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Current View from Alzheimer Disease to Type 2 Diabetes Mellitus
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder that leads to memory problems. It has been
associated with type 2 diabetes mellitus at both the molecular and biochemical level. Pancreatic cells have molecular
similarities to the brain at the transcriptomic and proteomic levels. Several genes have been reported to be responsible for
both AD and diabetes. Currently, no proper treatment is available but various therapeutic approaches are utilized
worldwide for the management of these disorders and may be nanoparticles and herbal treatment of Bacopa monnieri will
make promise for the treatment of AD in future. The formation of amyloids in neurons and the formation of amylin in
pancreatic cells are potential links between these two disorders, which can be silent killers.
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1. BACKGROUND

AD is a neurodegenerative disease that is also the most
common cause of dementia or mental deterioration among
the population aged 65 years and older. It was discovered in
1906 by Alois Alzheimer, after whom the disease is named.
It is believed that, currently, approximately 35 million
people are suffering from AD worldwide [1]. The main
features of AD are progressive and irreversible loss of
memory and dementia, which occur due to the destructive
and negative function of the parasympathetic neurons in the
hippocampus and the cortex. The clinical attributes for the
disorder are destruction of cognitive ability and impairment
of short- and long-term memories [2].

In diabetes, the islets of Langerhans have a loss of beta
cells and form islet amyloid, which is derived from islet
amyloid polypeptide, a protein usually co-expressed and
secreted with insulin (two peptidic chains joined by two
disulfide bonds) by pancreatic B-cells [3]. Brain dysfunction
in the case of AD is characterized by amyloid deposits that
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are composed of locally expressed amyloid B protein, which
occurs due to the neuronal pathology [2]. The pervasiveness
and frequency of both type 2 diabetes (T2DM) and AD
increases with age, and genetic variations play a role in the
pathogenesis of both. The appearance of resistance to insulin
in T2DM may be linked to the appearance of higher rates of
AD. For example, impaired glucose tolerance is reported to
be associated with vascular dementia, while insulin
resistance and impaired insulin secretion are associated with
a higher risk of dementia and cognitive impairment [4].

2. PREVALENCE

An estimated 35.6 million people had dementia (memory
disorder) worldwide in 2010. It is estimated that this figure
will double every 20 years, reaching an estimated 65.7
million by 2030 and 115.4 million by 2050. It has been
predicted that 5.2 million Americans of all ages currently
have AD, of which 5 million are 65 years of age and older
[5]. Based on the World Alzheimer’s Report in 2010, the
prevalence of AD in the Middle East (2010) was 3.7%.
There will be a 125% increase from 2010 to 2030. Moreover,
there is a projected increase by 2050 of 438% [6].

The large-scale scourge of people who have T2DM is
mainly due to population growth, urbanization, aging, obesity
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and physical inactivity. Internationally, the total number of
people who have T2DM is likely to increase from 171 million
in 2000 to 366 million by 2030. The prevalence of T2DM has
increased dramatically in the Arabic-speaking countries over
the last three decades, an increase that corresponds to
increased industrial development. As many as six Arabic-
speaking countries have the world’s highest T2DM
prevalence; this includes Kuwait (21.2%), Lebanon (20.1%),
Qatar (20.1%), Saudi Arabia (20.0%), Bahrain (19.8%) and
the United Arab Emirates (19.2%). Furthermore, an estimated
9.1% of the population from the Middle East or North Africa
had T2DM (32.8 millions) in 2011, and this figure is projected
to reach 60 million by 2030 [7].

Evidence advocates that patients with type 2 diabetes are at
an increased threat of getting AD, moreover, hyperinsulinaemia
and insulin resistance can lead to impairment of memory [8-10].
A study was conducted [11] on two new mouse models that
give an idea of potential underlying mechanisms that link AD
and T2D. Low levels of insulin and insulin sensitivity was
observed to contribute in decreasing synthesis of acetylcholine
that leads to AD [12]. Both AD and Diabetes showed co-locali-
zation of Islet Brain-1, c-Jun N-terminal Kinase and hyper-
phosphorylation of tau with amyloid deposits [13]. Miklossy et
al., [14] found hyperphosphorylated tau and islet amyloid
polypeptide in islet cells of the pancreas in diabetes type 2.

3. PATHOLOGY

AD is characterized by regular pathological findings that
include signs of amyloid-beta deposits, oxidative stress (OS)
and neurofibrillary tangles (NFTs). Weakened or impaired
insulin signaling also considerably contribute to the
pathogenesis of AD and lead to the notion that it is a
neuroendocrine  disease [15]. Amyloid Dbeta-derived
diffusible ligands (ADDLs), which are also neurotoxins,
have been suspected to underlie impaired insulin signaling
[16]. This study investigated the brains of patients who had
AD at varying Braak stages of neurodegeneration. It reported
that insulin expression was inversely correlated to the Braak
stage, and there was an 80% decrease in the number of
insulin receptors in AD patients when compared to normal
individuals. Moreover, there were decreased levels of
messenger ribonucleic acid (mRNA) for insulin, insulin-like
growth factor-1 (IGF-1) and their receptors. Additionally, a
reduction of the tau protein was observed, levels of which
are regulated by insulin and IGF-1 [12, 17].

Insulin is secreted by the p-cells of the pancreas and is
released into the circulatory system through the portal vein
and catalyzed by insulin degrading enzyme (IDE) in the
liver, kidneys and muscles [18]. Insulin located within the
brain is of pancreatic origin, although there is some
discussion about a quantity that could be produced de novo
within the central nervous system (CNS) [19]. Insulin
influences the function of the hypothalamus and possibly the
function of other brain regions. Insulin also plays a vital role
in many neurological disorders (Fig. 1). The most important
recognized biological function of insulin in the brain is the
control of food intake by acting on insulin receptors located
in various brain regions, which can affect cognitive function
including memory [20].
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Insulin receptors in areas of the brain are accountable for
cognition because insulin activates signaling pathways
related with long-term learning and memory [21]. The
decreases in glucose utilization of neurons and impaired
insulin function have been implicated in memory
impairment. Normally, insulin, which plays a vital role in
memory processing, can cross the blood-brain barrier and
can even, be present in brain tissue itself [22]. However,
insulin levels and insulin receptors were decreased in
neurons from AD patients when compared to neurons from
non-demented patients. Insulin receptors are spread over
cognitive regions of the brain and play a vital role in binding
to insulin in various areas of the brain (cerebral cortex,
hypothalamus, cerebellum, hippocampus and olfactory bulb).
Therefore, insulin plays a vital role, directly and indirectly,
in cognition [22]. Moreover, AD is characterized by both
low levels of insulin and insulin resistance within the CNS.
In contrast, T2DM is characterized by high levels of insulin
and insulin resistance involving the areas outside of the
CNS. Both insulin resistance and hyperinsulinemia cause a
reduction in brain insulin levels [23].

Insulin receptors found in the brain is reported to be
different from insulin receptors found in the peripheral part
of the body in size, insulin-binding specifics and during
glycosylation process [24, 25]. Insulin receptors in brain are
haphazardly and extensively distributed throughout the CNS
in distinctive patterns, with higher concentrations found in
the cerebral cortex, olfactory bulb, cerebellum,
hypothalamus and choroid plexus [25].

Moreover, de la Monte et al., [17] examined postmortem
brain tissue of AD patients and found that AD may be a
neuroendocrine disease linked with insulin signaling. The
term type 3 diabetes was coined for such state of disease
because it showed both types 1 and 2 diabetes, in other
words there was a decrease in the synthesis of insulin and
resistance to insulin receptors [12, 15].

Energy metabolism of neurons, neuronal survival and
neuronal plasticity play major roles in memory and learning
[26], and such processes are facilitated by insulin. In
addition, insulin also plays a functional role as a growth
factor for all cells, including CNS neurons. Insulin resistance
or a lack of insulin, in addition to unfavorably affecting
blood sugar levels, contributes to  progressive
neurodegeneration. In the presence of high levels of insulin
and B-amyloid peptide, which is built up in the brains of AD
patients, are regulated [26, 27]. However, exaggerated
increases of plasma insulin levels amplify amyloid peptide
levels in the cerebrospinal fluid, which results in memory
impairment [26-28]. The accurate pathological imperfections
in AD are mysterious, but widespread studies correlate AD
with build-up of soluble B -amyloid oligomers or NFTs or
insoluble plaques [29, 30]. One of the greatest risk factors
for AD is increase in age [25, 29, 30]. The B -Amyloid
[(39-43 amino acid sequence formed by cleavage of amyloid
precursor protein (APP)] is a normal and naturally occurring
transmembrane glycoprotein, which does not have an
identified function [25]. NFTs are hyperphosphorylated tau
proteins linked with microtubules in the axons of neurons
[31].
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Fig. (1). Insulin dysfunction and CNS problems.

4. MITOCHONDRIA DYSFUNCTION AND OS

OS and mitochondrial dysfunction play key roles in the
pathogenesis of both AD and T2DM, and therefore, these
mechanisms offer a possible link between the two diseases
[109]. In T2DM, there is increased OS and decreased
antioxidant capacity [32] that particularly affects
mitochondria, which can lead to neuronal damage [33].
Mitochondria provide approximately 90% of the adenosine
triphosphate required for the normal functioning of neurons
and mitochondrial dysfunction results in the loss of
metabolic ability and neural degeneration. Because the CNS
mainly relies upon adenosine triphosphate production for
energy, it is more predisposed to this dysfunction compared
to other systems in the body [34, 35].

5. ADDLs

ADDLs are oligomers comparable in size and
morphology to prion aggregates that are also associated with
neurodegenerative disease. ADDLs are associated with
reduced insulin levels and insulin resistance in the brains of
AD patients. They are more diffusible and injurious than
amyloid plaques [16]. A schematic representation explaining
the role of ADDLs in AD is explained in Fig. (2).

Under physiological conditions, insulin binds to receptors
at neuronal synapses and facilitates memory development.
ADDLSs can interrupt synaptic communication by binding to
the synapse and causing dysfunction. Furthermore, the
structure and shape of the synapse is distorted preventing the
normal binding of insulin. This process may interrupt signal
transduction and results in insulin resistance. ADDLs have
been observed to decrease the plasticity of the synapse, cause
oxidative damage, potentiate synapse loss and result in AD
type 2 hyperphosphorylation, which are all possible links to
AD (Fig. 3) [36].

6. INSULIN-DEGRADING ENZYME (IDE)

Two substrates of IDE (previously known as insulinase),
insulin and amyloid B -protein (AP), are significantly

involved in the pathogenesis of T2DM and AD, respectively.
IDE has been identified as a principal regulator of Ap levels
in microglial and neuronal cells [38]. IDE is an entity that
potentially underlies an association between T2DM and AD.
IDE consists of a 110 kDa zinc metalloendopeptidase present
in liver extracts. IDE is greatly expressed in the brain,
muscle, and testis and in the hepatocytes. IDE is mainly
cytosolic, with smaller quantities detected in the
endoplasmic reticulum, peroxisomes and plasma membranes
[39]. Numerous peptides with molecular weights of 3-10
kDa including insulin, amylin, IGF-I, IGF-II and B-amyloid
have been revealed to be substrates of IDE. These peptide
substrates have little to no homology between their primary
amino acid sequences; however, they have a comparable
secondary structure with amyloidogenic nature [40]. A small
fraction (up to 10%) of the total IDE is usually transported to
the extracellular space, most likely by an unconventional
protein secretion passageway, despite the lack of a typical
signal peptide [41]. The levels of IDE protein and transcripts
are reduced in the hippocampus of AD patients who have the
apolipoprotein E (apoE)-¢4 allele when compared to those
who do not have this allele [42]. Recently, a report revealed
that p amyloid degradation by IDE outside the cell is
facilitated by apoE [43]. A similar region of chromosome 10
is genetically associated with T2DM [44].

Several experimental observations have recognized that
IDE is also involved in a wide variety of pathological
processes including ubiquitin clearance and infection of the
varicella zoster virus. A study [45] was conducted to observe
the behavior of IDE in different stressful conditions in both
normal and malignant cells. Up-regulation of IDE in a heat

shock protein  (HSP)-like fashion was observed.
Furthermore, it was revealed that
. IDE was over-expressed in vivo in tumors of the CNS

. IDE-silencing  reduced the proliferation of
neuroblastoma cells and activated cell death

. IDE inhibition accompanies a decline of the poly-
ubiquitinated protein content
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Fig. (2). Role of ADDLs in pathogenesis of AD [9].

Fig. (3). Biochemical link between T2DM and AD [37].

A newly described function for IDE as a heat shock
protein has significant cell growth regulation and cancer
progression, indicating the role of IDE as an anticancer
target [45].

7. MOLECULARITY

It has been reported that as many as three different genes
are associated with the etiology of early-onset AD (EOAD; a
familial disease): (1) the presenilin-1 (PS1) gene on chromo-
some 14, (2) the presenilin-2 (PS2) gene located on chromo-
some 1 and (3) the APP-gene located on chromosome 21.
ApoE, which is located on chromosome 19, has been repor-
ted to be an important risk factor for sporadic AD [46-48]
(Table 1).

Table 1. Genes and Chromosomes Related to AD
Genes Chromosome
APP 21
PS1 14
PS2 1
ApoE 19

EOAD is linked to mutations on chromosomes 1, 14 and
21, indicating a strong genetic component [49]. Late-onset
AD appears to be associated with a gene located on
chromosome 19, which codes for the cholesterol transporter
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protein apoE. There are numerous alleles of the apoE gene of
which apoFE-¢2, apoE-e3 and apoEe4 occur most frequently.

AD is a complex disease and to date, a number of genes
that may increase the risk of developing the disease have
been revealed. The most recognizable link between AD and
genetics is in familial EOAD for which three genes
accounting for a major number of familial EOAD cases have
been identified. The APP gene encodes the APP, which is
cleaved to form AP. Mutations in the APP gene result in the
erroneous cleavage of the protein, producing a version of A}
that is more likely to form plaques [50]. Mutations in the
APP gene are responsible for 10%-15% of familial EOAD
cases [51]. Generally, the presenilin (PS) gene encode for
proteins that function in the cleavage of APP. Mutations in
both the PSI/ and PS2 genes result in erroneous cleavage of
APP and contribute to the development of familial EOAD
[50]. Mutations in the PSI gene account for 30%-70% of the
familial EOAD cases, and mutations in PS2 are thought to be
responsible for less than 5% of these cases [51]. Because
familial EOAD is inherited in an autosomal dominant
manner, the inheritance of a mutant allele of APP, PSI or
PS2 almost always results in the development of the disease
[51]. Children of an affected parent have a 50% possibility
of inheriting the mutation and developing the disease.
However, it is imperative to note that mutations in APP, PS1
and PS2 genes do not account for all cases of familial
EOAD, so there are most likely other genes that have not yet
been elucidated that could play a significant role in familial
EOAD. Furthermore, abnormalities in the allele of the
apolipoprotein E (ApoE) gene located on chromosome 19
have been implicated in not only EOAD but have also been
reported to augment the severity of hereditary and sporadic
AD [52].

Table 2. The Role of ApoE in AD (Adapted from Liu et al.,

(53D

Loss of Neuroprotective Role Due to ApoE Toxic Role of ApoE

Increased brain

Decreased synaptic action . .
ynap deterioration

Increased neuronal

Decreased glucose metabolism ..
toxicity

Increased amyloid

Decreased neurogenesis :
aggregation

Increased tangle

Decreased amyloid B clearance synthesis

Increased anomalous

Decreased vascular function . .
brain action

Mitochondrial dysfunction

Decreased lipid and cholesterol metabolisms

As far as neurons are concerned, insulin binds to the
insulin receptor’s B -subunit and activates tyrosine kinase
phosphorylation of that f -subunit, consequently leading to
the activation of several second-messenger transduction
pathways. The neural Shc/MAP (Shc homology collagen
mitogen-activated protein) kinase pathway stimulates the
gene expression necessary for neurons’ repair and
maintenance processes and the growth of synapses. It also
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serves as a modulator of hippocampal synaptic plasticity that
promotes learning and memory [54].

Another pathway involved is the binding of insulin
receptor substrates (IRS-1 and IRS-2) to phosphatidylinositol
3-kinase, which is essential for synaptic plasticity, memory
integration, extinction and recall of contextual memory and
AB-induced memory loss [55-57]. This pathway also
encourages the synthesis of nitric oxide, which plays a vital
role in learning and memory processes. Insulin receptors also
affect neurotransmission by phosphorylation of N-methyl-D-
Aspartate glutamate receptors (increasing the opening of the
associated calcium channels), by influencing the
internalization of the a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor and by recruiting gamma-
aminobutyric acid receptors to the postsynaptic sites [58].

The mechanisms that operate insulin resistance and AD
could be explained by the transcriptional factors e.g.
Forkhead/winged helix transcription factors (FOXO) which
are crucial contributors in cell survival, cell proliferation and
differentiation, arresting of cell cycle and apoptosis [59-61].
Hence, these transcription factors are major molecular
entities in cell death and cell survival pathways.
Transcriptional activity of FOXO is controlled by insulin
with help of the phosphatidylinositol 13-kinase/Alternative
kinase thymoma (Akt) signaling pathway. In presence of
insulin, activated Akt is transported to the nucleus where
directly phosphorylates FOXO [62]. Successive activation of
c-Jun N-terminal kinases and inhibition of Wingless
signaling possibly will effect in the formation of Amyloid 8
plaques and tau protein phosphorylation. Wingless signaling
inhibition might also outcome in a continuous activation of
FOXO proteins with stimulation of apoptosis and neuronal
loss or neurodegeneration [63]. FOXO transcription factors
are responsible for the insulin action and the cell responses
towards OS, in that way providing a potential centralizing
link between AD and insulin resistance [63].

8. AUTOPHAGY DYSFUNCTIONING

The autophagy pathway plays a vital role in the
degradation of long-lasting proteins and organelles in a cell.
Autophagy is an evolutionarily preserved process and is
activated in response to nutrient deprivation as well as to
endogenous and exogenous stresses. Various organisms,
including mammals, carry a comparable set of autophagy
related genes. Autophagy is a highly synchronized process
recognized to contribute to cellular cleaning by eliminating
intracellular components of lysosomes, thus further showing
an important role in cellular quality control. Autophagy
ensures that damaged or incorrectly synthesized proteins are
removed from the cells by degradation while avoiding the
destructive cellular consequences linked to accumulation of
malfunctioning proteins inside the cells. Autophagy may also
transform synaptic plasticity. This involves structural and
functional remodeling of nerve terminals and the trafficking,
degradation and recycling of receptors as well as other
synaptic proteins [64].

AD is characterized by two aggregate forms: tau tangles
and amyloid-B plaques in neurons. Autophagy has been
implicated in the pathogenesis of AD by its involvement
with the endosomal-lysosomal system, which plays a key
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role in the arrangement of the amyloid-p plaques. Analyzing
the role of autophagy in AD began because it was found
there is an association of the endosomal-lysosomal system in
AD pathogenesis and exclusively in AB-amyloidogenesis.
Numerous studies have documented that the endosomal-
lysosomal pathway is a central controller or regulator of APP
processing [65, 66].

The endocytic pathway facilitates a cell’s interaction with
its surrounding environment and plays a significant role in
the uptake of extracellular nutrients and regulation of surface
receptor expression. The arrangement of internalized
molecules occurs in the early endosome, which directs the
material back to the plasma membrane for recycling and
towards the trans-Golgi apparatus for additional processing
or to late endosomes and lysosomes for degradation [67].

The failure of autophagic pathways depends upon two
main aggravating factors, OS and aging. Aging may lead to a
decline in autophagosome development and the fusion of
autophagosome and lysosomes [68]. Moreover, it may lead
to lysosomal modifications such as enlarged lysosomal
volume, decreased lysosomal stability, intra-lysosomal
accretion of indigestible material such as lipofuscin and
altered activity of hydrolases [69]. These modifications are
dependable with a decrease in autophagy, more distinctively
macroautophagy. It results in a decrease of turnover of
intracellular components as well as a decrease in the ability
of cells to adjust to changes in the extracellular environment
[70]. Alternatively, OS burdens the macroautophagic system
— oxidized proteins and smashed organelles are engulfed by
autophagosomes that can become a cause of reactive oxygen
species inside the autophagosomes or lysosomes. Following
that, reactive oxygen species can react and damage
lysosomal hydrolases and/or other mechanisms that are
involved in the fusion of lysosomes and autophagosomes
resulting in the accretion of non-degraded products around
these cellular compartments.

If autophagy can directly degrade some cellular lipid
components, it is plausible that lipids can also directly excite
this process, particularly during lipotoxicity (the cytotoxic
effects of excessive fat accumulation in cells, but not in
adipocytes), and autophagy has been implicated as one of the
contributing factors to diseases such as non-alcoholic fatty
liver disease, obesity and diabetes [71]. T2DM patients are
characterized by an accumulation of autophagosomes, which
further implies an obstruction of autophagy in the pancreatic
B-cells [72]. In the presence of sufficient amount of
nutrients, insulin can activate class I phosphatidylinositol 3-
kinase proteins that can, with the help of the Akt pathway, in
turn amplify the signal to stimulate the mammalian target of
rapamycin, which restrains the activation of autophagy.

9. EPIGENETICS

The progressive damage or death of neurons can lead to
AD and Parkinson’s disease. Environmental factors have the
ability to damage the developing and mature nervous system,
resulting in neurodegenerative disorders. Epigenetics refers
to the regulation of deoxyribonucleic acid (DNA) sequences
that do not involve alteration of their actual base composit-
ion. These alterations include downstream modification of
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DNA and histones by methylation, acetylation and phospho-
rylation. Environmental factors, such as dietary folate intake
and heavy metals, agitate neurodegenerative genes by
epigenetic means, leading to distorted gene expression and
late-onset neurodegenerative disorders. Metabolic control
without help does not predict an individual’s danger for
diabetic complications [73].

Stable gene expression plays a crucial role in long-lasting
forms of memories [74], which are in part maintained by
chromatin-templated epigenetic processes [75]. Among the
epigenetic modifications identified in the nervous system,
histone acetylation has been unequivocally associated with
learning and memory [75]. Acetylation diminishes the
electrostatic affinity between neighboring histones and the
DNA within them and consequently can promote a more
open chromatin structure that allows for memory-related
gene transcription [76].

Understanding epigenetic mechanisms will likely permit
the ability to recognize novel remedial targets. Small
regulative RNAs or microRNAs are established regulators of
mammalian cell phenotype. They are involved in biological
functions related to the pathogenesis of diabetes such as
insulin secretion, immune response and metabolism
processes. Patterns of microRNA in a variety of cells and
tissues may offer functional disease biomarkers, while in
vivo management of precise subsets of small regulatory
RNAs may be employed for novel remedial strategies.
Studies have suggested that epigenetic mechanisms may play
a decisive role in the development of AD. Age-related
disorders demonstrate a range of modifications in the
anatomy of the brain and its function.

The irregular processing of APP and the hyperphos-
phorylation of tau protein that results in NFTs are pathol-
ogical characteristics of AD. Chemical alterations of the
DNA structure and related proteins as well as epigenetic
mechanisms can affect gene expression/transcription and
may play a role in the relation between genetic and
environmental factors when defining an individual’s
phenotype [77]. Vascular risk factors such as hyperinsuli-
nemia, hypertension, obesity and T2DM have been
associated with a higher risk of dementia and cognitive
impairment [78]. Social factors are also related to the risk of
AD [79]. A reduced risk of AD has repeatedly been
associated with dietary factors such as consumption of
vegetables and fruit, omega-3 fatty acids caloric, dietary
limit of calories as well as to physical activity [80].

Epigenetic variations can be propagated to new cells
either by mitosis or by meiosis; propagation through meiosis
will transfer these variations between generations.
Alterations can take place at specific gene loci in specific
cells to give distinct cellular phenotypes or can comprise
many genes in several cells, a mechanism implicated in the
synchronization of biological processes, such as develop-
ment and aging. Epigenetic alterations have the ability to
appear as genetic mutations. Epigenetic suppress-ion of
tumor suppressor genes can imitate the loss of function
mutations of tumor suppressor genes and both are conside-
rably linked to cancer development [81]. Epigenetic alterat-
ions can also exaggerate the effect of gene mutations [82].
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On the other hand, DNA methylation plays a crucial role
in both AD and T2DM. As far as diabetes is concerned,
several genetic factors including common variants as the
Peroxisome  Proliferator-activated  receptor ~ gamma
Coactivator, calpain 10, Peroxisome Proliferator-Activated
Receptor gamma and Transcription factor 7-like 2 genes
have been implicated with an increased risk of diabetes. The
interaction between environment and genes may be even
more intricate and involve epigenetic factors such as histone
acetylation and DNA methylation that can encourage the
development of T2DM. For example, cytosine residues at
CG dinucleotides are a possible site for DNA methylation,
and gene expression is frequently decreased when DNA
methylation takes place at a promoter region [83]. Hepatic
insulin resistance is an additional significant feature of both
aging and T2DM. Glucokinase is a key enzyme for glucose
utilization in hepatocytes, and its activity is diminished in the
hepatocytes of diabetic patients. Alterations in the
glucokinase gene can enhance the risk of getting a mono-
genic form of T2DM [84].

The Peroxisome Proliferator-Activated Receptor Gamma
Coactivator ~ 1-Aplpha  (PPARGCI1A, transcriptional
coactivator) synchronizes gene expression that activates the
metabolism of mitochondrial oxidation in several different
tissues [85]. On the other hand, DNA methylation of the
PPARGCI1A promoter is prominent in pancreatic islets from
patients with T2DM in contrast to those of healthy
individuals. PPARGCI1A expression is decreased in diabetic
islets, and the links are inversely proportional with the extent
of DNA methylation [86]. Notably, PPARGCI1A expression
is positively associated with glucose-stimulated insulin
secretion in human pancreatic islets, indicating that
epigenetic mechanisms may control gene expression and,
consequently, insulin secretion in human islets [86].

10. THE ROLE OF BUTYRYLCHOLINESTERASE
(BCHE) AND ACETYLCHOLINESTERASE (ACHE)

The levels of BChE are augmented in the cerebral cortex
of AD patients, especially in those having the €4 allele of the
apolipoprotein E gene (ApoE), and the presence of certain
BChE variants can predict increased AD risk and poor
response to anticholinesterase treatment. BChE and
acetylcholinesterase activities are connected to tangles and
plaques in AD. These diseased cholinesterases, with changed
properties, are reported to be involved in the formation of
plaques [87].

The activity of BChE in serum is correlated to serum
fasting triacylglycerol levels and insulin sensitivity in
patients who have type 1 diabetes mellitus or T2DM.
Interestingly, non-diabetic individuals who have a BChE
insufficiency have serum triacylglycerol levels in the normal
range, indicating that BChE may contribute to the difference
in lipoprotein metabolism in  hyper-triglyceridemia
associated with insulin resistance or insulin deficiency in
diabetes [88]. The levels of BChE and AChE were found to
be significantly higher in various parts of the brain in AD
patients. The higher activities of BChE and AChE have been
reported to contribute to a higher incidence of AD and to
also increase the number of neocortical and cortical amyloid-
rich NFTs and neuritic plaques among AD patients [89].
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In diabetes, there is enhanced OS due to an increase in
lipoxidation and glycoxidation products in both tissue and
plasma proteins. Among uremic diabetes patients, increased
carbonyl stress (carbonyl overload) will lead to increased
chemical variation of proteins by lipids and carbohydrates.
This may be caused by a widespread increase in the level of
reactive carbonyl precursors of advanced glycation and
lipoxidation end-products. Carbonyl stress may result from
an increase in substrate stress as well as a reduction in the
effectiveness of detoxification of reactive carbonyl
compounds, i.e., an imbalance between the rates of synthesis
and detoxification of reactive carbonyls.

11. NANOPARTICLES

In the management of neurological disorders,
encapsulation of nanoparticles has been explored for
transporting therapeutic molecules directly to the eye beyond
the blood retina barrier as well as to the CNS beyond the
blood-brain barrier. Applications for nanoparticles have been
extended to neurodegenerative diseases such as
Huntington’s, Parkinson’s and AD. Protein aggregation and
amyloid deposits are related to more than 40 different
diseases ranging from neurodegenerative diseases such as
AD and Parkinson’s disease to systemic amyloidosis, such as
T2DM [90-94]. Although amyloids occur naturally in the
body, the mechanism of their generation remains
unidentified; this poses a challenge for drug development
despite decades of research. Recently, a new class of
extremely small peptides developed by the Institute of
Bioengineering and Nanotechnology, encouraged other
researchers to consider this technology, which can provide
the necessary approach required to devise more effective
treatments for these diseases.

Micro and nanosized sensors can take advantage of a
wide range of technologies that most effectively sense a
targeted chemical or physical property. The use of
polyethylene glycol beads coated with fluorescent molecules
can help monitor blood sugar levels among diabetics. The
beads are introduced under the skin and reside in the
interstitial fluid. When glucose levels in the interstitial fluid
drop to dangerous levels the fluorescent molecules glow.
AD, breast cancer, types 1 diabetes, T2DM and major
depression are the four therapeutic clinical research
objectives of the Nano Axis LLC Technology and the new
Quantum Materials Corporation Alliance (New York, USA).
Currently, Nano Axis is developing new remedies and
diagnostics for the treatment, measurement and detection of
medical conditions and disorders including depression,
chronic pain, AD, diabetes, cancer and influenza.

Amyloids are composed of general polypeptide chains in
a stable structural state and as such could be employed as a
template for the improvement and manufacturing of new
self-organized nanomaterials such as nanowires [95-97].
Computational approaches based on nanoscience will help
determine the role of amyloids in biomedical disorders and
are a promising approach for understanding the functional
material properties of amyloids. Potential biological
nanotechnology applications come into sight at scales of
hundreds of nanometers and micrometers. Recently, gold
and silver nanoparticles have been developed as inhibitors of
protein glycation [98-101]. Gold nanoparticles have been
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found to successfully inhibit glycation of o -crystallins and
collagen, whereas silver nanoparticles can inhibit AGE-
induced retinal complications.

12. TREATMENT FOR AD AND T2DM

Currently, AD patients appear to benefit from
pharmacotherapy targeted for treating T2DM, and clinical
trials for the effectiveness of such treatments are still in
progress. There is no existing treatment available to stop or
decrease the decline of brain function. Currently available
drugs are only able to slow deterioration of symptoms for up
to 6-12 months, and even then have been effective in only
50% of the patients [102]. Tau phosphorylation in both AD
and T2DM plays a role in the stimulation of glycogen
synthase kinase-3 (GSK-3) which in turn phosphorylates
glycogen synthase in the rate-limiting step of glycogen
biosynthesis [103-105]. GSK-3 plays an important role in the
development NFTs and therefore, GSK-3 suppression could
be a mutual target for the treatment of both AD and T2DM
[106, 107]. Neurotoxicity induced by amyloid B can be
averted by pre-treatment with insulin-like growth factors
(IGFs), and the neuroprotective nature of IGFs is regulated
by activation of phosphatidylinositol 13-kinase/Akt pathway
and inhibition of GSK-3 [26]. Many AD patients have
distorted insulin signaling, which is also apparent in brain
specific diabetes [15]. Therefore, a probable prospective
approach to AD could be pharmacological management of
the insulin-signaling pathway. Moreover, as far as treatment
is concerned, Bacopa monnieri has been suggested a
potential neuroprotectant as well as cognitive enhancer
against AD model [108].

13. CONCLUSION

Recent evidence suggests that there is a vital role for insulin
and insulin receptors in the pathogenesis of AD. Additionally,
direct and indirect evidence indicates the involvement of both
genetics and epigenetics in the pathogenesis of AD. Further
research is required to investigate the relationship between
T2DM and AD using both genome wide and gene-specific
targets. The pathological, genetic and epigenetic links between
AD and hyperglycemic states can provide insight for better
diagnostic and treatment strategies for AD. Because ADDLs
also contribute to lowered insulin levels and insulin resistance in
the brains of AD patients, future diagnosis may also be
dependent upon measurement of ADDLs. It is believed that
measurement of acetylcholinesterase and butyrylcholinesterase
can also represent the role of the hypothalamus and other brain
centers in the pathogenesis of AD. Both enzymes can be reliable
and robust markers of inflammation, and measuring their
activity could be useful in the diagnosis of AD as well as in new
drug development for AD. Lastly, nanoparticles can play a role
in the diagnosis, prevention and treatment of AD. These
processes can take form in subject to either control or
exterminate the toxicological risk factor, which may be caused
by nanoparticles.

LIST OF ABBREVIATIONS
AD = Alzheimer’s Disease
T2DM = Type 2 Diabetes Mellitus
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ADDLs = Amyloid beta-derived diffusible ligands

IDE = Insulin degrading enzyme

IGF = Insulin-like growth factor

CNS = Central nervous system

apoE = Apolipoprotein E

PS = Presenilin

APP = amyloid precursor protein

EOAD = early-onset AD

FOXO = Forkhead/winged helix transcription
factors

BChE = Butyrylcholinesterase

AChE = Acetylcholinesterase

GSK = glycogen synthase kinase

PPARGCIA = Peroxisome Proliferator-Activated
Receptor Gamma Coactivator 1-Aplpha

(0N = Ogxidative stress

NFTs = Neurofibrillary tangles

AB = amyloid B-protein

Akt = Alternative kinase thymoma Ribonucleic
acid

RNA = Ribonucleic acid

DNA = Deoxyribonucleic acid
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