
 SEQ CHAPTER \h \r 1Neuroscience 26                          
Laboratory: Week 2 

Introduction to Neuroscience 

ELECTRICAL ACTIVITY IN NERVE
1. Introduction

 This lab will introduce you to some of the electrophysiological equipment that you will use many times in this course.  It will also introduce you to a most important phenomenon in Neurobiology: the electrical impulses that carry information over macroscopic distance in nervous systems. 


To appreciate this lab, it will help to know a little history of the early experiments in this field. In the early decades of this century, physiologists realized that meaningful observations on functioning nerve cells were possible. This came about because of technical advances (recording devices that could follow rapid electrical changes) and conceptual progress (the knowledge that the way nerve cells function has something to do with electricity).


Which type of nerve did these ancient physiologists choose for the first experiments?  Apparently they felt that only nerves from vertebrate animals were worth studying, because their main interest was in human physiology, and humans are vertebrates.  However, as we now realize, the vertebrate choice was not ideal.  Vertebrate nerve fibers are tiny, and they are usually intertwined with thousands of other fibers, forming a typical vertebrate nerve trunk.  Because of their small size, vertebrate fibers generate small extracellular signals; for the same reason and also because they occur together with so many other fibers, it requires somewhat heroic feats of dissection to record from most single peripheral nerve fibers in a vertebrate.
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In contrast, many invertebrate nerve fibers are much larger than the largest vertebrate fibers.  Many invertebrate nerve bundles contain just a few fibers, so it is easy to detect activity in a single one.  And fortunately, as we now know, the basic mechanisms of electrical signalling are very similar in vertebrate and invertebrate nervous systems. Thus knowledge that took years to accumulate might have been discovered much more quickly if scientists in the 1920's had started with preparations like the one we are using in this lab. 

     Our preparation consists of an excised leg of the common Valentine Hall cockroach, Periplaneta americana. The leg has several segments (arthropod = jointed limb), as shown in the diagram


A dozen or so "spines" protrude from the tibial segment.  A single large fiber runs from each spine into a ganglion (collection of nerve cell bodies) in the abdomen of the cockroach. The spines are "bendable", but spring back when let go. They appear to have the function of letting the cockroach know when its leg brushes against something.

2. Rationale
     Suppose you are an aspiring neurophysiologist in the 1920's, and you have heard that an ambitious chap named Adrian at Cambridge University in England is trying valiantly to be the first to record from single sensory nerve fibers. He is working on a certain frog peripheral nerve, but rumor is that he isn't having much success because of the difficult dissection involved. (Actually he persisted, and became Lord Adrian and a Nobel Prize winner.)  You have decided to beat him to his peerage by recording from the cockroach leg.

     You reason as follows: If the fibers carry signals only when a spine is bent, it might be enough to record from all the fibers at once and to stimulate only one spine, so only one fiber would carry signals. That should qualify as a single-fiber recording, without the necessity for a fancy dissection down to a single fiber.  In fact, it might not be necessary to dissect the nerve out at all!  Currents generated by these nerves are confined to the narrow space insidethe leg, which is small compared to the space inside any vertebrate limb. So it might be possible to pick up these currents simply by sticking pins into the leg and recording from the pins.  A lot of "ifs", but for a Nobel Prize it's worth a try.

3. Golgi observations

Before beginning electrophysiology, observe your Golgi preparation from last week.  The Permount has now hardened and the slides can be safely mounted in the microscope.


Scan sections at lowest power, using the very small objective without a colored ring).  Locate interesting sections that are thin enough to look yellow or golden rather than brown.  Go to the 10X and then the  40X objectives to study cell morphology.  


In the cortex material, study neurons near the cortical surface.  Dendrites are covered with small protrusions called spines; the axon should be smooth, and leaves the cell body via a conical “axon hillock,” while dendrites arise from a gradual narrowing rather than a well-defined hillock.  Note the orientation of the dendrites relative to the cortical surface, and the existence in some neurons of basal as well as apical dendrites.  Call an instructor or TA over and show them a good example of a cortical neuron in your sections.


If you have cerebellum sections, identify cerebellar cortex with distinguishable molecular and granular layers.  This Golgi protocol often stains blood vessels and glial tangles in the cerebellum as well as neurons. Find the best example of a Purkinje cell on your slide and show an instructor or TA.  

4. Introduction to electrophysiological apparatus.

To observe electrical activity in the nervous system, we need to amplify it and then display it.  We’ll use a P-15 amplifier made by the Grass Instrument Company to amplify the signals, and an analog-to-digital conversion unit connected to a laptop computer to display them.  


The Grass P-15 is a battery-powered amplifier designed especially for electrophysiology.  This amplifier takes the difference in potential between two input leads, G1 and G2, amplifies that difference, and provides the resultant voltage, referred to ground, at the output.  We will use the amplifier with a wire connecting G2 to ground.    The ON switch should be turned off during the experiment unless actually recording, to save the battery. 
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Check the battery's state of charge by flipping the BAT TEST switch in both directions while the power is  turned on. If the indicator stays in the red region, the battery must be recharged overnight by the charger which plugs into the right side panel.  The $100 batteries will lose their rechargeability if the amplifier is left on for many hours. 



The “½ Amplitude Frequency” settings are filters used to remove noise from the signal. Nerve impulses have most of their energy at a frequency of around 1 kHz (i.e. they last about 1/1000 of a second, which represents a frequency of 1000 per second, or 1 kHz).  A big issue in electrophysiology is is the 60 Hz noise from equipment that is plugged into the 110 volt electric power outlets, and the room lights that also run on the same power.  The “LO” ½ Amplitude Frequency settings cut down signals at frequencies lower than the indicated settings, so the “300 Hz” setting reduces 60 Hz noise without damaging the 1 kHz nerve impulse signals too much.  The “HI” ½ Amplitude Frequency settings reduce resistive noise (the “swishing” sound you hear in consumer audio equipment such as tape decks and radios).  The “HI” settings reduce signals at frequencies higher than the indicated settings, so 10 kHz cuts down on high frequency noise, again without damaging the 1 kHz nerve impulse signals too much.

5. Recording Cockroach Sensory Fibers 

1. Anesthetize a cockroach with CO2.  Cut off one leg with fine scissors near the base of the    trochanter.  Handle the leg gently; especially don't squeeze the tibia, with its spines, between your fingers. Place the leg in the recording dish. 


2. Turn the laptop on, log in with username student, and password student.  Double-click the PicoScope icon on the desktop; maximize it.  Settings (these should be the default settings when you start the program):


Trigger (bottom): None   Ch A    Rising  200 mV  0%


Sweep speed (top): X 1 ms/div


3. Connect the wires from the three stainless steel pins to P-15 inputs G1, G2, and GND (ground).   Push the pins through the leg at the points indicated in the diagram on the first page above.  It is important to place the pin that goes to G1 be inserted very near the tibia/trochanter joint, where it is likely to be close to the nerve fibers.  Push each pin all the way through the leg and out the other side, and then pull the pin slightly back out of the recording dish so that the leg is not touching the dish.  (This helps ensure spines won’t be stimulated until you bend them.) 


4. Connect the P-15 amplifier to the PicoScope unit and to the speaker using the appropriate cables.  Set amplifier controls as follows: HI: 10; LO: 300; AMPLIFICATION: 100


5. Turn the speaker on.  Use a fine needle connected to a wood or plastic (i.e. insulating) holder. Press gently down on one of the spines, while observing in the dissecting microscope.  Nerve impulses will appear on the laptop screen as voltage "spikes", and will be heard in the speaker as a series of clicks, in response to pressing on the spine.  Ground yourself if necessary by touching the metal baseplate.  A single large pop or a brief scratchy noise at the moment of pressing on the spine is likely to be static from the hand-held probe rather than a nerve response. 


6. To study responses to different kinds of stimuli, change PicoScope settings to record 2 seconds of data in response to each stimulus.  Select:


Trigger: Single  Ch A   Rising  2 mV 0%


Sweep speed (top) X 200 ms/div

Settings | Options | Advanced | Maximum samples per scope trace: 40000 | Slow sampling: Block mode  |  OK | OK


Now when you click on the green “GO” icon (bottom left), there will be a 2-second pause to take data, and then a trace with the response will appear.   Save good traces: File | Save As | (use default name, or enter a file name of your choice).  


7. Questions to answer through your observations:

(1) What is the duration and amplitude of a single impulse?  (Take account of the X 100 amplification.)

(2) What is the maximum frequency of impulses you can obtain?  (Measure the time between the peaks of closely-spaced impulses, either immediately after recording them, or by saving and recalling the file.  For a more accurate measurement, expand the trace using X 200 (to the right of the X 200 ms/div sweep speed control)

(3) Do fibers respond to bending in all directions equally?  

(4) How is strength of stimulation "coded" in these fibers?  (i.e. how does the response to bending the spine through a small angle differ from the response to bending through a large angle?)

(5) How is duration of stimulus coded - i.e. how do responses differ for long-duration bending vs. brief bending?

(6) Are signals in all fibers the same?  If not, how do they differ?  


8. Last and very important in this lab and all electrophysiology labs, be sure to turn off all equipment, ESPECIALLY the amplifier battery on/off switch.  If the amplifier battery needs to be charged, let the instructor know and he will put it on the charger.

6. Acknowledgment.

The procedure in this lab is similar to one used by E. F. MacNichol, Jr.and Alan Fein for a January Neurobiology course at the Marine Biological Laboratory, Woods Hole, Mass.  The Figure in the Introduction comes from Oakley & Shaffer, Experimental Neurobiology.
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Inputs: G1 from nerve, G2 is the “indifferent” or ground electrode
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Battery test - switch up and down, red line in the offset window should move into green regions













