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Introduction 

• Several classes of anti-HTN drug  Successful 
Tx. of HTN is difficult 

• Resistant HTN : 5-30% of the overall 
hypertensive population. 

    only about 10% of patients have true RH. 

• Novel approaches, novel devices and novel 
drugs including either novel pharmacological 
classes or novel molecules 
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New approaches (1) 

• Low salt diet in patients with resistant 
hypertension. 
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Pimenta E. Hypertension 2009;54: 475–481. 



New approaches (2) 

: chronotherapy 
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Hermida RC. Hypertension 2008;51:69–76. 



New approaches (3) 

: Renal Nerve Denervation 



New Approaches (4) 

: Baroreceptor Activation Therapy 



The Goals for anti-HTN drugs 

• Improvement of BP 

• Treatment of resistant hypertension 

• Possibly also reduction of cardiovascular risk 
factors other than BP  

     : myocardial hypertrophy, fibrosis, or   

       increased arterial stiffness 
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RAAS blockers 

9 Hering D. Expert Rev. Cardiovasc. Ther. 2011;9:729–744. 



AT1R blockers & AT2R agonist 

• New ARB 

: Azilsartan medoxomil (2011, FDA & EMA) 

   AT1R blocker with PPAR-γ activity 

   Edarbi (20, 40, 80 mg (Valsartan : 320mg, 
Olmesartan medoxomil : 40 mg)) 

• AT2R agonist 

 : vasodilatory, antiproliferative, and anti-inflammatory 
effects 

Nonpeptide AT2R agonist compound 21 

Animal studies (+ ARB) 
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Aldosterone synthase inhibitors 

• Aldosterone antagonist (Mineralocorticoid receptor-
blockers)  growing awareness 

    : spironolactone and eplerenone 

    : primary aldosteronism, resistant hypertension and CHF 

    : the poor selectivity of spironolactone  

       --> progesterone or testosterone-dependent adverse effects 

    : Eplerenone  more selective inhibitor  

      cf.) both : hyperkalemia (particularly in CKD) 

• LCI 699 (1st in-class aldosterone synthase inhibitor) 
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LCI 699  

(Aldosterone synthase inhibitor) 
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LCI 699  

(Aldosterone synthase inhibitor) 

• Effectively lowered clinic and 24-hour BP 

• Generally well tolerated. 

• Suppressed ACTH-stimulated release of cortisol in ~20% of 
patients. 

• the development of more selective compounds to determine 
whether inhibition of aldosterone synthesis provides 
advantages over other classes of antihypertensive agents in 
terms of tolerability and clinical benefit. 

• aldosterone excess such as resistant hypertension, congestive 
heart failure, post–myocardial infarction, and chronic renal 
failure. 
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Biosynthetic Pathway of Aldosterone 
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Dual Vasopeptidase inhibitors 

• Pharmachological targets for HTN 

1) ACE or AT1R 

2) Two other zinc metalloproteinase 

   - Nephrilysin (neural endopeptidase (NEP)) 

   - Endothelin-converting enzyme (ECE) 

Dual Vasopeptidase inhibitors 

Anti-proliferative, anti-fibrotic and anti-
inflammatory effects 
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Dual NEP-ACE inhibitors 
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Lancet 2012; 380: 591–600 



Omapatrilat 
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Angioedema 

 

 

 

 

 

 

• Ilepatril (Sanofi-Aventis) 

  : Phase III 

   

 



Angiotensin Receptor-Neprilysin Inhibitor 

(ARNI) 
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Lancet 2012; 380: 591–600 



LCZ696 : a first-in class inhibitor  

of dual-acting ARNI 
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LCZ696 : Valsartan + AHU77 
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Lancet 2010;375:1228-1229. 



LCZ696 dose-dependently enhances  

ANP levels and reduces BP 
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Effects of LCZ696 on biomarkers of  

NEP inhibition and AT1R blockade 
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LCZ696 : mild to moderate HTN 
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Lancet 2010; 375: 1255–66 
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Endothelin Receptor Antagonist 

• Endothelin-1 : a powerful vasoconstrictor  

• Endothelin A and B receptor antagonists 

   : an additional therapeutic target to conventional 
antihypertensive treatment strategies 

• Darusentan (selective ETA receptor antagonist) 

   : Resistant hypertension (Phase III) 

   : 100 mg  lowered BP by 11.3/8.3 mmHg without 
reflex alteration in heart rate 

   : Salt & water retention  peripheral edema 
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Dual NEP-ECE inhibitor 

• Endothelin-converting enzyme (ECE) 

   : a key peptidase in the endothelin system 

   : This enzyme cleaves inactive big endothelin-1 
to active endothelin-1 

      binds to endothelin type-A receptors 

      exerts its vasoconstrictor effect 
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Dual NEP-ECE inhibitor 
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Lancet 2012; 380: 591–600 



Dual NEP-ECE inhibitor 

• Block the pro-inflammatory and pro-fibrotic 
effects of endothelin-1  

• Enhance the plasma concentrations of 
natriuretic peptides 

• Overcome some vasoconstriction because 
neprilysin degrades endothelin-1. 

• The natriuretic action of neprilysin can oppose 
the salt and fluid retention caused by non-
selective blockade of endothelin receptor. 
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Dual NEP-ECE inhibitor 

• Daglutril (Solvay Pharmaceuticals) 

  : a potent inhibitor of combined neprilysin and 
endothelin converting enzyme. 

  : in phase 2 clinical development in patients 
with hypertension. 
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AT1R and Endothelin A Receptor 

Antagonist 

• PS 433540 

  : dual-specificity AT1R and endothelin A 
receptor antagonists 

  : more effective and better tolerated 

  : Phase IIb  (200 mg, 400 mg, and 800 mg)  

     - reduction of SBP & DBP more effectively 
than placebo 

     - the highest dose achieving a greater 
reduction than the AT1R blocker irbesartan 
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New molecules or compounds 

 

 

 

 

 

 
• AT2R agonist & ACE2 activator 

• Renin-prorenin blocker 

• Amnopeptidase-A inhibitors, Nitric Oxide donors 
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Paulis, L. et al. Nat. Rev. Cardiol. 2012;9: 276–285. 



New targeting (1) 

• Two angiotensin-based vaccines (In a phase 2a study)   

    1) CYT006-AngQb 

        - an angiotensin-2 vaccine (Cytos Biotechnology 

          AG), significantly reduced BP in HTN Pts. 

    2) PMD3117 

        -  an angiotensin-1 vaccine (Protherics Inc) 

        -  lowered blood pressure in rats, but not in a 

          subsequent placebo-controlled clinical study.  

 Further studies with modified immunogen or adjuvant 
are needed to boost antibody titres. 
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• Advanced glycation end-products (AGE) 

   :  targeting vascular ageing and isolated systolic HTN 

   : AGE inhibitior (Aminoguanidine & pyridoxamine) 

      prevent the formation of AGE crosslinks  

   : AGE breakers (alagebrium & pyridinium analogues 
TRC4186 and TRC4149) 

      catalytically break these crosslinks  

      a promising molecule to reduce aortic stiffness 
independently of BP in patients with isolated systolic 
hypertension. (not show benefit in patients ) 
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New targeting (2) 



Combinations newly approved or in clinical 

trials for the treatment of hypertension  
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Paulis, L. et al. Nat. Rev. Cardiol. 2012;9: 276–285. 



Conclusion (1) 

• One novel antihypertensive—azilsartan—as well as 
several novel fixed-dose combinations of existing 
antihypertensive agents, including aliskiren double 
and triple combinations and an olmesartan triple 
combination were approved. 

• An angiotensin II type 2 receptor agonist—
compound 21—is in preclinical development. 

• Novel antihypertensive compounds in clinical 
development include an aldosterone synthase 
inhibitor, a natriuretic peptide agonist, and a 
soluble epoxide hydrolase inhibitor. 



Conclusion (2) 

• Novel antihypertensives with dual activity, including 
an ARB & neutral endopeptidase inhibitor, an ARB 
& endothelin receptor A blocker, and an 
endothelin-converting enzyme & neutral 
endopeptidase inhibitor, are in clinical 
development. 

• Upcoming fixed-dose combinations of 
antihypertensives are expected to include CCBs 
other than amlodipine, and diuretics other than 
hydrochlorothiazide (which are included in the 
current combinations). 
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Lancet 2012; 380: 591–600 



Thank you very much 

for your attention 


