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memory, and even perception are impacted by the behavioural state
[14]. e subcortical neuromodulatory circuits involved in sleep-
wake control also play important roles in the regulation of arousal
and attention, and malfunctioning of these circuits causes a variety of
cognitive impairments.

e ascending activating reticular system (ARAS) projecting to
the thalamus, hypothalamus, basal forebrain, and neocortex in the
brain are the critical regions in sustaining wakefulness and responsible
for cortical activation. is ascending system of brain comprises
the major brain neuromodulatory systems — acetylcholine (ACh),
dopamine (DA), norepinephrine (NE), and serotonin (5-HT)-all but
DA are under strict regulation across the sleep cycle. In waking, these
neuromodulators are released at high levels, activating the inositol
triphosphate/diacylglycerol (IP,/DAG) and cyclic AMP second-
messenger systems, thereby reducing neuronal K*, causing neurons
to be tonically depolarized [15.) In REM sleep, this same result is
achieved by release of acetylcholine alone, as release of serotonin and
norepinephrine in REM sleep is minimal [16-18]. In non-REM sleep,
these neuromodulators are all released at relatively low levels, and
hence neurons are relatively hyperpolarized in this state.
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Acetylcholine (ACh) is a fast-acting, steeplechase cholinergic
neurotransmitter present at the neuromuscular junction and in the
autonomic ganglia [19]. Pontomesencephalic tegmentum projection,
laterodorsal tegmentum, medial habenula, thalamus, hypothalamus
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states. DA plays an important role in the control of ne motor actions
and higher cognitive functions such as learning, working memory,
attention, decision making, and appetitive and consummatory aspects
of reward.

Mice lacking dopamine transporter gene and thus having increased
synaptic concentrations of dopamine had threefold waking amount
[101]. e e ect of dopamine on sleep-wakefulness may o en be
secondary to in uences on motor activity and emotions. In 1978,
Tu k and colleagues demonstrated an enhancement in DA receptor
sensitivity a er REM sleep deprivation in rats and also a signi cant
increase in stereotypic behaviours, including biting, rearing and
hypothermia in rats. In fact, PSD increased D2 binding in the striatum
and nucleus accumbens in rats [102].  eir results were complemented
by Dzirasa et al. whose study demonstrated that dopamine play a central
role in regulating sleep-wake states and that the action is mediated by
the D2 dopamine receptor pathway. Studies using dopamine-receptor-
de cient mice or animals injected with an antisense vector demonstrate
that dopamine D1 and D2 receptors facilitate behavioural arousal,
while D3 receptors mediate the opposite e ect. D1 and postsynaptic
D2 receptor agonists increase behavioural arousal and waking, and
decrease sleep [103].

e down regulation of D2/D3R in ventral striatum under SD
conditions, in addition to contributing to reduced wakefulness, could
also a ect other behaviours. Speci cally, DA stimulation of D2/D3R
in ventral striatum is implicated in attention and thus D2/D3R down
regulation could contribute to the inattentiveness observed with SD
[104-106]. Acute sleep deprivation in rats increased goal-directed
behaviours toward cocaine. In humans, SD increases the risk of
substance abuse and appetitive behaviour [107-109].  is increase in
impulsivity and reward seeking post-SD may re ect a compensatory
mechanism to adjust for the down regulation of D2 and D3 receptors
in the ventral striatum immediately a er SD. is down regulation of
D2 and D3 receptors might lead to impairment in performance, reward
learning and decision making a er SD. In line with this interpretation,
Hanlon et al. demonstrated that REMSD reduces the rate of responding
to the acquisition and maintenance of an operant task for food reward
in rats, which might be due to a suppression of dopamine activity in the
nucleus accumbens during REMSD [110,111]. In addition, total SD can
disrupt the reconsolidation of morphine reward memory [112].
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