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Introduction

The renin angiotensin system (RAS) serves as one of 
the most important endogenous regulators of internal 
homeostasis. Its main functional enzymatic axis com-
prises renin that processes a liver-produced angioten-
synogen to form angiotensin I and angiotensin con-
verting enzyme (ACE) that hydrolyses angiotensin I to 
angiotensin II in the process that occurs mainly in the 
pulmonary circulation. Angiotensin II, in turn, being the 
primary RAS effector, interacts with its specific recep-
tors (AT1, AT2, AT3 and AT4) to induce pleiotropic biolog-
ical actions that involve: vasoconstriction of arterioles, 
hypertension, release of aldosterone, increase of sodium 
and water reabsorption, release of vasopressin or sym-
pathetic system stimulation. Importantly, these effects 
are particularly attributed to the systemic RAS that 
acts within an endocrine axis and responds to general 
body disturbances associated with water depletion and 
hypotension. What, however, needs to be emphasized 
is that apart from the circulatory RAS there are many 
tissue RAS systems which act in an autocrine/paracrine 
manner to regulate the structure and function of the 

corresponding target organs. Thus their actions are dis-
tinguished from the ones attributed to the circulatory 
RAS and they include: stimulation of cell proliferation 
and growth, inhibition of apoptosis, induction of angio-
genesis as well as participation in pro-inflammatory 
and pro-migratory cellular responses [1, 2].

Given the significance of RAS in the regulation of 
cardiovascular system function, its blockade by phar-
macological intervention occurred as an advantageous 
clinical approach in the treatment of its various pathol-
ogies. Indeed, angiotensin converting enzyme inhibi-
tors (ACE-I), a popular class of antihypertensives, which 
act by the competitive inhibition of angiotensin con-
verting enzyme leading to the abolishment of angio-
tensin II production, are commonly used in the treat-
ment of a wide spectrum of cardiovascular and renal 
diseases, including: hypertension, congestive heart 
failure, left ventricular dysfunction after myocardial 
infarction, artherosclerotic vascular disease or insulin-
dependent and non-insulin-dependent diabetic neph-
ropathy. Specifically, this family of pharmaceuticals 
comprises several small-molecule compounds, the most 
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important of which are: captopril, benazepril, enalapril, 
lisinopril, perindopril, ramipril, cilazapril, quinapril, imi-
dapril, moexipril and trandolapril. In fact, their clini-
cal efficiency has been confirmed in multiple random-
ized, controlled clinical trials which showed significant 
reductions of systolic and diastolic blood pressure in 
hypertensive patients after their use [3, 4, 5]. Howev-
er, the family of ACE-I exhibits much more interesting 
pharmacological profile, associated with their multidi-
rectional mode of action that, apart from the prima-
ry repression of angiotensin II signaling, additionally 
involves potentiation of bradykinin (by the inhibition 
of its degradation), increase of tissue nitric oxide and 
prostaglandins, inhibition of matrix metaloproteases, 
free-radical scavenging and generation of angiostatin. 
Important to mention that the latter two features are 
mainly attributed to the ACE-I containing a sulfhydryl 
moiety [1].

Hence, considering the pleiotropic nature of angio-
tensin II and the diversity of ACE-I-related actions, 
there is no surprise that these valuable pharmaceutical 
agents have been proposed as a potential therapeu-
tic strategy in the management of several other human 
diseases with the inclusion of: cancer, obesity, Barrett 
syndrome, erythrocytosis, Marfan syndrome, Duchenne 
muscular dystrophy, migraine, Raynaud’s syndrome or 
Alzheimer disease. In this review we analyze the avail-
able literature data on the off-label ACE-I use.

Cancer

The potential anti-cancer properties of ACE-I stem from 
their capability of decreasing angiotensin II, the potent 
stimulus of proliferation and growth. In fact, numerous 
experimental trials have confirmed the beneficial effect 
of various ACE-I on the reduction of tumor mass and 
number of metastases. Specifically, captopril exerted 
anti-proliferative and pro-apoptotic cell responses in 
lung and renal tumors [1, 6, 7], enalapril – in human 
neuroblastoma cells [8] while captopril and trandolapril 
– in K562 leukemic cell line [9]. Furthermore, the affini-
ty of ACE-I to matrix metaloproteases (MMP), especially 
MMP-2 and MMP-9 explains their anti-angiogenic and 
anti-migratory actions. Indeed, these effects have been 
confirmed for captopril, imidapril and lisinopril in the 
in vitro experiments [10, 11]. In addition to this capto-
pril is known to inhibit tumor angiogenesis by the gen-
eration of angiostatin which is a potent, endogenous 
anti-angiogenic agent [1]. Enalapril, in turn, has been 
proven to stop cancer progression in the animal mod-
el of lung malignancy by the inhibition of TAM pro-

genitors proliferation in the spleen and accumulation 
in lungs in the mechanism involving the S1P1 receptor 
signaling [12]. Also several epidemiological data sup-
port the introduction of ACE-I into anti-cancer therapy 
[13, 14, 15]. Nevertheless, due to the lack of appropri-
ately-constructed, randomized clinical trials the utiliza-
tion of the reviewed drugs in oncology still remains the 
question of future [1].

Obesity

The impact of ACE-I on the management of obesity 
is associated with the obesity-related chronic stimula-
tion of systemic RAS as well as with the activation of 
local RAS system in adipose tissue in obese patients, 
which contributes to adipocyte growth and differentia-
tion. Additionally, the overexpression of angiotensin II 
plays a crucial role in the development of the obesi-
ty-related hypertension, inflammation, insulin resis-
tance, dyslipidemia and kidney disease collectively 
defined as a metabolic syndrome. Hence, there is no 
surprise that the blockade of RAS with ACE-I results 
in reduced body-weight, improved insulin sensitivity 
and the decreased serum levels of markers of inflam-
mation. What is more ACE inhibitors have been proven 
effective in reducing blood pressure in obese humans 
[16, 17]. Specifically, captopril has been suggested as 
an interesting therapeutic strategy for obesity, insulin 
resistance and inflammation [18]. Similarly, enalapril 
was found to reduce food intake and body fat in young 
normotensive rats [19].

Bartter’s syndrome

Barrtter’s syndrome is a rare disease described as 
an autosomal recesive tubulopathis, involving bilat-
eral hyperplasia of juxtaglomerular apparatus that is 
responsible for an excessive renin production, hiperal-
dosteronism, elevated level of angiotensin II and severe 
hypokalaemia caused by a massive renal potassium 
loss. In general, the majority of therapeutic approach-
es in the management of this condition is focused on 
the normalization of serum potassium concentration by 
pharmacologic intervention. Interestingly, small doses 
of captopril have been reported to produce beneficial 
effects in patients with Barrtter’s syndrome with con-
comitant good tolerance. What is more captopril can 
be also used in diagnostics of this disease together 
with scintigraphy [20, 21, 22]. Another ACE-I success-
fully used for correction of hypokalaemia in this dis-
ease was enalapril [23].
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Secondary erythrocytosis

Erythrocytosis is defined as the absolute increase in the 
number of red cells, caused by their overproduction 
in bone marrow or by tissue hypoxia. In fact, several 
reports confirm the correlation between RAS activation 
and increased erythropoiesis associated with secondary 
erythrocytosis. Hence, the pharmacological blockade of 
RAS, especially in subjects at risk for secondary eryth-
rocytosis development seems a reasonable therapeutic 
option. And indeed, as indicated by the clinical data, 
the implementation of ACE-I-based treatment causes 
a reduction in hemoglobin levels in a dose-dependent 
manner in the following groups of patients: individuals 
with heart failure or chronic obstructive pulmonary dis-
ease, patients undergoing hemodialysis, patients after 
cardiac surgery and kidney transplant [24]. 

Marfan’s syndrome

Marfan’s syndrome is a genetic disease affecting con-
necting tissue that might cause severe complications 
in heart vessels and aorta, manifested by their stiff-
ness and dilation, which eventually leads to dissection 
and death [25]. Generally, the advantageous effect of 
ACE-I in patients with this disorder stems from their 
impact on the retardation of aortic enlargement pro-
gression. Specifically, perindopril has been found to 
reduce aortic stiffness and decrease its diameters in 
patients with the reviewed autosomal-dominant con-
nective tissue disorder [26].

Duchenne muscular dystrophy

Duchenne muscular dystrophy is a genetic disorder 
caused by the lack of protein, dystrophin, which leads 
to muscle degeneration. A gradual decrease of myo-
cardial function is one of the consequences of this 
condition [27]. Interestingly, ACE-I have been found 
to delay the progression of cardiomiopathy in dystro-
phic patients while the combination of ACE-I and beta 
blockers has provided a benefit of a long-term survival 
within this population of patients treated against heart 
failure [28, 29, 30].

Prevention of a high-dose-chemothe-
rapy-induced cardiotoxicity

As is well known, the intensive anticancer treatment is 
inherently accompanied by multiple serious side effects 
which compromise the effectiveness of this medical 

procedure. Specifically, chronic cardiotoxicity is the 
major reason for the limitation of athracyclines-based 
chemotherapy, which further affects patient survival. 
As a matter of the fact, an important role in the devel-
opment of anthracycline-dependent cardiomiopathy is 
actually attributed to cardiac RAS, which indicates that 
the introduction of ACE-I into treatment could provide 
an effective prevention against chemotherapy-induced 
cardiac dysfunction. Indeed, in one clinical study the 
administration of enalapril to the patients at high risk 
of cardiac insufficiency receiving high-dose chemother-
apy resulted in a reduced number of cardiac-related 
adverse events, prolonged patient survival and stabili-
zation of cardiac function. The mechanism responsible 
for this effect could involve the enalapril-dependent 
decrease of systolic wall stress, reduction of afterload, 
atteuation of fibrosis, inhibition of cell apoptosis and 
free radical scavenging [31, 32, 33, 34].

Migraine

The relationship between migraine and RAS is gener-
ally not fully recognized yet some interesting obser-
vations indicate that the frequency of attacks with-
out aura positively correlates with the activity of ACE. 
Also there are several literature reports showing that 
the administration of lisinopril substantially improves 
the incidence of headaches in hypertensive and nor-
motensive patients suffering from this condition. Simi-
larly, enalapril has been found to exert a clinically sig-
nificant prophylactic effect in patients with migraine 
headaches. Unfortunately, the putative mechanism of 
action behind this pharmacological response remains 
unknown yet certain data indicate that it could be 
the result of the ACE-I-dependent altered sympathetic 
activity, decreased degradation of bradykinin, enceph-
alin, and substance P, increased prostacyclin synthesis, 
and free radical scavenging [35, 36].

Raynaud’s syndrome

The Raynaud’s phenomenon is characterized by 
a reversible peripheral vasospasm in response to cold, 
which usually affects hands and feet. The pharmaco-
therapy of this clinical condition focuses on vasodilata-
tion and in this case ACE-I seem to offer a promising 
mode of action. Unfortunately, the available clinical 
trials provide conflicting results with several reports 
that emphasize the improved digital blood circulation 
after long-term and acute treatment with captopril 
[37] and other ones that demonstrate no influence of 
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captopril or enalapril on the severity or frequency of 
disease attacks [38,39]. Hence, it is currently believed 
that although ACE-I might provide some minor effect 
to alleviate the disease symptoms, they are not supe-
rior to the traditional treatments. Thus, the appropri-
ate clinical trials are needed to conclusively establish 
the role of ACE-I in the management of Raynaud’s phe-
nomenon [40].

Alzheimer disease

The potential contribution of RAS to the development 
of Alzheimer disease stems from the local expres-
sion of this system in brain. In fact, there are several 
experimental data suggesting the participation of ACE 
in the metabolism of beta-amyloid protein, the reduc-
tion of which occurs in this pathology. Interestingly, 
the administration of ACE-I has been found benefi-
cial in the prevention of dementia or cognitive decline 
in humans without any symptoms of dementia while 
in patients with amnestic mild cognitive impairment, 
ACE-I produced stabilization of cognitive function. Fur-
thermore the administration of ACE-I to adults suffer-
ing from Alzheimer disease has been found to delay 
the rate of cognitive decline. Contrary to this there are 
other reports suggesting the ineffectiveness of ACE – 
I in the treatment of this clinical condition, which indi-
cates that the utility of these drugs in patients with 
Alzheimer disease remains questionable [41].

Conclusion

The diversity of biological actions determines the vari-
ety of possible ACE-I’s clinical applications which reach 
far beyond the classically-accepted use in hypertension 
and the related cardiovascular diseases. The primary 
limitation, however, in the extension of their clinical 
indications is lack of appropriate, randomized, con-
trolled, long-term clinical trials that could definitively 
confirm their utility in the management of the above 
reviewed diseases.
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