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Introduction

A link between plasma renin activity (PRA) and risk of 
cardiovascular disease has been demonstrated in several [1-
4], but not all [5,6] epidemiological studies. Such a link is also 
supported by many experimental and clinical studies which 
provided convincing evidence that the renin-angiotensin system 
(RAS) is capable of stimulating atherosclerosis by triggering basic 
reactions which ultimately lead to growth, instability, and rupture 
of atherosclerotic plaques and facilitation of thrombosis [7,8].

Mechanisms Of Pharmacological Inhibition of the 
RAS

The pharmacological inhibition of the RAS can be achieved 
through 3 different basic mechanisms (Skeggs et al.):

•	 Inhibition of angiotensin I (Ang I) generation from 
angiotensinogen. This can be achieved by direct inhibition of 
renin, an aspartyl protease that releases the decapeptide Ang I 
from the α-2-globulin angiotensinogen.

•	 Inhibition of angiotensin II (Ang II) generation from 
angiotensin I. This can be achieved through inhibition of  

 
angiotensin-converting enzyme (ACE), a zinc dependent protease 
that generates the octapeptide hormone angiotensin II (Ang II) by 
cleaving 2 amino acids histidine and leucine) from Ang I. ACE is 
highly expressed in the kidney and pulmonary endothelium.

•	 Inhibition of the action of Ang II at the level of its 
receptor(s).

Circulating Renin and Prorenin

Circulating levels of renin are _1 pmol/L in humans and levels 
of prorenin are about 10-fold higher (Denser et al 1998). However, 
circulating levels of prorenin and rennin tend to be related. Under 
physiological conditions, less than 2% of prorenin is in the active 
conformation. Acute stimuli may cause a sudden increase in 
the release of active renin from the juxtaglomerular apparatus 
without any immediate rise in the prorenin levels, while chronic 
stimuli may lead to a rise in both renin and prorenin, with a 
higher rate of conversion of inactive prorenin into active renin [9]. 
Prorenin has a low intrinsic activity on angiotensinogen which 
is _3% than fully activated renin. Stimulation of AT1 receptors 
by Ang II inhibits rennin release. In contrast, inhibition of RAS 
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at any level increases renin release by attenuating the negative 
feedback effect by Ang II. In patients with diabetes mellitus, as 
well as during pregnancy, there is usually a rise in prorenin levels 
with an increased prorenin/renin ratio. In patients with diabetes, 
prorenin levels may even predict the occurrence of subsequent 
nephropathy [10,11].

Aliskiren

Aliskiren, a 2(S),4(S),5(S),7(S)-N-(2-carbamoyl- 2-methylpro-
pyl)-5-amino-4-hydroxy-2,7 diisopropyl-8- (4-methoxy-3-[3-me-
thoxypropoxy-] phenyl)-octan amide, is the only orally active re-
nin inhibitor that successfully progressed to phase III trials and 
extensive clinical use.

Chemical properties

Aliskiren is a low-molecular-weight hydrophilic nonpeptide 
which exerts a potent and specific competitive inhibition on renin in 
primates (Wood et al.). The very high specificity for renin (10,000-
fold higher affinity for rennin than for other aspartic peptidases) 
makes aliskiren unlikely to cause adverse effects potentially 
related to inhibition of other peptidases. Because renin is a water-
soluble protein that can be studied with crystallographic analysis 
(Rahuel et al.), the opportunity arose to examine systematically 
the crystals of renin bond to renin inhibitors. Consequently, the 
development of aliskiren was the result of successive steps of 
molecular modeling on earlier peptide-like renin inhibitors (Wood 
et al.). These steps were aimed to improve the affinity for the 
active enzymatic sub pocket of renin and to prolong the duration 
of action of the drug. The high potency of aliskiren is reflected by 
the finding that the concentration at which this drug can inhibit 
50% of renin activity is only 0.6 nmol/L (Wood et al.). After oral 
administration in healthy volunteers, the plasma concentration 
of aliskiren increases in a dose dependent fashion with peak 
concentrations after 3-6 hours, average plasma half-life of 23.7 
hours (range 20-45 hours), oral bioavailability of about 5% (for 
95% it is excreted unchanged in feces), and plasma steady-state 
levels after 5-8 days of treatment [12].

Pharmacodynamic Properties

Since important molecular differences exist in the structure of 
renin and angiotensinogen between different species, inhibitors 
of human renin are specific for primates and ineffective or 
scarcely effective in non-primates. In sodium depleted marmosets 
(which are primates), aliskiren at 3 mg/kg daily completely 
inhibited PRA for 24 hours [13]. The effect of aliskiren on blood 
pressure (BP) was dose-dependent, with a persistence of the 
effect for 24 hours. In marmosets, aliskiren was more effective 
than other renin inhibitors (zankirens and remikiren) in lowering 
BP. In order to obviate the specificity of aliskiren for primate 
renin, double transgenic rats were developed with human genes 
for renin and angiotensinogen [6,14]. In these rats, low and high 
doses of aliskiren and valsartan were compared with placebo 
to investigate their effects on left ventricular hypertrophy, 

creatinine, albuminuria, and mortality. In summary, both doses of 
aliskiren but only the higher dose of valsartan decreased all of the 
above endpoints compared with placebo. After 3 weeks, 74% of 
rats treated with the low valsartan dose, but 100% of rats treated 
with the high valsartan dose and both aliskiren doses survived, 
compared with none of the untreated rats [15]. A group of healthy 
normotensive volunteers put on a constant sodium diet (100 
mmol/day) received aliskiren (40-80 mg/day or 160-640 mg/
day), enalapril (20 mg/day) or placebo. Aliskiren decreased PRA, 
Ang I, and Ang II in a dose-dependent fashion. In comparison with 
placebo, the higher dose of aliskiren reduced Ang II by 80% and 
increased plasma renin concentration by more than 10 times.

The reduction in Ang II was comparable between enalapril 
20 mg/day and aliskiren 160 mg/day. Neither BP nor heart rate 
were affected by aliskiren and enalapril in these normotensive 
subjects (Nussberger et al.). In a within-subject study, 12 sodium-
depleted normotensive subjects were randomly given placebo, 
aliskiren 300 mg/day, valsartan 160 mg/day, and the combination 
of aliskiren and valsartan (150 mg/day +80 mg/day). As expected, 
aliskiren alone decreased PRA while valsartan alone increased 
PRA, Ang I and Ang II. The combination of aliskiren and valsartan 
completely eliminated the rise in

PRA elicited by valsartan [16-28].

Conclusion

Aliskiren, the first direct renin inhibitor to reach the market, 
is a low-molecular-weight, orally active, hydrophilic nonpeptide. 
Aliskiren blocks Ang I generation, while plasma renin concentration 
increases because the drugs block the negative feed-back exerted 
by Ang II on renin synthesis. Because of its long pharmacological 
half-life, aliskiren is suitable for once-daily administration. It’s 
through-to-peak ratio is approximately 98% for the 300 mg/day 
dose. Because of its mechanism of action, aliskiren might offer the 
additional opportunity to inhibit progression of atherosclerosis 
at tissue level. Hypertension is an approved indication for this 
drug, which is also promising for the treatment of heart failure. 
The efficacy of this drug in reducing major clinical events is being 
tested in large ongoing clinical trials.
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