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Objectives

O 1 Explain why some members are excitable

O 2 Describe the electrochemical basis of RMP

03 Describe the mechanism of generation and propagation of AP

04 Describe conduction along nerve fibers role of myelination and how nerve fibrs are classified




RMP is rest membrane potential.

mV: millivolt (unite)

Excitable tissues :

Excitable tissues

Tissues which are capable of generation and transmission
of electrochemical impulses along the membrane.

Membrane potential :

A potential difference exists across all cell membranes
This is called Resting Membrane Potential (RMP).

Tissues
?
& 3
Non - Excitable Excitable
° RBC ° Nerve
. Intestinal cell ° Muscle :
° F|b.roblasts skeletal - cardiac - smooth
° Adipocytes

-20 to -30 mv fibroblasts

-53 mv epithelial cells

Less negative RMP

-8.4 mv RBC (-70mv , -90mv)

-58 mv adipocytes

Have more negative RMP

+ <4+ 4 <4 Inside is negative with respect to
the outside.
-— — = =
This is measured using
_ = _— = microelectrodes and oscilloscope
+ .l. + + (VOLTMETER)
This is about. -70 to -90 mV

Oscilloscope

High Na* Electrode
4+ttt ————— — —— —

Na* FSo M= liveeal ! purmp *



Resting membrane potential

RMP depends on the following factors :

lonic distribution

across the Membrane Other factors
permeability e Na+/ K+ pump
membrane
Why the cell negative respect to the outside? Major intracellular ions
° k+ leak channel out flux s s ¥ Proteins «pp.»
(k@)\&lwlﬂl:\.}ulJ&\J&sw'gﬁd&\ﬂ\?ﬁ}dml;é#@%?ﬁauﬂ\éhﬁJ&‘)llﬁ‘aeé@@%)aﬂ\a)gwu):\ﬂll,hae-“&ae.l\ﬁbﬂ cell membrane)
e Large molecules ( protein, RNA , DNA ) 5 € L alisiey ilall 02135350 a5 e LS Major Extracellular ions
L] Na+/k+ PUMP (it's justincreases negativity by four mv) -4 I 5= &bl & 3 a0yl Zaaart 1 LY (g o it e 13)

*from high concentration to low concentration No need for any pump also we Consider it as passive so No need for energy .
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Gibbs Donnan Equilibrium

When two solutions containing ions are separated by membrane that is permeable to some of
the ions and not to others an electrochemical equilibrium is established.

Electrical and chemical energies on either side of the membrane are equal and opposite to each
other you will see in the next slides more details.

Gibbs Donnan
Equilibrium

electrochemical
equilibrium

Gibbs is the scientist who discovered this
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Electrochemical gradients

At electrochemical equilibrium, there is an
exact balance between two opposing forces:

1- Electrical driving force = potential difference across 2- Chemical driving force = ratio of concentrations on 2 sides of
membrane (concentration gradient).

membrane
* opposing electrical gradient that increasingly tends to stop K+ « The concentration gradient that causes K+ to move from inside to outside
taking along positive charge and

from moving across the membrane

Equilibrium: when electrical driving force is balanced by chemical driving force
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Chemical & Electrical driving forces of

Potassium(K+)

Chemical Electrical

Efflux of positive ions creates positivity

K+concentration intracellular is higher ) oS
outside and negativity inside

Membrane is freely permeab'e to K+ Outside pOSitiVity resists efflux of K+
(since K+ is a positive ion)

At a certain voltage, equilibrium is reached

There is an efflux of K+ to extracellular and K+ efflux stops

fluid



Nernst equation

This slide was found only in male slides

& goldman

know that the nernst equation describes the
balance of electrical and chemical forces that will
prevent diffusion of ion.

-goldman equation later and is more accurate.

ENF il - 1 log—nenuaton e
L Concentration outside

where EMF is electromotive force and z is the electrical
charge of the ion (., +1 for K').

EMF (millivolts)
ChsiPratt G+ Per

=-61x log
® P+ CePe P




This slide was found only in male slides

Nernst potential and Goldman Equation

Nernst potential : or equilibrium potential is the potential level that will prevent net diffusion of

specific ion. make sure you memorise Na+ and K+ values.

the equilibrium potential inside the membrane depends on:

e polarity of each ion
e membrane permeability
° ionic concentration lons Intracellular Extracellular Nernst
) . . L potential
e Goldman equation gives a resting potential inside
the membrane of -86 mV Nait — —L ol
K+ 140 4 -94
Cl- 4 103 -86
It's important to Memorise K & Na Nernst
potential values. + to be on the safe side know the Ca2+ 0.0001 2.4 +134
chief ions :)
Hco3- 10 28 -27




Na+/K+pump and ionic channel

Na+/K+ PUMp: (itsjustincreases negativity by four mv) IOniC Channels:
-Active transport system for Na+/K+ exchange using energy Leaky channels example (K+/Na+ leak channels) are more
therefore it requires energy in the form of ATP. permeable to K and allow free flow of ions.
- Itis an electrogenic pump since 3 Na+ efflux coupled with
2 K+influx -In resting state K+ permeability is 100 times more than Na+.
-Net effect of causing negative charge inside the membrane
Outside
3Na®  2K* Nz:+ K* MMl o 130 e L0380 e |85 Jsitly Uleslae gand gy
\ f . A 2 5l ) gl pran ) Bl Al ST L0 el
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- 1 e pa 7l le s Jalaiy 41 LB L (i (S0 ¢ SIS B (50 0 900 g0
2 ‘.: Cundl € 2 a5 2923 gem JAdm 5 i e sl by 4l Lay iatlls (38 Mot
.l“ i Cn i Vo v ol o pulisall (s psen Jand) NG 400 L83 Le Jia
P\ ry o Jaam el panlipe Vo v JS Qie JLaialy o pspeall 403G ke
3 A Leaa Oa ol (e Al Jal Al 13 appngea ) NEF
U \‘ Na+  Na+ Na+ Na+
Na* K*
ATP N5 K+ ADP

K*-Na*
] Na*™-K*pump "leak" channels




Efflux = Exit the cell

iaaithll Factors contributing to RMP

e The main and important factor is K+ efflux (Nernst Potential:-94mV).
e Contribution of Na+ influx is little (Nernst Potential:+61mV) .

e Na+/K+ pump creates additional degree of negativity inside the
membrane (-4mV).

e also the proteins are negatively charged so they will contribute.

overall net result is -70 to-90 mV inside the cell.




MCQs

SAQ

Q1: all of the following non excitable tissue except :

A) Fibroblast cells

B) Adipocytes

C) epithelial cells

D) Cardiac muscle

Q2: we consider Na / K pump as :

A) Active transport with
energy

B) active transport without
energy

C) passive transport with
energy

D) passive transport without
energy

Q1: RMP depends on 3 factors mention them:

02: Define Excitable tissue :

Q3 :which one is true about the factors contributing to RMP : 3{3
vie
vz

A) K+ efflux nernst potential | B) Na+ efflux by leaky channel C) negatively charged proteins | D) Na/k pump create high ———
:-94 mv is high freely crossing out. additional negativity ’ 1 SDOW
Q4 :which of the following is the most important factor in contributing to RMP? gopus (z
dwnd y/eN
A) Na/KPump B) K+ EFFLUX C) Fibroblast cells D) Protein -R)|1qeawad sueJqual - BueIqLISLL By} $S0JI. LoIINgLISIP duol (|
: Koy Jamsue Qys
05 :overall net result inside the cell in mV
A) B) C) D)
35-40 mV 70-90 mV -10-90 mV 100mV
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