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Standard Operating Procedure for measuring carbon dioxide production with doubly labelled water

1. Subject

This SOP describes a method for measuring carbon dioxide production with doubly labelled water

2. Field of application

The doubly-labelled water method is a form of indirect calorimetry. This method can be used to measure carbon dioxide production and hence the energy production in free living subjects for periods of several days to weeks. The optimal observation period is 1-3 biological half-lives of the isotopes. The biological half-life is a function of the level of energy expenditure.

The minimum observation period is about 3 days in highly active subjects. The maximum interval is about 4 weeks in elderly subjects.

3. Definitions and terms
Isotope:
A chemical element having the same atomic number as another (i.e., the same number of nuclear protons) but possessing a different atomic mass (i.e., a different number of nuclear neutrons).

Deuterium:
The mass two isotope of hydrogen, symbol 2H or D. It is available as a gas or as a liquid

18O
The mass 18 isotope of oxygen.

4. Principle
The principle of the method is as follows. After a loading dose of water labelled with the stable isotopes 2H and 18O, 2H is eliminated as water, while 18O is eliminated as both water and carbon dioxide. The difference between the two elimination rates is therefore a measure of carbon dioxide production. 

The rate constants for the removal of the two isotopes from the body are measured by isotope ratio mass spectrometry of samples of urine, blood or saliva1, 2
5. Safety
The doubly labelled water method is safe to use in humans since the water is labelled with stable isotopes. Both 18O and 2H are naturally occurring isotopes which are already present in the body prior to the administration. The concentrations of the samples are far below 10000 ppm or 1%, where effects on biological systems have been observed.

6. Reagents 
 Doubly labelled water with 2H and 18O


7. Needed material

1. Bottle with labelled water (airtight lock)

2. Containers for subjects to collect urine (airtight lock and dry), the amount depends on the exact protocol

3. Urine vials

4. Labels for urine vials

5. Pipettes to transfer urine to the sample vials

6. Scale to estimate body weight

8. 
Sample Analysis
The final analysis of the samples is performed by L. Wouters with isotope ratio mass spectrometry (IRMS).  For this analysis he needs the samples and a list with  information of the subjects including subject code, data of urine collection, body weight and code of labelled water.

9. 
Method of working
The bottles with doubly-labelled water are prepared by L.Wouters in the IRMS-laboratory, room 2.341. You have to order the bottles by him, there is no stock. When you take along the water, you have to write down the code in the register. Please note name, date and when possible the name of the subject who receives the water.

Give the subject the bottle with labelled water and  seven (the amount depends on the protocol) containers for urine collection. Make sure that these containers are totally dry and tell the subjects that they may not rinse the containers before urine collection because this disturbs the measurement. Write down the subject’s name or code and  the moment of urine collection(0-6) on these containers with a waterproof pen. It’s important to note the subject’s name and the code of his labelled water for your own administration, because each dose is weighed separately and doses are not identical in weight. The exact dose depends on the expected total body water of the subject.

Protocol

· the subject collects a voiding before going asleep at night (usually between 22:00 and 24:00 h) This is a background sample (1).

· He/ she drinks the dose doubly labelled water afterwards as a last consumption of the day. The water is consumed straight from the bottle and afterwards the bottle is filled with ± 50 ml tap water, closed with its screw cap and shaken, and subsequently the rinsing water is consumed as well.

· After getting up the next morning and voiding,  body weight is measured undressed

· The second voiding of this day is collected (2) 

· In the evening of this day another voiding is collected (3)

· An early morning voiding is collected on day 8 (4)

· In the evening of day 8 a voiding is collected (5)

· An evening voiding is collected on day 13

· An early morning voiding is collected on day 14

The dose bottles are firmly (airtight) closed. Be careful when unscrewing. Do not spill any water. The doses should be consumed quantitatively. 

The urine should be collected by voiding directly in a container and closing the container airtight. Plastic containers can be kept frozen by the subject at home until sampling.

From every voiding you have to fill two glass sample vials. Code every sample vials with subjects initials/code, date and moment of measurement. Use a waterproof pen and make sure the labels do not come off. You could put transparent adhesive tape over the label. There are round yellow labels, which you can put on the caps of the vials with a sample number or code.

The collected urine must be transferred within 24h after receiving to the small glass vials. This must be done in the “monstervoorbereidings” laboratory (room 2.337). This procedure needs some care. Shake the container with urine before taking a sample. Any vapor against the walls is fractionated and thus has a different composition from the remainder of the urine. Fill from every voiding two glass sample vials. Fill the glass sample vials to where they narrow (2ml), not to the very top to prevent them bursting when they are frozen. 

Urine sample vials have to be treated with some care. Screw them slowly but tight.

The sample vials can be stored for longer time intervals at -20ºC (not lower), therefore place the vials in the freezer next to the laboratory but first, discuss this with L. Wouters.

Cleaning

The containers and the bottles are cleaned and dried carefully in the scullery. But before, you have to remove the labels from the bottles and the containers. Codes or names with waterproof pen must be removed with alcohol.

The rest urine in the containers must be thrown away in the special sink in the fume cupboard. Finally you have to rinse out the containers and put them in the special white tray which is later transported to the scullery.

10. Results processing
The carbon dioxide production and energy expenditure will be calculated by L. Wouters

11. Validity and accuracy
Seale et al. (1993) validated carbon dioxide production, water production and energy expenditure determined with 2H218O using a room calorimeter. The results indicate that the 2H218O method as applied is a valid technique for measuring EE3. 

Schoeller (1988) also investigated the validation of the method. He demonstrated that the method was accurate to 1-2%. Schoeller and Hnilicka (1996) reviewed 16 published studies in which the reproducibility of the doubly labelled water method is determined. The doubly labelled water method was reasonably reliable, having a mean Coefficient of variation of 8% in free-living subjects. This is largely due to a 7% physiologic variation most of which appears to reflect variation in physical activity4.

12. Quality control

Not applicable


13. 
Accompanying documents
In the IRMS-laboratory , room 2.341 is a register in which you have to note the code of the labelled water you take along. Beside this, you have to write down your name, date and when possible the code of the subject who receives the labelled water.

14. 
Comments
Not applicable
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16. 
Enclosures

Not applicable
















_1072264955.doc



