CHAPTER 11-Fundamentals of the Nervous System & Nerve Tissue
  I. The Nervous System, along with the Endocrine System, plays a major role in maintaining homeostasis

      in the human body.

 
A. Functions of the Nervous System


1. Sensory Function-the nervous system senses changes (stimuli) within the body and 



    external to the body.



2. Integrative Function-the nervous system analyzes sensory information, stores some 



    aspects of the sensory information and makes decisions regarding the sensory 



    information.



3. Motor Function-the nervous system responds to stimuli by initiating muscular 

    contractions and glandular secretions.


B. Neurology
II. ORGANIZATION OF THE NERVOUS SYSTEM

A. 2 Major Divisions of The Nervous System


1. The Central Nervous System (CNS)-consists of the brain and spinal cord.




a. The CNS analyzes sensory information, creates emotions, thoughts and




    memories and stimulates muscle contraction and glandular secretion.



2. The Peripheral Nervous System (PNS)-connects the CNS to effectors (Glands and 



    Muscles) throughout the body. It also relays sensory information from the body to the CNS.




a. Input Component of the PNS contains:





1) Sensory (Afferent) Neurons-nerve cells that conduct nerve impulses from





    sensory receptors in the body to the CNS.




b. Output Component of the PNS contains:





1) Motor (Efferent) Neurons-nerve cells that carry impulses from the CNS 





     to muscles and glands. 




c. The Major Divisions of the PNS




1) The Somatic Nervous System (SNS)






a) Contains sensory neurons that carry information from 






     cutaneous and special sense receptors in the head, body wall 






     and limbs to the CNS.






b) Motor Neurons from here carry impulses to skeletal muscles. For






     this reason, the motor portion of the SNS is described as being






     voluntary.





2) The Autonomic Nervous System (ANS)






a) Sensory Neurons here relay information from the internal organs to






     the CNS.






b) Motor Neurons here carry impulses from the CNS to cardiac and






     smooth muscles. These motor neurons are described as being 






     involuntary.







1) 2 Branches of the Motor Portion of the ANS







a) The Sympathetic Division








b) The Parasympathetic Division







2) In general, the above-mentioned branches have opposing







    actions on organs in the body.

III. 2 TYPES OF CELLS IN NERVE TISSUE

A. Neuroglia-are found throughout the nervous system.



1. These provide support and protection to neurons in the nervous system.



2. These nerve cells have the ability to undergo mitosis. This allows the neuroglia to



    multiply in number. In cases of severe injury, neuroglia can divide to fill the spaces



    formerly occupied by neurons. However, this is a problem since neuroglia cannot 



    produce or conduct nerve impulses.



3. Gliomas-tumors that arise from neuroglia.



4. Types of Neuroglia in the CNS



a. Astrocytes-their functions include the following:





1) Producing neurotransmitters





2) Maintaining potassium levels in the CNS-this aids in the production of 





     nerve impulses.





3) These help to form the blood-brain barrier which regulates the entry of 





     materials into the brain.





4) Connects neurons and blood vessels together.




b. Oligodendrocytes-produce myelin sheaths in the CNS.




c. Microglia-phagocytic cells derived from monocytes (specialized leukocytes).





1) These protect the CNS by engulfing microbes and foreign debris.




d. Ependymal Cells-are epithelial cells.





1) Many of these are ciliated.





2) These cells line the ventricles (cavities) within the brain. Ependymal 





     cells are involved in the production of cerebrospinal fluid.



5. Types of Neuroglia in the PNS



a. Neurolemmocytes (Schwann Cells)-produce myelin sheaths around PNS neurons.




b. Satellite Cells-provide support to neurons in the PNS.


B. Neurons-come in a variety of shapes and sizes. 



1. These cells produce and carry nerve impulses throughout the body. The impulses travel 



    to effectors (muscle fibers or glands) in the body.



2. Synapses-the site of functional contact between 2 neurons or between a neuron and an



    effector.



3. Parts of Neurons:




a. The Cell Body-contains the organelles and cytoplasm of the neuron.




b. Dendrites-highly-branched structures that emerge from the cell body. 





1) These carry impulses into the cell body of a neuron. These are not 





     covered by myelin sheaths in neurons.




c. Axons-long projection extending from the cell body.





1) Parts of an Axon:

a) Axon Hillock-the site where an axon attaches to the cell body.






b) Axoplasm-the liquid portion of an axon.






c) Axolemma-the membrane that surrounds an axon.






d) Axon terminals, synaptic end bulbs, synaptic vesicles





2) In some neurons, axons are covered by myelin sheaths.





3) Myelin Sheaths-composed of lipids and proteins. 






a) These sheaths surround and protect some axons of human 






     neurons.






b) These are produced by what cells?






c) Evidence indicates that myelin sheaths have a role in impulse






    conduction. The myelin sheaths appear to increase the speed of






    impulse conduction in the body.






d) Nodes of Ranvier-the gaps in myelin sheaths.






e) The amount of myelin increases from birth to maturity.






f) Multiple Sclerosis (MS)-destruction of myelin sheaths in the CNS.







1) Is caused by plaques (scars) that form on CNS myelin







     sheaths. This can lead to abnormal sensations, muscle 







     weakness and decreased motor function.







2) MS is characterized by frequent attacks, each causing 







    greater damage to the myelin sheaths.







3) The first attacks usually appear during the mid to late 30’s





     or early 40’s. 







4) The cause of MS is unclear. Some researchers are examining







     the possibility that it may be caused by a virus.






g) White matter-refers to axons that are myelinated. Gray matter does not






     myelinated neurons.




d. Structural Classification of Neurons-based on the number of processes extending




    from the cell body.





1) Multipolar Neurons-have several dendrites and one axon. These are common 





    in the brain and spinal cord.





2) Bipolar Neurons-have one dendrite and one axon extending from the cell body.





     These are found in the retina of the eye.





3) Unipolar Neurons-have only one process extending from the cell body. The





    dendrite is located at one end and the axon at the other end.




e. Functional Classification of Neurons-based on the direction in which they transmit




    impulses.





1) Sensory (Afferent) Neurons-transmit impulses from the body to the CNS.





2) Motor (Efferent) Neurons-transmit impulses from the CNS to the body.





3) Interneurons (Association Neurons)-lie between motor and sensory neurons.






a) These carry signals through the CNS where integration occurs. 

  IV. NEUROPHYSIOLOGY

A. 2 important Properties of the Cell Membranes of Neurons


1. Membrane Potential-an electrical voltage associated with the cell membrane of a 



    neuron. Changes in this membrane potential lead to the formation and conduction of



    of nerve impulses.



2. Membrane Ion Channels-small proteins in the cell membranes of neurons that allow



    certain molecules to pass through.




a. These can either be passive (nongated) or active (gated) channels.




b. Gated Channels




1) These open and close in response to certain stimuli. Due to this, they





     are classified as being specific.





2) Types of Gated Channels:






a) Chemically-gated channels-open and close in response to 






     certain chemical stimuli. Hormones, neurotransmitters and






     certain ions can force these channels to open and close.






b) Voltage-gated channels-open and close in response to changes






     in membrane potential. Neurons have sodium and potassium






     voltage-gated channels.






c) Mechanically-gated channels-open and close in response to






    mechanical vibration or pressure.


B. Resting Membrane Potential (RMP)-is formed by the accumulation of negative charges (ions)


     in the cytoplasm of neurons, along with the buildup of positive charges (ions) on the external


     surface of the cell membrane of neurons.



1. This charge difference creates a small voltage along the neuron’s membrane.



2. Normal RMP is typically about –70mV. The negative sign indicates that the inside of 



    the neuron is more negative than the outside of the neuron. 




a. Neurons create impulses by changing this RMP.




b. What leads to the Formation of RMP?





1) Ion distribution across the cell membrane of a neuron





a) Extracellular fluid around neurons is high in Na+ and Cl-





b) A neuron’s cytoplasm is high in K+ and PO4.





2) The permeability of a neuron’s cell membrane to sodium and 





     potassium ions.


C. Impulse Formation in Neurons


1. This is caused by a change in the RMP of a neuron. Any stimulus can cause this 



     change in RMP. 



2. Impulses (Action potentials)-the events that alter and then restore the RMP of a neuron.




a. Neurons communicate with each other and with effectors by creating and 




    conducting impulses. Only axons are capable of generating impulses.



3. Steps in Impulse Formation



a. Resting Step-all voltage-gated channels are closed. In this step, impulses are




    not being generated.




b. Depolarization-the reduction of the RMP in neurons.





1) Some specific stimulus forces Sodium Voltage-gated channels to open.





2) Sodium ions, which are most abundant on the outside of a neuron, begin





    to rush into the cytoplasm of the neuron. 





3) Due to this rapid inflow of sodium ions, the inside of the neuron becomes





     more positive. The membrane potential may reach +30mV due to the





    inflow of sodium.





4) This change in membrane potential (from negative to positive) is the





    actual impulse.





5) Sodium voltage-gated channels remain open for less than 1 second.




c. Repolarization-recovery of the RMP. This occurs as sodium voltage-gated




    channels close. This stops sodium inflow into the neuron.





1) As the sodium voltage-gated channels close, potassium voltage-gated





    channels open. Potassium slowly moves out of the cytoplasm of the





    neuron.





2) Sodium Potassium Pumps in the neuron’s cell membrane begin working





     to move sodium and potassium ions to their correct position to ensure





     that the neuron returns to RMP.





3) Repolarization acts to restore RMP to –70mV.




d. Hyperpolarization-potassium channels are open, allowing potassium to diffuse into




     the neuron. During this period, the Sodium gated channels also reset and prepare




     to generate the next impulse. 




e. The Refractory Period-the period during which a second impulse cannot be created.


D. Propagation of an Impulse-this refers to the movement of an impulse from neurons to other neurons


     and effectors in the body.



1. Impulses can be conducted directly to other neurons and effectors or they can be carried



    via neurotransmitters. 


E. The All or None Principle of Impulse Conduction-neurons either create an impulse or they do not.


F. 2 Types of Conduction


1. Continuous Conduction-in unmyelinated neurons. Involves the depolarization of cell 



    membranes on adjacent neurons.



2. Saltatory Conduction-in myelinated neurons. Occurs as impulses jump the Nodes of



    Ranvier.


G. Speed of Impulse Formation


1. Myelinated neurons carry impulses faster than unmyelinated neurons.



2. Impulses travel faster in warm neurons.



3. Impulses travel faster in larger nerves than in smaller nerves.


H. How do local anesthetics work?

 V. SYNAPSES-the regions where axons come in contact with effectors.


A. 2 Types of Synapses:



1. Electrical Synapses-most common in the CNS. In these, impulses travel from neurons to



    effectors via gap junctions in the cell membrane of the neuron.




a. These allow for rapid and very coordinated impulse conduction. These are




    responsible for carrying impulses to cardiac and smooth muscle.



2. Chemical Synapses-depend on neurotransmitters to carry impulses to effectors.




a. In these synapses, the neurons are separated from the effector by a synaptic




    cleft (space). Neurotransmitters carry the impulse across the synaptic cleft.




b. Synaptic Delay-the brief period of time required for neurotransmitters to 




    carry the impulse across the synaptic cleft.







c. These conduct impulses slower than electrical synapses.




d. Types of Neurotransmitters:





1) Acetylcholine-associated with the neuromuscular junction.





2) Biogenic amines-including dopamine, are very common in the brain.





3) Certain Proteins-can act as neurotransmitters.




e. Neurotransmitters are also classified as being either excitatory or inhibitory.


B. Excitatory Postsynaptic Potentials (EPSP’s)-are local depolarizations of the postsynaptic


     membrane.


C. Inhibitory postsynaptic Potentials (IPSP’s)-are local hyperpolarizations of the postsymaptic


     membrane. 

VI. TYPES OF NEUROTRANSMITTERS-based on chemical composition.


A. Acetylcholine-function by stimulating skeletal muscles to contract. 


B. Biogenic Amines-synthesized from amino acids. Includes dopamine, epinephrine and 


     norepinephrine.


C. Amino Acids

D. Peptides-chains of bonded amino acids. Includes the endorphins.


E. Purines-nitrogen containing chemicals. 


F. Gases and Lipids
VII. NERVE TISSUE REGENERATION-neurons cannot repair themselves. They typically lose the 

      ability to divide around 6 months of age. Only a few neurons can repair themselves at all.

