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Abstract

Alzheimer's disease (AD) is considered to be the most typical form of dementia that
provokes irreversible cognitive impairment. Along with cognitive impairment, circa-
dian rhythm dysfunction is a fundamental factor in aggravating AD. A link among
circadian rhythms, sleep, and AD has been well-documented. The etiopathogenesis
of circadian system disruptions and AD serves some general characteristics that also
open up the possibility of viewing them as a mutually reliant path. In this review, we
have focused on different factors that are related to circadian rhythm dysfunction.
The various pathogenic factors, such as amyloid-beta, neurofibrillary tangles, oxida-
tive stress, neuroinflammation, and circadian rhythm dysfunction may all contribute
to AD. In this review, we also tried to focus on melatonin which is produced from the
pineal gland and can be used to treat circadian dysfunction in AD. Aside from amyloid
beta, tau pathology may have a notable influence on sleep. Conclusively, the center
of this review is primarily based on the principal mechanistic complexities associated

with circadian rhythm disruption, sleep deprivation, and AD, and it also emphasizes
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1 | INTRODUCTION

Alzheimer's disease (AD) is the most common type of neurodegen-
erative disorder, which largely causes dementia and mainly affects
older aged people. By the year 2050, around 12 million cases will
be reported.’? In AD, accumulation of amyloid beta and hyperphos-
phorylated tau are microscopic pathologies, whereas reduction in
hippocampal volume, frontotemporal, and associated cortical atro-
phy with ventricular enlargement are macroscopic findings.3’5 To
rule out AD, multiple biomarkers are available, like cerebrospinal
fluid (CSF) molecules (for example, amyloid and tau), and to see atro-

phy in the brain, various neuroimaging techniques, such as computed

the potential therapeutic strategies to treat and prevent the progression of AD.

aging, Alzheimer’'s disease, circadian system, sleep wake cycle

tomography, magnetic resonance imaging, or positron emission to-
mography (PET). Current pharmacological treatments include done-
pezil, galantamine, and rivastigmine, which work as cholinesterase
inhibitors. Memantine works as an N-methyl D-aspartate antagonist
and Abun approved this in 2021.%7 Most current studies focus on the
molecular aspect of AD, which mainly focuses on neuroinflamma-
tion, mitochondrial dysfunction, and glial cell activation.? Currently,
researchers focus on circadian rhythms, which help the researchers
to understand AD pathophysiology in a relatively comprehensive
and satisfactory way and also help to address or develop therapeu-
tic targets of AD. Sleep disruptions and circadian disorders are quite

common; around 45% of patients face problems with sleep.”!° These
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symptoms are present for several patients with AD even before the
final medical diagnosis of AD. Based on multiple studies, it is seen
that sleep disturbances can lead to neurodegeneration and even
cognitive impairment. In the future, it can be utilized as a biomarker
for neurodegeneration. In one study, it is seen that older women
with diminished and irregular circadian rhythms have a higher risk
of developing one of the types of impairments of AD, such as mild
cognitive impairment and dementia. Various studies suggest that
25%-66% of patients with AD face sleep disruption, which can be
easily noticeable.'**” Melatonin (N-acetyl 5-methoxytryptamine) is
a hormone regulated by the circadian rhythms, and it plays a vital
role in the neurodegenerative event of AD.*® The primary source
of melatonin is the brain's pineal gland, but other organs like the
retina, bone marrow, kidney, pancreas, skin, and glial cells are also
involved. Melatonin is a multifunctional hormone that regulates cir-
cadian rhythm and shows anti-inflammatory, cytoprotective, and
anti-oxidant properties. The circadian clock regulates melatonin and
during a study in rat and mice models, melatonin shows the high-
est plasma melatonin level at midnight.1*?° Melatonin production
decreases with aging which can be considered a critical factor for
the onset of AD. When impairment or disruption is seen in the su-
prachiasmatic nucleus (SCN), melatonin levels are reduced, resulting
in circadian rhythm disruption.21'23 Even reduction in CSF is linked
with melatonin, and, finally, melatonin progresses AD by causing ox-
idative damage in the AD brain. Patients with AD have a low level
of melatonin as compared with healthy patients. Melatonin can be
a promising therapeutic approach to inhibit AD progression as it
has free radical scavenging properties as well as anti-amyloidogenic
properties. Melatonin also inhibits the secretion process of soluble
amyloid precursor protein (APP) in various cell lines through APP
maturation. Melatonin administration attenuates amyloid beta gen-

eration and deposition in vitro and in vivo models.?*~** A sundowning

Immune surveillance

Dot
Down ‘® | ‘Dusk
\ y

Photoperiod

Cellular redox
Cell secretion

repair

Biological rhythm

Nutrient management

Proteostasis

Medication

DNA damage

Environment

phenomenon enhances mental health decline, confusion, and agita-
tion in patients with AD, whereas melatonin reduces the symptoms
of sundowning and enhances cognition. In this review, we discuss
the association of circadian dysfunction with AD pathology as well
as a few pharmacological and non-pharmacological interventions for

sleep disruption in patients with AD.3>~%7

2 | CIRCADIAN BIOLOGICAL CLOCK
MECHANISM IN THE BRAIN

A core gene of the circadian clock, the Period (PER) gene, was the first
clock gene to be discovered by Jeffrey C. Hall and Michael Rosbach.
The (PER protein is produced mainly at night and broken down during
the day, and this whole cycle is regulated with the help of a nega-
tive feedback loop where PER protein blocks its production.“o’41 This
protein is encoded by the PER gene. Recently, a new gene which is
known as the double-time (DBT) gene, has been discovered to en-
code DBT protein. The DBT protein averts the PER accumulation,
proving that rhythm can be flagged according to the 24 hour biologi-
cal clock. Circadian rhythm regulation is observed both at the cen-
tral and peripheral levels. In 2017, Jeffrey C. Hall, Michael Rosbash,
and Michael Wyong uncovered the molecular mechanisms regulat-
ing circadian rhythm and received the Nobel Prize in physiology or
medicine. This mechanism demonstrates that mammals have a cen-
tral pacemaker called the SCN in the hypothalamus. When the retina
gets photic input, it transmits information to the SCN. This central
clock regulates the circadian rhythm throughout all body functions
through the peripheral autonomic nervous system and hormonal fac-
tors. The circadian system is a web of interlinked feedback loops and
oscillators across all organisms. The Period (PER 1-3), Cryptochrome
(CRY1 and 2), and Reverb (NR1D1 and NR1D2) genes are negative
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FIGURE 1 Twenty-four hour biological
clock in the human brain and its circadian
disruption
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feedback regulators which suppress the positive limb. The SCN helps
in the synchronization of cellular oscillators across organs in humans.
The retina sends light and dark signals to the SCN, which further
regulates it. It synchronizes the core clock oscillations in neurons,
ultimately translated into oscillatory synaptic output, which trans-
fers the signals to the multiple nuclei in the hypothalamus. All these
patterns in neuronal activity, and behavioral and physiological ar-
rhythmicity can be lost post ablation of the SCN.*°~*> The circadian
clock system is shown in Figure 1, and relationship between circadian

rhythm and AD is shown in Figures 2 and 3.

3 | CHOLINERGIC DISTURBANCES
AND CIRCADIAN DYSFUNCTION IN AD
PATHOLOGY

Neurodegeneration can also be seen in the basal cholinergic fore-
brain. Disruption in circadian rhythm can also occur due to cells
of the nucleus basalis magnocellularis, which projects to the SCN.
Enrhardth reported that in rats, there are increased phase delays in
response to lights when the cholinergic basal forebrain projects to
the SCN. This study suggests a relationship between AD neurode-

generation and the circadian clock's signal entrainment ability.*6~48

4 | NEURONAL LOSS IN THE SCN AND
CIRCADIAN DYSFUNCTION IN AD

During the autopsy of patients with AD, it was seen that there is a
neuronal loss in the SCN, which is related to loss of amplitude in the

circadian rest-activity pattern. Apart from MT1, melatonin receptor
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expression was disturbed, which resulted in the SCN responding to

the phase resetting signal and generating daily rhythms.4*°

5 | RETINAL GANGOLIAN CELL LOSS AND
CIRCADIAN DYSFUNCTION IN AD

A particular type of subset of retinal ganglion cells (RGCs) known
as Melanopsin expressing RGCs (mRGCs) was discovered in 2002.
These cells are photoreceptors inside the retina, which help in the
photoentrainment of circadian rhythms by projecting light to the
SCN. Melanopsin expressing mRGCs constitutes 1%-2% of all RGCs,
but they can direct signals to the SCN through the retinal hypotha-
lamic tract. In patients with AD, mRGC loss can be seen, which can
cause amyloid beta deposition, and lead to impairment of the entire
RGCs even though there is a deposition of amyloid beta in mRGCs.
The Toronto study shows interesting results involving retinal amy-
loid beta deposition in patients with AD. These findings will help
better understand the pathology of retinal amyloid beta deposition
in patients with AD. Amyloid beta deposition in mRGCs can lead to
instability in transmitting the circadian signal of light from the retina
to the SCN.>17>

6 | CIRCADIAN GENE DELETION AND
CIRCADIAN DYSFUNCTION IN AD

Deletion mutations in the circadian clock gene cause neuronal injury.
Core circadian clock disruption is directly linked to neurodegenera-
tion in AD. BMAL1 is considered to be one of the core genes of the

master clock, and a study conducted in mice has shown the deletion
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FIGURE 2 Crosstalk between sleep deprivation and Alzheimer's disease. Af, amyloid beta
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of BMAL1 in the hippocampus and cortex. In mice, we observe nor-
mal behavioral rhythms and normal sleep wake cycles assessed by
wheel running actigraphy and electroencephalogram, respectively,
in the presence of severe cortical astrogliosis, synaptic degenera-
tion, and oxidative brain region damage in specific BMAL1 knockout
mice. These mice are closely related to transcription multiple redox
defenses linked with circadian impairment. Low levels of BMAL1 in
the brain also lead to neurodegeneration caused by mitochondrial
toxin B nitropropionic acid. The data suggest that decreased BMAL
mediated transcriptional exacerbate neurodegeneration in AD.
Clock-gene regulation and better insight into the linkage of clock
genes and neurodegeneration require further research and a deeper
understanding to examine such regulations.’®™? The effect of dif-
ferent clock genes on animal models is shown in Table 1.

7 | MICROGLIA, ASTROCYTE, AND
CIRCADIAN DYSFUNCTION IN AD

Activation of microglia and astrocyte leads to neuroinflammation,
which ultimately causes neurodegeneration. Astrocyte activa-
tion can be observed to model clock gene deletion in the in vitro
model. Even the inflammatory response of microglia leads to vari-
ation in the functional circadian clock. Rev-Erb alpha regulates
pro-inflammatory cytokine production in macrophages. Finally,
inflammation shows the effect of the circadian clock as both Rev-
Erb alpha suppressing BMAL1 levels in macrophages in response to
lipopolysaccharides. Therefore, the BMAL1 expression in the sur-
rounding glia and neurons can be suppressed by cortex inflammation
causing impairment of BMAL1-associated genes, ultimately leading

to neurodegeneration.’®¢°

8 | OXIDATIVE STRESS AND CIRCADIAN
DYSFUNCTION IN AD PATHOLOGY

Numerous studies support the presence of augmented oxidative
stress in AD. Less concentration of glutathione and catalase with
higher consumption of oxygen (20%-30%) and a higher amount
of polyunsaturated fatty acids make the brain a highly vulnerable
target for lipid peroxidation.® % Lipids peroxidation interrupts cel-
lular functions, followed by neuronal membrane destruction, and
the production of highly reactive electrophilic aldehydes, includ-
ing acrolein, malondialdehyde, and 4 hydroxy 2-nomial (elevated
in AD brains).447¢¢ Oxidative stress also damages nucleic acid and
proteins. The role of oxidative stress etiology in AD pathogenesis
is still unknown. In 1985, the activity of antioxidants, like superox-
ide dismutase and glutathione peroxidase with oxidative damage in
the day-night cycle in the rat cerebral cortex, whereas in humans,
anti-oxidants and circadian rhythmicity protect cells from oxidative
damage.””7° The levels of glutathione reductase, glutathione per-
oxidase, superoxide dismutase, catalase, uric acid, and peroxiredoxin
are high in the morning. In contrast, ascorbic melatonin and plasma
level are high in the evening or night. This proves that oxidative
stress leads to oxidative damage with the progression of AD, which

is ultimately regulated by circadian dysregulation.”*

9 | ERK/MARK AND CIRCADIAN
DYSFUNCTION IN AD

Cognitive impairment is the first symptom observed in AD.
Impairment, such as memory, is enhanced by short-term stress and
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TABLE 1 Effect of different clock genes on different animal models

Effect of clock genes on different circadian models

Casein kinase 1 isoforms € and 6 with inhibitor PF-670462 reduce amyloid

Y LEYJj
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103

and plaque size as well reduce Ap signal in the prefrontal cortex and
hippocampus, which proves chronotherapy as a promising tool to improve

Female APPSwe/PS1dE9 mice show abnormal locomotor activity in which
clock gene expression of clock genes Per 1, Per 2, Cry 1, and Cry 2 was

104

increased during night time compared to day type in wild type control
mice as Cry 1 and Cry2 expression was low in APPSwe /PS1dE9 mice. This
study proves APPSwe /PS1dE9 mice as a most promising AD model to test
therapeutic agents related to behavioral and circadian rhythm changes.

BMAL1 is a positive regulator of the circadian clock, and in cultured fibroblasts,
DNA methylation regulates BMAL1 rhythms which is linked to circadian

In Tg4510 mice, it is seen that there is tauopathy in SCN and even disruption in

105

106

PER2 and BMAL1 in the hypothalamus of Tg4510 mice. This study proves
that tauopathy can lead to normal circadian clock function disruption.

In this study, the glial fibrillary acid protein in human astrocytes is suppressed

107

as there is an elevation in CLOCK and BMAL, which cause functional
impairment by inhibition of aerobic glycolysis in AD

Rev-erba, a circadian repressor, decreases amyloid plaque number and size in

108

the 5XFAD AD mouse model. Even Rev-erba show a neuroinflammatory
effect, which proves Rev-erba as a novel therapeutic target.

Subject no. Different models
1. APP-PS1 mouse model
behavior in mice
2. Two-month-old female
APPSwe/PS1dE9 mice
3. Cultured fibroblasts and
brain samples
alteration in AD
4. Tg 4510 mice
5. AD brain
6. 5XFAD mouse model
7. APP/PS1dE9 mice

In APP/PS1dE9 mice, there is an alteration of rhythmic expression patterns of

109

BACE 1 and ApoE in the hippocampus, which is activated by E4BP4 and
BMAL1, respectively. So, finally, study suggests that hippocampal clock and
circadian oscillation of AD risk gene are regulated by orexin signaling.

Abbreviations: AB, amyloid beta; AD, Alzheimer's disease; SCN, suprachiasmatic nucleus.

impaired by long-term stress, and the number of dendritic syn-
apses decreases due to high cortisol levels during chronic stress.”?
The pathway primarily revolves around memory consolidation,
and the level of phosphor-ERK CAMP, phosphor CREB, and ac-
tivity of PKA and MEK are associated with a circadian rhythm.
Moreover, the SCN regulates the hippocampus' Camp/PKA/ERK/
CREB signaling pathway.”>””®> The CREB/ERK/PKA/CAMP sign-
aling pathway increases during rapid eye movement sleep. They
are even ablating the BMAL1 gene results in reduced Perl and
PERK levels. A study reported that ERK appears overactivated
and memory is improved by pharmacological inhibition of ERK in
an AD mouse model, whereas memory impairment is seen due to
reduction of pCREB level downstream of the ERK pathway.”® ERK
signaling pathway is disrupted in AD due to amyloid beta’™? bind
injury. Finally, ERK/MAPK signaling pathway is a common pathway
that causes stress as circadian rhythm even plays a role in memory

consolidation.””

10 | HPA AXIS AND CIRCADIAN
DYSFUNCTION IN AD

HPA axis activation promotes AD pathogenesis. Even reducing cor-
tisol levels by taking dexamethasone does not show positive results
in patients with AD; instead of cortisol levels, few approaches to
decrease and modulate HPA axis activity can be a promising avenue

for treating AD. Even amyloid beta promotes HPA axis activity and
increases corticosterone. The HPA axis is one of the common path-
ways by which SCRD and stress increase amyloid beta production,
leading to AD.”®

11 | HIPPOCAMPAL VOLUME AND
CIRCADIAN DYSFUNCTION IN AD

Reduced hippocampal volume was observed in AD and different
neurodegenerative and psychiatric disorders. It is hypothesized that
prolonged sleep restriction or sleep disruption can cause a decrease
in hippocampal neuronal cell proliferation and neuronal cell survival.
Few preliminary clinical trials and observational studies suggest that
regular physical exercise, cognitive stimulation, and general medical
conditions can reduce hippocampal volume or atrophy, reverse hip-

pocampal atrophy, or even expand the hippocampal size.”?8°

12 | GLYMPHATIC SYSTEM AND
CIRCADIAN DYSFUNCTION IN AD

The glymphatic system was first described in 2012, which consists of
intestinal fluid that regulates brain amyloid clearance by the perivas-
cular space surrounding blood vessels. Glymphatic system dysfunc-
tion also plays a vital role in the severity of AD. To date, no clinically
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approved system has been developed to evaluate the functionality
of the glymphatic system in humans. Recently, the glymphatic sys-
tem has even played a role in glaucoma pathogenesis, characterized
by progressive degeneration of RGCs and amyloid beta accumula-
tion. This activity is higher during sleep and low during wakefulness.
Even body posture during sleep, especially lateral body position, may
increase the rat's glymphatic transport. Further studies need to be

done to see the relation of the glymphatic system with patients with
AD 118182

13 | PROTEOSTATIS AND CIRCADIAN
DYSFUNCTION IN AD

Amyloid beta and tau are specific protein hallmarks seen in AD. Heat
shock factor 1 is a type of factor in which deletion alters circulation
clock oscillation. Proteasomal degeneration of proteins display os-
cillations in circadian patterns and expected circadian clock timing
requires an understanding of the proteasome function. It is still un-
known how the circadian clock controls rhythmic protein degrada-

tion in the brain.®®

14 | VASCULAR AND CIRCADIAN
DYSFUNCTION IN AD

Microvascular change is considered an essential factor in the devel-
opment of AD. Cerebral vascular perfusion is also under the control
of the circadian system. According to PET scans and simple-photon
emission computed tomography, people with moderate cognitive
impairment and an increased risk of developing AD exhibit hypome-
tabolism and cerebral hypoperfusion. Antihypertensive treatment
has also been shown to reduce the risk of AD. Brain microvascu-
lar changes are critical to AD development, both pathologically and
clinically. The circadian system regulates cerebral vascular circula-
tion as well.248% Conroy et al investigated the daily regularity of
cerebral blood flow velocity (CBFV) across 30hours of continuous
awake time. The findings of this study suggested that human CBFV
probably follows an endogenous circadian rhythm, which will be
investigated further in the context of cerebrovascular/cardiovascu-
lar events and cognitive function deterioration.®”-8? Laser-Doppler
flowmetry revealed similar results in rats. The cerebral blood flow
has a diurnal periodicity independent of locomotor activity and
blood pressure changes. The effect of the circadian rhythm on brain
metabolism and perfusion should be carefully considered in future

studies on the role of vascular function in AD etiopathogenesis.‘?o’92

15 | METABOLIC CHANGES AND
CIRCADIAN DYSFUNCTION IN AD

Circadian/sleep disruption may be mediated by metabolic changes in
neurodegenerative disorders, particularly AD. Insulin resistance has

been linked to an increased risk of AD in clinical studies, and childhood
obesity can also cause cognitive impairment later in life apart from
diabetes. Apolipoprotein E (APOE) is a key regulator of lipid metabo-
lism found primarily in brain astrocytes. The APOE 4 allele can cause
mitochondrial dysfunction, leading to insulin resistance and metabolic
defects as a major risk factor for AD.”%-78 A recent study suggests that
peripheral metabolic dysfunction plays a role in the development of
AD-related neuropathology. The clock regulates the majority of meta-
bolic activity, and the loss of circadian clocks has been linked to cellu-
lar and system-wide metabolic deficits. Sleep deprivation significantly
impacts metabolism, including an increase in insulin resistance mark-
ers. Based on these findings, it is enticing to believe that sleep disrup-

tion increases the risk of AD by disrupting metabolism.”? 102

16 | MELATONIN AS A PROMISING
THERAPEUTIC TARGET FOR AD

In AD, melatonin has shown multiple beneficial effects, like preven-
tion of mitochondrial dysfunction, inhibition of amyloid beta toxicity,
free radical scavenging, and even circadian dysregulation like sun-
downing and sleep disturbances.’® Melatonin even has blood-brain
barrier crossing capacity, anti-oxidant properties, as well as balanced
amphiphilicity. Amyloid beta peptides are mainly produced with the
help of amyloidogenic beta-amyloid precursor protein (beta APP).
Amyloid beta 42 is the most neurotoxic form of amyloid beta. This
beta pleated sheet peptide ultimately forms an aggregation of se-
nile plaques in the brain in the form of amyloid fibrils that disrupts
synaptic communications leading to abnormal function of neurons
and neuronal death. As melatonin has anti-oxidant, neuroprotec-
tive, and anti-amyloidogenic properties, it might help in decreasing
amyloid beta formation. Melatonin has shown effects on both in
vivo and in vitro models.**"115 Hyperphosphorylated tau plays a
crucial role in dealing with memory and cognitive impairment in AD.
Neurodegeneration happens due to tau hyperphosphorylation. This
tau phosphorylation and protein kinase A (PKA) overactivation in the
isopropanol-induced rat brain can be attenuated by melatonin. This
process is followed in the neuroblastoma SHSY5Y cell line and N2a in-
duced by calyculin A, okadaic acid, and wortmannin. Melatonin shows
neuroprotective effects in the degeneration of the hippocampus and
enhances cognitive effects. These effects are displayed through regu-
lating GSK3 and CDKS5 activities in hippocampal neurons. Melatonin
inhibits the expression level of caspase 3, prostate apoptosis response
4 (Par4), and Bcl2 associated BAX, reducing neuronal death 116121
Melatonin has an anti-oxidant property that reduces oxidative stress.
In an experimental study, it was observed that NF-KB commenced
IL-6 in amyloid beta treated brain slices can be inhibited by melatonin
in a concentration-dependent fashion. Melatonin injection (ie, 5 mg/
kg, 0.1 to 10 mg/kg, and 10 mg/kg) in the rat in which melatonin
shows anti-inflammatory effects and reduces neuroinflammation
by increasing ATP production, stimulating GPX activities, and even
enhances SOD activity‘122 Therefore, this evidence shows the anti-
neuroinflammatory effects of melatonin on AD.
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17 | RELATION AMONG EXERCISE,
CIRCADIAN RHYTHM, AND AD

Various animal models show exercise chronobiotic properties. It is
difficult to identify whether exercise has chronobiotic properties in
humans because it is quite hard to differentiate the range of effects
shown by exercise from multiple other factors, like food, social influ-
ences, and light.>®> Non-photic stimuli, on the other hand, appear
to be capable of synchronizing circadian rhythms in people who are
blind who lack sensitivity to light, and this helps them entrain to rou-
tine schedules without utilizing exogenous melatonin. A recent study
related to circadian rhythms and AD has shown that when a person
exercises just before habitual sleep, it accelerates circadian rhythm
and if it is performed during habitual sleep time, it delays circadian
rhythms.124'126 Exercise also affects the hippocampus, which plays a
role in affecting sleep quality. It has also been reported that people
who do exercise regularly on a daily basis have better sleep quality
as well as less daytime sleepiness when compared to people who
are inactive and do not exercise. As a result, it is still possible that
exercise has a greater impact on older adults who face difficulty in
sleeping. Exercises also enhance the cognitive part and show neural
plasticity which is effective in normal aging as well as a treatment for
AD.*?77132 gleep after exercise has a well-known effect on cognitive
performance. According to the recent study findings, physical activ-
ity plays a huge role in diminishing the effects of poor sleep quality
on cognitive functioning in older adult women. As a result, more re-
search is needed to understand the mechanisms underlying exercise,

sleep, and cognitive function that are linked in older adults. 1337138

18 | CURRENT THERAPIES AND FUTURE
IMPLICATIONS

Unfortunately, at present, we have limited pharmacological and
non-pharmacological interventions to manage sleep disturbance in
patients with AD. In AD, current behavioral practices include lim-
ited caffeine and alcohol intake, regular exercise, and maintaining
regular bed and wake times with ample light exposure upon wak-
ing.(’o Sufficient daytime light exposure is crucial for patients with
AD, mainly for institutionalized patients. Consistent light exposure
may bring changes in dysfunctional circadian rhythms in AD and re-
duce the “sundowning.” Patients with moderate-to-severe AD were
included in the melatonin and trazodone trials, but only patients
with mild-to-moderate AD were included in the ramelteon study.
Melatonin is considered a part of various clinical manifestations and
treatment strategies of AD.**?"14! Actigraphy is used to measure all
primary sleep outcomes. Despite the absence of severe side effects,
we still have no evidence to suggest that melatonin and trazodone
improve sleep quality. More comprehensive clinical trials are desper-
ately needed in this area, particularly those focusing on sleep and
cognitive or pathological outcomes in AD. Suvorexant is the first

US Food and Drug Administration (FDA)-approved orexin receptor

Y LEYM

antagonist which can show effects on amyloid deposition and cogni-
tive end points in early-stage or presymptomatic AD. Melatonin sup-
plementation on a regular basis may help patients with mild cognitive
impairment improve their cognitive performance slightly. However,
there appears to be conflicting evidence in mice regarding the effec-
tiveness of melatonin supplementation in reducing amyloid plaques
and other AD correlates. Ramelteon has been approved for insomnia,
whereas tasimelteon is for the treatment of non-24 hour sleep-wake
disorder in the blind. Until now, these two drugs have not been tested
for AD but can be more effective than melatonin. Researchers are
trying to develop a drug that can directly target the circadian clock,
although they are still in the early stages of development. Small mol-
ecules that can alter circadian oscillations' amplitude, frequency, and
period have been discovered through high throughput screening.
RevErb is a small molecule agonist of the nuclear receptor that can
improve metabolic function in mice by directly affecting circadian
rhythms. Finally, the right targeting of the circadian clock could be a
promising remedial option for treating AD.3%3

19 | CONCLUSION

The pathology of AD (amyloid and tau) has been linked to circadian
dysfunctions, and sleep disruptions are very common in patients
with Alzheimer's disease that play an important role in disease suc-
cession and pathology. Moreover, circadian rhythms communicate
with nearly all systems and risk factors involved in the growth and
progression of AD. Recognizing early signs of AD, such as changes in
sleep patterns and rest-activity rhythm anomalies, could be useful in
identifying early biomarkers for interference to prevent the forma-
tion of amyloid-beta, neurofibrillary tangles and the succession of
neurodegeneration. In patients with advanced AD, bright light ther-
apy combined with chronobiotics is effective in treating sundown-
ing characteristics and other cognitive symptoms. Future research
into the function of circadian misalignment in the initial stages of
AD could lead to new preventive and therapeutic approaches. As
a result, circadian rhythms are an excellent target for combating

pathology.
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