
Physiology of Cardiac Muscle
Simge Aykan,PhD

Department of Physiology

February 2021

1



Myocardial Cells

• Similar to skeletal muscle;
striated and contains sarcomeres 
that shorten by sliding of thin 
and thick filaments

• Short (one nucleus), branched

• Interconnected by gap junctions
and desmosomes (intercalated
discs) 
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• Myocardial cells are arranged in layers
and surround hollow cavities (chambers
of the heart)

• When myocardium contracts, it acts like a 
squeezing fist and exerts pressure on the
blood inside

• Single functional unit
• Electrically joined myocardium

• Contracts to its full extent each time as all
of its cells contribute to the contraction
(can be modified by epinephrine and
strecthing of the heart chambers)
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Excitation-Contraction Coupling
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Calcium-induced calcium release

• Depolarization opens voltage gated
Ca2+ channels on the membrane

• Ca2+ enters the cytoplasm and
interacts with Ca2+ release channels
on the SR

• Source of internal Ca2+ is extracellular
fluid and sarcoplasmic reticulum

• Ca2+ pumped back to SR and
extracellular fluid by Ca2+ -ATPase
pump
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Cardiac Muscle Action Potential
Excitation–Contraction Coupling

• Action potential and twitch are both prolonged
• Plasma membrane remains refractory to additional 

stimuli as long as it is depolarized  cannot undergo
tetanic contractions
• Oscillating pump (alternate between being relaxed—

and filling with blood—and contracting to eject blood)
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Myocardial Cell Action Potentials

• Plateau phase
• K+ permeability declines below the resting 

value due to the closure of the K+ channels 
that were open in the resting state

• A large increase in the cell membrane 
permeability to Ca2+

• Voltage gated Ca2+  channels in the plasma 
membrane, L-type Ca2+ channels, stay open for
a long time (L = Long lasting)

• Balance between influx of Ca2+ and efflux of 
K+

• Repolarization
• Inactivation of L-type Ca2+ channels
• Opening of another subtype of K+ channels

(slowly responsive to depolarization like in 
neurons)
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Sinoatrial Node Cells

• Initial depolarization arises in a 
small group of conducting-system 
cells called the sinoatrial (SA) node

• Pacemaker for the entire heart

• The action potential initiated in the 
SA node spreads throughout the 
myocardium, passing from cell to 
cell by way of gap junctions
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Nodal Cell Action Potential

• Pacemaker potential
• not a steady resting potential but, a gradual slow 

depolarization that brings the membrane 
potential to threshold, at which point an action 
potential occurs

1. progressive reduction in K+ permeability
(The K+ channels that opened during the repolarization 
phase of the previous action potential gradually close due 
to the membrane’s return to negative potentials)

2. voltage-gated ion channels, open when the 
membrane potential is at negative values (F 
(funny) channels: nonspecific cation channels, 
conduct mainly an inward, depolarizing Na+ current,)

3. T-type Ca2+ channels (T = transient) (opens 
only briefly but contributes inward Ca2+ current and an 
important final depolarizing boost to the pacemaker 
potential)
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Nodal Cell Action Potential

• The depolarizing phase is caused by Ca2+

influx through L-type Ca2+ channels. 
• action potentials propagate more slowly along 

nodal-cell membranes than in other cardiac cells

• L-type channels close and K+ channels open, 
repolarizes to pacemaker potential

• Automaticity of SA node

• The inherent rate of the SA node—the rate 
exhibited in the absence of any neural or 
hormonal input to the node—is 
approximately 100 depolarizations per 
minute. But changes with external factors
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