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Abstract: Alzheimer’s disease (AD) and type 2 diabetes mellitus (DM) are more prevalent with age-
ing and cause a substantial global socio-economic burden. The biology of these two conditions is well
elaborated, but whether AD and type 2 DM arise from coincidental roots in ageing or are linked by
pathophysiological mechanisms remains unclear. Research findings involving animal models have
identified mechanisms shared by both AD and type 2 DM. Deposition of -amyloid peptides and for-
mation of intracellular neurofibrillary tangles are pathological hallmarks of AD. Type 2 DM, on the
other hand, is a metabolic disorder characterised by hyperglycaemia and insulin resistance. Several
studies show that improving type 2 DM can delay or prevent the development of AD, and hence, pre-
vention and control of type 2 DM may reduce the risk of AD later in life. Alpha-glucosidase is an en-
DOI: zyme that is commonly associated with hyperglycaemia in type 2 DM. However, it is uncertain if this
10.2174/1370139X21999221111102343 enzyme may play a role in the progression of AD. This review explores the experimental evidence that
@ CrossMark depicts the relationship between dysregulation of glucose metabolism and AD. We also delineate the
links between alpha-glucosidase and AD and the potential role of alpha-glucosidase inhibitors in treat-
ing AD.
Keywords: Alpha-glucosidase, Alzheimer’s disease, amyloid beta-peptides, apolipoprotein E, diabetes mellitus, hyperglycae-
mia, tau proteins.
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1. INTRODUCTION

Alzheimer’s disease (AD) has been identified as the fifth
leading cause of death among the elderly [1]. In the world-
wide population, it is estimated that more than 40 million
people suffers from AD and this figure is projected to in-
crease considerably [2]. AD is characterised by impairment
of cognitive function as well as the presence of neuropatho-

burden of AD on the nation’s health care system and the
caregivers is substantial. Hence, there is a crucial need for
disease-modifying therapies that could slow down the rate of
disease progression or prevent the occurrence of this disease.
Unfortunately, the available therapeutic options for AD are
only modestly effective, and this might result from the fact
that the cause of the disease is not fully understood and yet

logical biomarkers, which include the well reported aggrega-
tion of insoluble f-amyloid (AB) and neurofibrillary tangles
containing phosphorylated tau protein [3]. During the pro-
gression of AD, AP peptides have often been shown to be
deposited in the brain. This fundamental change makes AP
aggregation an early event in the pathogenesis of AD. It is
also postulated that AP deposition leads to the generation of
neurofibrillary tangles, and eventually neuronal death. The
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to be fully elucidated.

Interestingly, hyperglycaemia, hyperinsulinemia, hyper-
tension, hyperlipidaemia and obesity have been associated
with an increased risk of late-onset AD [4-7]. A study con-
ducted by Xu et al. (2007) revealed that borderline diabetes
mellitus (DM) due to impaired glucose regulation increased
the risk of developing AD [8]. Moreover, many studies have
identified DM as a risk factor for AD [9-11]. Several studies
have shown that individuals with type-2 DM are more likely
to develop AD [12, 13]. Similarly, increased risk of develop-
ing dementia has been tied to individuals with high blood
glucose levels [14, 15]. Furthermore, those with elevated
blood glucose levels also noted a faster conversion from mild
cognitive impairment (MCI) to AD [16, 17]. This suggests
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that AD pathogenesis could have a connection with disrupted
glucose homeostasis.

The association between type-2 DM and AD is complex,
and both are interlinked with similar underlying mechanisms
including insulin resistance, insulin growth factor (IGF) sig-
nalling, inflammatory response, oxidative stress, glycogen
synthase kinase 3B (GSK-3p) signalling mechanism, cholin-
ergic impairment, AP aggregation, neurofibrillary tangle
formation, among others [18]. Owing to the socio-economic
impacts of DM and AD, understanding the interplay between
these two diseases is imperative. The increased risk of AD in
DM has been highlighted in several studies to involve the
dysfunction of insulin signalling-related mechanisms [19-
21].

Alpha-glucosidase plays an essential role in the regula-
tion of blood glucose, and the inhibition of this enzyme
could suppress postprandial hyperglycaemia. Whether ad-
ministered alone or in combination with other anti-diabetic
drugs, USFDA approved alpha-glucosidase inhibitors
(AGIs), have been reported to be particularly useful for the
treatment of type 2 DM [22, 23]. Although AGIs have shown
some benefits in type 1 DM, gestational DM, and decreasing
body weight, they are not approved by FDA for these indica-
tions [24]. In a study conducted by Zhang et al. (2016), acar-
bose has been reported to reduce the postprandial glucose
level. It was also found that homeostatic model assessment
of B-cell function (HOMA-B) was also reduced significantly
in subjects with lower baseline HbAlc. Moreover, they also
found that acarbose is able to reduce triglyceride, insulin and
glucagon more than metformin at all HbAlc levels [25]. In
this article, we aim to review the clinical and experimental
findings linking hyperglycaemia, cognitive function, and
hallmark markers of AD. The potential of repurposing a-
glucosidase enzyme inhibitors to reduce the risk of AD is
also discussed in this review.

2. HYPERGLYCAEMIA AND AD

The prevalence of type 2 DM and AD is increasing in the
ageing population, and there is evidence demonstrating that
hyperglycaemia is a potential risk factor for the development
of AD (Fig. 1). These factors are discussed in detail below.

2.1. Hyperglycaemia-Induced Accumulation of Ap

A decrease in insulin production by beta islet cells and the
impairment of insulin receptors are among the factors that lead
to hyperglycaemia. Abnormal accumulation of advanced gly-
cation end products (AGEs) due to hyperglycaemia has been
demonstrated to increase the production of reactive oxygen
species (ROS), which in turn stimulates downstream APP-
related pathway, AP production [26], NAD+-dependent
deacetylase sirtuin 1 (Sirtl) and glucose regulatory protein
78 (GRP78). This subsequently upregulates cell death related
pathways in neuronal cells, leading to development of AD
[27]. In addition, AGEs are thought to be neurotoxic as they
reduce cell viability in primary cortical neurons [28].

AP is generated from APP through cleavage by B-
secretase (B-site APP cleaving enzyme, known as BACE)
and y-secretase (presenilin complex comprising PS1 and
PS2). Yang et al. (2013) reported that hyperglycaemia-
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induced AP production is due to inhibited APP degradation
in neuronal-like and non- neuronal cells [29]. Ample evi-
dence has shown that abnormal insulin signalling in brain
insulin resistance enahnces AP accumulation in animal mod-
els of type 1 and type 2 DM. Sajan et al. (2016) revealed that
hyperinsulinemia increases in activities of Akt and atypical
protein kinase C in the brains of insulin-resistant mice and
monkeys, resulting in elevated AP levels [30]. Currais et al.
(2012) demonstrated that streptozotocin (STZ)-induced
T1DM was accompanied by higher levels of AB, APP, and
tau phosphorylation in the hippocampus of senescence-
accelerated mice [31]. Similarly, STZ injection-induced
T1DM not only aggravated AB accumulation but also upreg-
ulated both full-length APP and beta-site APP cleaving en-
zyme 1 [32-34]. In addition, STZ-induced diabetic rats
showed hippocampus atrophy, synapse loss in the brain, A}
aggregation, and impaired performance of memory and
learning functioning [35].

In addition, insulin-degrading enzyme (IDE) causes deg-
radation of AP in both in vitro and in vivo models [36-38].
Qiu et al. (1998) and Vekrellis ef al. (2000) have suggested
that insulin influences IDE in the clearance of Af in AD
patients [39, 40]. Studies have demonstrated that insulin in-
creases extracellular AR 1-40 and AB 1-42 levels in neuro-
blastoma SH-SYSY cells and primary cultures of rat cortical
neurons. Insulin not only inhibits the extracellular AP degra-
dation by IDE but also stimulates A secretion, which results
in a significant reduction of AB1-40 and AB1-42 intracellular
concentrations [41-43].

Acute hyperglycaemia is suggested to elevate the hippo-
campal interstitial fluid (ISF) AP levels by inducing changes
in neuronal activity [44]. Several in vivo studies have
demonstrated that increased synaptic activity can drive AP
release from an endocytic pool to result in increased ISF AB
levels [45-47]. In addition, hyperglycaemia-induced rapid
neuronal excitability may involve ATP-sensitive potassium
(Katp) channels, in which closure of these channels can lead
to a rise in extracellular B-amyloid concentration.

The glucose transporter (GLUT) proteins, as the name
suggests are proteins which are involved in transporting glu-
cose to different locations in our body The function of
GLUT proteins (GLUT1-4) can be regulated by the IGF fam-
ily. Insulin/IGF-1 signaling pathway can mediate neuronal
excitability, metabolism, and survival. Any abnormality or
disruption in this pathway may trigger continuous dwindling
of neurons in AD brains [48, 49]. In addition, altered neu-
ronal IGF-1 function can contribute to the neuronal patholo-
gy and overall synaptic caused by APP- A clearance in the
apolipoprotein E (APOE) ¢ carriers, thus possibly leading to
increased neuritic plaque formation in AD [50]. Meanwhile,
the malfunctioning of GLUT4 protein in the hippocampus
can alter the cognitive flexibility and biochemical reactions
in this brain area, posing a risk of developing depression and
impaired cognitive function, in which might contribute to
AD development [51, 52].

A study conducted by An et al. (2018) proposed that AD
progression may occur with abnormalities in brain glucose
homeostasis. The subtle changes may already start years
before symptoms are detected clinically [53]. Research has
revealed a significant reduction in the activities of glycolysis
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Fig. (1). Mechanisms underlying hyperglycaemia-induced accumulation of B-amyloid and increased phosphorylation of tau. (4 higher reso-
lution/colour version of this figure is available in the electronic copy of the article).

rate-controlling enzymes - hexokinase, phosphofructokinase
and pyruvate kinase, in the inferior temporal gyrus and mid-
dle frontal gyrus of individuals with AD, which is also asso-
ciated with AP pathology. They have also reported signifi-
cant lower protein levels of the neuronal GLUT3 in AD
models [53], which are linked with more serious neuritic
plaque. Furthermore, GLUT3 protein levels and their associ-
ation with AD pathology are not linked to neuronal loss as
they remain prominent even after adjusting the levels of neu-
ronal nuclear protein nesprin-1 [54]. This demonstrated that
lower GLUT3 protein levels in AD are likely to reflect early
progression of AD pathophysiology rather than downstream
consequences of neurodegeneration. Hence, failure to utilise
neuronal glucose due to impaired glycolysis is a fundamental
hallmark of AD.

Tharp et al. (2016) showed that an increased AP secre-
tion in stromal vascular cells (SVC) cultured at high glucose
concentration without correlation to APP system transcrip-
tion [55]. Studies have shown that endogenous AP in cere-
brospinal fluid and blood may fluctuate widely depending on

glucose and insulin [56-58]. Particularly, glucose and insulin
can affect the secretase activity, exocytosis pathways, un-
folded protein response or induce inflammation and mito-
chondrial dysfunction, causing adipose tissue cells to secrete
Ap. Additionally, AP and insulin are competing for insulin
receptors and degradation by IDE, which probably reduces
signal transduction through the insulin receptor signaling
pathway and prolongs Ap half-life [59, 60].

One of the features of AD patients is the impairment of
glucose uptake in the brain regions containing neuritic
plagues [61-63]. A few studies showed that the impairment
in glucose uptake and suppression of mitochondrial produc-
tion of ATP resulting in an increased vulnerability to exci-
totoxic calcium overload, which was the mechanism of cell
injury in the pathogenesis of AD [64-66]. A study by Mark
et al. (1997) demonstrated that AP impaired glucose uptake
in cortical neurons and cultured hippocampal via mechanism
involving 4-hydroxynonenal (HNE) [67]. AB-induced im-
pairment of glucose transport preceded the decrease in cellu-
lar ATP levels, suggesting the reduced glucose uptake was in
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correlation to ATP depletion. HNE binds to membrane pro-
teins such as Na'/K'-ATPase and Ca*"-ATPase that are in-
volved in the transport of ions, glutamate and glucose and
impairs their function [68-70]. The impairment of the
Na'/K'-ATPase leading to membrane depolarization and
promotes Ca" influx through voltage-dependent channel and
NMDA receptors. The impairment of glutamate transport
leading to overstimulated glutamate receptor by excessive
accumulation of extracellular glutamate. Impairment of glu-
cose transport results in ATP depletion, increased oxidative
insults and vulnerability to excitotoxic. As a result of induc-
ing ATP depletion, A altered protein phosphorylation reac-
tions mediated by kinases. For instance, A and metabolic/
excitotoxic insults altered the phosphorylation of various
cytoskeletal proteins, including the microtubule-associated
protein tau [71-74].

2.2. Hyperglycaemia-induced Tau Protein Phosphoryla-
tion

Phosphorylated tau, a key constituent of paired helical
filaments in the AD neurofibrillary tangles, has been linked
with deficient insulin signalling in diabetic brains [75, 76].
GSK-3f plays a crucial role in the phosphorylation of tau
proteins and insulin signalling. Thus, insulin signalling im-
pairment in the DM that regulates the GSK-3f pathway may
increase the AD risk byelevating the phosphorylation of tau
proteins.

Tau protein is one of the major microtubule-associated
proteins. The interaction between tau and microtubules on a
single microtubule-binding site is within millisecond via a
kiss-and-hop mechanism. It is a highly dynamic interaction
that takes place in the densely packed axonal microtubule
array [77]. Tau phosphorylation can be modulated by nu-
merous kinases, including GSK-3p, mitogen-activated pro-
tein kinase/extracellular-signal-regulated kinase (MAPK/
ERK), c-Jun N-terminal kinase (JNK), and cyclin-dependent
kinase 5 (Cdk5). Meanwhile, the main phosphatase for mod-
ulating tau phosphorylation is protein phosphatase 2A
(PP2A) [78]. Abnormal tau aggregation leads to the genera-
tion of neurofibrillary tangles and paired helical filaments
(PHFs), a neuropathological hallmark in the brains of pa-
tients diagnosed as tauopathies, As DM brains also see a rise
in hyperphosphorylated tau, it is often considered a tauopa-
thy-associated disease [79-81]. An in vitro study showed
that, transfected PC12 cells with pseudophosphorylated tau
induces neurodegeneration [82]. Meanwhile, an inducible
pseudophosphorylated tau mouse model was generated to
investigated the effect of conformational modified tau by Di
and colleagues [83]. It is showed that abnormally hyper-
phosphorylated tau causes neurodegeneration resulting in
cognitive deficits. As such, inhibiting the formation of hy-
perphosphorylated tau can reverse the development of cogni-
tive dysfunction in DM [84]. In addition, Schubert et al.
(2003) reported increased neurofibrillary tangles containing
hyperphosphorylated tau in the hippocampus of IRS-2
knockout mice, typical pathological signs of T2DM [85].
Therefore, impaired insulin signalling along with hypergly-
caemia may induce tau phosphorylation and subsequent
cleavage, contributing to the increased risk of AD in diabetic
patients.
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Several studies have revealed that neurodegeneration
mediated by the formation of hyperphosphorylated tau con-
tributes to the DM-associated cognitive deficit [86, 87]. Dif-
ferent tau phosphorylation sites were uncovered although
intra-cytoplasmic tau-positive tangle-like inclusions or tau
aggregation were not detected in the brains of DM patients
[88, 89]. Miller et al. (2006) revealed an increase of tau
phosphorylation at residues such as Thr181, Ser199, Ser202,
Thr211, Thr231, Ser262, and Ser396/404, in the hippocam-
pus of mice after STZ treatment for three days [88]. An in-
vivo study showed a mild increase of tau phosphorylation at
PHF-1 (Ser396/404) and AT8 (Ser202 and Thr205) epitopes
after 30 days of STZ injection. However, a high increment of
tau phosphorylation was detected after 40 days [87]. In other
studies, tau phosphorylated at Ser199/Thr202 or Ser396 site
was detected in STZ-induced diabetic mice for up to 45 days,
respectively [90, 91]. An in-vivo study revealed that the de-
gree of tau phosphorylation was well correlated with the
degree of cognitive dysfunction and plasma glucose levels.
Besides, Wu ef al. (2017) found a sharp increase in p-S6K
and p-mTOR levels in the hippocampus of STZ-induced
diabetic rats and the increase correlates with the levels of p-
tau [92]. Wang et al. (2014) revealed that the inhibition of
the over-activated mTOR/S6K signalling with rapamycin
rescues cognitive deficits and reverses tau phosphorylation in
the same animal models [90].

Tau undergoes several post-translational modifications
including phosphorylation [93, 94]. Caspases [95], the ubig-
uitin-proteasome system [96] and calpains [97, 98] are all
indications of tau cleavage, with the formation of various tau
fragment sizes during neuronal apoptosis [99-102]. For in-
stance, N- and C-terminal fragmentation induces toxic tau
aggregation in N2a cells [103]. Tau cleaved at Asp421 is
identified in AD brains [104]. Cleavage at Asp421 by caspa-
se 3 allows tau to assemble more drastically into tau fila-
ments in vitro [105], suggesting that cleaved tau could en-
hance polymerisation kinetics and serve as a nucleation cen-
tre, promoting the pathologic assembly of tau filaments
[106]. Interestingly, the proportion of tau cleaved at the
caspase-3 site increases the dwell time during the kiss-and-
hop interaction with microtubules, hindering the axonal
transport and initiating region-specific dendritic atrophy in
cornu ammonis region 1 pyramidal neurons of the hippo-
campus [107]. In the absence of tau mutation, truncated tau
can facilitate neurofibrillary tangles formation in vivo [108].
Furthermore, truncated tau induces apoptosis of cortical neu-
rons in vitro [109] and, when expressed in transgenic ani-
mals, results in reduced spatial memory and impaired reflex-
es [110, 111].

Kim et al. (2013) showed that hyperglycaemia is one of
the contributing factors in tau modification in both in vitro
and in vivo DM models. The study revealed that the extent of
tau cleavage depended on time and glucose concentration,
and was well-correlated with the presence of cleaved caspa-
se-3 and apoptosis. In fact, hyperglycemic conditions in DM
(along with IR in T2DM) may trigger the apoptotic response,
including caspase activation, leading to tau cleavage and
making neurons more susceptible to A insults. Furthermore,
glucose and AP might concomitantly facilitate the apoptotic
pathway, which generates more toxic tau cleavage through a
positive feedback mechanism [112].
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PP2A inhibition could be attributed to increased tau
phosphorylation [113]. Since PP2A dephosphorylates the tau
protein at all its epitomes, PP2A dysregulation can be detri-
mental. Hypothermia is a common sign of severe hypogly-
caemia in DM patients [87]. In hypothermic brain, the
change in glucose metabolism can suppress PP2A activity,
resulting in abnormal tau phosphorylation. In accordance,
another study showed that tau phosphorylation and PP2A
inhibition occur in non-obese diabetic (NOD) mice, a model
of type 1 DM [81].

STZ-induced Hyperglycaemic mice had increased tau
phosphorylation, specifically at the Ser396 epitope. The
Ser396 epitope phosphorylation is closely associated with
tau pathology [114]. Tau protein levels were higher in the
hyperglycemic group compared to the control. Interestingly,
reference memory errors for the hyperglycemic mice were
greater compared to the control group [86].

Guo et al. (2016) showed that hyperglycaemia particular-
ly affected CdkS kinase which can be usually activated
through the activator proteins p25 and p35. In the Pdx1""
mice, phosphorylated and steady-state protein levels of CdkS
and p25 were significantly increased, suggesting that this
kinase activation can enable changes in tau phosphorylation
[115]. In addition, the activation of these kinases - ERKs,
JNKs, and p38 MAPK which all belong to MAPK serine-
threonine kinase group [116, 117], has been demonstrated to
promote tau phosphorylation and in turn, AD pathophysio-
logical alterations [118].

2.3. Expression of APOE4

The three major alleles of human APOE gene, namely €2,
€3 and &4, has the frequency of 8.4%, 77.9% and 13.7%,
respectively. However, a significant increase (approximately
40%) of the €4 allele frequency was observed in AD patients
[119]. The APOE &4 allele increases the risk of developing
AD [120]. In asymptomatic APOE &4 carriers, increased
systemic insulin resistance is associated with higher tau
phosphorylation [121]. Moreover, there is a strong connec-
tion between the APOE ¢4 allele and the comorbidity of AD
and DM [122].

A study shows that APOE genotypes affect the formation
of senile plaques due to abnormal deposition of AP, and also
lead to development of cerebral amyloid angiopathy (CAA)
[119]. In the AD brains, immunohistological results review
the co-deposition of APOE within the senile plaques [123].
Moreover, senile plaques has been shown to be more abun-
dant in APOE ¢4 carriers (40.7%), particularly patients aged
between 50 to 59 years [124, 125]. In addition, APOE &4 is
closely related between CAA and CAA-related haemorrhag-
es [126, 127].

The formation of senile plaques, neurofibrillary tangles
and CAA were similarly observed in DM APOE &4 carriers
[128]. This can be explained by the fact that conditions such
as hyperglycaemia, hyperinsulinaemia, insulin resistance, as
well as the presence of APOE ¢4 allele, could strongly in-
duces the formation of senile plaques in DM patients [129].
In addition, research also demonstrated that APOFE ¢4 carri-
ers have higher risk of susceptible to blood-brain barrier
breakdown and reduction in the length of small vessels
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[130], which could be the causative event in the pathogenesis
of AD.

Neuronal damage in the brain caused by chronic neuroin-
flammation has a significant implication in AD pathogenesis
[131]. APOE colocalizes with senile plaques and microglia,
suggesting a role for APOE in AD-associated innate immune
response. Study found that absence of APOE gene in mice
had an increased inflammatory response following treatment
with AP [132]. However, there is mounting evidence that
three isoforms of APOE (apoE2, apoE3 and apoE4) differen-
tially regulate the innate immune response [133]. Not only
affecting the deposition of AP, APOE &4 is also associated
with a more robust pro-inflammatory response, which might
further worsen the progression of AD. In a comparison study
conducted by Lynch et al. (2003), they found that APOE4-
TR mice expressed higher levels of pro-inflammatory cyto-
kines than APOE3-TR mice following injection of lipopoly-
saccharide [134]. Furthermore, Ringman ef al. (2012) demon-
strate increased inflammatory response in young APOE &4
carriers, which may increases the risk of developing AD later
in life [135].

Adult hippocampal neurogenesis plays a vital role in
structural plasticity of mature neurons and brain networks
maintenance. The initial claims for the non-existence of adult
neurogenesis in the mammalian brain have been challenged,
and recent studies have drawn opposite conclusions [136,
137]. A study conducted by Jiménez et al. (2019) identified
the existence of immature neurons in the dentate hippocam-
pal gyrus of healthy people aged 43-87 years, and they have
also found that continued neurogenesis was reduced in the
dentate gyrus of patients with AD [138]. Impairment in hip-
pocampal neurogenesis resulting from early disease manifes-
tation could increases the risk of developing AD and memory
deficits [139]. APOE plays an important role in regulating
hippocampal neurogenesis, whereby increased expression of
APOE inhibits neural stem or progenitor cell proliferation and
maintains the characteristics of these progenitor cells in the
dentate region of the hippocampus [140]. In in vivo study,
APOE4 suppresses hippocampal neurogenesis by interfering
with the maturation of hilar y-aminobutyric acid-containing
interneurons, which results in the impaired memory and
learning capability [141, 142]. These results are to prove the
crucial role of APOE4 in the pathology of dysfunctional neu-
rogenesis that contributes to AD progression.

The loss of synapses is an early pathological characteris-
tic of AD [143]. The three isoforms of APOE were reported
to demonstrate different roles in synaptic plasticity and re-
pair mechanisms [144, 145]. In a study conducted by Ji et al.
(2003), they found that APOE4 dose correlates inversely
with dendritic spine density in the hippocampus of AD and
healthy aged controls [146]. Moreover, similar observation
was reported in an animal study, where reduced dendritic
spine density and length were observe in APOE4-TR mice
compared with APOE3-TR mice [147]. Interestingly, AP-
OE3 has shown to provide protection against the loss of syn-
apses produced by AP oligomers [148]. APOE isoforms
demonstrate differential effects on synaptic integrity and
dendritic spines. Klein et al. (2010) found that excitatory
synaptic transmission was reduced in APOE4-TR mice at 1
month, suggesting that APOE4 accounts for functional defi-
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cits in amygdala’s early development, which ultimately leads
to cognitive disorders later in life [149]. Presence of APOE4
has shown to delay the recycling process of Apoer2, receptor
that is found in the synaptic gap between nerve cells. On top
of that, APOE4 reduces the function of N-methyl D aspartate
receptor which responsible for maintaining the synaptic plas-
ticity [150]. Taken all these observations together, it is un-
doubtedly that pathogenic effects of APOE4 on the synaptic
function is a strong risk factor for the development of AD.

3. THE POTENTIAL CONNECTION BETWEEN AL-
PHA-GLUCOSIDASE AND AD

The link between AD and type 2 DM has been thorough-
ly investigated through evidence from in vivo and clinical
studies. An increased risk of developing AD and declined
cognitive function at a later age are observed from diabetic
patients compared to healthy controls [151]. In fact, the high
blood glucose level is associated with a heightened risk of
dementia [152]. Moreover, as insulin is reported to modulate
AP degradation [151] and is involved in neuronal function
and memory formation, insulin resistance in various brain
regions, including the cerebellar cortex and hippocampus,
may lead to diabetic encephalopathy [153]. This highlights
that if type 2 DM is well-controlled by a good regime, the
incidence of AD in the elderly can be managed.

Alpha-glucosidase is a critical enzyme which regulates
blood glucose by specifically targeting 1,4-o-glucopyranosidic
bonds and subsequently hydrolysing them to produce o-
glucose [154]. Glucosidase enzyme inhibitors, such as acar-
bose, voglibose, and miglitol, are among the clinically used
anti-diabetic agents. The drugs inhibit the alpha-glucosidase
enzyme that hydrolases carbohydrates into a-glucose in the
small intestine, thus delaying glucose absorption into the
bloodstream and suppressing postprandial hyperglycaemia
[155]. A study conducted by Hagedoorn ef al. (2007) report-
ed that the therapeutic effects of alpha-glucosidase inhibitors
are due to both the slowed digestion of carbohydrates, and
also the fermentation of colonic starch [156]. Interestingly,
the connection between the alpha-glucosidase enzyme and
AD is not yet well understood. However, some possible con-
nections can be deduced via the action of glucosidase en-
zyme inhibitors towards the progression of AD in diabetic
models. In an experiment by Yan ef al. (2015) where acar-
bose (20 mg/kg/d) was administered to SAMP8 mice for six
months, attenuation of cognitive decline (better performance
of spatial learning and memory), elevated level of acetylated
histone H4 lysine 8 (H4K8ac), an increase in insulin and
insulin receptors were observed [157]. In addition to the
conventional pathophysiology of AD, loss of canonical Wnt
signalling has been proved to participate in the progression
of AD, whereas activation of Wnt/B-catenin signalling
through the LRP6 receptor may promote neurogenesis, syn-
aptic plasticity, and suppress tau phosphorylation and neu-
roinflammation [158]. Noticeably, a-glucosidase inhibitors,
miglitol and voglibose, were found to have a strong affinity
towards LRP6 proteins, indicating the potential of modulat-
ing Wnt signalling as one of the possible mechanisms for
AD treatment [158]. On the other hand, when compared with
other anti-diabetic drugs such as metformin and DPP4 in-
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hibitors in observational studies that correlated these treat-
ments with the risk of AD, glucosidase enzyme inhibitors are
less significant in lowering the AD risk [153, 159]. This can
be explained by the fact that this drug class does not possess
direct modulation activity on insulin levels. However, the
result might have been compromised as glucosidase inhibi-
tors are less frequently prescribed than other agents, thus
quantitatively affecting the comparison and overall outcome.
Therefore, more research is needed to confirm the cognition-
related effects of glucosidase inhibitors on type 2 DM mod-
els.

Although acarbose has shown efficacy in controlling
blood glucose level, they are less preferred in type 2 DM
treatments due to several side effects such as abdominal
pain, flatulence, diarrhoea, and inferior effectiveness in regu-
lating insulin and glucose levels compared to other anti-
diabetic drugs. However, in order to achieve normal glucose
homeostasis, a combination of various pathways to tackle
multiple pathophysiological mechanisms is needed, and a-
glucosidase is still among the key targets in treating DM. In
fact, alternative glucosidase inhibitors from natural sources
are currently under development. Xanthone derivatives such
as mangiferin [155] and flavonoids such as quercetin [160]
can achieve lower ICs, than acarbose in inhibiting alpha-
glucosidase, accompanied by considerable anti-diabetic ef-
fects in in vivo models [161, 162]. In addition, several stud-
ies have experimented with natural products on both alpha-
glucosidase and acetylcholinesterase inhibition simultane-
ously to show their significant inhibitory effects on these
enzymes, for example, the study of Mohan ez al. (2017) on
Indian medicinal plants. This highlights the dual functions of
potential alpha-glucosidase/acetylcholinesterase inhibitors in
treating comorbidities of AD and type 2 DM [163]. Moreo-
ver, it is interesting to note that the compound 8-B-D-
glucopyranosylgenistein with glucosidase inhibitory activity
from Genista tenera, traditional herbal medicine to treat DM,
can act as an anti-amyloidogenic and a new ligand of A
oligomers for AD as shown by Silva et al. (2015) [164].
Therefore, further development of glucosidase inhibitors
derived from natural compounds with better safety and effi-
cacy profile is essential and promising for both AD and type
2 DM treatment. An indirect connection between a-
glucosidase and AD can be drawn, in which controlling the
blood glucose level by glucosidase inhibition may be associ-
ated with a lower risk of progressing AD in the elderly.

CONCLUSION AND FUTURE DIRECTIONS

Despite significant investments in research efforts and
resources in AD, we have yet to identify a disease-modifying
therapy that has proven effective in humans. The suggested
connection between AD and DM indicates that the latter is a
potential risk factor for AD. With detailed analyses, it could
well play a genuine role in predicting AD occurrence. Hence,
repurposing alpha-glucosidase inhibitors, which are currently
being used to treat DM as potential AD therapy, is an excit-
ing strategy to explore. Besides, understanding the intersec-
tion between each molecular pathway 1 may prove essential
in the development of future drug targeting AD.
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