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Feedback Response Loop

Homeostatic control systems, like the temperature example above, generally result in Feedback response loops.
Feedback response loops start with a stimulus that changes a variable and ends with an effector that changes the
variable. If the variable is changed in a way that brings it back towards set point, we call it negative feedback. We use
the word negative to indicate that the resulting change in the variable is opposite of the initial change. In other words, if
a stimulus were to cause the temperature variable to be increased to 99°F, the response of sweating would act to
decrease the variable back to 98.6°F. Since the initial stimulus caused an increase in temperature and the resulting
response was a decrease in temperature, opposite to the initial change, we call the whole process a negative feedback
loop. Regulation of body temperature is only one of many examples of how the body maintains the constancy of the
internal environment. Other negative feedback loops that regulate homeostasis include replenishment of oxygen by the
lungs, the regulation of the pH of the blood at 7.4, and the regulation of blood glucose by insulin; however, keep in mind
that there are many other examples.

Sometimes, the response to a stimulus results in a change to the variable that increases the deviation from the set
point. This type of mechanism is called a positive feedback loop. Most of the time, positive feedback loops are the
result of negative feedback systems that do not adequately correct the problem. For example, in response to a
substantial loss of blood, the blood pressure would drop and the negative feedback response would be to increase the
heart rate to help return blood pressure to normal. However, if the loss of blood was too great, the increase in heart rate
might not be adequate to increase the blood pressure, and as a result, less blood would go to the heart. Since blood
carries essential oxygen and nutrients, less blood to the heart would essentially starve the heart. This would result in
loss of function and weaker contractions resulting in less blood being pumped, which would result in less blood to the
heart and so on. Thus, because the negative feedback response (an increase in heart rate) was not adequate, the end
result was that blood pressure continued to drop, causing an increased (positive) deviation from the set point. This
situation would require intervention from a medical professional to save the individual.

There are a few examples where positive feedback mechanisms are good. For example, during childbirth, labor
contractions are enhanced through positive feedback. This is the result of a hormone called oxytocin, which is released
from the brain during labor contractions. Oxytocin enters the bloodstream from the brain and circulates through the
blood to the uterus where it causes more powerful contractions. Contractions, of the uterus, push the baby's head
downward which stretches the cervix. Stretch receptors in the cervix and uterus then send signals to the brain to release
more oxytocin, and this positive feedback system continues until birth is accomplished. You may have heard of the drug
Pitocin; this is a synthetic form of oxytocin that can be injected into expectant mothers to induce labor or assist
contractions when the oxytocin system is not functioning naturally.

Some systems have adapted an anticipatory response called a feedforward control. For example, dehydrated humans
in warm environments show low sweat rates but can be induced to sweat almost instantaneously when they drink
water. The most widely known feedforward response is the salivation response that occurs with the sight, smell, or even
the thought of food, inducing salivation and stomach acid secretion before food enters the mouth.

Feedback loops rarely operate in isolation but are almost always part of a larger network of systems that operate in a
complex interplay with one another. Some of the loops can even be in competition with each other, sometimes making
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treatment options very complex. In addition, there is a hierarchy among the various feedback loops with the
maintenance and balance of the brain having priority over everyone else. For example, the body will sacrifice bone for
the essential ion calcium to ensure proper brain function. Two other important themes of homeostasis are
redundancy and acclimatization. The maintenance of some variables is so crucial that the body does not entrust them
to one system, opting instead to build in redundancy in case one system fails or is inadequate. The overall fitness of an
organism can be determined by its ability to adapt to different physiological situations. For instance, acclimatization is
observed in the long-term adaptation to high altitude in breathing rate and overall red blood cell numbers (discussed
later). 

The practice of medicine then is to help individuals return to homeostasis when their own systems have become
inadequate. Thus, stated another way, the discipline of medicine uses physiological parameters to establish reference
states and then attempts to intervene to help return the parameters to that state.

Feedback Response Loop
Image created by JS at BYU-I 2013

Above is an image representation of a Feedback Response Loop. Notice that feedback loops can result in Negative or
Positive Feedback. The red arrows in the top-left graph always show what would happen if the effector(s) always
caused the variable to come back to set point (Negative Feedback). The red arrow in the right-hand graph (inside the
cycle) shows what would happen if the effector(s) always caused the variable to go further and further from the set
point (Positive Feedback).
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This content is provided to you freely by BYU-I Books.

Access it online or download it at https://books.byui.edu/bio_461_principles_o/113.
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