inflammatory Drugs 

 Corticosteroids 

 Inhaled corticosteroids (ICS) 

 Systemic corticosteroids 

 Leukotriene Modifiers 

 Leukotriene receptor antagonists 

 5-lipoxygenase inhibitors 

 Mast Cell Stabilizers 
 

3. Biologic Agents 

 Anti-IgE antibodies 

 Anti-IL-5 antibodies 

 Anti-IL-4/IL-13 antibodies 

 

4. Combination Drugs 

 ICS/LABA combinations 

 ICS/LAMA/LABA combinations 
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Pharmacology of Anti-Asthmatic Drugs 

 

1. Bronchodilators 

Beta-2 Agonists 

 Short-acting beta-2 agonists (SABA) 

 Examples: Albuterol (Salbutamol), Levalbuterol 

 Mechanism of Action: SABAs stimulate beta-2 adrenergic receptors in the 

bronchial smooth muscle, leading to muscle relaxation and bronchodilation. They 

provide rapid relief from acute bronchoconstriction. 

 Uses: Relief of acute asthma symptoms and prevention of exercise-induced 

bronchospasm. 

 Side Effects: Tachycardia, tremors, nervousness, hypokalemia. 

 Long-acting beta-2 agonists (LABA) 

 Examples: Salmeterol, Formoterol 

 Mechanism of Action: LABAs provide prolonged stimulation of beta-2 

adrenergic receptors, leading to sustained bronchodilation. 

 Uses: Maintenance therapy for chronic asthma, used in combination with inhaled 

corticosteroids. 

 Side Effects: Similar to SABAs, increased risk of asthma-related death when used 

alone. 

Anticholinergics 

 Short-acting muscarinic antagonists (SAMA) 

 Example: Ipratropium bromide 

 Mechanism of Action: SAMAs block muscarinic receptors in the bronchial 

smooth muscle, leading to bronchodilation and reduced mucus secretion. 

 Uses: Relief of acute asthma symptoms, often used in combination with SABAs. 

 Side Effects: Dry mouth, throat irritation, urinary retention. 

 Long-acting muscarinic antagonists (LAMA) 

 Example: Tiotropium bromide 

 Mechanism of Action: LAMAs provide prolonged blockade of muscarinic 

receptors, leading to sustained bronchodilation. 

 Uses: Maintenance therapy for chronic asthma and COPD. 

 Side Effects: Similar to SAMAs, with potential for systemic anticholinergic 

effects. 

Methylxanthines 

 Examples: Theophylline, Aminophylline 

 Mechanism of Action: Methylxanthines inhibit phosphodiesterase, leading to 

increased levels of cyclic AMP and bronchodilation. They also have anti-

inflammatory effects. 



Chapter 1: Pharmacology of Drugs Acting on Respiratory System 

E-ISBN: 978-93-6252-262-7 

12 

 Uses: Maintenance therapy for chronic asthma, often as an add-on treatment. 

 Side Effects: Nausea, vomiting, insomnia, arrhythmias, seizures (narrow therapeutic 

index). 

 

2. Anti-inflammatory Drugs 

Corticosteroids 

 Inhaled corticosteroids (ICS) 

 Examples: Beclomethasone, Budesonide, Fluticasone 

 Mechanism of Action: ICS reduce airway inflammation by inhibiting the 

production of inflammatory cytokines, reducing airway hyperresponsiveness, and 

decreasing mucus production. 

 Uses: First-line maintenance therapy for chronic asthma. 

 Side Effects: Oral thrush, hoarseness, potential systemic effects with high doses. 

 Systemic corticosteroids 

 Examples: Prednisone, Methylprednisolone 

 Mechanism of Action: Systemic corticosteroids reduce inflammation throughout 

the body, including the airways. 

 Uses: Short-term treatment of severe asthma exacerbations. 

 Side Effects: Weight gain, osteoporosis, adrenal suppression, hyperglycemia, 

increased risk of infection. 

Leukotriene Modifiers 

 Leukotriene receptor antagonists 

 Examples: Montelukast, Zafirlukast 

 Mechanism of Action: These drugs block leukotriene receptors, reducing 

bronchoconstriction, inflammation, and mucus production. 

 Uses: Maintenance therapy for chronic asthma, especially in patients with allergic 

components. 

 Side Effects: Headache, gastrointestinal disturbances, neuropsychiatric events 

(rare). 

 5-lipoxygenase inhibitors 

 Example: Zileuton 

 Mechanism of Action: Inhibits 5-lipoxygenase, reducing the synthesis of 

leukotrienes. 

 Uses: Maintenance therapy for chronic asthma. 

 Side Effects: Liver enzyme elevation, headache. 

Mast Cell Stabilizers 

 Examples: Cromolyn sodium, Nedocromil 
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 Mechanism of Action: Prevent the release of histamine and other inflammatory 

mediators from mast cells. 

 Uses: Maintenance therapy for mild persistent asthma, prevention of exercise-induced 

bronchospasm. 

 Side Effects: Throat irritation, coughing. 

 

3. Biologic Agents 

Anti-IgE Antibodies 

 Example: Omalizumab 

 Mechanism of Action: Binds to IgE, preventing it from binding to its receptor on 

mast cells and basophils, reducing allergic inflammation. 

 Uses: Severe allergic asthma not controlled by conventional therapies. 

 Side Effects: Injection site reactions, anaphylaxis (rare). 

Anti-IL-5 Antibodies 

 Examples: Mepolizumab, Reslizumab, Benralizumab 

 Mechanism of Action: Target and neutralize IL-5, reducing eosinophilic 

inflammation in the airways. 

 Uses: Severe eosinophilic asthma. 

 Side Effects: Injection site reactions, headache. 

Anti-IL-4/IL-13 Antibodies 

 Example: Dupilumab 

 Mechanism of Action: Inhibits IL-4 and IL-13 signaling, reducing inflammation and 

mucus production. 

 Uses: Moderate to severe asthma with an eosinophilic phenotype or corticosteroid-

dependent asthma. 

 Side Effects: Injection site reactions, conjunctivitis. 

 

4. Combination Drugs 

ICS/LABA Combinations 

 Examples: Fluticasone/Salmeterol (Advair), Budesonide/Formoterol (Symbicort) 

 Mechanism of Action: Provide both anti-inflammatory effects (ICS) and sustained 

bronchodilation (LABA). 

 Uses: Maintenance therapy for moderate to severe asthma. 

 Side Effects: Similar to individual components. 

ICS/LAMA/LABA Combinations 

 Example: Fluticasone/Umeclidinium/Vilanterol (Trelegy Ellipta) 

 Mechanism of Action: Provide anti-inflammatory effects, bronchodilation, and 

reduced mucus secretion. 



Chapter 1: Pharmacology of Drugs Acting on Respiratory System 

E-ISBN: 978-93-6252-262-7 

14 

 Uses: Maintenance therapy for severe asthma and COPD. 

 Side Effects: Similar to individual components. 

 

Drugs Used in the Management of Chronic Obstructive Pulmonary Disease (COPD) 

 

Chronic Obstructive Pulmonary Disease (COPD) is a progressive respiratory disorder 

characterized by persistent airflow limitation and chronic respiratory symptoms. The 

management of COPD involves the use of various pharmacologic agents to relieve 

symptoms, improve lung function, reduce exacerbations, and enhance the overall quality of 

life. 

 

Classification of Drugs for COPD 

 

1. Bronchodilators 

 Beta-2 Agonists 

 Short-acting beta-2 agonists (SABA) 

 Long-acting beta-2 agonists (LABA) 

 Anticholinergics 

 Short-acting muscarinic antagonists (SAMA) 

 Long-acting muscarinic antagonists (LAMA) 

 Methylxanthines 
 

2. Anti-inflammatory Drugs 

 Corticosteroids 

 Inhaled corticosteroids (ICS) 

 Systemic corticosteroids 

 Phosphodiesterase-4 (PDE4) Inhibitors 
 

3. Combination Drugs 

 LABA/ICS combinations 

 LAMA/LABA combinations 

 Triple therapy (LAMA/LABA/ICS) 

 

4. Other Therapies 

 Antibiotics 

 Mucolytics and Expectorants 

 Oxygen therapy 

 Vaccinations 
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Pharmacology of Drugs for COPD 

 

1. Bronchodilators 

Beta-2 Agonists 

 Short-acting beta-2 agonists (SABA) 

 Examples: Albuterol (Salbutamol), Levalbuterol 

 Mechanism of Action: SABAs stimulate beta-2 adrenergic receptors in the 

bronchial smooth muscle, leading to muscle relaxation and bronchodilation. They 

provide rapid relief from acute bronchoconstriction. 

 Uses: Relief of acute bronchospasm and as-needed symptom control. 

 Side Effects: Tachycardia, tremors, nervousness, hypokalemia. 

 Long-acting beta-2 agonists (LABA) 

 Examples: Salmeterol, Formoterol, Indacaterol 

 Mechanism of Action: LABAs provide prolonged stimulation of beta-2 

adrenergic receptors, leading to sustained bronchodilation. 

 Uses: Maintenance therapy for chronic COPD, often in combination with other 

medications. 

 Side Effects: Similar to SABAs, with increased risk of cardiovascular events in 

some patients. 

Anticholinergics 

 Short-acting muscarinic antagonists (SAMA) 

 Example: Ipratropium bromide 

 Mechanism of Action: SAMAs block muscarinic receptors in the bronchial 

smooth muscle, leading to bronchodilation and reduced mucus secretion. 

 Uses: Relief of acute symptoms, often in combination with SABAs. 

 Side Effects: Dry mouth, throat irritation, urinary retention. 

 Long-acting muscarinic antagonists (LAMA) 

 Examples: Tiotropium bromide, Aclidinium bromide, Glycopyrronium, 

Umeclidinium 

 Mechanism of Action: LAMAs provide prolonged blockade of muscarinic 

receptors, leading to sustained bronchodilation. 

 Uses: Maintenance therapy for chronic COPD. 

 Side Effects: Similar to SAMAs, with potential for systemic anticholinergic 

effects. 

Methylxanthines 

 Examples: Theophylline, Aminophylline 

 Mechanism of Action: Methylxanthines inhibit phosphodiesterase, leading to 

increased levels of cyclic AMP and bronchodilation. They also have anti-

inflammatory effects. 
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 Uses: Maintenance therapy for chronic COPD, often as an add-on treatment. 

 Side Effects: Nausea, vomiting, insomnia, arrhythmias, seizures (narrow therapeutic 

index). 

 

2. Anti-inflammatory Drugs 

Corticosteroids 

 Inhaled corticosteroids (ICS) 

 Examples: Beclomethasone, Budesonide, Fluticasone 

 Mechanism of Action: ICS reduce airway inflammation by inhibiting the 

production of inflammatory cytokines, reducing airway hyperresponsiveness, and 

decreasing mucus production. 

 Uses: Maintenance therapy for chronic COPD, often in combination with LABAs. 

 Side Effects: Oral thrush, hoarseness, potential systemic effects with high doses. 

 Systemic corticosteroids 

 Examples: Prednisone, Methylprednisolone 

 Mechanism of Action: Systemic corticosteroids reduce inflammation throughout 

the body, including the airways. 

 Uses: Short-term treatment of severe COPD exacerbations. 

 Side Effects: Weight gain, osteoporosis, adrenal suppression, hyperglycemia, 

increased risk of infection. 

Phosphodiesterase-4 (PDE4) Inhibitors 

 Example: Roflumilast 

 Mechanism of Action: Inhibits PDE4, leading to increased levels of cyclic AMP, 

which reduces inflammation and relaxes smooth muscles in the airways. 

 Uses: Maintenance therapy for severe COPD with chronic bronchitis and a history 

of exacerbations. 

 Side Effects: Nausea, diarrhea, weight loss, psychiatric symptoms. 

 

3. Combination Drugs 

LABA/ICS Combinations 

 Examples: Fluticasone/Salmeterol (Advair), Budesonide/Formoterol (Symbicort) 

 Mechanism of Action: Provide both anti-inflammatory effects (ICS) and sustained 

bronchodilation (LABA). 

 Uses: Maintenance therapy for moderate to severe COPD. 

 Side Effects: Similar to individual components. 

LAMA/LABA Combinations 

 Examples: Tiotropium/Olodaterol (Stiolto Respimat), Umeclidinium/Vilanterol 

(Anoro Ellipta) 
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 Mechanism of Action: Provide dual bronchodilation by blocking muscarinic 

receptors and stimulating beta-2 adrenergic receptors. 

 Uses: Maintenance therapy for moderate to severe COPD. 

 Side Effects: Similar to individual components. 

Triple Therapy (LAMA/LABA/ICS) 

 Examples: Fluticasone/Umeclidinium/Vilanterol (Trelegy Ellipta) 

 Mechanism of Action: Combines anti-inflammatory effects (ICS), muscarinic 

blockade (LAMA), and beta-2 stimulation (LABA). 

 Uses: Maintenance therapy for severe COPD with frequent exacerbations. 

 Side Effects: Similar to individual components. 

 

4. Other Therapies 

Antibiotics 

 Uses: Treatment of bacterial infections and prevention of exacerbations in patients 

with frequent infections. 

 Examples: Azithromycin, Doxycycline 

 Side Effects: Gastrointestinal disturbances, antibiotic resistance. 

Mucolytics and Expectorants 

 Examples: Acetylcysteine, Carbocisteine 

 Mechanism of Action: Reduce mucus viscosity, making it easier to expectorate. 

 Uses: Maintenance therapy for chronic bronchitis. 

 Side Effects: Gastrointestinal disturbances, hypersensitivity reactions. 

Oxygen Therapy 

 Uses: Long-term oxygen therapy for patients with chronic hypoxemia. 

 Benefits: Improves survival, quality of life, and exercise capacity. 

 Side Effects: Nasal dryness, potential for oxygen toxicity. 

Vaccinations 

 Uses: Prevention of respiratory infections. 

 Examples: Influenza vaccine, Pneumococcal vaccine 

 Benefits: Reduces the risk of infections and exacerbations. 

 

Expectorants and Antitussives 

 

Expectorants and antitussives are two classes of medications commonly used to manage 

symptoms of respiratory conditions such as cough, mucus production, and throat irritation. 

 

 Expectorants: These drugs help to thin and loosen mucus in the airways, making it 

easier to cough up and expel from the respiratory tract. 
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 Antitussives: These drugs suppress the cough reflex, reducing the urge to cough, 

which can be beneficial in managing dry, non-productive coughs. 

 

Classification 

 

Expectorants 
 

1. Direct Expectorants 

 Examples: Guaifenesin 

 Mechanism: Increase the hydration of the respiratory tract, reducing the viscosity of 

mucus and facilitating its removal through coughing. 

 

2. Mucolytics 

 Examples: Acetylcysteine, Carbocisteine 

 Mechanism: Break down the chemical structure of mucus molecules, making mucus 

less thick and sticky, thereby easing its expulsion. 

 

Antitussives 
 

1. Central Antitussives 

 Opioid Antitussives 

 Examples: Codeine, Hydrocodone 

 Mechanism: Act on the cough center in the brainstem to suppress the cough 

reflex. 

 Non-opioid Antitussives 

 Examples: Dextromethorphan 

 Mechanism: Similar to opioids but without the analgesic and addictive properties. 

 

2. Peripheral Antitussives 

 Examples: Benzonatate 

 Mechanism: Numb the stretch receptors in the respiratory tract, reducing the cough 

reflex. 

 

Pharmacology of Expectorants and Antitussives 

 

Expectorants 

 

Guaifenesin 

 Mechanism of Action: Increases the volume and reduces the viscosity of secretions 

in the trachea and bronchi, facilitating the removal of mucus by coughing. 

 Uses: Relief of productive cough associated with common cold, bronchitis, and other 

respiratory conditions. 
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 Side Effects: Generally well-tolerated, but may cause nausea, vomiting, dizziness, 

and headache. 

 

Acetylcysteine 

 Mechanism of Action: Breaks disulfide bonds in mucus, reducing its viscosity and 

making it easier to expel. 

 Uses: Management of chronic bronchitis, cystic fibrosis, and as an antidote for 

acetaminophen overdose. 

 Side Effects: Nausea, vomiting, stomatitis, and hypersensitivity reactions. 

 

Carbocisteine 

 Mechanism of Action: Reduces the viscosity of bronchial mucus, facilitating its 

expulsion. 

 Uses: Similar to acetylcysteine, used in chronic respiratory conditions with thick 

mucus. 

 Side Effects: Gastrointestinal disturbances, skin rash, hypersensitivity reactions. 

 

Antitussives 

 

Codeine 

 Mechanism of Action: Acts on the central nervous system to increase the threshold 

for coughing. 

 Uses: Management of moderate to severe dry cough. 

 Side Effects: Sedation, constipation, nausea, risk of dependence and respiratory 

depression. 

 

Hydrocodone 

 Mechanism of Action: Similar to codeine, suppresses the cough reflex by acting on 

the brainstem. 

 Uses: Severe cough suppression. 

 Side Effects: Similar to codeine, with a higher risk of dependence and respiratory 

depression. 

 

Dextromethorphan 

 Mechanism of Action: Acts centrally on the cough center in the medulla to suppress 

the cough reflex. 

 Uses: Relief of non-productive cough. 

 Side Effects: Dizziness, nausea, drowsiness, at high doses can cause dissociative 

hallucinations. 

 

 

 



Chapter 1: Pharmacology of Drugs Acting on Respiratory System 

E-ISBN: 978-93-6252-262-7 

20 

Benzonatate 

 Mechanism of Action: Numbs the stretch receptors in the lungs and airways, 

reducing the cough reflex. 

 Uses: Relief of cough. 

 Side Effects: Nausea, constipation, drowsiness, and in rare cases, hypersensitivity 

reactions 

 

Nasal Decongestants 

 

Nasal decongestants are medications used to relieve nasal congestion, a common symptom of 

conditions such as the common cold, sinusitis, allergies, and rhinitis. They work by 

constricting the blood vessels in the nasal passages, which reduces swelling and congestion. 

 

Classification of Nasal Decongestants 

 

Nasal decongestants can be classified based on their route of administration and the duration 

of their action: 

 

1. Route of Administration 

 Topical (Nasal Sprays or Drops) 

 Oral 

 

2. Duration of Action 

 Short-acting 

 Intermediate-acting 

 Long-acting 

 

Pharmacology of Nasal Decongestants 

 

Mechanism of Action 

 

Nasal decongestants primarily work by stimulating alpha-adrenergic receptors, which leads to 

vasoconstriction of the blood vessels in the nasal mucosa. This vasoconstriction reduces 

blood flow to the nasal passages, decreasing swelling and congestion. 

 

Common Nasal Decongestants 
 

1. Topical Nasal Decongestants 

Short-acting 

 Examples: Phenylephrine, Naphazoline 

 Mechanism of Action: Directly stimulate alpha-adrenergic receptors in the nasal 

mucosa, causing vasoconstriction and reducing nasal congestion. 

 Duration of Action: Typically lasts 4-6 hours. 
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 Side Effects: Rebound congestion (rhinitis medicamentosa) with prolonged use, local 

irritation, dryness of the nasal mucosa. 

Intermediate-acting 

 Examples: Tetrahydrozoline 

 Mechanism of Action: Similar to short-acting decongestants, with a longer duration 

of action. 

 Duration of Action: Typically lasts 6-8 hours. 

 Side Effects: Similar to short-acting decongestants. 

Long-acting 

 Examples: Oxymetazoline, Xylometazoline 

 Mechanism of Action: Provide prolonged stimulation of alpha-adrenergic receptors, 

leading to sustained vasoconstriction and decongestion. 

 Duration of Action: Typically lasts 10-12 hours. 

 Side Effects: Higher risk of rebound congestion with prolonged use, local irritation, 

dryness of the nasal mucosa. 

 

2. Oral Nasal Decongestants 

Examples 

 Pseudoephedrine 

 Mechanism of Action: Indirectly stimulates alpha-adrenergic receptors by 

increasing the release of norepinephrine, leading to vasoconstriction and reduced 

nasal congestion. 

 Duration of Action: Typically lasts 4-6 hours (immediate release) or 12-24 hours 

(extended release). 

 Side Effects: Insomnia, nervousness, tachycardia, hypertension, potential for 

abuse (due to its use in the illicit manufacture of methamphetamine). 

 Phenylephrine 

 Mechanism of Action: Directly stimulates alpha-adrenergic receptors, leading to 

vasoconstriction and reduced nasal congestion. 

 Duration of Action: Typically lasts 4-6 hours. 

 Side Effects: Less effective than pseudoephedrine, with similar but milder side 

effects including increased blood pressure, headache, dizziness. 

Clinical Uses 

 Common Cold: To relieve nasal congestion and improve breathing. 

 Allergic Rhinitis: To reduce nasal congestion associated with allergies. 

 Sinusitis: To decrease congestion and facilitate sinus drainage. 

 Eustachian Tube Dysfunction: To relieve pressure and congestion in the middle ear. 
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Side Effects and Precautions 

 Rebound Congestion (Rhinitis Medicamentosa): Prolonged use of topical 

decongestants (more than 3-5 days) can lead to rebound nasal congestion, making the 

condition worse once the medication is stopped. 

 Systemic Side Effects (Oral Decongestants): Increased blood pressure, palpitations, 

nervousness, and insomnia. 

 Contraindications: Patients with hypertension, cardiovascular disease, 

hyperthyroidism, diabetes, and prostate enlargement should use these medications 

with caution. 

 Drug Interactions: Can interact with monoamine oxidase inhibitors (MAOIs), 

leading to hypertensive crisis, and may reduce the effectiveness of beta-blockers. 

 

Pharmacology of Respiratory Stimulants 

 

Central Respiratory Stimulants 
 

1. Medullary Stimulants 

 Examples: Doxapram, Almitrine 

 Mechanism of Action: These drugs stimulate the respiratory centers in the medulla 

oblongata, increasing the rate and depth of respiration. 

 Uses: Treatment of acute respiratory failure, post-anesthesia respiratory depression, 

and chronic respiratory insufficiency. 

 Side Effects: Hypertension, tachycardia, anxiety, tremors, convulsions (at high 

doses). 

 

2. Cerebral Cortex Stimulants 

 Examples: Caffeine, Theophylline, Aminophylline 

 Mechanism of Action: These drugs increase the sensitivity of the respiratory centers 

to carbon dioxide, thereby enhancing respiratory drive. They also inhibit 

phosphodiesterase, increasing cyclic AMP levels and leading to bronchodilation. 

 Uses: Management of neonatal apnea, COPD, asthma, and obstructive sleep apnea. 

 Side Effects: Insomnia, gastrointestinal disturbances, cardiac arrhythmias, seizures 

(at high doses). 

 

3. Carotid Body Stimulants 

 Examples: Almitrine 

 Mechanism of Action: Stimulates peripheral chemoreceptors in the carotid bodies, 

enhancing respiratory drive by increasing sensitivity to hypoxia. 

 Uses: Treatment of chronic respiratory failure and hypoventilation syndromes. 

 Side Effects: Peripheral neuropathy, gastrointestinal disturbances, liver toxicity. 
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Peripheral Respiratory Stimulants 
 

1. Direct Respiratory Muscle Stimulants 

 Examples: Epinephrine (Adrenaline) 

 Mechanism of Action: Acts on beta-adrenergic receptors to enhance the contractility 

of the respiratory muscles, including the diaphragm, thereby improving ventilation. 

 Uses: Emergency treatment of severe asthma and anaphylaxis, acute bronchospasm. 

 Side Effects: Tachycardia, hypertension, tremors, anxiety, palpitations. 

Clinical Applications 

 Drug Overdose: Respiratory stimulants can reverse respiratory depression caused by 

opioid or sedative overdose. 

 Neonatal Apnea: Medications like caffeine are used to stimulate breathing in 

premature infants with apnea of prematurity. 

 Chronic Respiratory Conditions: Used as an adjunct in the management of chronic 

respiratory failure, COPD, and central sleep apnea. 

 Post-Anesthesia: To counteract respiratory depression following anesthesia and 

sedative administration. 

Side Effects and Monitoring 

 Hypertension and Tachycardia: Common with most respiratory stimulants, 

especially those that act on the adrenergic system. 

 Anxiety and Tremors: Due to central nervous system stimulation. 

 Gastrointestinal Disturbances: Nausea, vomiting, and abdominal discomfort. 

 Seizures: High doses of central respiratory stimulants can lower the seizure threshold. 

 Peripheral Neuropathy and Liver Toxicity: Specific to drugs like almitrine, 

requiring careful monitoring. 

Contraindications and Precautions 

 Cardiovascular Disease: Use with caution in patients with hypertension, 

arrhythmias, or ischemic heart disease. 

 Seizure Disorders: Central stimulants can precipitate seizures, so they should be used 

cautiously in patients with a history of epilepsy. 

 Liver and Renal Impairment: Adjust doses and monitor for toxicity in patients with 

compromised liver or kidney function. 

 


