
4

Question 2

A. You have some drugs that affect neurotransmission, and you wish to determine what

steps they are likely to affect.

In a Petri dish culture of neurons, you depolarize a pre-synaptic cell with an electrode

and you observe a resulting action potential in that pre-synaptic cell. This step is the

same regardless of whether drugs are added. However, the effect on the post-synaptic

cell varies.

Additions What you see in post-synaptic cell...

No drug
You see a slight depolarization in the post-synaptic cell followed by

no action potential in the post-synaptic cell.

Drug 1
You see a large depolarization in the post-synaptic cell followed by an

action potential in the post-synaptic cell

Drug 2
You see no depolarization in the post-synaptic cell and

no action potential in the post-synaptic cell

c) For the following, complete the statement with the letter(s) from the list below.

i) The effect of Drug 1 could be that the…  ________

ii) The effect of Drug 2 could be that the…________

A. Neurotransmitter is inhibited from degradation.

B. Neurotransmitter is degraded.

C. Neurotransmitter's reuptake is accelerated.

D. Neurotransmitter's reuptake is inhibited.

E. Neurotransmitter's receptor is blocked.
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Question 2, Part B

You are working in lab that studies the adrenaline response.  Many athletes come to your
lab looking for a drug that will give them an extra kick-just like adrenaline.  You know
that adrenaline (a.k.a. epinephrine) works in the “flight or fight” response and that it can
trigger action potentials in cardiac muscle, but you need to learn more.

a) You find out that epinephrine results in an overall increase in calcium ion levels within
the cytoplasm of muscle cells.  Given this fact, what do you think is required to restore
the cardiac muscle cell back to its resting state?

b) What are three ways that neurotransmitter can be removed from the synapse?

c) You find out that epinephrine is removed from the synapse by uptake by the axon.
With this knowledge, how could you design a drug to give the athletes the extra kick they
are looking for?  How would it work?

d) What possible side effects would this drug cause?
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f) In many cells there are two types of potassium (K+) channels present in the axonal
membrane.  What is the role of each type of K+ channel, with regard to the membrane
potential?
The resting K+ channel (which is always open) results in a basal leak of potassium ions out of the cell,
creating a negative membrane potential (the resting potential).  The voltage-sensitive K+ channel opens in
the latter stage of the action potential, accelerating repolarization across the membrane.

g) The voltage-sensitive sodium channel has an inactivated state, in which the channel is
not only closed, but also unable to open in response to depolarization.  When does the
channel shift into this conformation?  What effect does this have on the direction of
propagation of the action potential?
The sodium channels spontaneously inactivate after being open briefly; allowing subsequent repolarization
of the membrane to occur.  Since the refractory period of the sodium channels prevents the action
potential from moving in the direction from which it came, it can progress in only one direction down the
axon.
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steps they are likely to affect.
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and you observe a resulting action potential in that pre-synaptic cell. This step is the

same regardless of whether drugs are added. However, the effect on the post-synaptic

cell varies.
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i) The effect of Drug 1 could be that the…________A  D

ii) The effect of Drug 2 could be that the…________B   C  E_

A. Neurotransmitter is inhibited from degradation.

B. Neurotransmitter is degraded.

C. Neurotransmitter's reuptake is accelerated.

D. Neurotransmitter's reuptake is inhibited.

E. Neurotransmitter's receptor is blocked.

Question 2, Part B

You are working in lab that studies the adrenaline response.  Many athletes come to your
lab looking for a drug that will give them an extra kick-just like adrenaline.  You know
that adrenaline (a.k.a. epinephrine) works in the “flight or fight” response and that it can
trigger action potentials in cardiac muscle, but you need to learn more.

a) You find out that epinephrine results in an overall increase in calcium ion levels within
the cytoplasm of muscle cells.  Given this fact, what do you think is required to restore
the cardiac muscle cell back to its resting state?

In addition to the removal of epinephrine from synapse,
Calcium pumps in the membrane to lower cytoplasmic calcium ion levels

b) What are three ways that neurotransmitter can be removed from the synapse?
Diffusion, uptake by nerve terminal, and degradation

c) You find out that epinephrine is removed from the synapse by uptake by the axon.
With this knowledge, how could you design a drug to give the athletes the extra kick they
are looking for?  How would it work?
You could design a drug that prevents the uptake of epinephrine by the axon so it remains in the
synapse to signal longer.
d) What possible side effects would this drug cause?
Excessive and forceful muscle spasms. (Epinephrine overdose includes symptoms of an increased and
irregular heartbeat, a more forceful heartbeat, a severe, throbbing headache, and stroke.)
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