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Metabolism and its Control (EF215023S)
Determination of glucose in blood samples - The Glucose Tolerance Test
The glucose level in man normally lies between 65 and 165 mg per 100cm3. In the glucose tolerance test, a subject is given a "meal" of glucose and blood glucose levels are then monitored at intervals for 2-3 hours. When a normal fasting subject is given a "meal" of 50g of glucose (dissolved in about 200cm3 of water) the blood glucose level first rises and then returns to the fasting level in about 2 hours. Deviations from this pattern suggest some abnormality in carbohydrate absorption or metabolism. The glucose tolerance test is a useful indicator of whether the hormonal system responsible for maintaining blood glucose levels (ie. body glucose homeostasis) is functioning normally.

To determine blood glucose levels, the blood samples taken must first be cleared of cells and protein by precipitation and centrifugation.  Glucose concentration can then be determined using an enzyme assay based on glucose oxidase ((-D-glucose:oxygen oxidoreductase; 

EC 1.1.3.4).
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Glucose is made the limiting factor and the intensity of the coloured product is therefore proportional to glucose concentration. The absorbance of the coloured solution will also be proportional to the intensity of coloured product provided that Beer's Law is obeyed. In that case absorbance will be proportional to glucose concentration.

Reagents
Standard glucose solution (50(g/cm3)

Protein-free samples for 0, 30, 60, 90, 120 and 180 minutes

Glucose oxidase reagent (CAUTION - harmful, irritant).  This contains glucose oxidase, peroxidase and the chromogen ABTS (2, 2´-azino-di-[3-ethylbenzthiazoline]-6-sulphonate)

Procedure;
Preparation: Ensure that the patient has been on an adequate carbohydrate diet (greater than 150 g/day) for three days before the test. Immediately before the test, the patient must fast from midnight (water only).

Dose: adult: 75 g anhydrous glucose orally; child: 1 g/kg body weight (minimum dose 10 g). It may be made more palatable if chilled or iced. If Lucozade is used it is important to check the container as there is more than one formulation: Use 394 ml of the 73 kcal/100ml formulation which is equivalent to 75 g glucose anhydrous. Other Lucozade formulations , such as Lucozade 'Sport' must not be used.

In British medicine we use SI units so correct values for glucose are fasting level below 6.1 mmol/l and two hour level below 7.8mmol/l for non diabetic
Blood sampling and protein removal
50g of glucose dissolved in about 200 cm3 of water is given to a subject who has fasted for 12 hours. A 0.2cm3 sample of capillary blood is taken from a finger at time zero (ie before the glucose meal) and then at half hour intervals up to 2 hours; a final sample is taken at 3 hours. It is customary for the subject to drink a further 100 cm3 of water to remove the sweet taste from the mouth.

The finger should be cleaned with alcohol and pricked with a sterile lancet which should then be safely disposed of.  The blood samples are collected directly into heparinised tubes so as to avoid clotting.  0.1cm3 of blood from the heparinised tubes is pipetted into 0.9cm3 of water in a centrifuge tube. To this is added 0.5cm3 of 5% Zn SO4 and 0.5cm3 of 0.3M Ba (OH)2.  The precipitated protein is spun down in a bench centrifuge at 5000rpm for 5 minutes and the clear supernatant is used for the assay of glucose.

This part of the experiment has already been carried out for you and you are provided with the protein-free samples.

Glucose determination by the glucose oxidase method
Pipette 0.5cm3 of protein-free sample into series of labelled test tubes. Prepare duplicate tubes for each sample. Set up two further tubes with 0.5cm3 of the standard glucose solution (50(g/cm3).  Set up another tube with 0.5cm3 of distilled water; this will serve as a blank.

From a calibrated dispenser, add 5.0 cm3 of glucose oxidase reagent to each tube. Take care not to get the reagent on your hands. Mix and then incubate the tubes at 37oC for 30 minutes. Within a further 30 minutes, read the absorbance of each solution at 550nm against the blank. The absorbance may be assumed to be proportional to the glucose concentration of the solution.

Results and calculations
1. Tabulate your results clearly and concisely including blood glucose concentrations. 

2. By reference to the standard glucose solution, calculate the glucose concentration of each sample in mmol/l.  Show how this calculation is performed in principle (ie. how you derive a general formula) but only show one example calculation (10 marks).

3. Construct a glucose tolerance curve by plotting a graph of blood glucose concentration (mmol/l) against time (5 marks).

Discussion
1. Comment on the experiment and on the major sources of error (5 marks).

2. Compare your glucose tolerance curve with published curves for both normal and abnormal subjects and discuss (10 marks).
3. Glucose oxidase is specific for (-D-glucose as substrate.  It might be expected, therefore, that one would underestimate blood glucose levels using this method but this is not in fact the case. Refer to the literature and previous lectures at Level 1 to provide an explanation (5 marks).
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