Pharmacology Case 4 – Chronic Bronchitis

Treatment plan for this patient

Cigarette Smoking:

· Behavioural changes, group treatment, pamphlets and quit line
· Nicotine replacement therapy along with group treatment has a 40% abstinence rate (compared to only 20% with group treatment alone). 
· Available as chewing gum and transdermal patches, contraindicated in patients with cardiac arrhythmias, angina and cerebrovascular accidents. 
· This patient is suitable for nicotine patches and also group treatment. 
· Patient 5 may not be suitable for nicotine patches due to sinus tachycardia and p-pulmonale. 
Chronic productive cough
· Productive cough means sputum is produced.

· Cough is a protective reflex such that debris, mucous and unwanted foreign material is ejected out of the respiratory tract

· It is a reflex mediated by receptors in the epithelium of respiratory mucosa, and afferent fibres travel within the vagus nerve up to the medullary cough centre and efferent fibres travel within somatic nerves innervating the respiratory muscles.

· Productive cough needs no treatment

· Unproductive cough can be treated with:

· Antitussives (cough suppressants)
· Opiods (centrally acting drugs): increase threshold of neurons within medullary cough centre, thus cough reflex is suppressed 

· Codeine and pholcodeine are usually used. 

· Peripherally acting drugs: anaesthetics given during bronchscopy can reduce stimulation of oropharyngeal cough reflex

· Lignocaine is used

· Locally acting drugs: Demulcents line the local airways above larynx, causing less irritation. 

Chronic bronchitis (COPD)

· Smoking is the major cause

· Expiration is limited due to decreased intraluminal diameter:

· Due to increased number of goblet cells – producing lots of mucous and decreasing the luminal area

· Respiratory infections are also common ( these may be severe. 

· Administration of drugs:
· Aerosols are most efficient for delivery of drugs to the lungs. Particle size is important. Particle size of 5uM ( deposit in oropharynx and will get swallowed, particle size <=0.5uM ( will not deposit on respiratory airways so will get exhaled, and particle size of 1-3uM is most efficient and will reach the distal lung airways and deposit on their surface

· Methods of delivery:
· Pressurized metered dose inhaler: These are manually activated inhalers, more common method of delivery of aerosol, requires coordinated breathing with activated device. 

· 80-95% of particles deposit in oropharynx and is swallowed, so inefficient

· Relatively inexpensive but 30% of population find coordination task difficult

· Large/Small Volume spacers: These are plastic reservoirs with a valve, attached to the metered dose inhalers. No coordination is required, activating the dose inhaler and breathing allows aerosol to be inhaled. Less portable, but newer smaller spacers are being developed

· Breath activated devices: requires high airflow. The metered dose inhaler is automatically activated during inhalation but rate must be at least 30 L/min. Also available in dry powder format, where the dry powder is dispersed in inhaled air – powder particles are optimum size for deposition in airways. 

· Nebulisers: uses face mask and mouthpiece to delivery drug from a reservoir. Up to 10 times more drugs is required to achieve same bronchodilation using nebuliser compared to a metered dose inhaler. 

· Symptom relieving drugs:
· B2 adrenoreceptor agonists:
· Drugs include: salbutamol, salmeterol, formoterol (eforomoterol)

· Mechanism of action:
· Airways are rich in b2 adrenoceptors (beta2 adrenergic receptors), and when these are stimulated we have relaxation of smooth muscle surrounding airways and bronchodilation results:

· Generate increase in intracellular cyclic AMP, and thus large release of calcium from intracellular stores ( extrusion is enhanced ( reduced uptake of Ca2+. 

· Inhibits mediator release from mast cells (e.g.: histamine may cause wet lung exacerbating ARDS)

· Enhances the clearance of mucous from airways – due to enhanced ciliary activity. 

· Pharmacokinetics:

· Generally onset of drug action is within 5 minutes

· Salbutemol: duration of action is for up to 6 hrs after inhalation of drug

· Chemical structure prevents neuronal uptake and also reduces affinity to catechol-O-methyl transferase ( responsible for its metabolism

· Salmeterol: produces effects for up to 12 hrs, due to modified side chain (lipophilic) ( binds to site away from receptor ( extending duration of receptor stimulation

· Formeterol (eformeterol): also has prolonged receptor stimulation because it deposits within the lipid bi layer, therefore releasing in small amounts to keep receptors stimulated for longer periods of time

· Apart from their duration of action – no difference in mechanism of action and effects produced
· Note that b2-adrenoceptor agonists are selective for b2 receptors but this is dose dependent
· Dosages:
· Salbutemol: two inhalations 6-hourly (duration of action is for 6 hours). 

· Side effects:
· Stimulation of b1 receptors may produce tachyarrhythmias

· Salmeterol produces headaches in 10% of patients

· Also produces hypokalemia, hyperglycaemia and hypomagnesaemia. 

· Methylxanthines:
· Drugs include: theophylline, aminophylline

· Mechanism of action:
· Inhibition of enzyme phosphodieasterase (PDE)

· Increases preferentially inhibition of PDE type IV isoenzyme found in smooth muscle of bronchi, and some inflammatory cells such as mast cells. 

· Reduces intracellular hydrolysis of cyclic AMP

· End effect of bronchodilation in high plasma levels

· Rise in intracellular cyclic AMP levels means increased release of stored intracellular Ca2+, thus enhancing calcium extrusion, reduced calcium entry ( relaxation of bronchial smooth muscle. 

· In cardiac muscle, theophylline increases force and rate of contraction ( augmenting cardiac output

· Anti-inflammatory effects:

· Inhibition of inflammatory mediator release

· Pharmacokinetics:
· Absorbed erratically from the gut, and irritant to the stomach

· Short plasma – half life

· Narrow therapeutic index so must be careful ( otherwise toxic levels achieved quickly. 

· Dosage:
· Theophylline: initial dosage of: 200-250mg a day, and up to 300-400mg per day if side effects not evident

· Side effects:
· Gastrointestinal upset, nausea and vomittimg

· CNS stimulation by adenosine receptor antagonism ( may produce insomnia

· Cardiovascular effects ( increase rate and contractility of heart muscle ( various arrhythmias, peripheral vasodilation 

· Antimuscuranic antagonists:
· Drugs include: ipratropium


· Mechanism of action:
· Basically the acetyl choline released binds to muscuranic receptors on bronchial smooth muscle and this causes increase in cyclic GMP levels intracellularly, causing bronchoconstriction. 

· Ipratroprium works by inhibition of these receptors therefore producing bronchodilation

· Pharmacokinetics:
· Slower onset of action but longer duration of action than salbutemol

· Exclusively given by pressurized metered dose inhaler, or nebuliser (mouthpiece more effective and efficient) ( inhaled due to poor absorption from gut 

· Side effects:
· Almost none due to direct delivery to lung, minimize systemic side effects

· May cause dry mouth (inhalation and swallowing of particles). 

· Dosage:
· 2 puffs four times daily. 

· Corticosteroids (mainly involved in treatment of asthma):
· These are anti-inflammatory drugs

· Drugs include: prednisolone, hydrocortisone, budesonide, beclometasone diproprionate, fluticasone

· Mechanism of action:
· Inhibits the gene that is responsible for coding cytokines, involved in inflammatory process (specific for asthma). 

· Anti-inflammatory responses includes:

· Short term:
· Reduces inflammatory cell activation (macrophages, T-lymphocytes, eosinophils) 

· Decreased production of inflammatory prostaglandins and leukotrienes 

· Adrenoceptor upregulation, increased response to b2-adrenoceptor agonists. 

· Long term:
· Reduced T-cell cytokine production

· Reduced eosinophil deposition in bronchial mucosa

· Reduced mast cell deposition in bronchial mucosa

· Pharmacokinetics:
· Can be given IV and orally but to minimize systemic side effects they are given via inhalation

· Ideally we want no absorption into mucosa and if so, rapid inactivation of drug

· Beclametasone diproprionate fulfills first criteria but is only slowly inactivated 

· Budesonide is rapidly inactivated by first pass metabolism by liver

· Fluticasone is poorly absorbed from gut

· Side effects:
· Dysphonia – hoarseness of voice due to deposition of inhaled particles on vocal cords

· Oral candidiasis can occur but can be prevented if using a spacer or gargling performed after use of inhaled corticosteriods

· Dosages:
· Oral prednisalone is initially given at 30 - 40mg per day and a flow measurement is taken, if beneficial then reduce dosage to maintenance level. 

· If oral prednisalone is not effective then treatment should be stopped immediately to reduce chances of side effects. 

· Cromones
· Drugs include: sodium cromoglycate, nedocromil sodium 

· Mechanism of action:
· Stabilises the mast cells (sodium cromoglycate) – reduces mediator release from mast cells. 

· Protects against bronchoconstriction  - because antagonizes the effects of irritants that generate bronchoconstriction reflex

· Reduced accumulation of eosinophils and reduce activation of inflammatory cells such as: macrophages, neutrophils and eosinophils. 

· Pharmacokinetics:
· After inhalation, cromones are poorly absorbed into the mucosa so found on respiratory mucosa after inhalation as a powder

· Swallowed drugs is voided in faeces

· Side effects:
· Cough and wheezing after inhalation of drug

· Leukotriene synthesis inhibitors
· Drugs include: zileuton

· Mechanism of action:
· Leukotrienes mediate the bronchoconstriction response, so reducing formation of leukotrienes means bronchoconstriction, inflammation, mucosal oedema is reduced. 

· Leukotrienes are formed for arachidonic acid and this requires enzyme: 5-lipooxygenase  - inhibition of this enzyme inhibits formation of leukotrienes. 

· Main effect: bronchodilation (inhibiting bronchoconstriction, and anti - inflammatory effects)

· Pharmacokinetics:
· Well absorbed from the gut and undergoes first pass metabolism

· Short half life

· And excreted by hepatic metabolism

· Leukotriene receptor antagonists:

· Mechanism of action:
· LTD4 mediates bronchoconstriction – hence blocking the receptor to which this binds will inhibit bronchoconstriction. 
· Side effects:
· Headache
· GI upset
Treatment plan for this patient:

· Cessation of smoking is absolutely necessary
· Antibiotic therapy can be beneficial especially if patient is coughing greenish yellowish sputum, indication an infection. Typical drug agents are amoxycillin, tetracycline, cefaclor. 
· Bronchodilator therapy – mainly beta2-adrenoceptor agonists, and treat exacerbations of symptoms with oral corticosteroids (short term) and use inhaled corticosteriods in the long term. Normally prednisalone at 30-40mg, and reduce to maintenance dose if symptoms are efficient. 
· Mucolytic agents may be beneficial but not necessary
· Oxygen therapy: arterial oxygen saturation should be maintained at >=90%, 1-2L/min nasal cannulae. This patient SHOULD NOT UNDERGO OXYGEN THERAPY BECAUSE HE IS A SMOKER --> DANGER OF FIRE
· Nasal intermittent positive airway pressure – CPAP or NIPPV --> treat sleep apnoea – common in patients with COPD. 
