Anti-Hypertensive Drugs
Overview

● Hypertension is defined as increased blood pressure.
● Normal blood pressure is 120/180.

● It is divided into stages:


○ Stage I is 140-180 systolic over 90-100 diastolic – this is mild hypertension


○ Blood pressure greater than 190/100 denotes a hypertensive emergency

● Hypertension may be:


○ Primary → constitutes almost 90% of cases encountered in the hospital

○ Secondary → arises as a consequence of another illness, the cause must be treated in order for the hypertension to be treated, or it may subside on its own. These causes may include:



▪ Renal Disease

▪ Diabetes

▪ Thyroid Disorder

▪ Cushing Disease

● Risk factors that may lead to hypertension include:


1. Contraception medication


2. NSAIDs


3. Age

● Uncontrolled hypertension may result in damage to the kidneys, heart and brain.

● Treatment involves 3 steps:


○ Medical Treatment

○ Treatment of the cause of hypertension

○ Staying away from risk factors

● Most antihypertensive drugs lower blood pressure by reducing cardiac output and/or decreasing peripheral resistance.
●A fall in blood pressure causes pressure-sensitive neurons (baroreceptors in the aortic arch and carotid sinuses) to send fewer impulses to cardiovascular centers in the spinal cord. This prompts a reflex response of increased sympathetic and decreased parasympathetic output to the heart and vasculature, resulting in vasoconstriction and increased cardiac output.
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● The rennin-angiotensin-aldosterone system is involved in the long term control of blood pressure.
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Anti-Hypertensive Agents
● Diuretics

● Sympathoplegic Agents

● Direct Vasodilators

● Agents that block the production or action of angiotensin

● Calcium Channel Blockers
Mechanism of Action and Hemodynamic Effects of Diuretics

● Deplete body sodium stores

● Reduce blood volume and cardiac output

● Reduce peripheral resistance

● Indapamide has a direct vasodilating effect
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Clinical Uses
● They are effective alone for mild or moderate essential hypertension.

● In severe hypertension they are given in combination with other anti-hypertensive agents.

● Thiazide diuretics are effective in most patients with mild or moderate hypertension and normal renal and cardiac function.

● Loop diuretics are necessary in severe hypertension, in patients with renal insufficiency, cardiac failure, or cirrhosis.

● Potassium-sparing diuretics in patients taking digitalis (patients with heart failure)
Toxicity of Diuretics
● Potassium Depletion

● Magnesium Depletion

● Impaired Glucose Tolerance

● Increase Serum Lipid Concentrations

● Increase Uric Acid Level
Centrally Acting Sympathoplegic Agents

● Methylodopa and Clonidine

● Stimulate central α-adrenoreceptors

● They bind more to α2 than α1 adrenoreceptors

Adrenoreceptor Antagonists

● β-adrenoreceptors are very useful in mild to moderate hypertension.

● In severe cases it is used in combination with other agents.

● They lower blood pressure due to:

○ Decrease in cardiac output, peripheral resistance

○ Propranolol inhibits the stimulation of rennin production by catecholamines (mediated by β1-receptors)

Prazocin and Other α-Adrenoreceptor Blockers

● They block α1-receptors in arterioles and venules.
● The selectivity for α1-receptors may explain why these agents produce less reflex tachycardia than non-selective.
● More effective when given in combination with β-blockers or diuretics.
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Vasodilators
● Hydralazine

● Directly dilate arterioles not veins

● Given in combination and effective in severe hypertension

Pharmacokinetics

● Given orally, well-absorbed

● Rapidly metabolized by the liver (first pass)

● Metabolized by acetylation

● Half-life 2-4 hours

● Its effect persists longer due to binding to vascular tissues

● Excreted through the kidney

Adverse Effects

● Headache, nausea, anorexia, palpitation

● Sweating, flushing, reflex tachycardia may provoke angina or ischemic arrhythmias
● Lupus erythematosis-like syndrome
● Tachyphylaxis to hypertensive effect develop rapidly
Minoxidial

● Dilates arterioles not veins

● Through opening of potassium channels in smooth muscle membranes by minoxidil sulfate, the active metabolite

Pharmacokinetics
● Given Orally

● Half-Life 4-6 hours

● Metabolized to its active metabolite minoxidil sulfate

● Excreted though the kidney

Clinical Uses

● Replace hydralazine when it is not effective, in patients with renal failure

● Severe hypertension

● Topical (as Rogaine) for correction of baldness as it stimulates hair growth

Adverse Effects

● As hydralazine, it causes headache, nausea, sweating, flushing

● Tachycardia, angina, edema (Must be used in combination with β-blockers and diuretics)

● Hirsutism (Hypertrichosis), so it is contraindicated in females

Sodium Nitroprusside

●Dilates both arterial and venous vessels

● Resulting in reducing peripheral vascular resistance and venous return

● Through activation of guanylyl cylcase either directly or through release of nitric oxide

● Resulting in increase intracellular cyclic GMP, which relaxes vascular smooth muscle

Pharmacokinetics

● It is a complex of iron, cyanide groups and nitroso-group

● Metabolized by uptake into red blood cells with liberation of cyanide

● Cyanide is metabolized by mitochondrial enzyme rhodanase, in presence of sulfur donor

● Thiocyanate is eliminated by the kidney

● The drug is given by intravenous infusion
● It rapidly lowers blood pressure, and its effect disappear within 1-10 minutes after discontinuation
● Because of its efficacy and rapid onset of action arterial blood pressure must be continuously monitored
Clinical Uses

● Hypertensive emergencies

● Severe heart failure

Adverse Effects and Toxicity

● Excessive blood pressure lowering

● Accumulation of cyanide; metabolic acidosis, arrhythmias, excessive hypotension, death

● Accumulation of thiocyanate; weakness, disorientation, psychosis

● Muscle spasm, convulsion

● Delayed hypothyroidism as thiocyanate inhibit iodide uptake by thyroid gland

● Methemoglobinemia

Diazoxide

●Long acting, parenterally arteriolar dilator

● Act through opening potassium channels and stabilizing the membrane potential at resting level

● Used to treat hypertensive emergencies

● To treat hypoglycemia secondary to insulinoma

Pharmacokinetics

● Highly bound to plasma and vascular tissues

●  Half-life 24 hours

● Given IV or infusion

Adverse Effects

● Excessive hypotension

● Reflex tachycardia, angina, cardiac failure in patients with ischemic heart disease

● Hyperglycemia (inhibits insulin release from the pancreas)
● Salt and water retension

Calcium Channel Blockers

● They dilate peripheral arterioles though inhibition calcium influx into arterial smooth muscles

● Dihydropyridine group (amlodipine, nicardipine, nifedipine) are more selective as vasodilators and have less cardiac depressant effect

● Verapamil has the greatest depressant effect on the heart and may decrease heart rate and cardiac output
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● Dilitiazem has intermediate action

● Bepridil mainly acts on cardiac tissues

Pharmacokinetics

● Orally active agents

● Highly bound to plasma proteins

● Extensively in urine

● Verapamil and dilitiazem are also used by intravenous route

●Extensively metabolized

Adverse Effects

● Excessive inhibition of calcium influx may lead to:


○ Cardiac Arrest

○ Bradycardia

○ Atrioventricular Block

○ Heart Failure (more than verapamil and diltiazem)

● Reflex tachycardia (dihydropyridine group)

● Short acting calcium channel blockers have the potential to enhance the risk of adverse cardiac effects and should be avoided
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● Bepridil prolongs the cardiac action potential and cause a dangerous torsade de pointes arrhythmia

● Fatigue, headache

● Constipation mainly with verapamil 
● Ankle edema
Clinical Uses
● Hypertension

● Angina

● Supraventricular Tachycardia

● Migrane

● Peripheral vascular disease

Drug Interactions

● Increase plasma level of digoxin

● Verapamil with β-blockers lead to heart failure

Inhibitors of Angiotensin:  Ace Inhibitors
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Mechanism of Action

● Inhibits ACE which leads to:


○ Inhibition of the synthesis of angiotensin II

○ Stimulates the action of Kallikrein-Kinin system

Pharmacokinetics

● Captopril, elalapril, ramipril, fosinopril, moexipril

● All are rapidly absorbed from GIT after oral administration

● Food reduce their bioavailability

● All are prodrugs, converted to the active agents by hydrolysis in the liver except captopril
● Captopril  is short acting half-life of 2-3 hours, taken 2-3 times daily
● The others are long acting

● Enalaprilat is the active metabolite of enalapril and is available only for intravenous use for hypertensive emergencies

● All ACE I are distributed to all tissues except CNS

● All ACE I are eliminated by the kidney except fosinopril and moexpril

Clinical Uses

● More effective in treatment of hypertension in conditions associated with high plasma rennin activity

● Safely used in patients with ischemic heart disease

● Are useful in treating patients with diabetic nephropathy because they diminish proteinuria and stabilize renal function

● Used for the treatment of heart failure and after MI

● ACE I are more effective in white, young patients
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Adverse Effects

● Severe hypotension

● Acute renal failure

● Hyperkalemia

● Dry cough, wheezing, angioedema

● Captopril may cause neutropenia or proteinuria

● Altered sense of taste, allergic skin rash, drug fever more with captopril

Contraindications

● During the second and third trimesters of pregnancy because of the risk of fetal hypotension, anuria, renal failure

● They may cause fetal malformations and death

Drug Interactions

● With potassium-sparing diuretics

● NSAIDs impair their hypotensice effects

● By blocking bradykinnin-mediated vasodilatation

Inhibitors of Angiotensin: Angitensin Receptor-Blocking Agents
Mechanism of Action
● Block angiotensin I receptors

● Advantages over ACE Inhibitors:

○ They have no effect on bradykinnin system so, there will be no cough, wheezing or angioedema

○ Complete inhibition of angiotensin action compared with ACE Inhibitors

Losartan

● Orally effective

● Has a potent active metabolite

● Has a half-life of 6-9 hours taken once daily

● Liver disease affect the activity of the drug

● Cannot cross the BBB

Adverse Effects

● As ACE I except that there is no cough, wheezing or angioedema

● Same contraindications as ACE I

Valsartan

● Have no active metabolites

● As losartan in side effects, contraindications, both of them have the same clinical uses as ACE I


