
 

 

 

 

ENALAPRIL 

 

“Bather”, pastel and chalk on paper, Edgar Degas 

 



Minuet   Edgar please, its late, I’m tired from tonight’s dancing and that  

   absinthe has gone directly to my head! 

 

Edgar    Now my dear you know when I get the urge I simply cannot help  

   myself. Over by the fire now and take off your costume 

 

Minuet  Oh very well Edgar, but I’m only posing for an half an hour, that’s  

   all, then I’m going to go bed, and that’s final. 

 

Edgar    That’s fine Minuet I only need half an hour, then I create from my  

   mind.  I reproduce only what has struck me. In that way my  

   memories and imaginings are liberated from the tyranny that  

   nature holds over them! 

 

Minuet   Whatever you say Edgar, but  just make sure your memory of me is 

   flattering and keep your “imaginings” to yourself!    

 

   Mon dieu!, Edgar was that a knock at the door! 

 

Edgar    Don’t be ridiculous Minuet, at this hour!  

 

Minuet  But Edgar I’m positive - I heard a little knock!  

 

Edgar    Minuit you are imagining things - look I’ll go open the door and  

   you will see no one is there….. 

 

   Oh good heavens Mary it’s you!  

 

Mary Cassatt  I see you have company Edgar 

 

Edgar    Er, yes, quite…..Mary this is Minuet, Minuet this is Mary  

 

Mary   Pleased to make your acquaintance mademoiselle Minuet 

 

Minuet  Yes, likewise….Edgar I might put my clothes back on and be off I  

   think  

 

Edgar    Yes, yes very good Minuet, then I shall see you tomorrow again at  

   the Opera perhaps?  

 

Minuet  Perhaps Edgar, I don’t know perhaps   

 

Mary   Oh Edgar, how could you!  I knew you were seeing that redheaded 

   strumpet from the Opera behind my back, I knew it!   

 

Edgar   Now Mary please calm down she is just a model nothing more! 

 

 



Mary   Edgar please do you take me for a complete idiot!! 

 

   And that work over there, by the fire…do you call that    

   “modeling”!?  

 

Edgar   Er well, no, that is simply an ….“imagining”...A painting requires  

   a little mystery, Mary… some vagueness, and some fantasy. When  

   you always make your meaning perfectly plain you end up boring  

   people.  

 

Mary   Oh really Edgar. And I suppose you will be submitting that work to 

   this year’s Impressionist Salon then?! There is no mystery at all - I 

   think you have made your meaning towards me perfectly clear!  

   Good night to  you! 

 

 

The identity of Edgar Degas’ dancers and his bathers are a total mystery. Edgar 

certainly loved the Opera, and moved in the right circles to obtain introductions to the 

even the most famous dancers. He seemed to have had a penchant for a certain 

redheaded dancer, a motif that appears over and over. Indeed we see the redhead as a 

ubiquitous motif in many of his bathers. In one intriguing work, we see the hint of a black 

neck choker very commonly worn by the dancers of the Paris Opera of the time. It seems 

quite possible that one or more of Edgar’s bathers in fact could be one and the same with 

one or more of his dancers!         

 

Just as the identity of Degas’ bathing models remain an enigma, so too was his 

relationship with the American Impressionist, Mary Cassatt. There is no question that 

they greatly admired each other’s works, each took inspiration from the other and gave 

support and encouragement to each other over a period of many years. But whether or 

not their relationship was anything more than purely professional, is unknown. Indeed 

towards the ends of their lives, both destroyed all correspondence between them, and so 

unless any new evidence comes to light in the future the full nature of their relationship 

will remain forever a mystery. As time went by they grew more distant, and there are 

some aspects of Edgar’s life that in any case indicate that he would have been a most 

problematic partner for anyone let alone Mary. Nevertheless they never stopped 

publically praising and promoting each other’s works.        

 

The agent enalapril is a commonly used antihypertensive agent, and yet this drug 

contributes little or no antihypertensive activity! Enalapril is actually a prodrug, which 

upon absorption is rapidly hydrolysed to the active substance enalaprilat. And just as 

Edgar’s redheaded dancer shed her clothes for him after performances at the Paris 

Opera, so enalapril sheds a chemical group or two to become the active agent 

enalaprilat! So there is no mystery at all then, enalapril and enalaprilat are essentially 

one and that same thing!        

 

 

 

 



ENALAPRIL 

 

Introduction 

 

Enalapril is an angiotensin converting enzyme inhibitor (ACE Inhibitor). 

 

It is a prodrug, being converted in the body to the active enalaprilat. 

 

It was principally developed as competition to captopril. 

 

Enalapril’s principle advantage over captopril is its longer duration of action. It can be 

taken once daily.   

 

It essentially has the same indications, contraindication and adverse effects profile 

of all the ACE inhibitors. 

 

Outside of the ED the ACE inhibitors, as a class, have clinical utility in: 

 

1. Hypertension: 

 

2. Heart failure: 

 

3. Post myocardial infarction 

 

4. Reduction of cardiac disease risk irrespective of blood pressure level before 

 treatment. 

 

5. Some renal disease 

 

Its principle adverse effects include: 

 

1. Hypotension 

 

2. Angioedema 

 

3. Hyperkalemia 

 

See also separate documents on: 

 

● ACEI Overdose (in Toxicology folder).   

 

● Angioedema (in Allergies folder).  

 

History 

 

Captopril was the first ACE inhibitor developed for clinical use. It was synthesized in 

1975 by three researchers, Miguel Ondetti, Bernard Rubin, and David Cushman at the 

U.S. drug company Squibb.  



 

The development of captopril in the 1960s (and all subsequent ACE inhibitors and 

sartans) grew out of intense research into the hypotension inducing effects of the 

Brazilian Pit Viper snake, which contains a powerful ACE inhibiting factor! 

 

Merck & Co. developed enalapril as a competing ACEI to captopril. 

 

It became Merck’s first billion dollar selling drug in 1988. 

 

Chemistry 

 

Enalapril maleate is the maleate salt of enalapril, a derivative of two amino acids, L-

alanine and L-proline.  

 

Enalaprilat is the ethyl ester of the parent prodrug, enalapril. 

 

Enalaprilat is the active metabolite of enalapril. It was developed partly to overcome the 

short duration of action of captopril. The structural modifications however resulted in 

poor absorption from the GIT and so enalaprilat was only suitable for IV administration. 

This problem however, was overcome by the esterification of enalaprilat with ethanol to 

produce enalapril which is readily absorbed across the GIT.  

 

Classification 

 

ACE Inhibitors (ACEI) include:  

 

1. Captopril 

 

2. Enalapril 

 

3. Fosinopril 

 

4. Lisinopril 

 

5. Perindopril 

 

 ● Perindopril (arginine) 

 

 ● Perindopril (erbumine)  

 

6. Quinapril 

 

7. Ramipril 

 

8. Trandolapril 

 

Angiotensin II receptor blocking (ARB - also known as “sartan”) agents include: 

 



1. Candesartan 

 

2. Eprosartan 

 

3. Irbesartan 

 

4. Losartan 

 

5. Olmesartan 

 

6. Telmisartan 

 

7. Valsartan 

 

Supposed advantages for specific ACE inhibitors are claimed based on pharmacokinetic, 

metabolic or tissue ACE-binding characteristics, however, these do not translate into 

significant clinical differences. 2 

 

Most (except captopril) maintain an antihypertensive effect for up to 24 hours and so can 

be given once daily. 2 

 

Preparation 

 

Tablets: 

 

Enalapril maleate as: 

 

● 5 mg, 10 mg, 20 mg. 

  

Fixed-dose combinations: 

 

● Enalapril is available as a fixed dose combination with hydrochlorothiazide and 

 with lercanidipine 

 

Physiology 

 

                              Renin (from kidneys) 

 

 

 

 Angiotensinogen  Angiotensin I 
 

 

                                                                                        Angiotensin Converting Enzyme                       

                                                                                        (ACE) 

                                                                                                                             

                                                          Angiotensin II 

 



The renin-angiotensin-aldosterone system (see also Appendix 2 below) 

 

Renin, is an enzyme synthesized by the kidneys, into the circulation in response to 

hypotension.  

 

Renin acts on a plasma globulin substrate to produce angiotensin I, a relatively inactive 

decapeptide.  

 

Angiotensin I is then converted enzymatically by angiotensin converting enzyme 

(ACE) to the octapeptide angiotensin II. The conversion of angiotensin I to angiotensin 

II takes place in the pulmonary circulation (rather than the plasma). 

 

Angiotensin II has the following actions: 

 

● It is a potent arteriolar vasoconstrictor 

 

● It stimulates aldosterone secretion from the adrenal cortex, thereby contributing 

to sodium (and so fluid) retention and potassium loss. 

 

Mechanism of Action 

 

The ACE inhibitors: 

 

1. Inhibit the action of ACE: 

 

● They are highly specific competitive inhibitors of angiotensin I converting 

enzyme, (ACE), the enzyme responsible for the conversion of angiotensin 

I to angiotensin II. 

 

2. Inhibit the breakdown of bradykinin, (see Appendix 1) 

 

Pharmacodynamics 
 

Clinical effects include: 

 

1. Reduction of blood pressure: 

 

● Onset of antihypertensive activity is usually seen at one hour, with peak 

 reduction of blood pressure seen at 4-6 hours after administration. 

 

● Optimal blood pressure reduction may require several weeks of therapy.  

 

● Abrupt withdrawal of enalapril maleate has not been associated with rapid 

 increase in blood pressure. 

 

● The duration of effect is dose related. However, at recommended doses, 

 antihypertensive and haemodynamic effects have been shown to be 

 maintained for at least 24 hours. 



 

2. No significant increase in heart rate. 

 

3. There is a reduction in peripheral arterial resistance and an increase in cardiac 

output  

 

4. Renal effects: 

 

● There is no change or an increase or in renal blood flow. 

 

● Glomerular filtration rate is generally unchanged.  

 

5. Effects in heart failure: 

 

● Exercise tolerance and severity of heart failure, as measured by New York 

 Heart Association criteria, is improved. 

 

Pharmacokinetics 

 

Absorption: 

 

● Enalapril is administered orally. 

 

Following oral administration, enalapril is rapidly absorbed and then is rapidly 

and extensively hydrolysed to enalaprilat, which is a specific, long acting 

angiotensin converting enzyme (ACE) inhibitor.  

 

Enalapril maleate is a prodrug which when administered orally is hydrolysed to 

release the active converting enzyme inhibitor, enalaprilat. The liver appears to be 

the main site for this conversion. 

 

Oral enalapril is rapidly absorbed, with peak serum concentrations of enalapril 

occurring within one hour. 

 

 The oral bioavailability of enalaprilat is approximately 40%. 

 

Distribution: 

 

●  Protein binding is approximately 50%. 

 

●  Enalapril can cross the human placenta.  

 

● Small amounts of enalapril is excreted into human breast milk.  

 

Metabolism and excretion: 

 

● There is no evidence for significant metabolism of enalapril maleate. 

 



● Excretion of enalaprilat is primarily renal.  

 

Indications 

 

As a class the ACE inhibitors are used for: 2 

 

1. Hypertension: 

 

● Used as standard treatment, often in combination with other agents. 

 

2. Heart failure: 

 

● Angiotensin converting enzyme inhibitors (ACEI) are particularly useful 

 in patients with systolic (and probably diastolic) dysfunction. 1 

 

● They are frequently used in combination with a diuretic in patients with 

 symptomatic heart failure.  

 

3. Post Myocardial infarct: 

 

 ● In patients with left ventricular dysfunction. 

 

ACE inhibitors are indicated to improve survival following myocardial 

infarction in clinically stable patients with left ventricular dysfunction, 

manifested as an ejection fraction less than or equal to 40%, and to reduce 

the incidence of overt heart failure and subsequent hospitalizations for 

congestive heart failure in these patients. 3 

 

4. Reduction of cardiac disease risk: 

 

● ACEI decrease cardiovascular disease (CVD) risk in patients with 

 established CVD or high absolute CVD risk due to multiple risk factors 

 (particularly hypertension and diabetes), irrespective of blood pressure 

 level before treatment. 

 

5. Some renal disease: 

 

 ● Diabetic nephropathy (type 1 diabetes) 

 

● Prevention of progressive renal failure in patients with persistent 

 proteinuria (>  1 gram daily). 

 

Contra-indications/precautions 

 

The principle precautions and contraindications of the ACE inhibitors as a group include: 

 

1. History of hypersensitivity to an ACE inhibitor. 

 



2. History of angioedema: 

 

● This can be hereditary, idiopathic or ACE inhibitor-induced. ACE 

 inhibitors increase risk of further episodes. 

 

3. Hypotension 

 

4. Hyperkalemia, (which can also be a side effect)   

 

5. Volume or sodium depletion: 

 

● This activates the renin - angiotensin - aldosterone system.  

 

Initiation of an ACE inhibitor this may result in excessive hypotension. 

Correct before treatment and/or monitor carefully. 

 

6. Caution with other drugs that can raise potassium levels:  

 

● Potassium supplements and potassium sparing diuretics (use only with 

 caution and close monitoring). 

 

7. Primary hyperaldosteronism: 

 

● An ACE inhibitor may have reduced effectiveness of be ineffective; seek 

 specialist advice. 

 

8. Patients with renal artery stenosis: 

 

 ● The risk of renal failure is increased, (especially if bilateral). 

 

9. Renal impairment: 

 

 Use with caution and monitor closely: 

 

 As a guide: 2 

 

Renal impairment increases risk of hyperkalaemia and may affect the excretion of 

some ACE inhibitors; use lower initial doses and monitor potassium 

concentration. 

 

Renal impairment may worsen, especially in people with hypovolaemia, or if used 

with NSAIDs (including selective COX 2 inhibitors). 

 

Serum creatinine may increase after starting treatment or increasing the dose 

(usually stabilizes within the first 2 months): 

 

● If increase is < 30% or glomerular filtration rate (GFR) reduction is < 

 25%, there is no need to adjust dose 



 

● If increase is > 30% (or GFR reduction is >25%), investigate other causes 

 and if necessary, reduce dose or stop ACE inhibitor and consider specialist 

 referral. 

 

10. Elderly:  

 

● May be more predisposed to first-dose hypotension, hyperkalaemia and 

 renovascular disease than younger patients. Start treatment with lower 

 doses;  monitor renal function closely. 

 

11. Pregnancy, (contraindicated): 1,4 

 

● When pregnancy is suspected, treatment with ACE inhibitors should be 

 discontinued immediately and changing to an alternative antihypertensive, 

 such as methyldopa or labetalol, (see below). 

 

Pregnancy 

 

Enalapril is a category D class drug with respect to pregnancy.  

 

Category D drugs are those drugs which have caused, are suspected to have caused or 

may be expected to cause an increased incidence of human fetal malformations or 

irreversible damage. These drugs may also have adverse pharmacological effects. 

Specialised texts should be consulted for further details. 

 

One study has concluded that exposure to angiotensin-converting enzyme (ACE) 

inhibitors during the first trimester could possibly increase the risk of congenital 

malformations and should be avoided. However, most studies have shown that exposure 

to ACE inhibitors in the first trimester have not been associated with an increased risk of 

major malformations compared with other anti-hypertensives; but a slight increase was 

noted when compared with healthy controls. 

 

Maternal exposure to ACE inhibitors in the second and third trimester have been 

associated with adverse fetal effects such as oligohydramnios, severe fetal growth 

restriction, persistent patent ductus arteriosus, pulmonary hypoplasia, limb contractures, 

renal tubular dysgenesis and fetal or neonatal death. 

 

When pregnancy is suspected, treatment with ACE inhibitors should be discontinued 

immediately and changing to an alternative antihypertensive, such as methyldopa or 

labetalol is recommended to minimise the risk of fetopathy. A careful prenatal 

examination, including high-resolution ultrasound at the 16th to 20th week of gestation, 

should be offered to women who have taken an ACE inhibitor during the first trimester. 

 

Breast feeding: 4 

 

Based on the limited data available, enalapril is considered safe to use during 

breastfeeding.  



 

However, consider monitoring the breastfed infant’s blood pressure and heart rate for 

hypotension and bradycardia if there are any concerns. 4 

 

In general no adverse effects in infants are reported with captopril or enalapril; there is 

insufficient information to confirm safety of other ACE inhibitors. 2 

 

Adverse Effects 

 

The principle adverse reactions of the ACE inhibitors as a group include: 

 

1. Hypotension: 

 

 ● Including postural hypotension. 

 

  This most commonly occurs in patients: 

 

  ♥ Commencing treatment (first dose in particular).  

 

  ♥ Who are taking other antihypertensive agents. 

 

  ♥ Who have severe congestive heart failure 

 

2. Cough: 2 

 

● A persistent, nonproductive cough is common, possibly due to a 

 bradykinin effect. 

 

 It is not dose-dependent  

 

 It is unlikely to respond to treatment.  

 

 It can occur within days to months of starting treatment.  

 

The cough may be mild and tolerable, however, some patients need to stop 

treatment (usually then improves within 1- 4 weeks of stopping). 

 

Once a patient has developed intolerable cough, an attempt may be made 

to switch the patient to another ACE inhibitor; the reaction may recur but 

this is not invariably the case. A change to another class of drugs may be 

required in severe cases. 

 

3. Angioedema: 

 

● This is usually mild to moderate, but can occasionally be life-threatening.  

 

 It is thought to be due to bradykinin build up.  

 



 Icatibant can be used to treat it. 

 

4. Hyperkalemia: 

 

● Because the ACE inhibitors decrease the formation of angiotensin II and 

 the subsequent production of aldosterone, serum potassium  concentrations 

 exceeding 5.5 mEq/L may occur. 

 

Frank hyperkalaemia may occur in patients who have impaired renal 

function and/ or are taking other agents that can elevate the serum 

potassium levels and /or are diabetics. 

 

5. Dermatological hypersensitivity reactions.  

 

Dosing 2 

 

1. Hypertension: 

 

● Adult, child >50 kg, initially 5 mg daily, increased at intervals of 1-

 2 weeks up to  10 - 40 mg daily in 1 or 2 doses. 

 

● Child <50 kg, 0.1 mg/kg (maximum 2.5 mg) daily in 1 or 2 doses, 

 increasing gradually if necessary over 2 weeks to maximum 0.6 mg/kg 

 (not to exceed 20 mg) daily in 1 or 2 doses. Give the first dose under 

 medical supervision. 

 

 ● Fixed-dose combination with hydrochlorothiazide or lercanidipine 

 

  ♥ Adult, 1 tablet once daily (of any strength). 

 

2. Heart failure: 

 

● Adult, initially 2.5 mg daily, increased gradually up to 10 - 20 mg daily 

 given in 1 or 2 doses. 

 

3. Left ventricular dysfunction 

 

 ● Adult, initially 2.5 mg daily, increased gradually up to 10 mg twice daily. 

 

4. Renal impairment, elderly or taking a diuretic: 

 

 ● Adult, initially 2.5 mg once daily. 

 

For dosing in children, see also Australian Medicines Handbook for Children 

 

Monitoring: 

 



Check renal function and electrolytes before starting an ACE inhibitor and review after 1 

- 2 weeks of treatment. 

 

 

 

Note on concomitant treatment with sartans: 

 

Treatment with an ACE inhibitor and a sartan: 2 

 

● In trials the combination worsened renal function and increased the risk of 

 symptomatic hypotension and hyperkalaemia 

 

● The combination did not provide additional benefit in patients at high risk of 

 vascular disease nor improve survival in patients with left ventricular 

 failure/dysfunction after MI 

 

● Aldosterone antagonists are preferred to sartans in patients with heart failure who 

 remain symptomatic despite optimal treatment with an ACE inhibitor and a beta-

 blocker. 

 

● Despite conflicting trial results, it may be an option, e.g. for selected patients with 

 chronic heart failure or non-responsive blood pressure, seek specialist advice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 1 

 

 

 

Biochemical pathways, demonstrating some of the relationships between tissue 

plasminogen, bradykinin and ACE, in the pathogenesis of angioedema. 

 

 

 

 

 

 

 

 

 

 



Appendix 2 

 

The Renin - Angiotensin - Aldosterone System: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

“Repetition of the Dance”,  oil on canvas, 1877, Edgar Degas 
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