Ch. 17 Nervous System

17.1 Neuron Structure

main difference
- central nervous system (CNS)





- nerves within spinal cord and brain




- peripheral nervous system (PNS)





- all nerves outside the CNS

functions

- sensory input receives information about changes (stimuli) inside 

   and outside body




- integration processes, interprets sensory input and make decisions 

   for action




- motor output activates muscles or glands

nervous tissue

- excitable nerve cell, or neuron, transmits electrical impulses

- supporting cells provide structure, protection, and 

   insulation to neurons

neuron


- all neurons have 3 parts: dendrite(s), cell body, and axon


- cell body with large nucleus and granular cytoplasm (centrioles absent)


- dendrites conduct nerve impulses toward cell body



- single long dendrite or many short branched dendrites

- single long axon conducts nerve impulses away from cell body



- axons end in fine terminal branches tipped by axon bulb 

   swellings


- dendrites and axons also termed neuron fibers or processes

- special characteristics of neurons



- long lived (over 100 years)



- mostly amitotic (cannot regenerate)



- high metabolic rate (use of energy)
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Types of Neurons skeletal muscle




neuron types

- sensory (afferent) neuron from sense receptor organ to CNS





- single long dendrite, short axon branch




- motor (efferent) neuron from CNS to effector (muscle or gland)





- short branched dendrites, long axon




- interneuron (association neuron) in CNS connects sensory and 

   motor neurons





- short dendrites, long or short axon


supporting cells
- tightly packed spirals of neuroglial cells





- support, nutrition, communication functions (glia = “glue”)




- PNS neuroglia cells called Schwann cells cover and insulate neuron 

   fibers

Schwann cells

- long neurolemmocytes encircle long neuron fibers (dendrites, axons)





- outer cellular sheath or neurilemma (may play a role in 

   nerve regeneration)




- many layers of plasma membrane contain the lipid myelin





- whitish, inner myelin sheath insulates & increases conduction





- multiple sclerosis disease causes scars on sheath and 

   motor abnormality




- gaps between Schwann cells along the neuron fibers termed nodes 

   of Ranvier




- role of satellite cells found associated with Schwann cells is unclear




(moore’s schwann cells pic)


17.2 Nerve Impulse

nerve impulse
- transmission speed varies 1-200 m/sec depending on axon diameter    


   and degree of myelination



- small, slow non-myelinated nerve fibers are mixed with 



   faster myelinate nerve fibers


- speed increases with fiber diameter



- less resistance to ion movement

myelination
- myelin sheath broken at nodes of Ranvier every 1-2 mm exposed 


   bare fiber


- speed increases by impulse jumping node to node (salutatory 


   conduction



- excitation impulse restricted to nodes reduces loss of ions 



   (less energy to restore gradients)

classification of 
- somatic sensory and motor nerves of the skin and skeletal muscles

nerve fibers

- Group A fibers: large diameter and thick myelin 15-130 m/sec


- visceral sensory and motor nerves of organs, small skin sensory 


   fibers (pain and touch)



- Group B fibers: intermediate diameter and lightly 



   myelinated, 3-15 m/sec



- Group C fibers: smallest diameter and unmyelinated, 



   1m/sec or less

charge separation
- Na+/K+ pump constantly transports Na+ out of cell and K+ into cell



- too small to detect by chemical means but important 



   biological effect


- always more positive ions outside any plasma membrane than inside



- more K+ channels than Na+ channels



- for every 3 Na+ pumped out only 2 K+ are pumped in

membrane potential
- potassium channels allow K+ (but no Cl-) to cross selectively 


   permeable membrane



- charge separation creates an electrical gradient called a 



   voltage difference



- outer surface becomes more positive, inner surface more negative


- voltage differences are measured at the inner surface of 


   membrane (negative)



- range from –10 mV in RBCs to –90 mV in heart and 



   skeletal muscle



- lower limit set by increasing voltage gradient opposing 



   further flow of K+ to outside


- only a thin layer at inner and outer plasma membrane surfaces are 


   polarized



- cytoplasm remains overall neutral


(moore’s Na+/ K+ pump and K+ channel pic)

resting potential
- caused by the uneven distribution of charges across the axon membrane



- concentration of Na+ greater outside and K+ greater inside 



   by action of a Na+/ K+ pump



- cell membrane is more permeable to K+ than Na+ and 



   always more positive ions moving outward than inward


- inner axon membrane is negatively charged (polarized) to –65 mV 


   potential

action potential
- sudden change in membrane potential across the axomembrane



- inner membrane potential suddenly rises (goes positive): 



   depolarization



- inner membrane potential then rapidly falls (returns 



   negative): repolarization


- depolarization from –65 mV to +40 mV



- sodium gates open (membrane suddenly permeable to Na+ ions)



- charge inside changes to positive as Na+ ions flood interior



- increases until rising voltage opposes inward flow of Na+ 



   (peak of the graph)


- repolarization from +40 mV to –65 mV



- sodium gates close and potassium gates (in addition to 



   channels) open



- axon resumes a negative charge as K+ ions move outside 



   the membrane



- potassium gates close, membrane permeability returns to 



   resting condition


(FIG. 17.2 graph with moore’s info)

excitation
- nerve cell initiating an action potential in response to a stimulus



- threshold level



- all-or-none response



- refractory period

threshold level
- minimum stimulation needed to cause an action potential



- strong enough for sufficient sodium gates to open and 



   exceed K+ outflow



- if too weak the constant K+ outflow restores resting potential

all-or-none
- intensity of nerve impulse (and speed transmission) always the same



- once open, sodium gates remain open


- greater stimulus increases frequency (occurrence) of impulses



- does not increase action potential


(moore’s 3 graphs)

refractory period
- time during which neuron fiber is not excitable (1-2 m/sec) after 


   excitation


- while Na+/ K+ pump restores original ion distribution



- Na+ inflow unable to exceed K+ outflow and reach threshold

transmission
- driven by movement of charges between excited to unexcited regions


- outer membrane positive charges on unexcited region are drawn 


   toward negative charges of excited region



- new outer membrane region becomes more negative


- inner membrane positive charges on excited region are drawn toward 


   negative charges of unexcited region



- new inner membrane region becomes more positive


(moore’s transmission pic)

17.3 Transmission Across a Synapse
synapse
- where an axon bulb meets a dendrite, cell body, or other axon,   


   leaving a gap (“cleft”)




- presynaptic membrane: axon membrane of incoming axon bulb




- postsynaptic membrane: membrane of target cell (nerve, 


 
   muscle, or gland)




- synaptic cleft: 20mm gap between presynaptic-postsynaptic 



   membranes

synaptic 
- nerve impulse crosses the synaptic cleft by neurotransmitters

transmission
   stored in synaptic vesicles in axon bulb




- acetylcholine (Ach)




- norepinephrine (NE) (“noradrenaline”)

- mechanism of action potential passing between neurons




- nerve impulse causes axomembrane sudden permeability to 



   Ca++ ions that flood into the axon bulb




- Ca++ ions cause microfilaments to pull synaptic vesicles to 




   presynaptic (axon bulb) membrane







- vesicles secrete neurotransmitter (exocytosis) into the 



   synaptic cleft




- neurotransmitter diffuses across cleft to bind (“lock-and key”) 



   to receptor on postsynaptic membrane


- postsynaptic membrane response depends on type of neurotransmitter and type of receptor

postsynaptic
- excitatory: postsynaptic membrane depolarizes 

response


- opening of sodium gates initiates impulse


- inhibitory: postsynaptic membrane hyperpolarizes (lowers resting


   potential)




- potassium gates open (in addition to channels)




- resting potential driven more negative




- more difficult for an impulse to surpass threshold level into 



   an action potential

neurotransmitters
- synapses use different neurotransmitters

- nerves to skeletal muscle always excitatory: acetylcholine

- nerves to visceral organs either inhibitory or excitatory: 
   norepinephrine or acetylcholine


- neurotransmitters are inactivated by enzymes in the synaptic cleft

- acetylcholinesterase (cholinesterase) breaks down acetylcholine
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