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Fitness Assessment - Aerobic Fitness Testing ———

Equipment Required

PC or Mac Computer and USB cable

IX-TA data acquisition unit and power supply

A-FH-1000 Flow head with flow head tubing

A-GAK-201 Reusable mask and non-rebreathing valve

6ft smooth bore tubing (35mm 1.D.)

5 Liter Mixing Chamber

iWire-GA CO,/O, Gas Analyzer with filter and Nafion gas sample tubing

A-CAL-150/A-CAL-200 Calibration kit
Treadmill with adjustable speed and gradient or Fitness Bike

3 Liter Calibration syringe

Setup the IXTA and the iWireGA

. Place the IXTA on the bench, close to the computer.
port on the rear panel of the IXTA.
the iWire-1 port.

1

2. Use the USB cable to connect the computer to th.
3. Connect the iWire-GA unit to the front of I
4

. Plug the power supply for the iWire-GA 1 ic outlet. Insert the plug on the end of the
power supply cable into the labeled socke ear. Use the power switch to turn on the unit.
Confirm that the power light is on

trical outlet. Insert the plug on the end of the power

supply cable into the labeled socke ar of the IXTA. Use the power switch to turn on the

unit. Confirm that the power light is on.

Setup the Metabolic Cart
1. Locate the A-FH-1000 flow tubing in the iWorx kit.
2. Plug the flow head tubing into channel A1 of the IX-TA, matching the colors.

3. Connect the other end e flow head tubing to
the flow head, m ure that the ribbed side of
the tubing conne d marked port on the
flow head.

chamber in the iWorx kit.

flow head to the flow head
ing chamber, making sure that the
the mixing chamber. Make sure
is in an upright direction.

6. Locate the non-rebreathing valve, mask, and
smooth bore tubing in the iWorx kit
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7. Attach one end of the smooth bore tubing to the “Tubing to Mask” inlet of the mixing chamber.
8. Attach the other end of the smooth bore tubing to the calibration syringe.

9. Attach the mask to the side port of the non-
rebreathing valve, using the provided adaptor, if
needed.

10. Note: There are arrows on the valve that indicate the
direction of air flow. The white port is the inlet and
the clear port is the outlet. The Clean Bore tubing
will be plugged into the clear port later when testin
the subject.
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13. Attach a Clear tubing to the outlet gas analyzer.

14. Attach the other end of the clear gas analyzer tubing to the “From Gas
Analyzer” connector on the mixing chamber next to the smooth bore
tubing

Software Setup:
1. Load the settings for RMR-SubmaxVO2RER if you have not done so already.

y 4

File Edit View Tools Settings Advanced External Devices Help Experiment

4 Vi ‘ n ‘ [Br petaut view [iXTA View ‘ ‘
%] 30,000 sec Mark “| AL T2-T1(60 msec - 30 msec)= 30 msec
51
e e 8 3
Calibrate Gas Analyzer E)g 4
2
Quick Flow Calibration 2 :
Preiacol |None: &
Mark gy
S
Add Lactate |[0 =] mmoal/L
Time
0 g
% I o
RelVO2 £
0.00 i
RelVCO2 OOO |== Ct:Expired Air Volume STPD VolMC(Expired Air low) @, @& Q fx V2-V1= 0,000 liters
RER 3
0.00
ree () 0
vers |(0.00
P
%Fat O O
%Carbs O 0 [ C2Heart Rate PRate(Polar Monitor) @ @ & Ffx Mean= 0.000 bpm
E 1
Calories OO g 14
= 100
REC Analyze 0 7500 sec 15.000 sec 22.500 sec 29.990 sec
TimeOfFile. < >

Cnline Metabolic Setup Dialog | %

2. Click the Setup button shownyin the lefJ Subject | Setings|
side window. The Online Setup Dialog — =

window will open

* Enter your subject's information or Name
Load a subject fr previously Protocol
saved file.

Age 30

Gl

Sex

Height{cm) | 160
Weight(kg) | 20

Maximum Heart Rate 200

Blood Pressure 120

GE - EE R EE
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e Click “Settings” to change any [ online Metabolic Setup Dialog [ =5
parameters you wish to view (Gl serinss |
Ui JE

* Click OK to save the changes. Calculations
C02 Channel [C{}Z Concentration (%) V] e

(02 Channel [_02 Concentration (%) ']

= 7 AbsWCO2
Volume Channel [Enpned Air Volume '] Rel.VO2
Rel.VCO2
Average | 20| % seconds RER |
| —— |
. ) = METS
02 Conc. in Inhaled Air 209 = % oFat
) s T ] SeCarbs
C02 Conc. inInhaled Air 0,04 =l %
Min 02 conc
Max COZ conc l
Expired Vol.
ok || cancel |
L - A

Calibrating the iWire-GA Gas Analyz

Note: Warm up the iWire-GA for at least 15 minutes, pri use. Make sure the calibration gas tank is
located close to the Fitness Assessment equipmen

This procedure will calibrate the O, and CQ, cha

=150 Calibration
regulator.

lick Perform Quick

1. Connect the gas sample tubing o
Kit to the output barbed connecto

2. Click the Calibrate Gas Analyzer butto
Software Gas Calibration.

3. Follow the directions as prompted. Room air will be sampled
for 10 seconds. Calibratio e sampled for 20 seconds.

4. If necessary, move the cursors i
Click OK.

0 correct position.
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-

Advanced Units Conversion Dialog

RoomAirl Roomdir2

Place the recm air cursors around the region correspending to Room Air,

Place the Cal Gas cursors around the region corresponding to the Cal Gas.

Room Air (%): 02= 209 % CO2= 004 %
Cal Gas (%6): 02= 120 %% CO2= 50 %

_alGas:1

CalGas:2

Cancel | |

Quick Flow Calibration :
A pre-saved .iwxfcd (file IXTA-longFlowHeadCalibration) is already loaded for you.

If you prefer, click “Load”, to load the iwxfcd file created when you performed the optional full
flow head calibration.

Perform the Quick Flow Calibration by clicking the button and following the prompted directions as they
pop up on the LabScribe Screen.

After the calibration data has been collected, The Spirometer Calibration dialog window will pop-up.

Position the two cursors/on the'flat line to either side of the recording shown.

Change the temperature,to 29 deg C.
Click the 'Calibraterdifference between cursors to' button.
Click OK.
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Spirometer Calibration Dialog X
Spirometer [X-TA ~

Type of Flowhead Calibrated - ]

Calibration Curve Data: IXTA-longFlowHeadCalit.__

Internal Barometric Sensor

Mixing Chamber Temp.(Avg of 37deg and Room Temp)= 29 0000 deg C
7 Baseline: Use first ~ 10 seconds as Zero I
Y| Calibrate difference between cursors to 3 litres. Calibration Completed!.
OK Cancel

Prior to performing your test:
Determine the correct concentration of O2 in the mixing chamber:
* Click on the Preview button.

* Record room air by sampling air throughithe mixing chamber. Look at the value for O2 as
you record for approximately*10 seconds. ‘It should be reading between 20.7% and 21%.

NOTE — If the O2 channel is not reading between 20.7% and 21% - REPEAT the Quick Flow
Calibration.

*  Click on the Stop button.

Now you are ready to perform your test. Séme sample protocols are provided on the CD and on the website.

Performing the Test:

1. Attach the head gear to/the mask.

2. Instruct thé'subject to try on the assembly. Adjust the straps so that the mask fits the subject
comfortably. Make sure there are no leaks around the mask.

3. Conneet the smooth-bore tubing to the clear outlet of the non-rebreathing valve. There are arrows on
the valve that indicate the direction of air flow.

4.  Make sure the flaps on the non-rebreathing valve are facing the right way.
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5. Remove the smooth-bore tubing from the mixing chamber to record baseline.

6.  Click the Record Button to start recording data . = ®

REC Calibrate Gas Analyzer

Quick Flow Calibration

. . rotocol _one v|
7. Or choose a protocol from the protocol list and click the e

Mark |pur 2

Bruce

green arrow to start recording. Add LaGytod, sruce

Gerkin
Time |Rowing 3-50-60

Rowing 3-25-60
Rowing 2-50-30
Rowing 2-25-30
Bike 1-25-25

Rel.VCO2 |Bike 3-20-100
Bike 4-20-110

Rel.VO2

Bike 3-20-120
Bike 3-25-125
Bike 3-25-150
REE Bike 0.25-5-100
Bike 0.25-5-140
Bike 0.25-5-150
Bike 0.15-5-120
Bike 0.15-5-150
%Fat |Edit..
RSO~

RER

METS

8. Wait at least 10 seconds for the system to zero, then reconnect the smooth-bore tubing to the mixing
chamber.
9.  The test has now started.

10. Mark the data for each stage of the exercise

a2

Mark Phase 1 v

protocol you have chosen to use. You can

enter text in the text area next to the Mark Add Lactate | © ' mmol fL
button and click on the Mark button, or ___

choose one of the preset marks from the drop down list.
11. If lactate values are measured during the test, you may enter them in the record using the Add
Lactate button.

12.  Click Stop and then Click Save As,to save,your data siop

Analyze your data

Click Analyze to pulbup the automated metabolic calculations and chart generator.

Make sure channgls are set correctly.

Click Settings: Your subject information should be automatically populated into the settings.
Click Calculate.to generate the table as seen below.

To‘gencrate a Report, click on the Report Tab. Reports can be customized as well.

AT A e

Refer to'the metabolic module manual in the LabScribe manual for more information.
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Metabolic parameters and plots of VO

Calculations window used to analyze data collected during an aerobic fitness test.

nd RER vs. Time, displayed in the Offline Metabolic

Notice that the VO, and VCO, values increase quickly as the subject performs more strenuous

\

segments of the test.
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Experiment AMe-1: Small Animal Respiratory Exchange Ratio (RER)

Exercise 1: Changes in CO, and O, in a closed chamber, and RER in an endothermicanimal,

Aim: To determine mean RER of an endotherm at rest.

Approximate Time: 15-20 minutes or longer depending on the animal

Procedure
1. Place the animal in the chamber and close the lid securely.

2. Click on the Record button. Type Mouse/Rat in the Mark box to the right of the Mark button.
Press the Mark button to mark the recording.

Click the AutoScale All button.
4. On the Expired CO2 Concentration (%) channel, notice thatthe CO, concentration shows a

continuous steady rise in level throughout the recording.

Note: During the first few minutes or so of the recording, the small animal chamber is filling with
expired air from the organism inside. Since this is a closed system, the concentration of CO, continues

to rise as the animal exhales into the chamber.

* The time that it takes the chamber to be filled\with expired air and a steady increase in
the level of carbon dioxide will depend on the volume and respiration rate of the
organism and the volume of the small animal chamber. It will take longer to fill the
chamber if the organism’s respiration rate and tidal volume are low, or the animal is very
small.

Warning: The CO, concentration will continue to rise throughout the experiment and levels can
become toxic to the animal in the chamber. Rémove the animal immediately if the CO, levels reach
3.5%.

5. On the Expired O2 Concentration (%) channel, notice that the O, concentration will show a

steady decrease as the animal'is using the O2 in the chamber. As pointed out in the previous
step, the size of the chamber, the tidal volume, and respiration rate of the organism, determine
the time it takes forthe concentration of oxygen to decrease significantly.

6. On the RER channel,'an equation programmed in the software determines RER based on the
relative levels of €O, (which is increasing) and O, (which is decreasing).

7. Continue to record until the concentration of carbon dioxide in the chamber reaches 3%.

Animal Metabolism — RER — Labs AMe-1-1



Note: Remember to remove the animal from the chamber immediately if the carbon dioxide
concentration reaches 3.5%.

8. Once the appropriate data is recorded, click Stop to halt the recording. Your recording Should be
similar to the data shown below.

9. Select Save As in the File menu, type a name for the file. Click on the Save button to save the
data file.

10. Remove the animal from the chamber and place it back into its container.

11. Clean and dry the small animal chamber if necessary.

RER Channel Set Up

1. Display the complete data recording in the Main window. Use thé Display Time icons to adjust
the Display Time of the Main window to show the complete recording on the Main window.

2. Select and display a section of data that shows the change in'€O, concentration at 1%.

3. This can be done by:

* Clicking on and dragging the cursors to either side of the data, and looking at the V2-V1
value in the upper right corner of the Expired CO2 channel.

*  When V2-V1 value is equal to 1%, look at the T2-T I"value in the upper right to
determine the time it took for the CO, congentration to change by 1%.

4. Click on RER Expired CO2 Concentration (%)on the RER channel. Choose Setup Function
from the drop down list. This will open thé.RER €alculation Dialog window.

5. Setup the RER calculations:

* Choose the appropriate RER Type by elicking on the down arrow and choosing Closed
Small Animal Chamber.

*  Check the O2 and CO2 channel information so that they are being calculated from the
correct channels.

* Change the Time(s)to average to 30 seconds

* Change the Delta Time(min) to be the T2-T1 value noted in Step 2. This is the time it
took for the CO2 congentration in the small animal chamber to change by 1%.

¢ Click OK.

6. The recording omithe main window will now have a histogram on the RER channel.
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* CIRER RER(Expired CO2 Concentration (%)) @& @ € fi V2-V1= 0.050802 #
0.12-

008~ . ——
004~
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2:22.053 5:26.743 8:31.443 11:36.133 14:40.823
TimeOfFile < >

Done Calculating data for Block 1

Figure AMe-1-L1: The recording of the expired CO2 over a period of 28 minutes showing a change in
concentration by 1%.

RER Calculation Dialog *
RER Type | Closed Small Animal Chamber
02 Channel | Expired O2 Concentration (%)  +

€02 Channel | Expired CO2 Concentration (%)

Y

Time(s) to average | 120

-

-

Delta Time(min) | 38

-

Cancel

Figure AMe-1-L2: RER Caleulation Dialog window.

Data Analysis

1. Scroll to the'beginning of the recording where the histogram is not a straight line. You should be
able to seea step-like histogram.

2. Clickiand drag the cursors to either side of the step-like histogram.
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3. Click the Zoom between Cursors button on the toolbar to expand this section of data to fill the
window.

4. Click AutoScale on all channels. Your data should look like the data seen in the image/®elow.

Y Small Animal RER 2 - IWX214 - None - LabScribe v3 = x
File Edit View Tools Settings Advanced External Devices Help
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TimeOfFile < >

Done Calculating data for Block 1

Figure AMe-1-L3: The RER channel showing the histogram for the ratio of CO2 to O2 in the
endothermic organism.

5. Click on the Analysis window i¢on.

6. Look at the Function Table that is,abovéithe uppermost channel displayed in the Analysis
window. The functions, Mean, T2-T1, and V2-V1 should appear in this table. Values for these
parameters on each channel are seen in.the table across the top margin of each channel.

7. Once the cursors are placed in the correct positions for determining the CO, and O,

concentrations, the values,for these parameters can be recorded in the on-line notebook of
LabScribe by typing their names and values directly into the Journal.

8. The functions in théchannel pull-down menus of the Analysis window can also be used to enter
the names and values of these parameters in the Journal. To use them:

e Place the cursors at the locations used to measure the concentrations and RER.

e Transfer the names of the mathematical functions used to determine these data to the
Journal using the Add Title to Journal function in the Expired CO2 Channel pull-down
menu.

9. TTransfer the values for the data to the Journal using the Add All Data to Journal function in the
Expired CO2 Channel pull-down menu.

10. Repeatithis procedure for the Expired O2 Concentration (%) channel.
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11. The values for the following parameters are determined when the cursors are positioned as
directed:

* Mean concentration of CO, in expired air, which is the value for Mean on,the EXpired
CO2 Concentration channel.

* Mean concentration of O, in expired air, which is the value for Mean on the Expired O2

Concentration channel.

12. Mean RER, which is the value for Mean on the RER channel. This is calculated by dividing the
expired CO, value by the expired O, value to get the RER ratio as setap previously:

13. Record the T2-T1 value that is used to measure the mean values of CO,, 0, and/RER.

14. Record the values in the Journal using one of the techniques described in Steps 6 or 7.

15. Record the values for the Mean CO, and O, concentrations in expired air in Table 1. Also
record the RER and T2-T1 values.

Exercise 2: Changes in CO, and O, in a closed chamber, and RER in an ectothermic animal.
Aim: To determine the changes in CO, and O, volumes of an ectotherm and make a comparison with
the values obtained from an endotherm.

Approximate Time: 15-20 minutes, depending on the animal.

Procedure

1. Use the same procedures used in Exercige I'te record the CO,, O, and RER values from an
ectotherm.

2. Place the ectotherm (lizard, frog or snake)mto the clean, dry small animal chamber and close
the lid securely.

Mark the recording with comments thatindicate the organism in the chamber.
4. Click Record to begin the récording.

5. Record until a concentratien of 3% carbon dioxide is reached.

Note: Remove the animal from the chamber immediately in the CO, concentration reaches 3.5%.

6. Click Stop to halt the recording and Save your data file.

7. Remove the'animal from the chamber and place it back in its container.
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RER Setup and Data Analysis

1. Use the same procedures used in Exercise 1 to set up the RER channel showing a 1% change in
CO, value.

2. Make any necessary changes on the RER channel by opening the RER Calculation dialog
window.

3. Follow the procedures in Exercise 1 for data analysis of the beginning section of the secording
for the ectotherm showing the step-like histogram.

4. Determine the oxygen (O,), carbon dioxide (CO,), and respiratory ex¢hange ratio (RER)
values. Note the T2-T1 value for the section of data with the step-like histegram;

5. Record the values for the Mean COz, O2 concentrations, RER, and the T2-T1 value in Table 1.

Questions
1. During which experimental period was the endotherm’s expired\CO, the highest? In which

period was it the lowest?

2. During which period was the endotherm’s expired O, the highest? In which period was it the

lowest?

3. During which period did the endotherm have théthighest RER? In which period was the RER
the lowest?

4. How do the values obtained from the endothermic animal compare to those from the
ectothermic animal?

5. How does the RER values from these organisms,relate to their overall metabolic rate?
6. Does ambient temperature have anything t0,do with their overall metabolism?

7. What would happen to the RER values for the ectotherm if you lowered the ambient
temperature? The ectotherm?

8. For what reason should the animal not'have eaten within an hour of performing these
experiments? Evaluate the diet of these animals. How does diet correlate to the RER values?

Animal Metabolism — RER — Labs AMe-1-6
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Done Calculating data for Block 1
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Figure AMe-1-L4: The expired oxygen and carbon dioxide.concentration and RER of a small animal as
displayed in the Analysis window. The cursors are in position to measure the mean values of the

selected interval.

Optional Exercise

RER is a temperature dependent value. As an optional exercise, the animals can be cooled and RER can
be calculated as they return to normal body temperature or to room temperature.

Table AMe-1-L13: Table for recording Mean €02, O2 and RER values for the endothermic and
ectothermic organisms. T2-T1 values are also recorded.

. - . Mean Concentration (%) in | Mean
Environmental Conditions Organism the Chamber RER
Temperature T2-T1 (min/sec) for RER CO 0

0 : 2 2
(°0) calculation
Endotherm
Ectotherm
Animal Metabolism — RER — Labs AMe-1-7




Weight Normalization Calculation

Normalized Expired O,

02 / [(weight(g) / mass unit)]*effective mass

Example: O2 = 0.83 ml/min, weight =25 grams,

mass unit = KG, effective mass factor (slope) = 0.75

02 =0.83/(25/1000)°73 = 13.2 mI/KG/min

norm

Using an effective mass factor of 1 eliminates any effective mass correct

This can be repeated for the CO, values. When RER is calculated using ed values, the weight

of the organism is taken into account.
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