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INTRODUCTION

Action potentials can be recorded with both intracellular and extracel lular electrodes. With
intracellular el ectrodesthe tiny tip of a micropipette pierces the plasmamembrane, allowing the
actual electrical potential differenceacross the membraneto berecorded. At rest, a steady
membrane potential of about -70 mv isrecorded. As an action potential passes by the point of the
recording, the membranedepol arizesto about +50 mv and then about one millisecond later returns
to theresting level.

Often, however, a neurophysiologistdoes not need to know the actual changesin the membrane
potential, but only when an action potential occurs. In thiscase, an extracellular recordingis
usually adequate. Electrodesare placed outsidea neuron to record the electrical potentia (voltage)
changesoccurring in the extracellular fluid. The technique works because ionic current flowing
across membranesduring depol ari zationssimultaneously causes ionic current to flow in the
extracellular fluid, producing electrical potential changes.

Theelectrical potential changesdetected by extracd lular electrodes are much smaller than those
recorded with an intracellular e ectrode. Also, the time courseaf the potential changesis not the
same, but distorted.

Although analyzing extracel lular potential changesin detail iscomplex, afew ssmple principles
help understand the recording. Electrical potential sare always recorded between two locations,
sinceit isthedifferencein eectrica potentia that issignificant. Usually the electrode connected to
the positive input of the voltagerecordingdevice (the "positiveel ectrode”) is placed just outside the
neuron. The negativeelectrodeis then placed either outside the same neuron at adistanceor else
anywherein the fluid surrounding the neuron. Often recordings pick up lessinterferenceif the
negativeelectrodeis connected to ground. At rest, no electrical potentia isrecorded -- both
electrodesarein theextracellular fluid. If only the positive electrodeis close to the neuron, the
voltage measuring device detects a positive el ectrical potential as an action potential moves towards
the poditive e ectrode; conversely, an action potential travelling away from the positive electrode
causes a negative electrical potential change. Thus, if an action potential conducts towards and
then past the electrode, the el ectrical potential will first be positiveand then negative. If both the
positive and negativee ectrodes are near the neuron, the recording is more complex, consisting of a
summation of the potential changesdetected at the two electrodes.

Sensory (afferent) axonsin the leg of a cockroach offer an excellent opportunity for observing
action potentialsand for studying important conceptsin sensory physiology. Most of the largest
sensory neurons detect movementsof the spines ("bristles') on theleg. Thelong portion of theleg
closest to the body istermed thefemur. The next portionisthetibia

As Figure 1 shows, each spineon the femur or tibiais suspended on a flexible membrane
within a stiff socket. The sensory innervationis not in the spineitself, but a the flexible
membranea the base of the spine. The sensory structureiscalled acampanifom sensilium. It
consists mainly of atiny domeof cuticle with the dendrite of a single sensory neuron attached to
itsinner surface. The dendrite passesthrough acanal in the wall of the spineto the cell body at the
base of the spine. The axon projectsall the way to the central nervoussystem viaaleg nerve that
conta: nsthe axonsof many sensory receptors, as well as axonsof motor neurons innervating the
muscles.
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Figure1l. Sensory innervationof femur or tibia goine.

When the spineis pushed from its resting pogition, the dendrite becomes depolarized due b
mechanicd forceswhich are not fully understood. The depolarization produces action potentias at
afrequency reflectingthe degree of depolarization.

PROCEDURE

Cut off the hind leg of an adult cockroach. Cockroachesare easier to handleif cooled in a
refrigerator first. Thewound will hed, so place the animd back in the container. Make sure the
two insect pins on the holder are clean. Usefine sandpaper to clean if necessary. Gently impale
the femur on one of theinsect pinson the holder and the tibia on the other. Position the holder
under a dissecting microscopeso that you can see the leg with its spines.

Connect the cable fromthe holder to the preamplifier and oscilloscope. Adjustthegainto givea
deflection of the oscilloscopebeam of one centimeter for each 0.2 mv. The preamplifier should be
recording frequencies between roughly 50 and 5000 Hz. The oscilloscopeshould be recording
AC. Obsarvetheaction potentids. Wheat is their amplitudeand form?

al\ﬂgkeg careful drawing of theleg and the poditiondf the large spines that you can see on the femur
tibia.
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Use asmall probe to touch variousparts of the leg and observe the response. Why doesn't
touching each spinegive an action potentia of the same height?

What types of movementsof a spine give thelargest response? Test as many spineson theleg as
you can and mark the directionof their maximal sensitivity with an arrow on the diagram you
drew.

Can you verify that only one sensory receptor appearsto be associated with each spine?

Do receptorsdiffer in their response to a steady stimulus? A receptor that continuesto respond is
called tonic; areceptor that respondsonly briefly iscalled phasic. Indicateany observationsof this

type on your diagram.

Test somefine hairs, as opposed to stiff spines. Any response? Tap the holder. What receptors
might producethis response? Blow on the preparation. What receptorsare responsible? The
terminal segmentson the leg arecalled the targ, includingthe one at the tip with claws. Test
responsesto moving the tars.
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CONSTRUCTION OF THE HOLDER

To makethe holder you will need a number 15 cork, two 00 insect pins, some fine sandpaper,
needle-nosepliers, solder and a solderingiron, and a shielded cable suitablefor connecting the
holder to your voltage measuring device. Usudly thiswould be a preamplifier, which in turn
would be connected to an oscilloscope. The electronic apparatusused for the traditional frog
sciatic nerve experiment isideal. However, just about any voltage measuring device capabl e of
recording brief voltagechangesof about 0.1 mv should work. The negativeinput to the voltage
recording device can be grounded.
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Figure 2. Holder.

Sand any paint or varnish off theinsect pins. Grasp one pin about one centimeter from itstip
with the needle-nosed pliersand force the pin obliquely into the side of the cork until about 5 mm
protrudes from the top of the cork (see Figure 2). Insert the second pin in the samefashion
approximately one centimeter away. Use the needle-nose pliersto bend the final 2 mm of the tips
of the needlesso that they point vertically. Finally, solder the wiresin the cable to the pins. One
pin can be ground if your apparatusisof thistype. If your cableisrdatively siff, it would be a
good idea to solder several inchesof a more flexiblecable to the end and attach the moreflexible
cableto the pins. The holder will be sturdier if the junction of the pin and the cable iscovered by a
thick Ia?/er of epoxy glue. Also, afew dropsof any typeof black wax applied to the top of the
cork will make the spinesmore visible under the d| ssecting microscope.
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Note: This experiment was developed in collaboration with John Palka
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