
Homeothermy in the vertebrate body illustrates
physiological regulation in which the nervous
system is involved. Central and peripheral tem-
peratures are transduced to neural activities, and
these signals are combined with reference sig-
nals to activate responses that minimize (when
possible) deviation of central temperature from
its optimal value for each species. [The Sd®
indicates that this paper has been cited in over
385 publications.)
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I was invited by the editorial board of the
Annual Review of Physiology to review the lit-
erature on temperature regulation from 1961
to 1967. I suppose I was chosen because we
had shown that cooling the pre-optic and an-
terior hypothalamic nuclei (POAH) of con-
scious dogs elicited shivering and that the
POAH temperature threshold for shivering
was inversely dependent upon the skin and ex-
trahypothalamic core temperatures.

1
I had

also suggested a network of hypothalamic neu-
rons that could account for the fact that each
autonomic thermoregulatory response was
proportional to deviations of POAH temper-
ature from a threshold temperature and that
these threshold temperatures were shifted up
by low skin and rectal temperatures and by
fever or were shifted down by high skin and
rectal temperatures and by sleep.Z3

Homeostasis is a major physiological process
that is exemplified by homeothermy. For ho-
meostasis, three features of the nervous system
are essential: (1) intensive properties of the in-
ternal environment of an organism must be
transduced to neural signals, (2) a neural signal
corresponding to the reference (optimal) value
of each intensive property must be generated,
and (3) autonomic and behavioral responses
must be activated and controlled because their
action minimizes the difference between an
intensive property and its reference.

Much has been learned about these features
since Claude Bernard discussed the “constancy
ofthe internal environment” in 1865 and Wal-
ter Cannon coined the term “homeostasis” in
1929. But much more still needs to be learned.
For example, almost nothing is known about
the transduction of intensive properties (tem-
perature, pressure, hydrogen ion concentra-
tion, electrolyte concentration, nutrient con-
centrations, metabolite concentrations) into
generator potentials. This is a biophysical prob-
lem of immense importance. Little is also
known about the neural network by which the
neural signal of an intensive property is com-
pared with its reference signal and from which
network a neural-humoral connection is made
with the appropriate organ to activate a
response at an appropriate rate. At present,
these networks can only be

1
approximated. The

majority of our knowledge concerns the way
in which organs function, but too little is
known about the neural elements that control
the rate of response.

I am deeply gratified that my article has been
frequently cited, but I wish for more: only
when our younger peers glimpse the oppor-
tunities for monumental research on the fun-
damentals of regulation biology can we rest
with modest satisfaction. I expect that auto-
facilitation will, in the future, be recognized
as an essential feature of the controller
network for some, if not many, regulatory
responses.
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