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Physiology of Nerve 
Neuron is the basic building block of the nervous system. 

Peripheral nerve trunks contain large numbers of independent nerve 
fibers that may be either afferent (sensory) nerve fibers that 
transmit nerve impulses from peripheral receptors to the nervous 
system or efferent (motor) nerve fibers that transmit nerve impulse 
from the nervous system to the effector organs. (Bannerjee, 2005) 

Mechanism of Nerve Impulse Conduction: 

· In unmyelinated nerve fibers:  

            Nerve impulses are propagated along unmyelinated nerve 
fibers in the form of waves of action potential (AP).The initial 
stimulus causes an AP at the point of stimulation. Local circular 
currents flow between the activated point and the neighboring 
inactive areas of the nerve membrane. Positive charges from the 
inactive areas flow into the initial area of negativity produced by the 
AP (area of current sink). This decreases the polarity at the inactive 
areas which produces an AP initiating to reach the firing level. The 
latter area, electrotonically depolarize the membrane in front of it 
through local circular currents, and this sequence of events moves 
regularly along the nerve fiber to its end. Therefore, the nerve 
impulse is self-propagated, and once it leaves a point, this point 
will soon repolarize, so propagation is unidirectional.  (Vander 
et al, 2001)                

· In myelinated nerve fibres:  

           Nerve impulses are propagated along myelinated nerve fibers 
by salutatory conduction .The insulator myelin sheath surrounds the 
nerve axon is interrupted at regular intervals at the nodes of 
Ranvier. Circular currents also flow in myelinated nerve fibers, but 
the +ve charges jump from the inactive nodes to the area of current 
sink at the active node bypassing the myelin segments. This leads 
to electrotonic depolarization and production of an AP at the 



Chapter [1]                                                                              Physiology of Nerve & Muscle 

  - 4 - 

inactive nodes, which in turn activates the neighboring nodes. This 
results in increasing the velocity of conduction and conservation of 
energy. (Costanzo, 2006) 

Factors That Determine the Effectiveness of 
stimuli: 

A.  Intensity (strength) of the stimulus.  

B. Rate of increase in the intensity of stimuli; If the intensity is 
increased slowly, the nerve will not respond because of the 
property of accommodation.  

C.  Duration of stimulus (duration of current flow).  

There is a reciprocal relationship between the current strength and 
the duration of flow required to produce an impulse.  

                                                                   (Guyton & Hall, 2006) 

The Resting Membrane Potential (Rmp): 
In resting nerves, the outer surfaces are + ve and the inner surfaces 
are -ve, with a potential difference about -70 mV. The membrane 
is in the polarized state. The RMP is due to an unequal 
distribution of ions on both sides of the cell membranes with 
relatively excess cations outside (mainly Cl" and HCO3') and 
excess anions inside (mainly negatively charged organic proteins) 
due to selective permeability of cell membranes (permeability to 
K+ is 50-100 times greater than that to Na+). The diffusion of ions 
across cell membranes occurs according to both their concentration 
and electrical gradients, so Na+ ions tend to diffuse inside the cells 
while K+ ions tend to diffuse outside the cells, but this is limited 
due to the low permeability of the cell membranes to Na+ and Na+- 
K+ pump in the resting state. Some ion channels are voltage-gated 
(i.e. controlled by the present potential), while others are ligand-
gated (i.e. controlled by certain chemical substances). The Na+ - K+ 
pump  pumps 3 Na+ out of the cell and transports only 2 K+ ions into 
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the cell against both concentration and electrical gradients which 
needs energy  provided from breakdown of ATP by Na+ - K+ 
ATPase enzyme. (Vander et al, 2001)                

Nerve Changes upon Propagation of the Nerve 
Impulse:  

A. Electric Changes (The Action Potential (Ap):  

The changes in potential that occur in excitable nerve fibers 
when stimulated is transmitted as a self-propagated disturbance 
known as the nerve impulse. Stimulating the nerve is followed by 
an isopotential latent period then depolarization, repolarization, 
after-depolarization and after-hyperpolarization (figure 1). 

 

 

 

  

 

 

 
 

                Figure (1): Various stages of AP.  (Bannerjee, 2005)  

· Depolarization (DP): This is loss of the normal resting 
polarized state of the membrane. It is recorded as a rise of the 
membrane potential in the positive direction from -70 mV towards 
zero potential producing the ascending limb of the A.P. Such 
process occurs in steps as follows: DP develops slowly, but after the 
membrane potential becomes about -55 mV) the rate of DP 


