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1.1 Neuron Physiology

The neuron (Greek: nerve cell) is the fundamental unit of the nervous
system, particularly the brain [1, 2, 3]. Considering its microscopic size,
it is an amazingly complex biochemical and electrical signal processing
factory. From a classical viewpoint, the neuron is a simple processing
unit that receives and combines signals from many other neurons through
filamentary input paths, the dendrites (Greek: treelings) (Figure 1-1).
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Figure 1-1 Representation of a neuron.

Dendrites are bunched into highly complex "dendritic trees," which
have an enormous total surface area. Dendritic trees are connected with
the main body of the nerve cell, the soma (Greek: body). The soma has
a pyramidal or cylindrical shape. The outer boundary of the cell is the
membrane. The interior of the cell is filled with the intracellular fluid,
and outside the cell is the extracellular fluid. The neuron's membrane
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and the substances inside and outside the neuron play an important role
in its operation and survival. When excited above a certain level, the
threshold, the neuron fires; that is, it transmits an electrical signal, the
action potential, along a single path called the axon.* The axon meets
the soma at the axon hillock. The axon ends in a tree of filamentary
paths called the axonic endings that are connected with dendrites of other
neurons. The connection (or junction) between a neuron's axon and another
neuron's dendrite is called a synapse (Greek: contact). A synapse consists
of the presynaptic terminal, the cleft or the synaptic junction, and the
postsynaptic terminal (Figure 1-2).
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Figure 1-2 Synapse in detail.

A single neuron may have 1000 to 10,000 synapses and may be con-
nected with some 1000 neurons. Not all synapses are excited at the same
time, however. Because a received sensory pattern via the synapses proba-
bly excites a relatively small percentage of sites, an almost endless number
of patterns can be presented at the neuron without saturating the neuron's
capacity. When the action potential reaches the axonic ending, chemical
messengers, known as neurotransmitters, are released. The neurotrans-
mitters are stored in tiny spherical structures called vesicles (see Figure
1-2) and are responsible for the effective communication of information
between neurons.

When a neurotransmitter is released, it drifts across the synaptic junc-
tion or cleft and initiates the depolarization of the postsynaptic mem-
brane; in other words, the ion distribution at the surface of the membrane
changes, and thus the voltage across the membrane of the receiving neu-
ron, the postsynaptic potential, changes. The stronger the junction, the

* In some neurons, a collateral axon may grow from the main axon.


