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Experiment 15. Energy for muscle contraction 

In this experiment, the substance under investigation is adenosine triphosphate (ATP). This 

substance occurs in all living cells. The tissue used in this experiment is muscle. The contraction of the muscle is evidence that energy is being used. Ringer's solution is a solution of salts in water at about the same osmotic concentration as tissue fluid. 

(a) Copy the table given below into your notebook.

(b) Select three clean microscope slides and label them A, B and C by writing close to one end of the slide. 

(c) Place a strip of muscle (meat) on a wooden board and use a scalpel and forceps to cut three very thin strips. The strips must be cut parallel to the line of the muscle fibres and not across them. A good method is to smooth, straighten and slightly flatten a piece of muscle with the flat of the scalpel blade. Then cut the muscle by rocking the scalpel, i.e. with a 'rocking chair' motion 

while pushing-it forward slowly along the strip (see Fig. 1 on p. 16.02). Pull the fine strip away with forceps as you cut. Take the fine strip, flatten it on the board and, if possible, cut it in two down its length. Keep cutting the strips in half down their length to obtain the finest possible filament of muscle, 1 mm or less in width and between 20 and 40 mm long. 

(d) Cut the ends of the muscle filament square, place it on slide A and with a dropping pipette, 

put a few drops of Ringer's solution on the slide to cover the muscle fibres.

(e) Repeat this operation to obtain similar strips of muscle and mount them on slides B and C. 

(f) Carefully tilt slide A to drain off most of the solution. Straighten the muscle filament by pushing it with the forceps but do not pull it or stretch it.

(g) Hold the slide over the millimetre scale of a ruler and measure the length of the muscle. Record this length in column A of the table. 

(h) Collect the syringe containing ATP solution and carefully depress the plunger to place no more than 0.05 cm3 (Fig. 2) ATP evenly along the muscle. Leave this slide for at least five minutes. 

(i) Collect the syringe containing boiled ATP and repeat the operation for slide B starting from instruction (f) and recording the first length of the muscle in column B of your table. 

(j) Collect the syringe containing glucose solution and repeat the operation from (f) for slide C, recording the first length of the muscle in column C of your table. 

(k) When each of the slides has been exposed to its appropriate solution for at least five minutes, measure the lengths of the muscle filaments again, record this in your table and work out the amount of contraction and percentage contraction. 


A (ATP)
B (Boiled ATP)
C (Glucose)

1st length




2nd length




Decrease




% contraction
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                             (1st length - 2nd length)

                                       1st length      


Experiment 15. Discussion 

1 Which of the three solutions caused the greatest percentage contraction? 

2 Glucose is generally considered to be the main source of energy for reactions such as muscle 

contraction (e.g. athletes may eat glucose tablets before strenuous effort). Discuss whether your 

results support this view. 

3 Is there any evidence, one way or the other to suggest that ATP is acting as an enzyme in 

promoting muscle contraction? 

4 The animal from which the muscle was obtained has probably been dead for many days. Does 

the fact that muscle fibres will still contract mean that the muscle is still alive? 

5 Discuss whether the results of the experiment entitle you to say that ATP causes muscle 

contraction in living organisms.  









Experiment 15. Energy for muscle contraction - preparation
Outline ATP, boiled ATP and glucose solutions are placed separately on fine strips of muscle tissue. The ATP produces a measurable contraction. 

Prior knowledge Enzymes are denatured by boiling. Use of a sharp scalpel and fine forceps. 

Advance preparation and materials 

ATP. Ampoules of 1 cm3 solution containing 1 mg disodium salt of ATP can be bought from    

   biological supply companies. It is fairly expensive but only 0.1 cm3 is needed for each 

   experiment so that two ampoules are sufficient for 20 groups. If kept in a refrigerator at 2-4 °C,  

   the solution remains active for six months or more. 

Flick the top of one ampoule to dislodge any liquid, scratch the base of the neck with a file or glass 

   cutter, and break off the neck. Fit a 22 mm (blue) needle to a 1 cm3 syringe and use it 

   to draw up all the solution. Label the syringe clearly 'ATP'. 

Tie a thread round a second ampoule and lower it into a beaker of boiling water for five minutes, 

   covering the beaker in case the ampoule breaks. When cool, fill a syringe with the boiled ATP 

   and label it accordingly. 

Glucose. Prepare a 1% solution of glucose in distilled water. Fill and label a syringe as before.   

   (Allow 0.05 cm per group.) 

Muscle. Any fresh red meat which will yield fibres of 20-40 mm long will do. A quarter pound of   

   chuck steak will provide ample material. 

Cut the meat into strips of about 5 mm wide, the strips conforming as far as possible to the natural 

   grouping of the muscle fibres. The strips can be immersed in Ringer's solution to prevent their   

   drying out. The meat can be kept for three or four days in a plastic bag (or in Ringer's 

   solution) in the refrigerator. It will give results even after four days but is smelling unpleasant 

   by then. For longer periods of storage it is necessary to immerse the strips in a mixture of equal    

   parts glycerine and water and place them in a refrigerator. The glycerinated muscle will retain its   

   ability to contract for up to three months. Before giving them to the class, the strips are washed   

   in Ringer's solution. 

Ringer's solution. Dissolve 0.3 g calcium chloride (anhydrous), 0.25 g potassium chloride and 

   8.5 g sodium chloride in 1 litre (1 dm3) distilled water. Allow 10 cm3 per group. 

Apparatus 

3 microscope slides           wooden board (e.g. dissecting board)

dropping pipette                sharp scalpel with rounded blade

1 pair fine forceps             spirit markers or chinagraph pencils

ruler with mm                   container for Ringer's solution 

Experiment 15. Discussion - answers 

1 The glucose solution may give a shortening of 1 or 2 mm, perhaps due to the floating effect of the liquid. The two ATP solutions should give contractions of 10-30%. Any difference between the results with boiled and unboiled ATP is probably attributable to differences in the thickness of the samples of muscles and to other variables in the material. Collating the class results will show whether there is any consistent difference. 

2 The fact that ATP produces shortening shows that the muscle is still capable of contraction. 

Since adding glucose solution to muscle produces little or no shortening, it looks as if glucose 

does not cause contraction. This muscle is not part of a living system, however, so there may be no chemical systems (e.g. enzymes) to make the energy from glucose available for contraction. 

The result therefore neither supports nor contradicts the view that muscle contraction uses energy 

from glucose.

3 If ATP was an enzyme it would have been denatured by boiling. Thus if it were causing con- 

traction by acting as an enzyme, one would expect no contraction in B. 

4 It is possible, but unlikely, that there is still metabolic activity in the muscle, but it is not necessary to postulate that it is living in order to account for muscle contraction. Provided that the chemical system which produces contraction is still intact, 'dead' muscle should shorten if it is not already fully contracted. 

5 There is no evidence from this experiment to show whether ATP causes contraction in living muscle. The student may wonder why, if ATP is present in all living tissues, it does not keep 

muscle in a state of permanent contraction. It is best to explain that this experiment illustrates 

one of the properties of ATP rather than tests it scientifically. 
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