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Amphibian Nerve-muscle
Experiments

INTRODUCTION

Gastrocnemius muscle-sciatic nerve preparation of frog is used for demonstration of
properties of skeletal muscle contraction and nerve function. Living tissue of frog is
preferred because:

Frog is a cold-blooded animal and so no temperature adjustments are needed.
Living tissue of frog gets oxygen from atmospheric air and hence no oxygenation
required.

Isolated nerve muscle preparation of frog can be used for long duration if handled
with care and kept suitably moist.

LEARNING OBJECTIVES

To identify and describe the use of each instrument used for nerve muscle
experiments.
To describe the composition of Ringer’s solution and function of each component.
To describe the steps of dissection of gastrocnemius muscle-sciatic nerve
preparation.

Stepsto Follow for Carrying Out Any Nerve-muscle Experiment

Step 1

Move the cursor over to the Nerve-muscle icon.

Step 2
A'show box appears that contains four submodules:

1.

Apparatus

2. Reagents
3.
4. Contents

Dissection

e Select any Amphibian Experiment
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The first three submodules display the details of how the experiments are carried
out in laboratories with the set up of the apparatus and dissection procedures that
are common to nerve-muscle experiments. The “Contents” module opens another
screen, which lists all the nerve-muscle experiments simulated.

Step 3

The users need to click “Apparatus’, “Reagents” and then “Dissection” to know the
details of each before proceeding onto contents, which includes details of each
experiment.

When you click on “Apparatus,” following screen appears (Fig. 3).

Back | Home

Apparatus

1. Kymograph

2. Lucas’chamber

3. Isatonic muscle lever
4. Stimulating electrode
5. Student stimulator

6. Stand

FIG. 3: Apparatus for carrying out amphibian nerve-muscle experiments.
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On clicking the serial number against each apparatus, the details about
the same appear:
1. Kymograph:
e Arecording instrument which records tissue movements on a moving surface
Runs with an inbuilt electric motor at 220V, AC
Has a metal gear box to which a rotating shaft is connected
Speed of the shaft is controlled by gears in gear box
Range of speed is 2.3 mm/sec to 560 mm/sec
Clutch lever is present on the body, used to change the gears
Contact block, bearing contact knob, is present on the body of the kymograph
e Projecting strikers are present at the base of the rotating shaft
e Drum used for obtaining the graph is mounted on the shaft and fixed with a
drum grip lever.
2. Lucas chamber/Muscle trough:
e Rectangular perspex/plastic chamber used to put the isolated nerve muscle
preparation
e Filled with Ringer’s solution to keep the preparation viable for longer period.
3. Isotonic muscle lever/Writing lever:
e Attached to Lucas chamber and used for recording muscle contraction
e Has avertical arm and horizontalarm
e Muscle tendon is attached to vertical arm with a thread
e Horizontal arm has holes to hang weights and a writing point, to which a trian-
gular peace of photographic film or an ink writing pen is attached to obtain the
tracing.
4. Stimulating electrodes:
e Used for electrical stimulation of tissues
e One type (a) isa pair of ball and socket type silver electrodes fitted on the mus-
cle trunk
e Another type (b) is a bipolar electrode, having a long insulated handle with un-
insulated prongs at one end to deliver the stimulus.
5. Student stimulator:
e FElectronic stimulator with a DC output of 0-25V
e All the stimulus parameters like strength (V), frequency (pulses), various
modes of stimulation like single, multiple or external are controlled on the
same instrument.
6. Myograph stand:
e Vertical rod with a heavy triangular base
e Used to fix Lucas chamber/myograph board.
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When you click on reagents, following screen appears (Fig. 4).

Back | Home

Reagents

Composition of Ringer's Solution:

NaCl: 0.6 g (Is Iso-osmotic with frog plasma)

KCI: 0.0075 g (Maintains membrane potential)
CaCl2: 0.012 g (Maintains excitability of muscles)
NaHCO3: 0.01 g (Maintains pH)

Distilled water to 100 mL

FIG. 4: List of reagents.

When you click on dissection, following procedure is displayed (Fig. 5).

Back | Home
Dissection of Nerve Muscle Preparation
(Gastrocnemius-Sciatic Nerve) in Frog
Dissection Procedure

* The frog is held by one hand, its head is ventroflexed

« Pithing needle is inserted into the spinal canal at the point of joining of the
posterior edge of tympanic membrane intersecting the mid line

» Brain'and spinal cord are destroyed by rotating the pithing needle in the
respective directions

« Pithing is required to abolish any reflex movements and pain during
dissection

« The skin around the trunk is cut and stripped off down to the toes

» Having placed the frog on its abdomen, a nick is given just beneath the
urostyle

* Incision from here is extended upwards and laterally on either side taking
care not to injure the underlying sciatic nerve

« Sciatic plexus is identified and vertebral column is cut above and below the
exit of sciatic nerve

« Vertebral column is split into two by a vertical incision to separate the sciatic
nerve supplying the muscle preparation to be isolated

contd. m

FIG. 5: Dissection procedure for nerve-muscle preparation (gastrocnemius-sciatic nerve) in frog.

On clicking the ‘Contd’ icon, rest of the procedure is displayed on next screen (Fig. 5).
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Step 4

Once you are through with them, the “Contents” icon is clicked and the content screen
displaying the list of all the nerve-muscle experiments appears (Fig. 6).

Back | Home

Dissection of Nerve Muscle Preparation
(Gastrocnemius-Sciatic Nerve) in Frog

Dissection Procedure

» Sciatic nerve is now exposed in thigh in between muscle masses and
isolated up to its entry into gastrocnemius muscle

» Gastrochemius muscle is separated from its adjacent muscle and bone
attachments and its tendon from the bone attachment

» Athread is tied to the free end of the muscle tendon

* Now the isolated Gastrocnemius muscle, with its associated sciatic nerve
and thread tied on to the tendon is separated and.mounted in the lucas
chamber for conducting different experiments

FIG. 6: Dissection procedure (continued).

Step 5

User can select any experiment from the given list. Once the selection is made, the user
is provided with the details of the experiment in the form of Procedure, Show Graph,
Observations and Inference icons highlighted sequentially on subsequent screener.
Clicking the Next icon closes the Experiment and takes back to List of Experiments.
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Step 6

Now click on the experiment you want to carry, and then click on the procedure icon
to study its theoretical part (Fig. 7).

Back | Home

Select Any Amphibian Experiment

» To record the simple muscle twitch

» To record the effect of temperature on muscle twitch

» To record the phenomenon of fatigue in nerve muscle preparation

» To determine the conduction velocity of sciatic nerve in nerve muscle
preparation

« To record the effect of two successive stimuli on muscle contraction

« To record the effect of increasing frequency of stimulus on muscle
contraction

« To record the effect of increasing strength of stimulus on muscle
contraction

« To record the effect of load on muscle contraction (Pre Load/After Load)

FIG. 7: Selection of a particular experiment.

Step 7

Onceyou are through with the procedure, click the “Draw graph” icon. An “Experiment
screen” will open as per the experiment selected in “Contents screen”.

Step 8

Click on the Draw Curve icon. A curve is drawn. Once the curve is drawn, click on the
“Observationsicon” to read the derived calculations of the drawn curve.
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To record a simple muscle twitch

INTRODUCTION

When the nerve in a muscle nerve preparation is stimulated with a single induction
shock, itresults in a single twitch like contraction followed by relaxation of the muscle.
This recorded event is called a simple muscle twitch.

LEARNING OBJECTIVES

e To identify and comment upon the graph of simple muscle twitch.
e To calculate Latent period, Contraction period and Relaxation period in the
given graph.

Procedure

e After mounting the nerve-muscle preparation in the Lucas chamber filled with
Ringer solution (28°C) the muscle tendon is tied to the hook of vertical arm of
writing lever

e Horizontal arm of writing lever is supported with a weight and vertical arm is
supported with after-load screw

e “External” terminals of student stimulator are connected with contact buttons of
kymograph to include it in the circuit

e “Stim out” terminals of student stimulator are connected to stimulating electrodes

e Nerve is placed on to the stimulating electrodes

e Point of stimulus is marked manually on the recording drum at a point where pro-
jecting strikers touch the contact button

e With clutch “On’; drum speed of 560 mm/sec, a single stimulus is applied to the
nerve while the “Standby” knob of stimulator is kept at “External”

e A single muscle twitch is obtained when the projecting strikers touch the contact
buttons and the circuit is completed (Fig. 8)

e A tuning fork of 100 Hz is made to vibrate after striking it on the dorsum of hand
and is gently touched to the moving drum below the obtained tracing

e The duration of muscle twitch and the duration of its various components are
calculated.
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Back | Home

To Record a Simple Muscle Twitch

Draw Graph

A B G o\/ ~
AVAVAVAVAVAVAVAVAVAVAVAVAVAVANILLILLCLC

A — Point of stimulus

AB — LP (Latent Period): 0.016 sec

BC — CP (Contraction Period): 0.057 sec

CD — RP (Relaxation Period): 0.07 sec

Total twitch duration: 0.143 sec

Maximum height representing the amplitude of contraction 6.1 cm

FIG. 8: Simple muscle twitch screen with observations.

Discussion

Normal twitch duration is around 0.1 seconds that includes latent period, contraction

period and relaxation period:

e Latent period normally is of 0.01 seconds that represents the time taken for
the stimulus to travel from the point of stimulation to recording electrode. This
includes:
= Time taken to travel along the nerve > neuromuscular junction > motor end plate >

excitation contraction coupling > muscle contraction

= Time taken to overcome inertia of lever

= Time taken to overcome viscous resistance of muscle
e The duration of contraction period is 0.04 seconds that represents period from

start of contraction to peak of contraction

e Relaxation period represents time taken by muscle to relax and come back to rest-
ing state. Its duration is around 0.05 seconds.

Duration of different components of simple muscle twitch can either be obtained
by making a tuning fork of 100 Hz vibrate and record its vibrations in the form of
tracings on the kymograph below the simple muscle curve or it can be deduced from
speed of the moving drum which is normally kept at 560 m/sec.
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Experimental Physiology Manual
for Computer Based Amphibian Experiments

Experimental Physiology Manual for Computer Based Amphibian Experiments has been prepared for phase 1 MBBS students across the
country. The idea behind designing these computer-based experiments was to enable the students to get a feel of doing the
amphibian experiments on their own as these experiments are no longer done by students using live frogs. After thorough
understanding of input parameters/values, output parameters, graphical forms of output, and static or dynamic type of recording
conditions, we converted the procedures followed in live experiments to computer algorithms and designed the simulation software.
The students can carry this manual to the experimental laboratory and also write down the proceedings of the laboratory in the blank
page provided on the left side of each experiment. As each experimental detail has been given, this will save the time consumed in
writing down the experimental details on their own.
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