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Type 2 diabetes mellitus (T2DM) is a metabolic disorder in which
insulin is no longer able to control the levels of blood sugar.A western-
style diet in combination with the lack of exercise is the mainfactor
for the increase of T2DM. While in the past people onlydeveloped
T2DM at older age (“old age diabetes”), now even teenagerscontract
T2DMbecause of the change in the lifestyle. Western diet is
characterized by the exponential increase in the consumption of highly
treated foods without appropriate nutrients for systemic metabolic
functions or with added ingredients that prejudice protective actions
of natural food constituent.

T2DM is caused by insulin resistance in the tissues, no longer able
to respond to the hormone action. It is most frequently associated with
aging, a family history of diabetes, obesity, and failure of exercise.The
insulin, ahormone produced by the beta-cells of the pancreas, is the key
biomolecule for the regulation of carbohydrate and lipid metabolism.
Although its action in body organs mainly concerns the glucose
homeostasis, in Central Nervous System insulin performs several
functions such as regulation of glucose metabolism, food intake and
body weight, fertility and reproduction [1] and others not yet completely
known. In particular, the high density of insulin receptors in the
hippocampus and cerebral cortex regions has suggested its participation
in learning and memory process. The administration of insulin to
both humans and animal models has induced an enhancement of the
memory function [2] and the treatment with insulin has given in several
animal models beneficial effects to prevent memory loss after ischemia
episodes whereas no effects are observed with glucose alone [3]. Insulin
is also involved in the synaptic plasticity, for example, it as been show
that insulin allows the long-lasting enhancement of GABA receptor-
mediated synaptic transmission [4] and promote the internalization
of AMPA receptors from the neuron synaptic membrane causing a
long-term depression (LTD) of excitatory synaptic transmission in
the hippocampus and cerebellum [5,6]. LTD is a process that, together
with the opposite one, long-term potentiation has a great relevance for
brain information storage and improvement of neurons links during
development [7]. Furthermore, insulin receptor signaling regulates
the maintenance of synapses and contributes to experience-dependent
structural plasticity that is necessary for the recruitment of neurons
into brain circuits [8]. Moreover, some studies suggest that insulin
participates in neuronal differentiation of postnatal neural stem cell
[9] and their culturing with both insulin and insulin-like growth factor
(GF-1) causes a greater production of neurons during differentiation
compared to culturesstimulated by IGF-1 alone [10].

Insulin also avoids the necrosis of rat embryonic neurons cultured
in a serum-free medium; in fact the protein was capable to restore the
cell viability by activation of Protein Kinase C, having the crucial role
of controlling other proteins through the phosphorylation of their
serine and threonine amino acid residues; on the contrary, insulin-
like growth factor addition had no effect [11]. Clearly, in the insulin
resistance state, these functions are impaired.

On the basis of the large number of observations, since the first
years of the XXI century, T2DM has been identified as a risk factor for
Alzheimer’s disease (AD) [12-17]. Epidemiological studies of patient

groups have evidenced a clear correlation between T2DMand the
probability of developing AD or other neurodegenerative disorders
[18]. AD, the most common form of dementia in the elderly is clinically
characterized by gradual worsening of the symptoms. AD patients
have, at the initial stage of the pathology, mild memory loss, difficulty
performing routine tasks, trouble communicating and understanding
written material. At the final stage of the disease they loose the ability to
feed themselves, speak, recognize people and a constant care is typically
necessary. At macroscopic level AD destroys nerve tissues in all parts
of the brain causing a dramatically shrunk brain thus affecting almost
all functions. The contraction is severe especially in the hippocampus,
a region responsible for working memory as well as the formulation
of new memories. Other conspicuous brain lesions in AD include the
contraction of the cortex, causing the damage of regions responsible
for thinking, remembering and planning.At microscopic level AD
is characterized by neuronal cell loss and increasing deposition of
neurofibrillary tangles (NTF) inside the cells and formation of amyloid
plaques in the spaces among neurons and in the walls of blood vessels
[19]. NTF are insoluble twisted fibers consisting primarily of the
Tau protein, which, in physiological conditions, helps to stabilize
the microtubules, promoting the assembly. In AD, however, Tau is
abnormally phosphorylated and this results in the collapse of transport
system and malfunction in communication between neuronal cells.
This finding supports the hypothesis that the chemical modification
of tau could be a triggering event in AD pathology. In addition to
phosphorylation, Tauundergoes many post-translationalmodifications,
supposed to be involved in its pathological assembly [20,21]. In the last
decade, the interest of researchers has been focused on the action of
O-linked N-acetylglucosamine promoting the glycosylation of Tau
serine and threonine residues (O-GIcNAc). O-GIcNAc can compete
with phosphorylation at specific sites of several proteins, including
Tau thus inhibiting its phosphorylation and aggregation. Its removal
is operated by a glycoside hydrolase (OGA) and the treatment of cells
[22], tissue ex vivo [23] and rats [24] with OGA inhibitors has induced
a reduction Tau phosphorylation at crucial pathological sites. Being
O-GIcNAc synthetized starting from glucose, it is strongly dependent
on glucose concentration and it has been evidenced that the reduction
of glucose availability correlates with a decrease of O-GlcNAc and an
increase of phosphorylated Tau [25,26].

Amyloid plaques are mainly composed by the amyloid beta peptide
(Abeta), a 39-t0-43 peptide due to the sequential cleavage of the larger
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trans-membrane protein called Amyloid Precursor Protein (APP).
Accumulation of Abeta is hypothesized to trigger the pathogenic
cascade leading to AD [27] and in the last decade, many observations
confirm that small oligomers, also called Abeta-derived diffusible
ligands (ADDLs), instead of large fibril aggregates, are the most
dangerous and toxic species in AD onset [28,29]. Their accumulation
and binding in the proximity of synapses cause oxidative stress, loss of
spines and receptors, critical for neuron plasticity and memory [30].

Some studies have suggested that the main link between T2DM
and AD is the disorder in insulin signaling and it was found that
plasma Abeta , and Abeta ,, levels are increased in patients with
hyperglycemia [31-33] and also, Abeta impairs insulin signaling in
mouse liver and cultured hepatocytes by activating JAK2/STAT3/
SOCS-1 signaling pathway [31]. Furthermore the injection of anti
Abeta-neutralizing antibodies in APPswe/PSEN1dE9 AD model mice
causes decreased fasting blood glucose level and improved insulin
sensitivity [31]. By examining postmortem brain tissues of AD patients
at different stages, it was found that AD might be a neuroendocrine
disease associated with insulin signaling. It was investigated if the
neurodegeneration was associated with significant abnormalities in
the expression of genes encoding insulin, Insulin-like Growth Factor
(IGF)-1 and -2 peptides, their receptors, and downstream signaling
mechanisms. In these cases insulin, IGF-1 and IGF-2 polypeptides
expression was inversely proportional to the Braak stage (a method
used to classify the degree of AD), with a relevant decrease in the
number of insulin receptors (IR) in AD patients compared to normal
subjects. In addition, the ability of insulin to bind the receptors was
compromised. The authors of this studyproposed that AD can be
regarded as a brain-specific form of diabetes and referred it to as “type
3 diabetes” (T3D) because it presents characteristic of diabetes 1 and
2, since insulin resistance and insulin deficiency coexist [34,35]. Thus,
the impairments in cerebral glucose utilization and energy metabolism
represent abnormalities that accompany the different stages of cognitive
impairment and neurodegenerationin AD. This is in agreement with
the fact that insulin/IGF signaling regulates neuronal growth, survival,
energy metabolism and plasticity, which are required for learning and
memory [36].

Obesity, another health problem of the western countries, is also
considered a risk factor for AD onset and obese animal models have
manifested reduced insulin sensitivity before the development of
T2DM [37,38]. The disproportionate assumption of saturated fats
besides inducing serious and already known cardiovascular damages
is also associated with T2DM insurgence and neuronal and/or myelin
abnormalities, which may in turn accelerate aging and subsequently
the development of age-related cognitive impairment.In terms of brain
function, obesity may disturb cognition and executive functions in
obese when compared to normal-weight people [39-41]

Experimental animal models have complemented the human
postmortem studies indicating once more the strict connection
between insulin and AD.Sporadic AD wasinducedin animal model by
intracerebral injection of streptozotocin (STZ), a pro-diabetic drug, in
pup rats, having normal blood glucose levelsand pancreatic morphology
similar to control. The treated rats developed cognitive impairment
with deficits in spatial learning and memory. Their brainswere reduced
in size and exhibited the same alterations observable in AD brain [42].

Some factors as impaired glucose utilization, oxidative stress
mitochondrial dysfunction, reduced energy metabolism and ATP
production, cause or contribute to AD pathogenesis and this seems to
be mediated by desensitization of the neuronal insulin receptor.

Insulin can protect cultured rat neurons against Abeta induced
toxicity [43] and experimental data have demonstrated that soluble
Abeta fragments directly bind to and decrease insulin receptor
densities on neuronal dendrites [44]. This results in a decrease in auto-
phosphorylation of the insulin receptor suggesting that it may be a
mechanism by which insulin signaling in the brain becomes impaired
in AD people.

Other studies indicate that insulin, interacting with Abeta, inhibits
its fibrillar growth as shown in a cell-free assay and in the cell surface of
human brain pericytes reducing the Abeta toxic effect [45]. Recently, it
has been proposed that physiological insulin and pathological ADDLs
are capable to regulate their mutual binding site abundance, creating
a competitive balance between synapse survival and degeneration.
The decline of the insulin signaling in the brain with the age displaces
this delicate equilibrium in favor of the ADDLs [30]; thus, the use of
new drugs recovering this balance could be a promising therapeutic
strategy.

Based on these results, what is the effect of insulin on Abeta
toxicity at the molecular level? In other words the question is: if the
impaired insulin signaling contributes to the pathogenesis of AD, can
the administration of insulin or, better, the improvements of insulin
sensitivity be considered potential therapeutic strategies against the
disease?

Experimental data have established that Abeta toxicity causes
insulin resistance and insulin resistance, with associated oxidative stress
and inflammation, promotes, in a vicious circle, Abeta accumulation
and toxicity [46-48]. Other evidences indicate that insulin can
recover the cell viability by inhibition of intrinsic apoptotic program,
involving caspase 9 and 3 activation [16]. Moreover, insulin prevents
mitochondrial dysfunction by inhibition of the reactive oxygen species
(ROS) formation and activationof specific cell signaling. Insulin
activates the serine-threonine kinase Akt, a protein involved in survival
pathway, suggesting that insulin signaling provides a physiological
defense mechanism to contrast the death program triggered by Abeta
oligomers [49,50].

Akt phosphorylation needs activation or inhibition of several
proteins involved in the apoptotic signaling cascade such as the Bcl-2
protein family. Moreover, insulin promotes the cell survival program
shuttling in different sub-cellular compartments [51]. Translocation
of Akt from the cytoplasm to the nucleus induces negative regulation
of gene expressions via Foxo3a, a pro-apoptotic transcription factor.
Akt translocation from the cytoplasm to the mitochondrion mediates,
instead, the protection of this organelle through phosphorylation of
Bad and probably HK-II, two proteins involved in cell death.Thus, the
same molecule, depending on its phosphorylated or un-phosphorylated
state, can be present in a particular cellular compartment as nucleus,
cytoplasm, mitochondrion and this localization is essential to
determine between cell life or death. Hence, a precise balance between
signals promoting survival and apoptosis is important for determining
cell fate [51]. Because insulin signaling in the brain is known to decline
with age the outcome of this balance represents a risk factor for AD
well suited for therapeutic intervention, perhaps with the same insulin.
In the last few years many attempts have been done to slow or stop
the AD progression with the aid of insulin but the usual method used
to treat diabetes could be very dangerous for AD patients and for this
reason alternative routes of administration have been explored.

The intranasal administration of insulin, already tested for diabetes
treatment [52], to AD patients has improved delayed memory and
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changes in memory and function were associated with changes in the
Abeta, , level and in the Tau protein-to-A-beta,, ratio in cerebrospinal
fluid [53,54]. This employment of insulin appeared a good strategy
because intranasal administration leads to direct access of insulin into
the brain along the olfactory nerves thus being able to exert a selective
cerebral or neuronal action without its systemic effects on glycemic
levels. Unfortunately, together with positive effects this method
presents contraindications such as irritation and damage of the nasal
mucosa [55] and, surely more important, increase of the systolic,
diastolic and arterial blood pressures [56].

The hormonal therapy has shown positive effects also in the case of
Glucagon-like peptide-1 (GLP-1) and its natural degradation product
Ly s6yamige GLP-1 is an incretin hormone secreted by enteroendocrine
cells that causes an increase of the insulin level even before blood
glucose amount becomes elevated. GLP-1 plays an important role by
stimulating insulin secretion, inhibiting glucagon production, and
improving beta-cell function in type-2 diabetes mellitus (T2DM) and
insulin resistance models [57,58].

GPL-1 has a short lifetime and is quickly cleaved into the shorter
form GLP-1 (©-36)(Amide) [59]. Recent studies have demonstrated that
this degradation product, initially considered inactive, has important
physiological roles [60], different from those of its precursor. In
fact, GLP-1,, . .., treatment, besides preventing mitochondrial
superoxide production induced by high glucose or fatty acid levels,
improves the loss of memory and synaptic plasticity associated with AD
in model mouse [61], thus suggesting suitable therapeutic approach.

In summary, aging is the most significant risk factor for T2DM
and especially for AD and both pathologies share insulin resistance
and impaired energy metabolism indicating that both can be
considered as metabolic diseasesthus opening the door to common
and/or complementary diagnostic and therapeutic approaches. On
these results, it is possible that lifestyle modifications, diet, micro-
and macro-nutrients supplements, and consumption of natural food
substancesrichesin antioxidants, from early age, supported from
aerobic exercise could prevent, retard or cure these diseases.
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