
Anti-hypertensive drugs



Definition of Hypertension
q Established by the Eighth Report of the Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood Pressure (JNC8). The last report of
the JNC8 was published in 2014.

Hypertension, in people aged 18 years or older, is a medical condition in which the
systolic or diastolic blood pressure is higher than the physiological values, monitored
over a 6 months period.

q The European Society of Hypertension and British Hypertension Society did not adopt
the JNC8 definition without comments: they defined the pressure values for
physiological and pathological classification of blood pressure.

Blood pressure classification for adults
Systolic Blood
Pressure

Diastolic Blood
Pressure

Normal < 120 mm Hg < 80 mm Hg
Pre-hypertension 120 – 139 mm Hg 80 – 89 mm Hg
Stage 1 hypertension 140 – 159 mm Hg 90 – 99 mm Hg
Stage 2 hypertension > 160 mm Hg ≥ 100 mm Hg



Types of Hypertension

q Hypertension can be classified into:

1) Primary (Essential) Hypertension: results from a complex interaction of genes and
environmental factors.

2) Secondary (Symptomatic) Hypertension: results from another disease (kidney
disease, endocrine conditions, obesity, sleep apnea, pregnancy, coarctation of the
aorta, excessive eating of liquorice, drugs, herbal remedies, and psychostimulant
abuse such as cocaine and methamphetamine).

A review published in 2018 found that any alcohol increased blood pressure in males
while over one or two drinks increased the risk in females (Roerecke M, et al. “Sex-
Specific Associations Between Alcohol Consumption and Incidence of Hypertension:
A Systematic Review and Meta-Analysis of Cohort Studies. J Am Heart Assoc.
2018;7(13). pii: e008202).



The pathophysiology of essential hypertension



Physiological regulation of blood pressure



Why treat hypertension?
To decrease:

a) Cerebrovascular accidents (35-40%)

b) Coronary events (20-25%)

c) Heart failure (50%)

d) Progression to severe hypertension

e) Progression to kidney (∿ 6%) and 
sexual diseases
(erectile dysfunctions ∿ 60%)



Targets for
anti-hypertensive

drugs



Classes of anti-hypertensive drugs

q ACE inhibitors;

q Angiotensin II type 1 receptor antagonists;

q Ca++ channel blockers;

q β-blockers (hypertension with comorbidities);

q Diuretics;

q α1-antagonists;

q Miscellaneous drugs.



Autacoids
q Autacoids, also known as local hormones, have several biological actions near

the site of synthesis.

q Autacoids can be classified basing on their chemical structure into:



The kinin-kallikrein system 

Angiotensin Converting Enzyme (ACE)



Bradykinin

q The role of bradykinin in hypertension has been established for more than three
decades, with the observations that urinary kallikrein excretion is significantly
reduced in hypertensive patients and hypertensive rats.

q The physiological action of bradykinin in the regulation of systemic blood pressure
involves:
1) vasodilation in most areas of the circulation,
2) reduction of total peripheral vascular resistance,
3) regulation of Na+ excretion from the kidney.

q When bradykinin is injected into the renal artery, it causes diuresis and
natriuresis by increasing renal blood flow. These actions of bradykinin have
been attributed to prostaglandin release in the renal circulation. This led to the
suggestion that reduced urinary kallikrein excretion might result from a defect in
kinin generation in hypertensive situations.





ACE inhibitors
q Kininase II (ACE) inhibitors act:
1) inhibiting the biodegradation of bradykinin;
2) blocking the formation of angiotensin II.

q ACE inhibitors are currently used in the treatment of
both clinical and experimental hypertension.

q ACE inhibitors pharmacological effects:

1) relaxation of blood vessels as well as decrease in
blood volume, which leads to lower blood pressure
and decreased oxygen demand from the heart;

2) increasing blood flow, which helps to decrease the
heart work and can help to protect the kidney from
the effects of hypertension and diabetes.



Mechanisms of ACE inhibitor-mediated
anti-hypertensive effects



ACE inhibitors: an overview 

Abbreviations: AT II: angiotensin II; GFR: glomerular filtration rate; HF: heart failure



Chemical classification of ACE inhibitors
q Peptide structure:

1) Direct-acting ACE inhibitors (Captopril, Lisinopril, Enalapril)
2) Pro-drugs (de-esterified in the liver to active diacid forms).

q Three subgroups:

1) Sulphydryl- containing (Captopril, Zofenopril, Alacepril, Pivalopril);
2) Di-carboxyl-containing (Enalapril, Lisinopril, Quinapril, Ramipril, Perindopril);
3) Phosphorus-containing (Fosinopril).



Captopril

q Captopril is the prototype of the sulphydryl-containing ACE inhibitors. In vitro
studies suggest that the presence of the sulphydryl group may confer properties
other than ACE inhibition to these drugs, such as free-radical scavenging and
effects on prostaglandins.

q Captopril is indicated in the initial therapy of hypertension, for patients with
normal renal function or in patients with impaired renal function that do not respond
to other drug therapy.

q Side effects: dry cough, skin rash, angioedema, and dysgeusia (distortion of
taste). Proteinuria (1 of 100 patients), neutropenia (less than 1000/mm3) and
agranulocytosis may appear after 3-12 weeks of therapy, particularly in patients with
autoimmune collagen vascular diseases.

q Drug-drug interactions: drugs that increase the level of K+ in the blood (such as
Angiotensin II type 1 receptor blockers, birth control pills containing drospirenone).



Enalapril

q Enalapril is an orally administered prodrug, hydrolyzed to release enalaprilat.

q Enalapril has been proven to protect the function of the kidneys in
hypertension, heart failure, and diabetes, and may be used in the absence of
hypertension for its kidney protective effects. Furthermore, enalapril is an emerging
treatment for psychogenic polydipsia. A double-blind, placebo-controlled trial
showed that when used for this purpose, enalapril led to decreased water
consumption (determined by urine output and osmolality) in 60% of patients.

q Side effects: dry cough, skin rash and dysgeusia (distortion of taste). Other
adverse effects of enalapril are hypotension, hyperkalemia, angioedema, cholestatic
jaundice, and hypersensitivity reaction. The most serious, although rare (0.68%),
adverse event is angioedema. The incidence of angioedema is higher in African-
American individuals. The involvement of the head and neck can potentially
compromise the airway. Angioedema can occur at any point during the treatment, but
is most common after the first few doses.

q Drug-drug interactions: drugs that may increase the level of K+ in the blood (such
as angiotensin II type 1 receptor antagonists, birth control pills containing
drospirenone).



Angiotensin II receptor 1 antagonists



Angiotensin II type 1 receptor antagonists:
an overview



Candesartan cilexetil

q Candesartan is poorly absorbed after oral administration, therefore Candesartan
was esterified.

q Candesartan cilexetil finds most significant clinical use in the treatment of
hypertension of all grades. Candesartan is also approved to treat hypertension in
children (1 year or older). Candesartan is also used in preventive treatment of
migraine.

q Side effects: The most common adverse effects reported for candesartan are
symptomatic hypotension (18.8%), impaired renal function (rise in creatinine, 12.5%),
and hyperkalemia (6.3%).

q Drug-drug interactions: NSAIDs, lithium, ACE inhibitors, drugs that increase the K+
levels.



Valsartan

q Valsartan is a diacid that does not require metabolic oxidation to achieve the
maximum pharmacologic effect.

q Valsartan is used to treat hypertension of all grades. Candesartan is also
approved to treat hypertension in children (6 years or older).

q Common side effects include headache, hyperkalemia and dizziness. Other
serious side effects may include kidney problems, low blood pressure, and
angioedema. Use in pregnancy may harm the baby and use when breastfeeding is
not recommended.

q Drug-drug interactions: Concomitant use of valsartan with other agents that block
the renin-angiotensin system or K+-sparing diuretics may lead to increases in serum
K+ and in heart failure patients to increases in serum creatinine. Other interactions:
lithium, NSAIDs.



Ca++ channel antagonists
q According to recommendations from the JNC8 members, Ca++ channel antagonists
are a recommended choice for management of hypertension, either as monotherapy
or as part of anti-hypertensive combination therapy.



Ca++ channel antagonists: an overview
q Calcium channel blockers are generally classified into three groups:

1) dihydropyridines (amlodipine, clevidipine, nicardipine, nifedipine, bepridil, felodipine, 
isradipine, and nisoldipine);

2) phenylalkylamines (verapamil);

3) benzothiazepines (diltiazem).



Therapeutical uses of Ca++ channel antagonists



Side effects of Ca++ channel antagonists



Nifedipine

q Nifedipine is the prototype of the dihydropyridines.

q Nifedipine is approved for the long-term treatment of hypertension. Off-label uses
of nifedipine include severe hypertension during pregnancy and post-partum
hypertension, high pulmonary edema, pulmonary arterial hypertension.

q Adverse effects are present in about 20 to 30% of patients administered with
nifedipine. The most common adverse effects include flushing, peripheral edema,
dizziness, headache. These problems are much less frequent in the sustained-release
preparations of nifedipine. Abrupt discontinuance of the drug after prolonged use may
lead to rebound hypertension or angina.

q Nifedipine can inhibit the metabolism of drugs that are substrates of CYP3A4,
thereby increasing the exposure to other drugs. CYP3A4 inhibitors that increase the
levels of nifedipine when co-administered are: fluconazole, clarithromycin, grapefruit,
fluoxetine, saquinavir. Strong CYP3A4 inducers, such as rifampin, rifabutin,
phenobarbital, phenytoin, carbamazepine reduce the bioavailability and efficacy of
nifedipine.



β-blockers
q Two of the major guide-line committees (JNC8 and
NICE UK) have dropped β-blockers as first-line
therapy in the treatment of hypertension.

q Moreover, a recent meta-analyses have concluded
that β-blockers are inappropriate first-line agents in
the treatment of hypertension (Wiysonge CS et al. 2017.
"Beta-blockers for hypertension". The Cochrane
Database of Systematic Reviews. 1: CD002003).



Selected studies on β–blockers in hypertension



β–blockers used in hypertension with comorbidities
q β-blockers are still administered to hypertensive patients who have suffered from

myocardial infarction, or other forms of ischemic heart diseases, and other
pathologies like diabetes, but not in hypertensive patients without
comorbidities.

q β-blockers are usually avoided in patients suffering from bronchial asthma, or with
airway hyper-reactivity.



Adverse effects of β–blockers
q Highly lipophilic β-blockers can easily cross the blood-brain barrier and may cause 
various CNS manifestations as insomnia, sleep changes, and nightmares. Water-
soluble β-blockers, for example atenolol, may also cause tiredness and fatigue. 

q Bradycardia and hypotension are two adverse effects that may commonly occur. 
Fatigue, dizziness, nausea, and constipation are also widely reported. Some patients
report sexual dysfunction and erectile dysfunction.

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.



Interactions of β–blockers with other drugs

β-Blockers may interact with a large number of commonly prescribed drugs,
including:

q anti-hypertensive and anti-anginal drugs,
q inotropic agents,
q anti-arrhythmics,
q NSAIDs,
q psychotropic drugs,
q anti-ulcer medications,
q anesthetics,
q HMG-CoA reductase inhibitors,
q warfarin,
q oral hypoglycemics and rifampicin.



q Diuretic drugs are classified according to
their predominant site of action:
1) Loop diuretics (furosemide, bumetanide,

and torsemide) are organic anions acting in
the short descending limbs of the loop of
Henle.

2) Thiazides and thiazide-like drugs are also
organic anions that bind the thiazide-
sensitive NaCl cotransporter along the
distal convoluted tubule.

3) K+ -sparing diuretics include drugs that
block apical Na+ channels (amiloride and
triamterene) and those that antagonize
mineralocorticoid receptors (spironolactone
and eplerenone).

Diuretics



Loop Diuretics: an overview 

Although the FDA approved the use of loop diuretics alone or in combination with other
anti-hypertensive medications as an alternative to thiazide diuretics to treat
hypertension, JNC-8 published in 2014 and the American College of
Cardiology/American Heart Association (ACC/AHA) Task Force Panel Guidelines on
hypertension treatment published in 2017 a report that do not recommend the use of
loop diuretic as a first-line medication to treat hypertension.



Thiazide and thiazide-like diuretics: an overview 



K+-sparing diuretics: an overview 

Abbreviations: HF: heart failure; nephrogenic DI: nephrogenic diabetes insipidus

K+-sparing agents are effective when added to triple hypertension medications
regimen but should be used cautiously when added to ACE inhibitors or 
angiotensin II receptor 1 blockers due to higher incidence of hyperkalemia. They
are effective in treating chronic heart failure as they are proven to decrease mortality
rates.



α1-antagonists

q α1-antagonists are used as second line
drugs in the therapy of hypertension.

q This blockade inhibits the smooth
muscle contraction and lowers the blood
pressure.

q Newer α-antagonists used in treating
hypertension are relatively selective α1-
adrenoceptor antagonists (e.g., prazosin,
terazosin, doxazosin, trimazosin).



α1-antagonists: an overview



Doxazosin

q Doxazosin is a long-acting α1-antagonist structurally related to prazosin and
terazosin.

q The immediate-release formulation of doxazosin is a second-line agent for the
management of hypertension in patients with concomitant benign prostatic
hyperplasia. Doxazosin has also been used successfully in combination with β-
blockers, diuretics, Ca++ channel antagonists, and ACE inhibitors in patients with
hypertension that is uncontrolled with monotherapy.

q The most commonly reported adverse effects are orthostatic
hypotension/syncope, especially when combined with another anti-hypertensive,
nitrates, or a PDE-5 inhibitor.

q Doxazosin is a substrate of CYP3A4. Strong CYP3A inhibitors may increase
exposure to doxazosin.



Other anti-hypertensive drugs: vasodilators



Other anti-hypertensive drugs: adrenergic drugs



Hypertensive emergencies
q Hypertensive emergencies are diagnosed when there is a systolic blood pressure
higher than 180 mm Hg or a diastolic blood pressure higher than 120 mm Hg
1) with the presence of acute target organ damage;
2) in an otherwise stable person without clinical or laboratory evidence of acute target

organ damage.

q Patients with hypertensive emergencies include:
• dissecting aortic aneurysm,
• acute pulmonary edema,
• acute myocardial infarction,
• unstable angina pectoris,
• acute renal failure,
• acute intracranial hemorrhage,
• acute ischemic stroke,
• hypertensive encephalopathy,
• peri-operative hypertension,
• sympathomimetic hypertensive crisis caused by use of cocaine, amphetamines,

phencyclidine, or monoamine oxidase inhibitors or by abrupt cessation of clonidine or
other sympatholytic drugs.

q These patients need effective and rapid acting medications administered
intravenously to lower the elevated blood pressure safely, protect target organ
function, ameliorate symptoms, reduce complications, and improve clinical outcomes



Management of hypertensive emergencies



Hypertension and comorbidities



Drugs used in hypertension with comorbidities

Abbreviations: HTN: hypertension; CCBs: Calcium channel blockers; BPH: Benign
prostatic hyperplasia; ARBs: Angiotensin receptor blockers; MI: Myocardial infarction.



Moving from a less intensive to a more intensive therapeutic strategy should be done 
whenever BP target is not achieved.

Monotherapy vs. drug combination strategies to 
achieve target blood pressure 



Green continuous lines: preferred combinations; green dashed line: useful combination 
(with some limitations); black dashed lines: possible but less well-tested combinations; 
red continuous line: not recommended combination. 

Possible combinations of classes of anti-
hypertensive drugs. 


