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STRUCTURE AND ORGANIZATION

1. Central nervous system (CNS): brain and spinal cord

2. Peripheral nervous system (PNS): cranial, spinal, and 
Ganglia: small aggregates of nerve cells outside the 
CNS.

Cells in both central and peripheral:

• Neurons: have numerous long processes, responsible for 
neural synapses

• Glial cells: short processes: support and protect neurons.



SENSORY AND MOTOR

Functionally the nervous system consists of:

1. Sensory division (afferent)

A. Somatic – sensory input perceived consciously (eg, 
from eyes ears, skin, musculoskeletal structures)

B. Visceral – sensory input not perceived consciously (eg, 
from Internal organs and cardiovascular structures)

2. Motor division (efferent)

A.  Somatic – motor output controlled consciously or 
voluntarily (eg, by skeletal muscle effectors)

B. Autonomic – motor output not controlled consciously 
(eg, by heart or gland effectors)



DEVELOPMENT OF NERVE TISSUE

• Nervous tissue develops from the ectoderm.

• Beginning in the third week of development. 

• Ectoderm---thickening---epithelial neural plate---folds 

and forms the Neural tube– gives rise to entire CNS 

(neurons and most glial cells). 

• Neural crest---migrate--- gives rise to cells of PNS and 

several  other tissues.



NEURONS

• The functional unit in both the CNS and PNS

Parts of a neuron:

1. Cell body (perikaryon or soma)

• Contains the nucleus and most of the cell’s organelles

• The synthetic or trophic center for the entire neuron.

2. Dendrites: numerous elongated processes extending from the perikaryon and specialized to 

receive stimuli from other neurons.

3. Axon: a single long process ending at synapses specialized to generate and conduct nerve 

impulses to other cells (nerve, muscle, and gland cells). 



NEURON CLASSIFICATION-STRUCTURALLY 

1. Multipolar neurons: one axon and two or more 

dendrites, most common.

2. Bipolar neurons: one dendrite and one axon, 

sensory neurons of the retina, the olfactory 

epithelium, and the inner ear.

3.  Unipolar or pseudounipolar neurons: single process that bifurcates close to the perikaryon; longer branch 

extending to a peripheral ending and the other toward the CNS; all other sensory neurons.

4.  Anaxonic neurons: many dendrites but no true axon, do not produce action potentials, but regulate electrical 

changes of adjacent CNS neurons.



NEURON CLASSIFICATION-FUNCTIONALLY 

Ø Sensory neurons (afferent):

1. Sensory input perceived consciously (eyes ears, skin, musculoskeletal 
structures).

2. Visceral – sensory input NOT perceived consciously (Internal organs 
and cardiovascular structures).

Ø Motor neurons( efferent): sending impulses to effector organs muscle 
fibers and glands. 

1. Somatic motor nerves--- voluntary -- skeletal muscle.

2. Autonomic motor nerves-- involuntary or unconscious--- glands, cardiac 
muscle, and smooth muscle.

Ø Interneurons establish relationships among other neurons, forming complex 
functional networks or circuits in the CNS. Interneurons are either multipolar or 
anaxonic and comprise 99% of all neurons in adults.



NEURON PARTS



CELL BODY 
(PERIKARYON OR 
SOMA)

• Contains the nucleus and surrounding 
cytoplasm.

• It acts as a trophic center.

• Most are in contact with a great 
number of nerve endings conveying 
excitatory or inhibitory stimuli.

• Large, euchromatic nucleus with a 
prominent nucleolus (intense synthetic 
activity)

• Nissl bodies NB (Nissl 
substance, chromatophilic 
substance): numerous free 
polyribosomes and highly 
developed RER.

• The amount of NB varies with 
the type and functional state of 
the neuron---abundant in large 
motor neurons.

• The Golgi apparatus is located 
only in the cell body.

• Mitochondria can be found 
throughout the cell and are 
usually abundant in the axon 
terminals.



DENDRITES

• Short, small processes emerging and branching off 
the soma.

• Covered with many synapses.

• Are the principal signal reception and processing 
sites on neurons. 

• The large number and extensive arborization---
signals from many other nerve cells. 

• Dendrites become much thinner as they branch.

• Dendritic spines: dynamic membrane protrusions 
along the dendritic branches



AXONS

• Most neurons have only one axon.

• Axonal processes vary in length and diameter ---type 
of neuron. 

• Axolemma: plasma membrane.

• Axoplasm: contents of axon.

• Axon hillock: pyramid-shaped region of the perikaryon 
where axons originate from.

• Initial segment: concentrated ion channels which 
generate the action potential

• Axons branch less than dendrites---but undergo 
terminal arborization.



AXONS

• Axons of interneurons and some motor neurons also have major branches called 

collaterals that end at smaller branches with synapses influencing the activity of 

many other neurons. 

• Terminal bouton: Small axonal branch ends with a dilation-- contacts another 

neuron or non-nerve cell.

• Axoplasm contains mitochondria, microtubules, neurofilaments, and transport 

vesicles, but very few polyribosomes or cisternae of RER (dependence of 

axoplasm on the perikaryon).



AXON/TRANSPORT

• Anterograde transport: away from cell body. Organelles and 

macromolecules synthesized in the cell body move along 

axonal microtubules via kinesin from the perikaryon to the 

synaptic terminals. 

• Retrograde transport: toward cell body. in the opposite 

direction along microtubules via dynein carries certain other 

macromolecules---endocytosis (including viruses and toxins). 

• Anterograde and retrograde transports: 50-400 mm/d.



SYNAPSES

• Precynaptic cell

Presynaptic axon terminal (terminal bouton)

Neurotransmotter (synaptic vesicles)

Ca2+ !!!

• Synaptic cleft

20-30 nm-wide intercellular space called the

• Postsynaptic cell

Postsynaptic cell membrane



TYPES OF SYNAPSES



SYNAPSES
• Excitatory synapses cause postsynaptic Na+ channels to open--- depolarization 

wave in the postsynaptic neuron ( or effector).

• Inhibitory synapses neurotransmitters open Cl- (or other anion), causing ---influx 

of anions -----hyperpolarization--- membrane potential more negative--- resistant 

to depolarization.

• The response in postsynaptic neurons is determined by the summation of activity at 
hundreds of synapses on that cell.
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GLIAL CELLS

• Support neuronal survival and activities.

• Ten times more abundant.

• Most glial cells develop from neural plate cells

• In the CNS surrounds both the cell bodies and the 
processes of axons and dendrites (occupying the spaces 
between neurons).

• Substitute for cells of connective tissue creating 
immediately around those cells microenvironments that 
are optimal for neuronal activity. 



NEUROGLIA



CENTRAL NEUROGLIA

ASTROCYTES

• Have a large number of long radiating, branching processes

• Terminal processes of a single astrocyte associate with over a many synaptic 
sites.

• Astrocytes originate from neural tube cells.

• Most numerous glial cells of the brain.

• Most diverse structurally and functionally.

• Participate in blood-brain barrier.

• Fibrous astrocytes--- white matter ---- long delicate processes

• Protoplasmic astrocytes--- gray matter----- shorter processes.

• Communicate directly with one another via gap junctions.



CENTRAL NEUROGLIA

Oligodendrocytes

• Extend many processes---sheet-like and wraps repeatedly 
around a portion of a nearby CNS axon (myelin: electrical 
insulation—rabid transmission of impulses).

• Many oligodendrocytes for axon’s full length

• Are the predominant glial cells in white matter. 

• Appear as small cells with rounded, condensed nuclei and 
unstained cytoplasm.



CENTRAL NEUROGLIA

Ependymal cells

• Columnar or cuboidal cells that line the ventricles of the 
brain and the central canal of the spinal cord.

Microglia

• Less numerous.

• Throughout gray and white matter

• Microglia migrate, with their processes

• Constitute the major mechanism of immune defense in the 
CNS.

• Originate from circulating blood monocytes.



PERIPHERAL NEUROGLIA

Schwann cells

• Are found only in the PNS

• Differentiate from precursors in the neural crest. 

• Are the counterparts to oligodendrocytes of the CNS, 

• Having trophic interactions with axons and most 
importantly forming their myelin sheathes. 

• Forms myelin around a portion of only one axon. 

Satellite cells of ganglia 

• Derived from the embryonic neural crest.

• Form a thin glial layer around neuronal cell body in the 
ganglia.



NEUROGLIA (REQUIRED)



CNS

• The major structures: cerebrum, 
cerebellum, and spinal cord.

• Completely covered by connective tissue 
layers---meninges.

• Many regions show organized areas of 
white matter and gray matter.

• White matter: myelinated axons (often 
as tracts), oligodendrocytes, astrocytes, 
microglia, and very few neuronal cell 
bodies. 

• Gray Matter: abundant neuronal cell bodies, dendrites, Astrocytes, and microglial cells, 
and is where most synapses Occur. 

• Gray matter makes up the thick cortex Of both the cerebrum and the cerebellum; most 
white matter is in deeper regions. 

• cerebral nuclei: Containing large numbers of neuronal cell bodies.



• Spinal cord: the white matter is peripheral and the gray 
matter forms a deeper, h-shaped mass

• Two anterior projections; the anterior horns: contain cell 
bodies of very large motor neurons.

• Two posterior horns contain interneurons which receive 
sensory fibers from neurons in the spinal (dorsal root) 
ganglia. 

• Central canal: middle of the cord, is continuous with the 
ventricles of the brain, lined by ependymal cells, and contains 
CSF.

CNS



MENINGES

• Membranes of connective tissue between the bone and nervous 
tissue.

• 3 layesr

1. Dura mater

• The thick external.

• Consists of dense irregular connective tissue organized as an

• Outer periosteal layer continuous with the periosteum of the 
skull, and an inner meningeal layer. 

• Spinal cord: the dura mater is separated from the periosteum 
by the epidural space.



MENINGES

2. Arachnoid

• Has two components: (1) a sheet of connective tissue in contact with the 
dura mater and (2) a system of loosely arranged trabeculae (collagen 
and fibroblasts) continuous with the pia mater layer. 

• Avascular---lacks nutritive capillaries.

• The arachnoid and the pia mater are intimately associated.

3. Pia mater 

• Consists of flattened, mesenchymal-derived cells closely applied to the 
entire surface of the CNS tissue. 

• The pia does not directly contact nerve cells or fibers---thin superficial 
layer of astrocytic processes (the glial limiting membrane)



BLOOD-BRAIN BARRIER

• A functional barrier that allows tight control over the passage of 
substances from blood into the CNS tissue.

• The main component is the capillary endothelium: cells are tightly sealed 
together with well-developed occluding junctions, with little or no 
transcytosis activity, and surrounded by the basement membrane. 

• The astrocytic feet that envelops the basement membrane of capillaries.

• Protects CNS from bacterial toxins, infectious agents, and other substances, 
and helps maintain the stable composition and constant balance of ions in 
the interstitial fluid.

• BBB is not present in regions of the hypothalamus where plasma 
components are monitored.



PERIPHERAL NERVOUS SYSTEM

• The main components:

ØNerves, ganglia, and nerve endings. 

ØNerves are bundles of nerve fibers (axons) 
surrounded by Schwann cells 
(neurolemmocytes )and layers of connective 
tissue.

ØMesaxon: plasma membrane of each 
covering Schwann cell fuses with itself



MYLEIN SHEATH

• Membranes of Schwann cells have a 
higher proportion of lipids than do other 
cell membranes



UNMYLINATED AXONS

• In CNS,  many short axons are not myelinated.

• Each Schwann cell can enclose portion of many 
axons with small diameters--- no multiple 
wrapping of a myelin sheath.

• No nodes of Ranvier.

• Evenly distributed voltage-gated ion channels.

• Impulse conduction is much slower than that of 
myelinated axons.



NERVE ORGANIZATION

• Nerves have a whitish, glistening appearance ---myelin and collagen.

• Endoneurium: immediately around the external lamina of the Schwann cells, 

consisting of reticular fibers, scattered fibroblasts, and capillaries.

• Perineurium: surrounds groups of axons with Schwann cells and endoneurium---

fascicles-- containing flat fibrocytes with their edges sealed together by tight 

junctions.

• Epineurium: irregular fibrous coat extends deeply to fill the space between 

fascicles



NERVES



GANGLIA

• Ovoid structures containing neuronal cell bodies and their surrounding glial satellite cells supported 

by delicate connective tissue and surrounded by a denser capsule. 

Sensory ganglia

• Sensory ganglia receive afferent impulses that go to the CNS. 

• Sensory ganglia are associated with both cranial nerves (cranial ganglia) and the dorsal roots of 

the spinal nerves (spinal ganglia). 

• Are pseudounipolar and relay information from the ganglion’s nerve endings to the gray matter of 

the spinal cord via synapses with local neurons.



SENSORY G.



ANS

• Two divions: sympathetic and parasympathetic.

• Two-neurons circuits: 

1. Preganglionic neuron are located in CNS:

ØSympathetic: thoracic and lumbar segments.

ØParasympathetic: medulla/midbrain and sacral 
segment of spinal cord.

2. Postganglionoic neuron (outside CNS; in a 
ganglion).



AUTONOMIC NS
Autonomic ganglia 

• Small bulbous dilations in autonomic nerves, usually 
with multipolar neurons. 

• Some are located within certain organs, especially in 
the walls of the digestive tract --- intramural ganglia.

• Autonomic nerves use two-neuron circuits. 

• The first neuron of the chain, with the preganglionic
fiber, is located in the CNS--- synapse with 
postganglionic fibers of the second multipolar 
neuron in the chain located in a peripheral ganglion 
system. 



NERVE PLASTICITY AND REGENRATION 
Major players in nerve regeneration:

• Neurotrophins: growth factors produced by both neurons and glial cells.

• Stem cells.

• Astrocytes.

• Existing neurons.

ØNeurons regeneration is limited to formation of new synapse by the existing ones. 

ØPresent neurons can not divide to replace lost ones.

ØDivision of astrocytes at the site of injury could interfere with axonal regeneration.

ØStem cells in CNS are under heavy investigation in regeneration.



NERVE REGNRATION

• Injured axons have a much greater potential for regeneration and 

return of function if the cell bodies are intact, damaged, or severed 

ONS axons can regenerate.

• Distal portions of axons, isolated from their source of new proteins 

and organelles, degenerate; the surrounding Schwann cells 

dedifferentiate, shed the myelin sheaths, and proliferate within the 

surrounding layers of CT 

• Cellular debris including shed myelin is removed

• By blood-derived macrophages, which also secrete neurotrophins to 

promote anabolic events of axon regeneration.


