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“Brazilian Amethyst Hummingbird with a White Orchid”, oil on canvas, 1875-90,  

Martin Johnson Heade 



The storm grew until sheet lightning spread across the western sky. The thunderhead reared 

up like up like a top-heavy monster in slow motion, tilted forward, blotting out the stars, the 

forest erupted in a simulation of violent life. Lightning bolts broke to the front and then 

closer, to the right and left, 10,000 volts dropping along an ionizing path at 800 kilometres 

an hour, kicking a counter surge skyward ten times faster, back and forth in a spit second, 

the whole perceived as a single flash and crack of sound. The wind freshened, and rain 

came stalking through the forest. 

 

In the midst of chaos something to the side caught my attention. The lightning bolts were 

acting like strobe flashes to illuminate the wall of the rain forest. A intervals I glimpsed the 

storied structure: top canopy 30 meters off the ground, middle trees spread raggedly below 

that, and a lowermost scattering of shrubs and small trees. The forest was framed for a few 

moments in this theatrical setting. Its image turned surreal, projected into the unbound 

wilderness of the human imagination, thrown back in time 10,000 years. Somewhere close I 

knew spear-nosed bats flew through the tree crowns in search of fruit, palm vipers coiled in 

ambush in the roots of orchids, jaguars walked the river’s edge; around them eight hundred 

species of trees stood, more than are native to all of North America; and a thousand species 

of butterflies, 6 per cent of the entire world fauna, waited for the dawn. 

 

About the orchids of that place we knew very little. About flies and beetles almost nothing, 

fungi nothing, most kinds of organisms nothing. Five thousand kinds of bacteria might be 

found in a pinch of soil, and about them we knew absolutely nothing. This was wilderness in 

the Sixteenth century sense, as it must have formed in the minds of Portuguese explorers, its 

interior still largely unexplored and filled with strange, myth-engendering plants and 

animals. From such a place the pious naturalist would send long respectful letters to royal 

patrons about the wonders of the new world as testament to the glory of God. And I thought: 

there is still time to see this land in such a manner. 

 

The unsolved mysteries of the rain forest are formless and seductive. They are like unnamed 

islands hidden in the blank spaces of old maps, like dark shapes glimpsed descending the far 

wall of a reef into the abyss. They draw us forward and stir strange apprehensions. The 

unknown and prodigious are drugs to the scientific imagination, stirring insatiable hunger 

with a single taste. In our hearts we hope we will never discover everything. We pray there 

will always be a world like this one at whose edge I sat in darkness. The rain forest in its 

richness is one of the last repositories on Earth of that timeless dream.              

 

Edward O. Wilson, “The Diversity of Life”, 1992. 

 

The magisterial Edward O. Wilson gives an impassioned plea to save the biodiversity of the 

Earth. Species are becoming extinct at the hands of humanity at a rate faster than we can 

even catalogue them. In others words some are going extinct which we will never even know 

had existed. Of those species we are aware of, we remain profoundly ignorant about the 

vast majority of them. Wilson argues that all species must be preserved as a matter of 

urgency. Each species lost represents the loss of a unique evolutionary pathway forged by 

untold eons. One could argue why should we save the Bothrops jararaca, or Brazilian Pit 

Viper? Wouldn’t we be better off without sharing the planet with such a vile and deadly 

creature? It would surprise many to know that two of our most effective classes of 

antihypertensive agents, the ACE inhibitors and the Sartans, were developed out of research 



on the venom of this snake! It was known that Brazilian plantation workers who were bitten 

by this creature would develop profound hypotension and collapse. In the 1960s the English 

pharmacologist, John Vane, who would win the Nobel Prize for Physiology or Medicine in 

1982, had become intensely interested in the question of how the Pit Viper venom acted to 

produce this effect. One of Vane’s, post doctoral students who came to work with him in the 

mid 1960s was a Brazilian by the name of Sergio Ferreira, who brought with him a vial of 

purified Pit Viper Venom. At this time Vane was heavily immersed in studies of angiotensin I 

and II, and ACE. He was curious to see if the snake venom’s blood pressure lowering effect 

could be due to an effect on this system and as it turned out it very much did! A component 

of the venom was a very powerful naturally occurring ACE inhibitor! All of a sudden a 

completely new way of treating hypertension had presented itself. Intense research followed 

by Vane’s team that eventually produced a synthetic derivative of the hypotension inducing 

factor present in the snake venom. Vane injected this agent into human volunteers and 

showed that it inhibited their conversion of angiotensin I to angiotensin II and induced a 

significant powering of blood pressure, though fortunately not quite as dramatically as in 

those bitten by the Brazilian pit viper itself! After much further work a derivative that could 

be given orally was finally developed. It was given the name “captopril”, and this drug 

spawned a whole new class of antihypertensive drugs, known as the ACE inhibitors. 

 

The story of the development of the ACE inhibitors, demonstrates to us the supreme 

importance of Edward O. Wilson’s urgent message to all humanity. Billions of years of 

evolution has produced untold and unlimited wonders of biochemistry that could one day be 

used to the benefit of humankind if we only have the foresight and wisdom to recognize this.     

 

 

Bothrops jararaca, the Brazilian Pit Viper, (George Grall, National Geographic, 2007). 



CAPTOPRIL 

 

Introduction 

 

Captopril is the archetypal angiotensin converting enzyme inhibitor (ACE Inhibitor).  

 

In the ED captopril is one of a range of options that can be used for the urgent lowering of 

blood pressure, (should this be required).  

 

Its relatively short duration of action makes it a good option for titrating dose and response 

in this particular setting.  

 

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! 



 

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

be given once daily. 
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Preparation 

 

Tablets: 

 

● 12.5 mg, 25 mg, 50 mg. 

 

Liquid: 

 

● 5 mg/ml solution.  

 

Fixed dose combinations: 

 

● Most ACEI are also available as fixed-dose combinations with a diuretic (e.g. 

 hydrochlorothiazide or indapamide) or a calcium channel blocker. 
2
 

 

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 
 

Captopril results in a reduction in peripheral arterial resistance in hypertensive patients with 

either no change or an increase in cardiac output. 

 

Clinically significant reductions of blood pressure are often observed 60 - 90 minutes after 

oral administration of captopril.  

 

However, the reduction in blood pressure is usually progressive and to achieve maximal 

therapeutic effects of a given dosage regimen, several weeks of administration may be 

required.  

 

The duration of effect appears to be dose related. 

 

Pharmacokinetics 

 

Absorption: 

 

● Captopril is rapidly absorbed orally.  

 

Distribution: 

 

● Captopril appears to be distributed between three compartments in humans.  

 

 The terminal phase volume of distribution (2 L/kg) suggests that captopril is 

 distributed into deep tissues. 

 

● Plasma protein binding is approximately 30 %. 

 

● Captopril crosses the human placenta 

 

Metabolism and excretion: 

 

● Captopril is extensively metabolized.  

 



The major metabolite is captopril dimer. In vitro studies have demonstrated that this 

is significantly less active than captopril as an inhibitor of angiotensin converting 

enzyme. 

 

Indications 

 

In the ED: 

 

● An oral dose of an ACE inhibitor is one of a range of options that can be used for 

 hypertensive urgencies in the ED. 

 

Its relatively short duration of action makes it a good option for titrating dose and 

response in this particular setting.    

 

Clinically significant reductions of blood pressure are often observed 60 - 90 

minutes after oral administration of captopril. 

 

Outside of the ED: 

 

As a class the ACE inhibitors are used for: 
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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. 
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● 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. 
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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 

 

These include: 

 

1. History of hypersensitivity to captopril  

 

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: 
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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): 
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● 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 

 

Captopril is classed as a category D 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. 

 

Breast feeding: 

 

Small amounts of captopril are excreted into breast milk, but no serious harmful effects have 

been observed in breastfed infants.  

 

Based on the limited data available, captopril 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. 
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In general no adverse effects in infants are reported with captopril or enalapril; there is 

insufficient information to confirm safety of other ACE inhibitors. 
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Adverse Effects 

 

The principle adverse reactions 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: 
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● 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 

 

Always commence with a low dose; naive patients can suffer significant hypotension.    

 

In the ED Setting: 

 

1. Urgent Blood Pressure lowering: 

 

 For hypertensive urgencies: 

 

 ● Captopril 6.25 to 50 mg orally 
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  Exact dose will be influenced by the patient’s comorbidities as well as other 

  medications currently being taking, including whether or not they are already 

  taking captopril. 

 

Clinically significant reductions of blood pressure are often observed 60 - 90 

minutes after oral administration of captopril. 

 

Outside of the ED Setting: 
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1. Hypertension: 

 

● Initially 12.5 mg twice daily, increased at intervals of 2 - 4 weeks to 25 - 50 

 mg twice daily. 

 

2. Heart failure: 

 

 ● Initially 6.25 mg 3 times daily. 

 

  Increased at 2 week intervals to 25–75 mg twice daily.  

 

  Maximum 150 mg daily. 

 



3. Post MI: 

 

● Initiate treatment in stable patients 3 days post MI at 6.25 mg 3 times daily. 

 

● Increase up to 25 mg 3 times daily over several days to final target dose of 50 

 mg 3 times daily. 

 

4. Diabetic nephropathy 

 

 ● 25 mg 3 times daily. 

 

5. Renal impairment, elderly or taking a diuretic 

 

 ● Initially 6.25 mg twice daily. 

 

For dosing in children, see Australian Medicines Handbook. 

 

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: 
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● 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: 
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