    بسم الله الرحمن الرحيم
                                             Resting membrane potential          

                                                                   Lecture: 2 

*Resting membrane potential [RMP]:

   -DEF: It is the potential difference across the membrane during rest (no stimulation).

   -Value: – 90 mv in large nerve fibers (–ve inside).

*Depending mainly on transport properties of resting membrane :                                           1.Active transport of Na & K ions (Na/K pumb).

       2. Na & K leak channels of nerve membrane. 

       3. Negative ions inside the membrane as phosphate & proteins.

*Origin of RMP:
                 1. Contribution of K Diffusion Potential:   

    N.B. : K diffusion contributes for more to the membrane potential. 

· K leak channels: they are far more permeable to K than Na about100 times causing negativity inside.

· K inside is 35 times more than outside (35/1).

· Nernst Potential = – 61 mv × log.(35/1) = – 94mv. 

· If  K is the only ion act on the membrane           RMV= – 94mv with negativity inside the nerve.   

         2. Contribution of Na Diffusion Potential:     

· Na leak channels: Slight membrane permeability to Na ions in leak channels from out side to inside. 

· The ratio of Na ions from inside to outside the membrane is 0.1. 

· Na diffusion potential = + 61mv & that K = – 94mv. 

· Using this value in Goldman Equation to calculate diffusion potential when the membrane is permeable to several ions. 

· Net internal membrane potential of about : – 86 mv. 

    N.B.: Almost all of this determined by K diffusion (membrane is 100 times more                                                                                                                                                                            permeable to  K than Na).

                 3. Contribution of Na/K pump: 

· Pumps 3Na outside & 2K inside causing loss of +ve charge from inside create negativity about – 4 mv inside. 
· So, the net membrane potential will be –86 mv + ( – 4 mv )= – 90mv. 

                4. Effect of negative ions (proteins & phosphate): is very low. 

*Factors of the normal RMP (– 90mv.)                                   

*Measuring Membrane Potential:

· Voltmeter: To measure very small membrane potential difference between inside & outside as resting membrane potential. 
· Oscilloscope: During Action potential we use oscilloscope to measure rapid changes in membrane potential as action potential. 
*Changes that occurs through the nerve after stimulation by threshold (effective)                                                                                                                          stimulus: 

1. Electrical Changes. ( nerve action potential ).
2. Excitability Changes. 

3. Thermal Changes. 

4. Chemical Changes.

*The Nerve Action Potential (AP): 

· It is potential difference along nerve membrane after stimulation by threshold (effective stimulus).
· Nerve signals (impulses) are transmitted as nerve action potential conducted along the nerve fiber as a wave of depolarization to its end. 
*The Stages of Action Potential are: 

· RMP: at resting state the membrane is polarized(–ve inside = –90mv) 
· Depolarization: Sudden Na inflow      polarized state is lost & potential raise to +ve values (reach zero & over shoot to +ve values).
· Repolarization: Na channels close & K channels open & K outflow to outside
      Restoration of the normal –ve  RMP.    
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*Summary of events that cause AP: 
1. Initiation of action potential & the feedback vicious circle opens Na channels:
· At – 90 mv is resting potential .

· Threshold stimulus      Voltage gated Na channels opens & Na influx raises resting potential from –90 mv towards Zero.

· As membrane potential raises         more Na channels are opened & more Na influx (the feedback vicious circle) until all voltage gated Na channels are opened. 

· As sudden increase in membrane potential from –90 to – 65 is called Firing level.

2. Depolarization :
· Occurs & membrane potential reach zero level & Overshoots to reach +35 mv.

· At + 35 mv , all Na channels are closed  suddenly . 

3. Repolarization:
· When Na channels close K channels open causing negativity inside due to high K conductance (flow) to outside by opening of all K channels & zero flow of Na to inside  as all Na channels are closed cause return to resting potential . (Drop from +35vm towards zero then to negative resting potential). 

4. Positive after potential:

· Membrane Potential become more negative than resting level because many K channels remain open & K out flux cause more negative inside. 

· Positive after potential is a wrong terminology , it’s a historical one. 

5. Re-establishment of Na & K ions gradients & retune to resting potential:

· Na that had in fluxed in & K that had out fluxed out return to original state by Na- Pump (active process – need ATP & ATPase ).
*The factors necessary for depolarization & repolarization are voltage gated Na & K channels: 

       1. Na voltage gated channel important for depolarization & repolarization.

       2. K voltage gated channels important for repolarization. 

*Voltage gated channels have 2 gates:

         - Outer activation gate. 

         - Inner inactivation gate. 
 RMP: -90 mv. 
         -Activation gate : closed 

          -Inactivation gate : Opened 
* Effective stimulus        change the voltage from -90 mv till it reach +35 mv      all active gates of Na  channels are opend causing depolarization. 

* At +35 mv      inactive gate of Na channel are closed : there is no Na influx : this will help repolarization to occur. 

· K Voltage gated channels  have only one gate at resting state : -90 mv. 

· These gated channel is closed as membrane potential raise from -90 mv to +35 mv : there is slow opening of K channels. 

· At +35 mv & when all Na channels are closed, K channels open completely & rapidly & K out flux occur causing repolarization. 

 *Na & K conductance (Flow) during action potential: 

1. At resting state before AP, K conductance through K leak channels is   50-100   times as Na. 

2. At onset of AP, voltage gated Na channels are activated & Na conductance is 5000 folds at the same time voltage gated K channel begin to open slowly – at depolarization, Na conductance / K conductance > 1000 folds . 

3. At the peak of AP Na channels close & voltage gated K channels opens & K conductance increase. 

4. At the end of AP, the return to –ve potential close K channels – at repolarization, Na conductance / K conductance decrease. ( Propagation of AP transmission of depolarization process along the nerve : spread of nerve impulse ). 

*In myelinated nerve fibers:  

    -  Saltatory  condition (jumping): AP occur at nodes of Ranvier & directed from  node to node through axoplasm inside & ECF out side by jumping. 

    -  Value: 
1. Velocity of conduction  (0.25m/sec) in small un myelinated nerve fibers   &       ( 100 m/sec) in mylinated nerve fibers. 
2. Conserve energy for axons because only nodes are depolarized ( need a little energy for re-establishment of Na & K ions ). 
3. Insulation by myelin sheath allow repolarization to occur rapidly with many K channels have not open. 

*In non-myelinated nerve fibers:  

      - Local circuits : point to point. 

      - Depolarization pass by local circuit.

      - Depolarization in an area, +ve charge come inward by flow of Na ions for several                   1-3 mm in the axon core & increase the voltage inside the nerve to the threshold value to cause AP in a new area & Na channels open & AP spread to new areas. 

* Excitability changes : the ability to respond to a second stimulus. 

1. Latent period (dead period): from stimulation to drawing of oscilloscope. 
2. Absolute refractory period: 
· During depolarization & early repolarization: the nerve can not be excited & a second AP can not be elicited whatever strength of the stimulus (even suprethreshold).

· Because all Na channels are all ready opened & Na influx occurred & anew stimulus can not open further. 
3. Relative refractory period: 

-   It is 1/2 or 1/4 absolute refractory period , Late repolarization.

-   It is the period during which  a second AP of low amplitude can be elicited by                                                                                                   stimulus longer than normal (suprathreshold). Because:

                A. Some Na channels still in  inactive state so need stronger stimulus to open. 

                B. Rapid flow of K ions to outside during repolarization oppose stimulation signals so need stronger stimulus to cause a new AP. 

* All or Nothing Principle:  

       - Once the threshold value for excitation is reached a full AP produced & spread all over the nerve , it's amplitude can not be increased by increasing stimulus intensity.

       - Subthreshold stimulus can not elicit AP. 

* Direction of Prolongation of AP:   
      - In one direction, except if the nerve is stimulated at its mid portion, AP pass in both directions (Experimental). 

* Acute local potential: 

    - very weak stimulus can cause local changes in membrane potential. 

    e.g. from – 90 to  –85 mv, which is not sufficient for regeneration of AP, this is acute subthreshold potential which should increase to threshold level to produce AP. 

                     (Local – non-propagated – graded).                

    Nerve Action Potential = Nerve spike potential  pppotential 








