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Nerve Action Potential and Conduction Ve ocity

INTRODUCTION

A transmembranepotentia isone of the characteristicfeaturesof the living cell. 1ts source
resdesin adifferential distribution of ions across the membrane with high K+insde and high Nar
and A outsde. Thisdigtribution dependson the permegbility propertiesdf the cell membrane and
the presence of ion pumps. In "resting cells’, this potentia is about 75 to 90 millivolts (mv) with
theoutsde of the nervefiber podtive with respect to theinsgde. The potential can be readily
recorded by inserting afine electrodeinto the interior of acell while another eectrode touchesits
outer surface; the constant potential thusrecorded is called the resting potential.

When acedll isexcited (musclecell contracts, nerve cell transmits, gland cell secretes), thereisa
characterigtic changein this potentia (electrogenesis) known as theaction potential. Onecof the
most useful methods of monitoring activity in cellsis the measurement of these action potentials.
The action potentia in the nerveisthe nerveimpulse.

In thisexercise action potentialswill be recorded during the stimulation of the frog sciatic nerve.
It must be remembered that the sciatic nerve as a nerve trunk, contains the axonsof many neurons,
consequently the record obtained in your experiment will show acomposite action potentia. In
addition, placing the e ectrodeson theoutsde of the nerve trunk will result in a diphasicrecording,
as opposed to the monophasic action potentia srecorded by transmembraneelectrodes. For further
referenceconsult Ruch & Petton.

EQUIPMENT

Y our equipment consstisaof a nerve chamber, stimulator, amplifier and an oscilloscope
(Figure1). Beforeyou dissect the nerve, you should set up your apparatus, ready to record.

1. gonned )sti mulator output to the stimulating € ectrodeson nerve chamber (A and B on
iagram.

2. Connect thefirst recording eectrode (C) to the reference termina of amplifier, and the second
and third recording electrode (D to H) to theinput of the amplifier.

3. Connect amplifier output to "y" input of oscilloscope and "sync out” of stimulator to "x" input
of oscilloscope.

Dissect along stiatic nerve preparation from a double pithed frog (diagrams provided). Use
only glass probesin handling the nerve and keep the nerve wet with amphibian Ringer's
throughout the dissection. Tieapieced thread around one dof the spina nerves which leads into
the sciatic nerve and cut the nervefree just beyond the thread. Tie another thread onto the distal
end o the sciatic nerve and sever the nerve beyond the threed. Lay thefree nerve on apiece o
filter pgper and blot gently freeof water. Now mount the nerve in the nerve chamber, passng the
nerve over and under successiveed ectrodes as shown in the diagram. The proxima (spinal) end of
the nerve should be in contact with the two stimulating el ectrodes. Without overdtretching the
nerve, extend it sufficiently to ensure good contact with al of the eectrodes. Pass the thread
through the holesin the plexiglassat the twoendsd the chamber and secure with plagticine.
Moisten the nerve with Ringerssolution, and cover chamber with microscopedide.

If the other sciatic nerve of your frogis not being used by another pair of students, dissect it
and store in cold aerated Ringer's.
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Figure 1. Nerve chamber, stimulator, amplifier and oscilloscope.
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EXPERIMENTAL PROCEDURE

Sowly turn up the stimulusvoltage, until you see a"simulusartifact” (or "shock artifact")
agppear asasmal vertica deflection a the beginning of the sweep. Do not exceed 0.1 volts of

m%s%laum% If there is no trace on the screen, you have to adjust the position of the beam
In theTolfowing manner:

Turn theintensity dial fully clockwise, depress beam finder button, centre trace on screen using
the vertical and horizontal position knobs. Rel ease beam finder knob and makefi neadjustmentsto
position until the completetraceis visibleon the screen.

After thetraceis properly centered, start again with avoltage df 0.0, and increasetheintensity
of simulusuntil you seethe stimulusartifact. The simulusartifactisredly an eectrica leakage
from the stimul ating € ectrodes, which is conducted around the outside of the nerve and picked up
by therecording electrodes. Thisartifact marksthe exact timethat the nerveis shocked. Continue
to gradualy increase the stimulus voltage; note thet the Size of the artifact dso increases. Then, a
new, small, delayed deflection will gppear - the nerve action potentia. Increase the voltage until
the nerveresponse reaches maximum height. What i s the voltage applied when theresponseis
maxima? Do nat exceed thisvoltage by more than 10-20 mV, to avoid injuring the nerve. Note
that the nerveimpulse gppearsasadiphasic wave. Why? Record the voltagesfor threshold and
maxima responsesof the nerve trunk. Why should the threshold voltage differ from that which
causes maximal response.

To cdculate conduction velocity, you should store the trace of the action potential. Connect
recording electrodeD & E and obtain atracing & maximd response. Now, set oscilloscope
triggering mode to single sweep, depress store button, push erase, and press triggering mode to
reset. Allow mode to return to single sweep postion, and you should now have asingle traceon
the screen. To obtain recording from the second point along the nerve, disconnect recording
dectrode D & E and connect electrode G & H. Repesat procedurefor storing trace. You should
now have two tracesof action potentialson the screen, at two different distancesfrom the stimulus
artifact. Measure the distance aong the nervefor each trace between the stimulating and the
recording electrodes. Reed the time between stimulusartifact and action potentia for both traces
fromoscilloscope, usang the setting of your time basedial. (dl & d2 ondiagram). Subtract time
for shorter distance from that of the greater distance and divide this vaue into the distance between
the two recording e ectrodes on the nerve chamber. The vaue obtained from thiscaculationis the
velocity of the impulseconduction.

Cadculate nerve conduction velocity in meters/sec.
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Refractory Periods

Set up a nerve preparation and equipment as described in the previousexercise, but in place of
the regular stimulator, connect the GRASS S 48 twin pulse stimulator. The twin pulse stimulator
dlowsthe ddivery of two shocksa pre-set intervas, where the time lapse between the two stimuli
isregulated by atimededay switch. To set the stimulator; place Stimulusswitch to ON position,
Pulses- DCto pulses, Eunction switch to Single position and Duration t00.15 msec. To assurea
sguare wave stimulus, a Stimulus|solation Unit (SIU) isconnected to your stimulator. Set the
voltage multiplication dial on the S48 to X10 (SIU), and leaveit in this position throughout the
experiment. On the SIU, st Valtage Input multiply dial to required range, Couding switch to
capacity and Polarity to normd. Regulate voltage range during the experiment using thedial on the
SIU unit.

To determine Refractory Period, turn stimulus mode to repesat at 30 pulses/sec., voltage range
from SU t0 0.1, and pulsesto single. Turn voltage up dowly, usng the control on your
gtimulator, until you just obtain maxima response. Switch to twin pulsesand increasedelay time
gently until you record asecond Action Potentia. The delay in msec.s represents the total
Refractory Period of the nervetrunk. Now turn the voltage to 4-5 times threshold strength and
obtain delay time as before. The time obtained usng suprathreshold stimulusis theend of the
Absolute Refractory period. To determine Relative Refractory Period subtract Absolute Refractory
Period from total Refractory Period.
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Nerve Conduction Ve ocity Measurementsin Human

INTRODUCTION

Nerve conduction velocity in human can be easily determined by stimulatinga motor nerve and
monitoring the response o its associated muscles. The time interval between the stimulation and
the response - latent period - is recorded from two different pointsaong the nerve. The difference
between the two latent periodsis the time required for the nervousimpulseto travel from point A to
point B.

In your exerciseyou will stimulatethe ulnar nerve and record muscle contractionsin thefifth
finger. Before comingto the laboratory, you should consult an anatomy book to familiarize
yoursdlf with the location of the ulnar nerve. For further reference, make use of the diagramson
your laboratory benches.

EXPERIMENTAL PROCEDURE
Location of the Ulnar Nerve

1 Set Grassstimulator to a frequency of 1/sec.; duration of 20 msec.; voltage 50 V; monophasic;
+ polarity; and the mode switch to repest.

2. Connect "sync out" of stimulator to X input of oscilloscope.
3. Connect Grass stim. output to pulse generator inpuit.

4. Plug recording el ectrodesinto amplifier outlets. Thefirst one, which will be the active
e elctrodei nto RA outlet, the second one (indifferent eectrode) into LA and the ground into RL
outlet.

5. Cover surfaced recording € ectrodeswith contact media and secure them to your hand. The
active dectrodeshould be midway aong the latera border of the large muscle above thefifth
finger (hypothenar eminence); theindifferent electrodeis placed a the base of the proxima
phaanx of thefifth finger, and the ground e ectrode to the palmar surfaced the hand. (see
diagramsin laboratory)

6. Turn the output level of the pulse generator dl the way down, and touch your armwith the
stimulating € ectrode. Now increasethe output level of the pulse generator until you fed a
strong muscle contraction.

7. Move the stimulating eectrode to the gpproximate location of the ulnar nerve. ALWAY'S
PLACE THE CATHODE OF THE STIMULATING ELECTRODE NEAREST TO THE
MUSCLE BEING STIMULATED. Locate the ulnar nerve at the wrist, ebow and upper ar m
by watching for contractionof thelittlefinger. Mark the location of the nerve at these points
with a bl point pen. Now you areready to record.

Reocording

1. Turn oscilloscope ON, Store "of " (buttonin an out position). Set triggering to ext., mode to
norm., and turn CHANNEL 1 on. (Left hand side control pand, and button to be pushedin.)
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Usean 0.2 voltg/div., atime base of 1 msec/div.

The oscilloscopeshould now produce atrace only when the Grass stimul ator produces a pul se.
If thisis not happening, it may be necessary to adjust the trigger level on the oscilloscope. If no
tracea dl isvisble on your screen, the position of the beam will have to be adjusted in the
following manner:

Turn intengity dia fully clockwise, depress beam finder button, centre trace on screen using the
vertica and horizontal position knobs. Release beam finder knob and make fine adjustmentsto
position until the complete traceisvisibleon the screen.

2. Change oscilloscopetriggeringto "line". A continuous trace should now be seen. (It may be
necessary to readjust trigger level.)

3. Hex thelittlefinger and adjust the gain of the amplifier until substantial trace deflection is seen.
Do not proceed until an EMG isobserved. If no deflection can be seen on the oscilloscope,
check dl the connections, particularly therecording eectrodes. Return triggering to "EXT".

4. Stimulate the nerve at the points marked earlier. The resulting waveform should gppear as
follows.

)
[and ’ )
L3 ]

.
.
mow oo wreceaco wcesssvoaasdowas

"simulusartifact"

Thefirg deflectionis thestimulusartifact. The simulusartifactisan eectrica |leakagefrom the
stimulating electrodes, which is conducted dong the surfaceof the arm and picked up by the
recording electrodes. 1t may be necessary to adjust the horizontal position for the stimulus artifact
to appear on thedisplay. If theartifact trace disappearsoff scale, and adjusting thevertica postion
does not bring it back, reduce the sengitivity (Voltgdiv.).

The second deflection representsthe contraction of the muscle. Thetimedday between the
stimulus and the response represents the latent period. To produce a suitable trace it may be
necessary again to make some adjustment to the time base or sengtivity.

Velodity Measurements
1. Set oscilloscopetriggering mode to single swp, STORE-on and presserase.

2. Hold probe on thefirst mark on your armand momentarily depress mode switch to reset.
When a traceis obtained, repesat procedure on the next point marked on your arm.
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3. You should have acompositedisplay of severa delay timesremaining on the screen. To
cal culate conduction velocity, record delay timesfrom oscilloscope, and measure the distance
between the point of stimulusand the first recording el ectrodeon thearm. Plot the distance
dong thenervevs timedeay. Thedoped thelinewill give the conduction velocity of the
nerveimpulsein the ulnar nerve. Express thisveocity in meters/sec., and compare your results
to thosein theliterature.

OR

Read time delay between pesksfrom oscilloscope, and record distance between points of
stimuluson the ulnar nerve. To calculate conduction velocity, use the following formula:

Distance between pointsof stimulus/time delay = conduction velocity in cm/msec.
Convert the obtained value to meters/sec.
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