
sleep. REM-On neurons that project to the medulla and spinal cord
activate inhibitory (GABA and glycine-containing) interneurons,
which in turn hyperpolarize the motor neurons, producing the
paralysis of REM sleep. REM-On neurons that project to the
forebrain may be important in producing dreams.

The REM sleep switch receives cholinergic input, which favors
transitions to REM sleep, and monoaminergic (norepinephrine and
serotonin) input that prevents REM sleep. As a result, drugs that
increase monoamine tone (e.g., serotonin or norepinephrine
reuptake inhibitors) tend to reduce the amount of REM sleep.
Damage to the neurons that promote REM sleep paralysis can
produce REM sleep behavior disorder, a condition in which patients
act out their dreams (see below).

■ SLEEP-WAKE CYCLES ARE DRIVEN BY HOMEOSTATIC,
ALLOSTATIC, AND CIRCADIAN INPUTS
The gradual increase in sleep drive with prolonged wakefulness,
followed by deeper slow-wave sleep and prolonged sleep episodes,
demonstrates that there is a homeostatic mechanism that regulates
sleep. The neurochemistry of sleep homeostasis is only partially
understood, but with prolonged wakefulness, adenosine levels rise in
parts of the brain. Adenosine may act through A1 receptors to
directly inhibit many arousal-promoting brain regions. In addition,
adenosine promotes sleep through A2a receptors; blockade of these
receptors by caffeine is one of the chief ways in which people fight
sleepiness. Other humoral factors, such as prostaglandin D2, have
also been implicated in this process. Both adenosine and
prostaglandin D2 activate the sleep-promoting neurons in the
ventrolateral preoptic nucleus.

Allostasis is the physiologic response to a challenge such as
physical danger or psychological threat that cannot be managed by
homeostatic mechanisms. These stress responses can severely
impact the need for and ability to sleep. For example, insomnia is
very common in patients with anxiety and other psychiatric disorders.
Stress-induced insomnia is even more common, affecting most
people at some time in their lives. Positron emission tomography


