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Subject: Cardiac drugs (Part I & II). 
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Michael J.A. Walker


           Part II - Thurs. March 23rd :10:30-11:20am IRC6

Room 413, Medical Block C,

Tel: 822 9531, Fax: 822 9578, Email: rsdaa@interchange.ubc.ca

 FUNDAMENTALS OF CARDIAC DRUGS.

Notes covering four lectures on cardiac drugs:

The first (March 22nd) is a general introduction to cardiac drugs and to antiarrhythmics.

The second  (March 23rd) concerns only antiarrhythmic drugs.

The third (April 4th) is on drugs in congestive heart failure.

The fourth and final lecture (April 13th) covers drugs and myocardial ischaemia/infarction. 

OBJECTIVES
1.
Complete preparation by briefly overviewing the cardiovascular system in terms of heart and blood vessels, and possible sites of drug action.

2.
Know the different tissues of the cardiovascular system.

3.
Understand nervous and hormonal control of the cardiovascular system.

4.
Know how drugs can modify the actions of the nervous system  on the cardiovascular system.

5.
Know the terms inotropism, chronotropism and dromotropism.

6.
Understand how ion channel drugs can modify the electrophysiology of cardiac myocytes.

7.
Understand the mechanisms by which inotropes (positive and negative) alter cardiac myocyte contractility.

8.
Appreciate the physiological mechanisms controlling coronary flow.

9.
Understand the physiological mechanisms that control vascular tone.  Know the importance of the sympathetic nervous system, and of locally released substances in controlling vascular tone. 

10.
Know the various classes (direct and indirectly acting) of vasodilator  and vasoconstrictor drugs. 
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GENERAL NOTES ON HEART AND VASCULATURE

Heart:  A variety of drugs are available to act on heart tissue.  The denervated (e.g. transplanted) heart functions quite adequately, but the autonomic nervous system provides long and short term control of heart function.  Sympathetic nerves innervate all parts of the heart.  Their stimulation, via release of norepinephrine, increases heart rate (positive chronotropism), force of contraction (positive inotropism) and conduction velocity through the atrioventricular node (positive dromotropism).  Circulating epinephrine has similar actions.  The parasympathetic system innervates only atria and the atrioventricular node.  Acetylcholine released from these nerves reduces heart rate, atrioventricular node conduction, increases atrial conduction but decreases the force of atrial contraction.  Cardiac function depends upon an adequate cardiac flow through the coronary circulation.  Coronary flow is autoregulated in response to oxygen need and is almost independent of cardiac autonomic nervous nerves acting on coronary blood vessels.

Cardiac myocytes (of which there are various types) have two main functions.  The first is generation of electrical potentials, to generate cardiac pacing, and the orderly conduction of excitation throughout the heart as well as the trigger for contraction.  The second function is contraction.  Cardiac myocytes contains very organized contractile machinery (actin/myosin) and a sarcoplasmic reticulum which stores calcium for release and subsequent contraction.

Vasculature


In the presence of adequate cardiac output, the arterial vasculature serves to direct blood to areas of need, or to divert flow from other areas.  The venous system serves to ensure adequate venous return and to counteract gravity.  There is always a dynamic balance of vasoconstriction and vasodilation at play.  In some vasculature, such as the coronaries, pressure on the vessel causes a certain basal tone and it is against this tone that vasoconstrictors and vasodilators can act.  Vascoconstriction extra to that induced by basal tone is primarily mediated by norepinephrine released from the sympathetics, and circulating or locally released vasoconstrictors such as angiotensin and endothelin, respectively.  In some organs (heart, brain, kidney) flow is autonomous with organ flow controlled by locally released vascular active substances.  Thus blood vessels are very heterogeneous in their responses to drugs. 

Drugs are available to act on all parts of the heart  and vascular system:

Cardiac nerves:
  Actions due to autonomic nerves can be mimicked, potentiated or blocked by autonomic drugs.  With respect to the heart, the most important drugs are the beta blockers, and to a lesser extent beta agonists, although all of types of drugs which influence sympathetic nerves can influence the heart.

The most important drugs in terms of actions on cardiac parasympathetic nerve function, are the muscarinic blocking drugs.   These block the action of acetylcholine on the heart.  Other parasympathetic drugs can be expected to effect the heart, e.g. anticholinesterases will potentiate parasympathetic activity in the heart.

Cardiac myocytes: Both the electrical and contractile activity of the heart can be influenced by a number of different classes of drugs.

Ion channel drugs.  One major class are ion channel blockers since both electrogenesis and contraction depend critically on the various ion channels found in cardiac cell membranes.  It is the orderly sequential opening and closing of ion channels, principally for sodium, calcium and potassium ions, that generate the action potentials characteristic of different types of cardiac tissue.  Various subtypes of channel exist for the main families of ion channels.  Thus for sodium channels, whose openings generate inward current, there is one major voltage and time dependent channel.

For calcium channels, again inward current, the major channel is the L-type.  There is also a minor T-type.  The opening of the L-type channel provides the link between excitation and  contraction.  The state of  L-type channels depends on voltage and time, but is regulated by cAMP.  L-type channels also exist on vascular smooth muscle cells.

There are many different types of potassium channels.  Their occurrence varies with the types of cardiac cell considered.  The opening of these channels generates outward currents.  Many are  voltage and time dependent, others are chemically regulated (e.g. by acetylcholine, ATP).  The outward currents generated by K channels control the repolarization process and resting membrane potential.   


Blocking drugs exist for many of the above channels:

Sodium channel blocking antiarrhythmics (Class I) and local anaesthetics block cardiac sodium channels  in a manner that is characteristic for different groups of these drugs.

L-type calcium channel blockers block this channel in both cardiac and vascular tissue although different types of calcium channel blockers vary in their selectivity for cardiac versus vascular tissue.  L-type blockers which act on cardiac channels are known as Class IV antiarrhythmics.

A number of different potassium channel blockers as well as potassium channel stimulators exist.  Drugs which block cardiac potassium channels such that they prolong cardiac action potentials are Class III antiarrhythmics.  Some potassium channel blockers are highly selective for a particular type of potassium channel whereas others are more promiscuous in their action. Potassium channel blacking actions are seen at high concentrations with many classes of non-cardiac drugs.  This can lead to lethal arrhythmias in a small minority of people.

Inotropic Drugs A variety of drugs are capable of directly influencing the contractile activity of cardiac myocytes. More importantly, blockade of cardiac L-type calcium channels will produce negative inotropic actions.  Drugs which block sodium channels will also produce negative inotropic actions if present at a high enough dose.   When the sympathetic nervous system is acting upon the heart, direct or indirect blockade will result in negative inotropic (as well as chronotropic and dromotropic) actions.

The major drugs producing positive inotropic actions do so by mechanisms which involve elevation of intracellular calcium. Thus stimulation of beta1 (cardiac) adrenoceptors increases, via elevated cAMP levels, increases calcium currents and calcium availability.  Phosphodiesterase inhibitors have a similar action.  Cardiac glycosides also have inotropic actions, also by elevating calcium availability in the mycotye, but by different mechanisms.

Drugs acting on the vasculature

Drugs acting on the vasculature can be divided into vasoconstrictor or vasodilator drugs.  The mechanisms of vasoconstriction or vasodilation can involve nerves, vascular smooth muscle or the endothelium.  Drugs can mimic, potentiate or block the autonomic nervous system and thereby produce vasocontriction or vasodilation.  In this respect the sympathetic nervous system is all important.  Drugs such as norpeinephrine act on (1 adrenoceptors on smooth muscle and as a result induces constriction.  Epinephrine on the other hand also acts on (2 adrenoceptors to mediate, via cAMP production, vasorelaxation (vasodilation). 

Various agents (e.g serotonin-5 HT, endothelin) act on their respective receptors on smooth muscle to induce constriction. The effects of such agents can be mediated by either the intracellular production of second messengers (IP3) or by acting directly on receptor activated ion channels.  The essential part of the pathway involves elevation of calcium ions and actions on the myosin system.  

Other agents (e.g. adenosine) act on smooth muscle receptors to induce vasodilaton  On the other hand drugs can act directly on the voltage sensitive ion channels, principally for calcium and potassium.  Other relaxant mechanisms involve increasing cAMP or cGMP to inactivate myosin kinase or lower calcium.  L-type calcium channel blockers (e.g. verapamil and nifedipine) and potassium channel activators (cromokalim) both mediate vasodilation.  Calcium blockers prevent the entry of the calcium essential for contraction whereas activation of potassium channels hyperpolarizes the cell membrane.  On the other hand, calcium channel activators and potassium channel blockers cause vascoconstriction.  The  tone in vasculature depends upon the level of intracellular calcium and the balance between pumping it out and letting it in. 

Finally some agents act on their receptors located on the cell membranes of endothelial cells to cause the release of local mediators which in turn act on smooth muscles to mediate constriction or relaxation.  The formation (by NO synthetase) and release of nitric oxide (NO) by agents such as acetylcholine or histamine account for their vasodilator actions.  The natural release of NO can be mimiced by the administration of exogenous nitrates which are broken down to release NO. 

Cardiac vasculature.  The status of both the arterial and venous vasculature in the heart can be influenced by various drugs.  However, tone in the cardiac vasculature is self-regulated via the local release of substance such as adenosine, nitric oxide, endothelin, etc. and this self-regulation minimises external influences.  In addition tension across the cardiac wall regulates coronary vessels  tone. 

Exogenous nitrates, by locally generating nitric oxide, cause vasodilation of coronary arteries and  veins.  Other vasodilator drugs can lower tone in the cardiac vasculature by non-nitric oxide dependent mechanisms.  Drugs which have vasoconstrictor actions on non-cardiac vasculature can also cause vasoconstriction in coronary vessels and thereby produce a degree of myocardial ischaemia as shown by elevation of the QT segment of the ECG.  Ergonovine has this action and can be given as a provocative test to reveal the presence of coronary arteries that are susceptible to vascoconstriction (Prinzmetal's angina - see later). 
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CARDIAC TISSUES ON WHICH DRUGS ACT.

· The main loci  for drug action are:

· Nerves

· Myocytes

· Vasculature

Classification of drugs acting on cardiac nerves
The two main types of cardiac  nerves:

Sympathetic = noreinephrine released from nerves, circulating epinephrine from  the adrenal medulla, principally acts on beta1 receptors in the heart.

Parasympathetic = acetylcholine acts on cardiac muscarinic receptors. 

Drugs can act to mimic, potentiate or inhibit nerve activity - act at various loci- at pre or post synaptic neuronal sites, on uptake and metabolism.

Sympathetic

Beta1 receptor agonists and antagonists
Agonists - chiefly  for their inotropic actions.

Antagonists- reduce unwanted sympathetic nervous system activity.

Parasympathetic

Muscarinic receptor agonists and antagonists
Agonists (acetylcholine) - of little therapeutic value.

Acetylcholineserase inhibitors raise the level of exogenous acetylcholine.

Antagonists (atropine)- to inhibit unwanted parasympathetic tone 

Classification of drugs acting on cardiac myocytes-I

ACt on electrophysiological mechanisms 

Major effects are on ion channels, either to block channels or to stimulate them.

Blockers more common and more therapeutically useful than stimulators 

IOn channel blockers

Blockers exist for many of the major channels carrying inward or outward currents

Sodium
Class I antiarrhythmic and local anaesthetics.  Also an action of many drugs at supra therapeutic concentrations. 

Different states of the sodium channel can be blocked selectively by different drugs.  

Sodium channel activators not of therapeutic importance.  

Calcium
Class IV antiarrhythmics block cardiac L-type calcium channels.

T, P, N calcium channels appear to be of lesser importance. 

L-type calcium channel activators only of experimental value.   

Potassium

Class III antiarrhythmics block potassium channels to prolong action potential duration.  Channels blocked by Class III  antiarrhythmics are iKr, iTo and perhaps others.

Classification of drugs acting on cardiac myocytes-II

INOTROPEs   Effect contractile state of myocytes.

NEGATIVE INOTROPES 

Negative inotropes of no value therapeutically, but can be of importance toxicologically.

Directly acting negative inotropes

Calcium channel blockers with limited vascular selectivity (verapamil, diltiazem).

Side effect of sodium channel blockade and this can occur with various classes of drugs at high concentrations

Indirectly acting negative inotropes
Mainly sympatholytics (i.e. drugs which reduce sympathetic nerve activity) especially ( (beta) adrenoceptor blockers.

POSITIVE INOTROPES  

Beta1 agonists (act via elevation of intracellular cAMP and phosphorylation of calcium channels and sarcoplasmic reticulum)

Phosphodiesterase inhibitors including theophylline (aminophylline) also act via elevation cAMP levels.  

Cardiac Glycosides act via inhibition of sodium/potassium ATPase which leads to elevation of intracellular sodium leading to elevated intracellular calcium concentrations.

VASCULATURE TISSUE ON WHICH DRUGS CAN ACT.

· The main loci  for drug action on the VASCULAR are:

· Nerves

Sympathetic nerves are predominant - release of norepinephrine - acting on (1 and (2 adrenoceptors.  Also release ATP - acting on P receptors.

(1 adrenoceptor is post synaptic vasocontrictor

(2 adrenoceptor is pre-synaptic and inhibits norepineprhine release

(2 adrenoceptor is post synaptic and vasodilator

Circulating epinephrine acts on (1, (2 and (2 adrenoceptors

Non-adrenergic, non-cholinergic nerves often mediate vasodilation.

· Vascular myocytes

Smooth muscle contraction (vasoconstriction), relaxation (vasodilation). 

A  variety of receptors on cell membranes - activation causes contraction or relaxation. 



Examples:
(1, (2 -contraction and (2 relaxation, 5HT 1 contraction.  

· Endothelium

Can release vasoconstrictors or vasodilators in response to chemical (autacoid) stimulation 

DRUGS ACTING ON VASCULAR SMOOTH MUSCLES

Contractile or relaxant actions mediated through cell membrane receptors

Many different receptors for neurotransmitters and autacoids exist on smooth muscle cell membranes.  They are either directly linked to ion channels, or to second messengers

Constrictors


Norepinephrine acting on (1 adrenoceptors, histamine, acetylcholine, 5HT, etc. 

Vasodilators



Epinephrine acting on (2 adrenoceptors

Contractile or relaxant actions mediated through cell membrane ion channels

Calcium channels.

Major channel mediating contraction is L-type calcium channel - blocked by calcium channel blockers - three types exemplified by verapamil, diltiazem and nifedipine.  Blockade of this channel causes relaxation.

Potassium channels.

A variety of subtypes of  potassium channels exist on smooth muscles. 

Blockade of these channels results in cell membrane potential reduction and activation of calcium channels with resulting contraction.

Activation of these channels results in membrane potential increasing and relaxation.

DRUGS ACTING ON THE ENDOTHELIUM

Many naturally occurring vasoconstrictor and vasodilators lack direct actions on vascular smooth muscle.

Act by releasing directly acting vasoconstrictor or (dilator) molecules from vascular endothelium.

Such endogenous endothelial-released substances are the subject of extensive investigation into their potential roles in physiology and pathology.

Attempts are being made to synthesize potential drugs which act to mimic, potentiate or inhibit the actions of the released substances.

Nitric Oxide (NO)

One of the most important locally released substances, especially in endothelium.  Very unstable but can be buffered.

NO is synthesized in endothelium by NO synthetase acting on L arginine.  The  enzyme is inducible (iNOS) or  constitutive (eNOS and nNOS).  Differnet forms of NOS found in blood vessels, macrophages, platelets, neuronal tissue. 

Acts on the guanylate cyclase (cGMP) second messenger system to relax vascular smooth muscle to thereby produce vasodilation. Also acts on macrpohages.  Can also be toxic (via peroxynitrite ion).

Currently, drugs are being developed modulate or mimic the NO system (the nitrate drugs which have been used for over 100 years are now realised to act by generating NO)..  Inhaled NO and NOS inhibitors. 

In addition to vasodilation, NO has a number of other potential roles, including neurotransmission, effects on platelets and monocytes, inhibition of smooth muscle proliferation, host defence and cytotoxic, cytoprotective.

Endothelin
Endothelin a peptide released from the endothelium with vasoconstrictor actions - exists in 3  forms (ET1, ET2, ET3). 

Vasoconstriction, bronchoconstriciton via ETA receptor, vasodilation  via ETB.  Endothelin antagonists exist and are being evaluated.

Physiological role unclear at present.

VASODILATORS

The Different Classes of Vasodilators and their molecular mechanisms .

A.  INDIRECT

1)
Angiotensin dependent: block  formation of angiotensin II or its action on angiotenisn receptors.

2)
Sympatholytic drugs blocking the actions of the sympathetic system.

B.  DIRECT

1)
Calcium channel blockers blocking L-type channels.

2)
Potassium channel activators (cromokalim, diazoxide)

3)
Nitrates and other NO generators by increasing cGMP formation.

4)
Beta2 agonists and xanthines by increasing cAMP.

