Figure 38.4 The Autonomic Nervous System Controls Heart Rate
There has been considerable research on the mechanisms that affect heart rate. Control lies within the pacemaker cells of the sinoatrial node, but what is the role of the autonomic nervous system? To understand ANS influence on pacemaker cells, one can measure membrane potentials in pacemaker cells, as well as those cells treated with the neurotransmitters norepinephrine and acetylcholine. Compared to the untreated controls, norepinephrine causes an increase in the rate of membrane depolarization, resulting in an increase in heart rate. By contrast, acetylcholine decreases the rate of membrane depolarization, resulting in a decreased heart rate. Pacemaker depolarization is initiated by the if current, first discovered in 1979 by Brown, Difrancesco, and Noble. The if current operates via ion channels referred to as f-channels. Activity of f-channels is modulated by cAMP; thus, these channels are affected by norepinephrine, which increases cAMP, and acetylcholine, which decreases cAMP. Norepinephrine is released by the sympathetic nervous system and coordinates the “fight or flight” response to certain, often dangerous, situations. On the other hand, acetylcholine is part of the parasympathetic nervous system and acts to return the body to normal after a sympathetic response. Thus, it makes sense that norepinephrine results in increased heart rate, whereas acetylcholine slows the heart rate down, returning it to normal. Continued understanding of the cellular control of f-channels has led to the development of therapies to address various heart disorders. Many heart problems are due to defects in these f-channels; people with electronic pacemakers often have problems with these channels, suggesting the possibility of gene therapy to create biologically engineered pacemakers. Further, various drugs have been developed that are f-channel blockers, slowing the heart rate when such a therapy is warranted. Given the magnitude of heart disease worldwide, further understanding of the mechanism of pacemaker activity at the cellular level is an active area of research that will likely provide the basis for future therapies.
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