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Neurochemically distinct systems interact in the regulation of sleep and wakefulness. Wakefulness is promoted by the aminergic,
acetylcholinergic brainstem and hypothalamic systems. Each of these arousal systems supports wakefulness, and coordinated
activity is required for alertness and electroencephalogram-proven brain activation. Neurons in the pons and preoptic area control
rapid eye movement and non-rapid eye movement sleep. Mutual inhibition among these sleep-wake mechanisms generates
behavioral states. An updated understanding of these systems should allow clinicians and researchers to better understand the
effects of drugs, injury and neurologic disease on sleep and wakefulness.
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ResumoResumoResumoResumoResumo
Três sub-divisões hipotalâmicas são importantes no ciclo sono-vigília: o hipotálamo anterior (núcleos gabaérgicos e núcleos
supraquiasmáticos), o hipotálamo posterior (núcleo túbero-mamilar histaminérgico) e o hipotálamo lateral (sistema hipocretinas).
O sistema gabaérgico inibitório do núcleo pré-óptico ventro-lateral (VLPO) do hipotálamo anterior é responsável pelo início e
manutenção do sono NREM. Os neurônios supraquiasmáticos (NSQs) do hipotálamo anterior são responsáveis pelo ritmo circadiano
do ciclo sono-vigília.  Os  núcleos aminérgicos, histaminérgicos, as hipocretinas e núcleos colinérgicos do prosencéfalo basal
apresentam-se ativos durante a vigília, inibindo o núcleo pré-óptico ventro-lateral, promovendo a vigília. O processo de inibição-
estimulação é a base do modelo da interação recíproca entre os grupos de células wake-off-sleep-on e células wake-off-sleep-on
reguladores do ciclo sono-vigília. O modelo da interação recíproca também se aplica aos núcleos colinérgicos (células REM-on) e
aminérgicos (células REM-off) do tronco cerebral no controle temporal do sono REM-NREM.

Descritores: Descritores: Descritores: Descritores: Descritores: Sono/fisiologia; Transtornos do sono, do ritmo circadiano; Vigília/fisiologia; Privação do sono; Neuropeptídeos;
Núcleo hipotálamico anterior; Tronco encefálico
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I n t r oduc t i onIn t r oduc t i onIn t r oduc t i onIn t r oduc t i onIn t r oduc t i on
Sleep is a complex behavioral state and one of the great

mysteries of modern neuroscience.1 Sleep began to be
understood when it was associated with rapid eye movement
(REM) by Aserinsky and Kleitman2 in 1953. In 1998, the
discovery of the hypothalamic peptides known as orexins (or
hypocretins), together with the identification of their role in
the sleep-wake cycle and in the physiopathology of narcolepsy-
cataplexy, contradicted conventional wisdom regarding the
hypothalamus and the sleep-wake cycle, the control of which
had previously been exclusively attributed to structures located
in the brain stem and thalamus.3-6 Control of this cycle is now
attributed to the hypothalamic systems and to their respective
functional interactions with the circadian timing system.6-7 In
the present study, we describe recent advances in the
neurobiology of sleep.

Chol inerg ic  and monoaminerg ic  sys temsChol inerg ic  and monoaminerg ic  sys temsChol inerg ic  and monoaminerg ic  sys temsChol inerg ic  and monoaminerg ic  sys temsChol inerg ic  and monoaminerg ic  sys tems
Normal sleep consists of alternation between REM and NREM

stages. Characterized by the presence of synchronized waves
in the electroencephalogram (EEG), NREM sleep can be
subdivided into four phases (phases 3 and 4 correspond to slow-
wave sleep or delta sleep). The REM sleep stage is characterized
by EEG desynchronization and low-amplitude waves.

The synchronization-desynchronization of EEG waves during
NREM-REM sleep and wakefulness is a consequence of neural
activity in the thalamocortical circuits (reticular nuclei in the
thalamus and cerebral cortex), derived from the interaction
between monoaminergic and cholinergic nuclei in the brain
stem.7-8 The monoaminergic system of ascending reticular
activation is composed of the serotoninergic dorsal raphe nuclei
(DRN), noradrenergic locus coeruleus (LC) of the brain stem
and the histaminergic tuberomammillary nucleus (TMN) in
the posterior hypothalamus, which are diffusely projected to
the cortex and reticular nuclei of the thalamus (Figure 1).8

The thalamocortical circuit and the aminergic-cholinergic

projections are responsible for the desynchronization of the
EEG during wakefulness. High aminergic activity during active
wakefulness activates the thalamocortical circuits but is
reduced during NREM sleep, and is absent during REM sleep.
Aminergic neurons are called wake-on-and-sleep-off cells. The
cerebral cortex is aminergically demodulated during REM sleep
due to the lack of hypocretin tone.6,8-9

Aminergic systems project to the anterior hypothalamus,
inhibiting GABAergic and galaninergic cells in the ventrolateral
preoptic area (VLPO).7 Cholinergic neurons in the dorsolateral
pontine nucleus, pedunculopontine tegmental nucleus and
nucleus basalis of the forebrain, under the inhibitory control of
the DRN-LC system, make excitatory connections in the thalamic
reticular nuclei and project to the thalamo-limbic region (cortex
and amygdala) as well as directly into the cortex (Figure 1).7

These cholinergic thalamocortical and limbic thalamocortical
projections are fundamental for desynchronization of the EEG
during wakefulness and during REM sleep.9 In contrast with
aminergic activity, which is absent during REM sleep, the
cholinergic activity of the dorsolateral pontine and
pedunculopontine tegmental nuclei, as well as that in the nucleus
basalis of the forebrain, is at a maximum during REM sleep and
wakefulness but is minimal or absent during NREM sleep.6,8-9

Therefore, cholinergic nuclei are activated during wakefulness
and during REM sleep with EEG desynchronization. Cholinergic
cells are known as "REM-and-wake-on" cells.7

However,  there is  a di f ference between the EEG
desynchronization occurring during REM sleep and that seen
in a state of wakefulness. During REM sleep, the aminergic
systems are not active and cholinergic activation activates the
cortex directly. During wakefulness, aminergic, dopaminergic,
hypocretin and cholinergic systems are active (cortical
aminergic modulation).7-9 The difference in the thalamocortical
activation process between REM sleep and wakefulness
provides an opportunity to understand certain sleep alterations.
For example, depressive disorders (reduced REM-sleep latency/
cholinergic hyperactivity) and Alzheimer's disease (reduced
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REM-sleep time/cholinergic hypoactivity) are accompanied by
specific alterations in sleep architecture.10-11 Studies involving
18-fluoro-2-deoxyglucose positron emission tomography (18-
FDG PET) of patients suffering from major depression have
shown cholinergic hyperactivity affecting the metabolism in
the limbic and paralimbic areas.12-17 This hyperactivity is
compatible with the hypothesis of unbalanced aminergic-
cholinergic limbic dysfunction.

Rec iproca l  in te rac t ion modelRec iproca l  in te rac t ion modelRec iproca l  in te rac t ion modelRec iproca l  in te rac t ion modelRec iproca l  in te rac t ion model
The reciprocal interaction model is a functional model that

establishes wakefulness as a predominantly aminergic state,
REM sleep as a predominantly muscarinic cholinergic state
and NREM sleep as an intermediate state.18 The model proposes
two types of cell groups located in the reticular formation: the
cholinergic REM-on cells and the serotoninergic-noradrenergic
REM-off cells (Figure 2).

During wakefulness, the aminergic REM-off system, which
is tonically activated, generating EEG desynchronization,
inhibits the cholinergic REM-on system, suppressing REM
sleep.7,18 During REM sleep, aminergic REM-off cells, as well
as the cholinergic system, are free from inhibitory influences
and reach their peak. Therefore, REM sleep only occurs when
the aminergic system suspends its inhibitory effect on
cholinergic activity (Figure 2).7,18

The histaminergic system of the posterior hypothalamus
(TMN) and the dopaminergic system in the ventral tegmental
area join the serotoninergic and noradrenergic systems in order
to inhibit cholinergic REM-on cells. The excitatory stimulation
caused by lateral hypothalamus hypocretins in the REM-on
aminergic system is similarly affected (Figure 3).6-9

Glutamatergic excitatory interneurons of the pontine reticular
formation, interposed between REM-on cells, become active
as aminergic inhibition decreases during NREM sleep. These
neurons, working in self-excitatory loops, activate REM-on
cells, exponentially increasing the discharge frequency and
triggering the initiation and maintenance of REM sleep.7,19-20

Dopaminerg ic  mechanisms o f  s leep regula t ionDopaminerg ic  mechanisms o f  s leep regula t ionDopaminerg ic  mechanisms o f  s leep regula t ionDopaminerg ic  mechanisms o f  s leep regula t ionDopaminerg ic  mechanisms o f  s leep regula t ion
Neurons in the mesencephalic ventral tegmental area (VTA),

situated next to the substantia nigra, project to the cerebral
cortex via the mesocortical limbic pathway.7 Excitatory axons

of the VTA are projected to the LC and the limbic thalamic
nuclei, connecting the mesostriatal dopaminergic system
directly with the ascending activating system responsible for
wakefulness.7 Spinal cord dopaminergic neurons from the
diencephalic tract, originating in the motor nuclei of the
thalamus, project to the lower motor neurons and are involved
in the genesis of the restless legs syndrome and periodic limb
movement disorder,  pathologies that  respond to D-2
dopaminergic agonists.21

Neurons in the mesencephalic ventral tegmental area receive
excitatory synapses from hypocretinergic cells in the lateral
hypothalamus which, together with the excitatory activity of
aminergic, cholinergic and hypocretin systems, promote EEG
desynchronization during wakefulness.6-7 For example,
dopaminergic deficiency in Parkinson's disease causes
sleepiness, restless legs syndrome and involuntary movements
in the lower limbs.21

The effect of dopamine agonists during the sleep-wake cycle
depends on the type of dopaminergic receptors (D1, D2, etc.)
that are stimulated (pre- or postsynaptically), doses and types
of agonists.21 In patients with Parkinson's disease, low doses
of D2 dopamine agonists cause sleepiness, as well as
increasing the duration of REM sleep and the frequency of
daytime "sleep attacks".21 However, higher doses actually
suppress NREM and REM sleep due to the stimulation of D1
receptors.21 The soporific effects of D2 agonists are mediated
by inhibitory D2 autoreceptors located in the cytoplasm of cells
in the mesocortical limbic pathway. The stimulation of these
autoreceptors inhibits the activity of the mesocortical limbic
pathway, inducing REM sleep.21

Psychomotor stimulants used for the treatment of excessive
sleepiness, such as amphetamines, methylphenidate and
pemoline, generate an increase in noradrenalin, dopamine
and serotonin neurotransmission.21-25 Modafinil acts in a distinct
way, increasing noradrenergic inhibition of the LC over the
GABAergic VLPO of the anterior hypothalamus. Modafinil
inhibits the dopamine transporting protein, increasing
dopaminergic neurotransmission in the dopaminergic circuits
during wakefulness.21-25 Since modafinil does not potentiate
the neurotransmission of catecholamines, it has no undesirable
peripheral autonomic effects and does not cause intensified
motor activity, insomnia, anxiety, stimulation of the hypophyseal-
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adrenal axis, tolerance or dependence.24-25 Therefore, modafinil
is known as an atypical wake-promoting agent.24-25

Gamma-hydroxybutyrate (GHB) is a CNS neuropeptide that
inhibi ts  mesocor t ica l  l imbic D1 dopaminergic
neurotransmission and increases hypothalamic GABAergic
transmission (GABA-B receptors) of the VLPO.26-29 In normal
individuals, GHB produces an increase in delta sleep without
creating high-amplitude EEG activity.27 In patients suffering
from narcolepsy, GHB reduces the number of cataplexy attacks
during wakefulness, sleep instability, awakenings and REM
sleep periods without atonia, as well as increasing the amount
of REM sleep.29 Since it increases the quantity of delta sleep,
as well as reducing insomnia, superficial sleep and muscular
pain, GHB also has great therapeutic potential for use in the
treatment of fibromyalgia.30

Anter io r  hypotha lamusAnter io r  hypotha lamusAnter io r  hypotha lamusAnter io r  hypotha lamusAnter io r  hypotha lamus
Galaninergic and GABAergic inhibitory neurons of the VLPO

of the anterior hypothalamus are exclusively activated during
NREM and REM sleep (sleep-on).6-8 The VLPO is related to
slow-wave sleep, and anatomic lesions reduce the quantity of
such sleep.6-8 Cells are directly projected from the VLPO to the
TMN, DRN, LC, chol inergic dorsolateral  pont ine and
pedunculopontine tegmental nuclei, as well as to the
hypocretin system, inhibiting the wake-promoting excitatory
effect of these nuclei (Figure 4).6-8

The VLPO remains active, inhibit ing the hypocretin,
aminergic and cholinergic systems and, since it inhibits REM-
off cells, allows REM sleep to begin.7 The VLPO receives
inhibitory synapses from the TMN, DRN and LC, as well as
from the limbic system nuclei and suprachiasmatic nuclei
(SCN), but not from the lateral hypothalamus (hypocretins),
using other pathways for the control of the sleep-wake cycle.7

Therefore, the VLPO and the aminergic system have a
functional relationship of reciprocal inhibition.8

When the VLPO is active during sleep, it inhibits cells in the
aminergic-cholinergic system. Likewise, when the aminergic-
cholinergic neurons are active during wakefulness, they inhibit
the VLPO. This reciprocity model, proposed by Saper et al,8

presupposes that sleep or wakefulness remain stable when one
of the balancing components is sufficiently activated. In experi-
mental rat models of acute and chronic stress caused by
insomnia stress causes sleep discontinuity through anatomic
connections of the amygdalae, hippocampus and anterior
cingulate with the VLPO, inhibiting VLPO activity at the expense
of a higher degree of activity in the aminergic nuclei.8

More recent data indicate that GABAergic inhibition of the
DRN and LC is the final synaptic stage for REM-off cell
deactivation, initiating REM sleep in accordance with the
reciprocal interaction model.7

C i rcadian pacemakerCi rcadian pacemakerCi rcadian pacemakerCi rcadian pacemakerCi rcadian pacemaker
The SCN are anatomic structures that are located in the

anterior hypothalamus over the optic chiasm and contain
approximately ten thousand cells. Collectively, the SCN are
the biological clock, able to generate its own endogenous
rhythm that can be synchronized by signals from internal or
environmental sources (sunlight).31-32

The initial stage of SCN synchronization occurs in the
photoreceptive retinal ganglion cells. These cells possess type-
1 melatonin (ML-1) receptors and two specific photoreceptors,
cryptochrome and melanopsin, which are responsible for the
photoreception and transduction of the luminous stimulus

transmitted via glutamate by the retinohypothalamic tract up
to the SCN.31-36 SCN cells transmit the synchronized light-
dark rhythm information to other adjacent hypothalamic nuclei
responsible for hormone secretion periodicity, temperature changes
in the CNS, food ingestion, tendency and duration of sleep-wake
cycle and melatonin secretion.7 The SCN signal can also be
synchronized by other nonphotic stimuli, stimuli from the limbic
system and other social rhythms, such as meal timing.34,36

The SCN efferent projections to the VLPO, lateral hypothalamus
and LC are those that are the most important for the sleep-wake
cycle. The functional role of SCN efferent projection to the
VLPO is to block its inhibition at the end of wakefulness (when
the SCN signal decreases), thereby allowing the initiation of
NREM sleep.7 The functional relationship between SCN and
the lateral hypothalamus (hypocretins) is excitatory. The SCN
present no direct efferent projection to the excitatory aminergic
system other than that projected to the LC. The SCN receive
afferents from the cholinergic nuclei of basal forebrain
(excitatory), serotoninergic nuclei of the DRN and amygdaloid
complex of the limbic system.31,37

Some of the advancements in the understanding of how
SCN work have been achieved through the elucidation of
genetic mechanisms in the generation of circadian rhythms.36

For example, it has been reported that cloning the clock gene
in mutant mice lengthens the circadian period in those animals.38

In a recent clinical study, it was reported that, in a family
comprising 32 individuals, 20 were diagnosed with advanced
sleep-phase syndrome as an autosomal dominant inheritance.39

This study represents an important step in the identification of
genes that are responsible for sleep and circadian rhythm
regulation in humans, confirming that sleep pattern is a
phenotype determined by genetic inheritance.32,40-42

The SCN photic synchronizat ion from cel ls in the
retinohypothalamic tract involves glutaminergic excitation of N-
methyl-d-aspartate receptors in the SCN, followed by the calcium-
dependent release of nitrous oxide.31,36 The in vitro administration
of glutamate in SCN cells causes a phase delay in the firing
pattern of these cells. These findings have partially revealed the
biochemical mechanisms of SCN synchronization to light-dark
cycles, allowing the development of pharmacological models
with calcium channel blocking agents for SCN phase changes.43

The photic synchronized signal from the SCN cells is
multisynaptically transmitted to the pineal gland, which is
responsible for serum melatonin secretion during the night
sleep period. There are two specific melatonin sub-receptors
(ML-1 and ML-2) exerting inhibitory effects in glutamatergic
SCN cells in the retinal ganglion cells.44-45

The existence of ML-1 subreceptors in the retinal ganglion
cel ls and in the glutamatergic SCN cel ls permits the
development of ML-1 agonists such as TAK-375, which has
been being tested in clinical trials for the treatment of insomnia
and circadian disorders.46

Homeostat ic  cont ro l  o f  s leep -  adenosineHomeostat ic  cont ro l  o f  s leep -  adenosineHomeostat ic  cont ro l  o f  s leep -  adenosineHomeostat ic  cont ro l  o f  s leep -  adenosineHomeostat ic  cont ro l  o f  s leep -  adenosine
Adenosine is a product of neuronal energy metabolism at

the cellular level, accumulating in the synaptic cleft during
wakefulness and acting as a local inhibitor.47 Microdialysis
studies have confirmed that cells in the basal forebrain are
those in which there is the largest local accumulation of
adenosine during wakefulness and sleep deprivation. Therefore,
the basal forebrain is considered the homeostatic regulator of
sleep.47 The local inhibitory action of adenosine occurs in
specific adenosine-1 autoreceptors of cholinergic cells in the
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basal forebrain. The decrease in the activity of these cholinergic
cells blocks inhibition of GABAergic cells in the VLPO as well
as blocking stimulation of the hypocretin system, initiating
NREM sleep at the end of the period of activity or wakefulness.47

The reduction in cholinergic activity in the basal forebrain
caused by the accumulation of adenosine blocks inhibition of
the VLPO, which, in conjunction with the SCN effect, induces
NREM sleep. This is the double trigger for sleep onset.7-8 The
antagonistic effects of caffeine, aminophylline and theophylline
on the adenosine-1 receptors are responsible for stimulating
or inhibiting sleep.47

PPPPPoster io r  hypotha lamusoster io r  hypotha lamusoster io r  hypotha lamusoster io r  hypotha lamusoster io r  hypotha lamus
Hypocretins were initially described in 1998 and were

designated either (due to their hypothalamic origin) as
hypocretins I and II or (due to their appetite-stimulating effect)
as orexins A and B.4-5 The molecular structure and function of
hypocretins are similar in all mammals. Hypocretins I and II
have 33 and 28 amino acids, respectively. Both have a
consistently excitatory effect.4-5,48-49

The approximately 1100 neurons that produce hypocretins I
and II are located in the perifornical region of the posterior
hypothalamus and project excitatory axons to various areas in
the CNS, including the cortex, brain stem and spinal medulla
but not the cerebellum (Figure 3).5 These neurons regulate
the sleep-wake cycle, energy balance and appetite, autonomous
nervous system activity, neuroendocrine secretion and
locomotor activity.48 Hypocretins I and II present excitatory
projections to the reticular thalamic nuclei (thalamocortical
circuits), reticular activating system, direct projections to the
cerebral cortex, limbic system (amygdala complex) and spinal
medulla. Denser projections of hypocretinergic neurons are
directed to the LC, TMN, DRN, VTA and substantia nigra,48 as
well as to cholinergic nuclei in the bridge (dorsolateral and
pedunculopontine tegmental nuclei) and to the basal forebrain

(Figure 3), although there are no synaptic projections to the
VLPO. However, the VLPO inhibits hypocretinergic cells.48 The
hypocretin system receives excitatory afferents from the limbic
system, basal forebrain (cholinergic-adenosinergic nucleus)
and SCN (Figure 5).7,48 The excitatory afferents projected from
the SCN to the posterior hypothalamus confirm that the
circadian signal is transmitted to the hypocretin system,
indicating that hypocretin activity has a circadian rhythm.50 In
diurnal animals, the level of hypocretin activity is higher at
the end of the photoperiod, whereas, in nocturnal animals, it
is higher at the end of periods of locomotor activity, when the
homeostatic pressure to sleep (adenosine accumulation)
reaches i ts peak.51 Hypocretins play a central role in
maintaining alertness during sleep deprivation. It has been
shown that hypocretin levels increase in laboratory animals
submitted to sleep deprivation.48 The limbic system is
responsible for hypocretin stimulation in sleep deprivation in
order to compensate for the reduced circadian signal in the
SCN at the end of the light-dark activity period.51

Hypocretins play a key role in stabilizing aminergic and
cholinergic systems during the sleep-wake cycle. The effect
of hypocretins is highest during wakefulness, stimulating all
the excitatory circuits responsible for wakefulness (wake-on-
sleep-off cells), and are absent during NREM and REM sleep
(Figure 5).  Hypocret ins increase monoamine tonus,
maintaining VLPO inhibition and preventing sleep onset.18

However, the suspension of excitatory stimuli from the SCN
and from the basal forebrain (adenosine accumulation), together
with the inhibition of the hypocretin system by the VLPO, are
responsible for initiating NREM sleep8 (Figure 6). The liberation
of dorsolateral cholinergic and pedunculopontine nuclei by the
suspension of inhibitory stimuli from hypocretins and amines
allows cholinergic activity and REM sleep expression in
accordance with the reciprocal interaction model (Figure 7).

Hypocretin deficiency is the cause of sleep symptoms related
to the systemic instability observed in narcolepsy-cataplexy in
animals and humans,52-53 evidenced by excessive sleepiness
and the intrusion of REM phenomena, such as cataplexy, into
wakefulness.53 There is intrusion of wakefulness into sleep
with multiple awakenings (fragmented sleep) and intrusion of
REM phenomena with sleep paralysis and hypnagogic
hallucinations.52 Recent studies in humans have revealed that
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narcoleptic individuals suffer hypocretin I deficiency, and
autopsy results have revealed that such individuals also present
a decrease in the number of hypocretin cells in the brain.53

The TMN is the only histaminergic nucleus of the CNS and
is located in the posterior hypothalamus. As previously stated,
the TMN is related to the maintenance of wakefulness, being
the main inhibitor of the VLPO nucleus.7 Histaminergic neurons
innervate pract ical ly  the ent i re brain,  including the
mesopontine junction region, which is responsible for REM
sleep. Histaminergic activity promotes wakefulness, and injury
to the TMN results in excessive sleepiness. However,
histaminergic activity is severely inhibited by the VLPO during
NREM and REM sleep.7

PPPPPotent ia l  therapeut ic  ta rge ts  fo r  the deve lopmentotent ia l  therapeut ic  ta rge ts  fo r  the deve lopmentotent ia l  therapeut ic  ta rge ts  fo r  the deve lopmentotent ia l  therapeut ic  ta rge ts  fo r  the deve lopmentotent ia l  therapeut ic  ta rge ts  fo r  the deve lopment
of  new t reatmentsof  new t reatmentsof  new t reatmentsof  new t reatmentsof  new t reatments

The understanding of sleep neurobiology is potentially
conducive to new funct ional ,  e t io logic and
pharmacotherapeutic models of sleep-wake cycles and men-
tal disorders.10-18 Benzodiazepine and non-benzodiazepine
hypnotics increase GABAergic transmission and they bind with
a specific region of the GABA-A receptor protein complex.
However, these agents can cause various degrees of tolerance,
dependence and undesirable al terat ions in the s leep
architecture. Agents that specifically act to increase the action
of endogenous GABA, more specifically in the GABAergic-
ga lan ine rg i c  sys tem o f  the  VLPO,  shou ld  p roduce
satisfactory therapeutic effects with fewer side effects. A
direct GABA-A agonist called gaboxadol, which is still in
development, has hypnotic effects with the increase of del-
ta sleep. Pregabaline belongs to a new class of anxiolytic
agen ts  w i th  a  mechan ism o f  ac t i on  d i f f e ren t  f r om
benzodiazepines since they do not act on GABA-A and GABA-
B receptors. Acting on the mechanisms of calcium channel
activity, pregabaline prevents the presynaptic release of
excitatory neurotransmitters such as glutamate, aspartate,
and P substance in regions of the limbic system such as
the hippocampus, amygdala and cingulate. Pregabaline has

anxiolytic effects, increases delta and is also a potential
hypnotic agent for patients suffering from fibromyalgia.

The same can be said for the more selective anti-H-1 agents,
which can represent an alternative as hypnotic agents with
fewer side effects.

Traditional stimulating agents, such as amphetamines,
methylphenidate, pemoline and drugs such as cocaine primarily
act as alpha-adrenergic agonists and mesocortical-limbic
dopaminergic agonists, and they respectively present peripheral
autonomous effects, central stimulating effects with tolerance
and abstinence. Hypocretin system or histaminergic agonists
as wakefulness promoters can be therapeutic alternatives with
no central and peripheral limiting side effects. Another model
of wakefulness-promoting mechanism is the inhibition of the
GABAergic system of the VLPO, facilitating or blocking the
inhibition of wakefulness mechanisms without blocking the
mechanisms responsible for the beginning and maintenance
of NREM and REM sleep, as traditional stimulants do. An
example of a wakefulness-promoting (or wakefulness-
unblocking) agent is modafinil, which mainly acts as a
noradrenergic agonist by inhibiting GABAergic activity in the
VLPO. Other potential therapeutic targets are the biochemical
cascade steps in the process of signal generation of SCN,
which could be affected by pharmacological agents that act
on components of the temporizing (SCN) system, such as the
melatonin ML-1 sub-receptors.
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