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Melatonin Improves Cognitive Impairment
in Alzheimer’s Disease
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Melatonin is synthesized in the pineal gland, retina, and organs. Melatonin has a variety of physi-
ological functions on free radicals, circadian rhythms, immune system. In addition, melatonin is
relevant for various pathologies in central nervous system disorders such as cerebral ischemia and
Alzheimer’s disease (AD). Particularly, AD has hallmarks including both aggregation of senile
plaques derived from amyloid beta peptides and neurofibrillary tangles, especially in hippocam-
pus or cerebral cortex relevant to learning and memory. In addition, insulin signal dysfunction re-
sulted in cognitive decline is a typical pathology in AD brain. Decreased melatonin in cerebrospi-
nal fluid is observed in AD patients. Melatonin has the ability to regulate amyloid precursor protein
metabolism and prevent A pathology. Moreover, melatonin is involved in insulin secretion in ani-
mals and humans and melatonin receptor deficiency influences insulin resistance in brain. In con-
clusion, melatonin contributes to improvement of learning and memory processing in AD. Thus,
melatonin may serve as a potential therapeutic factor for cognitive decline in AD. Here, we aim to
summarize recent studies that suggest the relationship between melatonin and cognitive impair-
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ment in AD.

Introduction

Melatonin is a hormone synthesized and secreted in the pi-
neal gland and in a number of peripheral organs and tissues."?
Melatonin has a variety of physiological functions including
clearing free radicals, regulating circadian rhythms, improving
immune responses, modulating autophagy, and regulating in-
sulin signal pathway in the central nervous system (CNS).”"
By virtue of its amphiphilicity, melatonin can easily cross the
blood-brain barrier'"'? and can enter the CNS and the cerebro-
spinal fluid (CSF) via the choroid plexus.” In Alzheimer’s dis-
ease (AD) patients, decreased melatonin in CSF and the loss of
melatonin diurnal rhythm are observed."" Several studies
suggest that a reduced CSF melatonin level serves as an early
marker for the very first stages of AD."*"*"” The action of mela-
tonin is transmitted through the activation of two specific
transmembrane receptors, namely melatonin receptor 1 (MT1)
and melatonin receptor 2 (MT2).”>** These melatonin recep-
tors are strongly involved in insulin pathway.”*” Previous stud-
ies demonstrated that cognitive decline in AD relates with am-
yloid beta (Ap) aggregation and insulin signal dysfunction.”>***
Melatonin decreases in patients with AD and melatonin treat-
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ment enhances the various pathologies in patients with AD."*"**
Specifically, melatonin reduces Ap-induced learning and
memory impairment in rats and human by inhibiting aggrega-
tion of AB.*** In addition, melatonin is involved in insulin sig-
nal pathway and improves insulin resistance in AD.”*** In
conclusion, melatonin contributes to improvement of cognitive
impairment in AD."** Thus, melatonin is a potential target to
cure learning and memory dysfunction in AD.

The Importance of Melatonin
Receptor in Alzheimer’s Disease

Melatonin controls various physiological functions by bind-
ing to the specific G protein-coupled receptors, MT1 and MT2
which are widely distributed in the CNS.” In addition, MT1
and MT2 express in the islet of Langerhans of rats® and hu-
mans” and involve in glucose regulation in other organs such
as mouse hepatocytes.””** In AD patients, Savaskan et al. dem-
onstrates that MT2 expression decreases and MT1 expression
increases in the hippocampus and also suggests that two mela-
tonin receptor subtypes appear to be differentially affected by
the course of AD.** Mitochondrial dysfunction is commonly
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observed in postmortem brains of AD patients and contributes
to cognitive dysfunction in AD patients.” The MT2 signaling
contributes to the restoration of Ap-mediated mitochondrial
dysfunction. Treatment that stimulate MT?2 signaling is benefi-
cial for restoring mitochondrial function in AD and for delay-
ing progression of cognitive dysfunction in AD.” Hence, mela-
tonin receptors are strongly relevant for cognitive dysfunction
in AD.

The Relationship between Melatonin
and AB Pathology

AR, composing 39-43 amino acid residues derived from am-
yloid precursor protein (APP), plays a crucial role in the patho-
genesis of AD."" AP also regulates insulin signaling in the
brain. Soluble AP binds to the insulin receptor and disrupts its
signaling capacity and induces neuronal insulin resistance in
AD.” Insulin like growth factor 1 administration results in de-
creased AP levels in brains of AD mouse models accompanied
by elevated AR levels in the CSE*' Administration of melatonin
efficiently attenuates AP generation and deposition both in
** and in vitro.”**** Melatonin inhibits AP generation in
mouse neuroblastoma N2a cells harboring APP695.** Mela-
tonin interacts with AB40 and AP42 and interrupts the pro-

Vivo

gressive formation of -sheet and amyloid fibrils.”*** In addi-
tion, PKC activity increases soluble APP secretion and involve
the activation of the secretases that mediated APP cleavage.
Several studies indicate the inhibitory regulation by GSK-3 in-
hibition on AP generation.”*' The inhibition of GSK-3 and up
regulation of c-Jun N-terminal kinase resulted in elevated ma-
trix metalloprotease activity and increased degradation of Ap.*
Assuming that melatonin treatment arrests AD by targeting
the activated GSK-3p,” melatonin regulates APP processing
through the PKC and GSK-3 pathways known as the signal
pathway increasing AP generation. Thus, melatonin has the
ability to regulate APP metabolism and prevent AP pathology
in AD.

The Relationship between Melatonin
and Insulin Resistance

In AD, brain insulin resistance was demonstrated and was
associated with clinical symptoms of cognitive decline.” Pa-
tients with AD show lower insulin levels in CSE higher plasma
insulin levels, and reduced CSF to plasma insulin ratios com-
pared to healthy controls.” Insulin degrading enzyme knock-
out mice also have reduced insulin in brain as well as muted
degradation of AB and insulin in brain.”**** Several studies
demonstrate that melatonin influences insulin secretion in ani-
mals.**® Robeva et al. confirmed a significant relationship be-
tween melatonin and insulin levels in patients with multiple
sclerosis.” Previous studies also demonstrates that melatonin

8 Vascular Neurology 2013;5:7-11

receptor deficiency influences on insulin signal pathway in
knock-out mouse models with targeted deletions of MT1,
MT2 and MT1/MT?2 (double-knockout) receptors.”””" In addi-
tion, altered regulation of insulin secretion and glucose ho-
moeostasis has been detected in melatonin receptor knockout
mice.” Hence, melatonin is associated with insulin resistance
in AD brain.

The Therapeutic Effect of Melatonin
for Cognitive Impairment in AD

Recent studies show the evidences that melatonin plays an
important role in modulating learning and memory process-
ing.””” Several studies indicate that melatonin treatment pro-
tected against cognitive impairment in a transgenic mouse
model of AD.*”° In both rat models and human studies, acute
insulin administration reliably improves learning and memory
function.”**! Insulin also regulates the expression of the neu-
rotransmitters such as acetylcholine and norepinephrine influ-
encing cognition.””® Further, insulin acts to increase cortical
cerebral glucose metabolism in brain regions important for
learning and memory.”” As mentioned relationship between
melatonin and insulin, melatonin modulates insulin signal
mechanism and finally contributes to learning and memory
dysfunction in AD. Melatonin administration is also reported
to attenuate Af-induced learning and memory impairment in
rats, along with a significant decrease in positive glial cells ex-
pressing NF-kB-induced IL-1p in addition to complement 1q
in hippocampus.” Melatonin supplementation slows down the
progression of cognitive impairment in AD patients.”** Melato-
nin is involved in memory formation in the hippocampus® and
structural remodeling of synaptic connections during memory
and learning processes.” In conclusion, melatonin attenuates
learning and memory dysfunction in AD.

Conclusions

Melatonin has a variety of physiological functions in the
CNS. In AD, melatonin has the ability to regulate APP metab-
olism and prevent AP pathology. In addition, melatonin is in-
volved in insulin signal pathway and improves insulin resis-
tance in AD brain. By virtue of these effects, finally, melatonin
protects against cognitive impairment in AD. Hence, melato-
nin is a potential therapeutic target to improve cognitive im-
pairment in AD.
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