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· The cells of the nervous system can be split into two cell types:  neurons and neuroglia.

· Neurons conduct/transmit nerve impulses between parts of the system

· Neuroglia are cells that support and nourish neurons.

Neuron Structure

A typical neuron has three main parts the dendrites, the cell body and the axon.

dendrites – main extensions from the cell body that receive signals from other neurons and send them on to the cell body.

cell body – contains the nucleus and other organelles.

axon – conducts nerve impulses away from the cell body toward other neurons or target structures (ex. muscle cells)
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· The axon of the neuron above is covered in a myelin sheath.  In the CNS, the myelin sheath is composed of oligodendrocytes.  In the PNS, the myelin sheath is composed of Schwann cells.  Both of these cells contain myelin which acts as an insulator for the axon.

· Multiple Sclerosis (MS) is a disease of the oligodendrocytes.  Nerve conduction is slow and 

· In the nervous system there are 3 types of neurons:  sensory neurons, interneurons, and motor neurons.

	Neuron type
	Structure
	Function

	Sensory neuron
	· cell body is not within the CNS

· has sensory receptors (ex. heat receptors, stretch receptors, pressure receptors)

· axon is myelinated

· 
	· Takes messages from a sensory receptor to the CNS.

· Sensory receptors detect changes in our environments.

	Interneuron
	· entire cell is within the CNS

· may or may not be myelinated

· 
	· receives input from sensory neurons or other interneurons of the CNS

· sends impulses to other interneurons or to motor neurons

	Motor Neuron
	· cell body is within the CNS

· axons are myelinated

· terminates on skeletal muscles
	· takes messages away from the CNS to a skeletal muscle fibre 

	Other motor neurons
	· cell body may or may not be within the CNS

· axons are myelinated

· terminates on an effector (smooth muscle, cardiac muscle or a gland)
	· takes messages from the CNS or other motor neurons to an effector

· An effector carries out our responses to environmental changes.
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· The myelin sheath is made of the following neuroglial cells:

· CNS:  oligodendrocytes

· PNS:  Schwann cells

· Both of these cells contain lipid substance called myelin that insulates (wraps around) the axons of neurons.

· Nodes of Ranvier:  The gaps between myelin cells along the axons of neurons.

· These cells do the following:

· They provide a route for severed axons to regenerate (PNS only).

· They speed conduction of the action potential along neurons.

· Voltage gated channels in the axon are concentrated at the nodes of Ranvier.  The action potential can jump from node to node making the impulse reach the effector much quicker.  This is called saltatory conduction.  200 m/s or 450 miles/h.
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The Nerve Impulse

Introduction

· The nerve impulse is more like a line of gun powder than an electrical current.  Neurons themselves are actually poor passive conductors of electrcity.

· Evidence on the mechanism of an impulse comes from measuring the electrochemical potential across the membrane of a neuronal axon. (the axomembrane)

· two electrodes required:  one is inserted into the cell; the other is on the surface.

· electrodes are hooked up to a voltmeter and the voltmeter to an oscilloscope which magnifies the measurement and plots it on a graph-like screen… voltage vs. time.

The Resting Potential

(axon at rest – no impulse occurring)

· The inside of the neuron is approximately –65 to –70 mV compared to the outside.  It is polarized.

· Why?

· There is unequal distribution of  Na+ ions and K+ ions on either side of the membrane because of a sodium-potassium pump or Na+/K+ ATPase.  This pump ejects 3 Na+ ions from the neuron for every 2 K+ it brings in.  The inside of the cell is negative compared to the outside.

· In addition, there is a higher concentration of sodium outside the cell and a higher concentration of potassium inside the cell.  

· There is some leakage of these ions back across the membrane, however the pump is always working and therefore establishes the membrane potential at about –65 mV.

· Another factor that contributes to the potential is that the leakage of K+ ions is slightly more which means an additional amount of positive charge on the outside of the cell.

The Action Potential

· It is an “All-or-none response”

· A stimulus (whether electrical stimulation, neurotransmitter stimulation or receptor stimulation) causes the membrane to depolarize to a certain level called the threshold.  In the case of natural stimulation (receptor or neurotransmitter) this initial depolarization is due to a special sodium channel opening allowing Na+ to move into the cell.  INITIAL depolarization.

· When threshold is met (-40 mV) the voltage-gated Na+ channels open and Na+ flows into the axon.  Membrane potential goes from –40 mV up to +40 mV  This is the depolarization phase of the action potential.

· At +40 mV the voltage-gated K+ channels open and K+ flow out of the cell causing repolarization.  At the same time, the voltage-gated Na+ channels close and become temporarily inactivated.

· Propogation

· Once the threshold has been met at one location, then the influx of Na+ causes adjacent membrane surfaces to become depolarized to the threshold level, and therefore opening of voltage-gated Na+ channels.  The propogation is therefore like the domino effect until it reaches the other end of the neuron.

· The action potential naturally starts at the dendrites or cell body and moves along the axon.  It maintains it’s single direction because membrane that has just experienced an action potential has a refractory period or recovery period where it cannot have another action potential.  This is due to the temporary inactivation of the Na+ channels mentioned above.

· If an action potential does manage to travel in the wrong direction, it will only get as far as a dendrite at a synapse where it will have no effect because there can be no neurotransmitter release from a dendrite or cell body.

See graph of an impulse on page 323:  Figure 17.4d
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The Synapse:  The region of close proximity between the axon of a neuron and the dendrite or cell body of another neuron.  

Structure (pg. 322) 

The axon of a neuron (pre-synaptic) branches towards it’s end and each branch terminates with a structure called the axon bulb which comes in close contact with membrane of the post-synaptic neuron.  The space between the pre-synaptic membrane and the post-synaptic membrane is the synaptic cleft.

· The two neurons communicate through the use of molecules called neurotransmitters stored in vesicles in the axon bulb.  

· They are released when triggered by an action potential arriving at the axon bulb of the pre-synaptic neuron.  

· The action potential causes an influx of Ca2+ into the axon bulb and Ca causes the vesicles to fuse with the pre-synaptic membrane (exocytosis) and release the neurotransmitter into the synaptic cleft.

· The neurotransmitters attach to receptor proteins on the post-synaptic membrane (dendrite or cell body) and upon attachment can do one of two things depending on the post-synaptic cell type (excitatory or inhibitory… this is governed by the neurotransmitter type):

· Excitatory neurotransmitters (fast-acting) 

· allow Na+ to flow into the post-synaptic neuron.

· Na+ influx causes depolarization

· Collectively they make post-synaptic cell meet threshold

· Action potential in post-synaptic cell occurs.

· Inhibitory neurotransmitters

· Cause hyperpolarization

· Collectively prevent threshold from being met

· There is always a balance between these two inputs on neurons.  It is only when excitatory neurons and their neurotransmitters are enough to meet threshold that the post-synaptic neuron fires an impulse.

· Once the neurotransmitter is released and has attached to it’s receptor it has one of two fates:

· It is inactivated by enzymes in the synaptic cleft, ex. acetylcholinesterase

· It is taken up through endocytosis into the axon bulb for re-packaging or breakdown.

· Either of these methods mean there is short existence of neurotransmitters in the synaptic cleft.

· Many drugs act through inhibition of neurotransmitters or mimicry of the neurotransmitter, or blockage of the receptor for the neurotransmitter.

Nervous System





Central Nervous System (CNS)


consist of the brain and spinal cord located on the midline of the body.  The many parts communicate with each other and the PNS





Peripheral Nervous System (PNS)


carry sensory messages to the CNS and motor messages from CNS to muscles and glands





neuroglia:  schwann cells or oligodencdrocytes
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