Nervous System
A. Functions


1. Maintain homeostasis – via: 


A) Sensory functions



B) Integrative functions



C) Motor functions

B. Nervous Tissue – 2 cell types


1. Neuroglia



A) Functions to provide structural and/or physiological support for neurons



B) Cell types




1) In the central nervous system (CNS; brain & spinal cord)




a) Astrocytes





i) Recycling of neurotransmitters






ii) Maintain proper K+ levels






iii) Make up the blood-brain barrier







(a) Provides structural support between neurons and blood vessels







(b) All nutrient/waste exchanges go through it




b) Oligodendrocytes





i) Produces the myelin sheath in the CNS






(a) Protective lipid covering around axons





c) Microglia





i) Derived from white blood cells






ii) Protects CNS from infection




d) Ependymal cells






i) Specialized ciliated epithelial cells that line the ventricles of the brain and 





   central canal of the spinal cord






ii) Are also seen in clusters known as choroid plexuses






iii) Produce/recycle and circulate cerebrospinal fluid  (CSF)



2) In the peripheral nervous system (PNS; cranial & spinal nerves)




a) Schwann cells






i) Produces the myelin sheath in the PNS




b) Satellite cells






i) Provide structural support for ganglia


2. Neurons 



A) Function to generate & transmit impulses



B) Parts of a neuron




1) Cell body (soma)



2) Dendrites



3) Axon




a) Parts of an axon






i) Axon hillock







(a) Trigger zone






ii) Axoplasm






iii) Axolemma






iv) Myelin sheath






v) Nodes of Ranvier 






vi) Axon terminals






vii) Synaptic end bulbs



C) Related terms




1) Nerve fiber



2) Nerve 




3) Tract



4) Ganglion



5) Nucleus


D) Classification of neurons




1) Based on structure




a) Multipolar neuron




b) Bipolar neuron




c) Unipolar



2) Based on function




a) Sensory neuron




b) Motor neuron




c) Association neuron
C. Neurophysiology


1. Action Potential (Impulse) – rapid reversal and return of the membrane potential



A) Created by the movement of ions



B) Cells normally have large amounts of Na+ outside and K+ inside




1) Creates a resting membrane potential (voltage difference) of -70mV on the inside 



   of the cell




2) This value changes with the movement of ions into or out of the cell



C) Mechanism




1) An outside stimulus (usually chemical) triggers the opening of chemical-gated 



   Na+ channels in the axolemma




a) Causes Na+ to trickle in, moving the membrane potential towards threshold




2) When the membrane potential reaches threshold (about -55mV), voltage-gated 



   Na+ channels open





a) Na+ rushes in causes rapid depolarization 




3) When the membrane potential reaches about 0mV the voltage-gated Na+ 



   channels close and voltage-gated K+ channels open





a) K+ rushes out of the cell causing repolarization




4) At about -70mV the voltage-gated K+ channels close




5) Na+-K+ pumps re-establish the original ion concentrations, thus resetting the 



   membrane for another impulse



D) Refractory periods




1) Period of time during which a 2nd impulse cannot be generated at the current 




   level of stimulus



2) 2 types




a) Absolute refractory period






i) A second impulse cannot occur no matter how much stimulus there is






ii) Caused by inactive voltage-gated Na+ channels





b) Relative refractory period






i) A second impulse can occur but it requires increased stimulus






ii) Voltage-gated Na+ channels are active but voltage-gated K+ channels are 





   still open


2. AP conduction



A) Impulses move via a wave of depolarization



B) 2 types




1) Continuous conduction




a) Depolarization of one portion of the membrane causes depolarization in the 




   adjacent portion (“domino effect”)




b) Slower of the 2 types





c) Seen in unmyelinated nerve fibers



2) Saltatory conduction




a) Depolarization of one node of Ranvier causes depolarization of the adjacent 




   node of Ranvier






i) The impulse skips the myelinated portion of the fiber





b) Faster of the 2 types





c) Seen only in myelinated nerve fibers


B) Speed of conduction




1) Dependent on:





a) Refractory period






i) Shorter refractory periods result in faster conduction





b) Fiber diameter






i) Larger fibers result in faster conduction


3. Transmission at Synapses


A) Synapse – a junction between 2 nerve cells, or between a nerve cell and an effector


B) Structures involved:



1) Presynaptic structure



2) Postsynaptic structure


C) 2 main types of synapses



1) Electrical synapse





a) Gap junctions






i) ex. intercalated discs





b) Advantages of electrical synapses





i) Speed





ii) 2-way travel




2) Chemical synapse





a) Involves neurotransmitters & receptors





b) 4 main classes of neurotransmitters






i) Acetylcholine





ii) Biogenic amines







(a) Dopamine, norepinephrine, epinephrine







(b) Serotonin







(c) Histamine






iii) Amino acids







(a) Gamma-aminobutyric acid (GABA)







(b) Glutamate (glutamic acid)







(c) Aspartate (aspartic acid)







(d) Glycine






iv) Peptides






(a) Endorphins






(b) Somatostatin







(c) Cholecystokinin (CCK)




c) Mechanism of a chemical synapse





i) Impulse reaches the synaptic end bulbs






ii) Voltage-gated Ca++ channels open






iii) Inflow of Ca++ triggers exocytosis, releasing neurotransmitter is into 





   the synaptic cleft






iv) Neurotransmitter binds to postsynaptic receptors






v) Binding causes a postsynaptic potential





d) Disadvantages of chemical synapses





i) 1-way travel






ii) Synaptic delay 


4. Postsynaptic potentials



A) Excitatory postsynaptic potential (EPSP)




1) Causes membrane potential to move closer to threshold 



2) Caused by an opening of cation channels (usually Na+ or Ca++)


B) Inhibitory postsynaptic potential (IPSP)




1) Causes membrane potential to move away from threshold (hyperpolarization)



2) Caused by an opening of Cl- and/or K+ channels

5. Neurotransmitter removal – necessary for “shutting off” the chemical synapse



A) Enzyme degradation



B) Diffusion out of cleft 



C) Uptake into neuroglial cells (ex. astrocytes)

6. Summation



A) The “adding together” of presynaptic inputs to achieve a greater postsynaptic result



B) 2 types




1) Temporal – results from increased frequency of stimulus from 1 or more 



   presynaptic neurons




2) Spatial – results from an increased number of firing presynaptic neurons

