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Abstract

Orexins regulate a wide variety of biological functions, most notably the sleep-wake cycle, reward and
stress processing, alertness, vigilance, and cognitive functioning. Alterations of central and peripheral
orexin levels are linked to conditions such as narcolepsy, anorexia nervosa, age-related cognitive de-
cline, and neurodegenerative disease. Preliminary studies suggest that orexin mimetics can safely pro-
mote the wake signal via orexin agonism during the day and that orexin receptor antagonists can pro-
mote the sleep signal during the night. Thus, novel orexin therapies have the potential to eitherimprove
memory, cognition, and daytime performance directly or indirectly, through promotion of good sleep.
The full scope of the therapeutic potential of orexin therapies remains to be elucidated.
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Introduction

Orexin-A and -B (also known as hypocretin 1 and 2, respectively) are neuropeptides
whose main function is the regulation of the sleep-wake cycle [1, 2]. However, they are
also involved in the regulation of a wide variety of other critical body functions such as
feeding behavior, energy balance, stress responses, reward processing, mood, and cogni-
tion (for a review, see [3]). Dysfunction of the orexin system may therefore underlie a va-
riety of different pathological conditions. Much of this knowledge comes from investiga-
tions of the role of orexins in narcolepsy [4], a sleep disorder characterized by chronic
daytime sleepiness, sleep attacks, rapid eye movement (REM) sleep abnormalities, and in
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some cases (narcolepsy type 1), cataplexy (i.e., the sudden loss of muscle tone). While the
links between orexin deficits and narcolepsy [5-7], as well as between narcolepsy and cog-
nitive deficits [8, 9], are relatively well established, it is debated whether orexin dysfunc-
tion and cognitive deficits such as memory, executive control and attention problems,
which are observed in narcolepsy are directly linked in humans.

Here, we examine the link between the orexin system and cognition. We begin with a
description of the orexin system. We then discuss the orexin-related cognitive deficits and
the potential of orexin receptor modulators as a treatment for the cognitive deficits seen
in narcolepsy, anorexia nervosa, normal aging, and neurodegenerative disease. Pertinent
animal models will be included, where appropriate; however, a thorough review of the
animal literature on this topic is beyond the scope of the current review.

The Neurobiology of the Orexin System

Orexin-A and -B are excitatory neuropeptides synthesized in the lateral hypothalamus
and perifornical areas [10, 11]. Orexin-A is composed of 33 amino acids, while orexin-B
is composed of 28 amino acids; both are derived from the same precursor (prepro-orexin)
by proteolytic processing [10, 11]. The activity of orexin-A and -B are mediated by G-
protein-coupled orexin receptors: OX;R and OX,R; OX;R has a higher affinity for orexin-
A than orexin-B, while OX,R binds both orexins with the same affinity [12]. The ability
of orexin-A and -B to act on different locations in the brain is due to the vast distribution
of orexin receptors, throughout much of the central nervous system (see Fig. 1 for details)
[13]. Notably, several of these brain areas, including the hypothalamus, basal forebrain,
tuberomammillary nucleus (TMN), periaqueductal gray, dorsal raphe (DR), and locus
coeruleus (LC) regulate sleep-wake states and promote arousal. In addition, several of
these areas support memory and cognitive function, notably, the hippocampus and pre-
frontal cortex. The orexin system is also modulated by a variety of neurotransmitters and
neuromodulators, e.g. glutamate [14], gamma-aminobutyric acid (GABA) [15], nor-
adrenaline, and serotonin [16].

More specifically, orexins regulate sleep and wake via dense projections from orexin
neurons in the lateral hypothalamus that innervate and activate serotonergic neurons in
the DR [17], noradrenergic neurons in the LC [18], and histaminergic neurons in the
TMN [19]. Orexins also have an excitatory effect on cholinergic neurons in the basal
forebrain (thought to regulate arousal [20]), the pedunculopontine tegmental (PPT)
nucleus and the laterodorsal tegmental nucleus [21, 22], all regions thought to regulate
REM sleep and wakefulness. Interestingly, GABAy agonism of the PPT reduces REM
sleep (and in turn, promotes wakefulness) by inhibiting cholinergic REM-on neurons
and consequently, impairs sleep-dependent memory consolidation [23]. OX;R mRNA
is exclusively expressed in cholinergic neurons of the PPT, whereas both OX;R and
OX,R mRNA are expressed in GABAergic interneurons of the PPT [24]. This suggests
that modulation of orexin signaling might be one putative way to impact memory con-
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Fig. 1. Inputs and outputs of orexin neurons. Orexin neurons receive input signals from regions related
to sleep-wake states, circadian phase, motivation, and visceral cues (e.g., amino acid levels, CO,). In turn,
these neurons send output signals to a variety of brain regions related to maintaining wakefulness, sup-
pressing and regulating rapid eye movement (REM) and non-REM sleep, enhancing responses to re-
wards and learning, increasing locomotion and autonomic/sympathetic tone. The orexin neuropep-
tides bind to orexin type 1 (red circles: OX;R) and type 2 (blue circles: OX,R) receptors. Through these
diverse connections, the orexin neurons integrate a variety of inputs to promote arousal. Several orex-
inergic pathways innervate brain areas that directly support other aspects of cognition such as reward
learning and locomotion. Orexin may also have an indirect influence on memory and cognition through
the promotion of sleep. Arc, arcuate nucleus; BF, basal forebrain; DR, dorsal raphe; LC, locus coeruleus;
LPT, lateral pontine tegmentum; NAc, nucleus accumbens; NST, nucleus of the solitary tract; PB, para-
brachial nucleus; POA, preoptic area; PVH, paraventricular nucleus of the hypothalamus; PVN, paraven-
tricular nucleus; SCN, suprachiasmatic nucleus; TMN, tuberomammillary nucleus; vIPAG, ventrolateral
periaqueductal gray; VTA, ventral tegmental area. Adapted from Mahoney et al. [45] with permission
from Springer Nature.

solidation via regulation of REM sleep in the PPT; however, this possibility remains to
be tested. Orexins are also understood to be involved in higher-order cognitive functions
such as attention, executive control, and memory, presumably due to their role in main-
taining the excitability of pyramidal neurons in the prefrontal cortex (for a review, see
[25]). Evidence has consistently shown that orexins enhance cognitive function [26-29],
whereas the effects of orexin antagonism on cognitive function are far less established.
For example, orexin antagonists have been shown to cause cognitive dysfunction [30],
while other studies have observed that they may not impair cognitive functioning [31-
34]. More research is required to elucidate if orexin antagonism impacts cognitive func-
tioning.

40 Toor/Ray/Pozzobon/Fogel

Steiner MA, Yanagisawa M, Clozel M (eds): The Orexin System. Basic Science and Role in Sleep Pathology. Front Neurol
Neurosci. Basel, Karger, 2021, vol 45, pp 38-51 (DOI: 10.1159/000514960)



Decreases cortical activation
Reduces arousal
Promotes sleep

Promotes cortical activation
Increases arousal
Increases attention

Arousal-promoting
cholinergic neurons

Sleep-promoting
non-cholinergic neurons

Arousal-promoting Arousal-promoting
GABAergic glutamatergic neurons

Arousal-promoting
thalamocortical projections

Orexin neurons

Fig. 2. Pathways through which orexins may promote cognition. In response to salient stimuli, orexin
neurons produce several neuropeptides which promote cortical activation and attention by acting ul-
timately on cholinergic neurons. Adapted from Vilano et al. [107] with permission under the Creative
Commons Attribution 4.0 International (CC BY 4.0) License (https://creativecommons.org/licenses/
by/4.0/).

The Orexin System as a Target for Treating Cognitive Deficits

When investigating the neural correlates of cognitive functioning in conditions with
orexin dysfunction and possible therapeutic targets, it is important to consider the pos-
sibility that neuropsychological deficits could be due to sleep deprivation per se, rather
than a specific underlying neuropathology in the orexin system. Thus, cognitive deficits
may not be directly due to dysfunctions in orexin signaling and may represent a second-
ary outcome of sleepiness rather than pathogenesis of orexin deficiencies. However, this
possibility remains to be directly investigated. While it is crucial to understand the mech-
anism of action, in either case, orexin therapies may prove to be therapeutic for cognitive
health. Preliminary studies suggest that orexin mimetics can safely promote the wake
signal via orexin agonism during the day, and orexin receptor antagonists can promote
the sleep signal during the night. For example, dual orexin receptor antagonists (DO-
RAs), including daridorexant, suvorexant and lemborexant, have been found to be effec-
tive in reducing insomnia symptoms and improving sleep, e.g. reducing latency to per-
sistent sleep, subjective total sleep time, and wake after sleep onset [35-37]. Further,
preliminary findings from a recent phase 3 clinical trial revealed that for daridorexant
administration, there were no negative cognitive side effects and, as compared to placebo,
improved daytime performance (e.g., less physically/mentally tired, less daytime sleepi-
ness, improved energetic feelings) from baseline at month 1 and 3 [35]. Thus, novel
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orexin therapies have the potential to either improve memory, cognition, and daytime
performance directly or indirectly, through promotion of good sleep (Fig. 2). The full
scope of the therapeutic potential of orexin therapies in the treatment of cognitive and
sleep symptoms in narcolepsy, anorexia, normal aging, and neurodegenerative disease is
largely unexplored and remains to be elucidated. The following sections will review the
limited evidence that currently exists and highlight the need for future research in such
conditions.

Narcolepsy

Gélineau first coined the term “narcolepsy” in 1880 to describe a sleep disorder character-
ized by excessive daytime sleepiness and episodic muscle weakness triggered by strong
emotions [38]. This episodic muscle weakness was later termed cataplexy [39]. The clini-
cal diagnostic criteria [4] eventually evolved into two forms of narcolepsy: types 1 and 2.
Both types have overlapping symptoms that include excessive daytime sleepiness, “sleep
attacks” (i.e., the sudden and irresistible urge to fall asleep), sleep paralysis (i.e., the feeling
of being unable to move, either during sleep onset or upon awakening), hypnagogic hal-
lucinations (i.e., dream-like visions during sleep onset), REM sleep at sleep onset and
other abnormalities of nocturnal sleep (e.g., reduced sleep latency, increased wake and
stage 1 sleep after sleep onset, and decreased slow wave sleep) [40], as well as cognitive
deficits (discussed further, below). However, symptoms are more severe in narcolepsy
type 1, which is somewhat less common than type 2 (25-50 per 100,000 people for narco-
lepsy type 1 vs. 56 per 100,000 people for narcolepsy type 2) [41]. Narcolepsy type 1 is
primarily distinguished by cataplexy and low or undetectable orexin-A levels in the cere-
brospinal fluid (CSF) [42, 43]. The reduced orexin levels result from a severe loss of orex-
in neurons in the lateral hypothalamus [7, 44], the cause of which remains unknown.
However, the prevailing theory is that narcolepsy type 1 is an autoimmune disease medi-
ated by T cells (for a review, see [45]). The cause of narcolepsy type 2 remains unknown
and no specific biomarker exists for it. In addition, only narcolepsy type 1 is considered a
clearly defined entity, due to the existence of a specific diagnostic biomarker for the dis-
order, i.e. low or absent orexin levels in the CSF. As a result, much of the research inves-
tigating narcolepsy focuses on the less heterogeneous narcolepsy type 1-diagnosed pa-
tients.

In terms of cognitive deficits, individuals with narcolepsy often report difficulties with
memory, learning, and concentration [46]; however, results have varied regarding objec-
tive performance deficits, particularly for working memory. While some studies have
shown intact working memory performance in patients with narcolepsy [9, 47], others
have found modest [9, 48] or significant [49] memory impairments. More consistent evi-
dence exists for attention and executive function deficits in narcolepsy. Several studies
have consistently reported slower and more variable reaction times in patients with nar-
colepsy versus control subjects [50-52]. This has been shown for monotonous tasks that
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require vigilance and sustained attention [49], but not focused attention or verbal mem-
ory [47]. By contrast, patients with narcolepsy perform poorly when divided and flexible
attention is required, as well as for tasks that require monitoring and manipulating infor-
mation on-line [9, 52], decision-making, and reward processing [53-55]. Cognitive dys-
function in narcolepsy type 1 is consistent with problems associated with the allocation of
cognitive resources [9], thought to be due to low orexin-A levels [6, 7]. Thus, orexin-A
deficiencies may impact cognitive control processes that require sustained attention over
long periods of time and adversely impact working memory [9], for which there could be
downstream consequences for learning and long-term memory. However, much work
remains to be done to determine if this is the case for narcolepsy type 1 or 2, and whether
this is directly related to orexin, or indirectly via sleep disturbances.

The majority of studies investigating the treatment of narcolepsy by targeting the orex-
in system in both animals and human have investigated alleviating the sleep symptoms
only and have largely overlooked behavioral changes and related cognitive deficits [18,
56]. That said, studies in rhesus macaque monkeys and in human narcoleptic patients
found that intranasal orexin-A administration promotes wakefulness and improves short-
term memory and attention deficits associated with sleep loss [26, 57, 58]. This increase
in attention and short-term memory is thought to arise from cortical activation via orex-
in-mediated increases in acetylcholine (Fig. 2). Taken together, these studies support a
therapeutic use for orexin receptor agonists as a therapy in narcolepsy.

However, since it is unclear whether orexin loss is causally related to memory deficits
in narcolepsy or whether it is linked secondarily to poor sleep or excessive daytime sleep-
iness, future studies could, for example, compare treatment responses in terms of both
sleep-related symptoms and cognitive symptoms in narcoleptic patients treated with: (1)
orexin agonists, (2) non-orexin drug therapies, and (3) placebo/no treatment to deter-
mine whether orexin is directly related to cognitive outcomes. A number of studies have
investigated non-orexin agonist medications, including sodium oxybate, modafinil, and
pitolisant, in terms of reducing daytime sleepiness and cataplexy (for a review, see [59]).
However, to our knowledge, no studies to date have investigated the impact of these med-
ications on the cognitive deficits associated with narcolepsy.

Anorexia Nervosa

Patients with anorexia nervosa present with severely restricted eating behavior, low body
weight, and an intense fear of weight gain [60]. In addition, they show altered decision-
making [61], set-shifting [62], central coherence (i.e., an information processing imbal-
ance, biasing local details over the global “gist”) [63], and delay discounting (i.e., degree
of preference for immediate gratification over larger delayed rewards) [64]. Steward et al.
[62] identified that reduced plasma orexin-A levels were associated with impairments in
the ability to unconsciously shift attention between one task and another (i.e., set-shifting)
in patients with anorexia nervosa. This observation suggests that reduced orexin levels
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may impact cognition in anorexia nervosa. However, considering the role of orexins in
the regulation of feeding, stress, and reward processing, as well as cognition, their involve-
ment in the pathophysiology of anorexia nervosa is complex and remains poorly under-
stood. At present, results are sparse, and findings vary. For example, across different stud-
ies, plasma orexin-A levels in patients with anorexia nervosa have been found to be high-
er [65], lower [66], and not significantly different from control patients [67]. Moreover,
Sauchelli et al. [67] investigated both sleep disturbances and orexin levels in anorexia and
found that, although there were no global differences between anorexic patients and
healthy controls in terms of plasma orexin-A concentrations, higher orexin-A concentra-
tions within the group of anorexia patients was associated with greater sleep disturbances
[67]. In addition, both elevated orexin-A concentrations and inadequate sleep predicted
poorer treatment outcome.

To date, no studies have directly targeted the orexin system as a treatment for the cog-
nitive deficits seen in anorexia nervosa. Additional research is needed to resolve the in-
consistencies in the literature regarding orexin-A levels in patients with this disorder [62,
65-67]. Given that elevated orexin-A concentrations in anorexia nervosa are associated
with inadequate sleep [67], future studies could use orexin receptor antagonists to prevent
excessive orexin signaling, promote sleep and potentially also improve cognitive health in
anorexia nervosa.

Normal Aging

One of the earliest signs of age-related cognitive decline is a deterioration of attention [68,
69]. Anatomical evidence suggests that with increasing age, a selective loss of orexin neu-
rons, orexin peptides, and their receptors occurs [70, 71]. The target areas of these orexin
projections, such as the prefrontal cortex and basal forebrain, are strongly implicated both
in normal cognitive function and in age-related cognitive decline [72-75]. Taken togeth-
er, these observations suggest that the orexin system is a potential therapeutic target to
mitigate or improve age-related cognitive decline. However, this possibility remains to be
experimentally tested.

Itis increasingly evident that sleep, physical activity, and cognition are interconnected,
which has been suggested to be especially important for the aging brain (for a review, see
[76]). It is plausible that orexin loss contributes to cognitive decline in normal aging,
whether directly related to cognitive performance or indirectly via sleep and activity. Re-
searchers have identified that intranasal orexin-A administration increased prefrontal
cortical acetylcholine release and consequently improved attentional function (e.g., set-
shifting) in aging rats [28]. However, to date, no studies have directly targeted the orexin
system via orexin receptor agonism as a treatment for the cognitive deficits seen in normal
aging in humans.
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Neurodegenerative Disease

Alzheimer’s Disease

Alzheimer’s disease (AD) is a neurodegenerative disease, characterized by progressive
cognitive deficits and behavioral impairments. The pathogenesis of AD involves excess
extracellular f-amyloid deposition leading to neuronal degeneration, hyperphosphoryla-
tion of tau protein, and the formation of neurofibrillary tangles, which undermine the
normal functioning of neurons and synapses (for a review, see [77]). Evidence suggests
[78, 79] a positive correlation between AD biomarkers and orexin. For example, animal
models of AD suggest that sleep disturbances observed in AD patients are hypothesized
to be mediated by an increase in the expression of orexins [80, 81]. Further evidence in
mice and humans suggests that sleep disruption may exacerbate the progression of AD
neuropathology and cognitive deterioration, including memory problems (for a review,
see [82]). However, other evidence [83] suggests that AD is associated with the loss of
orexin-containing neurons and some impairment in orexin neurotransmission. Taken
together, this indicates that the orexin system plays a potential role in AD pathogenesis,
although more research is needed to understand the links between possible orexin dys-
function in AD and the impact of this on cognition.

To date, the majority of research investigating AD and the orexin system has focused
on orexin antagonists to promote the sleep signal. Based on the brain waste hypothesis
for the function of sleep, overactivity in the orexin system is associated with abnormal-
ities in sleep patterns and f-amyloid levels [81, 84]. For example, in a transgenic mouse
model of AD, both wakefulness and interstitial fluid levels of f-amyloid decreased with
daily infusion of the orexin antagonist, almorexant, while they both increased with in-
tracerebroventricular administration of orexin [81]. In amyloid transgenic mice in
which the orexin gene was knocked out, loss of orexin resulted in decreased wakeful-
ness and a subsequent reduction in amyloid pathology [84]. Conversely, rescuing orex-
inergic neurons in the hypothalamus in orexin knockout mice increased the amount of
B-amyloid pathology in the brain [84]. Overexpression of orexins only in the hippo-
campus, however, did not increase B-amyloid expression, demonstrating that orexins
do not affect f-amyloid production directly, but rather indirectly through the modula-
tion of wakefulness [84]. This may be explained by two physiological mechanisms: (1)
during sleep, the brain removes toxins including f-amyloid through glymphatic clear-
ance [85], and, (2) more B-amyloid is produced during wakefulness, when neurons are
firing more strongly [86], than during sleep [87]. Therefore, orexin receptor agonists
could increase f-amyloid production and decrease glymphatic clearance by promoting
wakefulness. Taken together, evidence suggests that targeting the orexin system via
orexin receptor antagonists, but not agonists, has therapeutic potential in the treatment
of cognitive and sleep symptoms in AD. It is worth noting that significant disruption
to circadian-related timing of sleep-wake cycles is also observed in AD (for a review,
see [88]); however, the possible therapeutic application for orexin therapies to regulate
circadian rhythms in AD, related neuropathology, disease progression, and any related
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benefit to memory and cognition remains unexplored. Few studies have investigated
whether chronic administration of a DORA would enhance sleep and reduce neuropa-
thology, neuroinflammation and cognitive deficits. For example, in an AD mouse mod-
el (5XFAD), a DORA increased sleep and restored natural sleep patterns [89]. More-
over, neuropathological and neuroinflammatory markers were unaffected. However,
the 5XFAD mice did not exhibit the expected cognitive deficits; therefore, it was not
possible to evaluate whether DORA-induced improvements in sleep would benefit cog-
nitive functions [89].

Parkinson’s Disease

Parkinson’s disease (PD) is characterized by motor and non-motor symptoms including
mood, cognition, and metabolic impairments; with the non-motor symptoms preced-
ing development of the motor symptoms [90, 91]. The pathogenesis of PD involves the
loss of dopamine neurons, primarily in the substantia nigra and the formation of Lewy
bodies. In PD, orexin levels are reduced in CSF [92, 93]. The increasing loss of orexin
neurons is observed as PD progresses [94, 95], and orexin circuitry dysfunction has been
attributed to disordered sleep [96, 97]. However, the impact of orexin dysfunction in PD
on cognition remains unexplored, despite the distinct possibility that there might be
important consequences for cognitive health.

Activation of orexinergic neurotransmission can lead to the synthesis of brain-de-
rived neurotrophic factor (BDNF) which may be therapeutic in the prevention of dopa-
mine neuron loss in PD. BDNF plays an important role in neuronal survival and growth,
and BDNF is reduced in the substantia nigra of PD patients [98]. Thus, BDNF promo-
tion via orexin therapies may provide neuroprotection in PD. For example, direct ad-
ministration of orexin-A and -B to dopamine neurons of the substantia nigra increased
spontaneous neuronal firing and improved behavioral and motor symptoms induced
by administration of the dopamine antagonist haloperidol. By contrast, orexin receptor
antagonism reduced firing of dopamine neurons in the substantia nigra [99]. Similarly,
orexin-A administration in 6-OHDA-treated rats (a compound used to induce dopami-
nergic neuronal degeneration in rodents to mimic PD) improved motor function,
whereas administration of an orexin receptor antagonist in 6-OHDA-treated rats de-
creased motor function [100]. To date, only a single animal study [101] has targeted the
orexin system to investigate its potential for treating cognitive deficits seen in PD and
found that both pharmacological orexin intervention (i.e., intrahippocampal injections
of orexin-A) and orexin neuron-specific genetic intervention (i.e., chemogenetic viral
injections of the orexin neuron-specific designer receptor exclusively activated by de-
signer drug [DREADD], clozapine N-oxide) improved hippocampal-dependent mem-
ory impairment in a mouse model of PD. The effect of orexin therapy on cognitive and
motor symptoms in PD remains to be experimentally tested in humans.
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Conclusions

Orexins may modulate cognition and memory function. Orexins also regulate a wide variety
of bodily functions including the sleep-wake cycle, feeding behavior, energy balance, and
mood, all known to impact cognitive functioning. It is not clear whether orexins relate di-
rectly or indirectly to memory and cognition via these factors. Importantly, when investigat-
ing the relationship between orexin system dysfunction and cognitive functioning, it is im-
portant to consider that cognitive deficits could be ascribed to poor sleep quality, rather than
directly to orexin pathology. In other words, cognitive deficits in conditions with abnormal
orexin signaling, could therefore be a secondary outcome of symptoms related to sleep dis-
turbance, rather than be directly related to orexin pathology per se. This is an important area
where future research is needed to understand the full spectrum of the therapeutic potential
for orexin treatments. One possible strategy to improve daytime performance, attention,
and memory in conditions such as narcolepsy, anorexia nervosa, normal aging, and neuro-
degenerative disease is to promote the wake signal via orexin receptor agonism during the
day. Alternatively, another interesting possibility is to leverage the well-established links
between sleep, memory, and cognition (for a review, see [102]). In this case, orexin receptor
antagonism during the night could be employed to promote good sleep, which may have
both direct and indirect benefits to memory, cognition, and daytime performance. Impor-
tantly, this review of the relevant literature highlights the great need for more research on
this topic, especially given the widespread and diverse neural pathways that rely on input
from orexins, and which support a wide range of biological functions such as sleep, feeding
behaviors, mood, and cognition. One particularly promising avenue of future research
would be to explore the therapeutic benefit of orexin drug therapies for memory by normal-
izing REM abnormalities in conditions with orexin abnormalities. Specifically, REM sleep
has been shown to support, in particular, memory that involves procedures and skills which
rely on cognitively complex rules, grammar, logic, and reasoning [103, 104], and non-REM
sleep supports motor skills memory and declarative memory [105, 106]. Future studies em-
ploying orexin therapies that enhance both nocturnal REM and non-REM sleep (e.g., DO-
RAs) may lead to novel treatments for the various symptoms, conditions, and disorders,
including anorexia nervosa and neurodegenerative disease. In the case of narcolepsy (type
1) where orexin receptor antagonists may be contraindicated, orexin agonists during the
daytime may help to normalize nocturnal sleep, thus providing optimal conditions for sleep
to support normal cognitive functioning. Orexin research may reveal novel therapeutic
treatments for not only primary symptoms, but also for memory and cognition either di-
rectly, or indirectly through the improvements of daytime alertness and improved sleep.

Key Take-Home Points
« Orexins benefit wakefulness, vigilance, memory, and cognition.

 Orexins regulate various biological functions that indirectly and directly impact memory, cog-
nition, and daytime performance.
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Orexin receptors are a potential novel therapeutic target to improve cognition in sleep disorders,
age-related cognitive decline, and neurodegenerative disease.
The link between orexins, their impact on wakefulness and vigilance, and memory and cogni-

tion remains to be thoroughly investigated.
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