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SIMULATING (1) A STATIONARY AP IN A NORMAL AXON AND (2) A PROPAGATING AP IN AN AXON AFFECTED BY MULTIPLE SCLEROSIS


The patch (stationary) action potential simulation

Q. 1.  Decrease the [Na]out to try to make ENa move towards zero and the peak of the AP get smaller.  (Note that the peak of the AP does not quite reach ENa because the K conductance is starting to bring it back down). Think--At what value of [Na]out will ENa equal zero?  See if you were correct.

















[Na]out = ????

ENa = 0  =  58 log  ----------------------                   [Na]out = _______ mM




[Na]in  = 14 mM

Q. 2.  Increase the [K]out and watch what happens to Ek and to the falling phase (repolarization) of the AP.  Increase it so much that Ek becomes positive.  Now increase it a ridiculous amount—say, to 2000 mM—and watch what happens to the “falling phase” of the AP.  What do you conclude?

(a) The falling phase in unaffected by Ek.

(b) The falling phase of the AP goes to where Ek is.

(c) The AP fails.

Q. 3.  What happens to the AP as the nerve gets colder?

(a) The peak of the AP gets smaller

(b) The duration of the AP gets longer

(c) The AP fails

The propagating action potential simulation in a partially demyelinated axon. 

Using “Continue for” (see instructions), stop the AP about half way down the bare axon, draw it, and label 3 important phases of the AP: the rising phase (the “front” of the AP, the peak, and the “falling phase” (the “back” of the AP). Remember that this AP is plotted as a function of space, not time.

Q. 4.  Where is the “front” of this AP (the rising phase)?

(a) Right-hand portion of the AP

(b) Left-hand portion of the AP

Q. 5. Where does the inward Na current greatly exceed the outward K current? 

(a) Right-hand portion of AP

(b) Left-hand portion of AP

Q. 6. Where does the outward K current greatly exceed the inward Na current ?

(a) Right-hand portion of AP

(b) Left-hand portion of AP

Q. 7. On which portion of the waveform would you expect the threshold to be?

(a) Right-hand portion

(b) Left-hand portion

Stop the AP when its peak is in the bare axon and then again when it is invading  the myelinated portion and measure the approximate length of axon (in microns) that is reversed in polarity (inside positive) at any one time.  The length of axon where the potential is reversed gives a good feeling for how spread out the AP is in the axon and thus how fast it is traveling.

Q. 8. About how much of the axon has reversed polarity in the bare portion ?

(a) 50 (m

(b) 500 (m

(c) 5000 (m or more

Q. 9. About how much of the axon has reversed polarity in the myelinated portion?

(a) 50 (m

(b) 500 (m

(c) 5000 (m or more

Reset all the parameters back to their default settings. Take the electrode out of the bare axon and put it in the other (myelinated) end of the axon (see lab guide).  Run the simulation and watch what happens. 

Q. 10. What is the problem?
(a) The voltage in the bare axon is not getting to threshold so the AP does not propagate.

(b) There are no Na channels in the bare axon.

(c) There are no K channels in the bare axon.

MS patients feel better when the temperature changes in their surroundings.  Experiment with temperature to see if a change will cause the AP to propagate.

Q. 11. Would the patient prefer warmer or cooler temperatures?

(a) warmer

(b) cooler

Q. 12. How small a change enabled propagation to take place in your experiments?

_____degrees

Q. 13  Why does this temperature change enable propagation?

(a) The AP duration increases with cooling (because the channels open and close more slowly) and so there is more time for the voltage in front of  the AP to reach threshold when it spreads into the bare axon.

(b) Warming speeds up the AP so it can get a running start for propagating into the bare axon.

(c) Warming destroys the myelin and makes the two halves of the axon more equal.
Experiment with drugs to try to help your MS patient.  Can you find a drug or drugs that would enable the AP to propagate in the bare axon? You can simulate the effect of drugs that block Na or K channels by decreasing the Na or K channel densities in the Bare Axon Parameters menu.  Alternatively you could simlulate drugs that might increase  the Na or K channel densities. Think first about what should work. 

Q. 14: For the K channels, did a change in their density enable propagation in the bare axon?
(a) increasing the density enabled propagation

(b) decreasing the density enabled propagation

(c) the AP failed to propagate into the bare axon regardless of a change in either direction

Q. 15: For the Na channels, did a change in their density enable propagation in the bare axon?
(a) increasing the density enabled propagation

(b) decreasing the density enabled propagation

(c) the AP failed to propagate into the bare axon regardless of a change in either direction

Q. 16: Give an overdose of K channel blocker (set the channel density to 0) and watch what happens.  Do you think this dose will lead to death of the patient?
(a) yes

(c) no 






















