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 1. Introduction

In recent years, the attention that had been paid upon 
the renin–angiotensin–aldosterone system (RAAS) as a 
hypertension promoter has shifted to the role it plays in 
the progression of cardiovascular injury. Large-scale 
clinical trials on the pharmacological effects of angio-
tensin-converting enzyme inhibitors (ACEIs) and angio-
tensin (Ang) II type 1 (AT 1 )-receptor blockers (ARBs) 
support the notion that AngII and aldosterone exert a 
cardinal role in the pathogenesis of cardiovascular dis-
eases (1, 2). Accordingly, most national guideline groups 
now recommend the use of ACEIs or ARBs in preference 

to other antihypertensive agents for hypertensive patients 
with cardiovascular disease (3 – 6). Furthermore, benefi-
cial effects of mineralocorticoid receptor (MR) blockers 
on cardiovascular diseases, independent of the effects 
exerted by the renin–angiotensin system (RAS) inhibi-
tors, have been reported in several studies. The Random-
ized Aldactone Evaluation Study (RALES) (7) and the 
Eplerenone Post-Acute Myocardial Infarction Heart 
Failure Efficiency and Survival Study (EPHESUS) (8) 
demonstrated that adding MR blockers to standard thera-
pies, including ACEIs or ARBs, significantly reduced 
morbidity and mortality in patients with heart failure. 
Based on the results from these two multicenter clinical 
trials and other studies, MR blockers, in addition to RAS 
inhibitors, are recommended for the treatment of hyper-
tension in patients with cardiovascular diseases (2).

In this Forum Minireview entitled “New approaches to 
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  Abstract. The critical role played by the renin–angiotensin–aldosterone system (RAAS) in the 
regulation of blood pressure and body fluid homeostasis has been well recognized. Angiotensin 
(Ang) II and aldosterone are the most powerful biologically active products of the RAAS, although 
there are also other bioactive Ang peptides involved in this system, including AngIII, AngIV, and 
Ang1 – 7. In addition to their physiological roles, AngII and aldosterone induce inflammation, cell 
growth, mitogenesis, apoptosis, migration, and differentiation; regulate gene expression of bioac-
tive substances; and activate multiple intracellular signaling pathways, all of which contribute to 
cardiovascular tissue injury. During the last decade, both clinical and preclinical studies have 
demonstrated that various pharmacological interventions of the RAAS exert blood pressure–inde-
pendent cardiovascular-protective effects. In this Forum Minireview entitled “New approaches to 
blockade of the renin–angiotensin–aldosterone system”, we will discuss the impact of RAAS in-
hibitors on prevention of the development of hypertension and cardiovascular diseases. Before 
going into details about the insights into RAAS inhibition that each of the four groups will provide, 
we herein briefly overview our current understanding of regulation of the circulating RAAS.
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blockade of the renin–angiotensin–aldosterone system”, 
which is based on the symposium at the 82nd Annual 
Meeting of The Japanese Pharmacological Society held 
on March 2009 in Yokohama, Japan, we will discuss the 
effects of the RAAS inhibitors in preventing the develop-
ment of hypertension and cardiovascular diseases. Before 
introducing the detailed investigations undertaken by our 
forum members, we herein briefly provide an overview 
of our current understanding of the regulation of the cir-
culating RAAS.

2. Regulation of the systemic RAAS pathways

Figure 1 shows the circulating RAAS pathways and 
the concentrations of the RAAS components. Angio-
tensinogen is primarily formed and constitutively secreted 
by hepatic cells into the circulation (9). On release into 
the circulation, active plasma renin cleaves angiotensino-
gen to form a decapeptide, AngI (10). Circulating renin 
and its precursor, prorenin, are released primarily from 
the juxtaglomerular cells located in the glomerular affer-

ent arterioles (11, 12). However, other tissues also secrete 
prorenin into the circulation, and prorenin can be con-
verted to renin by limited proteolysis (11, 12). As shown 
in Fig. 1, circulating angiotensinogen is abundant; 1,000 
times as much as AngI and AngII. Thus, renin activity 
determines the rate of AngI formation in the plasma with 
huge stores of circulating angiotensinogen (1). Namely, 
even a small relative change in plasma renin activity may 
make a large absolute difference in circulating AngI and 
AngII levels.

Circulating AngI is easily converted to AngII, due not 
only to the circulating ACE (dipeptidyl carboxypepti-
dase) but also to the widespread presence of ACE on 
endothelial cells of many vascular beds including the 
lung (11). Although other pathways for AngII formation 
have been identified in certain tissues, the circulating 
levels of AngII primarily reflect the consequences of the 
enzymatic cascade of renin and ACE that catalyzes the 
breakdown of angiotensinogen into the end-product of 
the RAAS, AngII (11). Several angiotensinases and 
peptidases are then able to metabolize AngII further (12). 
Although AngIII, AngIV, and Ang1 – 7 also have bio-
logical activity, their plasma levels are much lower than 
that of AngII (1). In many organs and tissues, their local 
formation is of major significance in the regulation of 
Ang peptide levels, which has been well reviewed by 
Kobori et al. (1) and will not be discussed here.

The AngII receptor belongs to the class of seven-
transmembrane G-protein–coupled receptors (13). Two 
major categories of AngII receptors, type 1 (subtypes 1a 
and 1b in rodents) and type 2, have been cloned (13). 
However, most of the AngII hypertensinogenic actions 
are generally attributed to the AT 1  receptors (1). The AT 1  
receptor is widely expressed in various cardiovascular 
and renal tissues (1, 13). On the other hand, the AT 2  re-
ceptor is highly expressed in organ mesenchyme during 
fetal life and decreases dramatically after birth (14). Al-
though the role of the AT 2  receptor still remains uncer-
tain, it has been suggested that AT 2 -receptor activation 
counteracts AT 1 -receptor effects (14). Many studies have 
indicated that in adrenal glands, AngII stimulates aldos-
terone production and secretion through the activation of 
AT 1  receptors (15). However, as shown in Fig. 1, it has 
also been suggested that AT 2  receptor is involved in ad-
renal aldosterone production during the long treatment 
with ARBs and ACEIs (16). Aldosterone plays a power-
ful role in sodium reabsorption and potassium excretion 
through the activation of MR in tubular epithelial cells. 
In addition to its vital role in electrode homeostasis, ac-
cumulating evidence also suggests that aldosterone is a 
key factor in mediating cardiovascular injury (17). Fig. 1. Brief scheme of the systemic RAAS. The representative 

plasma concentrations for angiotensinogen, AngI, AngII, and aldos-
terone in anesthetized rats are shown. EP, endopeptidase; APA, 
aminopeptidase A; APN, aminopeptidase N. 
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3. Conclusions

Before going into the details of RAAS inhibition, 
which will be presented by each of the four groups 
(18 – 21), we herein briefly overviewed how the circulat-
ing RAAS is regulated. Based on the preclinical and 
clinical evidence, it is now clear that the RAAS plays an 
essential role in the development of hypertension and 
cardiovascular diseases.
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