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Typical instruments noise on a bench, without special protection and 
with cables attached, is in the range of tens to hundreds of 
microvolts. An extracellular AP, also tens to hundreds of microvolts 
in amplitude, will be difficult to detect in the presence of the 
instrument noise. Another main source of the noise in the recording 
comes from powerlines, at 60Hz, picked up by the cables coming out of 
M3000. Since the two channels pick up the same powerline noise, taking 
the difference between the two channels easily cancels out this main 
source of noise. A similar approach is used in EEG, ECG and EMG 
recordings. To further reduce the noise level, the trace you see on 
the computer monitor will have been filtered and cleaned up.  
End of dense reading.  

One last thing you need to know for now is how to start your 
recording.  All you need is to click on the button "Record" above and 
to the right of the upper panel (Fig.2 red arrow). You can click it 
now, but it will only give you a flat line because you don't have a 
worm set up yet. We will discuss how to save and analyze your data 
later. 

Biological Preparation. 

The earthworm has been one of the mainstays in the undergraduate 
laboratory. Although it is not as glamorous as squid or frog, there is 
a great deal to be learnt from this creature. In fact, the 
measurements we will do today are similar to the basic tests a 
neurologist performs on patients. Simple parameters such as action 
potential conduction velocity, stimulation threshold, refectory period 
and EMG are useful variables from which to infer the source of a 
patient's neurological problems. The following procedure has been 
adapted from a laboratory instruction manual used at Smith College1 and 
a paper2 published in 2010.  

We are going to use the whole earthworm for our experiment. We take 
this approach because we don’t want to spend a disproportional amount 
of time dissecting animals. As an alternative, some lab manuals advise 
students to use pins to pierce and immobilize the animals, and then 
use the same pins as stimulating and recording electrodes. Pinning the 
worms down has the advantage of keeping the electrodes in the same 
place throughout, and recordings are especially consistent and have 
good resolution. However, it is difficult to keep an animal 
anesthetized for more than 20 minutes. The sight of a pinned worm 
waking up and starting to squirm would be sure to distract students 
and make many of you cringe. Instead, we will adopt an approach 
suggested in a recent paper where the earthworm is kept in a confined 
space, with recording wires placed under the animal2. This way, the 
animal, though it may complain, is not seriously harmed. (While 
preparing this manual, I ran through more than 20 experiments, with as 
many animals, and they all survived as long as I finished the tests 
within 4 hours.) There is, however, a price to pay when using this 
humane approach, namely that stimulation and recordings will not be 
strictly consistent between trials. This is because although the 
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earthworm is confined, it can still move. As a result, the distance 
between our stimulating and recording wires and the axons will have 
varied slightly from time to time. Nevertheless, useful information 
can be obtained, and experts like us will be able to extract the data 
we are after.  

1. Anesthetize the animal. Handle the animal gently. You may want to 
wear gloves for the first step. Pick up the animal by hand or use the 
spatula to hold it by its mid-section. Put your animal in the beaker, 
rinse it with tap water, and drain the tap water without pouring the 
earthworm down the sink. Pour in 10% ethanol, enough to cover the 
animal. (Make sure that you drain the water properly first, so that 
the alcohol is not diluted.) We need to wait until the worm stops 
moving, about 5-10 minutes. (Finish reading the next two paragraphs 
while you are waiting. You don’t want to swing the worm around while 
reading and figuring out how to put it in the recording chamber.) You 
should keep an eye on the worm after 5 minutes, moving the beaker a 
little to see if the worm still moves. Take it out of alcohol when it 
has stopped moving. Alcohol should immobilize its muscles, and block 
the function of sensory receptors on the skin, so that the worm 
doesn't move too vigorously when we record from it.  

We will next put the worm on a paper towel so the animal is not 
dripping wet and the slime it secretes is wiped off, but the worm 
should remain moist. Too much water on the skin will short out the 
current and degrade our recordings. Then again, a dry worm is a dead 
worm. Just let the paper towel soak up excess water, then transfer the 
animal to the worm cage we have built. (You can tilt the paper towel 
so the worm rolls on it, to remove excess fluid.) The spatula is 
useful for tugging the worm into the recording chamber (Fig.4) 

This chamber is designed to hold the animal in place, by not leaving 
too much wiggling room. The pins attached to the side of the cage will 
make contact with the ventral side of the animal. (We will discuss the 
pins in detail in a minute.) The most pressing issue right now is to 
place the worm in the chamber in the correct orientation. First, the 
anterior should be at the end of the chamber marked by smaller 
numbers. (The numbers indicate the distance from the end of chamber in 
centimeters.) Which end of the worm is the anterior? Check Fig.5. In 
addition, the paler side of the worm should face down. (There is a 
dark streak on the dorsal side of the animal.) This orientation is 
important because the nerve cord where axons are located is on the 
ventral side, and the skin on that side is thinner and should provide 
better electric signals (Fig.5). Lay the animal down and cover the top 
of the chamber with the clear ruler on your bench. Use the spatula to 
tug the worm in if necessary. Hold the ruler down with the aluminum 
bar on the ruler. The aluminum bar holds the ruler down and the 
opening on the bar allows you to keep an eye on the worm. You should 
check the location of the worm regularly, to make sure that it rests 
on the pins you have connected for stimulation or recording. The 
entire contraption is designed to minimize movement and to prevent the 
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spending more time teaching software you will use only once in your 
life.) For the traces you have generated, each one is identified by a 
specific numerical code (x:1) where "x" increases sequentially. The 
trace ID's are displayed at the bottom of your window (Fig.6 circle 
c). If you click on a particular box, the corresponding trace will 
appear and the little box marked green (Fig.6 black arrow). You should 
make notes of the voltage you use for each or a range of traces, from 
trace x to trace y for example, in your notebook. Also make a note of 
particularly good traces. Keep your notes simple and informative, such 
that anyone reading it can quickly reconstruct your experiment. (It 
may not be convenient to type in the notes while LabScribe is running, 
write the info down on a piece of paper and type in later. Your 
notebook counts as part of your lab report.) 

Finally, use the "File" menu in LabScribe and use "Save As" to save 
your data and your notes, with a filename identifying your group. For 
the rest of this lab session, just save your results from time to time 
so you have all data under one filename. 

Project 1: What is the threshold of the median giant axon? 

If you remember Project 1 of your first lab, you should have a rough 
idea about how to find threshold. You need to adjust the stimulation 
amplitude up and down until you find the AP threshold where a change 
of 0.1V will make the difference between failing/succeeding to evoke 
AP.  

In the note section of your powerpoint slide 1, you should write down 
the trace IDs for which AP stimulation failed and succeeded in 
triggering AP. (Select one good looking example for each condition.) 
The difference in stimulating voltage used for the two IDed traces 
should be 0.1V. In this experiment, it is reasonable to repeat the 
stimulation evoked by a given voltage several times, especially when 
you are testing voltage around the threshold, to convince yourselves 
of your accuracy and to increase your chance of obtaining a trace with 
a flat baseline. However, don’t overdo it. You will regret later if 
you have to find a particular trace and have to sort through too many 
traces. Of course, you need to stimulate as many times as you need to 
get your data. Another important reason for not overdoing your 
stimulation is that your worm may get too agitated and move around too 
much. That will definitely affect the consistency of your results. 

In addition to the note taking details I have already mentioned, you 
should also make a note of the position of your worm, namely head at x 
cm, tail at x cm. A division of labor may be useful here—one person 
working LabScribe, one taking notes and one noting worm and pin 
position etc. 

In order to prepare for your presentation next week, you need to 
choose your best traces now, both below and above threshold, and 
incorporate them into slide 2 of your file. (Slide 1 is reserved for 
note taking.) You may have to size the two figures to fit into one 
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slide. You can write the figure legend after you go home. In the 
legend, you should include:  

(1) The time when the peak of AP occur. A precise measurement can be 
made by moving the red vertical cursor to the peak and reading where 
the cursor is on the bottom—time—axis.  

(2) The amplitude of the AP.  Do this by placing one cursor on the 
positive peak and the other cursor on the negative peak. The numerical 
readout of this difference is displayed to the right of the colored 
strip, as V2-V1=xx. (You may have to click on the "two cursor" button 
(Fig.9c) for the two cursors and difference measurement.) 

(3) Location of your worm, and position of electrodes, both 
stimulation and recording. 

Do the measurements now, LabScribe is not available to make 
measurement from your personal PC. If you are not sure about 
identifying AP, or of the appropriate criteria for baseline/peak 
choice, check with your LI or LA. 

***If you have been watching the worm, you must have noticed that the 
worm twitches slightly after each stimulation. (It is not good if 
there is absolutely no movement when you shock the worm. Ask your LI 
for advise, don’t just crank up stimulation. Something is wrong if you 
have to use a stimulation voltage above 4V!) In fact, it is important 
to keep an eye on your worm because they do try to escape, and to 
contract or lengthen itself. As a result, your worm may move away from 
your stimulation or recording electrode over time. Move your clips to 
where the worm is. No worm, no threshold! 

Project 2. AP threshold is dependent on stimulation duration.  

This project builds on the threshold you have established for 0.1ms 
stimulation in Project 1. We now would like to know if the threshold 
stays the same if we increase the stimulation duration to 0.2ms and 
then 0.5ms.  

First, repeat the supra-threshold stimulation you have established in 
Project 1, in order to make sure that it still works. If not, the worm 
has probably moved, so adjust the amplitude and find the new 
threshold. (Check your note on worm position from Project 1, as the 
threshold may change significantly if the worm has crawled or 
shortened itself.) 

Decease the stimulation amp to half that of your previous voltage, and 
increase W(ms) to 0.2ms. (It is important to start with a low voltage 
as you increase the duration, because your previous stimulation 
amplitude will be way too high for a duration 2x longer. We don’t want 
the worm to get all jumpy.) Don’t forget to click "Apply" before you 
run your test. After you click record, check the stimulation trace 
first to make sure that the correct shock was delivered. (Also, check 
the worm as well. If you have been watching the animal, you have some 
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idea about how much the worm should twitch when your shocks are just 
above threshold. If you see that the worm is twitching more vigorously 
with the new shock parameter, you should reduce the stimulus strength 
further.) Depending whether you get AP or not, adjust the voltage 
amplitude until you find the threshold for a stimulation duration of 
0.2ms.  

Go through the same procedure, namely lowering the amplitude and 
increasing the duration, to find the threshold for 0.5ms. 

In your notes under slide 1, you should identify trace IDs where APs 
failed and succeeded for 0.1, 0.2 and 0.5ms trials. Paste traces 
containing APs activated by the three stimulus durations onto slide 3. 
(You will have to shrink them so they fit onto one slide.) Write a 
figure legend that includes: (1) the time of AP occurrence, (2) AP 
amplitude and (3) the pin locations. In a separate paragraph, discuss 
whether the amplitudes stay the same for different stimulation 
durations? Explain your observation.  

Project 3: Conduction velocity of the median giant. 

This project is for you to figure out. You have information on the 
distance between different recording pins from marks on the chamber, 
and the timing of AP from your recording. From the two pieces of 
information, you should be able to estimate AP conduction velocity.  

Here are a few hints: the simplest approach will be to place the two 
recording clips on pins next to each other. You will need to have the 
following information: 

 pin location  
as marked on 
cage 

Time at 
artifact and 
AP  

Distance btwn 
pins (1) & 
(2) 

Difference 
btwn times 
(1) & (2) 

stimulus pin 
(posterior) 
(1) 

    

Recording pin 
(anterior) 
(2) 

    

   Conduction 
velocity 
(m/sec) 

 

In your report, you should also show the trace from which you get the 
numbers from. (By using the insetscreenshot routine.)write a figure 
legend for the traces and, in a separate paragraph, explain how you 
calculate the conduction velocity. 

Optional: If you have time, you should try to repeat the estimate by 
using a different pair of pins for recording, to see if your estimate 
is consistent.  

Alternatively, you can place the two recording clips as far apart as 
possible, but still underneath the worm. In this case, you should get 
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recording similar the blue trace in Fig.10B. Show the recording, write 
a legend and explain your calculation. (You get extra credit for doing 
this one properly.) 

 Location (pin 
# as marked 
on cage) 

Time of AP 
(include 
trace ID) 

Distance 
between pins 

Difference 
in AP time 

Recording pin 
(red) 

    

Recording pin 
(black) 

    

   Conduction 
velocity 
(m/sec) 

 

 

 

Project 4: Identification of APs generated by the lateral giant axons. 

It has been about two hours since we first anesthetized the earthworm, 
it is likely to be restless and moving in the recording chamber. An 
animal in such state is not fit for our goal of recording lateral 
giant. It would be necessary to put the earthworm back to the alcohol 
and wait until the worm stop writhing. The animal should be completely 
relaxed in that when you lay it in the recording chamber, it should be 
stretched out over the entire length of the recording chamber and make 
no effort to shorten itself or squirm.   

If you think you have found the lateral giants, show the traces, write 
a figure legend. To really prove your point, you need to show that the 
threshold for the lateral giant is higher than the medial giant. At a 
minimum, you will have to show a pair of traces, one with sub- and the 
other supra-threshold stimuli for the lateral giant.  Of course, the 
medial giant will have to be there in both traces. Talk to LI, LA if 
the requirement—that the medial giant will have to be there while the 
laterals go sub- and supra-threshold—doesn't make sense.  

Extra credit: There are two lateral giants, what kind of experimental 
evidence do you need to demonstrate the existence of two lateral 
giants? Discuss this question among yourselves and with instructors. 
Show your evidence in a separate Powerpoint slide if you think you 
have found evidence for two lateral giants. 
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