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Abstract

Introduction: Alzheimer's disease is an age-related neurodegenerative disorder with progressive loss of cognitive
function and other manifestations in the central nervous system. It has been found that 45% of patients exhibit sleep
disorders.

Purpose: This study aims to describe the role and effects of melatonin levels in Alzheimer's disease.

Methods: In a literature search in the electronic database "PubMed" and "Google Scholar" via search engine. There was
a time restriction, the last fourteen years. Exclusion criteria of articles were articles related to the effect of melatonin in
other neurodegenerative disorders. Finally, 65 articles were included in the study.

Results: The production of melatonin depends on circadian rhythm and affects the duration and quality of sleep. It is
known that the process of aging cause a reduction of melatonin and that endogenous secretion is reduced in people with
Alzheimer's disease. Degenerative changes in the pineal gland can cause deregulation in the secretion of melatonin in the
early stages of Alzheimer, resulting in the additional presence of disturbances in the sleep cycle. At the same time, lack
of sleep can cause chronic accumulation of beta amyloid peptide, which is involved in the pathogenesis of the disease.
So, sleep and neurodegenerative disorder exhibit a bidirectional relationship, having a significant impact on the diagnosis
and treatment of Alzheimer's disease.

Conclusions: Data from clinical studies suggest that melatonin supplements improve sleep quality and retard the
progression of cognitive impairment in patients with Alzheimer.

Key words: Alzheimer disease, melatonin, sleep disorders, Alzheimer's treatment, beta amyloid, exercise in Alzheimer
disease

Introduction

Alzheimer's disease (AD) usually occurs in the elder
people and is associated with reduced neurogenesis,
retraction of dendrites and necrosis of neurons in the
hippocampus, via the mechanism of apoptosis.
Moreover, free oxygen radicals are increased in
neurons and nerve cells, which contain extracellular
amyloid plaques and abnormal cytoplasmic fibrous
formations. The most characteristic feature of AD is
impaired memory associated with atrophy of the
hippocampus and difficulty in obtaining and
retaining new information. It is needed to be
mentioned that the brain injury is not confined to the
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hippocampus and often involves extensive lesions
and in  other areas. This  progressive
neurodegenerative  process leads to  mental
impairment and progressive cognitive decline beyond
the field of memory, affecting attention, visuospatial
processing and fluency. (Foscolos, 2011; Fox et al,
2001; Mickes et al, 2007).

Regarding genetic background, it has already been
found that diverse polymorphisms are associated
with the development of AD. Except from
theAPOEepsilondallele, there have been identified
over twelve (12) genes associated with the disease:
ACE, CHRNB2, CST3, ESR1, GAPDHS, IDE,
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MTHFR, NCSTN, PRNP, PSEN1, TF, TFAM and
TNF (Bertram et al, 2007).

Contrary to the memory, emotional processing may
be maintained in patients with AD, particularly
during the early stages of the disease. Specifically,
individuals recognize and express their feelings.
However this fact is not absolute in all cases (Broster
et al, 2012; Kensinger et al, 2002).The differences
which are noted in the emotional and mental state of
patients are likely to be due to different patterns of
neuropathology of the disease and the sleep
habits(Guzman-Vélez et al, 2014).

Another characteristic of AD is the inadequate
secretion of melatonin. This deficiency allows
hydroxyl radicals damage the mitochondria and thus
start a cascade offer oxygen radicals that cause the
specific neuropathological changes in AD. Melatonin
is a hormone which regulates the circadian rhythms,
like the daily sleep schedule, which entails its
implication in the observed disorders (Zhou et al,
2003).Sleep disorders, and particularly chronic
insomnia is associated with limited reactivity,
emotional interpretation in formation and intensity of
emotions (Kyle, 2014). Additionally, sleep disorders
are an important risk factor for developing anxiety
disorders or depression (Neckelmann, 2007).

It has been proposed that chronic sleep deprivation
and associated neuronal overactivity may directly
confer an increased risk of developing AD (Kang et
al, 2009). Sleep disturbance occurs early in the
course of disease (Guarnieri et al, 2012) and worsens
as disease evolves (Kondratova & Kondratova,
2012). AD is associated with decreased slow-wave
sleep and Rapid Eye Movement (REM) sleep,
prolonged REM latency, increased proportions of
stages | and II sleep, and increased fragmentation of
sleep, leading to an overall decrease in sleep duration
(Bombois et al, 2010). Even after accounting for the
effects of increased sleep fragmentation, AD is also
associated with shifts in the normal circadian
alertness profile (contributing to ‘sundowning’ in
late-stage disease) (Bachman & Rabins, 2006),
consistent with a specific impairment of circadian
pacemaker function. Moreover, it has been
established that 45% of patients suffer from sleep
disorders (Cardinali, 2011).

Methods

The literature review was based on the search of data
from electronic databases: PubMed and Google
Scholar. The articles used in this review included
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information about the mechanisms by which the
production and the secretion of melatonin is reduced,
as well as the implications of this reduction. Studies
referring to the therapeutic properties of melatonin
and studies on non-pharmaceutical agents, which
may be used to prevent or treat Alzheimer's disease,
were also used. The criteria for the exclusion of
articles were languages different from English and
Greek, articles for which there was no access to the
full text and articles referred to the effect of
melatonin in other neurodegenerative disorders. The
selection of articles was limited in time from 2000 to
2014, using as key words: Alzheimer disease,
melatonin, sleep disorders, Alzheimer's treatment, b
amyloid and exercise in the Alzheimer disease.
Totally, 88 (eighty-eight) articles were found, 20
(twenty) of them were rejected due to title and 3
(three) articles were excluded because they were not
available as full texts. Finally, 65 (sixty-five) articles
were studied for this review.

Purpose

The purpose of this study is to describe the role and
effects of melatonin levels in AD. The role of
melatonin and other non-pharmaceutical methods in
the AD treatment (nutrition and physical activity) are
also described.

Results

The pineal gland is a central structure in the circadian
system, producing melatonin under the control of the
central clock, the suprachiasmatic nucleus (SCN).
Melatonin, synchronized the 24 hours day by
environmental light, which is received by the retina
and transmitted to the SCN and broadcast via
retinohypothalamic tract. Melatonin not only plays a
major role in the regulation of the circadian rhythm,
but also acts as antioxidant and neuroprotector, that
may be of importance in aging and in AD (Zhou et
al, 2003).

Circadian disorders, such as sleep-wake cycle
disturbances, are associated with aging and even
more pronounced in AD. In many studies it has been
found that melatonin production is disturbed, since
the level decreases with increasing age and with the
occurrence of AD (Zhou et al, 2003). The retinal
degeneration-SCN-pineal axis can be the basis for
these changes. Recent studies indicate that a
dysfunction of the sympathetic regulation of pineal
melatonin synthesis by the SCN is responsible for
melatonin changes during the early AD stages. The
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pineal shows distinct changes related to age (Duffy et
al, 2002).

Some studies have linked calcination pineal with
disturbed sleep-wake cycle and a reduction in the
production of melatonin by increasing age (Duffy et
al, 2002). Postmortem human pineal gland was
examined and found decreased nocturnal production
of melatonin from the early, preclinical stages of AD.
Thus, melatonin level could be used as a prognostic
indicator (Wu et al, 2003). What is more, the
peptides, which are responsible for the synthesis of
neurons SCN, such as vasopressin, are decreased in
elderly (Hofman, 2000). The total amount of
vasopressin mRNA is three times lower in AD
patients than in older people who are not suffering
from AD. Even daily rthythm of vasopressin mRNA,
decrease significantly in patients with AD (Liu et al,
2000).

It has even been found that the betal-adrenergic
receptors of mRNA disappear and simultaneously the
expression and activity of the gene of monoamine
oxidase (MAOQO) is increased in patients with AD.
This fact suggests that the deregulation of the
noradrenergic neuroses and depletion of serotonin,
which is a precursor of melatonin, would be
responsible for the loss rate and the reduced levels of
melatonin in AD (Wu et al, 2007). Changes in other
circadian rhythms associated with aging are the
regulation of core body temperature, cortisol, blood
pressure, testosterone secretion and levels of beta-
endorphin (Swaab, 2003). The findings show that the
changes observed the rhythm of melatonin may be
part of a general effect of aging or SCN and
adjustment.

Studies show that older people are exposed to lower
light levels in their daily life (Van Someren et al,
2002).The ability of the lens to transmit light, is
decreased progressively during the course of aging,
which can also contributes to the disorder production
of melatonin and circadian disorders in the elderly
people (Charman, 2003). The retina and optic nerve
present degenerative alterations in AD, but without
the appearance of neurofibrillary tangles, neuritic
plaques or amyloid angiopathy. Moreover, age-
related maculopathy is associated with AD. It has
been found that glaucoma is five times more frequent
in AD patients compared with other elderly people
without AD (Bayer & Ferrari, 2002).A programmed
intense light exposure can be used to treat circadian
nature of disorders and related disorders sleep in the
elderly people (Klerman et al, 2001). In patients with
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AD, treatment with exposure to intense light
increased the secretion of melatonin, improved the
disorder of sleep-wake rhythm and behavioral
disturbances, such as wandering, stimulation and
delirium (Singer et al, 2003; Yamadera et al, 2000).
Furthermore, seems to improved cognitive state of
patients with AD (Graf et al, 2001), especially in the
early stages of the disease (Yamadera et al, 2000).

The disturbed sleep-wake cycle that is presented in
the elderly people, it is even more pronounced in
patients with AD. Many patients with AD often
suffer from circadian disorders associated with
behavioral disturbances, such as agitation of the day
and night concern (Martin et al, 2000). Furthermore,
nocturnal insomnia and wandering in AD patients
often pose unbearable problems for caregivers and
are the main causes of institutionalization of these
individuals. A diachronic eight years term study in
adults showed that chronic insomnia associated with
AD. Patients who began the study with normal
cognition and comorbid insomnia led faster to
dementia compared with patients without insomnia
(Osorio et al, 2011). This study provides important
data for humans, as chronic sleep-wake disorder
could increase the risk of developing AD. However,
there is no successful pharmaceutical therapy for
circadian disturbances in AD until now. Hypnotic or
antipsychotic medication is only slightly effective for
the alleviation of circadian disorders, while sleep-
wake cycle disturbances may even be aggravated by
a classic neuroleptic therapy, such as administration
of haloperidol (Wirz-Justice et al, 2000).

The patients with AD also report feelings of
happiness and sadness, depending on the situations
experienced, despite the disruption of declarative
memory for the events that initially cause the
emotional state (Blessing et al, 2006, 2012; Evans-
Roberts & Turnbull, 2011). Specifically, the patients
with AD affected emotionally by events in their
lives, although not able to remember, actually
happening phenomenon "feelings without memory".
This likely indicates the relatively conserved function
of the amygdale, but further study is necessary for
understanding of the neuroanatomical struts
(Guzman-Vélez, 2014).

Amyloid peptide

The accumulation of beta amyloid peptide and its
oligomers, may produce sequential inflammatory -
oxidative reaction and excitotoxicity, causing
neurodegeneration and cognitive dysfunction. The
beta amyloid has been shown to act as a pro-
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inflammatory  agent, by activating further
inflammatory processes (Tuppo & Arias, 2005). The
deposition of amyloid in the preclinical stage of AD
appears to be associated with a worse quality of
sleep. Clinically, it has been found that chronic sleep
deprivation increases the plaque formation, while the
increased hours of sleep reduce that formation (Kang
et al, 2009). The beta amyloid is getting increased
during wakefulness and decreased during sleep.
Therefore, sleep abnormalities could increase the
soluble amyloid levels in long term, which entails
increased accumulation of amyloid plaques, further
disrupting sleep and then symptomatic AD (Huang et
al, 2012). In one study, in a transgenic mouse model
was reported that the administration of melatonin
increased the survival and inhibited the oxidative
properties of amyloid (Matsubara et al, 2003).

Melatonin and sleep disorders

Exogenous melatonin administration may improve
both quality and sleep duration. In patients suffering
from insomnia, melatonin appears to induce the onset
of sleep. Despite that fact, its hypnotic action is mild
(Cardinali et al, 2011). The benefits of melatonin
compared to other sleep-inducing agents are: the lack
of headache in the morning, the absence of
withdrawal symptoms and addiction (Hardeland et al,
2008; Srinivasan et al, 2008). Melatonin has a short
half-life and as mentioned before a mild hypnotic
action. Therefore, melatonin’s alternative
medication, like ramelteon and agomelatine are
chosen (Hardeland et al, 2008). The ramelteon has a
high affinity for melatonin receptors MT1 and MT2
in the SCN and a longer half life. It has been also
used successfully for the insomnia treatment.
Agomelatine has high affinity for melatonin
receptors MT1 and MT2 in the SCN, acts as an
antagonist of serotonin and has hypnotic and
antidepressant activity (Kostoglou, 2013).

Melatonin and circadian rhythm

Data from clinical studies indicate that, at therapeutic
level, as well as preventive, melatonin supplements
may be used for the sleep disorders treatment and
resynchronization of circadian rhythms. Melatonin
can also be used in blindness or in cyclic working
hours (Kostologlou, 2013). Additionally, it may be
proved very useful in seasonal emotional disorder
(Coogan & Thorne, 2011). It acts on MT1 and MT2
receptors in the SCN of the hypothalamus, the main
site of the circadian regulator (Kostoglou, 2013).
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Melatonin and antioxidant

Melatonin is a general antioxidant. It effectively
protects neuronal cells from the toxicity of beta
amyloid through its antioxidant and anti-amyloid
properties. Not only inhibits beta amyloid peptide but
also interrupts the formation of amyloid fibrils. As an
antioxidant, melatonin binds strongly toxic hydroxyl
and superoxide radicals (Kostoglou, 2013). It
protects the living organisms from oxidative stress
even at low concentration (Kostoglou, 2013). Intense
oxidative stress results in an acute reduction of
circulating levels of melatonin (Galano et al, 2011).

Melatonin and neurodegenerative disorders

In uncontrolled studies, administration of melatonin
has been proposed to improve the circadian rhythm
in patients with AD, because of the reduction of
disruptive behavior and confusion (Cohen-Mansfield
et al, 2000; Bruscko et al, 2000) and its beneficial
effects on the functioning memory and cognition
(Reiter et al, 2002). In patients with AD, have been
observed disturbances in melatonin secretion and
biological rhythm disorders, changes which may be
associated with retinal degeneration -SCN-epiphysis
and melatonin secretion disruption by the
sympathetic system. Melatonin can be used
therapeutically to prevent the histological changes in
AD (Olcese et al, 2009).

Other non-pharmacological means

In recent years, there has been particular interest in
the potential benefits of physical activity on health,
in both healthy elderly and patients with AD. This
interest mainly derives from the large integrated
studies, which have shown a significant reduction
AD risk in physically active individuals. Conversely,
sedentary lifestyle is one of the biggest risk factors
for age-related disorders (Waldemar & Hasselbalch,
2014). An increased level of physical activity
improves circadian rhythm in healthy elderly subjects
as found after a three (3) month period of exercising.
The low intensity exercise induces the production of
melatonin in patients with AD (Kostoglou, 2013).
Furthermore, it has been found that individuals with
AD could improve memory function through
physical exercise. Emotional changes, such as stress
reduction, personal stories sharing and positive
attitude to exercise and disease, were also observed.
Finally, these kinds of patients are better socialized
(Wu et al, 2014).
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Literature Review of Studies

Melatonin is an essential hormone for the circadian
system which improves the cognition and therefore
the memory, probably by protecting the organism
against the oxidative stress and the neuroprotective
capacity (Pappolla, 2000; Reiter et al, 2002).
Secretion of melatonin tends to be reduced in elderly
patients but even more in patients with AD. In elder
people, the level of melatonin is decreased in the
pineal gland, plasma and urine, as a 6-
hydroxymelatonin, especially during the night
(Swaab, 2003). In some studies, age-related
differences in the melatonin levels were not
statistically significant (Zhou et al, 2003). Some
researchers found a linking degeneration and
calcification of epiphysis al reducing melatonin
(Dufty et al, 2002). However, one study found that
the pineal gland of patients with AD has some
molecular changes but no changes in weight, total
protein content, or calcification (Wu et al, 2003).
Circadian melatonin interruption caused by dementia
may have physiological effects in the pathology of
AD. In some clinical studies which investigated the
effects of melatonin on cognitive function, no clear
results were found. In another study made in patients
with AD, which was performed to investigate the
effect of melatonin, showed no improvement in
cognition and behavior and had only minor effects on
sleep quality (Singer et al, 2003). In another study
made in patients with mild cognitive impairment
showed improvement in cognitive performance (Peck
et al, 2004). Some scholars have linked the severity
of mental dysfunction with decreased secretion of
melatonin. For this reason, the nocturnal levels of
melatonin levels are reduced selectively in patients
with AD, depending on the emotional state (Ferrari et
al, 2000).

It has been found that the accumulation of amyloid in
the preclinical stage of AD can be associated with a
worse quality of sleep, certainly not to changes in the
amount of sleep (Ju et al, 2013). Chronic lack of
sleep increases the plaque formation, while the
longer sleep duration by administering an appetite
receptor antagonist reduces that formation (Kang et
al, 2009). So, further research is needed regarding
this topic, as the additional accumulation of beta
amyloid peptide hinders cognitive function and
therefore the quality of life of these people,
aggravating their situation. The beta amyloid, is
generally considered to play an important role in
promoting neuronal degeneration, making neurons
more vulnerable to increases in the levels of
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oxidative stress and disturbances in cellular energy
metabolism occurring with age (Selkoe, 2004). Many
studies, carried out both in vivo and in vitro, found a
reduction of beta amyloid by administering
melatonin. Of course, in an in vivo study, which was
given melatonin in the fourteenth month (14) in old
mice, not only failed to lift the deposition of existing
amyloid plaques but also failed to prevent further
deposition (Quinn et al, 2005). This difference
between the studies, are probably due to the time of
entry administration of melatonin.

In a study, conducted in patients with AD and
coexisting sleep disorders, ramelteon, which is a
derivative melatonin, was given to nine hundred(209)
participants, melatonin ,thirty (30) participants,
trazodone and seventy-four (74) participants. Patients
who received melatonin and trazodone had moderate
to severe AD, patients who received ramelteon had
mild to moderate AD. There was no statistically
important difference between sleep efficiency,
number of nocturnal awakenings, cognitive or
performance of activities of daily life and the
administetion of melatonin and ramelteon.
Nevertheless, there were no serious adverse drug
reactions. A small dose of trazodone, improved the
overall time and sleep efficiency. Therefore, this
study demonstrates that melatonin is beneficial for
patients with moderate to severe AD and coexisting
sleep problems. There is a lack of evidence, as there
are not many randomized trials of drugs made.
Benzodiazepines and non-benzodiazepine hypnotics
are often administered, although there is considerable
uncertainty about the balance of benefits and risks
associated with these common treatments (McCleery
et al, 2014).Therefore, further study is needed.

Additional exposure to bright light in the morning
showed beneficial effects on sleep quality and day
time vigilance in the elderly (Yamadera et al,
2000).What is more, the secretion of melatonin was
significantly increased in elder people, at levels
similar to those in young adults (Mishima et al, 2001)
and threat of body temperature was also improved
(Klerman et al, 2001).

It has been found that physical activity plays a
protective role against psychological symptoms and
symptoms of behavior in AD, such as stress and lack
of exploration. Exercise and melatonin also play a
protective role against cognitive impairment, cerebral
oxidative stress and contribute to the reduction of
mitochondrial DNA (mtDNA). It has also been found
that only the combined treatment of physical activity
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and melatonin can effective reduction the
mitochondrial complexes (Garcia-Mesa, 2011).
Studies have shown a correlation between physical
activity and biology of the brain. Specifically
physical exercise is positively correlated with cardiac
capacity, improving cerebral blood flow and blood
volume in the dentate helical, indicating possibly
increased neurogenesis (Colcombe, 2003; 2004).
Regular physical activity has also been associated
with  reduced inflammation and increased
concentration of  various neurotransmitters
(Scarmeas, 2009). A study conducted on mice
showed that exercise reduces the cortical amyloid
burden, possibly through a change in the processing
of amyloid precursor protein (Adlard, 2005). In
addition to physical activity, crucial is the role of
proper nutrition in the disease process. Specifically,
it has been suggested that the Mediterranean diet is
very effective due to its beneficial ingredients. The
combination of fish, fruit and vegetables, which are
rich in antioxidants such as vitamin C, vitamin E,
flavonoids and products rich in unsaturated fatty
acids such as olive oil and olives, help the reduction
of the AD risk. The Mediterranean diet substantially
reduces oxidative stress and inflammation,
characteristics involved in the pathogenesis of the
disease (Scarmeas, 2006).

Finally, it is important to be mentioned that patients
with AD, usually live in community with their family
carers’ help. This fact makes necessary the carers’
training in supporting patients with dementia.
Counselling, physiological support, cognitive and
behavioral intervention through occupational therapy
play a crucial role for both patient and carer. In other
words, not only psychological morbidity is reduced
but also general mental health is improved.
Controversial are the effects of a short-break in care,
as carers are likely to receive it, but its long term
results are unclear. In any case, the carers training
and support remains essential for three reasons, better
quality of life, better mood and health for both
patients and carers (Robinson et al, 2010). These
family members face distinct challenges concern for
patients with AD and may experience compassion
fatigue: the combination of  helplessness,
hopelessness, an inability to be empathic, and a sense
of isolation resulting from prolonged exposure to
perceived suffering (Day et al, 2014).

Conclusions

Melatonin is a hormone with multiple actions. It is
involved in the regulation of biological rhythms, in
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sleep regulation and it has also strong antioxidant and
anti- amyloid activity. It protects the organism from
neurodegenerative disorders. In other words it is easy
to understand why melatonin can be used
therapeutically for the management of insomnia,
synchronization of circadian rhythms and the
inhibition of AD progression. It is important to
mention is that there are no serious side effects
caused by this therapeutical measure. Furthermore,
measurement of the melatonin levels can be used as a
prognostic  indicator in  AD. Other non-
pharmaceutical agents like regular exercise and the
adoption of a balanced diet are also essential for the
prevention and treatment of disease. Finally, it is
worth mentioning the need for further study on the
exact pharmaceutical efficacy of melatonin and its
derivatives, due to the short half-life in patients with
AD and coexisting sleep disorders. The treatment of
sleep disorders in these patients is an important part
of care. Sleep problems are associated with increased
risk of depression and consequently poor quality of
life.
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