Experiment AM-2: Skeletal Muscle, Summation and Tetanus

Warning: The muscle preparation used in this experiment is functional for a limited period of time.
If the muscle is bathed periodically in Ringer’s solution, it will work for about four hours. To
conserve time, complete all the exercises in the experiment before analyzing the data.

Exercise 1: Stimulus-Response

Aim: To determine the relationship between the strength of the stimulus and the response of the muscle.
Approximate Time: 45 minutes

Procedure

1. Click the Stimulator Preferences icon on the LabScribe toolbar (Figure AM-2-L.1) to open the
stimulator control panel (Figure AM-2-1.2) on the Main window.
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Figure AM-2-L61: The LabScribe toolbar.

2. Check the values for the stimulus parameters that are listed in the stimulator control panel on
the Main window.: the pulse amplitude (Amp) should be set to 0 V; the number of pulses
(#pulses) to 1; and the pulse width (W) to 10ms.

* Type the value of the parameter in the window next to the label of the parameter.

*  Click the Apply button to finalize the change in any stimulus parameter.
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Figure AM-2-L2: The stimulator control panel
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3. Click Record to stimulate the nerve with OV. Type 0 in the Mark box to the right of the Mark
button and press the mark button to attach a comment to the recording.
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Click Stop to halt the recording.

Change the stimulus amplitude (Amp) to 0.250V.

Click the Apply button to finalize the change in the stimulus amplitude.
Click Record to stimulate the nerve with 0.250V. Type 0.250V in the Mark box and press the

mark button. The recording should look like Figure AM-2-1.3.
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Figure AM-2-L3: A recording of a muscle twitch (upper trace) and the stimulus pulse (lower trace).
The cursors were placed on the baseline (left) and the peak of the twitch (right).

7. Increase the stimulus amplitude in increments of 0.250 V. Record and mark the muscle
response. Increase the stimulus amplitude until the muscle twitch reaches a maximum

amplitude or the stimulus amplitude is 5V.

8. Select Save As in the File menu, type a name for the file. Click on the Save button to save the

data file.

9. Moisten the muscle with frog Ringer's solution.
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Exercise 2: Summation and Tetanus

Aim: To measure the amplitude of contraction produced in a muscle that is stimulated with repeated
pulses delivered at progressively higher frequencies.

Approximate Time: 45 minutes

Procedure

1. Check the values for the stimulus parameters that are listed in the stimulator control panel on
the Main window: the pulse amplitude (Amp) should be set to voltage that causes a maximal
muscle response; the number of pulses (#pulses) to 15; and, the frequency (F) to 0.5 Hz. The
value for a stimulus parameter can be changed by either of two methods:

* Click on the arrow buttons to the right of the window that displays the value of the
parameter to increase or decrease the value.

* Type the value of the parameter in the window next to the label of the parameter.
2. Click the Apply button to finalize the change in any stimulus parameter.

3. Click Record to stimulate the nerve at 0.5 Hz. Type 0.5 Hz in the Mark box and press the mark
button to attach a comment to the recording.

4. Click Stop to halt the recording.

5. Change the stimulus frequency (F) to 1 Hz using one of the techniques described in Step 1.
Click the Apply button to finalize the change in the stimulus amplitude.

6. Click Record to stimulate the nerve at 1 Hz. Type 1 Hz in the Mark box and press the mark
button to attach a comment to the recording.

7. Click Stop to halt the recording.

8. Repeat Steps 4 through 6 for each of the following frequencies: 2, 3, 4, 5, 10, 20, and 30 Hz. A
muscle response to a stimulus frequency of 5 Hz is displayed in Figure AM-2-1.4.

9. Select Save in the File menu.
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Figure AM-2-14: A recording of mechanical summation at a stimulus frequency of 5 Hz. The muscle

does not have time to return to resting tension
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Figure AM-2-L5: Recording from a muscle stimulated at a frequency of 20Hz demonstrating tetanus.

Animal Muscle-Summation-Tetanus-Labs

AM-2-4



Data Analysis

Exercise 1: Stimulus-Response

1. Scroll through the data from Exercise 1 and find the first muscle twitch to be generated by a
stimulus pulse. Click the AutoScale button to maximize the size of the muscle twitch. Note the
stimulus voltage used to generate this twitch.

Note: At stimulus voltages that are below the threshold of the muscle, the amplitude of the muscle
twitch is zero.

2. Use the Display Time icons to adjust the Display Time of the Main window to show the
stimulus pulse used to generate the twitch and the complete twitch on the Main window. The
stimulus pulse and the twitch can be selected by:

* Placing a cursor before the stimulus pulse, and a cursor after the muscle has completely
relaxed; and

* Clicking the Zoom between Cursors button on the LabScribe toolbar to expand the
display of the stimulus pulse and the twitch to the width of the Main window.

3. Data can be collected from the Main window or the Analysis window. If you choose to use the
Analysis window, click on the Analysis window icon in the toolbar (Figure AM-2-L6).

4. The mathematical functions, V2-V1 and T2-T1 should appear on screen. Values for V2-V1 and
T2-T1 on each channel are seen in the table across the top margin of each channel, or to the
right of each graph.
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Figure AM-2-1L6: A single muscle twitch and stimulus pulse displayed in the Analysis window. The
labels indicate: latency (L); contraction time (C); relaxation tine (R); and twitch amplitude (A).
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6. Once the cursors are placed in the correct positions for determining the amplitudes and times
for each muscle twitch, the values of the parameters in the Function Table can be recorded in
the on-line notebook of LabScribe by typing their names and values directly into the Journal, or
on a separate data table.

7. The functions in the channel pull-down menus of the Analysis window can also be used to enter
the names and values of the parameters from the recording to the Journal. To use these
functions:

* Place the cursors at the locations used to measure the amplitude and times of each
muscle twitch.

* Transfer the names of the mathematical functions used to determine the amplitude and
times to the Journal using the Add Title to Journal function in the Muscle Twitch
Channel pull-down menu.

* Transfer the values for the amplitude and times to the Journal using the Add Ch. Data to
Journal function in the Muscle Twitch Channel pull-down menu.

8. On the Muscle Twitch Channel, use the mouse to click on and drag the cursors to specific points
on the recording to measure the following parameters:

*  Muscle Twitch Amplitude, which is the difference between the baseline tension of the
muscle and the tension at the peak of the twitch. To measure this parameter, place one
cursor at the beginning of the twitch, and the second cursor on the peak of the twitch.
The value for the V2-V1 function on the Muscle Twitch Channel is the muscle twitch
amplitude.

* Contraction Time, which is the time between the beginning and the peak of the twitch.
To measure this parameter, keep the cursors in the same positions used to measure the
muscle twitch amplitude. The value for the T2-T1 is the contraction time of the twitch.

* Relaxation Time, which is the time between the peak of the twitch and the return of the
muscle tension to the baseline level. To measure this parameter, keep the cursor on the
peak of the twitch and place the other cursor at the end of the twitch. The value for the
T2-T1 is the relaxation time of the twitch.

* Latency, which is the time it takes the muscle to start responding to a stimulus. Place one
cursor at the beginning of the stimulus pulse, and the other cursor at the beginning of the
muscle twitch. The value for the T2-T1 is the latency of the muscle response

9. Record the values in the Journal using the one of the techniques described in Steps 7 or 8, and
on Table AM-2-L1.

10. Repeat Steps 2 through 9 to find the muscle twitch amplitude, contraction time, relaxation time,
and latency of the other muscle twitches recorded in this exercise. Record the values in the
Journal and on the table.

11. Select Save in the File menu.

12. Graph the muscle twitch amplitude and the contraction time as a function of the stimulus
amplitude.
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Questions

1.

How does direct electrical stimulation produce contractions of the muscle?

Why does the amplitude of the muscle response increase with increasing stimulus voltages?

2. Why doesn’t the muscle respond to low stimulus voltages?
3.
4

muscle response continue to increase with increasing stimulus voltages?

. At high stimulus voltages, the muscle response reaches a maximum amplitude. Why doesn’t the

Table AM-2-L1: Amplitude and Times of Muscle Twitches Generated by Stimulus Pulses of

Different Amplitudes.

Muscle Twitch

Stimulus Amplitude (V)

Amplitude
(mV)

Contract Time
(msec)

Relax Time
(msec)

Latency
(msec)

0.000

0

0

0

0

0.250

0.500

0.750

1.000

1.250

1.500

1.750

2.000
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Exercise 2: Summation and Tetanus

1. Scroll to the beginning of the data recorded for Exercise 2. Click the AutoScale button to
maximize the size of the muscle twitches on the window.

2. Scroll through the data from Exercise 2 and find the first series of muscle twitches in which the
muscle does not have sufficient time to fully relax to the baseline tension level between twitches
(Figure AM-2-1L.7). This phenomenon is known as mechanical summation.

3. Use the Display Time icons to adjust the Display Time of the Main window to show all the
twitches in the series on the Main window. The twitches can also be selected by using the Zoom
between Cursors function explained in Step 1 of the data analysis section for Exercise 1.
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Figure AM-2-L7: A recording of mechanical summation at a stimulus frequency of 5 Hz displayed in
the Analysis window. The labels indicate: the amplitude of the first muscle twitch (A); the maximum
amplitude during summation (M), and the change in passive tension (D).

5. The mathematical functions, V2-V1 and T2-T1 should show in either Main or Analysis
windows.

6. Maximize the height of the trace on the Muscle Twitch Channel by selecting AutoScale All.

On the Muscle Twitch Channel, use the mouse to click on and drag the cursors to specific points
on the recording to measure the following parameters:

* Amplitude of First Muscle Twitch, which is the difference between the baseline tension
of the muscle and the tension at the peak of the first twitch in the series. To measure this
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parameter, place one cursor at the beginning of the first twitch, and the second cursor on
the peak of the twitch. The value for the V2-V1 function on the Muscle Twitch Channel
is the amplitude of the first muscle twitch in the series.

¢ Maximum Amplitude in Summation/Tetanus, which is the difference between the
baseline tension of the muscle and the tension at the peak of the tallest twitch in the
series. To measure this parameter, place one cursor at the beginning of the first twitch,
and the second cursor on the peak of the tallest twitch in the series. The value for the
V2-V1 function on the Muscle Twitch Channel is the amplitude due to mechanical
summation.

* Change in Passive Tension, which is the difference between the baseline tension of the
muscle and the tension at the highest relaxation point between the twitches in the series.
To measure this parameter, place one cursor at the beginning of the first twitch, and the
second cursor on the highest relaxation point between any pair twitches in the series.
The value for the V2-V1 function on the Muscle Twitch Channel is the increase in the
passive tension in the muscle during the series of twitches.

8. Record the values in the Journal using the one of the techniques described in Steps 7 or 8 in the
data analysis section for Exercise 1, and on Table AM-2-1.2.

9. Repeat Steps 2 through 9 to find the amplitude of the first twitch, maximum amplitude in
summation, and change in passive tension for each of the other series of twitches recorded in
this exercise. Record the values in the Journal and on the table.

10. Select Save in the File menu.

11. Determine the frequencies at which the following first appear:
* Mechanical summation.
* Incomplete tetanus

* Complete tetanus

Questions

1. If contraction amplitude is dependent upon the increases in concentration and persistence of
intracellular calcium, why are the contraction amplitudes of single twitches the same?

2. Tetanus requires high stimulus frequencies. What does this tell you about calcium re-uptake by
the sarcoplasmic reticulum?

3. Why is the rate of muscle relaxation much slower after tetanus than after a single twitch?
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Table AM-2-L2: Strength of Muscle Contractions during Mechanical Summation and Tetanus

Amplitude

Stimulus Frequency (Hz) | 1st Twitch
V)

Maximum
Amplitude
V)

Change in Passive Tension
(V)

Sum/Tetanus

0.5

No

10

20

30
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