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Overview of drugs used in the treatment of angina



Drugs used in angina pectoris

q Nitrates and nitrites: decrease
vasoconstriction and coronary spasm; increase
myocardial perfusion by relaxing coronary
arteries.

q Ca++ channel antagonists: cause relaxation of
the arterial smooth muscle but have little effect on
veins.

q β-blockers: improve the survival rate in
ischemic heart disease because they are effective
in increasing endurance during physical exercise.

q Other drugs (second and third line therapies).
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The discovery of Nitrates



Uses of NO derivatives



Effects of NO in the body



Synthesis of NO



Nitric oxide synthase isoforms



Synthesis of NO and mechanism of vasodilation

Dr. Robert Furchgott
(Nobel prize in 1998)



Mechanism of action of Nitrates
Nitrates produce dilatation of veins, arteries, and coronary arteries by relaxing vascular
smooth muscle.

Myosin light chain phosphatase



Pharmacological feature of Nitrates
q Nitrates are available in different formulations and both short and long-acting
organic nitrates have been shown to be effective in treating angina.

q Nitrates are as effective as β-blockers and Ca++ channel antagonists.
Sublingual nitroglycerin tablets and oral nitroglycerin spray are rapidly absorbed and
when taken prophylactically can improve exercise tolerance and reduce the incidence
of myocardial ischemia.

q Nitrates increase the blood perfusion by relaxing the coronaries. The powerful
dilation of the veins decreases the venous return to the heart and therefore the work
and the oxygen demand of the heart.

q One of the major side-effects of nitrate use is headache. Administered at high
doses, nitrates can induce flushing, tachycardia and postural hypotension.

q When nitrates are administered concomitantly with sildefanil, tadalafil or
vardenafil a potential dangerous postural hypotension can appear. For this reason,
concomitant therapy of nitrates and sildenafil requires a six-hour-interval between the
administration of the two drugs.



Route of administration and doses of nitro derivatives

All these agents are effective, but they differ in their onset of action and rate of 
elimination.



Importance of vasodilation action of nitrates on 
collateral vessels

Nitrates Dipyridamole

INCREASED
INCREASED DECREASED



Nitroglycerin

q The half-life of nitroglycerin is very short (1-4 min) and the systemic clearance
usually exceeds the cardiac output. Therefore, common routes of administration for
nitroglycerin are sublingual or via transdermal patch.

q FDA approved nitroglycerin use for the acute relief from an angina attack or acute
prophylaxis of angina pectoris secondary to coronary artery disease.

q Nitroglycerin has adverse effects resulting from the vasodilatory effects of the
medication. These include: headaches, dizziness, weakness, palpitations, vertigo,
nausea, vomiting, diaphoresis, syncope. Many of these adverse effects are
secondary to the hypotensive effects of nitroglycerin. Tolerance.



Isosorbide dinitrate

q Isosorbide dinitrate is bioavailable to the systemic circulation after oral
administration.

q Isosorbide dinitrate is used for angina, in addition to other medications for
congestive heart failure, and for esophageal spasms.

q Isosorbide dinitrate can cause severe headaches, necessitating analgesic (very
rarely up to morphine) administration for relief of pain, as well as severe hypotension,
and, in certain cases, bradycardia. This makes some physicians nervous and should
prompt caution when starting nitrate administration. Tolerance.



Tolerance as a side effect of nitrates

q Long-term therapy with nitrates is frequently associated with tolerance.

q Tolerance is a progressive reduction of hemodynamic and antiaggregatory effects.

q Tolerance imposes a major limitation to the efficacy of nitrate therapy for stable
angina pectoris, congestive heart failure, and acute myocardial infarction.

q The mechanism responsible for tolerance remains controversial. Multiple theories
have been proposed, but the major categories are:
(1) impaired nitrate bioconversion resulting in diminished NO release;
(2) increased NO clearance mediated by the incremental generation of superoxide

(O2–).
The supporting evidence for these mechanisms has been derived almost entirely

from animal studies; definitive evidence from studies in human subjects is
lacking.

q Interval dosing with eccentric doses providing a nitrate-free interval of 10-12
hours should be observed to reduce or prevent tolerance. Other (less
consistent) ways to reduce the incidence of tolerance are the co-therapy with
ACE inhibitors, carvedilol, hydralazine, vitamin C .



β-blockers
q Their effects in the treatment of angina have been attributed to the following actions:
1) blockade of β1 receptors in the SA node decreases the heart rate, resulting in

decreased myocardial oxygen demand and increased oxygen delivery to the heart.
2) blockade of β1 receptors in the ventricular myocardium decreases myocardial

contractility, helping to preserve energy or to decrease the demand.



β–blockers used in the treatment of angina



Side effects and drug-drug interactions of β–blockers 
used in the treatment of angina

q β-blockers may induce diarrhea, stomach cramps, nausea, vomiting, rash, 
blurred vision, disorientation, insomnia, hair loss, weakness, muscle cramps, 
fatigue.

q β-blockers, especially the non-cardioselective blockers, should not be used in 
patients with pathologies such as asthma, diabetes and severe bradycardia (block 
of the effect of adrenaline).

q β-blockers should not be withdrawn suddenly because sudden withdrawal may 
worsen angina and cause heart attacks, serious abnormal heart rhythms, or sudden 
death.

q β-blockers can interact with certain other cardiac drugs, including Ca++ channel 
antagonists and some drugs used to treat arrhythmias.



Ca++ channel antagonists used in the treatment of 
angina 

q All the Ca++ channel antagonists have been used for the treatment of angina
(especially longer-acting forms of diltiazem and verapamil).

q In general, while Ca++ channel antagonists are useful for relieving angina, they are
considered to be inferior to β-blockers. Current recommendations for using Ca++
channel blockers for the treatment of angina are:

1) Ca++ channel blockers should be tried in patients who cannot tolerate β-
blockers.

2) Ca++ channel blockers should be added to β-blockers in patients who have
insufficient relief of symptoms with β-blockers.



Role of Ca++ in the cardiac muscle contraction



Mechanism of Ca++ channel antagonists in the 
treatment of angina

q Similar to nitrates, Ca++ channel antagonists can dilate the coronary vessels,
improving the blood supply to the ischemic area.

q Ca++ channel antagonists slow the conduction of the cardiac action potential in
tissues dependent on Ca++ currents, such as the AV node.

q Similar to β-blockers, Ca++ channel antagonists reduce the amount of oxygen
required by the heart muscle. Reducing cardiac oxygen demand helps to prevent
cardiac ischemia, even when blood flow through the coronary arteries is partially
blocked by an atherosclerotic plaque.

q In people who have stable angina, Ca++ channel antagonists usually increase the
amount of physical exercise they can perform before they experience angina.

q Ca++ channel antagonists can be especially useful in people with Prinzmetal’s
angina since they can directly reduce spasm of the coronary arteries.

q Ca++ channel antagonists are thought to possess antiplatelet effects, which may
be beneficial in angina. The antiplatelet effect of verapamil is evident both at rest and
after exercise-induced platelet activation in vivo.



Ca++ channel blockers used in the treatment of 
angina



Side effects of Ca++ channel antagonists



Other drugs used for the treatment of angina: 
Nicorandil

q At low plasma concentrations, nicorandil, similar to nitrates, dilates the coronary
arteries. At high plasma concentrations, nicorandil reduces coronary vascular
resistance, which is associated with increased ATP-sensitive K+ channel opening
(unknown mechanisms).

q Nicorandil is usually administered when nitrates, such as nitroglycerine, are not
effective.



Other drugs used for the treatment of angina: 
Ivabradine

q Ivabradine selectively inhibits the inward-depolarizing Na+-K+ current in the SA node,
decreasing the rate of diastolic depolarization and, consequently, the heart rate. Thus,
ivabradine is used in select patients with systolic heart failure and chronic stable
angina without clinically significant adverse effects.



Other drugs used for the treatment of angina: 
HMG-CoA reductase inhibitors (statins)

q Lipid-lowering drugs as statins reduce the incidence and severity of ischemia
during physical exercise and the incidence of fatal cardiac events.

q The pleiotropic effects of statins may be primarily responsible for their anti-ischemic
and anti-anginal properties.

q These pleiotropic effects include improvement of endothelial function,
enhancement of the ischemic vasodilatory response, modulation of inflammation,
and protection from ischemia-reperfusion injury.



Treatment of angina with comorbidities


