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Objectives

At the end of this lecture the student should be able to :

Describe the voltage-gated sodium and potassium membrane channels and their
states .

Explain the resting membrane potential ( RMP), Threshold Potential, Reversal
Potential , Local Response and Action Potential .

Describe components of a neuron dendrites , soma, axon . axon hillock and their
physiological significance

Describe the electrical changes in membrane potential during the action potential

, their chemical bases and excitability changes .

Describe conduction along nerve fibers , role of myelination and how nerve fibers
are classified .

Abbrewatlons

EPSP : Excitatory Postsynaptic Potential
IPSP : Inhibitory Postsynaptic Potential
AP : Action Potential

MP : membrane potential




The Neuron consists of

Dendrites

== Soma ( cell-body) : 41l aua

Synapse

Synaptic
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Postsynaptic
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Postsynaptic neurons

Membrane potential ( MP) :
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The Action Potential (AP)

We need to describe 3 types of event :

(1) Electrical changes in the cell-membrane (hyperpolarization )

(2) Chemical events ( Na+ influx and and K+ efflux across the membrane ionic changes
in membrane channels = leading to the a/m electrical events)

(3) Excitability changes & refractory states ( when will be the cell ready to respond to
stimulation & produce a second AP after a previous/preceding one )

\_ /

ﬁ hree aspects of AP to be discussed: \
1/ Electrical Changes ( Changes in the MP )

2/ Their Chemical Basis

3/ Excitability Changes in the cell

S /




Reversal Potential

mV

Action potential

Iy

=+35mV
Threshold A
Potential ( Firing Level )
= .50 to -65 mV
y,
| RMP=-90 mV |

fQ : What opens the voltage-gated

channels ?
Opened by a stimulus strong enough
to depolarize them to threshold

\ mp

Increasing Stimulation
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“+70
+60 l—_ — Na* equilibrium
potential

We need to start from the

Baseline +30 | N
i.e., Resting State of the cell

+20 -
+10 |
( at the RMP) -10 F

20 F 0y
A threshold Stimulus will lead 5, 700"
B 4o |

ne potential (mV)
o

to 2 Tl Threshold

w “‘___..- potential
.. .o Resting

(1) Depolarization (EPSP) rotential
L. et K* equilibrium

(2) Repolarization. potential

. 1 msec
(3) In some neurons there is a \

3rd phase called
yperpolarzaton (1P PR gy o).
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The Na+ Voltage-Gated Channel

Outside

Activation Na* Na* Na*
gate |
\

e .EM |

Inactivatio

_ ‘ Inactivated
Resting Activated

(=90 mV)
Has 2 gates : Ve ~
+* one on the outer side of the membrane and is This
called the activation gate, channel
**and another one on the inner side of membrane has 3
called the inactivation gate .. - states -
—
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1) Resting state :

2) Activated State

3)Inactivated state

in the resting cell, when the MP
=RMP=-70t0-90 mV,

9

the activation gate is closed
this prevents entry of Na+ to
the interior of the cell through
this gate.

e when a Threshold Depolarizing Stimulus
moves the MP from its resting value(-90 mV )
to its Threshold value (-65 to -55mV)

- this opens the activation gate , and now the
Na+ channel is said to be in the Activated State

e ( NBinthis case BOTH the activation gate &
inactivation gate are open ) 2>

e permeability to Na+ becomes increased 500
to 5000 times = Na+ influx

e Na+ flows into the cell in large amounts,

depolarizing it more & more, until there is

reversal of MP .

e  After the AP, the inactivation gate will
not open by a second stimulus 2 & the cell
becomes Refractory ( 4x«) to another
stimulation .

e  This goes on until the MP has gone back to its
resting ( RMP) level ( -70 to -90mV).

A few milliseconds after
the activation gate opens,
the channel becomes
inactivated

- in this case , while the
activation gate is still open
,the inactivation gate is
closed.

Outside

Activation
gate __
~

lnactivatian
gate

Resting
(—90 mV)

N= ™

Activated
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The Potassium Voltage-Gated Channel

KHas one gate only . \

* During the resting state, the
gate of the potassium
channel is closed , and K+
cannot enter through it .

e Shortly after depolarization,
when the sodium channel

\

begins to be inactivated, K? K+
the potassium channel
opens .
« > K+ exits ( called K+ Efflux) Resting  Slow activation
pomlisdl @505 nside  (~%0MY

* > Repolarization

\_ /
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/Q:Whatisa \

Subthreshold Stimulus ? L

* A:itis aweak stimulus, +30r
not strong enough to |
bt s ||

membrane to lessthan M.+« = |------/--

* j.e., it may depolarize the\ | |rhessefd —50------ // 5
threshold level = fails to rmp

~70
produce AP, and can ! [ Time

produce only Local
Response Subthreshold

N J =




Q : What is a Threshold

v

Stimulus ? .

A : it is a stimulus strong i A

enough to depolarize the |

membrane & move the | Action potential
MP to Membrane | .

Threshold Level = -l

e -50to-65mV Threshold -50

e Which is the firing level
at which the Action

rmp

Potential is triggered. o

Threshold
\ / Stimulus

Contact us: pht433@gmail.com



The minimal stimulus which produces an AP:
Al g8 Linsi s ¢ ey Jatl cpa A
THRESHOLD STIMULUS:
Sl gy (iS) 4l o8 ooy (gl g A gl ) Gl
SUBTHRESHOLD STIMULUS:
ddaa Al o a8 ASSlg JLudiipy (pis] Al g podaioy ¥ A ggdi A1) (e (8] Jalias
SUPRATHREHOLD STIMULUS:
Baly ) ey ASSY g Lia e ol W gha JLadill g (puSY) By aodaioay ¥ Al 9o 1) (e S Sadia
Jlpdi gy oSV (ST ) S Ao
THRESHOLD LEVEL OF THE MP:
The value of the MP at which a stimulus can produce an AP

i ) Al Plgrian) e Sy (A AAl) pLERY (b g gl Aad
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Graded Potential
(Local Response )

Action potential ( AP)
AP is the MP value in
Stimulation of the case of a cell that is
neuron by a weak generating a propagated
subthreshold stimulus electrical potential
produces a local, It can be measured
non-propagated anywhere along the
potential which is nerve
measurable only in the It obeys All-or-None Law
immediate vicinity of At the peak of the AP,
stimulated point , but not the value of the MP
farther than that. reaches +35 to +40 mV
It does not obey All-or-

None Law

AP obeys all-or-none law BUT Local response does NOT obey
all-or-none law




ﬁall above cases the -ve or WA

sign refers to the inside of the
membrane .

In nerves , the AP is generated

Presynaptic

axon

——n b
Dendrites ==___ /"

Initial segment

:"' ]
of axon
initiated ! l

at the initial segment of the
axon , which is called Axon
hillock

but, by contrast, a local
responses can be generated at
any membrane area if the

@nulation is sufficient /

Node ot Ranvier

Myelin sheath

Axon

Synaptic potentials
4 (EPSPs and IPSPs) |

N

Integration

il
1l

Impulse

conduction

% 1
Neurotransmitter -
release



Summary 1

A/ When the cell is inactive (resting) - we call the MP :
Resting Membrane Potential (RMP) .

B/ When the cell is stimulated weakly by subthreshold
stimulus - a small number of voltage-gated channels
open = we get only a Local Response ( which is graded
and does not propagated ).

C/ However , if the stimulus is Threshold Stimulus i.e.,
strong enough to carry the MP to its Threshold Level = it
opens many voltage-gated sodium channels open = and
action potential ( AP) is generated .

The AP differs from local response in that it is (1) not
graded obeys All-or None Law) , and (2) propagated
(conducted for long distances) .
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ﬁease Note that: \
e (1) If we stimulate a sensory receptor (e.g., pain nerve-ending in

skin ) with a Subthreshold stimulus = this will cause
depolarization of the receptor cell membrane to below threshold
level = will result only in a Local Response.

(2) If we stimulate it with a threshold stimulus = i.e., a stimulus
that carries the MP to the Firing Level ( Threshold Level = -65 mV)
- we get AP

(3) If we stimulate with a Suprathreshold ( above threshold )
stimulus =2 AP will not increase in size or duration , but will
increase in frequency 22 7 4=

"

v




) | | ] |
§ B~
£
e _Threshoid ]|\ [ | ____ 1 U
o S S I U K / / V \
W Py Ra Rs Re Time (ms)
| s o] fu ﬂ H ’—L Stimuli (V)

S .8 8 Sa Ss Se

Effect of strength of electrical stimulation. A, point of entry of microclectrode into the cell. Local graded
ises (R}, R, and R;) are produced when subthreshold stimuli (S, S, and S.) are applied. Response R, is due to a
d stimulus. Responses R; and Ry are due to supra threshold stimuli (S5 and Sg). Note that the AP does not
in amplitude with increased strength of stimulation.

Increasing stimulation will NOT increase the
amplitude ( height ) or duration ( width ) of AP, but
will increase frequency of AP
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What happens arter an action potentialr

b © The McGraw-Hill Companies, Inc. Permission required fo teproduction or display.

Absolute Relative

« Refractory period: few millisecs .
— Time during which can’t stimulate sl |
neuron a second time
— Happens until recovery of resting
potential 0
E
* Two stages
— Absolute refractory period Threshold
* No new action potential possible {
— Relative refractory period ~/ \  Resingmembrane
e Cantrigger new action potential if =~ 70 == - st
stimulus is very strong

Time
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* Meaning : when can the cell respond to a second stimulus (after the first stimulus
which produced the first AP)

1- Absolute Refractory Period (period during depolarization & early repolarization):

where no stimulus , however strong , can produce a second AP . It is due to
inactivation of Na+ channels .

* Note: During it the nerve cannot excited by a a second stimulus & a second
spike action potential cannot be elicited whatever strength of the
stimulus (even suprathreshold= above the threshold)

Why??
(Because all Na channels are already opened & Na influx occurred & a
new stimulus cannot open further Na channels)

2- Relative Refractory Period

 a stimulus higher than threshold is needed to produce an AP . Due to continued
outflow of K+ .




Types of Nerve Fibers

* Nerve fibers can be classified in 2 ways :

A/ Classification According to Myelination
B/ Classification According to Diameter : A, B & C fibers

Myelinated Fibers : . .
Myelin sheath covers the axis Un Mvelmated -

cylinder, separated by Nodes of WithOUt

According to . .
. > Ranvier ( naked , uncovered mye||n sheath
Myelination parts ) at 2-3

Micron intervals

A and B (Myelinated) | C (Unmyelinated)

According to Because conduction The slowest in
Diameter velocity depends conduction
upon diameter, A are
fastest
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Propagation ( Conduction ) of Action
Potential

* In both myelinated and Unmyelinated

fibers impul ted R
nerve fibers impulses are propagate e
(conducted)bsz i Cff ::\{ N L . .. +<>
Sodium lonic Current Flows_Axib g/ &gl s €2 7 &4 ~ _K; S
S T S
* Inunmyelinated fibers, they are contiguous =

- Sk ¢ A

occurring at almost each adjacent 3, i~ point
on the membrane .This is called Continuous
( Contiguous )conduction of nerve impulses

And in myelinated nerves there Saltatory
Conduction , where ionic currents travel by

jumping from one Node of Ranvier to the
next .
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Saltatory Conduction ( propagation ) of APs in myelinated nerves :

« Myelin is an excellent insulator : it prevents leakage (48 g i (&
hence loss ) of ions from inside the cell through membrane.

* lons are allowed to pass only at Nodes of Ranvier
* Myelin sheath makes conduction in myelinated nerves 2>

L)

* (1) more economical ( because it prevents leakage of ions + because N+-
K+ pump only works at Nodes of Ranvier , unlike unmyelinated nerves
where it works at every point in the membrane ), and

L)

¢ (2) faster-conducting

3 Electrical Direction of
current action potential
Action potential propagafion
P A St e

A

— Unmyelinated axons

Schwann cell nucleus

— Schwann cell cytoplasm
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Synaptic potentials
" (EPSPs and IPSPs)

SRR S S I S SR SR SRR T S S S S S S S S Y

/\v\
SR T S S S S S et S S S S S S S S S

Action potentials
initiated

LR T T S S S S S T et S N S S S S Node of Ranvier
N ¥ Myelin sheath

R I it S SHE S SN S S

++++++++U~—U++++++++

Under Artificial condition of electrical stimulation in the
laboratory , the AP propagates in both directions .

But normally AP starts in axon hillock & propagates
distally in one directions.
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Summary 2

The voltage gated sodium channel has two gates
(activation and inactivation gates )and three states (rest,
activated ,inactivated )states.

The main components of a neuron : dendrites , soma,
axon . axon hillock.

the electrical changes in membrane potential during the
action potential: 1) depolarization 2) repolarization 3)
hyperpolarization.

conduction of impulse is faster in myelinated fibers .
the conduction in unmyelinated fiber is called Continuous
( Contiguous ) conduction of nerve impulses.

the conduction in mylinated fibers is called Saltatory
Conduction.
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Neuron action potential mechanism
http://www.youtube.com/watch?v=MZz40UQOyFvg

Action Potentials
http://www.youtube.com/watch?v=ifD1YGO7fB8
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Multiple Choice Questions

True or false:

1- when stimulating the nerve
Under Artificial condition the
AP propagates in both
directions

C ).

4- Subthreshold Stimulus:

A) Can produce a local
response .

B) the minimal stimulus
which produces an AP

C) Is a stimulus stronger than
the threshold.

D) None of above

7- Which of the following
myelinated nerve fiber?

A) Atype
B) B type
C) C type
D) Both Aand B

True or false:

2- during Absolute Refractory
Period the nerve can be
excited by second stimulus

¢ )

5- Suprathreshold Will lead
to:

A) Decrease the duration of AP
B) Increase the amplitude of AP
C) Increase the frequency of AP

D) Increase the duration of AP

8- where ionic currents
travel by jumping from one
Node of Ranvier to the next
called?

A) Saltatory Conduction
B) Sodium lonic Current
Flows C) Discontinuous
conduction

D) Continuous conduction

3- In both myelinated and
Unmyelinated nerve fibers
impulses are propagated

by:

A) Saltatory Conduction

B) Sodium lonic Current
Flows

C) Continuous (Contiguous )
conduction

D) All of above

6- What is the location of
Action Potential?

A) Axon terminal

B) Axon hillock

C) Synaptic vesicles
D) Soma (cell body)

9-the AP propagates in both
directions in ?

A) Normal conditions
B) Artificial conditions
C) Resting conditions
D) All of above

1-T 2-F 3-B 4-A 5-C 6-B 7-D 8-A 9-B



