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Ⱥɤɬɢɜɢɪɚɧɟɬɨ ɧɚ ɊȺȺɋ ɩɪɢ ɋɇ ɩɴɪɜɨɧɚɱɚɥɧɨ ɟ  
ɤɨɦɩɟɧɫɚɬɨɪɧɨ, ɧɨ ɜɩɨɫɥɟɞɫɬɜɢɟ ɫɬɚɜɚ ɩɚɬɨɥɨɝɢɱɧɨ  

ACE=angiotensin-converting enzyme; ACEI=angiotensin-converting-enzyme inhibitor; 

ARB=angiotensin receptor blocker; Ang=angiotensin;  

HF=heart failure; MRA=mineralocorticoid receptor antagonist;  

RAAS=renin-angiotensin-aldosterone system 

Zaman et al. Nat Rev Drug Discov 2002;1:621–36  

Schrier, Abraham. N Engl J Med 1999;341:577–85;  

Brewster et al. Am J Med Sci 2003;326:15–24; Schmeider. Am J Hypertens 2005;18: 

720–30; McMurray et al. Eur Heart J 2012;33:1787–847 

Ⱥɧɝɢɨɬɟɧɡɢɧɨɝɟɧ  

↑ ɋɢɦɩɚɬɢɤɭɫɨɜ 
ɬɨɧɭɫ 

Ɋɟɧɢɧ 

ȼɚɡɨɩɪɟɫɢɧ 

ɯɢɩɨɮɢɡɚ 

Ɋɟɚɛɫɨɪɛɰɢя ɧɚ ɜɨɞɚ 

Aɧɝ I Aɧɝ II 

ȼɚɡɨɤɨɧɫɬɪɢɤɰɢя 

ɏɢɩɟɪɬɪɨɮɢя 

 

Ɂɚɞɪɴɠɤɚ ɧɚ Na+/H2O 

Ⱥɥɞɨɫɬɟɪɨɧ 

ACE ↑ Ɉɛɟɦ ɧɚ ɤɪɴɜɬɚ 

ɧɚɞɛɴɛɪɟɱɧɚ ɠɥɟɡɚ 

↑ Ʉɪɴɜɧɨ ɧɚɥяɝɚɧɟ 

↑ ɏɢɩɟɪɬɪɨɮɢя 

↑ Ɏɢɛɪɨɡɚ 

Ɇɢɨɤɚɪɞɧɨ  
ɪɟɦɨɞɟɥɢɪɚɧɟ/ 
ɚɩɨɩɬɨɡɚ 

↑ ɋɴɪɞɟɱɧɚ ɱɟɫɬɨɬɚ 

↑ Ʉɨɬɪɚɤɬɢɥɢɬɟɬ 

↑ Ɉɛɟɦ ɧɚ ɤɪɴɜɬɚ 

ɋɴɪɞɟɱɧɚɬɚ ɞɢɫɮɭɧɤɰɢɹ ɜɨɞɢ ɞɨ ɚɤɬɢɜɢɪɚɧɟ ɧɚ ɊȺȺɋ… 
……ɩɪɨɞɴɥɠɢɬɟɥɧɚɬɚ ɚɤɬɢɜɚɰɢɹ  ɧɚ ɊȺȺɋ 
ɜɥɨɲɚɜɚ ɞɨɩɴɥɧɢɬɟɥɧɨ ɫɴɪɞɟɱɧɚɬɚ ɮɭɧɤɰɢɹ, 
ɫɴɡɞɚɜɚɣɤɢ ɩɨɪɨɱɟɧ ɤɪɴɝ 

Ȼɥɨɤɢɪаɧɟ ɟɮɟɤɬɢɬɟ ɧа ɊȺȺɋ ɟ ɟɮɟɤɬɢɜɧа 
ɫɬɪаɬɟɝɢɹ ɡа ɥɟɱɟɧɢɟ ɧа ɋH 

*Studies ongoing; not approved for treatment of HF 

Ⱦɢɪɟɤɬɟɧ ɪɟɧɢɧɨɜ 
ɢɧɯɢɛɢɬɨɪ* 

ACE 

ɢɧɯ.  
AɊȻ 

MRA 



De Bold 

Robert Tigerstedt 
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t½ ɜ ɩɥɚɡɦɚɬɚ = ~3 ɦɢɧ. t½ ɜ ɩɥɚɡɦɚɬɚ= ~20 ɦɢɧ. t½ ɜ ɩɥɚɡɦɚɬɚ = ~2 ɦɢɧ. 

ɋɴɪɰɟɬɨ ɞɟɣɫɬɜɚ ɤɚɬɨ ɟɧɞɨɤɪɢɧɟɧ ɨɪɝɚɧ, ɨɫɜɨɛɨɠɞɚɜɚɣɤɢ ɜ  
ɨɬɝɨɜɨɪ ɧɚ ɦɟɯɚɧɢɱɧɨɬɨ ɪɚɡɬɹɝɚɧɟ ɧɚɬɪɢɭɪɟɬɢɱɧɢɬɟ ɩɟɩɬɢɞɢ 

 

ANP=atrial natriuretic peptide; BNP=B-type natriuretic peptide;  

CNP=C-type natriuretic peptide; GFR=glomerular filtration rate; 

RAAS=renin-angiotensin-aldosterone system; RBF=renal blood flow; 

t1/2=half-life 

Levin et al. N Engl J Med 1998;339;321–8; Gardner et al. Hypertension 2007;49:419–26  

Pandey. J Am Soc Hypertens 2008;2:210–16; Von Lueder et al. Pharmacol Ther 2014;144:41–9 Potter. 

FEBS J 2011;278:1808–17; Lumsden et al. Curr Pharm Des 2010;16:4080–8  

Mangiafico et al. Eur Heart J 2013;34:886–93; Volpe. Int J Cardiol 2014 [ePub ahead of print] 

ɉɪɟɞɫɴɪɞɟɧ ɧаɬɪɢɣɭɪɟɬɢɱɟɧ  
ɩɟɩɬɢɞ (ANP) 

 ȿɤɫɩɪɟɫɢяɬɚ ɫɟ ɭɜɟɥɢɱɚɜɚ ɜ ɩɪɟɞɫɴɪɞɢɹɬɚ ɢ 
ɤɚɦɟɪɢɬɟ ɩɪɢ ɫɴɪɞɟɱɧɚ ɯɢɩɟɪɬɪɨɮɢя 

 Ɉɬɤɪɢɜɚ ɫɟ ɜ ɩɥɚɡɦɚɬɚ 

 

 

H2N 

HOOC- 

Еɮɟɤɬɢ: 

 ȼаɡɨɪɟɥаɤɫаɰɢɹ 

  ↑ Ⱦɢɭɪɟɡɚɬɚ/ɧɚɬɪɢɭɪɟɡɚ 

  ↓ ɉɪɨɥɢɮɟɪɚɰɢя 

  ↓ ɏɢɩɟɪɬɪɨɮɢя 

  ↓ Ɏɢɛɪɨɡɚ 

  ↓ ɊȺȺɋ ɚɤɬɢɜɢɪɚɧɟ (ɜɤɥ.ɚɥɞɨɫɬɟɪɨɧ) 
  ↓ ɋɢɦɩɚɬɢɤɭɫɨɜ ɬɨɧɭɫ 

  ↓ ɉɪɟɞɧɚɬɨɜɚɪɜɚɧɟ 

  ↑ ȼɟɧɨɡɧɚ ɤɚɩɚɰɢɬɟɬ 

  ↑ RBF ɢ GFR 

  Ɇɢɨɤɚɪɞɧɚ ɪɟɥɚɤɫɚɰɢя 

  Ʌɢɩɢɞɧɚ ɦɨɛɢɥɢɡɚɰɢя,ɦɟɬɚɛɨɥɢɬɧɢ ɟɮɟɤɬɢ 

C- ɬɢɩ ɧаɬɪɢɣɭɪɟɬɢɱɟɧ  
ɩɟɩɬɢɞ (CNP) 

 Ɉɬɤɪɢɜɚ ɫɟ ɨɫɧɨɜɧɨ ɜ ЦНɋ ɢ ɫɴɞɨɜɟɬɟ 

 ɇɟ ɫɟ ɩɪɢɟɦɚ ɤɚɬɨ ɫɴɪɞɟɱɟɧ ɯɨɪɦɨɧ – 

ɦɧɨɝɨ ɧɢɫɤɢ ɧɢɜɚ ɜ ɰɢɪɤɭɥɚɰɢяɬɚ 

H2N 

HOOC- 

Еɮɟɤɬɢ: 

 ȼаɡɨɪɟɥаɤɫаɰɢɹ 

 ɉɨ-ɦɨɳɟɧ ɜɟɧɨɞɢɥɚɬɚɬɨɪ ɨɬ ANP ɢ BNP 

  ↓ ɉɪɨɥɢɮɟɪɚɰɢя 

  Ɋɟɝɭɥɢɪɚ ɪɚɫɬɟɠɚ ɧɚ ɤɨɫɬɢɬɟ 

 ↓ ɏɢɩɟɪɬɪɨɮɢя 

 ↓ Ɏɢɛɪɨɡɚ 

 ↓ ȼɴɡɩɚɥɟɧɢɟ 

 ↓ Ɍɪɨɦɛɨɡɚ 

ȼ-ɬɢɩ ɧаɬɪɢɣɭɪɟɬɢɱɟɧ  
ɩɟɩɬɢɞ (BNP) 

 ȿɤɫɩɪɟɫɢяɬɚ ɫɟ ɭɜɟɥɢɱɚɜɚ ɜ ɩɪɟɞɫɴɪɞɢɹɬа ɢ 
ɤаɦɟɪɢɬɟ ɩɪɢ ɫɴɪɞɟɱɧɚ ɯɢɩɟɪɬɪɨɮɢя 

 Ɉɬɤɪɢɜɚ ɫɟ ɨɫɧɨɜɧɨ ɜ ɫɴɪɰɟɬɨ ɢ ɰɢɪɤɭɥɢɪɚ ɜ 
ɩɥɚɡɦɚɬɚ. 

H2N 

HOOC- 

Еɮɟɤɬɢ: 

  ȼаɡɨɪɟɥаɤɫаɰɢɹ 

  ↑ Ⱦɢɭɪɟɡɚ / ɧɚɬɪɢɭɪɟɡɚ 

  ↓ ɊȺȺɋ ɜɤɥ. Ⱥɥɞɨɫɬɟɪɨɧ 

  ↓ ɋɢɦɩɚɬɢɤɭɫɨɜ ɬɨɧɭɫ  

  ↑ RBF КnН GFR 

 



Ɏɢɡɢɨɥɨɝɢɱɧɢɬɟ ɟɮɟɤɬɢ  ɧɚ ɧɚɬɪɢɭɪɟɬɢɱɧɢɬɟ ɩɟɩɬɢɞɢ ɫɟ 
ɪɟɚɥɢɡɢɪɚɬ ɱɪɟɡ ɫɜɴɪɡɜɚɧɟ ɫɴɫ ɫɩɟɰɢɮɢɱɧɢ  NP ɪɟɰɟɩɬɨɪɢ 

NPR-A 

GTP 

ANP ɢ BNP 

NPR-C 

ɟɧɞɨɰɢɬɨɡɚ 

Ɋɚɡɝɪɚɠɞɚɧɟ ɧɚ 
NP1,2,5 

Ɋɟɰɢɤɥɢɪɚɧɟ ɧɚ 
ɪɟɰɟɩɬɨɪɚ 

Ʉɚɪɞɢɨɦɢɨɰɢɬɢ1 

cGMP 

•   ȼɚɡɨɞɢɥɚɬɚɰɢя 1,2 

•  ɏɢɩɟɪɬɪɨɮɢя1,2 

•  Ⱥɧɬɢɩɪɨɥɢɮɟɪɚɰɢя2 

•  ɋɴɞɨɜɚ ɪɟɝɟɧɟɪɚɰɢя 1 

•  Ɇɢɨɤɚɪɞɧɚ ɪɟɥɚɤɫɚɰɢя1 

•  Ⱦɢɭɪɟɡɚ, ɧɚɬɪɢɭɪɟɡɚ 1,2 

•  Ⱥɩɨɩɬɨɡɚ1 

•  Ⱥɥɞɨɫɬɟɪɨɧ1,2 

•  Ɋɟɧɢɧ 1,3 

•   ɋɢɦɩɚɬɢɤɭɫɨɜ ɬɨɧ4 

•  Ʌɢɩɨɥɢɡɚ1 

1. Mangiafico et al. Eur Heart J 2013;34:886–93; 2. Gardner et al. Hypertension 

2007;49:419–26; 3. Pandey. J Am Soc Hypertens 2008;2:210–26; 4. Levin et al. 

N Engl J Med 1998;339;321–8; 

5. Von Lueder et al. Pharmacol Ther 2014 [Epub ahead of print] 

ANP=atrial natriuretic peptide; BNP=B-type natriuretic peptide; 

cGMP=cyclic guanosine monophosphate; CNP=C-type natriuretic peptide; 

GTP=guanosine triphosphate; NP=natriuretic peptide; NPR=natriuretic 

peptide receptor 

NPR-B 

CNP 

ȿɧɞɨɬɟɥɧɢ 
ɤɥɟɬɤɢ1 

GTP 
cGMP 

•  ȼɚɡɨɞɢɥɚɬɚɰɢя 1,2 

•  ɏɢɩɟɪɬɪɨɮɢя1,2 

•  Ⱥɧɬɢɩɪɨɥɢɮɟɪɚɰɢя2 

•  ɋɴɞɨɜɚ ɪɟɝɟɧɟɪɚɰɢя 1 

•  ȼɟɧɨɞɢɥɚɬɚɰɢя1 

•  Ⱥɧɬɢɮɢɛɪɨɬɢɱɧɢ ɟɮɟɤɬɢ1 

 

 

 

 

 

 

 

 

 

 



ANP/BNP2 

Ɋɟɥɚɤɫɚɰɢя;  ɚɪɬɟɪɢɚɥɧɚɬɚ ɪɢɝɢɞɧɨɫɬ4 

CNP 
(ɟɧɞɨɬɟɥ)3 

ɉɨɬɟɧɰɢɚɥɧɢ ɩɨɥɟɡɧɢ ɟɮɟɤɬɢ ɧɚ NP ɩɪɢ ɋɇ 

 ɋɢɦɩɚɬɢɤɭɫɨɜ ɬɨɧɭɫ2 

 ȼɚɡɨɩɪɟɫɢɧ2 

 ɉɨɧɢɠɟɧ ɩɪɢɟɦ ɧɚ ɫɨɥ ɢ ɜɨɞɚ2 

 Na+/H2O ɞɢɭɪɟɡɚ2 

 Ⱥɥɞɨɫɬɟɪɨɧ2 

 Ɋɟɧɢɧ2 

1. Forssmann et al. Arch Histol Cytol 1989;52 Suppl:293–315; 2. Levin et al. N Engl J Med 1998;339;321–8;  

3. Lumsden et al. Curr Pharm Des 2010;16:4080–8; 4. Langenickel & Dole. Drug Discovery Today: Ther Strateg 2012;9:e131–9; 5. 

Gardner et al. Hypertension 2007;49:419–26; 

6. Tokudome et al. Circulation 2008;117;2329–39; 7. Horio et al. Endocrinology 2003;144:2279–84; 

8. D'Souza et al. Pharmacol Ther 2004 ;101:113–29; 9. Cao & Gardner. Hypertension 1995;25:227–34; 

 ɏɢɩɟɪɬɪɨɮɢɹ2,5–7 

 Ɏɢɛɪɨɛɥɚɫɬɧɚ ɩɪɨɥɢɮɟɪɚɰɢɹ4,8,9 

ȿɮɟɤɬɢ ɧɚ ANP ɢ BNP, ɨɫɜɨɛɨɞɟɧɢ ɜ ɫɴɪɰɟɬɨ ɢ ɛɴɛɪɟɰɢɬɟ ɢ CNP ɜ ɫɴɞɨɜɟɬɟ1 

ȼɚɡɨɞɢɥɚɬɚɰɢɹ2,3,4 

 ɉɟɪɢɮɟɪɧɨ ɫɴɞɨɜɨ ɫɴɩɪɨɬɢɜɥɟɧɢɟ4 

 ɉɭɥɦɨ-ɚɪɬɟɪɢɚɥɧɨ ɧɚɥɹɝɚɧɟ4 

 ɉɭɥɦɨ-ɤɚɩɢɥɹɪɧɨ ɧɚɥɹɝɚɧɟ4 

 ɇɚɥɹɝɚɧɟ ɜ ɞɹɫɧɨɬɨ ɩɪɟɞɫɴɪɞɢɟ4 

ANP=atrial natriuretic peptide; BNP=B-type 

natriuretic peptide; CNP=C-type natriuretic peptide; 

HF=heart failure 

(ɤɚɪɞɢɨɦɢɨɰɢɬɢ)2 



ȼɥɨɲɟɧɚɬɚ ɫɢɫɬɨɥɧɚ ɮɭɧɤɰɢɹ ɧɚ ɫɴɪɰɟɬɨ ɜɨɞɢ 
ɞɨ ɤɨɦɩɟɧɫɚɬɨɪɧɨ ɚɤɬɢɜɢɪɚɧɟ ɧɚ ɬɪɢ ɨɫɧɨɜɧɢ 

ɧɟɜɪɨɯɨɪɦɨɧɚɥɧɢ ɫɢɫɬɟɦɢ 

Levin et al. N Engl J Med 1998;339:321–8;  

Nathisuwan & Talbert. Pharmacotherapy 2002;22:27–42;  

Kemp & Conte. Cardiovascular Pathology 2012;365–371;  

Schrier & Abraham. N Engl J Med 2009;341:577–85 

Ang=angiotensin; AT1R=angiotensin II type 1 receptor; HF=heart 

failure; NPs=natriuretic peptides; NPRs=natriuretic peptide receptors; 

RAAS=renin-angiotensin-aldosterone system 

ɋɢɦɩаɬɢɤɭɫɨɜа  
ɧɟɪɜɧа ɫɢɫɬɟɦа 

Ɋɟɧɢɧ – аɧɝɢɨɬɟɧɡɢɧ-  

аɥɞɨɫɬɟɪɨɧɨɜа ɫɢɫɬɟɦа 

ȼаɡɨɤɨɧɫɬɪɢɤɰɢɹ 
Ʉɪɴɜɧɨ ɧɚɥяɝɚɧɟ 

 ɋɢɦɩɚɬɢɤɨɜ ɬɨɧɭɫ 
 Ⱥɥɞɨɫɬɟɪɨɧ 

 ɏɢɩɟɪɬɪɨɮɢя 
 Ɏɢɛɪɨɡɚ 

Ang II AT1R 

СН  
Симɩɬɨми & 

Пɪɨгɪеɫия 

ɋɢɫɬɟɦа ɧа  
Наɬɪɢɭɪɟɬɢчɧɢ  
ɩɟɩɬɢɞɢ 

ȼаɡɨɞɢɥаɬаɰɢɹ 
 Ʉɪɴɜɧɨ ɧɚɥяɝɚɧɟ 
 ɋɢɦɩɚɬɢɤɨɜ ɬɨɧɭɫ 
 ɇɚɬɪɢɭɪɟɡɚ / ɞɢɭɪɟɡɚ 
 ȼɚɡɨɩɪɟɫɢɧ 
 Ⱥɥɞɨɫɬɟɪɨɧ 
 Ɏɢɛɪɨɡɚ 
 ɏɢɩɟɪɬɪɨɮɢя 

NPR NP 

Epinephrine 

Norepinephrine 
α1, β1, β2 

ɪɟɰɟɩɬɨɪɢ 

ȼаɡɨɤɨɧɫɬɪɢɤɰɢɹ 
ɊȺȺɋ ɚɤɬɢɜɧɨɫɬ 

 ȼɚɡɨɩɪɟɫɢɧ 
 ɋɴɪɞɟɱɧɚ ɱɟɫɬɨɬɚ 

 Ʉɨɧɬɪɚɤɬɢɥɢɬɟɬ 
 
 
 
 
 
 
 
 
 
 
 
 



NPR-A 

GTP 

ANP ɢ BNP 

NPR-C 

ɟɧɞɨɰɢɬɨɡɚ 

Ɋɚɡɝɪɚɠɞɚɧɟ ɧɚ 
NP1,2,5 

Ɋɟɰɢɤɥɢɪɚɧɟ ɧɚ 
ɪɟɰɟɩɬɨɪɚ 

Ʉɚɪɞɢɨɦɢɨɰɢɬɢ1 

cGMP 

•   ȼɚɡɨɞɢɥɚɬɚɰɢя 1,2 

•  ɏɢɩɟɪɬɪɨɮɢя1,2 

•  Ⱥɧɬɢɩɪɨɥɢɮɟɪɚɰɢя2 

•  ɋɴɞɨɜɚ ɪɟɝɟɧɟɪɚɰɢя 1 

•  Ɇɢɨɤɚɪɞɧɚ ɪɟɥɚɤɫɚɰɢя1 

•  Ⱦɢɭɪɟɡɚ, ɧɚɬɪɢɭɪɟɡɚ 1,2 

•  Ⱥɩɨɩɬɨɡɚ1 

•  Ⱥɥɞɨɫɬɟɪɨɧ1,2 

•  Ɋɟɧɢɧ 1,3 

•   ɋɢɦɩɚɬɢɤɭɫɨɜ ɬɨɧ4 

•  Ʌɢɩɨɥɢɡɚ1 

1. Mangiafico et al. Eur Heart J 2013;34:886–93; 2. Gardner et al. Hypertension 

2007;49:419–26; 3. Pandey. J Am Soc Hypertens 2008;2:210–26; 4. Levin et al. 

N Engl J Med 1998;339;321–8; 

5. Von Lueder et al. Pharmacol Ther 2014 [Epub ahead of print] 

ANP=atrial natriuretic peptide; BNP=B-type natriuretic peptide; 

cGMP=cyclic guanosine monophosphate; CNP=C-type natriuretic peptide; 

GTP=guanosine triphosphate; NP=natriuretic peptide; NPR=natriuretic 

peptide receptor 

NPR-B 

CNP 

ȿɧɞɨɬɟɥɧɢ 
ɤɥɟɬɤɢ1 

GTP 
cGMP 

•  ȼɚɡɨɞɢɥɚɬɚɰɢя 1,2 

•  ɏɢɩɟɪɬɪɨɮɢя1,2 

•  Ⱥɧɬɢɩɪɨɥɢɮɟɪɚɰɢя2 

•  ɋɴɞɨɜɚ ɪɟɝɟɧɟɪɚɰɢя 1 

•  ȼɟɧɨɞɢɥɚɬɚɰɢя1 

•  Ⱥɧɬɢɮɢɛɪɨɬɢɱɧɢ ɟɮɟɤɬɢ1 

 

 

 

 

 

 

 

 

 

 

Neprilysin 

ANP 

BNP 

CNP 

Нɟаɤɬɢɜɧɢ  
ɮɪаɝɦɟɧɬɢ 

ȿɮɟɤɬɢ ɧɚ NP 

Ɋɚɡɝɪɚɠɞɚɧɟ ɧɚ NP 

NP ɫɟ „ɧɟɭɬɪɚɥɢɡɪɚɬ“ ɱɪɟɡ NPR-C ɢ ɧɟɩɪɢɥɢɡɢɧɚ 



BNP ɫɟ ɪɚɡɝɪɚɠɞɚ ɜ ɩɨ-ɦɚɥɤɚ ɫɬɟɩɟɧ ɨɬ 
ɧɟɩɪɢɥɢɡɢɧɚ ɡɚ ɪɚɡɥɢɤɚ ɨɬ ANP ɢ CNP 

ANP=atrial natriuretic peptide; BNP=B-type natriuretic peptide;  
CNP=C-type natriuretic peptide; HPLC=high performance liquid 
chromatography . Further abbreviation definitions provided in the notes. Watanabe et al. Biochem Mol Med 1997;61:47–51 

 ANP ɢ CNP ɫɟ ɪɚɡɝɪɚɠɞɚɬ ɨɬ ɧɟɩɪɢɥɢɡɢɧɚ ɩɪɢ ɫɯɨɞɟɧ ɟɧɡɢɦɟɧ ɚɮɢɧɢɬɟɬ 

 BNP ɫɴɳɨ ɫɟ ɪɚɡɝɪɚɠɞɚɬ ɨɬ ɧɟɩɪɢɥɢɡɢɧɚ, ɧɨ ɜ ɩɨ-ɦɚɥɤɚ ɫɬɟɩɟɧ ɨɬ ANP ɢ CNP 

Values calculated from the disappearance of substrate peak after HPLC. Time of incubation=60 minutes; substrate concentration 

range=0.01–0.125 mM, respectively. Kcat calculated based on a molecular weight of 92,000 

In vitro ɤɢɧɟɬɢɤа ɧа ɯɢɞɪɨɥɢɡɢɪаɧɟɬɨ ɧа ɧаɬɪɢɣɭɪɟɬɢɱɧɢɬɟ ɩɟɩɬɢɞɢ  ɨɬ ɱɨɜɟɲɤɢɹ ɧɟɩɪɢɥɢɡɢɧ 

ɋɭɛɫɬɪɚɬ 
Km 

(mM) 
Vmax 

(pmol/min) 
Kcat 

(min-1) 

Kcat/Km 

(min-1 mM-1) 

ANP-28 28.3 38.5 145 5.12 

BNP-32 102 43.2 54.3 0.532 

CNP-22 12.4 66.1 97.4 7.85 



Ɇɟɬɚɛɨɥɢɡɴɦ ɧɚ ANP ɢ ɞɪ.ɩɟɩɬɢɞɧɢ ɯɨɪɦɨɧɢ ɱɪɟɡ NEP1,2,8,9  

ɇɟɚɤɬɢɜɧɢ 
ɮɪɚɝɦɟɧɬɢ 

ɇɟɩɪɢɥɢɡɢɧɴɬ (ɧɟɭɬɪɚɥɧɚ ɟɧɞɨɩɟɩɬɢɞɚɡɚ 24.11; NEP)  
ɟ ɨɬɝɨɜɨɪɟɧ ɡɚ ɪɚɡɩɚɞɚ ɧɚ ɦɧɨɝɨ ɜɚɡɨɚɤɬɢɜɧɢ ɩɟɩɬɢɞɢ 

• NEP ɟ ɨɫɧɨɜɟɧ ɟɧɡɢɦ, 
ɨɬɝɨɜɨɪɟɧ ɡɚ ɞɟɝɪɚɞɚɰɢɹɬɚ ɧɚ 

NPs (ANP, BNP, CNP)1,3-5  

• NEP ɤɚɬɚɥɢɡɢɪɚ ɞɟɝɪɚɞɚɰɢɹɬɚ 
ɢ ɧɚ ɞɪ.ɜɚɡɨɚɤɬɢɜɧɢ ɩɟɩɬɢɞɢ: 

– ɜɚɡɨɞɢɥɚɬɚɬɨɪɢ 

 ɫɭɛɫɬɚɧɰɢɹ P6 

 ɛɪɚɞɢɤɢɧɢɧ1 

 ɜɚɡɨɤɨɧɫɬɪɢɤɬɨɪɢ  

 ET-17 

 Ang II1  

1. Erdos, Skidgel. FASEB J 1989;3:145–51; 2. Levin et al. N Engl J Med 1998;339;321–8; 3. Stephenson et al. Biochem J 1987;243:183–7; 

4. Lang et al. Clin Sci 1992;82:619–23; 5. Kenny et al. Biochem J 1993;291:83–8; 6. Skidgel et al. Peptides 1984;5:769–76 

7. Abassi et al. Metabolism 1992;41:683–5; 8. Murphy et al. Br J Pharmacol 1994;113:137–42 

9. Jiang et al. Hypertens Res 2004;27:109–17 

ɩɪɨɟɧɞɨɬɟɥɢɧ ɟɧɞɨɬɟɥɢɧ 

ANP 

    NPR-A 

GTP 

Ƚɭɚɧɢɥɚɬ  

ɰɢɤɥɚɡɚ 

• Ang II 

• ɋɭɛɫɬɚɧɰɢɹ P 

• Ȼɪɚɞɢɤɢɧɢɧ 

• Ⱥɞɪɟɧɨɦɟɞɭɥɢɧ 

• Ⱥɦɢɥɨɢɞ-ɛɟɬɚ 

• Ƚɚɫɬɪɢɧ 

• Ʉɟɮɚɥɢɧ 

• Ʉɢɧɢɧɢ 

• Ɉɩɢɨɢɞɧɢ ɩɟɩɬɢɞɢ 

 

 ɞɢɭɪɟɡɚ 

ɧɚɬɪɢɭɪɟɡɚ 

ɜɚɡɨɞɢɥɚɬɚɰɢɹ 

ɚɧɬɢɩɪɨɥɢɮɟɪɚɬɢɜɧɢ/ 

ɚɧɬɢɯɢɩɟɪɬɪɨɮɢɱɧɢ 
ɫɜɨɣɫɬɜɚ 

NEP 
ɟɧɡɢɦ 

    NPR-C 

+ + 

+ 

Ʉɥɢɪɴɧɫ ɧɚ 
 ANP 

ɇɟɚɤɬɢɜɧɢ ɮɪɚɝɦɟɧɬɢ 

(ET1) 

+ 

cGMP 



NEP 
ɟɧɡɢɦ 

Ɇɟɬɚɛɨɥɢɡɴɦ ɧɚ ANP ɢ ɞɪ.ɩɟɩɬɢɞɧɢ ɯɨɪɦɨɧɢ ɱɪɟɡ NEP1-4  

ɇɟɚɤɬɢɜɧɢ 
ɮɪɚɝɦɟɧɬɢ 

ɇɟɩɪɢɥɢɡɢɧɨɜɚɬɚ ɢɧɯɢɛɢɰɢɹ 
ɭɜɟɥɢɱɚɜɚ ɧɢɜɚɬɚ ɢ ɚɤɬɢɜɧɨɫɬɬɚ  ɧɚ ɟɧɞɨɝɟɧɧɢɬɟ NP 

• NEP ɟ ɨɫɧɨɜɟɧ ɟɧɡɢɦ, 
ɨɬɝɨɜɨɪɟɧ ɡɚ ɞɟɝɪɚɞɚɰɢɹɬɚ 
ɧɚ NPs 1,3-5  

– BNP, ɚ ɧɟ NT-proBNP ɟ 
ɫɭɛɫɬɪɚɬ ɧɚ NEP6 

• ɇɟɩɪɢɥɢɡɢɧɨɜɚɬɚ 
ɢɧɯɢɛɢɰɢɹ 

ɭɫɢɥɜɚ ɟɮɟɤɬɢɬɟ ɧɚ NP7 

• ɉɨɬɟɧɰɢɚɥɧɢɬɟ ɟɮɟɤɬɢ ɧɚ 

NEP ɢɧɯɢɛɢɰɢɹɬɚ ɦɨɝɚɬ ɞɚ 
ɫɟ ɧɚɦɚɥɹɬ ɨɬ 
ɤɨɦɩɟɧɫɚɬɨɪɧɨ ɩɨɜɢɲɟɧɢɟ 
ɧɚ Ang II2,5,7 

1. Erdos, Skidgel. FASEB J 1989;3:145–51; 2. Levin et al. N Engl J Med 1998;339;321–8; 

3. Murphy et al. Br J Pharmacol 1994;113:137–42; 4. Jiang et al. Hypertens Res 2004;27:109–17; 

5. Ferro et al. Circulation 1998;97:2323–30; 6. Martinez-Rumayor et al. Am J Cardiol 2008;101[suppl]:3A-8A;  

7. Richards et al. J Hypertens 1993;11:407–16  

ɩɪɨɟɧɞɨɬɟɥɢɧ ɟɧɞɨɬɟɥɢɧ 

    NPR-A 

GTP 

Ƚɭɚɧɢɥɚɬ  

ɰɢɤɥɚɡɚ 

Ang II 

ɫɭɛɫɬɚɧɰɢɹ P 

ɛɪɚɞɢɤɢɧɢɧ 

ɚɞɪɟɧɨɦɟɞɭɥɢɧ 

ɞɢɭɪɟɡɚ 

ɧɚɬɪɢɭɪɟɡɚ 

ɜɚɡɨɞɢɥɚɬɚɰɢɹ 

ɚɧɬɢɩɪɨɥɢɮɟɪɚɬɢɜɧɢ/ 
ɚɧɬɢɯɢɩɟɪɬɪɨɮɢɱɧɢ 

ɫɜɨɣɫɬɜɚ 

    NPR-C 

Ʉɥɢɪɴɧɫ ɧɚ 
ANP 

ɇɟɚɤɬɢɜɧɢ ɮɪɚɝɦɟɧɬɢ 

(ET1) 

cGMP 

ANP 



• ɂɡɩɢɬɜɚɧɟɬɨ ɫɪɚɜɧɹɜɚ ɟɮɟɤɬɢɬɟ ɧɚ NEP ɢɧɯɢɛɢɬɨɪɚ candoxatril ɢ ɛɪɢɦɤɨɜɢɹ 
ɞɢɭɪɟɬɢɤ ɮɭɪɨɡɟɦɢɞ ɡɚ ɥɟɱɟɧɢɟ ɧɚ ɩɚɰɢɟɧɬɢ ɫ ɥɟɤɚ ɏɋɇ 

NEP ɢɧɯɢɛɢɰɢɹɬɚ ɜɨɞɢ ɞɨ ɞɢɭɪɟɡɚ ɢ 
ɧɚɬɪɢɭɪɟɡɚ, ɩɨɞɨɛɧɢ ɩɨ ɫɢɥɚ ɧɚ ɛɪɢɦɤɨɜɢɬɟ 

ɞɢɭɪɟɬɢɰɢ 

Furosemide 20 mg BID† (n=10) Candoxatril 200 mg BID‡ (n=10) Candoxatril 400 mg BID§ (n=10) 

*0.10 >p>0.05 vs furosemide; †40 mg TDD; ‡400 mg TDD; §800 mg TDD 

BID=twice daily; TDD=total daily dose 

Northridge et al. Am Heart J 1999;138:1149–57  
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Ȼɥɚɝɨɩɪɢɹɬɧɢɬɟ ɟɮɟɤɬɢ ɧɚ NEP ɢɧɯɢɛɢɰɢɹɬɚ 
ɦɨɝɚɬ ɞɚ ɨɬɤɥɸɱɚɬ ɩɨɜɢɲɟɧɢɟ ɧɚ Ang II 

‡In-vitro evidence 

Ferro et al. Circulation 1998;97:2323–30; Levin et al. N Engl J Med 1998;339:321–8; Nathisuwan & Talbert. 

Pharmacotherapy 2002;22:27–42; Schrier et al. Kidney Int 2000;57:1418–25;  Schrier & Abraham. N Engl J Med 

1999;341:577–85; Stephenson et al. Biochem J. 1987;241:237–47.   

NP ɫɢɫɬɟɦɚ 

Ɏɢɡɢɨɥɨɝɢɱɟɧ ɨɬɝɨɜɨɪ 

NP 

ɇɟɚɤɬ.ɮɪɚɝɦɟɧɬɢ 

ɉɚɬɨɮɢɡɢɨɥɨɝɢɱɟɧ  
ɨɬɝɨɜɨɪ 

Ang II 

AT1 ɪɟɰɟɩɬɨɪ 

ɊȺȺɋ 

ɋɢɦɩɬɨɦɢ/ 
ɩɪɨɝɪɟɫɢɹ ɧɚ 

ɋɇ 

ɇɟɩɪɢɥɢɡɢɧɨɜ ɢɧɯɢɛɢɬɨɪ – 

ȼɚɡɨɞɢɥɚɬɚɰɢɹ 

Ⱥɇ 

ɋɢɦɩɚɬɢɤɨɜ ɬɨɧ 

Ⱥɥɞɨɫɬɟɪɨɧ 

ɮɢɛɪɨɡɚ  

ɯɢɩɟɪɬɪɨɮɢɹ 

ɇɚɬɪɢɭɪɟɡɚ/ɞɢɭɪɟɡɚ 

ȼɚɡɨɤɨɧɫɬɪɢɤɰɢɹ 

Ⱥɇ 

ɋɢɦɩɚɬɢɤɨɜ ɬɨɧ 

ɚɥɞɨɫɬɟɪɨɧ 

ɮɢɛɪɨɡɚ  

ɯɢɩɟɪɬɪɨɮɢɹ 

– 
ɇɟɚɤɬ.ɮɪɚɝɦɟɧɬɢ‡ 



ɉɨɜɢɲɟɧɚɬɚ ɚɤɬɢɜɧɨɫɬ ɧɚ ɊȺȺɋ ɫɟ ɩɪɨɬɢɜɨɩɨɫɬɚɜɹ 
ɧɚ ɟɮɟɤɬɢɬɟ ɧɚ NEP ɢɧɯɢɛɢɰɢɹɬɚ 

• NEP ɢɧɯɢɛɢɰɢɹɬɚ ɭɫɢɥɜɚ ɟɮɟɤɬɢɬɟ ɧɚ 

NPs (ɩɨɤɚɡɚɧɨ ɱɪɟɡ ɩɨɜɢɲɟɧɢɟ ɧɚ 
ɩɥɚɡɦɟɧɢɹ cGMP) 

• NEP ɢɧɯɢɛɢɰɢɹɬɚ ɩɪɢɱɢɧɹɜɚ ɡɧɚɱɢɦɚ 
ɪɟɞɭɤɰɢɹ ɧɚ Ⱥɇ (p<0.05) (data not 

shown) 

– NEP ɢɧɯɢɛɢɰɢɹɬɚ ɨɛɚɱɟ ɜɨɞɢ ɞɨ 
ɤɨɦɩɟɧɫɚɬɨɪɧɨ ɩɨɜɢɲɚɜɚɧɟ ɧɚ 
ɧɢɜɚɬɚ ɧɚ Ang II, ɤɨɣɬɨ ɢɦɚ 
ɜɚɡɨɤɨɧɫɬɪɢɤɬɨɪɧɢ ɢ ɯɢɩɟɪɬɟɧɡɢɜɧɢ 
ɟɮɟɤɬɢ 

• Ɍɨɜɚ ɩɪɟɞɩɨɥɚɝɚ ɩɨɬɟɧɰɢɚɥɧɢ 
ɤɥɢɧɢɱɧɢ ɩɨɥɡɢ ɨɬ ɤɨɦɛɢɧɢɪɚɧɟ ɧɚ 

NEP ɢɧɯɢɛɢɰɢɹɬɚ ɫ ɊȺȺɋ ɛɥɨɤɚɞɚ 

Richards et al. J Hypertens 1993;11:407–16 

Serial mean (± SE) plasma cGMP and Ang II concentrations in patients with hypertension (n=12 per group) on the fourth day of 
treatment with candoxatril 200 mg or placebo BID. Plasma cGMP and Ang II were increased by candoxatril vs placebo 
(p<0.001, p<0.05 respectively). 
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• Omapatrilat, ɟ ɟɞɧɨɜɪɟɦɟɧɧɨ ACE ɢ NEP 
ɢɧɯɢɛɢɬɨɪ. Ɍɨɣ ɟ ɩɴɪɜɢɹɬ ɩɪɟɞɫɬɚɜɢɬɟɥ ɧɚ ɧɨɜ  
ɤɥɚɫ ɦɟɞɢɤɚɦɟɧɬɢ, ɧɚɪɟɱɟɧɢ ɜɚɡɨɩɟɩɬɢɞɚɡɧɢ 
ɢɧɯɢɛɢɬɨɪɢ ɢ ɰɟɥɟɜɨ ɪɚɡɪɚɛɨɬɟɧɢ ɡɚ ɥɟɱɟɧɢɟ ɧɚ 
Ⱥɏ ɢ ɋɇ 1–3 

• ȼ ɩɪɨɭɱɜɚɧɢɹɬɚ ɨɬ Phase III, ɩɪɢ ɩɚɰɢɟɧɬɢ ɫ Ⱥɏ ɢ 
ɋɇ ɫɟ ɭɫɬɚɧɨɜɹɜɚ , ɱɟ omapatrilat ɜɨɞɢ ɞɨ ɩɨ-
ɝɨɥɹɦɨ ɩɨɧɢɠɟɧɢɟ ɧɚ Ⱥɇ ɜ ɫɪɚɜɧɟɧɢɟ ɫɴɫ 
ɫɚɦɨɫɬɨɹɬɟɥɧɨɬɨ ɩɪɢɥɨɠɟɧɢɟ ɧɚ ACE ɢɧɯ,1 ɤɚɤɬɨ ɢ 
ɞɨ ɧɚɦɚɥɟɧɢɟ ɧɚ ɋɋ ɡɚɛɨɥɟɜɚɟɦɨɫɬ ɢ ɫɦɴɪɬɧɨɫɬ3 

• ȼ ɫɴɳɨɬɨ ɜɪɟɦɟ omapatrilat ɫɟ ɫɜɴɪɡɜɚ ɫ ɜɢɫɨɤɚ 
ɱɟɫɬɨɬɚ ɧɚ ɚɧɝɢɨɟɞɟɦ ɜ ɫɪɚɜɧɟɧɢɟ ɫ ACE ɢɧɯ.1,3 

• ɉɨɜɢɲɟɧɚɬɚ ɱɟɫɬɨɬɚ ɧɚ ɚɧɝɢɨɟɞɟɦ ɫ omapatrilat 
ɫɟ ɞɴɥɠɢ ɧɚɣ-ɜɟɪɨɹɬɧɨ ɧɚ ɛɥɨɤɢɪɚɧɟɬɨ ɧɚ 3 
ɟɧɡɢɦɚ ɭɱɚɫɬɜɚɳɢ ɜ ɪɚɡɝɪɚɠɞɚɧɟɬɨ ɧɚ 
ɛɪɚɞɢɤɢɧɢɧɚ: APP, ACE ɢ NEP4 

• Ɋɚɡɪɚɛɨɬɜɚɧɟɬɨ ɧɚ omapatrilat ɟ ɩɪɟɭɫɬɚɧɨɜɟɧɨ 
ɡɚɪɚɞɢ ɩɨɜɢɲɟɧɢɹ ɪɢɫɤ ɨɬ ɚɧɝɢɨɟɞɟɦ 

Omapatrilat ɟ ɪɚɡɪɚɛɨɬɟɧ ɤɚɬɨ ACE-NEP  
(ɧɚɪ. ɨɳɟ ɜɚɡɨɩɟɩɬɢɞɚɡɟɧ) ɢɧɯɢɛɢɬɨɪ 

ACE=angiotensin-converting enzyme; APP=aminopeptidase P 

1. Kostis  et al. Am J Hypertens 2004;17:103–11; 2. Rouleau et al. Lancet 2000;356:615–20 

3. Packer et al. Circulation 2002;106:920–6; 4. Fryer et al. Br J Pharmacol 2008;153:947–55 

Omapatrilat 

ACE 

 
NEP 

APP 

X X 

X 

= action inhibited X 





Randomized Exercise and Symptoms Study(IMPRESS) 



ɇɟɩɪɢɥɢɡɢɧɴɬ ɢɦɚ ɦɧɨɝɨ ɫɭɛɫɬɪɚɬɢ, ɤɨɢɬɨ 
ɦɟɬɚɛɨɥɢɡɢɪɚ ɫ ɪɚɡɥɢɱɧɚ ɫɬɟɩɟɧ ɧɚ ɚɮɢɧɢɬɟɬ 

Мɟɬɚɛɨɥɢɡɢɪɚɧɟ ɧɚ ɧɚɬɪɢɭɪɟɬɢчɧɢɬɟ ɢ ɞɪɭɝɢ ɜɚɡɨɚɤɬɢɜɧɢ ɩɟɩɬɢɞɢ* 

ɨɬ NEP1–9  

1. Erdos, Skidgel. FASEB J 1989;3:145–51; 2. Levin et al. N Engl J Med 1998;339;321–8; 3. Stephenson et al. Biochem J 

1987;243:183–7; 4. Lang et al. Clin Sci 1992;82:619–23; 5. Kenny et al. Biochem J 1993;291:83–8; 6. Skidgel et al. Peptides 

1984;5:769–76; 7. Abassi et al. Metabolism 1992;41:683–5;  8. Murphy et al. Br J Pharmacol 1994;113:137–42; 9. Jiang et al. 

Hypertens Res 2004;27:109–17;  10. Langenickel & Dole. Drug Discovery Today: Ther Strateg 2012;9:e131–9; 11. Richards et al. J 

Hypertens 1993;11:407–16; 12. Ferro et al. Circulation 1998;97:2323–30 

Ɉɬɧɨɫɢɬɟɥɟɧ 
ɚɮɢɬɢɬɟɬ  
ɧɚ NEP 

ANP ɢ CNP 

ȿɧɞɨɬɟɥɢɧ 

ɋɭɛɫɬɚɧɰɢя P 

Ȼɪɚɞɢɤɢɧɢɧ 

Aɧɝ II 

Ⱥɞɪɟɧɨɦɟɞɭɥɢɧ 

Aɧɝ I 

NEP 

ɂɧɚɤɬɢɜɧɢ  
ɦɟɬɚɛɨɥɢɬɢ 

ɉɪɢɥɨɠɟɧɢɟ ɧɚ NEP ɢɧɯɢɛɢɰɢɹɬɚ 

 NEP ɫɭɛɫɬɪɚɬɢɬɟ ɢɦɚɬ ɪɚɡɥɢɱɧɢ 
ɜɤɥ. ɩɪɨɬɢɜɨɩɨɥɨɠɧɢ ɛɢɨɥɨɝɢɱɧɢ 
ɟɮɟɤɬɢ10 

 Ɉɛɳɢɹɬ ɟɮɟɤɬ ɳɟ ɡɚɜɢɫɢ ɨɬ 
ɧɟɬɧɢɹ ɟɮɟɤɬ ɨɬ ɦɟɬɚɛɨɥɢɡɦɚ ɧɚ 
ɨɬɞɟɥɧɢɬɟ NEP ɫɭɛɫɬɪɚɬɢ10   

 ɉɨɥɡɢɬɟ ɨɬ ɜɴɡɞɟɣɫɬɜɢɟɬɨ ɜɴɪɯɭ 
NP ɫ-ɦɚɬɚ ɫɟ ɧɟɭɬɪɚɥɢɡɢɪɚɬ ɨɬ 
ɩɚɬɨɥɨɝɢɱɧɨ ɩɨɜɢɲɢɧɢɬɟ ɧɢɜɚ 
ɧɚ  Aɧɝ II11 

 ɇɟɨɛɯɨɞɢɦɚ ɟ ɞɨɩɴɥɧɢɬɟɥɧɚ 
ɫɭɩɪɟɫɢɹ ɧɚ  ɊȺȺɋ2,11,12 

*Not an exhaustive list of all neprilysin substrates; the most relevant substrates for cardiovascular physiology are listed  

BNP  

Ang=angiotensin; ANP=atrial natriuretic peptide; 

BNP=B-type natriuretic peptide;  

CNP=C-type natriuretic peptide; NEP=neprilysin; 

NP=natriuretic peptide; RAAS=renin angiotensin 

aldosterone system 



  

ȼɚɡɨɪɟɥɚɤɫɚɰɢɹ 

 Ʉɪɴɜɧɨ ɧɚɥɹɝɚɧɟ 

 ɋɢɦɩɚɬɢɤɭɫɨɜ ɬɨɧɭɫ 

 Ⱥɥɞɨɫɬɟɪɨɧ 

 Ɏɢɛɪɨɡɚ 

 ɏɢɩɟɪɬɪɨɮɢɹ 

 ɇɚɬɪɢɣɭɪɟɡɚ/ɞɢɭɪɟɡɚ 

ɇɟɚɤɬɢɜɧɢ 

 ɮɪɚɝɦɟɧɬɢ 

ANP, CNP ɢ ɞɪ. 
ɜɚɡɨɚɤɬɢɜɧɢ ɩɟɩɬɢɞɢ* 

AT1R 

 

ȼɚɡɨɤɨɧɫɬɪɢɤɰɢɹ 

 Ʉɪɴɜɧɨ ɧɚɥɹɝɚɧɟ 

 ɋɢɦɩɚɬɢɤɭɫɨɜ ɬɨɧɭɫ 

 Ⱥɥɞɨɫɬɟɪɨɧ 

 Ɏɢɛɪɨɡɚ 

 ɏɢɩɟɪɬɪɨɮɢɹ 

Ⱥɧɝɢɨɬɟɧɡɢɧɨɝɟɧ 

( ɨɛɪɚɡɭɜɚɧɟ ɜ 
ɱɟɪɧɢя ɞɪɨɛ) 

Aɧɝ I  

Aɧɝ II 

ɊȺȺɋ 

LCZ696 ɢɧɯɢɛɢɪɚ NEP (ɱɪɟɡ LBQ657) ɢ ɛɥɨɤɢɪɚ 
AT1R (ɱɪɟɡ valsartan) 

Levin et al. N Engl J Med 1998;339:321–8;  

Nathisuwan & Talbert. Pharmacotherapy 2002;22:27–42;  

Schrier & Abraham N Engl J Med 2009;341:577–85; 

Langenickel & Dole. Drug Discov Today: Ther Strateg 2012;9:e131–9; 

Feng et al. Tetrahedron Letters 2012;53:275–6 

*Neprilysin substrates listed  in order of relative affinity for NEP: ANP, CNP, Ang II, Ang I, 

adrenomedullin, substance P, bradykinin, endothelin-1, BNP 

Ang=angiotensin; ANP=atrial natriuretic peptide; AT1=angiotensin II type 1; BNP=B-type natriuretic 

peptide; CNP=C-type natriuretic peptide; NEP=neprilysin; RAAS=renin angiotensin aldosterone 

system  

LCZ696 

Sacubitril  
(AHU377; pro-drug) 

ɂɧɯɢɛɢɪɚ 
ɉɨɬɟɧɰɢɪɚ 

LBQ657 
(NEP ɢɧɢɯɢɛɢɬɨɪ) 

OH 

O 
HN 

O 

HO 

O 

Valsartan 

N 

NH 
N 

N 

N 

O 

OH 

O 



ȿɞɧɨɜɪɟɦɟɧɨɬɨ NEP ɢɧɯɢɛɢɪɚɧɟ ɢ  ɊȺȺɋ ɛɥɨɤɚɞɚ ɫ 
ARNI ɢɦɚ ɤɨɦɩɥɟɦɟɧɬɚɪɧɢ ɟɮɟɤɬɢ ɩɪɢ ɋɇ 

ɋɬɢɦɭɥɢɪɚɧɟ ɧɚ ɦɟɞɢɢɪɚɧɢɬɟ 
ɨɬ ɫGMP, ɟɮɟɤɬɢ ɧɚ 

ɧɚɬɪɢɣɭɪɟɬɢɱɧɢɬɟ ɩɟɩɬɢɞɢ 

Ɇɟɞɢɢɪɚɧɢ ɨɬ ɛɥɨɤɚɞɚɬɚ ɧɚ ɊȺȺɋ 
ɟɮɟɤɬɢ 

 ȼɚɡɨɞɢɥɚɬɚɰɢɹ   ȼɚɡɨɤɨɧɫɬɪɢɤɰɢɹ 

 ɇɚɬɪɢɣɭɪɟɡɚ/ɞɢɭɪɟɡɚ   Ɂɚɞɪɴɠɤɚ ɧɚ Na+/H2O 

 ɉɪɨɥɢɮɟɪɚɰɢɹ   ɅɄɏ/ɪɟɦɨɞɟɥɢɪɚɧɟ 

 ɏɢɩɟɪɬɪɨɮɢɹ   Ⱥɥɞɨɫɬɟɪɨɧ 

 ɋɢɦɩɚɬɢɤɭɫɨɜ ɬɨɧ   Ɇɢɨɤɚɪɞɧɚ ɮɢɛɪɨɡɚ 

 Ⱥɥɞɨɫɬɟɪɨɧ   ɋɢɦɩɚɬɢɤɭɫɨɜ ɬɨɧ 

 ɋɴɞɨɜɨ ɪɟɦɨɞɟɥɢɪɚɧɟ   ɉɟɪɢɮɟɪɧɨ ɫɴɞɨɜɨ ɫɴɩɪɨɬɢɜɥɟɧɢɟ 

cGMP=cyclic guanosine monophosphate; NEP=neprilysin; NP=natriuretic peptide; 

RAAS=renin-angiotensin-aldosterone system; SNS=sympathetic nervous system 

Levin et al. N Engl J Med 1998;339:321–8;  

Nathisuwan & Talbert. Pharmacotherapy 2002;22:27–42;  

Schrier & Abraham. N Engl J Med 2009;341:577–85; 

Langenickel & Dole. Drug Discov Today: Ther Strateg 2012;9:e131–9 

LCZ696 



• Ⱥɤɬɢɜɧɢɹɬ  ɛɪɚɞɢɤɢɧɢɧ ɭɜɟɥɢɱɚɜɚ ɫɴɞɨɜɢɹ ɩɟɪɦɟɚɛɢɥɢɬɟɬ ɢ 
ɩɪɟɞɢɡɜɢɤɚ ɫɢɥɧɚ ɜɚɡɨɞɢɥɚɬɚɰɢɹ 1 

•  ɂɧɯɢɛɢɪɚɧɟɬɨ ɧɚ ɛɪɚɞɢɤɢɧɢɧ-ɦɟɬɚɛɨɥɢɡɢɪɚɳɢ ɟɧɡɢɦɢ 
ɦɨɠɟ ɞɚ ɩɪɟɞɢɡɜɢɤɚ ɨɫɬɪɨ ɪɚɡɜɢɬɢɟ ɧɚ ɚɧɝɢɨɟɞɟɦ 2 

•  Ȼɪɚɞɢɤɢɧɢɧ ɫɟ ɪɚɡɝɪɚɠɞɚ in-vivo ɨɬ ɫɥɟɞɧɢɬɟ ɟɧɡɢɦɢ, 
ɩɨɞɪɟɞɟɧɢ ɩɨ-ɡɧɚɱɢɦɨɫɬ 2 :  

    ACE > APP >> NEP ɢɥɢ DPP-4 

•  ɇɟ ɫɟ ɨɱɚɤɜɚ LCГ696 ɞɚ ɩɨɜɢɲɚɜɚ ɪɢɫɤɚ ɨɬ ɚɧɝɢɨɟɞɟɦ3 

•  LCГ696 ɢɧɯɢɛɢɪɚ ɫɚɦɨ ɟɞɢɧ ɨɬ ɟɧɡɢɦɢɬɟ (NEP), ɭɱɚɫɬɜɚɳɢ 
ɜ ɦɟɬɚɛɨɥɢɡɢɪɚɧɟɬɨ  ɧɚ ɛɪɚɞɢɤɢɧɢɧɚ 

ɇɢɫɴɤ ɪɢɫɤ ɨɬ ɚɧɝɢɨɟɞɟɦ ɫ LCZ696 

1. Moreau et al. J Pharmacol Sci 2005;99:6–38; 2. Fryer et al. Br J Pharmacol 2008;153:947–55  

3. Gu et al. J Clin Pharmacol 2010;50:401–14 





B-ɬɢɩ ɧɚɬɪɢɭɪɟɬɢɱɟɧ ɩɟɩɬɢɞ 

NT-pro BNP 
(1-76) 

BNP 
(77-108) 

pro-BNP 
(1-108) 

ɪɚɡɰɟɩɜɚɧɟ 

Bhatia V, et al. J Postgrad Med 2003;49:182-5 

Pre pro-BNP 
(134) 
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Ɂɚɛɨɥɟɜaɟɦɨɫɬ ɢ ɫɦɴɪɬɧɨɫɬ 

ɞɟɰɢɥɢ 

BNP 

NT-proBNP 

Masson et al. Clin Chem 2006;52:1528–38 

• ɉɨɜɢɲɟɧɢɬɟ ɧɢɜɚ ɧɚ B-ɬɢɩ ɧɚɬɪɢɭɪɟɬɢɱɧɢɹ ɩɟɩɬɢɞ (BNP) ɢ N-

ɬɟɪɦɢɧɚɥɧɢɹ proBNP (NT-proBNP) ɫɚ ɫɜɴɪɡɚɧɢ ɫ ɥɨɲ ɢɡɯɨɞ ɩɪɢ ɋɇ 

BNP ɢ NT-proBNP ɫɚ ɩɪɨɝɧɨɫɬɢɱɧɢ ɦɚɪɤɟɪɢ 
ɩɪɢ ɩɚɰɢɟɧɬɢ ɫ ɯɪɨɧɢɱɧɚ ɋɇ 



• Ʉɥɢɧɢɱɧɚ ɡɧɚɱɢɦɨɫɬ ɧɚ ɢɡɫɥɟɞɜɚɧɟɬɨ ɧɚ BNP ɢ NT-proBNP ɩɪɢ ɩɚɰɢɟɧɬɢ ɫɴɫ 
ɋɇ: 

– ɉɨɞɩɨɦɚɝɚɧɟ ɞɢɚɝɧɨɡɚɬɚ ɋɇ ɩɪɢ ɩɚɰɢɟɧɬɢ ɫ ɞɢɫɩɧɟɹ; 
– ɉɪɨɝɧɨɡɚ ɢ ɫɬɪɚɬɢɮɢɰɢɪɚɧɟ ɧɚ ɪɢɫɤɚ; 
– ɋɤɪɢɧɢɧɝ ɡɚ ɩɪɢ ɜɢɫɨɤɨ-ɪɢɫɤɨɜɢ ɩɨɩɭɥɚɰɢɢ; 
– ɉɪɨɫɥɟɞɹɜɚɧɟ ɟɮɟɤɬɚ ɧɚ ɥɟɱɟɧɢɟɬɨ. 

ɂɡɦɟɪɜɚɧɟɬɨ ɧɚ NP ɦɨɠɟ ɞɚ ɩɨɬɜɴɪɞɢ ɞɢɚɝɧɨɡɚɬɚ ɧɚ ɋɇ 

Ʉɥɢɧɢɱɧɚ ɨɰɟɧɤɚ, ȿɄȽ,  

ɪɟɧɬɝɟɧ, ɟɯɨ-ɄȽ 

Ɇɚɥɤɨ ɜɟɪɨяɬɧɚ ɞɢɚɝɧɨɡɚ ɋɇ ȼɟɪɨяɬɧɚ ɞɢɚɝɧɨɡɚ ɋɇ ɇɟɫɢɝɭɪɧɚ ɞɢɚɝɧɨɡɚ ɋɇ 

ɇɚɬɪɢɭɪɟɬɢɱɧɢ ɩɟɩɬɢɞɢ 

BNP >400 pg/mL 

NT-proBNP >2000 pg/mL 

BNP 100–400 pg/mL 

NT-proBNP 400–2000 pg/mL 

BNP <100 pg/mL 

NT-proBNP <400 pg/mL 

Dickstein et al. Eur Heart J 2008;29:2388–442  

Melanson, Lewandrowski. Am J Clin PathoI 2005;124:S122–8 

BNP ɢ NT-proBNP: ɩɪɢɥɨɠɟɧɢɟ ɜ ɩɪɚɤɬɢɤɚɬɚ 



• ɉɨɧɢɠɟɧɢɟɬɨ ɧɚ ɧɢɜɚɬɚ ɧɚ NT-proBNP ɡɚ 4 ɦɟɫɟɰɚ ɟ ɫɜɴɪɡɚɧɨ ɫ 
ɧɚɦɚɥɟɧɚ ɫɦɴɪɬɧɨɫɬɬɚ ɡɚ 2-ɝɨɞɢɲɟɧ ɩɟɪɢɨɞ  

ɉɨɧɢɠɟɧɢɟɬɨ ɧɚ NT-proBNP ɟ ɫɜɴɪɡɚɧɨ ɫ 
ɩɨɞɨɛɪɟɧɚ ɩɪɨɝɧɨɡɚ ɡɚ ɩɚɰɢɟɧɬɢɬɟ ɫ HFrEF 

ɉɪɨɦɟɧɢ ɜ NT-proBNP ɫɩɪɹɦɨ ɢɡɯɨɞɧɢ ɧɢɜɚ ɧɚ 4 ɦɟɫɟɰ 
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Masson et al. J Am Coll Cardiol 2008;52:997–1003 



B-ɬɢɩ ɧɚɬɪɢɭɪɟɬɢɱɟɧ ɩɟɩɬɢɞ 

NT-pro BNP 
(1-76) 

BNP 
(77-108) 

pro-BNP 
(1-108) 

ɪɚɡɰɟɩɜɚɧɟ 

Bhatia V, et al. J Postgrad Med 2003;49:182-5 

Pre pro-BNP 
(134) 



PARADIGM HF – NT-proBNP ɢ BNP 



ɉɪɨɦɹɧɚ ɜ ɧɢɜɚɬɚ ɧɚ NT-proBNP ɢ BNP 



ɉɪɨɦɹɧɚ ɜ ɧɢɜɚɬɚ ɧɚ NT-proBNP ɢ BNP 
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ɉɨɜɢɲɚɜɚɧɟɬɨ ɧɚ cGMP ɜ  ɩɪɨɭɱɜɚɧɟɬɨ PARADIGM-HF ɩɪɹɤɨ 
ɨɬɪɚɡɹɜɚ  ɢɧɯɢɛɢɪɚɧɟɬɨ ɧɚ ɧɟɩɪɢɥɢɡɢɧɚ ɫ LCZ696 

• cGMP ɟ ɜɬɨɪɢɱɟɧ ɫɢɝɧɚɥɟɧ ɩɟɩɬɢɞ, ɤɨɣɬɨ 
ɫɟ ɨɛɪɚɡɭɜɚ ɜ ɪɟɡɭɥɬɚɬ ɧɚ ɫɜɴɪɡɜɚɧɟɬɨ ɧɚ  
ɧɚɬɪɢɭɪɟɬɢɱɧɢɬɟ ɩɟɩɬɢɞɢ ɫɴɫ 
ɫɩɟɰɢɮɢɱɧɢɬɟ ɢɦ ɪɟɰɟɩɬɨɪɢ - RA (NPR-A) 

ɢ RB (NPR-B)1 

• ɇɢɜɨɬɨ ɧɚ cGMP ɜ ɭɪɢɧɚɬɚ ɫɟ ɩɨɜɢɲɚɜɚ 
ɩɨ-ɪɚɧɨ (ɨɬɱɟɬɟɧɨ ɧɚ 4 ɫɟɞɦɢɰɚ) ɩɪɢ 
ɩɪɢɥɨɠɟɧɢɟ ɧɚ LCZ696 ɜ ɫɪɚɜɧɟɧɢɟ ɫ 
enalapril; ɩɨ-ɜɢɫɨɤɢɬɟ ɧɢɜɚ ɧɚ cGMP ɫɚ 
ɩɨɞɞɴɪɠɚɧɢ ɩɨ-ɞɴɥɝɨ ɫ LCГ696 ɜ 
ɫɪɚɜɧɟɧɢɟ ɫ ОnКХКprТХ (ɨɬɱɟɬɟɧɨ ɧɚ  8 
ɦɟɫɟɰ) 2 

• Ɋɚɧɧɨɬɨ ɢ ɩɪɨɞɴɥɠɢɬɟɥɧɨ ɭɜɟɥɢɱɟɧɢɟ ɧɚ 
ɧɢɜɨɬɨ ɧɚ cGMP ɩɨɤɚɡɜɚ ɩɨɜɢɲɚɜɚɧɟ 
ɚɤɬɢɜɧɨɫɬɬɚ ɧɚ ɧɚɬɪɢɭɪɟɬɢɱɧɢɬɟ ɢ 
ɜɚɡɨɚɤɬɢɜɧɢ ɩɟɩɬɢɞɢ ɜ ɫɥɟɞɫɬɜɢɟ ɧɚ 
ɢɧɯɢɛɢɪɚɧɟ ɧɚ ɧɟɩɪɢɥɢɡɢɧɚ2 

cGMP=cyclic guanosine monophosphate; ENL=enalapril; 
LCZ=LCZ696; NPR=natriuretic peptide receptor 

1. Potter et al. Handb Exp Pharmacol 2009;191:341–66;  
2. Packer et al. Circulation 2014; epub ahead of print:  

DOI: 10.1161/CIRCULATIONAHA.114.013748 
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*p-values denote significant difference between the two treatment groups 
†Urinary cGMP was not measured at the end of the enalapril phase of the run-in period. All patients received 

enalapril, followed by LCZ696, during the single-blind run-in period to ensure an acceptable side effect profile. 

Groups represented here show division by final randomization group 

= ɦɟɞɢɚɧɚ 

LCZ696 Enalapril 

Bars represent 25%/75% 

interquartile ranges for: 



• 12-ɫɟɞɦɢɱɧɨ, ɪɚɧɞɨɦɢɡɢɪɚɧɨ, ɞɜɨɣɧɨ-ɫɥɹɩɨ, ɦɭɥɬɢɰɟɧɬɪɨɜɨ, ɩɚɪɚɥɟɥɧɨ-ɝɪɭɩɨɜɨ, ɚɤɬɢɜɧɨ 
ɤɨɧɬɪɨɥɢɪɚɧɨ ɩɪɨɭɱɜɚɧɟ ɡɚ ɨɰɟɧɤɚ ɟɮɟɤɬɢɜɧɨɫɬɬɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɬɚ ɧɚ  LCZ696 2ɯ200 mg 
ɞɧɟɜɧɨ ɫɩɪɹɦɨ valsartan 2ɯ160 mg ɩɪɢ ɩɚɰɢɟɧɬɢ ɫ ɏɋɇ ɢ ɡɚɩɚɡɟɧɚ Ɏɂ (≥45%), ɩɨɫɥɟɞɜɚɧ 
ɨɬ 24-ɫɟɞɦ. ɩɟɪɢɨɞ ɧɚ ɞɨɩɴɥɧɢɬɟɥɧɨ ɧɚɛɥɸɞɟɧɢɟ 

• 685 ɩɚɰɢɟɧɬɚ, 65 ɰɟɧɬɴɪɚ, 13 ɫɬɪɚɧɢ  ɫɚ ɫɤɪɢɧɢɪɚɧɢ ɜ PARAMOUNT, ɨɬ ɤɨɢɬɨ 308 ɫɚ 
ɪɚɧɞɨɦɢɡɢɪɚɧɢ ɜ ɢɡɩɢɬɜɚɧɟɬɨ 

 

 

PARAMOUNT: ɞɢɡɚɣɧ ɧɚ ɩɪɨɭɱɜɚɧɟɬɨ 

Solomon et al. Lancet 2012;380:1387–95 

1–2 ɫɟɞɦ. 2 ɫɟɞɦ. 

12-ɫɟɞɦ. ɨɫɧɨɜɟɧ ɩɟɪɢɨɞ ɧɚ ɩɪɨɭɱɜɚɧɟɬɨ 

LCZ696 

2ɯ100 mg  

** 

LCZ696  

2ɯ50 mg * 

(n=149) 

Valsartan 

2ɯ40 mg † 

(n=152) 

8–10 ɫɟɞɦ. 

ɉɥɚɰɟɛɨ run-in 

ɉɪɟɤɴɫɜɚɧɟ ɩɪɢɟɦɚ ɧɚ  
ACEI ɢ ARB 24 ɱɚɫɚ 
ɩɪɟɞɢ ɪɚɧɞɨɦɢɡɚɰɢя 

LCZ696 2ɯ200 mg *** 

Valsartan 

2ɯ80 mg  
‡ 

Valsartan 2ɯ160 mg § 

1–2 ɫɟɞɦ. 24-ɫɟɞɦ. 
 ɩɪɨɞɴɥɠɟɧɢɟ 

ɪɚɧɞɨɦɢɡɚɰɢя 

*100 mg TDD; **200 mg TDD; ***400 mg TDD; †80 mg TDD; ‡160 mg TDD; §320 mg TDD- 



LCZ696 in HFpEF 
PARAMOUNT Phase II results 

ɉɪɨɦɹɧа ɧа NYHA ɤɥаɫ 

Solomon et al. LANCET 2012;380:1387–95. 

Наɦаɥɟɧɢɟ ɧа 
ɪɟɦɨɞɟɥɢɪаɧɟɬɨ ɧа LA 

Наɦаɥɟɧɢɟ ɧа NT-proBNP 

 ɉɨ-ɝɨɥяɦɚ ɪɟɞɭɤɰɢя ɧɚ NT-proBNP ɫ LCZ696 ɧɚ12 ɫɟɞɦ. ɫɩɪяɦɨ valsartan (23%, p=0.005); ɬɚɡɢ ɩɪɨɦяɧɚ ɫɟ ɡɚɩɚɡɜɚ 
ɞɨ 36 ɫɟɞɦ. ɧɨ ɧɟ ɡɚɩɚɡɜɚ ɫɬɚɬɢɫɬɢɱɟɫɤɚ ɡɧɚɱɢɦɨɫɬ (15%, p=0.20). 

 ɉɨ-ɝɨɥяɦɨ ɧɚɦɚɥɟɧɢɟ ɧɚ ɪɚɡɦɟɪɚ ɧɚ LA ɧɚ 36 ɫɟɞɦ. ɫ LCZ696  (LAV : p=.0009; LAVI: p=.0026; LAD=.01).  

 ɉɨɜɟɱɟ ɩɚɰɢɟɧɬɢ ɫ ɩɨɞɨɛɪɟɧɢɟ ɜ ɤɥɚɫɚ ɩɨ NYHA ɫ LCZ696 (p=0.05) 

2° ɤɪɚɣɧɚ ɰɟɥ: NYHA  

(9% ɩɨɞɨɛɪɟɧɢɟ ɧɚ 36ɫɟɞɦ.) 
ɜɥɨɲɚɜɚɧɟ 
ɛɟɡ ɩɪɨɦɹɧɚ 
ɩɨɞɨɛɪɹɜɚɧɟ 

LCZ696 Valsartan 
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NYHA: New York Heart Association Classification 
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P = 0.18 P = 0.003 

2° ɤɪɚɣɧɚ ɰɟɥ: ɪɚɡɦɟɪ ɧɚ LA  

(7% ɧɚɦɚɥɟɧɢɟ ɧɚ 36 ɫɟɞɦ. ) 
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ɋɟɞɦ. ɫɥɟɞ ɪɚɧɞɨɦɢɡɚɰɢяɬɚ 

1° ɤɪɚɣɧɚ ɰɟɥ: NT-proBNP 

(23% ɧɚɦɚɥɟɧɢɟ ɧɚ 12 ɫɟɞɦ.) 

 p = 0.20 
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 LCZ696 

 Valsartan 

 p = 0.005 
p = 0.063 

37 



PARAGON-HF- ɞɢɡɚɣ ɧɚ ɩɪɨɭɱɜɚɧɟɬɨ: 

4,300 ɩɚɰɢɟɧɬɢ ɫɴɫ ɋɇ (NYHA ɤɥɚɫ II–IV) ɢ  LVEF 45% 

 

ɉɴɪɜɢɱɧɚ ɤɪɚɣɧɚ ɰɟɥ : ɋɋ ɫɦɴɪɬ ɢ ɯɨɫɩɢɬɚɥɢɡɚɰɢɢ ɡɚ ɋɇ (ɩɴɪɜɚ 
ɢ ɩɨɫɥɟɞɜɚɳɢ) (ɨɱɚɤɜɚɧɢ~1,721 ɫɴɛɢɬɢя) 

*Valsartan 40 mg BID (up to 2 weeks) followed by valsartan 80 mg BID as an optional 

starting run-in dose for those patients being treated with less than the minimum dose of 

ACEI or ARB at Visit 1. 

Ɋɚɧɞɨɦɢɡɢɪɚɧɢ 1:1 

 ɞɨ 2 ɫɟɞɦ. ~240 ɫɟɞɦ. 

Valsartan 2ɯ160 mg 

LCZ696 2ɯ200 mg 

LCZ696  

2ɯ100 mg 

Ⱦɨɛɚɜɟɧɢ ɤɴɦ ɧɚɫɬɨяɳɚ ɬɟɪɚɩɢя                               
( ɢɡɤɥɸɱɜаɳа ACE ɢɧɯ. ɢ  ARB) 

Valsartan  

2ɯ80 mg * ɋɤɪɢɧɢɧɝ 

3–8 ɫɟɞɦ. 

Ⱥɤɬɢɜɟɧ run-in ɩɟɪɢɨɞ 

Ⱦɜɨɣɧɨ-ɫɥяɩ ɩɟɪɢɨɞ ɧɚ ɥɟɱɟɧɢɟ 

Valsartan  

2ɯ40 mg * 

 Visit         1               101              102                 103             201    202    203    204    205     206      207      208    209      210     211    212      213       up to 221 

    Time    -10/-7w       -8/-5w          -6/-4w            -4/-2w             0       4w    16w    32w    48w    60w     72w      84w   96w    108w  120w  132w    144w    up to 240w*  

Indicates telephone visit contact visit 





ɉɪɨɫɩɟɤɬɢɜɧɨ ɞɟɮɢɧɢɪɚɧɢ ɫɴɛɢɬɢɹ ɫɜɴɪɡɚɧɢ ɫ 
ɛɟɡɨɩɚɫɧɨɫɬɬɚ 

McMurray, et al. N Engl J Med 2014; ePub ahead of print: DOI: 10.1056/NEJMoa1409077. 

ɉɨ-ɦɚɥɤɨ ɩɚɰɢɟɧɬɢ ɜ ɝɪɭɩɚɬɚ ɧɚ LCZ696, ɜ ɫɪɚɜɧɟɧɢɟ ɫ ɟɧɚɥɚɩɪɢɥ ɫɚ ɩɪɟɭɫɬɚɧɨɜɢɥɢ 
ɥɟɱɟɧɢɟɬɨ ɩɨ ɢɡɩɢɬɜɚɧɟɬɨ ɩɨɪɚɞɢ ɧɟɠɟɥɚɧɨ ɫɴɛɢɬɢɟ (10.7% ɫɩɪɹɦɨ 12.3%, p=0.03) 

ɋɴɛɢɬɢɟ, n (%) 
LCZ696 
(n=4187) 

Enalapril 
(n=4212) 

p-
ɫɬɨɣɧɨɫɬ‡ 

ɏɢɩɨɬɨɧɢɹ 

ɋɢɦɩɬɨɦɚɬɢɱɧɚ 588 (14.0) 388 (9.2) <0.001 

ɋɢɦɩɬɨɦɚɬɢɱɧɚ ɢ ɫɢɫɬɨɥɧɨ Ⱥɇ <90 mmHg 112 (2.7) 59 (1.4) <0.001 

ɉɨɜɢɲɟɧ ɫɟɪɭɦɟɧ ɤɪɟɚɬɢɧɢɧ 

≥2.5 mР/НL 139 (3.3) 188 (4.5) 0.007 

≥3.0 mР/НL 63 (1.5) 83 (2.0) 0.10 

ɉɨɜɢɲɟɧ ɫɟɪɭɦɟɧ ɤɚɥɢɣ 

>5.5 mmol/L 674 (16.1) 727 (17.3) 0.15 

>6.0 mmol/L 181 (4.3) 236 (5.6) 0.007 

Ʉɚɲɥɢɰɚ 474 (11.3) 601 (14.3) <0.001 

Ⱥɧɝɢɨɟɞɟɦ (ɩɨɬɜɴɪɞɟɧ ɨɬ ɡɚɫɥɟɩɟɧɚ ɟɤɫɩɟɪɬɧɚ ɤɨɦɢɫɢɹ) 

Ȼɟɡ ɥɟɱɟɧɢɟ ɢɥɢ ɫɚɦɨ ɚɧɬɢɯɢɫɬɚɦɢɧɢ 10 (0.2) 5 (0.1) 0.19 

Ʉɚɬɟɯɨɥɚɦɢɧɢ ɢɥɢ Ʉɋ ɛɟɡ ɯɨɫɩɢɬɚɥɢɡɚɰɢɹ 6 (0.1) 4 (0.1) 0.52 

ɏɨɫɩɢɬɚɥɢɡɚɰɢɹ ɛɟɡ ɤɨɦɩɪɨɦɟɬɢɪɚɧɢ ɞɢɯ. ɩɴɬɢɳɚ 3 (0.1) 1 (<0.1) 0.31 

Ʉɨɦɩɪɨɦɟɬɢɪɚɧɢ ɞɢɯɚɬɟɥɧɢ ɩɴɬɢɳɚ 0 0 --- 





UKHARP (UK Heart and Renal 
Protection) III trial 
(ISRCTN11958993) 

LCZ696 with 
the ARB, irbesartan, in patients with 
proteinuric renal 
disease and an estimated 
glomerular filtration 
rate >20 and <60 ml/min/1.73 m2 
 

PARAMETER (Prospective 

comparison of Angiotensin Receptor 

neprilysin inhibitor 

with Angiotensin receptor blocker 

Measuring 

arterial stiffness in the Elderly) study 

(NCT01692301) 

comparing LCZ696 with an ARB 

(olmesartan) in 432 

elderly (age >60 years) hypertensive 

patients with a 

pulse pressure >60 mm Hg  

The endpoints are 

changes in central aortic systolic and 

pulse pressures 

determined noninvasively  




