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Antihypertensive Drugs



Classification of Antihypertensive Drugs by Their Primary Site or Mechanism of Action

ANGIOTENSIN-CONVERTING ENZYME (ACE) INHIBITORS 

(captopril, enalapril, lisinopril, quinapril, ramipril, benazepril, fosinopril, moexipril, perindopril, trandolapril)

ANGIOTENSIN II RECEPTOR ANTAGONISTS (ARB)

(losartan, candesartan, irbesartan, valsartan, telmisartan, eprosartan)

BETA BLOCKER

Beta Adrenergic antagonists (metoprolol, atenolol, etc.)

Ca2+ CHANNEL BLOCKERS 

(verapamil, diltiazem, nimodipine, felodipine, nicardipine, isradipine, amlodipine)

Others:

alpha blocker: Prazosin

Vasodilators

1. Arterial (hydralazine, minoxidil, diazoxide, fenoldopam)

2. Arterial and venous (nitroprusside)

Diuretics

1. Thiazides and related agents (hydrochlorothiazide, chlorthalidone, etc.)

2. Loop diuretics (furosemide, bumetanide, torsemide, ethacrynic acid)

3. K+-sparing diuretics (amiloride, triamterene, spironolactone)



ACE INHIBITORS

 The essential effect: to inhibit the conversion of Ang I to the active Ang II 
 Thus, ACE inhibitors attenuate or abolish responses to AngI but not to AngII 
 They do not interact directly with other components of the renin–angiotensin system, and 

their principal pharmacological and clinical effects all apparently arise from suppression of 
AngII synthesis. 

 Nevertheless, ACE is an enzyme with many substrates, and inhibition of ACE may induce 
effects unrelated to reducing the levels of AngII. 

 Since ACE inhibitors increase bradykinin levels and bradykinin stimulates prostaglandin 
biosynthesis



ACE inhibitors can be classified into three groups based on structure: 
(1) sulfhydryl-containing ACE inhibitors related to captopril; 
(2) dicarboxyl-containing ACE inhibitors related to enalapril (e.g., lisinopril, 

benazepril, quinapril, moexipril, ramipril, trandolapril, and 
perindopril); 

(3) phosphorus-containing ACE inhibitors related to fosinopril

ACE INHIBITORS: Classification



ACE inhibitors differ with regard to three properties: 

potency 

whether ACE inhibition is 
primarily a direct effect of 
the drug itself or the effect 

of an active metabolite

pharmacokinetics (i.e.,
extent of absorption, effect 

of food on absorption, 
plasma t1/2, tissue 
distribution, and 

mechanisms of elimination).

ACE INHIBITORS



All ACE inhibitors effectively block the conversion of AngI to AngII, and all have similar 
therapeutic indications, adverse-effect profiles, and contraindications. 

ACE inhibitors are cleared predominantly by the kidneys (exceptions for fosinopril and 
spirapril which display balanced elimination by the liver and kidneys)

Therefore, impaired renal function significantly diminishes the plasma clearance of most ACE 
inhibitors, and drug dosages should be reduced in patients with renal impairment

ACE INHIBITORS: Pharmacokinetics



ACE INHIBITORS: Pharmacological Effects

Pharmacological Effects

The long-term 
fall in systemic 
blood pressure 

observed in 
hypertensive 
individuals 
treated with 

ACE inhibitor

a reduction in 
total 

peripheral 
resistance

Vasodilation in 
the kidney

arterioles are 
dilated

ACE inhibitors 
increase the 

compliance of 
large arteries, 

which 
contributes to a 

reduction of 
systolic pressure

Aldosterone 
secretion in 

most 
hypertensive 
individuals is 

reduced, 

ACE inhibitors 
alone normalize 
blood pressure 

in ∼50% of 
patients with 

mild-to-
moderate

hypertension



 Serious untoward reactions to ACE inhibitors are rare, and they generally are well 
tolerated.

Hypotension
 Special care should be exercised:

 in patients who are salt depleted,
 in patients being treated with multiple antihypertensive drugs, and 
 in patients who have congestive heart failure

ACE INHIBITORS: Adverse Effects 



Cough 

 In 5–20% of patients, ACE inhibitors induce a dry cough
 This adverse effect may be mediated by bradykinin, substance P, and/or prostaglandins.
 Thromboxane antagonism, aspirin, and iron supplementation reduce cough induced 

by ACE inhibitors. 
 Once ACE inhibitors are stopped, the cough disappears, usually within 4 days.

ACE INHIBITORS: Adverse Effects 



Acute Renal Failure 

By constricting the efferent arteriole, AngII helps to maintain adequate glomerular filtration when 
renal perfusion pressure is low. 

Consequently, ACE inhibition can induce acute renal insufficiency in patients with heart failure, or 
volume depletion owing to diarrhea or diuretics

ACE INHIBITORS: Adverse Effects 



Fetopathic Potential 
 Administration of ACE inhibitors during the second and third trimesters can cause 

oligohydramnios, fetal growth retardation, fetal death, neonatal anuria, and neonatal death. 
 These fetopathic effects may be due in part to fetal hypotension.
Skin Rash
 Although initially attributed to the presence of the sulfhydryl group in captopril, a rash also

may occur with other ACE inhibitors,
Proteinuria
 ACE inhibitors have been associated with proteinuria (more than 1 g/day); however, a causal 

relationship has been difficult to establish

ACE INHIBITORS: Adverse Effects 



Angioedema

 In 0.1– 0.5% of patients, ACE inhibitors induce a rapid swelling in the nose, throat, 
mouth, glottis, larynx, lips, and/or tongue

 Although the mechanism is unknown, angioedema may involve accumulation of 
bradykinin or inhibition of complement 1–esterase inhibitor. 

 Once ACE inhibitors are stopped, angioedema disappears within hours;

ACE INHIBITORS: Adverse Effects 



Captopril
 Captopril is a potent ACE inhibitor (Ki ∼1.7 nM). 
 Given orally, captopril is absorbed rapidly and has a bioavailability of ∼75%. 
 Peak concentrations in plasma occur within an hour, and the drug is cleared with a t1/2 of ∼2 hours. 
 Most of the drug is eliminated in urine, 40–50% as captopril and the rest as captopril disulfide dimers

and captopril–cysteine disulfide. 
 Since food reduces the oral bioavailability of captopril by 25–30%, the drug should be given 1 hour 

before meals.

ACE INHIBITORS: Example



ENALAPRIL 
 Enalapril maleate is a prodrug that is hydrolyzed by esterases in the liver to produce the active 

dicarboxylic acid, enalaprilat. 
 Enalaprilat is a highly potent inhibitor of ACE with a Ki ∼ 0.2 nM. 
 Enalapril is absorbed rapidly when given orally and has an oral bioavailability of about 60% (not 

reduced by food).
LISINOPRIL
 Lisinopril is the Lys analog of enalaprilat; lisinopril itself is active. 
 Lisinopril is slightly more potent than enalaprilat. 
 Lisinopril is absorbed slowly, variably, and incompletely (about 30%)

ACE INHIBITORS: Example



ARBs

 Distinct subtypes of AngII receptors are designated 
as:
 AT1
 AT2 

 The AT1 receptor subtype is located 
predominantly in:
vascular and myocardial tissue and also in brain, 
kidney, and adrenal glomerulosa cells, which 
secrete aldosterone 

 Most of the known biological effects of AngII are 
mediated by the AT1 receptor. 



ARBs

 the AT1-receptor gene contains a polymorphism (A1166C) that is associated with:
 hypertension, 
 hypertrophic cardiomyopathy, 
 coronary artery vasoconstriction, and 
 aortic stiffness, 
 while preeclampsia is associated with the development of activating autoantibodies 

against the AT1 receptor. 

 Potential roles for the AT2 receptor include antiproliferative, proapoptotic, vasodilatory,
and antihypertensive effects



ARBs: Pharmacological Effects

 ARB approved for the treatment of hypertension include:
losartan, candesartan, irbesartan, valsartan, telmisartan, and eprosartan. 

 By antagonizing the effects of AngII these agents:
 relax smooth muscle and thereby promote vasodilation, 
 increase renal salt and water excretion,
 reduce plasma volume, and 
 decrease cellular hypertrophy



ARBs: Adverse Effects

 Hypotension 
most often occurs in patients in whom the blood pressure is highly dependent on AngII, 
including those with:
 volume depletion (e.g., with diuretics), 
 cardiac failure, and cirrhosis; 
 in such patients initiation of treatment with low doses and attention to volume status 

is essential. 
 Hyperkalemia

may occur in conjunction with other factors, such as renal insufficiency, ingestion of 
excess K+, and the use of drugs that promote K+ retention.



 Cough 
is much less frequent with AngII receptor antagonists

 angioedema
occurs very rarely.

 AT1 receptor antagonists also should not be administered during pregnancy

ARBs: Adverse Effects



Ca2+ CHANNEL ANTAGONISTS

 Dihydropyridines calcium-channel blockers : 

amlodipine, felodipine, isradipine, and nifedipine

 Non-dihydropyridine calcium-channel blockers :

Diltiazem and verapamil



 Three types Ca+ channels in smooth muscles – Voltage sensitive, 

receptor operated and leak channel

 Voltage sensitive are again 3 types – L-Type, T-Type and N-Type

 Normally, L-Type of channels admit Ca+ and causes depolarization –

excitation-contraction coupling through phosphorylation of myosin 

light chain – contraction of vascular smooth muscle – elevation of BP

 CCBs block L-Type channel:

 Smooth Muscle relaxation

Ca2+ CHANNEL ANTAGONISTS



All Ca2+ channel blockers lower blood pressure by inhibiting Ca2+ 
influx through voltage-sensitive L-type calcium-channels in 

arteriolar smooth muscle

ultimately leading to smooth muscle relaxation and decreased 
peripheral vascular resistance. 

 Due to decreased peripheral vascular resistance, the Ca2+ channel 
blockers evoke a baroreceptor-mediated sympathetic discharge. 

Ca2+ CHANNEL ANTAGONISTS: 
Pharmacological Effects



 The Ca2+ channel blockers vary in their adverse reactions. 
 Patients receiving immediate-release capsules of nifedipine develop:

headache, flushing, dizziness, and peripheral edema. 
 Because of the oscillation in blood pressure and concurrent surges in sympathetic reflex activity 

within each dosage interval
 nifedipine or other dihydropyridine Ca2+ channel blockers with short half-lives administered in 

immediate-release formulation are inappropriate in the long-term treatment of hypertension.

Ca2+ CHANNEL ANTAGONISTS: Adverse Effects



 Some other adverse effects of these drugs are due to actions in nonvascular smooth 
muscle:
 Ca2+ channel blockers can cause or aggravate gastroesophageal reflux by inhibiting 

contraction of the lower esophageal sphincter. 
 Constipation is a common sideeffect of verapamil but occurs less frequently with 

other Ca2+ channel blockers. 
 Urinary retention is a rare adverse effect.

Ca2+ CHANNEL ANTAGONISTS: Adverse Effects



BETA BLOCKERS

Antagonism of β adrenergic receptors affects blood pressure through a number of
mechanisms,including:

 reducing cardiac output. 
 acting on the juxtaglomerular complex to reduce renin secretion and thereby diminish 

production of circulating angiotensin II. 
 alteration of the control of the sympathetic nervous system at the level of the CNS, 
 Altered baroreceptor sensitivity, 
 altered peripheral adrenergic neuron function, and .

 The β blockers vary in their lipid solubility, selectivity for the β1 adrenergic receptor subtype, 
presence of partial agonist or intrinsic sympathomimetic activity, and membrane-stabilizing 
properties. 



 The β adrenergic blocking agents should be avoided:
 asthma, 
 sinoatrial or atrioventricular (AV) nodal dysfunction, 
 In combination with other drugs that inhibit AV conduction, such as verapamil

 Sudden discontinuation can produce a withdrawal syndrome :
 likely due to up-regulation of β receptors during blockade, 
 causing enhanced tissue sensitivity to endogenous catecholamines; this can exacerbate the 

symptoms of coronary artery disease. 
 The result, especially in active patients, can be rebound hypertension. 
 Thus, β adrenergic blockers should be tapered over 10–14 days.

BETA BLOCKERS: Adverse Effects



Alpha adrenergik blocker

 Drugs that selectively block α1 adrenergic receptors without affecting a2 adrenergic receptors also
are used in hypertension

 Including: 
Prazosin, terazosin, and doxazosin are the agents approved in the U.S. for this indication

Pharmacological Effects
 Initially, α1 adrenergic receptor antagonists reduce arteriolar resistance and increase venous 

capacitance; 
 this causes a sympathetically mediated reflex increase in heart rate and plasma renin activity.
Adverse Effect
 The α1 adrenergic blockers variably cause postural hypotension, depending on the plasma volume



Centrally acting Drugs

 Alpha-Methyldopa: a prodrug 

 Precursor of Dopamine and NA

 MOA: Converted to alpha methyl noradrenaline which acts on alpha-

2 receptors in brain and causes inhibition of adrenergic discharge in 

medulla – fall in PVR and fall in BP

 Various adverse effects – cognitive impairement, postural 

hypotension,– Not used therapeutically now except in Hypertension 

during pregnancy

 Clonidine: Imidazoline derivative, partial agonist of central alpha-2 

receptor

 Not frequently used now because of tolerance and withdrawal 

hypertension



Vasodilators

Hydralazine
 Hydralazine causes direct relaxation of arteriolar smooth muscle
 Hydralazine-induced vasodilation is associated with:

stimulation of the sympathetic nervous system (due to baroreceptor-mediated reflexes,)

which results in increased:
heart rate and contractility, 
plasma renin activity
fluid retention.

Counteract the 
antihypertensive effect of 
hydralazine



 Although most of the sympathetic activity is due to a baroreceptor-mediated reflex, hydralazine
may stimulate NE release from sympathetic nerve terminals and augment myocardial 
contractility directly.

 Pharmacokinetic
 Hydralazine is well absorbed through the gastrointestinal (GI) tract but systemic 

bioavailability is low (16% in fast acetylators, 35% in slow acetylators). 
 Hydralazine is N-acetylated in the bowel and/or the liver
 The acetylated compound is inactive; thus, the dose necessary to produce a systemic effect is 

larger in fast acetylators.

Vasodilators



Adverse Effects/Toxicity
 Myocardial ischemia occurs 

 because of the increased O2 demand induced by the baroreceptor reflex-induced 
stimulation of the sympathetic nervous system and 

 because hydralazine does not dilate the epicardial coronary arteries; thus, the arteriolar 
dilation it produces may cause a“steal” of blood flow away from the ischemic region.

 In addition, if the drug is used alone, there may be salt retention with development of 
congestive heart failure

 immunological reactions, of which the drug-induced lupus syndrome is the most common.

Vasodilators



Sodium Nitroprusside

 Rapidly and consistently acting vasodilator

 Relaxes both resistance and capacitance vessels and reduces t.p.r 

and CO (decrease in venous return)

 MOA: RBCs convert nitroprusside to NO – relaxation also by non-

enzymatically to NO by glutathione

 Uses: Hypertensive Emergencies, 50 mg is added to 500 ml of 

saline/glucose and infused slowly with 0.02 mg/min initially and 

later on titrated with response (wrap with black paper)



DIURETICS

 Diuretic agents have antihypertensive effects when used alone and enhance the
efficacy of virtually all other antihypertensive drugs; thus, these drugs are very 
important in the treatment of hypertension

 The most common: Benzothiadiazines and Related Compounds
 The drugs decrease extracellular volume by inhibiting the Na-Cl symporter in the 

distal convoluted tubule leading to a fall in cardiac output, 
 but the hypotensive effect is maintained during long-term therapy because of 

reduced vascular resistance; presumably thiazides directly promote vasodilation. 



 Hydrochlorothiazide may:
 open Ca2+-activated K+ channels leading to hyperpolarization of vascular 

smooth muscle cells, 
 decreased Ca2+ entry through voltage-sensitive L-type Ca2+ channels, and 

ultimately reduced vasoconstriction.

 Adverse Effects
 Thiazides inhibit renal Ca2+ excretion, occasionally leading to hypercalcemia
 Given chronically, even small doses lead to some K+ depletion.

DIURETICS






