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2004a(7): Describe the mechanisms of action of inotropes and give 
examples 
General: The heart is a demand pump which is tonically innervated by 
sympathetic and parasympathetic nervous system 
SNS 

- Stimulation of the heart 
o Chronotropy (↑HR) 
o Inotropy (↑contraction) 
o Automaticity 
o Lusitropy 
o Dromotropy (AV node conduction)  

Parasympathetic Nervous System 
- Provides tonic inhibition of heart 
- CNX (vagus nn) 
- Mediated by ACh (M2-AChR) 

Inotropes 
- Agents which when administered ↑force of contraction (FOC) of 

myocardium (↑inotropy) without altering preload or afterload.  
- May also exert other SNS effects (chronotropy, dromotropy, 

preload/afterload) 
Mechanism of Action 

- FOC of myocardium dependent on intracellular [Ca2+] with action potential 
o MOA of inotropic agents → ↑[Ca2+]i 

- cAMP: Intracellular messenger → ↑activation intracellular proteins by 
activating protein kinases → ↑opening of Ca2+ channels → ↑[Ca2+]i 

o ↑cAMP production 
 Stimulation of GsPCR → ↑cAMP → ↑Ca2+ 

o ↓breakdown of cAMP 
 Metabolised by phosphodiesterase (5 subclasses) PDE3 

important in cardiac muscle 
- ↑[Ca2+] 

o Inhibition of exchange pumps 
o Direct ↑Ca2+ 

- Ca sensitiser 
o Sensitise troponin C as well as mitochondrial, smooth muscle ATP 

dependent K channels 
↑cAMP production 
Direct β-adrenoceptor stimulation:  

- Adrenaline, Noradrenaline, Dobutamine, Ephedrine, Isoprenaline 
- ↑Ca2+ via β1 receptor stimulation → Gs-protein activation → ↑adenylyl 

cyclase → ↑cAMP 
Indirect β-adrenoceptor stimulation (↑NA release at nerve terminal)  

- Displacing NA from vesicles into cytoplasm resulting in carrier-mediated 
diffusion into synaptic cleft  

- ↓uptake 1  
o inhibition by MAO in nerve terminal 
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- Ephedrine 
Glucagon 

- GPCR stimulation → ↑cAMP 
- Limited use in β blocker overdose 

Histamine 
- Gs-protein stimulation → ↑cAMP 
- Nil useful cardiac role 

↓cAMP breakdown 
Phosphodiesterase (PDE) Inhibitors: 

- Aminophylline (non-specific), Milrinone (PDEIII) 
- Inhibit PDE → ↓breakdown of cAMP (cGMP) → effective ↑cAMP 

↑Ca2+ 
- Glycosides (digoxin) 

o Inhibit Na+/K+-ATPase → ↑[Na+]i → Impair Na+/Ca2+ exchange 
pump → ↑[Ca2+]i 

- Calcium 
o IV administration → transient ↑inotropic effect 
o Indicated only in ↑K+/circulatory collapse 

Ca sensitising Agents 
- Levosimendan 

o ↑Ca interaction with troponin C → enhance contractility without 
↑intracellular Ca 

o Activate ATP-dependent K channels on mitochondrial membrane 
→ protect muscle from ischaemia → ischaemic preconditioning 

o ATP-dependent K channel of smooth muscle → vasodilation 
o Long-acting active metabolite 
o Improvement morbidity compared with dobutamine, nil change 30 

day survival 


