DISCREPANCY BETWEEN RESULTS OF DIRECT
AND INDIRECT CALORIMETRY IN HYPOXIA
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In hypoxic hypoxia direct calorimetry yields higher results than indirect.
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Hypoxia disturbs the physiological responses of the organism to cold. Since this is an important
practical and theoretical problem, it has been the subject of numerous investigations {1, 3, 4, 7-15]. How-
ever, the physiological mechanisms of these disturbances have been inadequately explained. This is true,
in particular, of the quantitative relationships between heat emission, "direct" heat production (as obtained
in a calorimeter), and heat formation calculated from gas exchange data [9]. E. A. Kartashevskii [4] found
many years ago that heat emission of dogs was increased in hypoxia, which could be an important cause of
the disturbance of temperature homeostasis, The gas exchange likewise is known to be disturbed in hy-
poxia {3, 4, 7, 8, 11, 13-15].

The object of the present investigation was to examine, by means of a thermoelectrical dynamic cal-
orimeter, changes in the results of direct and indirect calorimetry with changes in the oxygen concentra-
tion in the inspired air.

EXPERIMENTAL METHOD

The calorimeter used in the experiments was designed and made by the Department of Caloric and
Measuring Instruments, Leningrad Institute of Precision Engineering and Optics. It gave simultaneous
readings of the heat and gas exchange over a period of time in experiments of any duration. A description
of the calorimeter, with its graduations and the method of determining the gas exchange and the "direct"
heat production with it, has been published previously [2, 5, 7, 9, 10].

Heat production by the direct method was calculated from the formula:
Q=Qcal + Qo iQ[ s

where Q represents the total heat production (DHP), Q3] the heat emission of the animal by convection and
radiation, Qy, o the heat emission by evaporation, Qcal + QH,0 thus constituting the total heat emission
(HE); Qt represents the heat given off or retained by the animal's body depending on a change in its body
temperature. This term is calculated from the formula

QtZC'M‘At,

where ¢ represents the mean specific thermal capacity of the body, M the body weight of the animal, and

At the temperature difference over the given time interval (in °C). By addition (with a rise of body temper-
ature) of this value to, or by its subtraction (with cooling of the body) from the total heat emission (HE) over
the given time interval, the actual heat production of the animal (DHP) is calculated.

Investigations were carried out in a calorimetric chambher with a capacity of 1.5 liters. Ventilation
was supplied at the rate of 0.5 liter/min, The graduations of the instrument were periodically verified at
the same ventilation rate, with the same composition of the gas mixture, and at the same external air tem-
perature as in the experiments.
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The control graduation investigations showed that the error
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After a change to inhalation of atmospheric air, the values of HE, DHP, and IHP all increased. No
statistically significant differences were found between DHP and IHP, although the mean values of THP in
the next two 20-min intervals were slightly greater than those of DHP.

The body temperature fell during hypoxia and rose again in the period after hypoxia (see Table 1, A).

When the oxygen concentration in the air fell to 7%, the values of heat production (both direct and in-
direct) on the whole fell more sharply than in the previous experiments. However, with this degree of low-
ering of the oxygen concentration in the inspired air, the differences were not statistically significant, al-
though the mean values of DHP were higher than those of THP. The slight decrease in HE observed inthese
experiments was statistically significant only in the last 20-min interval. In this case also a larger de-
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crease in DHP than in HE was observed by comparison with the controls (pefore hypoxia). The heat emis-
sion thus fell in the first, second, and third 20-min intervals by 12, 21, and 309 respectively, while the heat
production fell by 48, 48, and 52% respectively.

On returning to inhalation of atmospheric air, the differences between DHP and IHP again were not
statistically significant. The body temperature during exposure to more severe hypoxia showed a corre-
spondingly greater fall (see Table 1, B).

Hence, with a reduction in the oxygen concentration in the inspired air, marked differences were
found between the actual heat production of albino rats (measured by direct calorimetry), and the heat pro-
duction calculated from the gas exchange, With a decrease in the oxygen concentration in the inspired air
to 10%, DHP exceeded IHP by a statistically significant amount, It may, therefore, be postulated that dur-
ing exposure to hypoxia the body utilizes sources of energy not directly connected with oxygen consumption.
Such sources could be an increase in the energy-yielding power of glycolysis, and also high-energy com-
pounds present in certain amounts in the tissues.

The discrepancy between the values of DHP and IHP could also be produced by disturbance of the heat
balance and by inequality of the temperature in different parts of the animal's body [9].

In albino rats at an air temperature of 19-21°, an intensive thermoregulatory tone of the muscles and
elements of a muscular cold shiver are found, for to maintain temperature homeostasis under these condi-
tions they need an increased heat production. The hypoxic decrease in oxygen utilization by albino rats is
correlated with depression of these forms of muscular activity [3]. It may be presumed that the "residual®
level of thermoregulatory muscular activity in hypoxia is provided for to some degree by the energy sources
mentioned above,

With deeper hypoxia (7% oxygen in the inspired air), no statistically significant difference was found
between DHP and ITHP. Evidently in deeper hypoxic conditions anaerobic energy sources also are depressed.

The decrease in body temperature observed with oxygen concentrations of 7 and 109, in the inspired
air may be associated both with a marked fall of heat formation and with inadequate retention of heat in the
animal's body.
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