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The Difference Between Heat and CO2 Measurements of Metabolic Rates 
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ABSTRACT 

This experiment examines the differences between heat and carbon dioxide measurements of metabolic rates in 
mice. Metabolism is a universal term in the biological sciences that generally describes the chemical and physical 
changes in living organisms. The metabolism of the rodent is extremely dynamic, exhibiting marked changes in 
response to a variety of physical and biological factors such as body temperature, motor activity, endocrine function, 
reproductive state, wind velocity, altitude and nutritional state. The research paper focused on two different ways 
of measuring metabolism through heat and carbon dioxide studies. Metabolism was measured by placing a mouse 
in a chamber in a calorimeter made from styrofoam. Thermocouples were placed in the styrofoam through a hole 
made through the top of the container. The probes were taped to the top of the chamber above the mouse. A 

mouse was then placed in the chamber and the calorimeter's temperature was recorded using a microprocessor 
thermometer. Temperatures were recorded every fifteen seconds up to five minutes. Calibration of the heat 
calorimeter was as follows. A one hundred twenty-five milliliter flask of water was placed inside the calorimeter. 
The probes were attached to the microprocessor thermometer where temperatures of the water, air and the 
difference between the two were recorded every fifteen seconds up to five minutes. The calorimeter constant was 
then calculated using the heat loss from the water, and the change in the temperature of the calorimeter. Rate of 
respiration measurements were taken using a carbon dioxide analyzer(Licor model 6200). The analyzer was attached 
to an eighteen liter bottle where a mouse was enclosed and measurements were taken every minute for each of the 
ten attempts. 

INTRODUCTION 

Metabolism is a universal term in the biological sciences 
that generally describes the chemical and physical 
changes in living organisms (Poole, 1987). The 
metabolism of the rodent is extremely dynamic, 
exhibiting marked changes in response to a variety of 
physical and biological factors, such as ambient 
temperature, body temperature, wind velocity, altitude, 
nutritional state, reproductive state, endocrine function 
and motor activity (Christopher, 1993). Under any set 
of environmental conditions, the total heat produced 
from a rodent's metabolism is derived from its basal 
metabolism. Basal metabolism represents the heat 
produced from the sum of all catabolic and anabolic 
biochemical processes involved in the maintenance of 
respiration, circulation, muscle tone, peristalsis, body 
temperature and other vegetative functions 
(Christopher, 1993). The basal metabolic rate is defined 
as the metabolic rate of an organism that is resting in a 
thermoneutral state for fourteen to eighteen hours after 
eating. A major portion of a rodent's metabolism is 
basal but since it is difficult to create a state in which 
a rodent is at absolute rest but not sleeping it is easier 
to measure its resting metabolic rate (Foster, 1981 ). 
The resting metabolic rate (r.m.r.), which will be 
measured in this study, is defined as the metabolic rate 
of a resting animal that is not in a postabsorptive or 
fasting state. 

There are many methods for measuring metabolism 
in small animals such as mice. It can be measured both 
directly and indirectly. In a direct method of 
measurement, the quantities of absorbed or evolved 
heat are used. An animal is placed inside the chamber 
of the device and the heat loss is measured by the 

thermoelectric detectors that are positioned throughout 
the inner wall of the chamber. Evaporative heat loss is 
measured separately by recording the difference in 
water vapor pressure between the influent and effluent 
air (Christopher, 1993). The difference in the 
temperatures of the influent and effluent air streams 
can also be determined, which represents a minute 
fraction of the total dry heat loss (Christopher, 1993). 
Assuming that there is a steady state condition in the 
chamber, the sum of dry heat loss and evaporative heat 
loss is equal to the animal's metabolic heat production 
(Christopher, 1993). In using an indirect method, 
metabolism can be estimated be measuring the rates of 
oxygen consumption and or carbon dioxide production 
over a standard time period using open or close-circuit 
respirometer. A respirometer is an instrument used to 

. study the character and extent of respiration. Open­
circuit systems employ a continuous flow of fresh air 
though the chamber containing the animal. The partial 
pressure of oxygen is measured in the influent air and 
effluent air. The change in pO2 or pCO2 after passing 
through the chamber multiplied by the air flow rate· 
yields a measure of oxygen consumption or carbon 
dioxide production (Christopher, 1993). 

Another method for measuring the metabolism in 
small animals has been accomplished by trying to find 
an experimental approach to the mechanism of weight 
loss. This method was used by three scientist in the 
1 960s. The method consisted of an apparatus that 
contained atmospheric pressure and partial pressure of 
gases being kept constant during the experimental 
period. Food and water intake and environmental 
temperature were kept constant. The factors were 






