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Abstract

Alzheimer’s disease (AD) is a neurodegenerative disorder that is characterized
by progressive loss of memory, confusion, inability of speech and decline in
the cognitive behavior. It is considered one of the most common forms of
dementia. Clinical studies and preclinical data in the last decade proved that
AD and Diabetes mellitus share a pathophysiological pathway, indicating that
insulin resistance, oxidative stress and inflammatory response would increase
the risks of developing AD in diabetic patients. This review presents briefly
the etiology of AD and Diabetes, discusses the possible theories about the in-
terplaying risk factors and the mechanism of action of anti-diabetic medica-
tions recommended for the treatment of AD. It is concluded that antidiabetics
have good potential to improve dementia, especially in earlier AD stages.
However, many of the underlying intricate molecular pathways are still un-
clear and thus thorough future research is required.

Keywords

Alzheimer’s Disease, Antidiabetic Medications, Beta Amyloid, Insulin
Resistance, Cognitive Behavior, Metformin

1. Introduction

Alzheimer’s disease (AD) is a chronic neurodegenerative disease that is recog-
nized by cognitive and memory impairment. It most often begins in people over
65 years of age [1]. Being acknowledged as the most common form of dementia,

it is considered as one of the massive societal tragedies. AD is considered the
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sixth leading cause of death in the United States and is the major worldwide
public health issue facing the aging population [2]. In 2015, there were approx-
imately 29.8 million people worldwide with AD. Therefore, researchers and
scientists have been working recently round-the-clock on understanding the
molecular basis of such neuronal dysfunction and memory loss, racing against
expectations of exponential increase in the number of cases through the coming
years. Despite the efforts, unfortunately, we still lack an effective treatment that
is capable of cutting off AD progression [3]. Pathologically, AD is characterized
by intracellular neurofibrillary tangles and extracellular amyloidal protein depo-
sits contributing to senile plaques [1]. It is not fully understood why the changes
that lead to AD happen, but several theories were believed to be behind it.

1) Beta Amyloid plaques theory:

The beta amyloid (BA) plaques are usually found in the brain of AD patients
and are composed of BA, a natural cleavage enzyme that consists of 36 - 43
amino acids. BA is usually generated from proteolysis of the amyloid precursor
protein (APP) cleaved by certain enzymes e.g. (BACE-1), b-SECRETASE AND
y-SECRETASE [4]. BA is involved in neurological survival and protein expres-
sion, and any abnormality in the balance of its production or clearance can re-
sult in its accumulation outside the neurons forming p/aques that interfere with
the communication between neurons at the synapses. This may contribute ulti-
mately to neuronal loss and cell death manifesting as memory loss. Today novel
animal and clinical studies demonstrate that diabetes is too related to BA pa-
thology, therefore; including diabetes management therapeutics is expected to
allow for the development of strategies aiding in the prevention of AD [5].

2) Tau tangles theory:

Tau is a microtubule protein of a mature neuron, normally found in the brain.
Tau protein provides stabilization to microtubules and gives structural support
for the axonal neurons. Hyperphosphorylation of tau protein will form tangles
known as Neurofibrillary tangles (NFT) [6] [7]. The NFT play a major role in
AD pathology and further abnormality or mutation in tau protein would lead to
neurotoxicity and aggravation of AD.

3) Genetic mutations theory:

It’s rare that AD develops due to genetic mutations (not more than 1% inci-
dence) [8]. However, mutations in genes such as amyloid precursor protein
(APP), presenilin 1 or presenilin 2 will result in AD, especially if the inheritance
of mutation was for both APP and presenilin concomitantly. It is reported that
individuals having mutations in these three genes tend to develop AD even be-
fore the age of 65 and can be as early as 30 years of age [9].

4) Cholinergic theory:

It’s the oldest theory about AD that ascribes the etiology of AD to a decrease
in the production of acetylcholine (Ach) in the brain. This theory has been al-
ways the basis for treatment strategies, however, it was consistently observed
that medications increasing Ach did relieve some of AD symptoms but the over-

all therapeutic benefit was not a payoff [10].
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Stages of AD. AD is divided into three stages including: 1) Early stage: Pa-
tients have their own work and social life, and can function in a proper way,
however; they start to forget things such as coming up with the right words or
names when they are introduced to new people or locations, losing valuable ob-
jects, and difficulty in organizing or planning. 2) Middle cognitive (moderate)
stage. This is the longest stage lasting for many years in most cases. In this stage,
appreciable damage occurs to the nerve cells resulting in states of confusion, fru-
stration, anger, mood swinging as well as changes in the sleeping cycle patterns.
Progressively, patients become unable to remember specific events or to recall
their past lives, e.g. phone numbers and college graduation. They would expe-
rience some delusional thoughts repetitively with increased wandering and feel-
ing lost. On the level of cognition-related physical activities, they show difficulty
in controlling bowel and bladder movements and in deciding on wearing the
appropriate clothes for different seasons. Thus, the patients at this phase would
require special care on daily basis. 3) Late (severe) stage: Patients in their late
AD phase are unable to respond to the surrounding environment and they be-
come more vulnerable for increased risk of serious infections, such as pneumo-
nia [11]. They lose ability to talk, respond to a conversation or even walk. Even-
tually, they lose the ability to swallow. Patients at this stage grow more depen-
dent on assistance around the clock.

Diagnosis of AD. There is no specific test for the diagnosis of AD, however;
variety of approaches is usually adopted to confirm its diagnosis. These ap-
proaches include:

1) Reporting and evaluating the medical and family history for any psychia-
tric, cognitive or behavioral condition.

2) Conducting cognitive, physical, or neurological examinations for the pa-
tient.

3) Performing comprehensive medical evaluation by a physician.

4) Asking family members through a questionnaire to describe the patient’s
behavior and cognitive skills.

5) Performing blood tests and brain imaging to rule out other cognitive neu-
rological disorders [12].

Risk factors of AD. Like any other disease, scientists believe that AD can de-
velop due to multiple factors. These factors include Age: Aging is the greatest
risk factor for AD. The majority of AD patients develop the disease at an age of
65 years or older [13]; Family history: First degree relatives, e.g. a parent or a
sibling, all contribute to having higher risk of developing the disease especially
with the shared environment and lifestyle factors [12]; APOE E4: It is a protein
responsible for carrying cholesterol in the bloodstream. Normal individuals may
inherit up to three forms of that gene whether E2; E3; or E4. From each parent,
E3 is the most common to be inherited (up to 90%), followed by E4 then lastly
E2. E4 increases the risk of developing AD if it was inherited as one copy from
one parent, however, risk can increase from 8 to 12 folds if E4 was inherited
from two copies one from each parent [12] [14].
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Modifiable risk factors. These are risk factors that can be changed through
lifetime. They can be modified to reduce the likelihood of having AD.

Cardiovascular conditions. The brain is the most important organ of the
body controlling all human activities, yet, its function depends on the heart
where 20% of the body’s oxygen supply reaches the brain from the heart. Many
factors that increase the risk of cardiovascular problems can result in a decline in
cognitive behavior and thus increase the risk of dementia (e.g. diabetes, obesity
and smoking). Studies show that impaired glucose metabolism in the brain can
increase the risk of dementia [15]. Hypertension and high blood cholesterol le-
vels are well associated with AD. Today, there is strong evidence that healthy di-
et, physical activity and a lifelong learning cognitive training can also reduce AD
or even prevent it [16].

Education. Interestingly, research has found that people with more years of
formal education are at lower risk for AD as well as other forms of dementia
compared to others with fewer years of formal education [17]. It is acknowl-
edged that with more years of education, the transmission of signals between the
neurons increases, decreasing the number of areas of the brain that are not being
mentally stimulated. Moreover, education impacts economic lifestyle positively:
leading more affordable life, having proper healthy diet, and better health care
and accessibility to medical treatment [12].

Social engagement. Socially active and engagement with people may reserve
the cognitive behavior and support the brain health; however, more research is
needed to understand the exact mechanism behind it [12].

Treatment of AD. Until now there is no cure for AD. The available treat-
ments offer only some symptomatic relief and are classified into non-pharmacological
and pharmacological therapies.

Non-pharmacological therapy: This includes memory training, listening and
remembering the patient’s favorite music, aerobic and non-aerobic exercises.
These practices can delay the decline in the cognitive behavior, reduce the beha-
vioral symptoms and improve the quality of life [18] [19].

Pharmacological therapy: The current medications used nowadays are: Do-
nepezil. 1t is a short acting acetylcholinesterase inhibitor used for all stages of
AD. It inhibits the degradation of acetylcholine in the synaptic cleft increasing
its reuptake and, thus, it enhances the cholinergic neurotransmission [20]. Ga-
lantamine. Tt is used for mild to moderate AD. It is a competitive and reversible
acetylcholinesterase inhibitor, and an allosteric modulator at nicotinic choliner-
gic receptor sites and, hence, it enhances the cholinergic nicotinic neurotrans-
mission [21] [22]. Memantine. It is non-competitive N-methyl-d-aspartate
(NMDA) receptor blocker used for moderate to severe AD. It was found that
targeting glutamatergic system specifically NMDA receptors could be beneficial
in the management of Alzheimer’s because the impairment of glutamatergic
pathway usually leads to neuronal toxicity [23]. Rivastigmine. This is also a

cholinesterase inhibitor used to enhance cholinergic stimulation [24].
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AD and Diabetes. Both AD and Diabetes are more prevalent in adults and
the risk of their incidences increases with aging. They do have a strikingly shared
pathophysiology that some researchers refer to AD as Type 3 Diabetes [25] [26].

Diabetes mellitus is a chronic metabolic condition which affects our body’s
ability to metabolize glucose. It’s characterized by hyperglycemia which occurs
as a result of decreased effectiveness of Insulin. There are three major types of
diabetes: type I diabetes; type II diabetes; and gestational diabetes.

Type I diabetes is an autoimmune condition in which the immune system
attacks and kills the beta cells located in the pancreas and which are responsible
for insulin production. The disease usually occurs during childhood, but can still
develop during adolescence and adulthood. Patients with type I diabetes are
mostly well -treated by having their blood glucose levels controlled by daily in-
take of insulin.

Type II diabetes develops when the body does not use insulin efficiently; ie.
when the body becomes resistant to insulin and the uptake of glucose into cells is
suppressed. This type represents 85% - 90% of all cases of diabetes. Patients of
this type are usually treated by lifestyle modifications and weight reduction
plans, besides oral hypoglycemic agents [27].

Gestational diabetes develops in pregnant women when cortisol, estrogen
and lactogen produced by the placenta can block insulin resulting in insulin re-
sistance. Gestational diabetes usually subsides after delivery [28].

Uncontrolled diabetes may lead to long-term complications, such as nerve
damage, vision problems and, most importantly, heart diseases and nephropa-
thy. Due to the impairment of all vital organs including the brain, AD is now
listed as one of the complications of diabetes [29]. The relationship between AD
and diabetes could be simply explained by the damage caused by diabetes to the
blood vessels feeding the nerve cells (microvascular and macrovascular changes).
This damage results in impairment of neurons and ultimately their death [30].
Also, blood glucose levels and insulin affect the brain and vice versa [31]. Insulin
is known to affect different brain functions including attention, learning, mem-
ory, and cognition. Therefore, insulin resistance or deficiency may play a huge
role in AD. Targeting insulin to reduce the risk of AD could thus be a great op-
portunity for people who are at risk of developing AD during their life courses.
In what follows, many interesting theories that relate diabetes to AD will be dis-
cussed. The aim is to explore the possibility of using anti-diabetic medications in

the prevention and slowing the progression of AD.

2. The Connection between Alzheimer’s Disease and
Diabetes

According to some systematic reviews and epidemiological data as well as upon
the examination of individuals with diabetes, it was found that they have an in-
creased risk of dementia specifically AD and vascular dementia when compared
to those without diabetes [32]. An updated meta-analysis of cohort study that
included 17 studies involving 1,746,777 individuals discussed the risk of devel-
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oping AD among diabetic patients. The results proved that patients with di-
abetes have a higher incidence of developing AD than those without diabetes
[33]. Patients with diabetes and APOE4—the strongest risk factor of AD, they
are two folds more prone to develop AD than others [34]. The molecular rela-
tionship between AD and Diabetes is complex. There are many theories trying to
explain this intricate association through insulin resistance, oxidative stress, in-
flammatory response, acetylcholine, BA or obesity. Many published reports have
concluded that AD can be considered as a metabolic disease in which the brain
loses the ability to consume and utilize glucose due to insulin resistance [35].

Insulin activity in brain and the effect of insulin resistance on cognitive
behavior. In spite of the fact that insulin plays a significant role on brain func-
tions including cognition, attention and memory, unfortunately, the majority of
people are not aware of the effects of insulin on the central nervous system. In-
sulin can traverse the blood brain barrier (BBB) by active transport into the
brain where insulin receptors are omnipresent on nerve cells [7]. It is also be-
lieved that insulin may be produced locally in the brain [36]. Stimulation of
transporter proteins that enhance the influx of glucose usually occurs due to the
binding of insulin to dimerized receptors. The fact that neurons can still obtain
glucose in different mechanisms that do not depend on insulin explains the fact
that insulin receptors are distributed unequally throughout the brain. The early
stages of Diabetes type II is defined by insulin resistance and hyperinsulinemia
(pancreatic overproduction of insulin). Acute hyperinsulinemia may have good
impact on brain functions including cognition and memory. However, pro-
longed high levels of insulin may, contrarily, exert a negative effect on cognition
and memory [37]. Increased peripheral insulin levels may further raise the levels
of insulin in cerebrospinal fluid and brain. These sustained high levels of insulin
will result in down regulation of insulin receptors in BBB and a consequent de-
crease in insulin transport into the brain [7]. Clinical observations of AD pa-
tients revealed that in mild AD, induced hyperglycemia may lead to raised plas-
ma insulin level and improved cognitive performance. These effects of hyper-
glycemia do not occur in patients with severe or late stage AD [38]. Disruption
of cerebral insulin receptors by administration of streptozotocin (STZ) injection,
a diabetogenic toxin, by intracerebroventricular route into a group of rats led to
inadequate energy metabolism and reduced cognitive behavior and performance
[2] [18]. Moreover, it has been reported that despite the increased expression of
insulin receptors in patients with sporadic AD, there was a decrease in the activ-
ity of insulin receptors-mediated tyrosine kinase, the thing that indicates the
impairment of insulin signal transduction [39].

Oxidative Stress. A free radical is an oxygen/nitrogen atom with one or more
unpaired electrons that makes it highly reactive to have interactions with other
molecules. Reactive oxygen species (ROS) are cytotoxic products of normal mi-
tochondrial metabolism that are normally cleared by antioxidant pathways in
the living systems [37] [40]. In brain, ROS can be either beneficial or harmful;

Le. they have a dual biological roles. Low levels of ROS produce a beneficial role
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in cellular responses and synaptic signaling, while moderate levels of ROS are
believed to enhance the peripheral insulin resistance [37] [40]. However, when
the metabolic activity of cells exceeds their anti-oxidant capacity due to imbal-
ance in mitochondrial ROS production, a state of oxidative stress (OS) results,
which is normally followed by cell damage and finally cell death [37]. OS and
mitochondrial dysfunction play an important role in the pathological processes
of both AD and Diabetes as evident by the high levels of ROS and reactive ni-
trogen species (RNS) detected in both diabetic and AD patients [14]. ATP re-
quired for the normal function of cells and neurons is mainly provided by mito-
chondria, thus, mitochondrial impairment can result in cellular and neuronal
damage [6]. In fact, the brain is extremely sensitive to OS due to high require-
ments of oxygen, and along with a deficiency in the anti-oxidant system, the
damage can be aggravated. Thus, it has been shown that an increase in OS can
lead to further inhibition of the production of cellular energy and reduction in
both insulin secretion and insulin-receptor sensitivity. Meanwhile, the impaired
insulin signaling makes the neurons energy-deficient and increases their suscep-
tibility to oxidation injury. This, in turn, might worsen the structural and func-
tional deterioration of mitochondria; Ze. a vicious cycle ensues [18]. OS also re-
sults in the production of advanced glycation end products (AGEs). The recep-
tors of advanced glycation end products (RAGE) will interact with BA peptides
and exacerbate the neuronal stress and inflammation which will result in im-
paired cognitive abilities [40] [41].

Inflammatory Response. Insulin resistance, the main characteristic of type II
diabetes, is associated with increased level of inflammatory mediators such as
interleukin-6 (IL-6) and C-reactive protein (CRP). The high levels of these in-
flammatory substances are linked to immunological impairment which results in
insulin resistance [42]. Additionally, there is sufficient evidence that AD is asso-
ciated with inflammatory processes [43] [44]. IL-6 was found in the senile pla-
ques of patients’ brains as well as in their lumbar and ventricular cerebrospinal
fluid [6]. The inflammatory products accumulate in the brain of AD patient at
different rates compared to healthy subjects. It is suggested that CRP can be
linked to increased risk of AD in some studies [45] while the prolonged use of
non-steroidal anti-inflammatory drugs (NSAIDs) for chronic pain management
can reduce the chances of getting AD [6]. Therefore, it can conclude that in-
flammation is a common process in both Diabetes and AD, whether causative or
consequential, and thus they bear a shared pathophysiology.

Acetylcholine. AD is characterized by a vast suppression in choline acetyl
transferase (ChAT) and a reduction in ChAT immunoreactivity with insulin and
Insulin-like growth factor-1 (IGF-1) receptors in cortical neurons [45]. Accord-
ing to experimental data, insulin and IGF-1 receptors can control Tau protein
and ChAT gene expression [46].

Tau protein and BA. Insulin and BA are produced by beta cells in pancreas.
The elevation in BA is reported to affect negatively the synaptic plasticity [47].
Diabetic patients have been observed with BA plaques which interfere with the

DOI: 10.4236/pp.2018.96013

163 Pharmacology & Pharmacy


https://doi.org/10.4236/pp.2018.96013

0. H. M. Ibrahim, M. A. Hassan

signaling pathways in the brain phosphorylating the tau protein and forming
aggregated neurofibrillary tangles. Several studies showed that patients who suf-
fer from Diabetes mellitus may develop hyper-phosphorylation of tau protein
and abnormal clearance of BA-which are the main characteristics of AD- in a
higher rate compared to a non-diabetic patient [45]. Several mechanisms have
been introduced to explain the reasons underlying the phosphorylation of tau.
The most significant proposed mechanism is the impaired insulin signaling
pathway that causes a decrease in phosphatidylinositol-3-kinase (PI3K), Protein
kinase B (AKT), and increase in the glycogen synthase kinase (GSK). Other stu-
dies suggest that insulin can alter the kinases that regulate tau, including c-Jun
N-terminal Kinase (JNK), mitogen-activated protein kinase (P38 MAPK) [48]
[49]. On the other hand, tau phosphorylation is considered as one of the biggest
theories that contribute to AD development and progression resulting in tangles,
plaques that can lead to impaired axonal neuronal transport, destabilization and
memory loss [50]. Thus, tau phosphorylation and the formed tangles can be
considered as the link between both diabetes and AD [51]. JNK is considered
one of the key players that contribute to both OS and tau phosphorylation. JNK
is known as the islets brain and was observed at chronic stages of insulin resis-
tance and hyperglycemia as it induces apoptosis in beta cells [52].

Obesity. Obesity can affect glucose metabolism, increase insulin resistance
and lead to hypertension and dyslipidemia which are all factors that contribute
to type II diabetes [53]. A high body mass index can affect insulin pathway and
cause disturbance in the liver and the muscle cells through the pro-inflammatory
response [54]. A population study shows that as the body mass index increase
1% at the age of 70, the risk of developing AD increase by 36% [55]. There are
lots of studies and reports that suggest the correlation between the cognitive be-
havior, the motor function of the brain and obesity indicating that the deteriora-
tion of cognitive function can increase with high body mass index regardless of
the fat distribution. In fact, a cohort study of obese women has been done and
results indicated that the increase in their body weight was associated with de-

rangement of their motor function [56].

3. Classes of Anti-Diabetic Drugs as Potential Treatments for
Alzheimer’s Disease

Based on the shared pathophysiology between diabetes and AD, several studies
have been conducted to assess the neuroprotective effect of some anti-diabetic
medications and their mechanism of action. Currently, some anti-diabetic drugs
are approved to be incorporated in the treatment of AD, and many are yet under
investigation in clinical trials [57].

Insulin. Preclinical studies in rat model show that the intra-cerebroventricular
STZ injection induced cognitive dysfunction, while the intraventricular admin-
istration of Detemir, a long-acting insulin analog, was able to correct the cogni-
tive decline as manifested by the considerable increase in learning ability [58].

Moreover, many clinical studies have pointed that hyperinsulinemia without
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hyperglycemia enhances memory in adults with AD indicating an important role
of this hormone in memory facilitation [57]. The systemic administration of in-
sulin is linked to increased risk of hypoglycemia and reduced penetration of in-
sulin into the central nervous system. These issues were overcome by introduc-
ing intranasal administration of insulin to directly target the brain. Preclinical
evidence showed that intranasal administration of insulin counteracts the pro-
tective action BBB, and in human studies, after intranasal administration a sig-
nificant amount of insulin arrived the brain in an active state. A study conducted
on healthy volunteers showed that the intranasal administration of insulin (4 x
40 1U/d) for 8 weeks resulted in improved mood and word recall [57]. It was
found that in patients with early AD and mild cognitive impairment (MCI),
acute intranasal administration of 20 or 40 IU/d of insulin showed an improve-
ment in memory. However, a poorer word recall was observed in memo-
ry-impaired subjects carrying the APOEe4 allele in comparison to patients who
do not possess this allele and the healthy controls. This points out that APOE
might play a role in mediating insulin effects in the central nervous system. Fur-
ther studies on the same group suggested that there is a differential dose-response
curve to intranasal insulin such that functional status, verbal memory and atten-
tion was improved by a relatively low dose of insulin in patients that lack the
APOEpe4 allele; however, in patients with APOEe4 there was a relative decline in
memory [59].

Thiazolidinediones. These are famous class of anti-diabetic medications that
are agonists of the peroxisome proliferator-activated receptor-gamma (PPARy).
They work by increasing the response of body to insulin, thus, decreasing plas-
ma glucose level and insulin resistance [60]. The safety of Rosiglitazone has li-
mited its use in the management of diabetes since it increases the risk of cardi-
ovascular events. As a result, Pioglitazone is the only drug in this class used no-
wadays in Diabetes management. The conceptbehind testing this group of me-
dications in AD is mainly because of the over expression of PPARy in the tem-
poral cortex compared to healthy brains. PPAR y can enhance cognitive behavior
by different mechanisms involving the enhancement of BA clearance, reduction
of f-secretase and APP expression but not APP degradation [61]. In preclinical
studies, PPAR y agonists have shown the ability to reduce BA plaque formation
and inflammatory genes [57]. They can also modulate calcium homeostasis in
the hippocampus and provide neuroprotective effect [62]. In a pilot study per-
formed on patients with AD and mild cognitive impairment, the results showed
that 6-months treatment with Rosiglitazone was able to improve memory and
attention when compared to placebo. On the other hand, in a phase III clinical
trial on AD patients, Rosiglita zone as adjunctive therapy to acetylcholine este-
rase inhibitors failed to improve or enhance memory and cognition [63].
Another pilot study was performed on AD patients who suffer from diabetes;
they were given Pioglitazone 15 - 30 mg for 6 months. The results observed were
enhanced cognition and increased cerebral blood flow compared to controls. No

efficacy observed when Pioglitazone was given for 18 months to patients who
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suffered from AD without diabetes, although it was well tolerated. A very recent
meta-analysis on PPARy agonists indicates that Pioglitazone is the only drug
that can improve memory and cognition behavior in early stages of the disease
or in mild to moderate AD [64].

Sulfonylurea. The inhibition of ATP-sensitive K" channels (KATP) channel
of pancreatic beta cells by Sulfonylureas stimulate insulin secretion and increase
its levels in the blood, therefore, it lowers blood glucose. Glibenclamide (1
mg/kg) when administered intraperitoneally to rats that had undergone ischem-
ic-reperfusion injury, an increase in glutathione levels and total anti-oxidant ca-
pacity accompanied with decreased lipid peroxidation were observed emphasiz-
ing its potential use in modulating OS and inflammatory mediators [37]. In a
study was performed to assess the effectiveness of gliclazide in protecting di-
abetes-induced OS in the brain of diabetic rats, it was shown that there was an
increase in the total anti-oxidant defense and a decrease in total oxidant index in
the brains [65].

Metformin. It is considered one of the most common anti-diabetic medica-
tions for type II diabetes that has been studied extensively and reported to pos-
sess promising outcomes compared to the other medications. It belongs to bi-
guanides group that acts by increasing insulin in the peripheral tissues, reducing
serum glucose and suppressing hepatic gluconeogenesis. It is the only oral drug
used for the treatment of diabetes that does not cause weight gain, however, it
should be used cautiously with patients suffering from hepatic and renal failure
[66]. Metformin can be considered one of the most controversial medications
for its own mechanism of action and its relation to dementia and AD. Some
clinical trials reported that the long-term treatment with metformin could result
in lower risk of cognitive impairment. It can influence the anti-inflammatory,
anti-oxidative and anti-apoptotic pathways in patients by decreasing the inter-
leukin 18 (IL-1p)-induced activation of pro-inflammatory phosphokinases Akt
and P38 MAPK involved inAD etiology [67]. Metformin acts by inhibiting mi-
tochondrial respiratory chain complex 1, glucagon-induced elevation of cyclic
adenosine monophosphate (cAMP), activation of both protein kinase A (PKA)
and activated protein kinase (AMPK) [68] [69]. The activation of AMPK path-
way provides neuro-protection and exerts a positive effect on human neural
stem cells. AMPK plays an important role in the regulation of intracellular event
such as glucose uptake, metabolism of lipids and mitochondrial biogenesis. Since
there’s a connection between AD pathogenesis and cellular mechanisms of
energy homeostasis, targeting AMPK pathway in human neural stem cells could
be a therapeutic option for AD [70]. The ability of metformin to decrease the
development of AD was studied through one-year administration of metformin
to APP transgenic mice, which over express mutant APP and serve as model for
AD. The results showed that the effect was gender-dependent where the activa-
tion of AMPK could improve memory and learning in female mice. On the other
hand, male mice receiving the same treatment showed worsening of memory

and cognitive behavior. Such results can be explained on hormonal bases in
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which the hormonal signaling in females was enhanced by metformin [71].
Clinical studies have been carried out to investigate the effect of different an-
ti-diabetic medications given to participants for a period of 4 years. It was shown
that only participants who took metformin had improvement in their cognitive
behavior including memory and verbal learning [72]. In another study, the in-
fluence of metformin on scopolamine-associated memory loss in wistar rats was
investigated. Rats were administered different doses of metformin (100 mg/kg
and 300 mg/kg). Only the lower dose showed a significant retardation in memo-
ry loss possibly due to a suppression of the elevated AKT and phosphorylated
tau [73]. Another study was performed to investigate the effect of metformin on
memory enhancement that was conducted for 6 weeks. The results further sup-
ported the ability of metformin to improve mice memory. The process included
recovery of long-term potentiation (LTP) and normalization of several brain
molecular alterations including the receptor that is responsible of RAGE [30].
The study by Hettich ef al. states that metformin can reduce BACEI protein ex-
pression in vivo tests and in cell culture models, leading to a decrease in BACE1
cleavage products and reducing the production of BA [74]. Other studies pro-
posed that the mechanism of action of metformin might be attributed to an-
ti-oxidant activity [75]. On the other hand, researchers negated any role of met-
formin on the Ach receptor when the anti-diabetic canagliflozin and metformin
were used in rat model and data showed a decrease in ach activity with canagli-
fozin but not with metformin after two weeks [76]. Metforminis able to decrease
the serum lipids, through decreasing inflamed cells adherence to the blood ves-
sels in the endothelium, preventing hyperlipidemia, cholesterolemia and devel-
opment of cardiovascular complication. Considering the potential of metformin
in AD, this might augment the arguments that diabetes may not be linked to AD
in spite of the salient statistical evidence [77] [78] [79]. However, cardiovascular
problems are known to be one of the biggest risk factors for developing AD. In a
recent clinical trial of 355 patients diagnosed with stroke and diabetes, patients
were administered metformin prior to their stroke onset and the results showed
an association with reduced neurological severity [80]. The exact mechanism of
metformin action on cardiovascular system is not fully understood until now,
but it was suggested that metformin could enhance the myocardial precondi-
tioning during ischemia, protect tissues from loss of oxygen and prevent cell
apoptosis and development of heart failure [81]. On the other hand, metformin
and sulfonylurea were given to patients who did not receive any anti-diabetic
treatment and the two medications greatly decreased the onset of dementia [82].
In contrast, when metformin was given alone, the risk of developing dementia
and AD increased and the investigators concluded that metformin as single the-
rapeutic agent did not show an effect alone in decreasing memory loss [83]. The
administration of metformin for 24 weeks to depressed patients with type II di-
abetes resulted in improved cognitive behavior, yet, metformin exerted no effect
on patients with depression and APOE-¢&4 [84]. McNeily investigated the ability

of metformin to improve cognitive damage induced by high fat diet. The results
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revealed that while metformin can decrease insulin resistance and weight gain
associated with diet, it had no influence on short-term memory or cognitive al-
terations [85]. Therefore, it is obvious from this discussion that despite the ex-
tensive efforts on metformin, there are lots of contradictory data emerging from
the clinical trials conducted about metformin drug therapy, especially those re-
lating AD with diabetes.

Amylin Analogue. Amylin is released with insulin from the beta pancreatic
cells in response to glucose intake. It is able to regulate the glucose level and slow
the gastric emptying rate [86]. Its analogue pramlintide has been approved as a
medication for the treatment of both type I and type II diabetes. Amylin plasma
concentration in AD patients was found to be low and has the ability to cross the
BBB and modulate the memory, mood and anxiety [87]. Administration of amy-
lin analogue pramlintide in preclinical data of AD mouse models was found to

reduce OS, neuro-inflammation and enhance the memory [88].

4. Conclusion

Diabetic patients are at more risk to develop AD than healthy individuals. AD
and diabetes share a common pathophysiology through insulin resistance, OS,
inflammatory response, BA and tau phosphorylation. The previously mentioned
theories can all occur and contribute to both diabetes and AD. Therefore, re-
searchers have been studying the effect of anti-diabetic medications on the pre-
vention or slowing down the progression of AD. In this review, the results of
various studies were presented and discussed on whether the anti-diabetic me-
dications can actually exert an effect on brain functions including memory, cog-
nition and attention. Intranasal administration was considered as the best route
for insulin delivery into the brain as it traverses directly into the BBB. Metfor-
min is considered one of the most important oral medications given in diabetic
patients, except for those who suffer from lactic acidosis, and has been studied
extensively. There are many clinical studies tend to support its efficacy in cogni-
tive enhancement. Despite controversial findings, it is agreed that the earlier the
stage of AD, the more chance for anti-diabetics to have positive effect on brain
functions. More clinical trials and studies should be done in this field to limit the
progression of AD, find better treatment outcomes and increase the quality of
life in AD patients.
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