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Laboratory 4: Blood Lactate Responses To Exercise

INTRODUCTION

Many test protocols used for physiological assessment of athletes and exercising individuals require taking small samples of blood from skin capillaries.  The earlobe is a convenient site for skin blood sampling (as compared to the finger), as there is minimal risk for spreading blood to objects via hand contact.  The earlobe also allows for sampling at a site that does not readily contact other potentially hazardous items and a number of blood samples can be obtained from a single wound over a period of time.  These samples are taken to quantify metabolites, gas partial pressures and/or electrolytes at rest, or during and after exercise.
At rest, blood lactate approximates 1.0 mmol/L.  The source of this lactate is a combination of skeletal muscle and red blood cells, as well as organ tissue such as the kidney.  The liver and the myocardium all use lactate as a preferred carbohydrate energy metabolite, thereby preserving blood glucose for the central nervous system and blood vessels.

During incremental exercise testing, blood lactate remains stable until an intensity is reached after which there is a continual increase in the blood lactate concentration.  This blood lactate accumulation results from a mix of causes consisting of increased muscle lactate production caused by increasing glycolytic flux and increasing fast twitch motor unit recruitment, and decreased blood lactate removal by inactive skeletal muscle, the kidney and liver.  Regardless of the mix of causes, exercise intensities associated with increasing blood lactate accumulation have been shown to be non-steady state intensities, and as such, blood lactate accumulation is a sensitive marker for a transition in exercise physiology and metabolism from steady state to non-steady state conditions.
During sustained bouts of constant intensity exercise, blood lactate can increase to about 4 mmol/L, and remain stable values close to or below this value.  Such conditions remain steady state, as research has also shown that blood lactate concentrations in excess of 4 mmol/L cannot be maintained; blood lactate increases further and volitional exhaustion eventuates.

Purpose

To sample blood from the ear and use automated portable blood lactate analyzers to document changes in blood lactate as one progresses from rest to steady state, to non-steady state exercise.
Methods

Safety Guidelines
· Always take blood samples from only one person at any one time!  

· Blood samples from ALL individuals should be treated as if contaminated

· Always wear protective gloves when sampling blood.

· Always dispose of blood contaminated objects in special red biological specimen containers.

· Always dispose of used or unused sharp objects or lancets in the special red “sharps” containers.

· Wash hands, before and after testing.

· Gloves are to be put on immediately prior to blood sampling and are to be disposed of immediately after each sample has been analysed.   You are never to ‘hang’ around with gloves on before or after sampling.  This means that you will need at least as many pairs of gloves as you have sample collection time points. 

· Swab the site of the puncture with an alcohol wipe to clean and sterilize the site.

· A hyperemic agent such as Finalgon can be applied to the earlobe to increase blood flow.  This is recommended when a number of samples are required form the same person over a period of time. Finalgon is very strong and can cause a burning sensation on sensitive tissues and broken skin, never apply to broken skin.  If Finalgon is to be applied, use a cotton bud to apply a small amount of the cream to both sides of the ear lobe at the intended puncture site, wear gloves.  Advise the subject NOT to touch the area, transferring of the cream to hands and then to eyes or other sensitive tissues can be very painful!!  If skin irritation occurs wipe the area with an alcohol wipe IMMEDIATELY. When a red flush appears remove the Finalgon using alcohol wipes (make sure you have gloves on)

· Puncture the cleaned area with a lancet. A larger wound can be induced if you rotate the lancet after the initial puncture.  Transfer and dispose of the lancet into the a red “sharps” container.  If you need to puncture the same person again use a new lancet. 

· “Milk”, but do not squeeze the area of the puncture as this causes interstitial fluid to leak into the blood, thereby artificially altering the concentrations of substances being measured.

· When sampling for the subject is complete cover the puncture site with gauze dressing. Tape can be used to adhere the gauze to the subject – unless of course the subject is sweating.  The subject can also hold the gauze onto their own earlobe.
· Any blood contaminating the experimenter or subject should be washed off with soap and running hot water.

· Any spillage of blood should be cleaned with a bleach solution.

· Swab down thoroughly any parts of any equipment that could possibly be contaminated by blood.  Remember there could be small spatters of blood too small for you to see!  Use gloves when cleaning.
· Report all needle/lancet injuries immediately to a supervisor.
· Immediately dispose of contaminated tissues and swabs in a red biological contaminated bin.

· After you have completed data collection, clean all surfaces, e.g. bench tops and equipment, with the bleach solution.

· After the pinprick has been made never be opening boxes, packets or touch groups of lancets etc with gloved hands – if you did you could be contaminating everything you touch!

EQUIPMENT CHECKLIST

Sterile Alcohol Wipes

Gloves

Lancets

Finalgon Cream (or similar)
Gauze
Bandaids/tape

Scissors

Automated lactate analyzers

Reagent test strips
Monark ergometer

Bleach solution

Paper towels

Detailed Direction For Earlobe Samples

1.
Prior to testing (approximately five minutes) apply Finalgon Cream to the earlobe.  Use a cotton bud and gloves to apply the cream.


NB:  Inform subject to avoid hand contact with Finalgon Cream as transfer of the cream to sensitive membranes can cause excruciating pain.  If contact occurs, wash hands immediately.

2.
Select a sterile disposable lancet

3.
Swab the earlobe with an Alcohol wipe firmly to remove excess Finalgon Cream, sweat, water, etc. Dry the earlobe with a dry tissue. Immediately dispose of Alcowipe and tissue in a hazardous waste container.

4.
Remove the lid of the sterile lancet.  Firmly press the lancet onto the distal rim of the earlobe.  To enlarge the wound, rotate the lancet slightly. Immediately dispose of Lancet in a sharps container.  

5.
Wipe away first blood droplet with a tissue. Immediately dispose of tissue in a hazardous waste container.

6.
Gently “milk” the earlobe but do not squeeze the area of the puncture as this causes interstitial fluid to leak into the blood, therefore artificially altering the concentration of substances being measured.

7.
For the use of a reagent carrier test strip, form a drop of blood that will enable the reagent carrier test pad to be completely covered by a single drop.

a.
Apply a large suspended drop of blood to the test pad on top of the strip.  Let the blood fall onto the pad.

b.
DO NOT on any account touch the earlobe to the test pad or apply a second drop of blood as erroneous results might be obtained.

Where second or further successive samples are required from the same person first wipe the original puncture site with an Alcohol wipe – if the site reopens continue as from point 5 above.  If the puncture does not reopen repeat from point 4 above with the new puncture as close as possible to the original site. 
Additional Notes:

· It is useful for the blood sampler to have an assistant with a glove on one hand. 

· This person uses the ungloved hand to pick up equipment needed and the gloved hand to pass the equipment to the sampler. 

· Have everything ready before your start! 

Rest and Exercise Testing

a) Have the subject remain seated on the Monark ergometer for at least 5 min.  Collect an earlobe blood sample on the test strip and insert this into the analyzer to acquire a blood lactate reading.

b) Have the subject cycle at an intensity that you know is steady-state for 4 min.  At 4 min, and while the subject is still cycling, obtain another earlobe blood sample and analyze for lactate.  Once the sample is obtained, the subject can stop exercise.

c) Have the subject exercise at a higher intensity, above steady-state for 3 min, or at least 2 min if the subject cannot last 3 min.  Immediately after the exercise, decrease the kg load to 0.5 kg, and have the subject continue to cycle at a low cadence.  During this time, take another earlobe blood sample.
d) You may need to re-lance the same earlobe, or use the other earlobe to complete this sample testing.
Results

Enter the data and make a bar graph in Excel for blood lactate and exercise intensity (Watts).  Assume rest is at “0” Watts.
Discussion

Explain why blood lactate increased as exercise intensity increased.
What is the difference between lactate and lactic acid?

Why is there no lactic acid in the human body?

If lactate production does not cause acidosis, what does?
How does lactate leave skeletal muscle?  Is this capacity responsive to training?  Explain.

How might increased concentrations of muscle lactate contribute to muscle fatigue during intense exercise?
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