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Our body is composed of many cells and they are surrounded by a sea of extracellular fluid, an
internal environment. Numerous physiological reactions maintain stability in this internal
environment (homeostasis). By maintaining constancy in the internal environment, we free
ourselves from constraints in the external environment. Body temperature regulation is a good
example of this homeostatic control. Body temperature is detected by thermoreceptors distributed
throughout the body core and when it is deviated from the normal level, the signals from the
receptors drive reactions which counterbalance the deviation of body temperature. This is a
feedback control. When an individual is exposed to heat or cold, thermoregulatory responses are
also evoked even before any deviation of deep body temperature occurs. This is a feedforward
control, and thermoreceptors in the skin detecting environmental temperature serve signals to
provoke responses. Feedback and feedforward controls are also common in engineering systems.
But thermoregulatory mechanism may have no reference signal in the engineering sense. The
regulated level of body temperature is determined by a balance of two opposing systems of heat
loss and heat production and can be changed by alterations of the characteristics of the two
systems, which can occur by the demands from other homeostatic systems. For example, bacteria
and viruses are less active at higher temperatures. During infections, therefore, substances
produced by the immune system alter the characteristics of heat loss and heat production so that
their balance shifts to a level higher than the normal. This is fever. These mechanisms of
feedback, feedforward and active changes in control level are widely seen in the homeostatic
control.
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Fig. 1 Characteristics of a thermal bath with a heater of constant
current. Ta: ambient temperature. Tb: bath temperature. In detail
see the text.
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Fig. 2 Characteristics of a thermal bath in which heater current
was negatively correlated with bath temperature. Ta: ambient
temperature. Tb: bath temperature. In detail see the text.
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Fig. 3 Characteristics of a thermal bath in which heater current
was controlled with the difference between a set point and bath
temperature. Ta: ambient temperature. Tb: bath temperature. In
detail see the text.
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Fig. 4 Schema of the control of shivering. A. Change in the
characteristic curve of heat production during fever. B:
Thermosensitive neurons having negative thermal coefficient send
efferent signals to the lower mechanism, which is represented as a
gain K. During fever the characteristic curve of the neuron shifts to

higher temperature.
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Fig. 5§ Heat production as a function of deep
body temperature (Tpaor) at various skin
temperature in a goat. The figures adjacent to
the curves indicate skin temperature. (Jessen,
1981)
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Table 1. Thermoregulatory responses

Shivering

Nonshivering thermogenesis
Vasoconstriction and vasodilation
Panting

Sweating

Behavioral response
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