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https://step1.medbullets.com/cardiovascular/108015/myocardial-action-potential2

̶ Depolarisation, 
̶ electrical activation of muscle cells
̶ Movement of Na, K, Ca Cl across

cardiac membranes

̶ Repolarisation
̶ Electrical deactivation



3

Potential changes
̶ Movement of ions into and out of cells creates voltage difference

across membrane – negative resting membrane potential
̶ SA node -50 to -60 mV
̶ AV node -60 to -70 mV
̶ myocardial cells -80 to -90 mV

̶ Driven by
̶ Na/K ATPase contributes to the negative resting potential
̶ The chemical gradient driving K⁺ out of the cell.
̶ The electrical gradient pulling K⁺ back into the cell as the inside becomes more negative.
̶ At equilibrium, K⁺ is the most permeable ion at rest (due to K⁺ leak channels).
̶ If more negative (by decrease of extracel. K+) „hyperpolarisation“
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Phases of action potential

̶ During depolarisation: 
̶ cell inside becames less negative 

(more positively charged move to cell)
̶ When threshold potential is reached, 

cardiac action potential is fired.
̶ Treshold = temoraly disrupted membrane selectivity

̶ Phases:
̶ Phase 0: depolarisation: rapid Na+ entry to cell
̶ Phase 1: early repolarisation: slow Ca enter to cell
̶ Phase 2: plateau: slow Ca, Na enter to cell, 
̶ Phase 3: repolarisation: K out
̶ Phase 4: return to resting membrane potential



https://www.semanticscholar.org/paper/Mechanisms-of-Excitation-and-Remodeling-of-the-in-
O%E2%80%99Connell/f5decafd0bebbaf2a80699c6a83de8ca389fd8e2/figure/05

̶ In SA and AV: 

̶ slow phase 0, lack of plateau
̶ Slow inward current by slow Ca 

channels (block by verapamil slow
heart rate
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̶ Stimulation of SA by sympathetic system
̶ increases heart rate
̶ Induce increased Ca2+ influx, which intreases contractile strength
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Potassium
̶ Ratio of ICF to ECF K+ is major determinant 

of resting potential excitability
̶ Shift to cells: Insulin (stimulate Na/K pump), 

adrenaline, alkalosis
̶ Shift outa cells: insulin deficiency, aldosteron 

deficiency, some types of acidosis, cell lysis, 
insensive excercise

̶ Block entry to cells: glucagon
̶ Promote K excretion: Glukocorticoids, 

aldosterone

̶ K is intracellular – difficult to measure
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Potasium – hypokalemia (simple)

̶ more negative resting membrane potential (-90 to -100 mV): 

̶ decrease of excitability: weakness, smooth muscle atony, 

̶ delayed repolarisation  Risk of Dysrythmias

̶ ECG decreased T, ST depression, U increase, 

̶ in severe hypokalemia peaked P, prolonged QT
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Potasium – hypokalemia (detailed)

̶ ECF hypokalemia can develop without losses of total body K+

̶ decrease of excitability: 
̶ skeletal muscle weakness, smooth muscle atony, cardiac dysrythmias,…
̶ : more negative resting membrane potential (-90 to -100 mV): hyperpolarised

membrane require greater stimulus to trigger AP
̶ hypoK also delays (ventricular) repolarisation  fail to conduct impulses efficiently

Risk of Dysrythmias (sinus bradycardia, AV block)

̶ Repolarisation relies on K efflux:
̶ Reduced extracellular K⁺ slows K⁺ efflux during repolarization. prolongation of the 

action potential duration, and delayed repolarization. ECG decreased T, ST 
depression, U increase, in severe peaked P, prolonged QT. arrytmias Re-entry, EAD
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Na K ATPase X K efflux

̶ in hypokalemia, the decreased extracellular 

potassium does reduce the activity of the Na⁺/K⁺ 

pump (Na⁺/K⁺-ATPase). However, this reduction 

in pump activity does not fully counteract the 

effects of slower K⁺ efflux during repolarization
̶ Delayed rectifier K⁺ channels (I_Kr and I_Ks) are the 

primary drivers of repolarization in cardiac myocytes during 
Phase 3 of the action potential.

̶ The Na⁺/K⁺ pump, while affected by hypokalemia, plays a 
much smaller role in repolarization dynamics compared to 
these K⁺ channels.
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Potassium - Hyperkalemia

̶ increased neuromuscular irritability
̶ Mild: more rapid repolarisation (smaller distance of Em and Et) narrow, taller T, short QT
̶ Severe: delayed conduction preventing repolarisation ST depression, PR prolongation, QRS widening,
̶ prolonged hypopolarization/partial depolarisation  voltage-gated sodium channels (Na⁺ channels) become 

inactivated cardiac arrest.
For these channels to reset and become available for the next action potential, the membrane potential must be sufficiently negative during 
resting conditions

̶ Excitability determined by KECF/KICF manifestation in acute disorders, 

gradient normalises in chronical ones!

̶ Long-term increases in KECF results in shift of K to ICF KECF/KICF normalised



13

Potassium and acidosis

̶ Acute acidosis: 
̶ H+ accumulate in ICF.(unless anion portion of acid – acetoacetate, lactate – entered cells), 

imbalance occur. to maintain balance, K leaves cells hyperkalemia

̶ Acute alkalosis
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Calcium
̶ Ca2+ x HPO4

- = constant

̶ Serum free Ca pH-affected
̶ Acidosis: ionized Ca increases ( H+ binds to albumin 

Ca released (competition with albumin)

̶ Effect on initiation

of action potential
̶ primarily in excitable membranes of neurons and 

̶ Effect on
̶ muscle contraction
̶ Duration of action potential (repolarisation)
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Calcium: Hypocalcemia (simple)
̶ Increase of neuromuscular excitablity

̶ weaker contraction

̶ prolonged QT
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Calcium: Hypocalcemia (detailed)
̶ Increase of neuromuscular excitablity, because

̶ Ca+ stabilize the voltage-gated sodium channels
̶ With fewer calcium ions stabilizing the sodium channels Na ch destabilisatoin  

Hypopolarisation smaller stimulus needed Partial depolarisation of nerves and 
muscles

̶ Paresthesias, spasms, hyperreflexias

̶ Lower ECF Ca lower Ca influx to ICF through L channels
̶ Weaker Ca efflux from sarcoplasmatic reticle weaker contraction
̶ Prolonged repolarization (less Ca²⁺ is available to balance K⁺ efflux during plateau 

longer action potential prolonged depolarisation prolonged QT
̶ Specific to cardiac muscle, where calcium influx is directly responsible for contraction 

strength and the plateau phase of the action potential.
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Feature Skeletal Muscle Cardiac Muscle

Source of calcium for 
contraction

Mostly from the sarcoplasmic 
reticulum (SR)

From both extracellular calcium 
and SR

Role of extracellular calcium Minimal, primarily stabilizes
membrane potential

Essential for triggering calcium-
induced calcium release
(via ryanodine receptors (RyR2)

Effect of hypocalcemia No effect on contraction strength, 
but increases excitability

Weakens contraction and 
prolongs repolarization (QT)

In Hypocalcemia affects membrane excitability, not the intracellular calcium release machinery
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Calcium: hypercalcemia (simple)

̶ stronger contractility

̶ Shortening QT, depression of T

̶ In  decreased excitability Fatigue, weakness, letargy,

anorexia, constipation, nausea
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Calcium: hypercalcemia (detailed)

̶ In ECF Ca increased greater influx of Ca ro cells (L channels)
̶ Plato phase acceleration increased calcium-induced calcium release (CICR) (from SR) 

stronger contractility
̶ Hypercalcemia increases the rate of calcium reuptake by the sarcoplasmic reticulum (via 

SERCA) and also enhances calcium extrusion via the Na⁺/Ca²⁺ exchanger. faster
repolarisation + shorter plateau Shortening QT, depression of T

̶ In  contraction strength is not directly dependent on ECF Ca 
̶ (contraction relies on intracellular calcium released from the SR)
̶ Elevated ECF Ca increases the stabilization of voltage-gated sodium channels, making 

them harder to activate Treshold becomes more positive (hyperpolarisation) decreased
excitability 

̶ Fatigue, weakness, letargy, anorexia, constipation, nausea



Effect Cardiac Muscle Skeletal Muscle

Increased ECF Ca²⁺ → CICR Enhanced CICR → stronger 
contraction (positive inotropy)

Little to no effect on CICR, as calcium 
entry plays a minimal role in skeletal 
muscle contraction.

Effect on Plateau Phase
Faster calcium uptake/release → 
shortened QT interval and faster 
repolarization.

N/A (no plateau phase in skeletal 
muscle action potentials).

Reduced Excitability 
(Hyperpolarization)

Stabilized Na⁺ channels → reduced 
excitability, slower AP conduction 
(arrhythmias possible).

Stabilized Na⁺ channels → reduced 
excitability, leading to fatigue and 
weakness.

Overall Contractility Increased strength of contraction 
(positive inotropy).

No significant increase; reduced 
excitability dominates, causing 
weakness.
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Well, McCance is 
very concise in 
terms of channel 
mechanisms – and 
this is totally
enough!
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Excitation-Contraction Coupling
E-C coupling refers to the entire process by which an electrical signal (excitation) is translated into a 
mechanical contraction of the muscle.

1.Excitation: An action potential travels along the muscle cell membrane (sarcolemma) and into the T-
tubules.
3.Calcium Release:

•Cardiac muscle: CICR occurs—calcium entry via DHPR triggers calcium release from the 
sarcoplasmic reticulum (SR) through ryanodine receptors (RyR2).
•Skeletal muscle: Calcium release is directly triggered by mechanical coupling between DHPR 
and RyR1 on the SR membrane, independent of extracellular calcium influx.

2.Trigger Signal:
•In cardiac and skeletal muscle, this signal opens L-type calcium channels in the T-tubule 
membrane.

4.Contraction: The released calcium binds to troponin C, initiating the interaction of actin and myosin, 
leading to muscle contraction.
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Calcium-Induced Calcium Release

CICR is a specific mechanism where calcium influx through L-type calcium
channels acts as a trigger to release more calcium from the sarcoplasmic
reticulum via ryanodine receptors.

•Occurs in:
•Cardiac muscle: CICR is the main mechanism by which calcium is released from the SR. The calcium entering
the cell during the action potential (via L-type channels) amplifies calcium release from the SR.
•Smooth muscle: CICR also plays a role in smooth muscle contraction, depending on the specific tissue.

•Does not occur in skeletal muscle: In skeletal muscle, calcium release
from the SR is mechanically coupled to L type Ca channels, without
requiring calcium entry from the extracellular space. 
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