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•potential difference appear between inside & 
out side of nerve cell.

•Inside is relatively negative to out side of the 
cell.

•In neurons, the resting membrane potential is 
usually about –70 mV.



•In neurons, the concentration of K+ is much 
higher inside than outside the cell, while the 
reverse is the case for Na+. 

•This concentration difference is established by 
the Na+-K+ ATPase.

•The outward K+ concentration gradient results 
in passive movement of K+ out of the cell 
when K+-selective channels are open.



•the inward Na+ concentration gradient results 
in passive movement of Na+ into the cell when 
Na+-selective channels are open. 

•Because there are more open K+ channels 
than Na+ channels at rest, the membrane 
permeability to K+ is greater.

•intracellular and extracellular K+

concentrations are the prime determinants of 
the resting membrane potential.



•In response to a depolarizing stimulus, some 
of the voltage-gated Na+ channels become 
active, and when the threshold potential is 
reached, the voltage-gated Na+ channels 
overwhelm the K+ and other channels and an 
action potential results (a positive feedback 
loop)



•The membrane potential moves toward the 
equilibrium potential for Na+ (+60 mV) but 
does not reach it during the action potential, 
primarily because the increase in Na+ 

conductance is short-lived. 



•The Na+ channels rapidly enter a closed state 
called the inactivated state and remain in this 
state for a few milliseconds before returning 
to the resting state, when they again can be 
activated.



•In addition, the direction of the electrical 
gradient for Na+ is reversed during the 
overshoot because the membrane potential is 
reversed, and this limits Na+ influx. 

•A third factor producing repolarization is the 
opening of voltage-gated K+ channels. 



•opening of K+ channels is slower and more prolonged 
than the opening of the Na+ channels, and 
consequently, much of the increase in K+ conductance 
comes after the increase in Na+ conductance. 

•The net movement of positive charge out of the cell 
due to K+ efflux at this time helps complete the process 
of repolarization. 

•The slow return of the K+ channels to the closed state 
also explains the after-hyperpolarization, followed by 
a return to the resting membrane potential



•voltage-gated K+ channels bring the action 
potential to an end and cause closure of their 
gates through a negative feedback process.









•Ca2+, can affect the membrane potential through 
both channel movement and membrane 
interactions. 

•A ↓in extracellular Ca2+ ↑the excitability of 
nerve and muscle cells by ↓the amount of 
depolarization necessary to initiate the changes 
in the Na+ and K+ conductance that produce the 
action potential. 

•Conversely, an ↑in extracellular Ca2+ can stabilize 
the membrane by ↓ excitability



Distribution of Ion Channels in 
Myelinated Neurons

•Voltage-gated Na+ channels are highly 
concentrated in the nodes of Ranvier and the 
initial segment in myelinated neurons. 

•The initial segment and, in sensory neurons, 
the first node of Ranvier are the sites where 
impulses generated, and the other nodes of 
Ranvier are the sites to which the impulses 
jump during saltatory conduction. 



•This jumping of depolarization from node to 
node is called saltatory conduction.

•It is a rapid process that allows myelinated
axons to conduct up to 50 times faster than 
the fastest unmyelinated fibers.



all-or-none law

•the minimal intensity of stimulating current 
(threshold intensity) that, acting for a given 
duration, will just produce an action potential. 

•The action potential fails to occur if the stimulus 
is subthreshold, and it occurs with constant 
amplitude and form regardless of the strength of 
the stimulus if the stimulus is at or above 
threshold intensity. 

•The action potential is therefore "all or none" in 
character and is said to obey the all-or-none law.



Properties of Mixed Nerves

•The thresholds of the individual axons in the 
nerve and their distance from the stimulating 
electrodes vary. 

•With subthreshold stimuli, none of the axons 
are stimulated and no response occurs.

•When the stimuli are of threshold intensity, 
axons with low thresholds fire and a small 
potential change is observed.



•As the intensity of the stimulating current is↑,
the axons with higher thresholds are also 
discharged. 

•The electrical response increases 
proportionately until the stimulus is strong 
enough to excite all of the axons in the nerve. 

•The stimulus that produces excitation of all 
the axons is the maximal stimulus,



latent period

•After a stimulus is applied to a nerve, there is a latent 
period before the start of new action potential. 

•This interval corresponds to the time it takes the 
impulse to travel along the axon from the site of 
stimulation to the recording electrodes.

•Its duration is proportionate to the distance between
the stimulating and recording electrodes and inversely
proportionate to the speed of conduction. 

•If the duration of the latent period and the distance
between the stimulating and recording electrodes are 
known, axonal conduction velocity can be calculated


