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Abstract

Captopril, the first angiotensin-converting enzyme (ACE) inhibitor was discovered through random screening of 2,000 chemical 
structures, by E. R. Squibb and Sons Pharmaceuticals. Then patented and developed 1980, to the marketed product Capoten. At a 
daily dose of 400-1000 mg, the drug showed significant anti-hypertensive activity in patients through enhancing plasma rennin ac-
tivity, decreasing aldosterone in plasma and elimination of ACE activity. Dose was decreased to 50-150 mg/day after drug resistance 
was recognized in first 200 patients treated with captopril at the initial dose. Captopril pharmacodynamics and pharmacokinetics 
parameters were established through continuous clinical trials in human subjects. Initial post-marketing study found it safe and 
effective for treatment of mild hypertension and early cardiac failure. However, recent studies reveal different adverse events in hy-
pertensive patients treated with captopril. 
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Introduction 
Hypertension is a major health issue worldwide, attributing 

to the global burden of disease (Dzau and Balatbat, 2019) [6]. It 
is considered the main cause for various cardiovascular disease 
mortality and morbidity. There are many disease are associated 
with hypertension such as cardiovascular the and peripheral arte-
rial diseases. (Hu, Shen, and Yu, 2019). Each year, approximately 
9.4 million deaths are caused by hypertension and its complica-
tions (Lim., et al. 2012) [16]. The expectation magnitude as has 
been reported, it will approximately reach one billion and half by 

2025 (Kearney., et al. 2005) [14]. Currently, beside (ACE) inhibi-
tors, there are several groups of drugs used for hypertension man-
agement such as including angiotensin receptor blockers (ARBs), 
calcium channel blockers and β-blockers and diuretics (Siddiqi and 
Shatat, 2019) [2]. A recent study suggests that ACE inhibitors are 
the most widely used drugs due to their proved higher efficacy and 
safety (Suchard., et al. 2019) [24]. 

Regarding the mechanism of Captopril, which is the first ACE 
inhibitor, (Gan., et al. 2018; Lezama-Martinez., et al. 2018) [9,15] 
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have reported that it acts through suppression of renin-angioten-
sin-aldosterone system (RAAS).

Captopril has a molecule of unique properties regarding its safe-
ty and efficacy. Therefore, till present after passing through all pro-
cesses of discovery, development, and marketing, (Romano and Ta-
tonetti, 2019) [21]. Captopril is under continuous investigations in 
different patho-physiological conditions. This review highlights all 
the different approaches and trials conducted during the discovery 
and development of the dug, which constitute the aim of this work.

Historical background
Discovery and identification of molecular target 

Captopril was produced from “snake venom”, and was identified 
as enzyme that serves the conversion of angiotensin I to, angioten-
sin II, in 1950s (Erdos, 2006) [8]. Initially, the investigation of the 
ACE inhibition effect was conducted using peptides’ viper’s venom 
from the Brazilian in dog lung (Bakhle, 1968) [2]. but did not suc-
ceed in achieving the desired results (Cushman and Ondetti, 1991). 
Later on, the anti-hypertensive activity has been approved using 
60 different compounds followed by clinical studies (Gavras., et al. 
1978) [10]. 

Development: early clinical trials for efficacy and safety

Initially, the efficacy and safety was conducting with twelve 
hypertensive patients and the dose of captopril was 400-1000 mg 
daily, exhibited a decrease in blood pressure of all the patients from 
(177 ±8/110 ±2 to 136 ±6/88 ±2 mm Hg). That was attributed to 
enhancement in the activity of rennin, and decrease in aldosterone 
in plasma. Consequently, elimination of ACE activity were observed 
in all subjects. Small increase plasma potassium and transient 
febrile reaction in patient were reported as concomitant effects 
(Gavras., et al. 1978) [10]. Later on reporting on the data of 200 pa-
tients treated with captopril for first four years, the group reported 
the first dose of 400-1000 mg as excessive and caused resistance 
that was not recognized during first study. Thus, they concluded 
50-150 mg/day as sufficient for the management of hypertension 
in patients (Hoorntje and Donker, 1981) [11]. Further clinical trials 
reported that treatment with captopril reduced the mortality in left 
ventricular dysfunction and asymptomatic left ventricular dysfunc-
tion patients by 20% and 29% respectively (Investigators*, 1992; 
Pfeffer., et al. 1992) [13,20]. 

Pharmacodynamics and pharmacokinetics 

Captopril has a rich and interesting pharmacodynamics evolu-
tionary history. Since detailed discussion about pharmacodynamic 
properties of captopril which is the scope of this review, the review 
of Brogden., et al. should be read for early pharmacodynamics evo-
lution of captopril (Brogden, Todd, and Sorkin, 1988). Brogden., et 
al. has also reviewed initial studies of pharmacokinetics for capto-
pril. Results showed 70% of the drug had been absorbed after oral 
delivery. Maximum blood concentration (Crnax) was found 0.8-0.9 
mg/L after an oral dose of 100 mg. Time to reach Crnax was found to 
be 0.8 to 1 hour (Brogden., et al. 1988) [3].

Studies were also carried for investigating co-administration 
of captopril with food, showing that simultaneous food intake de-
creased its bioavailability by 25 to 50% in healthy subjects (Män-
tylä, Männistö, Vuorela, Sundberg, and Ottoila, 1984) [19]. Further 
studies carried out for captopril and showed that about 30% of the 
drug covalently, but reversibly, bound to protein in human blood 
(Maeda, Tanaka, Kawameta, Komai, and Shindo, 1979) [18]. In 
healthy subjects the mean volume of distribution at steady state 
was 0.70 to 0.75 L/kg (Duchin, Singhvi, Willard, Migdalof, and McK-
instry, 1982) [4].

Post-marketing surveillance

The participants in the first post-marketing surveillance were 
4,124 patients in New Zealand and the results of the study exhib-
ited higher efficacy of captopril. In addition to demonstration of 
the drug to high safety profile in both mild and early cardiac failure 
with demonstrated safety (Edwards, Coulter, Beasley, and MacIn-
tosh, 1987) [7]. Furthermore, various studies revealed clearance of 
proteinuria (1 of 100 patients) within 6 months (Sánchez-Borges 
and González-Aveledo, 2010) [23]. Moreover, there were some se-
vere adverse reactions associated with the frequent use of capto-
pril have been reported such as: nephrotic syndrome, renal insuf-
ficiency, renal failure, (1 to 2 of 1000 patients) (Lindle., et al. 2014) 
[17], reversible Dysgeusia (2 to 4 of 100 patients) (Antunes, Guer-
rante, Ávila, Lins Mendes, and Fierro, 2016) [1], (Samrein Ahmed., 
et al. 2020) [25].

Conclusion 
In conclusion, E. R. Squibb and Sons Pharmaceuticals was the 

first company that discovered and developed captopril which has 
potential anti-hypertensive activity.
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