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The Neuron 
 

The Nerve Cell 
 

Types of Neurons: 
 
There are three major types of neurons: 
 1. Sensory (afferent) neurons 
 2. Motor (efferent) neurons 
 3. Interneurons 
  a. Principal interneurons are large and have long axons and therefore they connect different 

parts of the brain together.  They generate an output to an area (e.g., nucleus) in the 
hypothalamus and connect it to the cortex. 
 

  b. Intrinsic neurons are confined to a certain subdivision of the brain.  Their processes originate 
and terminate in the same subdivision.  Therefore they have short axons.  Some of them do 
not have axons (anaxonic). 

 
The nervous system contains two principal classes of cells:  the neurons (the nerve cells) and the 
neuroglial (glial) cells.  The latter fill the spaces between the neurons nourishing them and modulating 
their function. 
 
The nerve cell or the neuron is the building block of the nervous system.  It is estimated that the human 
CNS possesses about 100 billion neurons. 
 
The Anatomical vs. Physiological Structure of the Neuron 
 
The Anatomical Structure of the Neuron: 
 
The size and shape of the different types of neurons vary widely; however, the structural plan of all 
neurons includes certain structures: 
 
 1. Soma:  It is the cell body of the neuron where most of the cytoplasm including the nucleus and 

the different organelles such as ribosomes, lysosomes and endoplasmic reticulum are found.  
Therefore it is the factory for all proteins and membranes.  Here newly synthesized 
macromolecules are assembled into membranous vesicles or multiprotein particles, which are 
transported to other regions of the neuron. 

 
 2. Axon (neurite):  It is a fiber that conducts the electrical impulse away from the cell body.  It may 

be a meter or more in length.  Its diameter varies from a micrometer (in the human brain) to a 
millimeter (in the giant nerve of the squid).  The speed with which the neuron conducts impulses 
is directly proportional to its diameter.  The speed of conductance can be as fast as 100 meters 
per second.  Some axons are surrounded by a myelin sheath made up of a stacked layer of 
plasma membranes of Schwann cells (a type of glial cells).  This type of axon conducts impulses 
faster than unmyelinated ones with similar diameter.  Along the axon run microtubules and 
intermediate filaments.  The main function of the microtubules is the transportation of the 



proteins, the membrane vesicles and other macromolecules from the soma to the axon terminals.  
The movement of these materials through the axon is called orthograde (anterograde) 
axoplasmic transport, which is essential for the renewal of membranes and enzymes in the nerve 
terminal.  Axonal fibers are also involved in the movement of damaged membranes and 
organelles up the axon toward the cell body, where they are degraded.  This process is called 
retrograde transport.  The nerve impulse (action potential), which is conducted by the axon, 
originates at the junction between the axon and the cell body, known as axon hillock, and travels 
along the axon to the axon terminal known as telodendrites (small branches of the axon), from 
which electrical signals are passed to the next neurons in a nerve circuit through synapses or to 
the muscle through the neuromuscular junction or to any other types of cells.  There are two 
types of axonal transport systems in either direction, the fast (400 – 2000 mm/day) and the slow  

  (1 – 5 mm/day). 
 
 3. Dendrites:  They are processes that extend outward (actual extensions) from the cell body and 

their main function is to receive signals from other neurons.  They convert these signals into 
small electric impulses and transmit them to the cell body.  Some neuronal cell bodies contain 
specialized regions that can receive signals directly.  The electrical signals travel to the axon 
hillock where action potential originates.  These action potentials are then conducted along the 
axon. 

 
The Physiological Structure of the Neuron: 
 
The functional structure of the neuron consists of five segments: 
 
 1. Receptive Segment:  It is the portion that senses, receives, and integrates information from 

numerous synapses for neural processing.  It is specialized for the reception of stimuli (input) 
which results in the generation of local potentials.  This local potential is called the synaptic 
(postsynaptic) potential or chemical potential.  The chemicals responsible for generating this 
kind of potential are chemically (transmitter) gated.  In sensory peripheral nerves this segment is 
located in sensory receptors in the body such as touch receptors.  This segment contains modality 
specific gated sodium and potassium channels.  In these neurons the local potential is called 
receptor or generator potential. 

 
 2. Initial Segment:  It is the junctional or trigger zone between the receptive zone and the 

conductive zone.  It is the place where the collective effects of the receptive zone generate an 
integrated (integral) potential which is able to trigger (initiate) the generation of an action 
potential of the conductile segment. 

 
 3. Conductile Segment:  This is the part of the neuron  that is specialized for conduction of action 

potential for the receptive segment to the transmissive synaptic segment.  It conveys  
  all-or-none action potentials.  This segment contains voltage gated channels. 
 
 4. Transmissive Segment:  It contains the presynaptic membrane and synaptic vesicles.  The action 

potential arriving from the conductile segment activates, through voltage gated channels, the 
release of neurotransmitters which, in turn, influence (excite or inhibit) the receptor sites of the 
postsynaptic cell. 

 
 5. Trophic Segment:  It is the cell body.  This is the metabolic center of the neuron.  Usually it is 

located at the receptive segment, but in the sensory neurons of the peripheral nerves, it is at the 
middle of the conductile segment. 



The Synapse 
 
The synapse is the site of contact of one neuron with another. 
 
The synaptic cleft:  It is a submicroscopic space (200Å) between the presynaptic membrane and the 
postsynaptic membrane. 
 
 
 
Anatomic Classification of the Synapses 
 
Synapses are classified according to where they are found on the nerve cell and to which part of the next 
nerve cells they connect. 
 
 1. Axosomatic Synapses:  They are found at the end of the presynaptic axon and are in contact with 

the cell body of the postsynaptic cell. 
 
 2. Axodendritic Synapses:  They are found at the end of the presynaptic axon and are in contact 

with the dendrites of the postsynaptic cell. 
 
 3. Axoaxonic Synapses:  They are found at the end of the presynaptic axon and are in contact with 

the axon of the postsynaptic cell. 
 
 4. Dendrodendritic Synapses:  They are found at the end of the presynaptic dendrites and are in 

contact with the dendrites of the postsynaptic cell (e.g., in olfactory bulb and retina). 
 

·  The number of synapses per one axon varies widely, in some cases exceeding many 
thousands. 

·  The dendrite-cell body complex may receive well over 15,000 synapses. 
·  The presynaptic membrane is the axonal membrane at the synapse. 
·  The postsynaptic membrane is the membrane of the cell body, dendrite, muscle cell or the 

glandular cell where the synapse makes a contact. 
·  The subsynaptic membrane is that part of the postsynaptic membrane which is exactly facing 

the presynaptic membrane. 
·  The cytoplasm adjacent to the presynaptic membrane has a concentration of mitochondria 

and presynaptic vesicles. 
·  This concentration is not found in the cytoplasm adjacent to the subsynaptic membrane. 
·  The presynaptic vesicles contain the neurotransmitters. 

 
Physiological Classification of Synapses 
 
Synapses are classified according to the way they transmit the neural signals into two different types: 
 
 1. Chemical Synapses:  In a chemical synapse the axon terminal of the presynaptic cell contains 

vesicles filled with a particular neurotransmitter substance such as epinephrine or acetylcholine.  
When a nerve impulse reaches the axon terminal, some of the synaptic vesicles are exocytosized, 
releasing their contents into the synaptic cleft, the narrow space between the presynaptic cell and 
the postsynaptic cell.  The neurotransmitter diffuses across the synaptic cleft and, after a lag 
period of about 0.5 ms, binds to receptors on the postsynaptic cells.  Upon binding, it induces a 
change in the ion permeability of the postsynaptic membrane that results in disturbance of the 



plasma membrane electric potential at this point.  The disturbance may be sufficient to induce an 
action potential.  In some cases enzymes attached to the fibrous network connecting the cells 
destroy the chemical signal after it has functioned; in other cases, the chemical signal diffuses 
away or reincorporates (recycles) into the presynaptic cell.  Many of the chemical synapses are 
excitatory but often they are inhibitory. 

 
 2. Electrical Synapses:  Neurons communicating by an electric synapse are connected by junctions 

across which electric impulses can pass directly from the presynaptic cell to the postsynaptic 
one.  Electric synapse allow an action potential to be generated in the postsynaptic cell with 
greater certainty than chemical synapses and without a lag period. 

 
Neuroglia (Glia) 

 
Neuroglia are the non-neural cells of the CNS.  They represent about 405 of the total volume of the 
CNS.  Depending on the region of the central nervous system, they outnumber the neurons from 5 to 50 
times.  Their function is to support, to nurture and to maintain relatively constant environment (milieu) 
for the neurons. 
 
The Different Types of Glia 
 
There are several types of neuroglia: 
 
 1. Oligodendroglia (oligodendrocytes) of the CNS are the equivalent of the neurolemma cells of 

the PNS.  The cell body of each oligodendrocyte has several extensions, each of which forms the 
myelin sheath of an internode of a different nerve fiber. 

 
 2. Astroglia (astrocytes):  They have sheath-like processes that extend out among the neuron.  

These processes extend to the (a) basement membrane of the capillaries, (b) cell bodies and 
dendrites of the neurons to envelop the synapses and thereby keep each synapse isolated from the 
others, (c) pia mater to form the pia-glial membrane adjacent to the subarachnoid space (see fig.).  
These cells act to store and transfer metabolites from the capillaries to the neurons.  They also act 
as a sink for excess potassium and other substances such as neurotransmitters from the 
extracellular space that accumulate during the neuronal activity. 

 
·  The above two types of glial cells (macroglia) encapsulate the neurons and separate them 

from each other except at the synapses.  They usually react to the injury of neurons and they 
can form permanent scars or plaques by a process known as gliosis. 

 
·  The microglia are mesodermal cells that are related to the macrophages of the body and they 

are present in very small quantity in the CNS.  However they increase in number due to 
infection or injury of the nervous system. 

 
·  The ependymal cells are another type of glial cell that line the ventricular cavities and the 

choroid plexuses.  They are involved in the production of the cerebrospinal fluid (CSF). 
 



The Nerve Signal 
 

Outline of Events 
 

Excitation 
·  Excitation = Depolarization 
·  Depolarization results from the influx of Na+ through L.G. channels 
·  Only Na+ channel can be open during this process  
·  The process results in EPSP 

 
What is EPSP? 

·  Excitatory Post Synaptic Potential 
·  It is the level of depolarization in the receptive segment 
·  It varies in value depending on the amount of cations and anions left in the receptive segment 
·  It is a graded potential that lowers in value as it travels away from the point of excitation 
·  Its value has to be equal to or exceed the threshold of the V.G. channels of Na to generate AP in 

the initial segment 
 
Neuronal Signal 

·  It is the action potential initiated by the influx of Na+ through the V.G. channels 
·  It is an all-or-none phenomenon; therefore, it is always of the same magnitude and duration 
·  It travels only in one direction 
·  Its conduction speed is determined by the diameter of the neuron and the degree of myelination 

of the neuron 
 
Classification of Neurons 

·  C Neurons 
·  Unmyelinated 
·  The smallest diameter 

 
·  B Neurons 

·  Some myelination 
·  Medium diameter 
 

·  A Neurons 
·  Largest diameter 
·  Different in myelination 

·  A(alpha):  highly myelinated 
·  A(beta):  medium myelinated 
·  A(delta):  least myelinated 

 



Post Synaptic Inhibition 
·  It is the prevention of a neuron from reaching threshold and therefore generating AP 
·  This can be accomplished by influx of Cl– or efflux of K+ before or at the same time as excitation 
·  Usually results in IPSP 

 
What is IPSP 

·  Inhibitory Post Synaptic Potential 
·  It is a local hyper polarization of the postsynaptic membrane 
·  Its significant effect results in the lowering of the level excitation which may stop the neuron 

from reaching threshold and generating neuronal signal (AP) 
 
Nerve Transmission 
Signal transmission takes place in two forms: 
  –Through Chemical Synapses 

·  Neurotransmitter is released from the presynaptic neuron to cause effect on the 
postsynaptic one 

  –Through Electrical Synapses 
·  Ions flow from the presynaptic neuron to the postsynaptic through gap junctions 

 
Sequence of Events in Chemical Synapses 
 

Action potential ar r ives at the  
transmissive segment 

  
V.G. channels open 

  
Influx of calcium 

  
Activation of calmodulin-like enzyme 

  
Breakdown of synapsin 

  
Migration of synaptic vesicles toward presynaptic membrane 

  
Exocytosis of neurotransmitters 

 



Presynaptic Inhibition 
·  Action of inhibitory neurotransmitter (NT) released by an axoaxonic synapses on the              

presynaptic membrane 
·  An attempt to reduce the release of NT from the presynaptic neuron 
·  The NT blocks calcium channels and therefore reduces the influx of Ca ions into the presynaptic 

neuron 
 
Presynaptic Facilitation 

·  Action of a neurotransmitter (NT) released by an axoaxonic synapse on the presynaptic 
membrane 

·  An attempt to increase the release of NT from the presynaptic neuron 
·  The NT acts on L.G. calcium channels and therefore enhances the influx of Ca ions into the     

presynaptic neuron which enhances the release of NT from the presynaptic neuron 



Trophic Effects and Nerve Growth Factors 
 

Trophic effects is a term used for the long-term effects exerted through specific chemical substances, 
known as trophic factors, passing from one cell or tissue to affect another.  In the nervous system, 
trophic effects are expressed in two ways:  (1) neurons exert influences on other tissue or (2) non-neural 
tissue exerts influences on neurons. 
 
Usually these effects are responsible for various aspects of the formation and maintenance of structural, 
chemical, and functional integrity of the target cells. 
 
The trophic action by neurons on the peripheral tissue is illustrated by the role of the taste nerve upon 
the taste buds. 
 
Example of trophic factors is the nerve growth factor (NGF), described by Levi-Montalcini and Cohen 
(Nobel Prize 1986).  The effects of this trophic factor start at the embryonic life and continue through 
adulthood, progressively reduced by age but never totally lost.  NGF is essential for the survival of the 
sympathetic and sensory neurons.  It has a role in the differentiation and maintenance of viability of 
these neurons.  It is a diffusible protein manufactured in the target tissue of these neurons and picked up 
by their axons where it has certain local effects and some of it is carried by the retrograde axonal 
transport to the cell body where it exerts its broad effects. 
 
Evidence for the presence of another neurotrophic factor, brain-delivered neurotrophic factor (BDNF), 
in the brain itself, is now established. 
 
Nerve Regeneration 
 
 1. Axon Reaction:  The neuron responds to injury through a series of events known as axon 

reaction.  These include: 
   
  a. Changes in the cell body:  This includes several changes such as swelling of the soma, 

eccentrical location of the nucleus, increase and redistribution of the ribosomes (RNA).  The 
later activity near the plasma membrane results in lack of staining in the central part of the 
soma (chromatolysis) indicating enhanced synthesis of proteins prior to their distribution to 
the regenerating axon. 

 
  b. Changes in the nerve fibers:  This takes place in both parts, the distal and the proximal, of the 

injured axon where the following takes place.  The proximal part (closer to the cell body) of 
the axon is sealed by newly formed membrane (within one day).  During the following weeks 
the myelin sheath and the axis cylinder of the distal part fragment and the myelin are taken 
away by phagocytosis.  The neurolemma cells divide by mitosis and form continuous cords, 
each lined by a basal lamina formed by its neurolemma cells, and extend to reach the location 
of the original nerve terminal (the target tissue). 

 



 2. Axonal Regeneration:  In this step the axis cylinder of the proximal part grows out of the stump 
and branches into many sprouts.  Each of these spread randomly in an attempt to cross the gap 
between the two stumps and contact the neurolemma cord to which they are attracted by certain 
chemical factors (e.g., glycoprotein laminin) found in the basal lamina. 

 
  Regeneration does not happen in the CNS with the exception of the successful axonal sprouting 

of the hypothalamic neurosecretory neurons and certain neurons containing such amines as 
dopamine, norepinephrine and serotonin.  This failure may be due to the fact that the neuroglial 
cells lack basal lamina, which in turn results in the lack of the chemotrophic factors that are 
essential to guiding regenerating axons.  However, axonal sprouting from axons of normal CNS 
neurons in the vicinity of an injury can form and terminate and form new synapses with neurons 
deprived of some innervation by other neurons damaged by a lesion.  This explains some 
functional recoveries following an injury to the CNS.  Attempts are made to transplant certain 
neurons into the basal ganglia of patients with Parkinson’s disease. 



                     



Steps of Nerve Regeneration 
 
 
 
 
 
 

 
 









 
 


