Cardiovascular System Drugs – Summary

Introduction

In case 1 the patient experiences sudden severe chest pain. There are two types of angina that can be presented in a patient. Stable angina results from the inability of the hearts coronary circulation to meet the metabolic demands of heart tissue. There is an imbalance between the oxygen delivery and oxygen requirements of the tissue. Unstable angina is when the fibrous cap of the plaque fissures, therefore promoting thrombus formation. If the vessel is completely occluded due to high stresses put on the fibrous cap – this leads to Myocardial Infarction. 

Drug treatment of angina

Note that in Case 1 the management of myocardial infarction can be to relieve the pain and also administer thrombolytic drugs (This will be discussed later). 

Drug treatment for angina is directed at improving coronary blood flow, hence increasing oxygen supply to counteract ischaemia – or to reduce the metabolic demands of the oxygen tissue. 

Four major classes of drugs are present for the treatment of angina:

· Organic Nitrates

· Beta-adrenoceptor antagonists

· Calcium channel antagonists

· Potassium channel openers

Organic nitrates

· Drugs include: GTN, isosorbide dinitrate, isosorbide mononitrate

· Mechanism of action/effects:
· Nitrates are broken down to nitric oxide, and this combines with thiol groups to become nitrosothiols. 

· Nitric oxide and nitrosothiols activates enzyme guanylate cyclase and increased production of cyclic GMP. 

· Increased cyclic GMP means reduced intravascular Ca2+ ions.

· Reduced intravascular Ca2+ ions means reduced cross bridge formation and hence main effect is vascular smooth muscle relaxation. 

· Effects (Systemic veins):
· Acts on major systemic veins, and hence produces blood pooling. 

· Venous dilatation means decreased venous return, decreased preload on the heart

· Decreased preload means decreased wall tension developed by ventricles

· Decreased wall tension means decreased oxygen demand

· Venous dilatation occurs at moderate levels of nitrate concentrations and tolerance occurs rapidly during prolonged usage. 

· Effects (Large arteries);
· Vasodilation of resistance vessels lowers blood pressure

· Decrease in blood pressure lowers afterload

· Decrease in afterload causes reduced work load on heart

· Reduced work load translates to reduced myocardial oxygen demand

· Requires high concentration of nitrates and tolerance occurs readily during prolonged use

· Effects (Coronary arteries):
· Improves collateral blood flow

· Collateral blood flow enhancement produces blood flow to ischaemic areas

· Coronary artery dilatation occurs at low nitrate levels and tolerance is slow to develop. 

· Pharmacokinetics
· GTN – well absorbed from the gut but undergoes extensive first pass metabolism in liver producing inactive metabolites

· To increase bioavailability GTN is given via three methods:

· Sub lingual: Tablet placed under tongues for rapid absorption, half life of 1-2 hours, onset of action is 5 minutes, duration of action is 30 minutes. 

· Buccal: tablet containing GTN is placed between upper lip and gum, slow release of drug to increase duration of action

· Transdermal: delivered via transdermal patch, duration of action is over 24 hours

· Intravenous: given intravenously for rapid onset of action, and short duration of action means this method is an advantage. 

· Isosorbide dinitrate – well absorbed orally but undergoes extensive first pass metabolism in liver producing active and inactive metabolites. 

· Majority of clinical effect is by forming isosorbine 5-mononitrate, isosorbide dinitrate has longer duration of action than GTN

· Isosorbide 5-mononitrate – is not subject to first pass metabolism, hence can be given orally as an alternative to isosorbide dinitrate. 

· Unwanted effects:
· Venodilatations - Postural hypotension and reflex tachycardia, dizziness and syncope. 

· Arterial dilatations – throbbing headache and flushing

· Tolerance to nitrate therapy is a major concern. Tolerance develops quite readily during high doses of nitrate for prolonged periods. 

· To reduce the effects of tolerance have a ‘nitrate low’ period every 24 hours, this is better than ‘nitrate free’ period because it does not cause rebound angina. 

· Dose: 
· Isosorbide dinitrate: 2.5-5mg intial dose, repeated every 2-3 hours until symptoms are relieved or enhanced side effects

· Isosorbine mononitrate: 30-120mg once daily

· Sublingual GTN: approx 400ug

· Transdermal patches GTN: 5-15ug over 12 hours. 

· Beta-adrenoceptor antagonists
· Drugs include: atenolol, propranolol, pindolol, nebivolol, labetelol

· Mechanism of action:
· Their main mechanism of action is to competitively bind to beta1-adrenoceptors before catecholamines can bind to them

· This causes the blockade of receptors

· Effects:
· Decreases heart rate 

· Decreases force of contractility (negative inotropic effect)

· Decreases blood pressure

· Combined effect: decreasing heart rate lengthens diastole, allowing more coronary perfusion and increasing oxygen supply, and also decreasing force of contractility decreases myocardial demand for oxygen. 

· Important properties of beta1-adrenoceptor antagonists:
· Note that there are two beta-adrenoceptors, located in the heart and on the respiratory airways. 

· Some drugs (i.e.: atenolol) have ‘cardio selectivity’ – they selectively bind to beta1-adrenoceptors located in the heart – having a predominant effect on the heart. ‘Cardio selectivity’ for atenolol is only for low doses, high dose regimes produces effects on heart and respiratory airways. 

· Other drugs (i.e.: propanolol) are non-selective drugs – they bind to both beta1-beta2-adrenoceptors, hence having an effect on the respiratory airways. 

· Some drugs (i.e.: pindolol) have a ‘partial agonist’ effect. This means when they bind to beta1-adrenoceptors – they tend to have a slight agonist effect, considerably less than cathecolamines – so can be effective.

· Some drugs (i.e.: pindolol) which have a ‘partial agonist’ effect on beta2-adrenoceptors also produce vasodilation. 

· Some other drugs (i.e.: labetolol) acts as alpha blockades, or by increasing nitric oxide concentrations (i.e.: nebivolol). 

· Such drugs may be useful for hypertension

· Pharmacokinetics:
· Oral peak is reached 1.5-4 hours

· Half life of metoprolol is 3-5 hours

· Lipophilic drugs, such as propanolol, is well absorbed from the gut but undergoes extensive first pass metabolism in the liver

· Atenolol, half life 6-7 hours

· Hydrophilic drugs, such as atenolol are less absorbed from gut and are fully excreted by kidney (urine). 

· IV: peak effect in 20 minutes. Duration of action ( 5-8 hours

· Unwanted effects:

· Blockade of beta1 adrenoceptors: Due to excessive beta blockade ( bradycardia can result

· Can precipitate heart failure in patients with already compromised cardiac output due to left ventricular failure

· Using partial agonists will stimulate beta1 receptors at rest slightly, therefore eliminating any risk of bradycardia

· Blockade of beta2 adrenoceptors: the level of cardio selectivity is drug dose dependent. High dose beta1-adrenoceptor antagonists will produce same effect as non selective beta-adrenoceptor antagonists ( cause constriction of bronchioles ( worst affected are asthmatics. 

· Blood lipid levels: They tend to raise plasma TG levels and also decrease plasma High Density Lipoprotein levels, both causes of atheroma

· CNS: dizziness, vivid dreams and hallucinations. More common in lipophilic drugs (i.e.: propanolol) because they readily cross blood brain barrier. 

· Drug interactions:
· With combined treatment with calcium channel antagonists (i.e.: verapamil) means reduced contractility and hence can be contra-indicated in patients with already diminished cardiac output.

· Dose:
· Metaprolol: 50mg, max daily dosage of 400mg

· Atenolol: 50-200mg/day 

· Calcium channel antagonists
· Drugs include: nifedipine, amlodipine, verapamil, diltiazem

· Mechanism of action/effects:
· Intracellular calcium levels can be mediated by entry of calcium from outside, or release of intracellular calcium stores. In smooth muscle the intracellular calcium stores is poorly developed, and hence we are more concerned with entry of calcium into cells. 

· Their principal action is to reduce calcium ion influx into smooth muscle by acting on voltage gated slow Ca2+ channels. 

· Decreased calcium influx means less calcium is available for contractile mechanisms and hence smooth muscle tends to relax. 

· Effects:
· Arterial dilatation (i.e.: nifedipine, amlodipine): arterial smooth muscle relaxes, causing dilatation of arterial vessel – reducing the blood pressure. Reducing blood pressure means reducing after load on heart and hence reducing resistance against  which heart must contract and hence decrease in demand for oxygen supply. 

· Negative chronotropic effect (i.e.: verapamil, diltiazem): slow firing of SA node and slow conduction rate through AV node, hence decrease heart rate. Increasing coronary perfusion.

· Reduced cardiac contractility (i.e.: verapamil): decrease in calcium influx into myocardial cells (which only have voltage gate slow Ca2+ channels) means contractility is compromised. This means decreased myocardial oxygen demand. 

· Pharmacokinetics: 
· Most Ca2+ channel antagonists are well absorbed by the gut, undergo extensive and variable first pass metabolism in the liver and have short half lives. 

· Nifedipine is inactivated via metabolism in liver, whilst verapamil and diltiazem still have potent metabolites. 

· Amlodipine differs from others in that it is poorly absorbed from the gut and does not undergo first pass metabolism, high volume of distribution and slower metabolism leads to longer half life of 1-2 days. 

· Unwanted effects:
· Arterial dilation: amlodipine and nifedipine are potent arterial dilators. Hence extensive dilation means headache and flushing and may cause ankle edema. 

· Reduced cardiac contractility: reduced cardiac contractility means, it can precipitate heart failure due to poor left ventricular function. 

· Bradycardia and heart block: Verapamil and diltiazem can slow the heart rate considerably causing bradycardia, particularly when used with beta1-adrenoceptor antagonists. 

· Altered gut motility: Verapamil can cause constipation. Nifedipine and amlodipine can cause nausea and heartburn.

· Potassium channel openers:
· Drugs include: nicorandil

· Mechanism of action:
· Cell membranes of smooth muscle cells have K+ channels

· So opening these channels means potassium exits the cell due to high concentration within the cell compared to outside the cells

· This hyperpolarizes the cell

· Inhibits reaching of threshold potential such that voltage gated calcium channels do not operate

· Calcium influx is prevented

· Smooth muscle in relaxant state ( producing vasodilation

· Pharmacokinetics:
· Rapidly and completely absorbed from the gut and is metabolized by the liver, has a short half life. 

· Biological effect lasts up to 12 hours.

· Unwanted effects:
· Arterial dilation: headache and flushing occurs, also arterial dilation produces drop in blood pressure hence reflex tachycardia results. 

· Dizziness, nausea, vomiting: this can also occur. 

Drug treatment for thrombosis – thrombolytics

In case 1, the patient was given asprin. Aspirin is an antiplatelet agent and reduces platelet aggregation. This is one way of reducing thrombus formation. 

Aspirin

· Has an analgesic effect and is part of the NSAID group

· Mechanism of action:
· Cyclooxygenase is an enzyme essential to prostaglandin and thromboxane synthesis from arachidonic acid. 

· We know arachidonic acid metabolite is an important mediator in clot formation. 

· Thus aspirin acts by blocking this cyclooxygenase enzyme – and thus prevents thromboxane synthesis from arachidonic acid. Platelets don’t have nucleus, so protein synthesis cannot occur hence aspirin permanently disables production of clot forming factors.

We notice in case 1, the patient was administered intravenous alteplase. This is thrombolytic agent, which prevents thrombus formation. We will investigate why alteplase was administered in this patient. 

Fibrinolytic or thrombolytic

· Drugs include: streptokinase, alteplase (rt-PA), urokinase, anistreplase

· Mechanism of fibrinolysis:
· This is when the meshwork of a clot is destroyed so the structure of the clot is dismantled.

· Firstly, plasminogen must be activated by tissue plasminogen activator (t-PA)

· Secondly, plasminogen must be cleaved to plasmin, an active enzyme. 

· Thirdly, plasmin acts on fibrin and fibrinogen at site of thrombus and forms degradation products. 

· Clot undergoes lysis. 

· The action of plasmin is regulated by circulating antiplasmin which inhibit this enzymes action and inhibit lysing of the clot. Useful for example when clotting blocks blood loss, by sealing a damaged blood vessel. 

· Mechanism of action of thrombolytic agents:
· Thrombolytics work by activating circulating plasminogen and cause fibrinolysis

· Rt-PA (recombinant t-PA) is a genetically engineered copy of t-PA

· Urokinase is a naturally occurring plasminogen activator, derived from urine

· Streptokinase is derived from haemolytic streptococci, it is inactive until it binds to plasminogen and this streptokinase-plasminogen complex substitutes for tissue plasminogen activator in the natural fibrinolytic process. This helps the formation of plasmin, acts on site of thrombus and forms degradation products.

· Anistreplase is a preformed streptokinase-plasminogen complex. 

Drug treatment for heart failure

In case 2, we notice that the six-week-old infant is suffering from ventricular septal defect. This is evidenced by a pan-systolic murmur accompanied by a palpable thrill. A ventricular septal defect means, cardiac output is compromised because blood is continuously being shunted from left to right side, due to pressure gradient. But blood also shunts from right to left side, due to pressure gradient (i.e.: pressure gradient fluctuations). This causes a decrease in cardiac output, and also causes back flow of blood evidenced by an enlarged non-tender (not infected) liver. 

Positive inotropic drugs

· Drugs include: digoxin

· Main mechanism is by increasing intracellular calcium levels, and hence more calcium ions available for interaction with contractile proteins, causing augmented contractility. 

· Also enhances reuptake of Ca2+ into sarcoplasmic reticulum during diastole. 

· Mechanism of action:
· Acts on Na+/K+ ATPase pump

· Normally there is efflux of 3Na+ and influx of 2K+. This allows for hyperpolarisation of cell membrane. 

· But by inhibiting this pump, we have accumulation of Na+ inside the cells.

· Thus Na+ concentration gradient is decreased between intracellular and extra cellular compartments. 

· There is less exchange of Ca2+ for Na+.

· Intracellular Ca2+ ion concentration increases. 

· Increased interaction between Ca2+ and contractile proteins, produces augmented contractility. 

· Effects:
· Augments contractility

· Cardiac arrhythmias:

· Mechanism 1

· Inhibits Na+/K+ ATPase pump

· Means more Na+ inside cell, therefore more chances of threshold potential to be reached

· Ectopic focus more likely cause cardiac arrhythmias. 

· Mechanism 2
· If Ca2+ stores from sarcoplasmic reticulum is released into cytoplasm following an action potential, then the inside of cell becomes too “positive”, hence can ultimately lead to more depolarization of cell therefore triggering yet another action potential. 

· Decreased autorhythmicity of SA node

· Mechanism
· Autorhythmicity of SA node is due to greater Na+ influx than K+ efflux. Eventually threshold potential reached and voltage gated Ca2+ channels open, influx of Ca2+. 

· But digoxin disrupts this Na+ influx and K+ efflux due to disruption to Na+/K+ ATPase pump. 

· Increases refractory period of AV node, therefore decreasing AV node conduction

· Mechanism
· Increases the refractory period because more Na+ intracellularly and hence re-polarization takes longer. 

· Pharmacokinetics
· Well absorbed from the gut

· Kidney is main route of excretion

· Half life = 1.5 days

· Rapid response attained after slow-IV injection

· In cases of renal failure, digitoxin can be used as it is metabolized and excreted by gut – but disadvantage due to long half life (i.e.: 8 days). 

· Unwanted effects
· Consequences of increased intracellular Ca2+ levels:

· This means more autorhythmicity and hence junctional escape beats, ventricular ectopic, ventricular tachycardia can result

· Gastrointestinal disturbances like: nausea, vomiting and diarrhoea

· Fatigue, malaise, vertigo, confusion

· Breast enlargment: caused by oestrogen like steroid structure. 

Sympathomimetic inotropes

· Drugs include: non selective beta-adrenoceptor agonists ( isoprenaline, selective beta1-adrenoceptor agonist: dobutamine, alpha – adrenoceptor and dopaminergic agonist: dopamine

· Mechanism of action:
· Isoprenaline: is a non selective beta-adrenoceptor agonist increasing myocardial contractility (beta1-adrenoceptors) – increases the level of cyclic AMP levels within cells, which increases affinity of myofilaments for calcium and also increased influx of calcium into myocardial cells.

· Also increases heart rate (beta1&2-adrenoceptors)

· Also acts on peripheral arterial smooth muscle to cause vasodilation (beta2-adrenoceptors). 

· Dobutamine: synthetic form of dopamine. This is selective beta1-adrenoceptor agonist – therefore only increases cyclic AMP levels to augment contractility.

· Does not act on beta2-adrenocepts and hence tachycardia does not result, and peripheral vasodilation does not occur. 

· Dopamine: has dose related actions

· Low dose (1-5ug/kg/min): acts on D receptors (Dopamine receptors are also located in brain) but these are structurally different from the ones in the kidney, D receptors in kidney are affected – produces renal dilation and hence improves renal flow ( prevents renal failure during shock (especially septic shock). 

· Medium dose (5-15ug/kg/min): acts on D receptors and also acts on non-selective beta adrenoceptors ( net effect is a +’ve inotropic response, also acts on beta2-adrenoceptors which increases heart rate

· High doses (>15ug/kg/min): acts on alpha 1 receptors located on peripheral smooth muscle of arteries ( causes vasoconstriction which overrides the effects of D1 receptor renal vasodilation. 

· Pharmacokinetics:
· Isoprenaline, dobutamine and dopamine all are administered intravenously due to their very short half life, 2-10 minutes. 

· Desensitisation and down-regulation of beta-adrenoceptors produces loss of response over infusions 48-72 hours. 

· Dopamine is usually given into a large central vein, due to its arterial vasoconstrictor effects

· Unwanted effects:
· Tachycardia, heart palpitations and arrhythmias due to excessive cardiac stimulation.

Phosphodiesterase inhibitors

· Drugs include: milrinone, enoximone

· Mechanism of action/effects:
· Isoenzyme of phosphodieterase is found in cardiac cells and smooth muscle cells (phosphodieterase III). 

· Milrinone and enoximone inhibits this enzyme

· Inhibition of this enzyme produces increased cyclic AMP levels intracellularly

· Increased intracellular cyclic AMP levels means increased calcium influx

· Increased calcium influx translates to increased inotropic effect

· Phosphodiesterase inhibition in peripheral vascular smooth muscle produces arterial vasodilation

· Pharmacokinetics:
· Given as short term treatment via intravenous infusion

· Long term safety is under doubt

· Short half lives and are eliminated by kidney or hepatic oxidation

Drugs that control cardiac arrhythmias 

Note that in Case 1, the patient most likely suffers from ventricular fibrillation. This is because damage to heart muscle and also the conduction pathway causes ectopic focus to develop and this coupled with multiple reentrant pathways contribution to the rapid, irregular and uncoordinated contractions of the ventricle ( resulting in fatal diminishment of cardiac output and organ systems begin to fail ( leading to death. 

Note that Case 2, we find the child suffers from Tachycardia. Although this is not the main treatment priority, if Tachycardia persists after treatment then arrthymic drugs may need to be administered. The underlying problem here is a ventricular septal defect. 

Note that in Case 5, the patient suffers from sinus Tachycardia, p-pulmonale and OLD anteroseptal myocardial infarction. Treatment for cardiovascular problems in this case is not necessary as examination will focus on treatment for emphysema as a COPD. 

Use these notes in combination with those posted on the healthscience website. Dosages are provided there. 

Refer to Waller Pages 127-131 for mechanisms of action potential, mechanisms of arrthymogenesis, and classification of anti-arrhythmic drugs. Also refer to Nishari’s Formative Pharmacology Case 3 Report. 

Class 1 drugs

· Mechanism of action:

· Slow the rate of rise of phase 0 depolarisation by inhibiting fast Na+ channels. 
· Penetrate the phospholipid bilayer of membrane and they bind to amino acids in the Na+ channel and inhibiting it. 
Class 1a drugs

· Drugs include: Disopyramide, Procainamide, Quinidine

· Mechanism of action:

· Increases duration of action potential (Fig 8.5, Waller)
· Moderate Na+ channel blockade is produced. 
· Prolongs refractory period
· Blockade of K+ efflux channels hence prolonging repolarisation.
· Pharmacokinetics:

· Disopyramide: almost complete oral absorption, IV formula available for rapid onset of action. 
· Undergoes metabolism in liver produce a less active antiarrhythmic metabolite. 
· Half the drug is eliminated unchanged in urine
· Intermediate half life (hence oral adminstration).
· Procainamide: well absorbed from gut but IV drug also available
· Most of drug is excreted in kidney unchanged but 40% is acetylated in the liver
· Plasma half life is short is short in fast acetylators but double in slow acetylators
· Qunidine: oral absorption is almost complete and about 30% undergoes first pass metabolism in liver. 

· Metabolism in liver is extensive and has moderate half life. 
· Modified release formulations are often used to minimize unwanted effects
· Not widely used in the United Kingdom
· Unwanted effects:

· Gastrointestinal disturbances
· Negative inotropic effects
· Antimuscaranic effects
· Class 1b drugs

· Mechanism of action

· Decreases duration of action potential
· Mild to moderate Na+ channel blockade 
· Little effect on refractory period
· No blockade of K+ channels
· Pharmacokinetics:

· Lignocaine: Extensive first pass metabolism to a potentially toxic metabolite, so oral administration is not used. 
· Given initially as a loading dose by intravenous bolus injection
· Extensive first pass metabolism produces metabolites with little or no antiarrhythmic effects
· Short half life. 
· Mexiletine: Oral absorption is complete, but IV formulation also available for rapid onset of action. 
· Half life is long and extensive first pass metabolism in liver
· Unwanted effects:

· Nausea and vomiting
· CNS toxicity: dizziness and drowsiness, muscle twitching, tremor, confusion
· Negative inotropic effect, hypotension results.
· Bradycardia 

· Class 1c drugs

· Drugs include: flecainide, propafenone
· Mechanism of action:

· No effect on duration of action
· Marked Na+ blockade
· Refractoriness is increased due to K+ rectifier channel blockade
· Pharmacokinetics:

· Flecainide: Oral absorption is complete. 
· IV formulation also available for rapid onset of action
· Elimination is mostly through metabolism
· Half life is long
· Propafenone: Oral absorption is almost complete but dose-dependent first pass metabolism can be extensive
· Elimination is by hydroxylation
· Half life is dose dependent and much longer in slower metabolisers (7% of Caucasian population). 
· Unwanted effects:

· CNS toxicity: anxiety, headache are two most important effects
· Negative inotropic effect, producing hypotension
· Propafenone has weak B-blocking activity ( bronchoconstriction in asthmatics
· Flecainide: may be proarrhthmogenic in patients with recent MI
· Class II drugs

· Drugs include: beta –adrenoceptor antagonists (b-blockers)
· Mechanism of action: refer to angina section

· Most widely used drugs are atenolol and propanolol. Atenolol is more cardio selective in low and moderate doses. 
· Esmolol is an ultra-short-acting cardioselective b-blocker that is used exclusively to treat cardiac arrthymias. 
· Pharmacokinetics

· Esmolol: 9 minute half life. 
· Action is terminated by esterase activity in red blood cells
· Class III drugs

· Drugs include: Amiodarone, Bretylium, Solatol
· Mechanism of action:


· Prolong duration of action potenial thus increasing absolute refractory period
· Amiodarone and sotalol act by inhibiting the K+ channels involved in repolarisation. 
· Pharmacokinetics:

· Amiodarone: incompletely absorbed orally
· Has a large volume of distribution due to extensive tissue protein binding
· Liver metabolism produces active metabolite 
· Both amiodarone and its major active metabolite have long half lives of 50-60 days
· Due to long half life, prolonged loading dose regimen is used
· Effects seen earlier via IV infusion is maybe due to non-competitive B-adrenoceptor antagonist activity, class III effect is delayed. 
· Bretylium: used only for treatment of life threatening ventricular arrythmias (CASE 1 RELEVANCE). 
· Acts by myocardial adrenergic neuron blockade
· Oral absorption is poor and is only available for IV use
· Excreted unchanged by kidney and has an intermediate half life. 
· Sotalol: Beta-blocker with additional Class III properties. 
· Both B-adrenoceptor blockade activity and class III activity is present in L – isomer, while the D-isomer onlt has class III activity. 
· Used only for significant arrhythmias. 
· More negatively inotropic than normal beta-blockers due to prolongation of action potential, which counteracts effect of beta-blockade. 
· Almost completely absorbed from the gut and excreted unchanged in urine. 
· Half life is intermediate
· Unwanted effects:

· Refer to Page 133-134 of Waller. 
· Class IV drugs

· Calcium channel antagonist
· Drugs that are normally used are: verapamil and diltiazem, not the other ones. 
· IV administration of verapamil should be avoided in patients already taking a beta-blocker effect because of summation of myocardial depression and AV nodal conduction block. 
· Full details are provided in the angina section above. 

· Other drugs for rhythm disturbances
· Digoxin:
· They are useful in treating atrial flutter and atrial fibrillation due to their negative conduction effects on AV node 

· Adenosine:
· Mechanism of action:
· Has a potent effect on SA node ( sinus bradycardia

· Slows impulse through AV node but no effect in conduction of impulse through ventricles. 

· Specific adenosine receptors (particularly A1 subtype) activate K+ rectifier channels

· This promotes hyperpolarisation as more and more K+ leaves the myocardial cells

· A2 subtype – causes vasodilation by inhibiting cellular Ca2+ uptake. 

· This property can be used if given to patient with coronary artery disease, causes smooth muscle relaxation and therefore increased arterial oxygen supply.

· Pharmacokinetics
· Given by IV bolus injection for rapid onset of action

· Effect is terminated by uptake into erythrocytes and endothelial cells.

· Half-life of < 10secs and duration of action of < 1min. 

· Unwanted effects:
· Bradycardia and AV node block

· Drug interactions: methylxanthines inhibit the action of adenosine

· Malaise, headache, chest pain, bronchospasm in asthmatics. 

· Atropine
· Given by IV bolus injection

· Inhibits action of vagus nerve (reduces vagal tone)

· Increases rate of firing of the SA node and increases conduction through AV node via blockade of muscaranic M2 receptors. 

· Used specifically for treatment of brady cardia and AV block. 

· Metabolised in liver and has an intermediate half life. 

