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Electrical Properties of Cardiac Cells
and Cardiac Cells Action Potential
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Lecture Objectives

Outline the component and function of the conduction system of the heart
Describe the spread of excitation through the conduction system of the heart

Describe the characteristics of cardiac resting potentials and “fast” and “slow” response cardiac
action potentials.

Identify the refractory periods of the cardiac cell electrical cycle.

Define threshold potential and describe the interaction between ion channel

conditions and membrane potential during the depolarization phase of the action potential.
Define pacemaker potential and describe the basis for rhythmic electrical activity of cardiac cells.

List the phases of the cardiac cell electrical cycle and state the membrane permeability
alterations responsible for each phase.

Identify the refractory periods of the cardiac cell electrical cycle.
Describe gap junctions and their role in cardiac excitation
Compare the action potential of skeletal muscles and cardiac muscle
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Electrical Properties of Cardiac Cells
and Cardiac Cell Action Potential

* Cardiac action potentials differ s%?ﬁ)ly from those of skeletal muscle
or nerve in three important ways that promote synchronous
rhythmic excitation of the heart 1
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* They can be self-generating
»>1 =5+ They can be conducted directly from cell to cell via gap junctions

¥+ They have long durations.
-
Gt sgs * Slower conduction velocity
9 300ms L Speecl et ihich depalar.z,nfror\ Wale spread
ImMS oM among myoCardial Calls.

—>mealifed in meter/Second.

Arterial and ventricle cardiomyocytes form the myocardium )il dlias >l
A

Types of Cardiac Muscle Cell

1. Contractile cells @trial and Ventricular)
* 99% of cardiac muscle cells
* Contract during the cardiac cycle and pump blood

@. Autorhythmic cells) Pacemaker cells
* Exhibits spontaneous depolarization
* Do not contract. Known as (conductive system of the heart).
* Specialized for initiating and conducting action potentials

Js responsible for contraction of atria and ventricle
Slow leidliwe

depolarization

L=

depolarization rhythmically =2 intrinsicability wwis L gle
and initiate an action potential

Pacemaker cells : tell the heart to pump )))
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Conduction velocity of action potentials in
cardiac cells

* Action potential conduction velocity in
the atrial and ventricular muscle fibers is
slow (0.3-0.5 m/s) compared with
velocity of conduction in the heart
conductive system (4 m/s in Purkinje
fibers).

* |tis also much slower than in nerve fibers
and skeletal muscle fibers.

Action potential in nerve cells and cardiac cells

Nerve Cell

Cardiac Myocyte

o

Membrane Potential (mV)

TSt pouis Sellki
depolarization
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P90
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Cardiac Muscles AP RR——

There are two cardiac action potentials produced by myocytes, S5 o 5 sl 59K 9@

I- Fast AP: is characterized by containing a plateau phase. Usually seen in the

normal contractile cardiomyocytes. pace JI s> e
2- The Slow AP: As seen in the conductive system ( for example SA node and A\/ I 6g k
node cells o mackers
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Cardiac Action Potentials of Ventricular Cells

2 :
J 20 O o
. PhaseOfdepolrimtion) [ PV AR SAS e 08 ae
When the@rdiac cell is stimulated)and depolarizes, the membrane potential becomes more positive. Voltage
gated sodium channels (fast sodium channels) open and permit  sodium to rapidly flow into the cell and depolarize it. The
membrane potential reaches  about +20 millivolts before the sodium channels close W oad membrane potential V' o9

* Phase 1 (initial repolarization)fast sodium channels close. P L +Na I gl nernst potential

* The fast sodium channels close, the cell begins to repolarize, and potassium ions leave the cell through the conductance V!
activation fast potassium channels. HEH A 910 pppel f
I ? conducting system @ ©bgge
* Phase 2 (plateau, ’ .
ieeos) W) A ocardic s 9 pace macker
Due to the opening or activation of type calcium channels (slow calcium channels), which are also called calcium-
sodium channels open and fast potassium channels close. prolong repolarization Je ot | ~type ©lgw pio

* Phase 3 (rapid repolarization)
* colcium channels close and§low potassium channels open. The closure of calcium ion channels and increased
potassium ion permeability, permitting potassium ions to rapidly exit the cell, ends the plateau and returns the cell
membrane potential to its resting level.

* Phase 4 : (resting membrane potential) averages about -90 millivolts.
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Absolute Refractory Period (ARP), Effective Refractory Period (ERP)
, and Relative Refractory Period (RRP) In The Ventricle.

Absolute refractory period (ARP). For most of +20
the duration of the action potential, the
ventricular cell is completely refractory to fire
another action potential.

— No matter how the Shulous is
Effective refractory period ERF : means that a
conducted action potential cannot be
generated (i.e., there is not enough inward
current to conduct to the next site)

RRP
i /

I

-—AR
<« ER

Membrane potential (mV)

Relative refractory period (RRP). The RRP

EERED

begins at the end of the ARP and continues -
until the cell membrane has almost fully 100 msec

repolarized
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Na—K-ATPase pump J! o=

(=) o= i) 4 9 3 Wl el b phase 2 3 9 phase 0 09® «uis Le ail S9ifull 5>
potential of pace macker (action potential of i peiv OIS o .
ventricular) gmd mainly we have depolarization and repolarization

-, repolarization © depolarization & Y92 4 phase ge Jetaii J s9@ pia
I slas s s gdar depolarization 095 P—) oe

Ca channel
’ WU ool Lew depolarization I oe s (=

Pacemaker Activity Of Cardiac Autorhythmic Cells
{ pacemaker potential ( prepotential ) and action potential of SA node cells
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Pacemaker Electrical Activity of Sinoatrial Node
(pacemaker potential and action potential )

* Pacemaker potential

* The first half of the pacemaker potential is the result of simultaneous
opening of unique funny channels, which permits inward Na current,
and closure of K channels, which reduces outward K current.

* The second half of the pacemaker potential is the result of opening of
T-type Ca ions channels.

* Action potential

* Once threshold is reached, the rising phase of the action potential is
the result of opening of L-type Ca ions channels, whereas the falling
phase is the result of opening voltage gated of K channels

_ Pacemaker Potential and Action Potential of SA Node Cells
BTy AL Summary
phase Na channel| b= >9-agai

« After {LhyperpolarizationJof SA node cells that is caused by activation of K
chann 3 nnel open that can pass both K and Na is activated

* Because this channel is activated following hyperpolarization, it is referred to as
an “h” channel; however, because of its unusual 8unny) activation, it has been of
this has also been given a nick name ( funny channel, f channel)

* As the depolarizing current moves through the h channels increases), the
membrane begins to depolarize, forming the first ntial. Then
Transit Ca channels (T Channels are activated

* and completes the prepotential, and the cell reaches the threshold

= At this point L type Ca channels are opened and cause the second depolarization
phase of action potential

* Finally, the L type Ca channels close and Voltage gated K channels are activated
causing repolarization and slight hyperpolarization

$3e Bsloall >ty pF 52 9 H—channels & > hyperpolarization I s

ol G (s2505 358 092 samgl Sanis 9 sax>g) o ALB ol Caumdl 9@ 1o 1 ga|
gTaks 9 Allls (A Lo Vs hyperpolarization V! s 3idi Na channels 9
S sdms 21 7 9 depolarization Jes
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Action Potential in SA and AV node ARpoiarizatien

The action potentials in the SA and AV nodes are largely due to Ca 2+, with no
contribution by Na + influx. Consequently, there is no sharp, rapid depolarizing

spike before the plateau, as there is in other parts of the conduction system and
the atrial and ventricular fibers.

In addition, prepotentials are normally prominent only in the SA and AV nodes

However, “latent pacemakers” are present in other portions of the conduction
system that can take over when the SA and AV nodes are depressed or
conduction from them is blocked.

Atrial and ventricular muscle fibers do not have prepotentials, and they
discharge spontaneously only when injured or abnormal

pacemaker will form prepotential before action potential to ¥ &

activate it in conduction system
conduction f M paboli>l pacemaker U o block U raas Lo

pelsad ol system

Ventricular and atrial muscle fibers do not have prepotential
e g poi>g) 1909 Igalasia; 2> MAU abnormal Bl o0 pacemaker 9o i
29 W rhythm o? OIS (52 090 22 il 2ede 090 22 (I

= Piangll oUisl ail Jpaw goiogall Do

Spread of AP through cardiac muscle C7 Gap junction
A

» Spreads very rapidly because of the presence of gap
junctions between cardiac muscle fibers.

» Gap junctions are permeable junctions and allow free
movement of ions—> AP spreads rapidly from one
muscle fiber to another fiber.

Cardiac muscle is
of many heart muscle cells in which the cardiac
cells are so interconnected that when one cell
becomes excited, the action potential rapidly
spreads to all of them. The rapid transmission
occurs via intercalated discs; which are actually
cell membranes that separate individual cardiac
muscle cells from one another.

Atrial syncytium, which constitutes the walls of the
two atria, and the ventricular syncytium of the
walls of the two ventricles
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Physiology Chapter 13
Action potential differs vastly in cardiac tissue compared to neural tissue.

Firstly, the pacemaker nodes of the heart are responsible for generating the action-potential
stimulus that is used to allow the heart cells to contract. There are 3 sites where AP is generated;
SA (sinoatrial) node, AV (atrioventricular) node, and the Purkinje fibres. The SA node is the
fastest node in generating signals, and the other nodes generate signals at the same speed as the
SA node due to stimulation from the SA node to do so. If the SA node becomes faulty for any
reason, the other nodes will generate the signal at their slower rate.

Starting from resting membrane potential of -60mV: The nodes have a special type of sodium
channel that allows the sodium ions to slowly enter the cell, without the need for any stimulus.
This is known as the “funny channel” (or *h” channel) and is responsible for the autonomy in
generating an action potential. The funny channels alongside some T-type calcium channels
(transient channels) increase the positivity of the membrane from rest (phase 4, more on the
irregular numbering later), and upon reaching the threshold, more calcium channels open
resulting in a massive influx of calcium ions in the cell, resulting in the depolarization of the cell
(phase 0). Note how this differs than the neurons where the influx is in sodium ions.

Once enough calcium ions enter the cell, the calcium channels close and potassium channels
open, resulting in the massive efflux of potassium ions. This is the repolarization phase (phase
3). Once the cell returns to RMP, the cycle repeats again at phase 4.

The signal generated from the SA node (or any other node) is then propagated to the other
cardiac cells via gated channels.

Cardiac contractile cells work slightly differently, since they do not have funny channels nor is
the influx caused by calcium ions. Instead, upon being stimulated, the sodium channels open
leading to a massive influx of sodium ions (phase 0, just like the nodes), causing the membrane
potential to rise from rest (-90mV) to +30mV. Upon reaching +30mV, the sodium channels close
and the fast potassium channels open for a limited time resulting in a very small initial
repolarization (phase 1).

Next up, L-type calcium channels (L is for long-lasting) open resulting in very slow and long-
lasting influx of calcium (phase 2, or plateau phase). This plateau phase allows the heart cells to
contract for longer. After the L-type calcium channels close, the fast potassium channels open
resulting in the efflux of potassium ions, the stage known as final repolarisation (phase 3).
Finally, we have phase 4, which is where the cell is at RMP.

As we can see, the reason why SA nodes have the order of Oé3é4 is because of the lack of a

first repolarisation (only one repolarisation instance which is phase 3) and no plateau phase.
Important notes:

The absolute refractory period in cardiac cells is much greater than that of neuron cells due to the
longer cycles caused by the plateau phase.

The signals spread very quickly between cells due to the gap junctions.



4
Awo’cher Ruestions

1. Which is not true regarding the difference between
neuronal and cardiac action potentials?

A. Cardiac action potentials are much longer in duration

B. The ions responsible for the depolarizing upstroke is
Na+ and Ca2+ in both types of action potentials

C. Na+ channel inactivation plays a major role in
repolarization of neuronal action potentials but not
SA nodal action potentials

D. Slow-activation cardiac action potentials display
automaticity while neuronal action potentials do not

Answer : B

2) ONE OF THE FOLLOWING IS NOT TRUE
ABOUT THE DIFFERENCES BETWEEN
NERVE CELL AND SA NODE CELL IN THE
CARDIAC MUSCLE?

A) NA+ CHANNELS ARE OPENED
BEFORE THRESHOLD POTENTIAL IN
SA NODE , BUT AFTERIT IN NERVE
MUSCLE

B) SA NODE POTENTIAL DOESN'T
NEED STIMULUS ,BUT NERVE CELL
NEEDS

C) THE DPOLARISATION OF TWO
TYPES OF CELLS SHOULD BE SLOW
FLOWING

D) THE REPOLARISATION OF TWO
TYPES OF CELLS SHOULD BE SLOW
FLOWING

Answer : C






