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The Study of Body Function

INTRODUCTION TO PHYSIOLOGY

Physiology (from the Greek physis = nature; logos = study) is
the study of biological function—of how the body works, from
molecular mechanisms within cells to the actions of tissues,
organs, and systems, and how the organism as a whole
accomplishes particular tasks essential for life. In the study of
physiology, the emphasis is on mechanisms—with questions that
begin with the word how and answers that involve cause and -
effect sequences. These sequences can be woven into larger and
larger stories that include descriptions of the structures involved
(anatomy) and that overlap with the sciences of chemistry and
physics.

HOMEOSTASIS AND FEEDBACK CONTROL

The regulatory mechanisms of the body can be understood in
terms of a single shared function: that of maintaining constancy
of the internal environment. A state of relative constancy of the
internal environment is known as homeostasis, maintained by
negative feedback loops.

Negative Feedback Loops

The concept of homeostasis has been of immense value in the
study of physiology because it allows diverse regulatory
mechanisms to be understood in terms of their “why” as well as
their “how.” The concept of homeostasis also provides a major
foundation for medical diagnostic procedures. When a particular
measurement of the internal environment, such as a blood
measurement deviates significantly from the normal range of
values, it can be concluded that homeostasis is not being
maintained and that the person is sick. A number of such
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measurements, combined with clinical observations, may allow
the particular defective mechanism to be identified.

In order for internal constancy to be maintained, changes in the
body must stimulate sensors that can send information to an
integrating center. This allows the integrating center to detect
changes from a set point. The set point is analogous to the
temperature set on a house thermostat. In a similar manner, there
IS a set point for body temperature, blood glucose concentration,
the tension on a tendon, and so on. The integrating center is often
a particular region of the brain or spinal cord, but it can also be a
group of cells in an endocrine gland. A number of different
sensors may send information to a particular integrating center,
which can then integrate this information and direct the responses
of effectors —qgenerally muscles or glands. The integrating
center may cause increases or decreases in effector action to
counter the deviations from the set point and defend homeostasis.
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Figure 1.1 Arise in some factor of the internal environment ( 1 X) is detected
by a sensor. This information is relayed to an integrating center, which causes an
effector to produce a change (1) in the opposite direction ( | X). The initial deviation is

thus reversed (2), completing a negative feedback loop (shown by the dashed arrow
and negative sign). The numbers indicate the sequence of changes.
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Figure 2 Afall in some factor of the internal environment (| X) is detected by

a sensor. (Compare this negative feedback loop with that shown in figure 1)

Antagonistic Effectors

Most factors in the internal environment are controlled by several
effectors, which often have antagonistic actions. Control by
antagonistic effectors 1s sometimes described as “push-pull,”
where the increasing activity of one effector is accompanied by
decreasing activity of an antagonistic effector. This affords a finer
degree of control than could be achieved by simply switching one
effector on and off. Normal body temperature is maintained about
a set point of 37° C by the antagonistic effects of sweating,

shivering, and other mechanisms ( fig. 3).
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Figure 3 How body temperature is maintained within the normal range

The blood concentrations of glucose, calcium, and other
substances are regulated by negative feedback loops involving
hormones that promote opposite effects. Insulin, for example,
lowers blood glucose, and other hormones raise the blood glucose
concentration. The heart rate, similarly, is controlled by nerve
fibers that produce opposite effects: stimulation of one group of
nerve fibers increases heart rate; stimulation of another group
slows the heart rate.

Positive Feedback
Constancy of the internal environment is maintained by effectors

that act to compensate for the change that served as the stimulus
for their activation; in short, by negative feedback loops. A
thermostat, for example, maintains a constant temperature by
increasing heat production when it is cold and decreasing heat
production when it is warm. The opposite occurs during positive
feedback —in this case, the action of effectors amplifies those
changes that stimulated the effectors. A thermostat that works by
positive feedback, for example, would increase heat production
in response to a rise in temperature. It is clear that homeostasis
must ultimately be maintained by negative rather than by positive
feedback mechanisms. The effectiveness of some negative
feedback loops, however, is increased by positive feedback
mechanisms that amplify the actions of a negative feedback




response. Blood clotting, for example, occurs as a result of a
sequential activation of clotting factors; the activation of one
clotting factor results in activation of many in a positive feedback
cascade. In this way, a single change is amplified to produce a
blood clot. Formation of the clot, however, can prevent further
loss of blood, and thus represents the completion of a negative
feedback loop that restores homeostasis.

Neural and Endocrine Regulation
Homeostasis is maintained by two general categories of

regulatory mechanisms: (1) those that are intrinsic, or “built into”
the organs being regulated (such as molecules produced in the
walls of blood vessels that cause vessel dilation or constriction);
and (2) those that are extrinsic, as in regulation of an organ by
the nervous and endocrine systems. The endocrine system
functions closely with the nervous system in regulating and
integrating body processes and maintaining homeostasis. The
nervous system controls the secretion of many endocrine glands,
and some hormones in turn affect the function of the nervous
system. Together, the nervous and endocrine systems regulate the
activities of most of the other systems of the body.

Regulation by the endocrine system is achieved by the secretion
of chemical regulators called hormones into the blood, which
carries the hormones to all organs in the body. Only specific
organs can respond to a particular hormone, however; these are
known as the target organs of that hormone. Nerve fibers are
said to innervate the organs that they regulate. When stimulated,
these fibers produce electrochemical nerve impulses that are
conducted from the origin of the fiber to its terminals in the target
organ innervated by the fiber. These target organs can be muscles
or glands that may function as effectors in the maintenance of
homeostasis.
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