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Lectures Objectives

Define the nerve action potential and properties

Describe the activation of action potentials and describe the ionic basis of action potential .
Describe the membrane currents underlying action potentials.

Describe the activity of channels producing action potentials.

Define threshold of for initiation of action potential threshold and different phases of action potential ,
depolarization, overshoot, repolarization and refractory period.

Explain the propagation of nerve impulse along axons membranes in myelinated and non myelinated nerve
fibers

Explain the consequences of myeline loss on nerve function and give example of demyelinated diseases
Describe and explain actions of calcium, local anesthetics, and neurotoxins on action potentials.
Define pacemaker potentials and identify phases of SA node action potential

Identify phasis of action potential of cardiac muscles and compare neuronal action potential Skeletal
muscles and cardiac muscle action potential
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o There are some terms that need to be
understood & remembered:

— Depolarization A&;;NS%E?F"J
— Hyperpolarization
— Overshoot
e means positive to 0 mV
— Repolarization -/’\@\Zﬁf‘f
]
e towards resting potEntlaI
— Excitability

— Threshold (for action potential
generation)
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Action Potential : Terminology

* Depolarization is the process of making the membrane potential less O—gﬁg
negative

. H%Iarization is the process of making the membrane potentia@AG’r’:ﬂ
(negati AN Lo
{(Inward currenb)is the flow of positive charée—i?o@l. Thus, inward

currents depolarize the membrane potential. An example of an inward
current is the flow of Na+ into the cell during the upstroke of the action

potential j

((Outward curren@is the flow of positive charge@Qutofthecell. Outward
currents hyperpolarize the membrane potential. An example of an outward
current is the flow of K+ out of the cell during the repolarization phase of

the action potential.
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"« The action potential is a phenomenon of[exutable cells such as nerve
and muscle and consists of a rapid depolarization (upstroke) followed
by repolarization of the membrane potential)

* Action potentials are the basic mechanism for transmission of
information in the nervous system and in all types of muscle

* Triggered by by application of an appropriate@
* For example: application of an electrical current to the nerve cells
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Intracellular recording of action in the axon of a nerve cell
via microelectrodes
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Schematic Diagram of action potential and membrane potential
changes during the successive stages of action potential
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NEURON ACTION POTENTIAL
Successive stages of the action potential

Resting Stage(The resting stage is the resting membrane potential before the action potential begins. The
membrane is said to be “polarized” during this stage because of th@millivolts negative membrane
potential that is present)

Depolarization Stage.&[he normal polarized state of —70 millivolts is immediately neutralized by the
inflowing, positively charged sodium ions, with the potential rising rapidly in the positive direction—a
process called depolarization. In large nerve fibers, the great excess of positive sodium ions moving to the
inside causes the membrane potential to actually overshoot beyond the zero level and to become somewhat
positive. In some smaller fibers, as well as in many central nervous system neurons, the potential merely
approaches the zero level and does not overshoot to the positive state\)

At this time, the membrane suddenly becomes permeable to sodium ions, allowing positively charged
sodium ions to diffuse to th inm. The normal “polarized” state (&./MTQDS is
immediately neutralized by the inflowing positively charged sodium ions, with the potential rising rapidly in
the positive direction in some nerve cells

Repolarization Stage.(Within a few msec after the membrane becomes highly permeable to sodium ions,
the sodium channels begin to close and the potassium channels open to a greater degree than normal.
Then, rapid diffusion of potassium ions to the exterior re-establishes the normal negative resting membrane

potential, ’-\/ /
/ AV
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Changes in sodium and potassil/r:conductance during the course of the action potential. Sodium

conductance increasesseveral thousa
potassium conductance increases only ab

—fold during the early stages of the action potential, whereas

0-fold dubing t/e_lgll;sj_ag%ctlon potential

for a

short period there after. lt} Conolushmg + ({2 measure of how easily ions can cross the
< M membrane (it is the inverse of the
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During the absolute refractory perio & +30 | . )
no stimulus, however large, can elicit a B otential
second action potential. o L

Na* permeability

During the relative refractory peri
second action potential can be elicited
but it requires a larger stimulus than
that in the resting state

— K* permeability
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~—~—INITIATION OF THE ACTION POTENTIAL

(,u.r%'( J( @os itive- Fe@ycle Opens the Sodium Channels.
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* Action potentials:
@ are al or 0
U threshold voltage (usually 15 mV positive to resting mV
tent 1
potential) threshold J L l

e
@ > Self-propagati‘(-);l) ((/""-_ 9 e e B g I _

N -
@> are initiated by depolarization —> [ ( (t:a‘l") ))

O action potentials can be induced in nerve and
muscle by extrinsic (percutaneous) stimulation

@> have constant amplitude@ AV
O APs do not summate - information is coded by time 'MS

frequency not amplitude. 75 /
Myelinate

@ > have constant conduction I}eloaty WP@"’D 50 (cat)

O True for given fiber. =
O Fibers with large diameter conduct faster than #”G o5 non-myelinated

small fibers. As a general rule: D / (squid)
0
3 6 9

A myelinated fiber diameter (in mm) x 4.5 = 0 12 15

Velocit}{ 1n m/s.
400 800

O Square root of unmyelinated fiber diameter 0
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