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The nervous system divided anatomically into:

1. Central nervous system (CNS), consisting of the brain & spinal cord.

2. Peripheral nervous system (PNS), consisting of cranial & spinal nerve fibers, their ganglia & nerve endings.

The nervous tissue consists of two groups of cell types:

1. Neurons (nerve cells).

2.  Supporting cells.  
Nerve cells:

               They are basic structural & functional units of nervous system. They are  

               specialized cells receive stimuli & conduct electrical impulses to other parts 

               of the nervous system.
Supporting cells:

Non conducting cells, called                                                 Astrocytes
1. Neuroglia in CNS                                                        Microglia                   
2. Schwann cell in PNS.                                                  Oligodendrocytes
3. Satellite cell in ganglia (PNS).                                    Ependymal cells         
Morphology of nerve cells: Most of nerve cells have 3 main parts
1. Cell body (perikaryon or soma).

2. Dendrites.

3. Axon.
1. Dendrites:
· Are processes (extensions) of the cell body, they increase the receptive area of neuron.

· Contain the same organelles as the cell body except Golgi body.

· Contain Nissl bodies (RER).

· Generally branched.

· The surface membrane irregular.

· Many of dendrites.

2. Perikaryon (cell body):
          Neurons like most mammalian cells have 
· Nucleus: centrally located mostly with prominent nucleolus, whereas, eccentrically located in the CNS. Sex chromatin present as a dark body distinct from the nucleolus present in female animals, but present in 5% of male animals too.
· Endoplasmic reticulum (RER & SER): Abundant RER in the cell implies large amount of protein, specifically in neurosecretory neurons. The granules of RER are large basophilic called Nissl bodies. Some of RER present in axon but not organized into Nissl bodies. SER is associated with lipid synthesis.
· Lysosomes. Present in all neurons. Its function is that when the degenerated neuron reaches a critical point, lysosomes rupture & release their hydrolytic enzymes resulting in death of the cell.
· Neurofibrils: these organelles have affinity to silver stains, are peculiar to neuron, present in all its parts except terminal end of axon.
· Mitochondria: present in all part of the cell, function in producing oxidative energy.
· Golgi complex: composed of small tubular or cistrernal structures surrounding the cell nucleus.
· Nissl bodies: are concentrating RER, found also in dendrites but absent in axon hillock & axon.
· Lipofusin: it is considered an age-pigment, more prevalent in older ages.

· Secretory vesicles: present in all neurons particularly those of hypothalamus, where the Neurosecretory materials are associated with hormones.

· Melanin granules: present in some neurons, closely related metabolically to epinephrine & norepinephrine which are function significantly in transfer of neuronal information among nerves in PNS.
3. Axon:
Long process extends from the neuron, single, its diameter is fairly constant, originate in a short pyramid-like structure called axon hillock which lacks Nissl substances. Except in motor end plate, myelinated or non myelinated, convey impulse away from neuron to other neurons or to effectors (muscle or gland).
Axon hillock:
 Is a conical projection devoid of Nissl bodies & Golgi complex.
Initial segment:
It is the region of axon between the apex of the axon hillock & beginning of myelin sheath.
	
	Dendrites
	Axon

	1
	Contain Nissl bodies
	not contain

	2
	Unmyelinated, rough due to the presence of dendritic spines
	Myelinated & Unmyelinated & smooth

	3
	Generally branched at acute angles from their parent process         
	Generally branched at right angles

	4
	Generally numerous
	Single

	5
	Originate from cell body directly
	Originate from axon hillock

	6
	Receive & conduct information to the cell body
	Conduct information away from cell body to other parts


Classification of Neurons 

1. Neuron can be classified according to the number of processes into

a. Unipolar neurons. A unipolar neuron is a type of neuron in which only one protoplasmic process extends from the cell body. Many types of primary sensory neurons are unipolar. Typically these have special structures for transducing some type of physical stimulus (light, sound, temperature, etc) into electrical activity, no dendrites, and a single axon that conveys the resulting signals into the spinal cord or brain. Motor neurons are unipolar cells that conduct signals away from the central nervous system and stimulate responses in muscles and glands.
b. Pseudounipolar neuron has one axon with two branches: central and peripheral. These axonal branches should not be confused with dendrites (pseudounipolar neurons do not have dendrites)dorsal root ganglion . The soma of each pseudounipolar neuron is located within a . Each axon has a peripheral branch (from the cell body to the periphery: skin, joint and muscle) and a central branch (from the cell body to spinal cord). The axon leaves the cell body (and out of the dorsal root ganglion) into the dorsal root, where it splits into two branches. The central branch goes to the posterior (dorsal) horn of the spinal cord, where it forms synapses with other neurons. The peripheral branch travels through the distal dorsal root into the spinal nerve all the way until skin, joint, and muscle.
c. Bipolar neurons: These are specialized sensory neurons for the transmission of special senses. They are a part of the sensory pathways for smell, sight, taste, hearing and vestibular functions. Have two processes dendrites (associated with sense receptors) and one as axon carry information toward the central nervous system. Common examples are the bipolar cell of the retina, the ganglia of the vestibulocochlear nerve, and olfactory cells in olfactory epithelium.  
d. Multipolar neurons: This type of neuron possesses a single (usually long) axon and many dendrites, allowing for the integration of a great deal of information from other neurons. These dendritic branches can also emerge from the nerve cell body. Multipolar neurons constitute the majority of neurons in the brain and include motor neurons in spinal cord and interneuron.
2. Neuron can be classified according to their function into

a. Sensory (afferent): convey impulses from receptors to CNS (Unipolar).

b. Motor (efferent): convey impulses from CNS to effectors cells (muscles or glands)
c. Intermediate neuron (interneuron): communicate between sensory & motor neurons.

d. Neurosecretory neurons: these are specialized neurons that synthesize & secrete hormones.
3. Neuron can be classified according to the shape of dendritic tree into:
a. Isodendrititic neurons: Their branches are organized in relatively rectilinear direction from cell body & exhibit limited branches. The branches are generally larger than the patent dendrite & they are readily penetrate the surrounding complexes of neuronal processes (neuronal fiber system).
b. Allodendritic neurons: They exhibits irregular dendritic tree & posses numerous branches more than those of isodendrititic neurons. These fibers ovoid surrounding neural fibers, but present in limited degree.
c. Idiodendritic neurons: They exhibit more profuse branching than the other types & rarely project into the surrounding neuronal fiber system.
4. Neuron can be classified according to the length of their processes into: 
a. Golgi type I neurons: They posses long processes projecting from 1 mm to 1 m from the cell body. 

b. Golgi type II neurons: They posses short processes projecting from few microns to 1 mm from the cell body.

Supporting cells (Neuroglia, glial cells):
1.  Non-neural cells.

2.  Found in the CNS (nearly ten neuroglia will support each neuron).

3.  Smaller in size than neuron. 

4.  Neuron cannot develop without the present and support of neuroglia.

	
	Neuroglia
	Neuron

	1
	have not
	Have an action potential                       

	2
	able to divide
	Cannot divided                         

	3
	do not
	Form synapses

	4
	form the myelin sheath of the axon
	Haven’t this property                    


There are 6 basic types of neuroglia, 4 in CNS & 2 in PNS, based on morphological & functional features
1. Astrocytes (Astroglia): 
Present only in CNS, & are the largest of the Neuroglia. They have long processes which often terminate in pedicles of blood capillaries & contribute to blood-brain-barrier. There are two types

· Protoplasmic Astrocytes: present in gray matter of CNS (brain & Spinal cord). Their processes are thick relatively.

· Fibrous Astrocytes: present in white matter of CNS. Their processes are much thinner than those of the protoplasmic Astrocytes.
2. Oligodendrocytes (Oligodendroglia): 

· Smaller than Astrocytes.

· Fewer & shorter processes than Astrocytes.

· Found in both gray & white matter of CNS.

· Responsible for myelin sheath in CNS.

· Oligodendrocytes & Astrocytes are large cells called Macroglia.
3. Microglia: 
· Small cells with elongated body & rounded nucleus.
· Found in gray & white matter of CNS.
· Its function as macrophages.
· Mesenchymal in origin & derived from blood monocytes.
4. Ependymal cells:
· Line the internal cavities (ventricle) of the brain & spinal cord (central canal.
· Single layer of ciliated cuboidal or low columnar cells & may possess microvilli, 

ciliary action, acts to circulate cerebrospinal fluid (CSF).
5. Schwann cells: In PNS
· Schwann cell membrane (lipoprotein) produce the myelin sheath, wrap (enfold) around the axon in the PNS. The cytoplasm & nucleus of Schwann cell provide the neurilemma.
Neurilemma is a thin membrane spirally enwrapping the myelin layers of certain fibers, especially of the peripheral nerves, or the axons of some unmyelinated nerve fibers.
· Axon hillock & the telodendria are devoid of myelin sheath.

6. Satellite cell: In PNS
Single layer of flattened cells around each neuron in the ganglia
Nerve fibers: Myelinated &Unmyelinated

Myelinated nerve fibers:
Nerve fiber consist of axons enveloped by a special sheath 
· In the PNS the sheath cell is Schwann cell.

· In CNS the sheath cell is Oligodendrocytes.

· The axon of small diameter are usually non myelinated

· The thicker axons have concentric wrappings of the enveloping cell to form the myelinated sheath. These fibers called myelinated fibers.
· The sheath of myelinated fibers is formed by concentric layers of membranes of Schwann cells (in PNS) or Oligodendrocytes (in CNS) around the axons.

· The myelinated sheath surrounding the axon is seen as a series of myelinated internodes, separated by nodes of Ranvier.
· The myelin of each internode is formed by a single Schwann cell, whose nucleus is seen at the periphery.

· Myelinated axons of the CNS: a single Oligodendrocytes produce myelin sheath to several axons.
Unmyelinated nerve fibers:
· Found in both CNS & PNS.

· Postganglionic fibers of the autonomic CNS are non myelinated.

· The axons are enclosed in simple cleft of Oligodendrocytes or Schwann cells.

· Each Schwann cell may enclose several non myelinated axons.
Synapses:
Are morphologically specialized contacts between a buttons formed by one neuron, (presynaptic neuron) & the cell surface of another neuron (postsynaptic neuron) or between neurons & other effector cells (muscle & gland cells). Synapses are responsible for the unidirectional transmission of nerve impulses.  
Synapse may be classified into:

1. Axodendritic: occur between axon of one cell & dendrites of another cell.

2. Axoaxonic: occur between axon of one cell & axon of another cell.

3. Dendrodendritic: occur between dendrites of one cell & dendrites of another cell.
Nerve ganglia:
· Ganglia are group of nerve cell bodies (perikaryon) outside the CNS, each ganglion surrounded by connective tissue capsule.
· Two types of ganglia can be distinguished based on their morphology & function:

1. Spinal ganglia (dorsal root ganglia).

2. Autonomic ganglia.
Spinal ganglia:
· Found in the dorsal roots of spinal nerves.
· Carry afferent sensory impulses.

· The ganglia are surrounded by a fairly thick connective tissue capsule.

· The perikaryon belongs to the Unipolar (Pseudounipolar) neuron.

· Each perikaryon has T-shaped process continuous with the afferent axon.

· The perikaryon is surrounded by a layer of glial cells (satellite cells).

· The perikaryon distribution in the ganglia is in group mainly close to the periphery & the nerve fibers found in bundles in the center of the ganglia.
Autonomic ganglia:
· Are associated with nerves of the autonomic nervous system.
· They are found as dilations of autonomic nerves & may be encapsulated.

· In many cases the ganglia are seen in the wall of organs especially in the digestive system (intramural) & lack a capsule.
· The neurons are Multipolar & the perikaryon is smaller & fewer satellite cells.

· The neurons are equal distributed.

· The fibers don’t form bundles.

Preganglionic neurons: Have cell bodies within the CNS & their processes projects to 

                                        ganglia of PNS.
Postganglionic neurons: Have cell bodies located within these ganglia & projects processes 

                                          to the visceral effector organs.
Connective tissue of the PNS: 

· In the PNS nerve fibers are grouped in bundles to form the nerve.

· Endoneurium: The connective tissue found immediately surrounding Schwann cell & axons (thin layer of reticular fibers).

· Perineurium: connective tissue sheath that surround bundles of nerve processes & layers of flattened epithelium-like cells surround each bundle of nerve fibers.
· Epineurium: the external connective tissue sheath that surrounds the entire peripheral nerve trunk.

Nerve endings: The nerve processes of the PNS terminate within the tissues of body in a  

                           variety of specialized nerve endings.

Peripheral nervous system
The peripheral nervous system (PNS) is one of the two major divisions of the nervous system.  The nerves in the PNS connect the CNS to sensory organs (such as the eye and ear), other organs of the body, muscles, blood vessels and glands. The peripheral nerves include the   cranial nerves, the spinal nerves and roots, and what are called the autonomic nerves. The autonomic nerves are concerned with automatic functions of the body. Specifically, autonomic nerves are involved with the regulation of the heart muscle, the tiny muscles lining the walls of blood vessels, and glands. 

Cranial nerves:

1. Olfactory nerve (purely sensory).                   (I)  
2. Optic nerve (purely sensory).                         (II)
3. Oculomotor nerve (mainly motor).                (III)
4. Trochlear nerve (mainly motor).                    (IV) 
5. Trigeminal nerve (mixed).                              (V)
6. Abducent nerve (mainly motor).                    (VI)
7. Facial nerve (mixed).                                    (VII)
8. Vestibulocochlear nerve (mostly sensory      (VIII)
9. Glossopharyngeal nerve (mixed).                  (IX)
10.  Vagus (mixed).                                              (X)
11.  Accessory nerve (mainly motor).                  (XI)
12.  Hypoglossal nerve (mainly motor).              (XII)
Nervous Tissue








in CNS





Dendrite & axon are called nerve cell processes
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