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How can we restore myocardial pump 

function during heart failure? 



McDonagh et al., European Heart Journal (2021) 42, 3599-3726 

We follow rules! 



McDonagh et al., European Heart Journal (2021) 42, 3599-3726 

These drugs provide little help in increasing EF 



Ambiguity in classes of recommendation and levels of evidence 

for the treatment of acute and advenced heart failure 

McDonagh et al., European Heart Journal (2021) 42, 3599-3726 



Heartbeats depend on the function of 

cardiomyocytes 
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Myocardial contractility =  

Ca2+-availibility + Ca2+-responsiveness 

+ preignition  

- preignition  



Positive inotrope agents 

Endoh M.: Circ J (2008) 72:1915–1925 

Calcitropes Myotropes 

Ca2+-sensitizers Direct myosin activators 



What do we know about  

direct myosin activators? 

Omecamtiv mecarbil 



Malik et al., Science 2011;331:1439–1443 

Omecamtiv mecarbil binds to myosin S1 domain 

serine 148 

omecamtiv 

mecarbil 



Clinical trials with omecamtiv mecarbil 



Isoproterenol increases the Ca2+ transient 

Malik et al., Science 2011;331:1439–1443 
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Omecamtiv mecarbil does not affect the Ca2+ transient 

Malik et al., Science 2011;331:1439–1443 

Contractility transient 

Ca2+ transient 
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Myosin activators increase systolic ejection time 

Malik et al., Science 2011;331:1439–1443 

Increased duration of systole  

Omecamtiv mecarbil 



Horvath B…Papp Z. et al. Naunyn Schmiedebergs Arch Pharmacol. (2017),390(12):1239-1246.  

Omecamtiv mecarbil decreases diastolic cell length 



Diastolic cell length is also modulated by heart rate in the 

presence of omecamtiv mecarbil 

Horvath B…Papp Z. et al. Naunyn Schmiedebergs Arch Pharmacol. (2017),390(12):1239-1246.  



Diastolic cell length is also modulated by heart rate in the 

presence of omecamtiv mecarbil 

Horvath B…Papp Z. et al. Naunyn Schmiedebergs Arch Pharmacol. (2017),390(12):1239-1246.  



Diastolic cell length is also modulated by heart rate in the 

presence of omecamtiv mecarbil 

Horvath B…Papp Z. et al. Naunyn Schmiedebergs Arch Pharmacol. (2017),390(12):1239-1246.  



Ráduly A…Papp Z. et al.  ESC Heart Failure, Pending on minor revision 

Changes in diastolic sarcomere length are associated with 

those in systolic sarcomere length/contraction duration 



Ráduly A…Papp Z. et al.  ESC Heart Failure, Pending on minor revision 

Changes in diastolic sarcomere length are associated with 

those in systolic sarcomere length/contraction duration 



Omecamtiv mecarbil evokes periodic electromechanical alternans 

Fülöp G…Papp Z. et al.  Basic Res Cardiol. 2021;116(1):24. doi: 10.1007/s00395-021-00866-8. 



Omecamtiv mecarbil has a Ca2+-sensitizer effect and may 

augment force production at low Ca2+ concentrations 

motor 

Force transducer 
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Nagy L… Papp Z. Br. J. Pharmacol. (2015) 172: 4506–4518. 



Control, pCa 6.0 
OM, pCa 6.0 
Control, pCa 4.75 
OM, pCa 4.75 

Omecamtiv mecarbil is not selective for the heart 
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Nagy L… Papp Z. Br. J. Pharmacol. (2015) 172: 4506–4518. 



Human donor LV cardiomyocytes 
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Omecamtiv Mecarbil Enhances Cardiomyocyte Contractility in Humans 

Fülöp G…Papp Z. et al.  Basic Res Cardiol. 2021;116(1):24. doi: 10.1007/s00395-021-00866-8. 





Ráduly A…Papp Z. et al.  Unpublished 

The danicamtiv evoked positive inotropy is similar to that 

observerd with omecamtiv mecarbil 



Ráduly A…Papp Z. et al.  Unpublished 

Danicamtiv is a potent positive inotrope 



Danicamtiv evokes diatolic dysfunction, but augments atrial 

contractions 

Ráduly A…Papp Z. et al.  Unpublished 

Baseline Danicamtiv 



Danicamtiv decreases both systolic and diastolic SLs 

Ráduly A…Papp Z. et al.  Unpublished 

a b 

c d 



Direct myosin activation: everything comes with a price 



The two sides of the coin for direct myosin activators 

positive inotropy 

increase in systolic duration 

slower contraction 

Direct myosin activation: everything comes with a price 



The two sides of the coin for direct myosin activators 

positive inotropy 

increase in systolic duration 

slower contraction 

incomplete relaxation 

decrease in diastolic duration 

slower relaxation   

Direct myosin activation: everything comes with a price 



Lehman et al., Nature Reviews Cardiology (2022)19, 353–363  

The transitions betweem distinct states of myosin heads can 

be modulated by small molecules 



From myosin activation to myosin inhibition 

Lehman et al., Nature Reviews Cardiology (2022)19, 353–363  



Mavacamten may interfere with cardiomyocyte hypercontractility and 

signaling and may halt the progression of HCM 

Mudd & Kass, Nature 2008; 451:919-928. 

Papp Z JACC Basic Transl Sci . 2022 Aug 22;7(8):776-778. 



Current and future applications of cardiac myosin inhibitors (CMI)  

Masri & OlivottoJ Am Heart Assoc. 2022;11:e024656. 



Summary 

 

 

1. Omecamtive mecarbil and danicamtiv evoke positive inotropic effects in 

murine, canine and human cardiac preparations in vitro and in vivo, 

consistently with their myosin activating and Ca2+-sensitizing effects. 

2. The myosin activator evoked increase in systolic  performance was 

associated with an increased ejection time and altered contraction relaxation 

kinetics. 

3. Myosin inhibitors hold promises for the treatment of HCM. 
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Thank you for your attention! 



Lehman et al.,  

Nature Reviews Cardiology volume 19, 353–363 (2022) 

Myosin activators and myosin inhibitors 



Excitation-contraction coupling and Ca2+ transport 
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