
Positive Chronotropic Actions of Catecholamines

↑ Adenylyl Cyclase

↑ cAMP
(HCN channels)

↓

β1 adrenergic receptor
↓

↑ Na+ influx

↑ Steepness of slope
or decay of membrane

potential

↑ Heart rate

↓

↓

↓
↑Steepness 

of slope

↑ Heart rate
↓

Threshold
more negative

↑ Heart rate
↓

↑ Ca2+ Influx

↑PKA



Negative Chronotropic Actions of Acetylcholine

M2 Muscarinic Receptors

βϒ heterodimer

↑Open of GIRK channels
(G-protein activated inward

rectifying K channels)

Membrane potential
more negative

↓ Heart Rate

↓If (Flattens slope)

↓ Heart Rate

α subunit

cAMP

↓Ica
(Threshold

more positive)

↓ Heart Rate

α subunit

cAMP



β1 Adrenergic receptor
↓

Activated αs
↓

↑ Adenylyl Cyclase
↓

↑cAMP
↓

↑Contractility
(inotropic effect)

Phosphorylation of
L-Type Ca2+ channels

↓
↑Open probability 
of Ca2+ channels

↓

↑Ca2+ influx

↓
↑[Ca2+]i

↓
↑Ca2+ -induced  Ca2+

release from the SR
↓

↑Ca2+ Release by SR

↑[Ca2+]i

↑Contractility
(inotropic effect)

Phosphorylation of
Ryanodine receptor 

↓
Dissociation of 
calstabin 2 from

Ryanodine receptor
↓

↑Open probability 
Ryanodine receptor

↓

↓

↓

Phosphorylation
of troponin I

↑Off-rate of Ca2+

from troponin C

↑Speed of 
relaxation

(lusitropic effect)

↓Duration of 
contraction

↓

↓

↓

↑Contractility
(inotropic effect)

↑Open probability 
of Ca2+ channels

↓
↑Ca2+ influx

↓
↑[Ca2+]i

↓
↑Ca2+ -induced  Ca2+

release from the SR
↓

Interaction of αs with
L-Type Ca2+ Channel

↓

↓

↑ Protein kinase A

↓ ↓ ↓ ↓

Phosphorylation of
Phospholamban 

↑SERCA2a pump

↑Ca2+ reuptake 
into SR

↑Ca2+ stores

↑Speed of 
relaxation

(lusitropic effect)

↓Duration of 
contraction

↓

↓

↓

↓


