QUANTITATIVE ASSESSMENT OF THE HOMEOSTATIC
PROPERTIES OF THE OXYGEN TRANSPORT SYSTEM
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To assess the homeostatic properties of the oxygen transport system quantitatively it is sug-
gested that a change in the state of the system be compared with the magnitude of the factor
inducing it. Experiments to obtain such an assessment with the aid of a computer and a
mathematical model of the respiratory, circulatory, and energy-metabolic systems linked
with oxygen transport are described. Quantitative indices of homeostatic properties were
found to vary with the conditions (rest, physical exertion). During physical exertion when the
mechanisms of regulation are under strain, the homeostatic power of the system is reduced.

The homeostatic properties of physiological control systems [4, 9, 12] vary with the state of the ani-
mal and the external environmental conditions [1, 5, 6, 10]. The disturbing action of the environment leads
to the creation of a transition process in the system followed by a new level of activity. The system is
homeostatic if this new level is close to the old. The relationship between the force of disturbance and the
magnitude of the response can be used as a measure of the homeostatic power of the organism [7, 10]. When
the number of disturbing factors and of variables to be investigated is great, it is possible to make a com-
bined evaluation of the effect of each disturbance on each variable (coefficient of sensitivity [2]), from which
a mean assessment of homeostatic ability can be obtained [7].

This paper describes a computerized method of investigation of the oxygen transport system to obtain
a quantitative assessment of the homeostatic properties of that system.

EXPERIMENTAL METHOD

A system of equations characterizing the combined function of the human respiratory, circulatory,
and energy-metabolic systems based on mean statistical data was solved by the computer [8, 11]. The
homeostatic properties were investigated for two conditions of oxygen consumption (W): in a state
of rest (W = 225 ml/min) and in a state of intensive muscular work (W = 2600 ml/min). In both cases
the oxygen consumption of the muscle tissue (W,) and of nonmuscular tissues (W,) was studied. The com-
position of the inspired air depended on two variables: the partial pressures of oxygen (V) and carbon
dioxide (V,). The following 14 variables of the internal milieu of the organism were determined during the
experiments: the alveolar (U,) and venous (U,) partial pressures of oxygen, the partial pressure of oxygen
in the muscular (U;) and nonmuscular (U,) tissues, the alveolar (U;) and venous (Ug) partial pressures of
carbon dioxide, the partial pressure of carbon dioxide in the muscular (U;) and nonmuscular (Ug) tissues, the
concentration of incompletely oxidized products in the muscular (Ug) and nonmuscular (U,,) tissues, the
pulmonary ventilation (Uy;), the blood flow through muscular (Uy) and nonmuscular (Uy;) tissues, and the
concentration of incompletely oxidized products in the arterial blood (Uy,).

To assess the homeostatic properties of the system it is essential to have data on the effect of all the
disturbing factors studied on the state of all the variables examined under the conditions specified. The co-
efficient of sensitivity — the ratio between the j-th variable of the internal milieu and the i-th variable of the
external environment — is [7]
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TABLE 2. Determination of Coefficients of Sensitivity in a State of Physical Exertion

TABLE 1. Determination of Coefficients of Sensitivity in the Resting State

S Vi AU .
St}:—t_Jj—'TV_i’ j—0, AVi-0,

where AVi—0 and AUj — 0 signify that the values of
AVi and AUj must be as small as possible. A change in
the state of the system in response to the action of dis-
turbing factors vV, and V, was assessed jointly by the
mean square coefficient of sensitivity:

1 [ i .
S= V—l}? 2 (Sif2:

The value of h=1/8, in accordance with data in
the literature [7], can be called the index of homeo-
static ability of the system for it characterizes the de-
gree of maintenance of constancy of the internal milien
during the presence of variations in the external en-
vironment. It is difficult to obtain data for coefficients
of sensitivity in the essential quantity and yet satisfy-
ing the requirement of smallness of the deviations by
direct experiments on animals. However, an adequate
mathematical model on which additional investigations
can be carried out to determine the homeostatic proper-
ties of control systems can be based on the results of
a large number of experimental investigations [3, 6, 13].

In the present investigation the values of V, and
V, were changed in the course of the experiment so
that AV;=0.1 V; and AV, =0.1 V,. New values of all
variables of the internal milieu and of their increases
AUj were calculated, after which the coefficients of
sensitivity could be determined.

EXPERIMENTAL RESULTS

Values of all variables and coefficients of sensitiv-
ity for cases of variation in V, and V, in a state of
basal metabolism W =225 ml O,/ min (W; =65 ml/ min;
W, =160 ml/ min) are given in Table 1. The mean
square coefficient of sensitivity S in this case was 0.83
and the index of homeostatic ability h was 1.2.

Table 2 gives the same values for the case of
intensive physical exertion W =2600 ml/ min (W, =
1800 ml/ min, W, =800 ml/ min). In this case the values
of S and h were 1.89 and 0.53, respectively.

During physical exertion the system is thus more
sensitive to variations in the environment than in the
state of basal metabolism. This worsening of the state
is reflected in a decrease in the index of homeostatic
ability from 1.2 under basal metabolic conditions to
0.53 under conditions of physical exertion.
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