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Learning Objectives 

1. Role of Calcium ions 

2. Initiation  of action potential 

3. Propagation of Action potential 

4. Nerve and Muscle impulse 

5. Direction of Propagation 

6. All  or Nothing Principle 

7. Safety Factor for propagation 
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Learning Objectives 

8. Applied Physiology 

ſ Anesthetics  

ſ Membrane Stabilizers 

9. Re-establishment of Na+ K+ ionic gradient 

10.Heat production in Nerve fiber  

11.Saltatory conduction 
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Calcium Ions 

Å Membranes of almost all cells of the body 

Å Have Ca2+ pump  

Å Similar to Na+ pump 
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Calcium ions serves Č 

Å Along with  or Instead of Na+  

Å In  some cells  

Å To cause most of action potential 

5 



Calcium pump Č 

Å Like  

Å Sodium (Na+) pump  

Å Pumps Ca2+ ions  
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Calcium pump Č Ca2+ 

Å From the interior   

Å To the exterior of the cell membrane  

Å Or  

Å To endoplasmic reticulum (ER) 
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Calcium ions gradient Č 

Å Of 10,000 folds due to it   

Å Internal  cell concentration of calcium ions of  

Å 10-7 molar  

Å External concentration of 10-3 molar 
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Voltage gated Ca2+ Channels 

Å Slightly permeable to Na+ ions also 

Å When channels open Č Both Ca2+ and Na+ ions  

Å Flow exterior of the fiber  
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Ca2+-Na+ Channels Č Slow channels 

Å Slow to activation  

Å Require Č10-20 times a long for activation  

Å As the Č Sodium channels Č Fast channels 
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Ca2+ channels ČNumerous 

Å Cardiac muscle  

Å Smooth muscle 
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Some types of Smooth Muscle 

Å Fast sodium channels  

Å Hardly  present 
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Some types of Smooth Muscle 

Å Action potential caused Č Entirely  by  

Å Activation of the slow calcium channels 
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Ca2+ ion Concentration in ECF Č Effect 

Å On the voltage level  

Å At which the Na+ channels become activated  

Å In  Neurons Č - 70mV to - 50mV   

Å In  Nerve fiber Č - 90mV to + 35mV 
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Voltage-Gated Sodium Channel 

Inside 

Outside 
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Mechanism : Ca2+ affect the Na+ channel 

Å Ca2+ ions bind Č  

Å To the exterior surfaces of  

Å The Na+ channel protein molecules 
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Mechanism : Ca2+ affect the Na+ channel 

Å Positive charges of Ca2+ ions  

Å In  turn   

Å Alter  the electrical state of the channel protein 

itself 
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Mechanism : Ca2+ affect the Na+ channel 

Å Altering  the voltage level required  

Å To open Č The sodium gate 
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Deficit of Calcium Ions (Hypocalcaemia) 

Å Na+ channels become activated (Opened) 

Å By very little  increase  

Å Of the membrane potential  

Å From normal very negative level  
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Deficit of Calcium Ions (Hypocalcaemia) 

Å Nerve fiber Č Highly  excitable 

Å Discharging Č Repetitively  

Å Without  provocation  

Å Rather than remaining in resting state 
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Calcium Ions falls 50% below normal 

Å Spontaneous discharge in peripheral nerves 
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Calcium Ions falls 50% below normal 

Å Often causing muscle ñTetanyò 

Å Lethal Č Death  

Å Tetanic contraction of the respiratory  muscles 
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Propagation / Conduction of Action Potential 

ÅThe nerve cell membrane is polarized at rest 

ÅPositive charges lined up along the outside  

ÅNegative charges lined up inside the membrane 
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During Action potential  

ÅPolarity  is abolished 

ÅFor a brief  period  

ÅIt  is reversed 
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Nerve fiber is excited in its mid portion 

ÅPositive charges of the membrane  

ÅAhead of and behind the action potential flow 

ÅInto  the area of negativity 

ÅRepresented by the action potential (Current  sink) 
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Nerve fiber is excited in its mid portion 

ÅArrow  Č ñLocal circuitò of current  flow 

ÅBetween  

ÅThe depolarized areas of the membrane 

ÅAdjacent resting membrane areas 
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Propagation / Conduction of Action Potential 

ÅDrawing off positive charges flow 

ÅDecreases the polarity  of the membrane 

ÅAhead of the action potential 
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Propagation / Conduction of Action Potential 
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Local response 

ÅSubthreshold stimulus 

ÅDo not produce an action potential 

ÅDo have effect on the membrane potential 
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Threshold for initiation of Action potential  

Å Level of  

Å - 65 mV 

Å Threshold for stimulation 
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-90 

-65 
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Local response 

ÅPlacing Č Recording electrodes  

ÅWithin   

ÅThe few millimeters of Č A stimulating electrodes 

ÅApply  Subthreshold stimulus of fixed duration 
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Local response 

ÅSuch currents  

ÅLeads to Č  

ÅLocalize depolarizing potential change 

ÅRises sharply 

ÅDecays exponentially with  time 
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Local response 

- 65 

- 90 
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Local response 

ÅMagnitude of this response to Subthreshold 

Stimulus 

ÅDrops off rapidly   

ÅAs the distance between the 

ÅStimulating and recording electrodes is increased 
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Electrical potentials 

ÅAnodal current  produce  

ÅA hyperpolarizing potential change 

ÅSimilar change 

ÅKnown as Electrical potentials 
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Firing level 

ÅAs the strength of the current  Č Increased  

ÅThe response is Č Greater  

ÅDue to the increasing strength in addition of the  

ÅLocal response of the membrane Č Firing  level 
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Firing level Č - 65mV 

ÅAt 25 mV of depolarization  

ÅPotential of - 65mV (- 90mV + 25mV =  - 65 mV) 

ÅThe firing  level (Threshold potential) 

ÅAn action potential occurs 
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Propagation / Conduction of Action Potential 

ÅElectronic depolarization  

ÅInitiates Č A local response 

ÅWhen firing  level is reached Č 

ÅPropagated response occurs 
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Initiation and Regulation of Action Potential 

ÅSpatial distribution  of ion channels  

ÅAlong the axon  

ÅKey role  
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Voltage gated Na+ Channels 

ÅHighly  concentrated in Č  

ÅThe Nodes of the ranvier  

ÅInitial  segment in Č Myelinated neurons 
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Spatial Distribution of Na+ Channels 

ÅNumber of  

ÅNa+ channels per square micrometer  

ÅOf membrane  

ÅMyelinated mammalian neurons  
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