FIGURE LEGENDS
FIGURE 40.1 Periodic activation in sleep cycles. (A) The sleep stages of three people are graphed. The first two or three cycles of the night are dominated by deep stages (3 and 4) of NREM sleep, and REM sleep (indicated by red bars) is brief or nonexistent. During the last two cycles of the night, NREM sleep is lighter (stage 2), and REM episodes are longer, sometimes more than an hour. (B) Fifteen nights of sleep. Each line represents one night of sleep, with REM periods shown as solid bars and periods of wake as taller, open bars. Each record begins at the onset of sleep. The amount of time before the first episode of REM varies, but once REM has begun, the interval between episodes is fairly constant. (C) Eye movements (EM) in numbers per minute, EEG (as scored sleep stage), systolic blood pressure (SBP) in mmHg, respiration (Resp.) in breaths per minute, pulse in beats per quarter minute, and body movement (BM) in numbers per minute over 100 minutes of uninterrupted sleep. The interval from 242 to 273 minutes is considered the REM period, although eye movements are not continuous during that interval.

FIGURE 40.2 Behavioral states in humans. Body position changes during waking and at the time of phase changes in the sleep cycle. Removal of facilitation (during stages 1–4 of NREM sleep) and addition of inhibition (during REM sleep) account for immobility during sleep. In dreams, we imagine that we move, but nomovement occurs. Tracings of electrical activity are shown in ~20-s sample records. The amplitude of the electromyogram (EMG) is highest in waking, intermediate in NREM sleep, and lowest in REM sleep. The electroencephalogram (EEG) and electrooculogram (EOG) are activated in waking and REM sleep and inactivated in NREM sleep. Reprinted with permission from Hobson and Steriade (1986).

FIGURE 40.3 Electroencephalograms showing electrical activity of the human brain during different stages of sleep.

FIGURE 40.4 Ascending arousal systems of the brainstem and posterior hypothalamus and sleep-promoting areas of the anterior hypothalamus. Nuclei producing wake-promoting monoaminergic neuromodulators are shown in green. These include noradrenaline (NA)-producing neurons of the locus coeruleus (LC) and serotonin (5-HT)-producing neurons of the dorsal raphe (Raphe), both located in the mesopontine brainstem, as well as histamine (HIST)-producing neurons of the tuberomammilary nucleus (TMN), located in the posterior hypothalamus. These nuclei project to and activate widely distributed terminal fields throughout the forebrain. Nuclei shown in blue produce acetylcholine (ACh), which promotes forebrain activation in both waking and REM sleep. Cholinergic nuclei include the pedunculopontine (PPT) and laterodorsal (LDT) tegmental nuclei of the mesopontine brainstem as well as cholinergic nuclei of the basal forebrain (not shown). Cholinergic neurons of the PPT and LDT project to the thalamus and basal forebrain that then, in turn, send arousal-promoting projections to both distributed and regionally specific terminal fields in the forebrain. Shown in red are sleep-promoting neurons of the ventrolateral preoptic (VLPO) area of the anterior hypothalamus. VLPO neurons produce the inhibitory neuromodulator gamma-amino butyric acid (GABA) and the inhibitory neuropeptide galanin (Gal). VLPO neurons project to and inhibit the above wake-promoting neurons, thereby promoting and maintaining sleep. In turn, the wake-promoting neurons of the LC, DRN, and TMN reciprocally innervate and inhibit the neurons of the VLPO. From Saper et al. (2001).

FIGURE 40.5 The flip-flop switch model of sleep–wake control proposed by Saper et al. (2001). (A) During waking, monoaminergic neurons (shown in red) of the locus coeruleus (LC), tuberomammillary (TMN), and dorsal raphe (Raphe) nuclei promote waking and inhibit the sleep producing neurons of the ventrolateral preoptic area (VLPO) that are shown in purple. Orexinergic neurons (ORX) from the lateral hypothalamus (shown in green) excite and reinforce the wake-promoting activity of the monoaminergic neurons. (B) During sleep, neurons of the VLPO inhibit the wake-promoting monoaminergic neurons as well as the orexinergic neurons that help maintain their activity. By inhibiting the VLPO, monoaminergic neurons disinhibit their own wake-promoting activity, whereas, by inhibiting the monoaminergic nuclei, the VLPO disinhibits its own sleep-promoting activity. This mutually inhibitory interaction produces conditions analogous to an electrical flip-flop switch whereby the alternate states of sleep and waking are self-reinforcing but intermediate states are unstable and transient. This results in rapid transitions from waking to sleep and vice versa. Orexin serves to stabilize the waking state and prevent inappropriate transitions to sleep should the monoaminergic drive transiently weaken. In narcolepsy, orexinergic neurons are lost, thereby allowing such abrupt transitions from waking to sleep during the characteristic sleep attacks of this disorder. (Modified from Saper, Scammel & Lu, 2005).

FIGURE 40.6 The Borbely and Daanmodel of sleep regulation. Sleep is assumed to result from the actions of process C and process S. Process C follows a circadian rhythm and is independent of sleeping and waking. Process S, on the other hand, depends on sleep–wake behavior; S declines during sleep and rises continuously during sleep deprivation. The period of recovery sleep that follows sleep deprivation is more intensive but only slightly longer than normal. If curve C represents the threshold forwaking up, then at any time, “sleep pressure” is the (vertical) distance between the S and C curves. The greater the distance, the greater the pressure to fall asleep. Reprinted with permission from Daan et al. (1984).

FIGURE 40.7 Characteristic NREM oscillations in the human EEG. (A) Recordings from central (C3, C4) and parietal (P3, P4) scalp sites referenced to the contralateral ears (A1, A2) during stage 2 NREM sleep (upper traces) and stages 3 and 4 NREM or slow wave sleep (lower traces). The insert shows the characteristic Stage 2 K-complex and sleep spindle wave forms. (B) Frequency composition of the NREM EEG showing the slow (0–1Hz), delta (1–4Hz), and 12–15 Hz sleep spindle (sigma frequency) oscillations. Note the organizing or grouping effect of the slow oscillation on the faster NREM oscillations. From Amzica and Steriade (1996).

FIGURE 40.8 Two alternate firing modes of thalamic relay neurons: the bursting mode that is typical of slow wave sleep and the tonic (transmission) mode typical of waking. Traces show recordings in the thalamic lateral geniculate nucleus (LGN) of the cat along with simultaneous EEG from the occipital cortex. The top 7 traces show burst firing during sleep and the resultant synchronized low-frequency, high amplitude occipital EEG. The bottom 4 traces show recordings from these same sites during waking along with the resultant desynchronized, high-frequency EEG. Asterisks indicate bursting periods and the third trace shows an enlargement of the LGN channel during bursts. In the tonic mode during waking, firing frequency is proportional to the strength of a sensory input whereas during the bursting mode in sleep, transmission of sensory information to the cortex via the thalamus is blocked. For additional details on these modes of firing in thalamic relay neurons, as well as the membrane currents that underlie the rhythmic bursting mode, please see Chapter 5, Figure 5.14. From Weyand et al. (2001), J. Neurophysiology 85:1107–18).

FIGURE 40.9 Schematic representation of the REM sleep generation process. A distributed network involves cells at brain levels from the spinal cord to the cortex (listed on the left). The network is represented as a diagram of three neuronal systems (aminergic, reticular, and sensorimotor) that mediate REM sleep phenomena (depicted in tracings on the right). Postulated inhibitory connections are shown as red circles; postulated excitatory connections as green circles; and cholinergic pontine nuclei are shown as blue circles. It should be noted that the actual synaptic signs of many of the aminergic and reticular pathways remain to be demonstrated, and, in many cases, the neuronal architecture is known to be far more complex than indicated here (e.g., the thalamus and cortex). During REM, additive facilitatory effects on pontine REM-on cells are postulated to occur via disinhibition (resulting from the marked reduction in firing rate by aminergic neurons at REM sleep onset) and through excitation (resulting frommutually excitatory cholinergic–noncholinergic cell interactions within the pontine tegmentum). The net result is strong tonic and phasic activation of reticular and sensorimotor neurons in REM sleep. REM sleep phenomena are postulated to be mediated as follows: EEG desynchronization results from a net tonic increase in reticular, thalamocortical, and cortical neuronal firing rates. PGO waves are the result of tonic disinhibition and phasic excitation of burst cells in the lateral pontomesencephalic tegmentum. Rapid eye movements are the consequence of phasic firing by reticular and vestibular cells; the latter (not shown) excite oculomotor neurons directly (see Chapter 32). Muscular atonia is the consequence of tonic postsynaptic inhibition of spinal anterior horn cells by the pontomedullary reticular formation. Muscle twitches occur when excitation by reticular and pyramidal tract motorneurons phasically overcomes the tonic inhibition of the anterior horn cells. RN, raphe nuclei; LC, locus coeruleus; P, peribrachial region; PPT, pedunculopontine tegmental nucleus; LDT, laterodorsal tegmental nucleus; mPRF, meso- and mediopontine tegmentum(e.g., gigantocellular tegmental field, parvocellular tegmental field); RAS, midbrain reticular activating system; BIRF, bulbospinal inhibitory reticular formation (e.g., gigantocellular tegmental field, parvocellular tegmental field, magnocellular tegmental field); TC, thalamocortical; CT, cortical; PT cell, pyramidal cell; III, oculomotor; IV, trochlear; V, trigmenial motor nuclei; AHC, anterior horn cell. From Hobson et al. (2000).

FIGURE 40.10 The Reciprocal Interaction (RI) Model (A) In the original RI model (Hobson et al., 1975; McCarley & Hobson, 1975), REM-on cholinergic neurons (Green triangle, solid line) both self-excite and excite aminergic REM-off neurons (Red triangle, dashed line). Aminergic REM-off neurons both inhibit cholinergic REM-on neurons and self-inhibit. This interaction leads to the alternation of behavioral states, depicted in (B), as follows: During waking, the REM-off aminergic system is active continuously and inhibits the pontine cholinergic system. During NREM sleep, aminergic activity decreases, allowing cholinergic activity to rise. The number of activated cholinergic REM-on neurons then exponentially increases due to self-excitation until sufficient numbers of aminergic REM-off neurons are also excited and begin to suppress the cholinergic REM-on population. However, these aminergic REM-off neurons then self-suppress, allowing the emergence of the next REM period. (C) In a subsequent revision of the RI hypothesis, mutually excitatory interactions between cholinergic and glutamatergic neurons underlie the rapidly escalating firing of pontine reticular REM-on neurons during REM sleep and cholinergic REM-on cells both self-excite and self-inhibit via cholinergic autoreceptors. From Hobson et al. (2000).

FIGURE 40.11 Forebrain processes in normal dreaming—an integration of neurophysiological, neuropsychological, and neuroimaging data. Regions 1 and 2: ascending arousal systems; 3: subcortical and cortical limbic and paralimbic structures; 4: dorsolateral prefrontal executive association cortex; 5: motor initiation and control centers; 6: thalamocortical relay centers and thalamic subcortical circuitry; 7: primary motor cortex; 8: primary sensory cortex; 9: inferior parietal lobe; 10: primary visual cortex; 11: visual association cortex; 12: cerebellum

FIGURE 40.12 Portions of a 24-hour day that are devoted to waking, REM sleep, and non-REM (NREM) sleep change over a lifetime. Although the timing of these changes in utero is not known with certainty (dotted lines), data from premature infants are consistent with REM sleep occupying most of life at a gestational age of 26 weeks. After 26 weeks, the time spent in waking increases until death.

FIGURE 40.13 Central and obstructive sleep apnea. During waking, the respiratory oscillator of the medulla receives tonic drive from other neural structures and can respond to voluntary and metabolic signals to change breathing pattern. Muscle tone keeps the oropharynx open to the flow of air. In NREM sleep, central drived ecreases, and the rate and depth of ventilation fall. If the decrease is excessive, central sleep apnea results, including a complete, albeit temporary, cessation of breathing. If the airway collapses, obstructive sleep apnea may result, with a similar cessation of breathing. During REM sleep, activation of pontine generator neurons drives the respiratory oscillator, and desynchronization may lead to breathing efforts that are too frequent or strong (hyperpnea) or that stop. During REM sleep the oscillator also becomes unresponsive to metabolic signals.

FIGURE 40.14 Sleep-dependentmemory consolidation. Subjects were asked to type the sequence “41324” as quickly and accurately as they could for 30 seconds and then rest for 30 seconds before doing it again. Twelve trials were performed on each of two successive days. While the control subjects showed a 16% increase in speed overnight, the schizophrenia patients showed none.

FIGURE 40.15 Sleep facilitates mathematical insight. Subjects are taught to reduce an 8-digit sequence to a single digit (9 at the right), through six intermediate calculations (in italics) with a standard algorithm. Unknown to the subjects, the task is designed so that the last three calculations form a mirror image of the preceding three, and thus the second intermediate calculation matches the final answer. Right: Subjects who slept between training and testing were more than twice as likely to discover the insight algorithm than those not allowed to sleep.

