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Nervous System
  The human Nervous system is the most complex system in the human body, is formed by a network of more than 100 million nerve cells  (neurons) assisted by many more glial cells. 
Anatomically the nervous system is divided into the Central Nervous System consisting of the brain and the spinal cord AND the Peripheral Nervous System, composed of the nerve fibers and small aggregates of nerve cells called nerve ganglia. 
Structurally, nerve tissue consist of two cell types: nerve cells or neurons, which show numerous long processes and several types of glial cells, which have short processes, support and protect neurons and participate in neural activity, nutrition and the defense processing in the Central Nervous System.                          
Neurons:                                                                        
    Nerve cells or neurons, are responsible for the reception, transmission and processing of stimuli; the triggering of certain cell activities; and the release of neurotransmitters.  
   Most neurons consist of three parts: the dendrites which are multiple elongated processes specialized in receiving stimuli from the environment, sensory epithelium, or other neurons, the cell body or the perikaryon which is the trophic center and is also receptive to stimulus and the axon which is a single process specialized in generating or conducting nerve impulse to other cells. The distal portion of the axon is usually branched and constitutes the terminal arborization, each branch is terminates on the next cell in a dilatation called end bulbs (boutons) which interact with other neurons or non nerve cells, forming structures called synapses, synapses transmit information to the next cell. Neurons and their processes are variable in size and shape, cell body can be spherical. Ovoid or angular, some are very small 4-5 µm in diameter others can be seen by naked eye.
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Figure 1. Motor neuron. The myelin sheath is produced by oligodendrocytes in the central nervous system and by Schwann cells in the peripheral nervous system. The neuronal cell body has an unusually large, euchromatic nucleus with a well-developed nucleolus. The perikaryon contains Nissl bodies, which are also found in large dendrites. An axon from another neuron is shown at upper right. It has 3 end bulbs, one of which forms a synapse with the neuron. Note also the 3 motor end-plates, which transmit the nerve impulse to striated skeletal muscle fibers. Arrows show the direction of the nerve impulse.

Based on the shape and the size of their processes, most of the neurons can be placed in one of the following categories: Multipolar neurons which have more than two processes one is the axon, the others are the dendrites, Bipolar neurons with one process is the axon, the other is the dendrite and Pseudounipolar which have a single process that divide into two processes one being the dendrite and the other is the axon. In pseudounipolar neurons, stimuli that are picked up by the dendrites travel directly to the axon terminal without passing through the perikaryon.
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Figure 2. Simplified view of the 3 main types of neurons, according to their morphologic characteristics 
Neurons can also be classified according to their functional role into: Motor neurons which control the effector organs such as muscles and glands, Sensory neurons are involved in the reception of sensory stimulus and Interneurons which establish relationship among other neurons.                                                     
In the Central Nervous System nerve cell bodies are present only in the gray matter, white matter contains neuronal processes but no nerve cell bodies. In the Peripheral Nervous System, cell bodies are found in ganglia and some sensory region (Olfactory mucosa).  
Cell body:                                                                     

    Also called perikaryon, contains the nucleus and surrounding cytoplasm, exclussive of the cell processes. Most nerve cells have spherical unusually large, euchromatic nucleus with prominent nucleolus reflecting high synthetic activity, it also contain highly developed rough endoplasmic reticulum organized into aggregates of parallel cisternae. Between the cisternae are numerous polyribosomes, the R.E.R and ribosomes appear under the light microscope as basophilic granular areas called (Nissl bodies), the number of which varies according to neuronal type, they are abundant in motor neurons. 
    Golgi complex located only in the cell body consists of multiple arrays of smooth cisternae around the nucleus. Mitochonderia are scattered in the cytoplasm and abundant especially in the axon terminals. Neurofilaments (Intermediate filament-10nm) are abundant in the perikaryon and cell processes. Nerve cell also contains inclusions of pigments such as lipofuscin which is a residue of undigested materials by lysosome.
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 Figure 3. Ultrastructure of a neuron. The neuronal surface is completely covered either by synaptic endings of other neurons or by processes of glial cells. At synapses, the neuronal membrane is thicker and is called the postsynaptic membrane. The neuronal process devoid of ribosomes (lower part of figure) is the axon hillock. The other processes of this cell are dendrites.
Dendrites:                
    Are usually short, divide like a tree, they receive many synapses most nerve cell have numerous dendrites which increase the surface area of the cell, these enable the nerve cell to integrate with high number of neurons. Unlike axons, which maintain a constant diameter from one end to other end, dendrites become thinner as they divide into branches, the cytoplasm of the dendritic base, close to the perikaryon is similar to that of perikaryon but devoid from Golgi Complex.                                                            
Axons:                                                                          

   Is cylindrical process that varies in length and diameter according to the type of neuron. All axons originate from short pyramid-shaped region, the axon hillock. The plasma membrane of the axon is called the axolemma. The part of the axon between the axon hillock and the point at which myelination begins is called the (initial segment). There are several types of ion channels are localized in this segment, these channels are important in generating the change in electrical potential. Occasionally, the axon shortly after its formation from the cell body gives rise to a branch that return to the area of the nerve cell body, all these branches are called collateral branches.                                                                    Axoplasm possesses mitochonderia, microtubules, neurofilaments, some cisternae of smooth endoplasmic reticulum, so the absence of polyribosomes and R.E.R emphasize the dependence of the axon on the perikaryon for its maintenance. 
There is bidirectional transport  of small and large molecules along the axon, macromolecules and organelles that are synthesized in the cell body are transported by anterograde flow along the axon to its terminal, this flow occurs at three distinct speed: Slow for protein and actin filaments, Intermediate speed  transport mitochonderia and Fast stream transport substances contained in vesicles that are needed, Retrograde flow in the opposite direction transport substances taken up by endocytosis (viruses and toxins) to the cell body.
Glial Cells: 

   They are ten times more abundant than nerve cells, they surround the nerve cells and occupy the inter-neuronal spaces. They furnish a microenvironment suitable for neuronal activity.
     *Oligodendrocytes: Produce the myelin sheath that provides the electrical insulation of neurons in the central nervous system, these cells have processes that wrap around the axons producing a myelin sheath.
In fact, a single oligodendrocyte can contribute to the myelination of up to 50 axons, conversely only one axon will require the services of numerous different oligodendrocytes since the myelin internodes along its length are synthesize by different cells. The mechanism of myelin sheath formation is very similar to that of schwann cells in the peripheral nervous system. Myelin sheath formation begins in the CNS of the human embryo at about 4 months gestational age with the formation of most sheaths by the age of 1 year. The final myelin sheath thickness being achieved by the time of physical maturity.
There are three types of oligodendrocytes: light, medium, and dark.
      * Schwann Cells: Have the same function as oligodendrocytes but these cells located around axons of peripheral nervous system.
One schwann cell form myelin sheath around one axon in contrast to the oligodendrocyes which form a myelin sheath for more than one neurons 

      *Astrocytes: Star shaped cell with multiple processes, have bundles of intermediate filaments that reinforce their structure, there are two types, Fibrous Astrocytes which have few long processes and located in the white matter and Protoplasmic Astroctes which have many short processes and found in the gray matter. The astrocytes bind the neurons to the capillary and the pia matter and control the ionic and biochemical environment of the neurons so they influence neuronal survival and activity. Some astrocytes develop processes with expanded (end feet) that are linked to endothelial cells, it is believed that this end feet facilitate the transport of ions and molecules from the blood to the neurons. Expanded processes are also present at the external surface of the central nervous system, where they make a continuous layer separating the nervous tissue from the pia matter. Furthermore, when the CNS is damaged, astrocytes proliferate to form cellular scar tissue. Astrocytes can interact with the oligodendrocytes to influence myelin turnover in both normal and abnormal conditions.
      *Microglia: Are small elongated cells with short irregular processes characterized by their dense elongated nuclei in contrast to spherical nuclei of other glial cells, they are phagocytic cells represent the mononuclear phagocytic system, they are derived from bone marrow, they are involved in inflammation and repair of central nervous system, when activated the microglia assume the morphology of macrophage by retraction of their processes and may act as Ag-presenting cells.
In multiple sclerosis, the myelin sheath is destroyed, microglia phagocytose and degrade myelin debris by phagocytosis and lysosomal activity.
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Figure 4. Drawings of neuroglial cells as seen in slides stained by metallic impregnation. Note that only astrocytes exhibit vascular end-feet, which cover the walls of blood capillaries.
Ependymal cells:

    They are low columnar epithelial cells lining the ventricular system and the central canal of the spinal cord. In some spaces, they are ciliated which fascilitate the movement of CerebroSpinal Fluid (CSF). 

Nerves: 

   In the peripheral nervous system, the nerve fibers are grouped in bundles to form the nerves. The nerve has an external connective tissue called the (Epineurium ), each bundle of fiber is surrounded by (Perineurium) and each nerve fiber is surrounded by (Endoneurium).

   There are two types of nerve fibers Myelinated and Unmyelinated nerve fibers.

 Myelinated nerve fibers: In the peripheral nervous system, the plasmalemma of schwann cells winds and wraps around the axon to a whitish lipoprotein complex (myelin sheath), the myelin sheath show gap along its path called the Nodes of Ranvier, the distance between two nodes is called internode which consist of one schwann cell. In the central nervous system there is no schwann cell but oligodendrocyte takes the function and form the myelin sheath.
Unmyelinated nerve fibers: In both the PNS and CNS, not all the axons are sheathed in myelin. In PNS, all unmyelinated axons are enveloped within simple clefts of the Schwann cells. Each Schwann cell can sheathe many unmyelinated nerve fibers, these nerves do not have Ranvier node. The CNS is rich in Unmyelinated nerve fibers. 

Ganglia:

   They are ovoid structure containing neuronal cell bodies and glial cells, there are two types Sensory and Autonomic ganglia, the sensory one are situated with cranial nerves (cranial ganglia) and with spinal nerves (spinal ganglia), the autonomic one are situated near the organs especially in the wall of digestive tract (Intramural).
	             Sensory ganglia                                     
	          Autonomic ganglia

	1-Ganglionic cells are found at the periphery
	1-Scaterred uniformly

	2-Each ganglionic cell is surrounded by satellite cells to form a capsule.
	2-Less number of  satellite cells                                                                                                                      

	3-Connective tissue framework and capsule  which support the ganglia                                                                                              
	3-Devoid from connective tissue or capsule

	4-The neurons are pseudounipolar.                          
	4-Multipolar.


Synapses:                                                                          

 The synapse (mean union) is responsible for the unidirectional transmission of nerve impulse. The function of the synapse is to convert an electrical signal from the (presynaptic cell) to chemical signal that act on the postsynaptic cell (which may be neurons, muscle, glands, etc…), it inhibit or stimulate the postsynaptic cell. Most synapses transmit information by release neurotransmitters during signaling process. Neurotransmitters are chemicals that when combined with a receptor either open or close ion channels to initiate second messenger cascades. The synapse is formed by: an axon terminal (presynaptic terminal) that deliver the signal, a region on the surface of another cell at which a new signal is generated (post synaptic terminal) and a thin intercellular space called the synaptic cleft.                                                                                                
The presynaptic terminal always contains synaptic vesicles filled with neurotransmitters and numerous mitochonderia. Neurotransmitters are generally synthesized in the cell body, stored in the vesicles. During transmission of a nerve impulse, they are released into synaptic cleft by exocytosis to act on the receptor of the postsynaptic cells, the extra amount of neurotransmitters are recycled by endocytosis.  
If an axon synapsed with a cell body, the synapse is called axosomatic, if it is with dendrites, the synapse is called axodendritic, if it is with axon is called axoaxonal synapse.

Although most synapses are chemical synapses and use chemical messenger, a few synapses transmit ionic signals through gap junctions that cross the pre- and postsynaptic, thereby conducting neuronal signals directly. These synapses are called Electrical synapses.   
The Central Nervous System:                                        
    This system consist from cerebrum, cerebellum and spinal cord, it is relatively soft, gel like organ, there is no connective tissue. When sectioned these organs show white region (white matter) and gray region (gray matter). The main component of the white matter is myelinated axons and the myelin producing oligodendrocytes. Gray matter contains neuronal cell bodies, dendrites and the initial unmyelinated portions of axons and glial cells. Gray matter is prevalent at the surface of the cerebrum and cerebellum forming the cerebral or cerebellar cortex, whereas the white matter is present in the central regions. Aggregate of neuronal cell bodies forming islands of gray matter embedded in white matter are called nuclei. In the cerebral cortex, the gray matter has six layers of cells with different forms and sizes. Cells of cerebral cortex are related to the integration of sensory information and the initiation of voluntary motor responses.

    The cerebellar cortex has three layers: an outer molecular layer, a central layer of large purkinje cells, and an inner granular layer. The purkinje cells have a conspicuous cell body and their dendrites are highly developed, assuming the aspect of a fan, these dendrites occupy most of the molecular layer. The granular layer is formed by very small neurons, which are compactly disposed, in contrast to the less-cell dense molecular layer.

In contrast; section of the spinal cord, white matter is peripherally located and gray matter is central, assuming the shape of H. In the horizontal bar of this H is an opening, the central canal, which is lined by ependymal cells. The gray matter of the legs of the H forms the anterior horns. These contain motor neurons whose axons make up the ventral roots of the spinal nerves. Gray matter also forms the posterior horns, which receive sensory fibers from neurons in the spinal ganglia (dorsal roots).
Meninges:

The CNS encased in membranes of connective tissue called the meninges, starting from the outer most, are the dura matter, arachnoid and pia matter.
Dure matter:
The dura matter is the external layer and is composed of dense connective tissue continuous with the periosteum of the skull. The dura matter that develops the spinal cord is separated from the periosteum of the vertebrae by the epidural space. The dura matter is always separated from the arachnoid by the thin subdural space.

Arachnoid :

The arachnoid has two components: a layer in contact with the dura matter and a system of trabeculae connecting the layer with the pia matter. The cavities between the trabeculae form the subarachnoid space which is filled with cerebrospinal fluid CSF and is completely separated from the subdural space. This space forms hydraulic cushion that protect the CNS from trauma. The subarachnoid space communicates with ventricles of the brain.

In some areas, the arachnoid perforates the dura matter, forming protrusions that terminate in venous sinuses in the dura matter. These protrusions which are covered by endothelial cells of the veins, are called arachnoid villi. Their function is to reabsorb CSF into the blood of the venous sinuses.
Pia matter:

The pia matter is a loose connective tissue containing many blood vessels, it is located quite close to the nerve tissue but it is not in contact with nerve cells. Between the pia matter and neuronal elements is a thin layer of neurological processes adhering firmly to the pia matter and forming a physical barrier, this barrier separate the CNS from CSF. The pia matter follows all the irregularities of the surface of CNS.
Blood vessels penetrate the CNS through a tunnel covered by pia matter-perivascular spaces. The pia matter disappears before the blood vessels are transformed into capillaries. In the CNS the blood capillaries are covered by expansion of the neurological cell processes.
Blood Brain Barrier:

The BBB is a functional barrier that prevents the passage of some substances such as antibiotics, bacterial toxic matter from permeability that is characteristic of blood capillaries of nerve tissue. Occluding junctions, between the endothelial cells, represent the main structural component of the barrier, the cytoplasm of these endothelial cells does not have fenestrations found in many other locations. The luminal surfaces of these cells contain various enzymes which destroy neurotoxic metabolites and neuroactive humoral substances. The BBB provides neurons with a relatively constant biochemical and metabolic environment. The expansions of neurological cells processes that envelop the capillaries are partly responsible for their low permeability.
Choroid plexus &Cerebrospinal fluid:
The choroids plexus consists of envaginated folds of pia matter, rich in dilated fenestrated capillaries that penetrate the interior of brain ventricles. It is found in the roof of the third and fourth ventricles and in part in the walls of the lateral ventricles. The main function of the choroids plexus is to elaborate CSF which completely fills the ventricles, central canal of the spinal cord, subarachnoid space and perivascular space.
CSF is important for the metabolism of the CNS and act as a protective device against mechanical shock. CSF is clear, very low in protein, glucose is about 70% of plasma concentration, few desquamated cells and 2-5 lymphocytes/ml. CSF is continuously produced and circulate through ventricles, from which it pass into the subarachnoid space. The arachnoid villi provide the main pathway for absorption of CSF into the venous circulation.
· There is no lymphatic vessel in the brain tissue.
· A decrease in the absorption of CSF or a blockage of outflow from the ventricles results in the condition as hydrocephalus. Hydrocephalus describes any condition in which an excess quantity of CSF is present in the CNS cavity increasing intracranial pressure.
Degeneration and regeneration of nerve tissue:
Neurons do not divide and their degeneration means a permanent loss. Peripheral nerve fibers can regenerate if their perikaryons are not destroyed. In contrast to nerve cells, neuroglia of the CNS and schwann cells and ganglionic satellite cells of the peripheral NS are able to divide by mitosis.
In a wounded nerve fiber, it is important to distinguish the changes occurring in the proximal segment from those in the distal segment. The proximal segment maintains its continuity with the trophic center (perikaryon) and frequently regenerates. The distal segment, separated from the cell body, degenerates totally and is removed by tissue macrophages.

Axonal injury causes the following changes in the perikaryon:

1- Dissolution of Nissl bodies with a consequence decrease in basophilia.

2- Increase in the volume of the perikaryon.

3- Migration of nucleus to the peripheral location.
The proximal segment of the axon degenerates for short instance, but growth start as soon as debris is removed by macrophages. In the nerve stub distal to the injury, both the axon and the myelin sheath degenerate completely, excluding their connective tissue and perineural sheath are removed by macrophages, with these events schwann cells proliferate within the remaining connective tissue sleeve, giving rise to solid cellular columns which serve as guide to the sprouting axons formed during the reparative phase.

After these changes, the proximal segments of the axon grows and branches forming several filaments that progress in the direction of the columns of schwann cells. Only fibers that penetrate these schwann cell columns will continue to grow and reach an effector organ.
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Figure 5. Main changes that take place in an injured nerve fiber. A: Normal nerve fiber, with its perikaryon and effector cell (striated skeletal muscle). Note the position of the neuron nucleus and the quantity and distribution of Nissl bodies. B: When the fiber is injured, the neuronal nucleus moves to the cell periphery, and Nissl bodies become greatly reduced in number. The nerve fiber distal to the injury degenerates along with its myelin sheath. Debris is phagocytosed by macrophages. C: The muscle fiber shows a pronounced denervation atrophy. Schwann cells proliferate, forming a compact cord penetrated by the growing axon. The axon grows at the rate of 0.5–3 mm/day. D: Here, the nerve fiber regeneration was successful. Note that the muscle fiber was also regenerated after receiving nerve stimuli. E: When the axon does not penetrate the cord of Schwann cells, its growth is not organized. 
Neuronal plasticity:

Plasticity is very prominent during embryonic development, when an excess of nerve cells is formed, and the cells that do not establish correct synapses with other neurons are eliminated. After nerve injury the neuronal circuits may be reorganized by the growth of neuronal processes, forming new synapses to replace the ones lost by injury and to recover the functions of neurons, this property of nerve tissue is called neuronal plasticity .
The regenerative processes in the nervous system are controlled by several growth factors produced by neurons, glial cells, and Schwann cells. These factors form a family of molecules called neurotrophins.

Neural stem cells:

In several tissues of adult organs, there is a stem cell population that may generate new cells continuously or in response to injury. Because neurons do not divide to replace the ones lost by accident or disease, the subject of neural stem cells is now under intense investigation. Some regions of the brain and the spinal cord of adult mammals retain stem cells that can generate astrocytes, neurons and oligodendrocytes. 

