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6. Nervous System 

Nervous system is one of the regulating systems in our body. Humans have only one nervous 

system, even though they classify into two separate systems. The central nervous system (CNS) 

consists of the brain and the spinal cord. The brain is located within the skull and the spinal 

cord is located within the vertebral canal formed by the vertebrae. The CNS is the major site for 

processing information, initiating responses, and integrating mental processes. The peripheral 

nervous system (PNS) consists of all the nervous tissue outside the CNS. It includes sensory 

receptors, nerves, ganglia and plexuses. Sensory receptors are the endings of neurons, 

specialized cells that detect temperature, pain, touch, pressure, light, sound, odor and other 

stimuli. They are located in the skin, muscles, joints, internal organs and specialized sensory 

organs, such as the eyes and ears. A nerve is a bundle of nerve fibers, called axons and their 

sheaths; it connects the CNS to sensory receptors, muscles and glands. A ganglion is a collection 

of neuron cell bodies located outside the CNS. A plexus is an extensive network of axons.                                                                                                                                                      

 

                    Figure 1 Projection of nerves  

            

 



Mammalian Anatomy and Physiology by Anchiye. G 
 

2 |           Mekdela Amba University , CNCS, Biology Department @ 2012 E.C   
 

6.1 Cells of the Nervous System 

The two types of cells that make up the nervous system are neurons and neuroglia (supportive 

cells). 

                  6.1.1 Neurons and their Structure 

Neurons or nerve cells receive stimuli and transmit action potentials to other neurons or to 

effector organs. They are organized to form complex networks that perform the functions of the 

nervous system. There are three parts to a neuron. Such as:-  

 Cell body 

 Dendrite 

 Axon 

1. Neuron Cell Body (soma):- They contains a single, large and centrally located nucleus. 

It is the source of information for protein synthesis. Nissl bodies (from neurofilaments) 

are the primary site of protein synthesis in neurons. Extensive rough endoplasmic 

reticulum (ER) and the Golgi apparatuses surround the nucleus and mitochondria and 

other organelles are present.  

2. Dendrites:- are short, often highly branched. Many dendrite surfaces have small 

extensions, called dendritic spines. Dendrites receive input from other neurons’ axons 

and from the environment. When stimulated, they generate small electric currents, which 

are conducted to the neuron cell body. 

3. Axons:-In most neurons, a single axon arises from a cone-shaped area of the neuron cell 

body called the axon hillock. The beginning of the axon is called the initial segment. 

Action potentials are generated at the trigger zone, which consists of the axon hillock and 

the part of the axon nearest the cell body. An axon can remain as a single structure or can 

branch to form collateral axons or side branches. Each axon has a constant diameter, but 

axons can vary in length from a few millimeters to more than 1 meter. Axons terminate 

by branching to form small extensions with enlarged ends called presynaptic terminals. 

Within the presynaptic terminals are numerous small, membrane-bound secretory 

vesicles that contain chemicals called neurotransmitters.  
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Then neurotransmitters cross the synaptic cleft to stimulate or inhibit the postsynaptic cell. Axon 

transport mechanisms can move cytoskeletal proteins organelles (such as mitochondria) and 

vesicles containing neuropeptides to be secreted down the axon through the axoplasm to the 

presynaptic terminals (anterograde). In addition, damaged organelles, recycled plasma membrane 

and substances taken in by endocytosis can be transported up the axon to the neuron cell body 

(retrograde). The movement of materials within the axon is necessary for its normal function, but 

it also provides a way for infectious agents and harmful substances to be transported from the 

periphery to the CNS. For example, rabies and herpes viruses can enter damaged axons in the 

skin and be transported within the axons to the CNS. 

                                  

                                    Figure 2: Neuron structure 
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6.1.1.1. Types of Neurons 

Neurons are classified according to either their function or their structure.  

1. The structural classification:- is based on the arrangement of the processes (dendrite and 

axon) that extend from the neuron cell body. They are three type; such as  

a. Bipolar neurons have two processes: one dendrite and one axon. They extend from 

opposite side of cell body.  They are located in some sensory organs, such as in the retina 

of the eye and in the nasal cavity.  

b. Pseudo-unipolar neurons have a single process extending from the cell body. This 

process divides into two branches a short distance from the cell body. One branch 

extends to the CNS and the other extends to the periphery and has dendrite like sensory 

receptors. The two branches function as a single axon. The sensory receptors respond to 

stimuli, producing action potentials that are transmitted to the CNS. Most sensory 

neurons are pseudo-unipolar.  

c. Multipolar having three or more processes arising from the cell body. They are the 

most common type in humans and the major neuron type in the CNS. 
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2. The functional classification is based on the direction in which action potentials are 

conducted.  

1. Sensory division or afferent (“toward”) division, transmits electrical signals, called 

action potentials, from the sensory receptors to the CNS. The cell bodies of sensory 

neurons are located in dorsal root ganglia near the spinal cord or in ganglia near the 

origin of certain cranial nerves.  

2. Motor division or efferent (away) division, transmits action potentials from the CNS to 

effector organs, such as muscles and glands. The motor division is divided into two 

subdivisions:  

i. A voluntary division called the somatic nervous system  

ii. An involuntary division called the autonomic nervous system (ANS).    

The ANS is subdivided into two  

a. Sympathetic:- is most active during physical activity 

b. Parasympathetic:- is regulates resting functions, such as digesting food or emptying the 

urinary bladder. 

3. Interneurons or association neurons:- is lie between motor and sensory neurons in the 

CNS. They conduct action potentials from one neuron to another within the CNS. All 

most all are multipolar and make up over 99% of the neurons of the body.  
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6.1.2. Neuroglia of the CNS 

Neuroglia are the major supporting cells in the CNS; they participate in forming a permeability 

barrier between the blood and the neurons, phagocytize foreign substances, produce 

cerebrospinal fluid, and form myelin sheaths around axons. There are four types of CNS 

neuroglia, each with unique structural and functional characteristics.  

1. Astrocytes:- are star-shaped because cytoplasmic processes extend from the cell body. These 

extensions widen and spread out to form foot processes, which cover the surfaces of blood 

vessels neurons and the pia mater. They help to regulate the extracellular composition of brain 

fluid. They do this by releasing chemicals that promote the formation of tight junctions between 

the endothelial cells of capillaries. That determines what substances can pass from the blood into 

the nervous tissue of the brain and spinal cord.  

2. Ependymal Cells:- they line the ventricles (cavities) of the brain and the central canal of the 

spinal cord. Specialized ependymal cells and blood vessels form the choroid plexuses which are 

located within certain regions of the ventricles. The choroid plexuses secrete the cerebrospinal 

fluid that flows through the ventricles of the brain.  

3. Microglia:- are become mobile and phagocytic in response to inflammation. A pathologist 

can identify damaged areas in the CNS during an autopsy because large numbers of microglia 

are found in them. 

4. Oligodendrocytes:- have cytoplasmic extensions that can surround axons. If the cytoplasmic 

extensions wrap many times around the axons, they form an insulating material called a myelin 

sheath. A single oligodendrocyte can form myelin sheaths around portions of several axons  

Neuroglia of the PNS 

a. Schwann cells:- that wrap around axons and to forms a myelin sheath. However, unlike 

oligodendrocytes, each Schwann cell forms a myelin sheath around a portion of only one 

axon. 

b. Satellite cells:- surround neuron cell bodies in sensory and autonomic ganglia. Besides 

providing support and nutrition to the neuron cell bodies and protect neurons from heavy-
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metal poisons, such as lead and mercury, by absorbing them and reducing their access to 

the neuron cell bodies. 

6.2 Impulse generation and conduction  

The nerve impulse  

The cell membrane of an unstimulated resting neuron carries an electric charge. Because of 

positive and negative ions concentrated on either side of the membrane. The inside of the 

membrane at rest is negative as compared with the outside. A nerve impulse is a local reversal in 

the charge on the nerve cell membrane that then spreads along the membrane like an electric 

current. This sudden electric change in the membrane is called an action potential. A stimulus is 

any force that can start action potential. This electric change result from rapid shifts in sodium 

and potassium ions across the cell membrane.  The reversal occurs very rapidly (in less than one 

thousandth of a second) and is followed by a rapid return of the membrane to its original state so 

that it can be stimulated again.  A myelinated nerve fiber conducts impulses more rapidly than 

unmyelinated fiber of the same size because the electric impulse “jumps” from node (space) to 

node in the myelin sheath instead of traveling continuously along. 

The synapse  

Each neuron is a separated unit and there is no anatomic connection between neurons. How the is 

it possible for neurons to communicate? In other word, how does the axon of one neuron make 

functional contact with the membrane? This is accomplished by the synapse from a Greek word 

meaning “to claps.” Synapses are points of junction for the transmission of nerve impulses. 

Within the branching ending of the axon are small bubbles (vesicles) containing a type of 

chemicals known as a neurotransmitter. When stimulated the axon releases its neurotransmitter 

into the narrow gap the synaptic cleft between the cells. The neurotransmitter then act as a 

chemical signal to stimulate the next cell descried as the postsynaptic cell. On the receiving 

membrane usually that of a dendrite sometimes another part of cell there are special sites or 

receptors ready to pick up and respond to specific neurotransmitter. Receptors in the cell 

membrane influence how or if that cell will respond to a given neurotransmitter.   
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Although there are many known neurotransmitter the main ones are epinephrine also called 

adrenaline; a related compound, norepinephrine or noradrenaline and acetylcholine. 

Acetylcholine (Ach) is the neurotransmitter released at the neuromuscular junction the synapse 

between a neuron and a muscle cell. All three of the above neurotransmitters function in the 

autonomic nervous system. It is common to think of neurotransmitters as stimulating the cells 

they reach; infact, they have been described as such in this discussion. Note, however, that some 

of these chemicals act to inhibit the postsynaptic cell and keep it from reacting.  

              Organization of Nervous Tissue 

Nervous tissue is organized in both the CNS and the PNS so that axons form bundles, and neuron 

cell bodies and their relatively short dendrites are grouped together. 

Central Nervous system  

Embryonic development of CNS  

The CNS originates from the neural plate a specialized region of the ectoderm. During 

embryonic development by week four the neural plate folds and forms the neural tube. The 

internal cavity of the neural tube will give rise to the ventricular system. The regions of the 

neural tube differentiate progressively into two major subdivisions: spinal cord and brain. 

Consecutively the brain will differentiate into primary brain vesicles prosencephalon (forebrain), 

mesencephalon (midbrain) and rhombencephalon (hindbrain). The remainder of the neural tube 

becomes the spinal cord. The primary brain vesicles subsequently from five secondary brain 

vesicles by week five. These five vesicles differentiate into the adult brain structures (cerebrum, 

diencephalon, brain stem and cerebellum). The central canal of the neural tube which is 

continuous between the brain and spinal cord became enlarged in four region of the brain to form 

chambers called ventricles.  
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                           Figure 3. Embryonic development of CNS  
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Protection of CNS  

The parts of very soft and delicate tissue of the CNS are protected by three structures 

A. Bone:- the skull and vertebral canal protects brain and spinal cord resp. 

B. Membrane:- they are mainly three types of membrane are there in the CN. Such as 

dura mater, pia mater and arachnoid.  

C. Watery cushion:- cerebrospinal fluid (CSF) also helps to protect the delicate CNS. 

I. Brain       

The average adult brain about 1600g in male men and 1450g in women. Its size is proportion to 

body size not intelligence. Within the brain there are four irregular- shaped cavities or ventricles 

containing CSF. The brain is the largest and most complex mass of nervous tissue in the body.  

Thus, brain has four major regions, i.e., cerebrum, diencephalon, brain stem and cerebellum. 

Cerebral hemispheres envelop the diencephalon and midbrain.       

Both the CNS and the PNS contain areas of gray matter and areas of white matter. Gray matter 

consists of groups of neuron cell bodies and their dendrites. In the CNS, gray matter on the 

surface of the brain is called the cortex, and clusters of gray matter located deeper within the 

brain are called nuclei. In the PNS, a cluster of neuron cell bodies is called a ganglion. White 

matter consists of bundles of parallel axons with their myelin sheaths, which are whitish in color. 

White matter of the CNS forms nerve tracts, or conduction pathways, which propagate action 

potentials from one area of the CNS to another. In the PNS, bundles of axons and their 

connective tissue sheaths are called nerves. 

A. Cerebrum  

The cerebrum of two (right and left) cerebral hemispheres. It is the largest part of the brain, 

which accounts for about 83% of total brain mass. In fact the cerebral hemispheres enclose and 

obscure most of the brain stem. The cerebrum après as folded ridges and grooves called 

convolutions. The following terms are used to describe the convolution:-  

i. A gyrus (plural, gyri) is an elevated ridges of tissue among the convolutios.  

ii. A sulcus (plural, sulci) is a shallow groove, which divide cerebral hemispheres into 

five separated lobes. Such as frontal, pariental, temporal, occipital and insula. 
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a. The central sulcus separate the frontal lobe from the pariental lobe 

b. The parieto occipital sulcus separates the occipital lobe from the pariental  

c. The deep lateral sulcus and separates temporal lobe from the pariental and frontal 

lobes  

iii. A fissure is a deep groove that separate large region of the brain (e.g longitudinal 

fissure separate cerebrum into left right cerebral hemispheres).  

Each cerebral hemisphere acts contra-laterally (controls the opposite side of the body). 

Hemispheres are not equal in function and no functional area acts alone.  Each cerebral 

hemisphere has three basic regions. Such as:-  

a. A superficial cortex of gray matter  

b. An internal white matter and the basal nuclei islands of gray matter situated deep 

within the white matter 

Cerebral cortex  

The cerebral cortex is the executive suite of the nervous system, where our conscious mind is 

found. The cortex superficial gray matter, accounts for roughly 40% of the mass of the brain. Its 

many convolutions effectively triple its surface area.    

Generalization of cerebral cortex    

1. Each hemisphere is chiefly concerned with the sensory and motor function of the 

opposite (contralateral)side of the body.  

2. The two hemisphere are not entirely equal in function. Instead there is a lateralization 

(specialization) of cortical functios. In most people 

i. The left hemisphere is dominant (i.e., specialized for language and 

mathematical skills and logic) 

ii. The right hemisphere is more concerned with visual spatial skills, intuition 

emotion artistic and musical skills 

3. No functional area of the cortex acts alone and conscious behavior involves the entire 

cortex. 
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B. Diencephalon  

Diencephalon forms the central core of the forebrain. It connect the cerebrum to the brain stem. 

Diencephalon consists largely of three paired structure the thalamus, hypothalamus and 

epithalamus.  

1. Thalamus is a relay station for sensory nerve impulses traveling from the spinal cord to 

the cerebrum. Thalamus makes up 80% of the diencephalon. Thus thalamus serve as the 

gateway to the cerebral cortex.  

2. Epithalamus the epithalamus is the most dorsal portion of the diencephalon and forms the 

roof of the third ventricle. It contains the pineals gland secretes melatonin helps regulate 

the sleep wake cycle. 

3. Hypothalamus- it is located below the thalamus, it caps the braistem. The pituitary glands 

projects inferiorly. Despite its small size the hypothalamus is an important visceral 

control center to overall body homeostasis. Thus, the function of hypothalamus includes  

 Regulates cardiac and smooth muscle and secretion by the glands 

 Control of emotional responses  

 Regulation of hunger and thirst sensation  

 Regulate of body temperature  

 Regulate of sleep wake cycle  

 Control of the endocrine system ( is the master of glands)  

C. Brain stem  

The brain stemconnect the diecephalon to the spinal cord. The brainstem is a patway. From 

superior to inferior the brain stem regions are midbrain, pons and medulla oblongata. 

Collectively they account for only 2.5% of total brain mass. The brain stem provides connections 

between various parts of the brain and between the brain and spinal cord. Additionally brain stem 

nuclei are associated with 10 of the 12 pairs of cranial nerve so it is involved with innervation of 

the head.  

i. Midbrain is the upper most part of the brain stem that connects the hindbrain and 

fore-head. It is located between the diencephalon and the pons. 

ii. Pons (bridges):- is an anterior bulge between the midbrain and the medulla oblongata 
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iii. Medulla oblongata (medulla):- is the most inferior part of the brainstem that merges 

with the spinal cord at the foramen magnum. Cranial nerves VIII- XII attach to the 

medulla. 

Generally medulla plays crucial role as an autonomic reflex center in maintaining body 

homeostasis. Important visceral motor nuclei found in the medulla. Such as:-  

Cardiovascular center:- the cardiac center controls heart contraction and the vasomotor center, 

regulates blood vessel diameter to regulate blood pressure  

Respiratory center:- control the rate and depth of breathing and maintain respiratory rhythum.  

They also regulate vomiting, hiccupping, swallowing, coughing and sneezing. 

                   

D. Cerebellum  

Cerebellum is the second largest region of the brain that accounts for about 11% of total brain 

mass. The cerebellum is located dorsal to the pons and medulla. Internal white matter of 

cerebellum is called arbor vitae. The cerebellum provides the precise timing for skeletal muscle 

activity and controls our balance and equilibrium. Because of its activity, body movement are 

smooth and coordinated. 
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The Spinal cord    

The spinal cord is an information highway between your trunk and limbs being at the foremen 

magnum and extends through the vertebral canal to the first lumbar vertebral. The spinal cord 

serves three principal functions, conduction of nerve impulse; locomotion and center of reflexes. 

It connects different body parts with each other and with the brain. Sensory information reach to 

the brain, motor commands to reach the effectors.  

The spinal cord is divided into cervical, thoracic, lumbar and sacral regions from superior to 

inferior. Spinal nerve extends or originates from the spinal cord.  Anatomical cross section of 

spinal cord has a central core of gray matter that looks somewhat butterfly or H shaped and the 

outer layer of white matter.   

Peripheral Nervous System (PNS)  

0They includes nervous outside of CNS. PNS consists of sensory receptors, nerves conducting 

impulse to and from CNS their associated ganglia and motor ending. PNS having 12 pair of 

cranial nerves and 31 pair of spinal nerves.  They are used for communication between the CNS 

and to the rest of the body by nerve impulses.   

a. Cranial nerves  

They are numbered in the roman numbers from I-XII (anterior to posterior). Cranial nerves are 

serves mainly the head and neck region. The vagus nerve (X) extends into the abdomen. Cranial 

nerves I and II attach to forebrain. All others attach to the brain stem. 

Roman 

no 

Type  Function  

I Olfactory  Sensory nerves of smell 

II Optic  Sensory nerves of vision, sight 

III Oculomotor Innervates four of the extrinsic eye muscle, mov’t of the eyeball 

lens and pupillary sphincter  

IV Trochlear Innervates the superior oblique muscle  

V Trigeminal Provides sensory innervation to the face. Motor innervation to 
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chewing muscle  

VI Abducens Innervate the lateral rectus muscle moves the eye outward  

VII Facial Innervate muscle of facial expression 

VIII Vestlbulocochlear Sensory nerve of hearing and balance 

IX Glossopharyngeal Innervate structures of the tongue and pharynx 

X Vagus Sensory and motor to thoracic and abdominal visceral  

XI Accessory  An accessory part of the vagus nerve, innervates trapezius muscle, 

permit movement of head and shoulder 

XII Hypoglossal Innervate the tongue muscle, control muscle of tongue 

  

b. Spinal nerves  

They are 31 pair of spinal nerves arise from spinal cord and supply all parts of the body except 

the head and some part of neck. These nerves are named according to the spinal cord segement 

from which originate. Such as:- 

 Cervical spinal nerves (C1-C8)= 8 pairs 

 Thoracic nerve (T1-T12)= 12 pairs 

 Lumbar nerve (L1-L5) = 5 pairs 

 Sacral nerves (S1-S5) = 5 pairs 

 Coccygeal nerves (Co1) = 1 pairs. 
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                                    Figure 4. Extension of spinal nerve  


