increased extracellular space, which has higher calcium and lower
potassium concentrations, supporting hyperpolarization and reduced
firing of neurons. This expansion of the extracellular space during
sleep increases diffusion of substances that accumulate
extracellularly, like B-amyloid peptide, enhancing their clearance
from the brain via cerebrospinal fluid (CSF) flow. Recent evidence
suggests that lack of adequate sleep may contribute to extracellular
accumulation of B-amyloid peptide, a key step in the pathogenesis of
Alzheimer’s disease.

Endocrine function also varies with sleep. N3 sleep is associated
with secretion of growth hormone in men, while sleep in general is
associated with augmented secretion of prolactin in both men and
women. Sleep has a complex effect on the secretion of luteinizing
hormone (LH): during puberty, sleep is associated with increased LH
secretion, whereas sleep in postpubertal women inhibits LH
secretion in the early follicular phase of the menstrual cycle. Sleep
onset (and probably N3 sleep) is associated with inhibition of thyroid-
stimulating hormone and of the adrenocorticotropic hormone—cortisol
axis, an effect that is superimposed on the prominent circadian
rhythms in the two systems.

The pineal hormone melatonin is secreted predominantly at night
in both day- and night-active species, reflecting the direct modulation
of pineal activity by the SCN via the sympathetic nervous system,
which innervates the pineal gland. Melatonin secretion does not
require sleep, but melatonin secretion is inhibited by ambient light,
an effect mediated by the neural connection from the retina to the
pineal gland via the SCN. In humans, sleep efficiency is highest
when sleep coincides with endogenous melatonin secretion. When
endogenous melatonin levels are low, such as during the biological
day or at the desired bedtime in people with delayed sleep-wake
phase disorder (DSWPD), administration of exogenous melatonin
can hasten sleep onset and increase sleep efficiency, but it does not
increase sleep efficiency if administered when endogenous
melatonin levels are elevated. This may explain why melatonin is
often ineffective in the treatment of patients with primary insomnia.
On the other hand, patients with sympathetic denervation of the
pineal gland, such as occurs in cervical spinal cord injury or in



