3.6.2.1 nerve impulses
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Nerve impulses
Structure of motor neurones
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	The cell body occurs in the CNS and has a prominent nucleus.  Nissl granules are rich in RNA.

The cell body has many dendrons which bring impulses into the cell body.  

Dendrons begin as dendrites.

A single long axon takes the impulses out of the cell body.  It is myelinated.  The myelin is many layers of the cell membrane of a Schwann cell – made of ……………………………………………… and an electrical insulator.

Gaps in myelin are found at the nodes of Ranvier.


The Nerve Impulse

The message transmitted by an axon, the nerve impulse, is an electrical impulse.  

When an axon is in the resting state (not transmitting an impulse), a potential difference is maintained between the inside and outside of the axon.

The resting potential across the membrane of most mammalian neurones is between 

-60 mV and -70 mV and only changes when the neurone is stimulated. 

The electrical potential difference is maintained by the membrane of the neurone.  

· There is active transport of K+ ions into the cell and Na+ ions out of the cell across the membrane.  The ions are transported by a K+/Na+ pump (cation pump), which uses energy from ATP.  

· There is also facilitated diffusion of K+ ions out and Na+ ions back in.  The membrane is far more permeable to K+ ions than Na+ ions, which causes the tissue fluid outside the neurone to contain many more +ve ions than the cytoplasm inside.  

As a result, the inside of the neurone becomes more negatively charged compared with the outside, and the neurone becomes polarised.  See diagram.

The action potential is created when a nerve fibre is stimulated. The membrane briefly becomes permeable to sodium ions, which flood into the fibre along both a concentration gradient and an electrical gradient.  This creates a negative charge on the outside of the membrane.

This depolarises the membrane and creates an action potential of +40 mV. The more the membrane becomes depolarised the more permeable it becomes to sodium ions, so the action potential develops very rapidly. This is an example of positive feedback. 

The change in potential happens through pores in the membrane called ion channels.  There is one type permeable to sodium ions, and another to potassium ions.  These channels are globular proteins which a central pore covered by a “gate” which can open and close.  During a resting potential they are all closed.

The energy of the stimulus first opens the gates of sodium channels, which allows sodium ions to diffuse in down their electrochemical gradient.  

The action potential lasts for about a millisecond, after which the resting potential is restored.
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Repolarisation 

Relatively few sodium ions enter the axon to produce the depolarisation. At the peak of the action potential, the sodium channels close and potassium channels open, resulting in potassium ions diffusing out of the axon. This causes the interior of the neurone to become less positive again.  Finally, the potassium channels also close and the resting potential is re-established by active transport and facilitated diffusion.

Refractory period 

The movement of potassium ions briefly creates a larger than normal resting potential and this leaves the fibre temporarily less responsive to stimulus. There are two phases, the absolute refractory period, which lasts about 1 ms, and the relative refractory period lasting 5-10 ms, during which a high intensity stimulus may produce a depolarisation.  Because of the refractory period, the maximum frequency of impulses is 500-1000 per second.

Transmission of nerve impulses 

Action potentials are propagated i.e. self generated by the effects of sodium ions entering the axon. A flow of current occurs from the positively charged area of the action potential to the negatively charged area adjacent, which has a negative resting potential. The flow of current causes depolarisation in the next area and this is repeated along the length of the fibre. The transmission is non-decremental i.e. there is no loss in the amplitude of the action potential however far it has to travel.  See diagram.


[image: image3.png]action potential

resting potential

T depolarized section
of membrane

SlEd o s E
[

+
e aas. LT e,

Fig 18.4 Diagram showing three stages in the
propagation of an impulse along an axon. The
action potential is transmitted as a wave of
depolarization which spreads rapidly along the
axon. Local currents on both sides of the mem-
brane cause depolarization of the next section
of the membrane so the action potential advances
from right to left in the diagram.




The “all or nothing” principle

A stimulus must reach a certain threshold value before it will set up an action potential. Increasing the number or strength of stimuli has no effect on the amplitude of the action potential. Action potentials are described as all or nothing events. However a strong stimulus will produce rapid firing of the nerve fibre so that many action potentials may follow one another in quick succession and in this way the strength of a stimulus is recognised. 
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Myelin and conduction speed
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	The impulse passes along the nerve fibre by each section of membrane depolarising the next, so transmission is relatively slow.

The impulse jumps from one node to the next, so only the membrane at the nodes is depolarised.  This is called saltatory conduction and leads to rapid transmission.  The myelin sheath is an adaptation for the rapid transmission of nerve impulses


Question
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	The diagram shows changes in potential across an axon membrane during and after an action potential.

1. Which of the letters A to D labels:

a) repolarisation

b) action potential

c) resting potential

d) depolarisation

2. By how much did the potential difference change when the action potential was introduced?

3. How long is the refractory period?


Factors affecting the speed at which an action potential travels
These include:

· The myelin sheath.

· The diameter of the axon.

· Temperature.

See page 357.

	Further reading and questions

See chapters 15.1 – 15.4
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