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ABSTRACT

Alzheimer’s disease represents an enormous global burden in terms of human suffering and economic cost. It is the
most common cause of dementia all over the world. The pathological hallmarks of Alzheimer's disease are amyloid
plaques and neurofibrillary tangles. The goal of this review is to discuss early diagnosis using biomarkers and
newer treatment strategies for Alzheimer's disease. Newer strategies focus on employing disease modifying agents
targeting amyloid cascade. The aim of such treatment is to reduce amyloid production, prevent tau
hyperphosphorylation, aggregation and improve clearance of both tau and amyloid. Cholinesterase inhibitors and
Memantine are the only drugs approved for treatment as yet. Although they improve symptoms they do not cure or
totally halt the progression of illness. Nutritional supplements, physical activity plays a role in prevention
according to few studies, but their role has not yet been approved.
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INTRODUCTION

Alzheimer's disease (AD) is multifactorial
neurodegenerative disorder which has poor prognosis. It
is the most common cause of dementia in the world. It is
progressive and irreversible disease and leads to severe
impairment of memory. It is one of the primary causes of
cognitive dysfunction in elderly (Aprahamian et al.,
2013; Phillips et al., 2015; Kuo and Rajesh, 2017).

AD is named after Alois Alzheimer, a German
psychiatrist in 1906. He had a patient named Auguste D
in her fifties, who suffered from what seemed like a
mental illness. Following her death, the autopsy of her
brain revealed dense deposits, now named as amyloid
plaques and twisted strands of fiber called neurofibrillary
tangles (NFTs) (Mufson et al., 2015; Kuo and Rajesh,
2017).

AD is a highly prevalent neurodegenerative disorder of
old age. Alzheimer's association report’s 13% prevalence
in people older than 65 years in the developed countries.
It is the fifth largest cause of death in this age group.
According to world health organization the prevalence is
expected to quadruple in the next decade reaching 114
million patients by 2050 (Folch et al., 2016). In Europe
the estimated number of patients needing treatment is 7-8
million, 4-5 million in USA and 24 million worldwide. It
is expected that 42 million would suffer by 2020 due to
aging (Leon et al., 2013). In Saudi Arabia the estimated
number of people suffering from AD is 50,000 (Alfakhri

et al., 2018).

The cholinesterase inhibitors (ChEI) and Memantine
(MEM) are the approved drugs for AD which
temporarily improve symptoms. Presently there is no
effective treatment in terms of cure and prevention of
AD. Considering the rise of AD in the population there is
urgent need to develop disease modifying agents. These
agents by definition are the drugs which reduce the
progression of neurodegeneration by inhibiting critical
events that happen in the pathophysiology of the disease
(Aprahamian et al., 2013).

The present review discusses early diagnosis using
biomarkers and the disease modifying agents targeting
amyloid cascade, as well as nutritional supplements and
physical activity (PA) in prevention and treatment of this
devastating illness.

Types of Alzheimer’s disease

AD is classified according to the age of onset. Familial
AD is early onset, it can start as early as 40 years. The
cause is genetic mutations and it accounts for 2% of
cases. The genetic mutations are found in amyloid
precursor protein (APP) gene on chromosome 21,
presenilin 1 on chromosome 14 and presenilin 2 on
chromosome 1. Sporadic AD is classified as early onset
which starts before 65 years of age and account for 3
to7% of cases and late onset AD which starts after the
age of 65 years and accounts for 95% of AD cases.
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Significant numbers of patients with sporadic form are
carriers of epsilon 4 (e4) allele of Apolipoprotein E
(ApoE) gene, which is a lipid transport protein. This
allele is less efficient in removal of amyloid beta (AB)
peptide when compared to other alleles like e2 allele
(Braskie et al., 2011; Kuo and Rajesh, 2017). Risk
factors for sporadic AD are age, hypertension,
hypercholesterolemia, diabetes and metabolic syndrome
(Folch et al., 2016).

1. Pathophysiology

The cardinal neuropathological signs of AD are amyloid
plaques and NFTs. Plaques are made up of AP peptide
and NFTs are formed by hyperphosphorylated tau. Tau is
the component of microtubule which is the internal
support structure of a neuron. Hyperphosphorylation of
tau thus, destroys the cytoskeleton of the neurons leading
to their death (Hardy, 2009; Aprahamian et al., 2013;
Kumar et al., 2015; Mufson et al., 2015; Kuo and
Rajesh, 2017).

Etiopathogenesis of AD is not completely understood.
Amyloid  hypothesis is the most common
pathophysiology of AD since the last two decades. Other
factors like oxidative stress, inflammation and
neurotransmitter imbalance also play a role (Hardy,
2009; Anand et al., 2014; Geldenhuys and Darvesh,
2014; Dal Pra et al., 2015; Kuo and Rajesh, 2017).

1.1. Amyloid hypothesis

According to amyloid cascade hypothesis, cleavage of
APP occurs by nonamyloidogenic and amyloidogenic
pathway (Fig 1.1). Nonamyloidogenic pathway, the APP
cleavage is done by alpha (a)- Secretase and
subsequently by gamma (y) secretase which produce
soluble nontoxic peptides. Amyloidogenic pathway, the
cleavage occurs by beta () secretase and subsequently
by y-secretase. The product of this include two forms AP
40 amino acid peptides and the other Af 42 amino acid

a- secretase |

[3- secretase/ BACE 1

peptide which are toxic and prone to form fibrils (Kumar
et al., 2015; Sadigh-Eteghad et al., 2015).

In AD there is genetic abnormality in APP hence it is
mostly cleaved by B-secretase of amyloidogenic pathway
as a result of this, excessive AP peptides are produced
which accumulate into soluble oligomers that clump
together to form insoluble fibrils called plaques which
are deposited extracellularly (Hardy, 2009; Mufson et
al., 2015; Kuo and Rajesh, 2017).

These plaques create inflammatory response that activate
microglia and astrocytes which produce chemicals such
as cytokines and free radicals.

AP42 oligomers and the chemical events stimulate
kinases which causes hyperphosphorylation of tau
converting microtubules into tangles within neuron
called NFTs. The buildup of NFTs in the neuron
ultimately leads to neuronal death. The synaptic
dysfunction and oxidative stress due to amyloid
oligomers and neuronal death due to
hyperphosphorylation of tau relentlessly progress leading
to shrinkage of brain (Dal Pra et al., 2015; Kumar et al.,
2015).

Clearance of Ap42 oligomers occurs by several
pathways. Firstly, by the degradation caused by enzymes
such as proteases and insulin degrading enzyme (IDE).
Secondly, they are removed through the uptake by
astrocyte and microglia. Thirdly, by passive flow into
cerebrospinal fluid (CSF) (Braak and Del Tredici, 2011).

In AD there is excessive production and inefficient
removal of AP peptide due to less activity of the
degradation enzymes. This imbalance between
production and clearance leads to accumulation of
amyloid plaques (Folch et al., 2016).
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Figure 1.1: Amyloid Hypothesis.
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Non-amyloidogenic pathway- the APP is cut via a-
secretase into two forms a-APP which is soluble and C-
83 (83 amino acid peptide of carboxy terminal). y
secretase further cuts C-83 into smaller peptides p3 and
amyloid  precursor protein intracellular domain
(APPICD). Amyloidogenic pathway- the APP is cut by
B-secretase into B- APPs (soluble) and C99APP which is
further broken down by y-secretase into AP peptides
which form AP oligomers. The oligomers cause
hyperphosphorylation of tau, loss of synapse,
cerebrovascular damage and microglia activation leading
to cognitive dysfunction (Kumar et al., 2015).

2. Staging of Alzheimer using Biomarkers

2.1. Biomarkers

Biomarkers play an important role in the identification of
preclinical stages of AD and aid in early diagnosis.
Biomarker is a measurable parameter which reflects the
presence and severity of the disease. The biomarkers for
AD are found by CSF analysis and imaging of brain by
magnetic resonance imaging (MRI) and positron
emission tomography (PET). CSF biomarkers are high
phosphorylated tau (p,tau), high total tau (t tau),
decreased concentration of the AP42 peptide and
increased tau amyloid ratio (McConathy and Sheline,
2015).

MRI shows reduced volume of medial temporal lobe and
medial parietal cortex. Flurodeoxyglucose Positron
Emission Tomography (FDG —PET) is used to see brain
glucose metabolism. Flurodeoxyglucose (FDG) is most
commonly used PET tracer which gives quantitative
measure of glucose metabolism by neurons. In AD there
is progressive decline in the glucose metabolism
reflecting neuronal injury. Pittsburg compound B (PiB)
PET is used to image amyloid in living brain (Frisoni et
al., 2010; McKhann et al., 2011; Edmonds et al., 2015;
McConathy and Sheline, 2015).

2.2. Stages of Alzheimer’s disease

2.2.1. Stage 1 preclinical stage or asymptomatic stage
The importance of early diagnosis holds good as the
pathological process starts at least 10-20 years before
clinical manifestation (Sperling et al., 2011; Rygiel,
2016). Asymptomatic patients are those who are
biomarker positive without clinical symptoms. The
National Institute of Aging and Alzheimer's Association
(NIA-AA) classifies AD into 3 stages, Preclinical stage,
Mild cognitive impairment (MCI) and Dementia (Fig
2.1) (Sperling et al., 2011).

Preclinical stage is further subdivided into 3 stages
which are: Stage 1, it is asymptomatic with PiB PET
showing cerebral amyloidosis and low CSF amyloid AP
42 which are the markers of amyloidosis. Stage 2, show
features of stage 1 with an evidence of
neurodegeneration as shown by increase in CSF tau,
abnormal volumetric loss on MRI and reduced glucose
metabolism with FDG-PET and finally stage 3, which
includes all features of stage 2 and subtle cognitive

decline as evidenced clinically. Stage 3 is more likely to
progress to MCI when compared to stage 1 and 2 (Fig
2.2) (Edmonds et al., 2015; McConathy and Sheline,
2015).
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Figure 2.1: Continuum of Alzheimer’s disease. The
above figure is depicting the cognitive function
decline with increase in age as compared with
cognitive function decline in preclinical stage, MCI
and Dementia over a period of time (Sperling et al.,
2011).

Figure 2.2: Preclinical Stages of Alzheimer’s disease
according to biomarkers. Depiction of the preclinical
stages. Some individuals may not progress beyond stage
1 and 2. Individuals with stage 3 are more likely to
progress to MCI (Sperling et al., 2011). Abbreviation:
fMRI: functional magnetic resonance imaging, sSMRI:
Structural Magnetic resonance imaging.

WWW.ejpmr.com

11




Sultan et al.

European Journal of Pharmaceutical and Medical Research

Stage 1

Asymptomatic amyloidosis

-High PET amyloid tracer retention
-Low CSF ABy.4;

Stage 2

Amyloidosis + Neurodegeneration
-Neuronal dysfunction on FDG-PET/fMRI
-High CSF tau/p-tau

-Cortical thinning/Hippocampal atrophy on SMRI .~

Stage 3
Amyloidosis + Neurodegeneration + Subtle Co

-Evidence of subtle change from baseline level of cogi
-Poor performance on more challenging cognitive |

-Does not yet meet criteria for MCI

Figure 2.2 : Preclinical stages of Alzheimer’s disease according to Biomarkers

2.2.2. Stage 2 Mild cognitive impairment due to Alzheimer’s disease

According to NIA-AA, MCI is defined as subjective and
objective evidence for cognitive decline without
functional decline (Albert et al., 2011). The NIA-AA
criteria for MCI due to AD s, having cognitive
impairment in one domain, with positive biomarkers for
amyloid accumulation and neurodegeneration (Table

4.1). MCI clinically presents as difficulty remembering
names, word finding difficulty and difficulty in
concentrating. Over 10 to 20% patients with MCI
convert to AD dementia per year (Albert et al., 2011;
Edmonds et al., 2015; McConathy and Sheline, 2015).

Table 4.1: Biomarker of amyloid accumulation and neurodegeneration for Alzheimer’s disease (Stahl, 2013).

Biomarkers of amyloid accumulation

Abnormal radioactive tracer retention on
amyloid PET scans

Low CSF amyloid levels of Ap42

Biomarkers of neurodegeneration

Elevated CSF tau (total and
phosphorylated tau)

Decreased FDG uptake on PET

Atrophy on structural magnetic
resonance imaging
¢ hippocampal atrophy
e ventricular enlargement
e cortical thinning

2.2.3. Stage 3 Dementia due to Alzheimer’s disease
Dementia sets in with the development of cognitive
decline in at least two cognitive domains and behavioral
symptoms which effect their daily functioning. Dementia
of AD is diagnosed when there is a proof of
pathophysiologic process of AD as evidenced by clearly
positive biomarkers for brain amyloidosis and
neurodegeneration (McKhann et al., 2011).

3. Clinical features and diagnosis of Alzheimer’s
disease Dementia
Dementia is loss of mental function in two or more areas
such as memory language, or executive functions severe
enough to interfere with daily activities and abilities to
function at work. Probable AD dementia is diagnosed
when the onset is insidious with progressive worsening
of cognition with time. The initial and most prominent
cognitive deficit of AD dementia as evident on history

and examination are categorized into two types of
presentations amnestic and non-amnestic. Amnestic
presentation is inability remembering new things. Non-
amnestic presentation includes language impairment,
visuospatial impairment and executive dysfunction.
Changes in personality and behavioral symptoms include
fluctuations in mood, agitation and socially unacceptable
behavior. The diagnosis of probable AD dementia should
not be applied when there is evidence of cerebrovascular
disease (McKhann et al., 2011).

The diagnosis of AD dementia relies on good clinical
workup and neuropsychological testing. Dementia is
categorized into mild, moderate a severe using a scale
called Mini Mental Status Examination (MMSE). Score
of 21-26 is mild, 10-20 moderate, 10-14 moderate severe
and less than 10 is severe Dementia (Robinson et al.,
2015).
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Although positive biomarkers of AD such as CSF
amyloid, tau and amyloid imaging by PiB PET may
guide towards the diagnosis of AD it is not used in
clinical setup. Guidelines by NIA-AA suggest the use of
biomarkers and imaging only for research application.
Moreover, the diagnosis of AD is only confirmed by
brain autopsy with 80% accuracy (Edmonds et al., 2015;
McConathy and Sheline, 2015).

4. Symptomatic treatment approved by Food and
Drug Administration

4.1. Acetylcholinesterase inhibitors

According to cholinergic hypothesis the cognitive
dysfunction is due to loss of cholinergic neurons.
Therefore, blocking cholinesterase enzyme which
metabolizes acetylcholine (Ach) may help increase Ach
levels which improves the cognition. The Food and Drug
Administration (FDA) has approved Donepezil,
Rivastigmine and Galantamine for treatment of mild to
moderate Dementia due to AD (Geldenhuys and
Darvesh, 2014). ChEl have significant efficacy in
improving cognitive symptoms but not neuropsychiatric
symptoms in mild to moderate Dementia due to AD
(Kobayashi et al., 2016).

4.2. N-methyl-D-aspartate receptor antagonists

The AP42 oligomers stimulate N-methyl-D-aspartate
(NMDA) receptors which lead to excitotoxicity and free
radical damage of neuron. MEM is a NMDA receptor
antagonist which prevents this damage. It is approved by
FDA for moderate to severe AD. MEM monotherapy
improves  cognitive and  behavioral symptoms
(Geldenhuys and Darvesh, 2014; Matsunaga et al.,
2015).

Moreover, combination of ChEl and MEM is superior in
moderate to severe Dementia than only MEM or only
ChEl (Gareri et al., 2014; Matsunaga et al., 2015;
Schmidt et al., 2015). Although these drugs have been
able to relief the symptoms they are unable to cure
Dementia due to AD (Anand et al., 2014; Geldenhuys
and Darvesh, 2014; Kumar et al., 2015).

5. Disease modifying treatment under research not
approved by Food and Drug Administration

5.1. Treatment focused on amyloid

The goal of the treatment is reducing production of A

peptides via inhibition of P and y-secretase and

increasing the clearance via monoclonal antibodies

(Kumar et al., 2015; Folch et al., 2016).

5.1.1. Drugs targeting amyloid production

5.1.1.1. Gamma secretase inhibitors

Semagacestat is the most studied y-secretase inhibitor
which reduced A peptide in the CSF of healthy humans
and in patients with mild and moderate AD but did not
show improvement in cognitive dysfunction. The clinical
trials were stopped due to its detrimental effects on
cognition and reports of skin cancers (Imbimbo and
Giardina, 2011; Folch et al., 2016).

5.1.1.2. Gamma secretase modulators

Nonsteroidal anti-inflammatory drugs (NSAIDS) act as
selective y- secretase modulators. They have the ability
to reduce amyloid by increasing microglial activity.
However, studies have shown lack of efficacy of
NSAIDS like ibuprofen in treating AD (Folch et al.,
2016; Rabins et al., 2017). CHF5074 is an NSAID in
phase Il clinical trial which has the ability to reduce
amyloid production and increase its clearance by
increasing microglial activity (Folch et al., 2016).

5.1.1.3. Beta secretase inhibitors

B-site amyloid cleaving enzyme 1(BACEL) inhibition is
the major target of newer disease modifying agent as it is
the key enzyme involved in production of AP peptides.
The greatest limitation faced by these BACE1L inhibitors
is the dose adjustment, as any excessive decrease may
lead to synaptotoxicity. AP peptides is synaptotrophic
and neuroprotective in physiological dose and
synaptotoxic and neurotoxic in excess, hence less than
physiological level may be synaptotoxic. Therefore,
careful dosing is the key issue in this regard (Yan and
Vassar, 2014).

Lanabecestat is latest BACE 1 inhibitor. It had good
brain permeability and can be given orally. It has shown
promising results in reduction of amyloid load via
reducing its production. It is in phase Il clinical trial
mainly done on patient of MCI due to AD and mild AD
dementia (Sakamoto et al., 2017; Sims et al., 2017).

AZ3293 is another BACE 1 inhibitor which is orally
active and show good permeability to blood brain barrier
(BBB) and exhibits slow off rate. The drug is currently in
phase 111 clinical trial and has shown robust decrease in
CSF and plasma AP peptides to the range of more than
51% with 15mg dose in CSF and more than 64%
reduction in plasma with similar dose (Eketjall et al.,
2016; Cebers et al., 2017).

5.1.2 Drugs targeting Amyloid aggregation
Glycosaminoglycans (GAGs) promotes AP aggregation
and deposition. Tramiprosate antagonize interaction of
AP with endogenous GAGs thus, preventing aggregation.
However, the research on this drug was stopped due to
lack of efficacy in phase Il clinical trial (Aisen et al.,
2011; Kumar et al., 2015).

Colostrinin  (CLN) inhibits aggregation of AP and
dissolve already formed fibrils. CLN is a proline rich
polypeptide complex which was isolated first from ovine
and bovine colostrum. This drug has shown
improvement in mild AD, but the effect was not
maintained (Janusz and Zablocka, 2013; Folch et al.,
2016).

Methylene blue has shown to inhibit both tau and
amyloid aggregation. The clinical trials for the
derivatives of methylene blue are underway to
demonstrate its utility in treating AD (Folch et al., 2016;
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Kuo and Rajesh, 2017).

5.1.3 Drug targeting amyloid clearance

5.1.3.1 Vaccinations

Immunotherapy aims at clearance of amyloid load.
Antibodies inhibit amyloid fibril formation by antigen
antibody interaction. Both antigen administration via
active immunization and antibody administration by
passive immunization show reduction in AP
accumulation. Active immunization using AB (1-6)
peptide produces active A specific antibody response in
75% patients without causing adverse inflammatory
reaction. CAD106 is ALJ (1-6) peptide designed in the
form of drug which is presently in phase Il clinical trial.
Passive immunization includes administration of
monoclonal antibodies against AP peptide (1-6).
Monoclonal antibodies like bapineuzumab has shown
disappointing results and was stopped in phase Il
clinical trials due to reports of meningoencephalitis.
Although this drug increase AP peptide clearance it has
not shown to improve cognition in patients with mild to
moderate AD (Folch et al., 2016). Solanezumab and
gantenerumab are other monoclonal antibodies which are
researched on patients in preclinical stage. These drugs
are currently in phase Il clinical trial (Barrera- Ocampo
and Lopera, 2016; Folch et al., 2016).

Treatment focused on tau protein

Tau protein has critical role in microtubule stabilization.
Hyperphosphorylation of tau leads to formation of NFTSs.
This leads to cytoskeleton destabilization of neuron and
neurodegeneration. The goal of tau centered treatment is
inhibition of phosphorylation, aggregation of tau and
effective clearance of tau aggregates (Folch et al., 2016).

5.2.1 Drugs inhibiting tau phosphorylation

Lithium and valproate have inhibitory actions on
Glycogen synthase kinase-3 (GSK-3) which is one of the
primary enzymes involved in phosphorylation of tau.
Although these drugs have shown to slow the
progression of cognitive deficit further large scale
clinical trials are required to assess its benefit in
treatment of AD (Kumar et al., 2015). Tideglusib is an
irreversible inhibitor of GSK-3. The research was
stopped in phase Il clinical trials due to lack of efficacy
(Anand et al., 2014; Folch et al., 2016).

5.2.2 Tau based vaccination

Both active and passive immunization against tau has
demonstrated increased clearance of tau aggregates.
Administering tau antibody to rodents with mild to
moderate AD reduced the total and phosphorylated tau in
hippocampus.  Although it has shown clinical
improvement of memory in rodents, its effect has not yet
been replicated in humans (Folch et al., 2016; Dai et al.,
2017).

6. Nutritional supplements
6.1. Phytochemicals
Neurotrophins are substances in brain which are required

for survival of neurons. They are reduced in

neurodegenerative disorders such as AD.

Neurotrophins administration may be an effective
treatment option (Venkatesan et al., 2015).

Phytochemical is a plant extract from fruits such as
grapes and nuts. They have the capacity to increase the
Ach by inhibiting ChEI, increase neurotrophins which
promote growth of neurons and their survival. They also
act as antioxidants, prevent neuronal damage by
scavenging reactive oxygen species (ROS) and neutralize
the free radicals. They are not cytotoxic (D'Onofrio et
al., 2017). Regular intake of phytochemicals improves
general states like physical and cognitive performance by
decreasing the oxidative stress and increasing neuronal
cell survival. They are less toxic than synthetic drugs
(Winner et al., 2011).

Studies showed that polyphenols which are present in
grape seed extract plays an important role not only by
reducing oxidative stress but also by inhibiting A
aggregation, reducing AP oligomerization (Mattson,
2015). They also reduce tau hyperphosphorylation and
aggregation. The metabolites are capable of passing the
BBB. Resveratrol is another naturally occurring
polyphenol which has shown efficacy in animal models
of AD (Pasinetti et al., 2015). The phytochemicals
formulated as nanoparticles have more efficacy, as such
particles can easily pass through the BBB. Among
phytochemicals curcumin and quercetin are formulated
into nanoparticles and thus, have good bioavailability
(Jadhav et al., 2017).

6.2. Antioxidants

6.2.1. Omega-3 fatty acids

Although some studies have shown the improvement in
cognitive function in early stage of disease there is no
convincing evidence for its supplementation to treat AD
(Sydenham et al., 2012; Burckhardt et al., 2016;
Canhada et al., 2017; Rabins et al., 2017).

6.2.2. Vitamin E

The idea that free radical injury contribute to
pathological process in AD holds good for the use of
vitamin E, which is an antioxidant. Antioxidants
scavenge free radicals and reduce oxidative stress.
However evidence for its efficacy in treatment and
prevention of AD and MCI is not yet found (Farina et al.,
2017).

6.2.3. Vitamin D

Vitamin D stimulates AP phagocytosis, promotes
neuronal survival and has antioxidant effect. Vitamin D
deficiency is associated with cognitive dysfunction in
elderly and AD dementia. However, no large randomized
controlled trials have yet demonstrated efficacy of
vitamin D in treatment and prevention of AD. Further
studies are needed to establish its effectiveness in
treatment and prevention of AD dementia (Dickens et
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al., 2011; Grimm et al., 2017).

7. Physical activity

Physical activity (PA) can reduce the risk of AD by
promoting the hippocampal neurogenesis, reducing
inflammation, increasing synaptic plasticity and reducing
oxidative stress. A meta-analysis of six prospective
studies published from 1990 to 2007 had found 45%
decreased risk of AD with PA (Santos-Lozano et al.,
2016).

Non-demented older individuals walking more than 4000
steps each day has shown better cognitive function and
thicker hippocampus than those older people who walked
less than 4000 steps per day (Siddarth et al., 2018).
Regularly performed PA may be protective against AD
(Santos- Lozano et al., 2016).

In a meta-analysis of 8 studies, one study found increase
in hippocampal volume with exercise whereas another
found detrimental effect on hippocampus and rest of the
studies found no correlation (Frederiksen et al., 2018).
The current evidence is not enough to formulate the
exact frequency, type and duration of PA that may be
protective against AD (Stephen et al., 2017).

8. Treatment guidelines for Alzheimer’s disease
Dementia

According to British Association of
Psychopharmacology Guidelines 2017 the
recommendations for anti-dementia drugs in clinical
practice are as follow. ChEl such as Donepezil,
Rivastigmine, Galantamine are useful in mild to
moderate AD dementia. MEM is effective in moderate to
severe AD dementia. Combination therapy of MEM and
ChEIl is better over monotherapy with either of them
alone in moderate to severe cases. Neither ChEI nor
MEM is recommended for use in MCI. Drugs should not
be stopped even if dementia severity is increasing.
Nutritional supplements and anti-inflammatory is not
recommended for treatment or prevention unless further
evidence suggests its use. No disease modifying agents
which reduce amyloid or tau deposits are licensed in
clinical practice as yet (O'Brien et al., 2017).

9. CONCLUSION

The approved treatment for AD is symptomatic. It
mainly consists of ChEl and NMDA antagonist which
reduce the symptoms but do not modify the progression
of illness. Disease modifying agents like  and y blockers
and monoclonal antibodies  solanezumab  and
gantenerumab has shown good efficacy in reducing the
amyloid load.

Drugs preventing tau hyperphosphorylation and tau-
based vaccines has also shown to reduce tau tangles.
Such  multimodal  therapy  targeting  amyloid
accumulation and tau protein can modify the disease
course. Although the translation of the research into
effective medication is very challenging there is still a

hope. Till date no disease modifying agents have been
licensed either because of their toxic effects or lack of
efficacy. The lack of efficacy can be explained by the
fact that these drugs were used in a population which
already presented with clinical symptoms. This means
that the neurodegeneration had already started and
progressed, which is hard to be reversed. This suggests
the need to start treatment in the early stage of illness. To
achieve this, the most accurate way of diagnosing illness
in the early stage using biomarkers should be considered.
These diagnostic techniques should be employed in
patients with MCI who has high risk of conversion to
AD dementia and such cases should be recruited for
further research with these agents. Even though these
agents are not FDA approved they still remain a glimpse
of hope in the journey towards treatment of this
devastating illness.

10. Recommendations

1) Tremendous success of disease modifying agents
targeting amyloid hypothesis in preclinical studies
but subsequent failure in humans, suggests a need
for development of better animal models for future
research.

2) The failure also reflects the need to target other
factors involved in the illness as it is multifactorial.
Therefore, multiple drug modalities should be tried
in near future.

3) As the pathological changes occur far before the
clinical onset of illness, initiation of treatment in
preclinical stage or MCI may vyield beneficial
results. Hence, future studies should be done
employing disease modifying agents in early stage
of the illness.

11. REFERENCES

1. Aisen, P S, Gauthier, S, Ferris, S H, Saumier, D,
Haine, D, Garceau, D, Duong, A, Suhy, J, Oh, J,
Lau, W C, & Sampalis, J Tramiprosate in mild-to-
moderate Alzheimer's disease - a randomized,
double-blind, placebo-controlled, multi-centre study
(the Alphase Study). Arch Med Sci, 2011; 7(1): 102-
111.

2. Albert, M S, Dekosky, S T, Dickson, D, Dubois, B,
Feldman, H H, Fox, N C, Gamst, A, Holtzman, D
M, Jagust, W J, Petersen, R C, Snyder, P J, Carrillo,
M C, Thies, B, & Phelps, C H The diagnosis of mild
cognitive impairment due to Alzheimer's disease:
recommendations from the National Institute on
Aging-Alzheimer's  Association workgroups on
diagnostic guidelines for Alzheimer's disease.
Alzheimers Dement, 2011; 7(3): 270-279.

3. Alfakhri, A S, Alshudukhi, A W, Algahtani, A A,
Alhumaid, A M, Alhathlol, O A, Almojali, A I,
Alotaibi, M A, & Alageel, M K (2018). Depression
Among Caregivers of Patients With Dementia.
Inquiry, 55, 46958017750432.

4. Anand, R, Gill, K D, & Mahdi, A A Therapeutics of
Alzheimer's disease: Past, present and future.
Neuropharmacology, 76 Pt A, 2014; 27-50.

WWW.ejpmr.com

15




Sultan et al.

European Journal of Pharmaceutical and Medical Research

10.

11.

12.

13.

14.

15.

16.

17.

Aprahamian, |, Stella, F, & Forlenza, O V New
treatment strategies for Alzheimer's disease: is there
a hope? Indian J Med Res, 2013; 138(4): 449-460.
Barrera-Ocampo, A, & Lopera, F Amyloid-beta
immunotherapy: the hope for Alzheimer disease?
Colomb Med (Cali), 2016; 47(4): 203-212.

Braak, H, & Del Tredici, K Alzheimer's
pathogenesis: is there neuron-to-neuron
propagation? Acta Neuropathol, 2011; 121(5): 589-
595.

Braskie, M N, Ringman, J M, & Thompson, P M
Neuroimaging measures as endophenotypes in
Alzheimer's disease. Int J Alzheimers Dis, 2011;
490140.

Burckhardt, M, Herke, M, Wustmann, T, Watzke, S,
Langer, G, & Fink, A Omega-3 fatty acids for the
treatment of dementia. Cochrane Database Syst Rev,
2016; 4: CD009002.

Canhada, S, Castro, K, Perry, I S, & Luft, V C
Omega-3 fatty acids' supplementation in Alzheimer's
disease: A systematic review. Nutr Neurosci, 2017;
1-10.

Cebers, G, Alexander, R C, Haeberlein, S B, Han,
D, Goldwater, R, Ereshefsky, L, Olsson, T, Ye, N,
Rosen, L, Russell, M, Maltby, J, Eketjall, S, &
Kugler, A R AZD3293. Pharmacokinetic and
Pharmacodynamic Effects in Healthy Subjects and
Patients with Alzheimer's Disease. J Alzheimers Dis,
2017; 55(3): 1039-1053.

D'onofrio, G, Sancarlo, D, Ruan, Q, Yu, Z, Panza, F,
Daniele, A, Greco, A, & Seripa, D Phytochemicals
in the Treatment of Alzheimer's Disease: A
Systematic Review. Curr Drug Targets, 2017;
18(13): 1487-1498.

Dai, C L, Tung, Y C, Liu, F, Gong, C X, & Igbal, K
Tau passive immunization inhibits not only tau but
also Abeta pathology. Alzheimers Res Ther, 2017;
9(1): 1.

Dal Pra, I, Chiarini, A, Gui, L, Chakravarthy, B,
Pacchiana, R, Gardenal, E, Whitfield, J F, &
Armato, U (2015). Do astrocytes collaborate with
neurons in spreading the "infectious" abeta and Tau
drivers of Alzheimer's disease? Neuroscientist,2015;
21(1): 9-29.

Dickens, A P, Lang, | A, Langa, K M, Kos, K, &
Llewellyn, D J Vitamin D, cognitive dysfunction
and dementia in older adults. CNS Drugs, 2011;
25(8): 629-639.

Edmonds, E C, Delano-Wood, L, Galasko, D R,
Salmon, D P, Bondi, M W, & Alzheimer's Disease
Neuroimaging, | Subtle Cognitive Decline and
Biomarker Staging in Preclinical Alzheimer's
Disease. J Alzheimers Dis,2015; 47(1): 231-242.
Eketjall, S, Janson, J, Kaspersson, K, Bogstedt, A,
Jeppsson, F, Falting, J, Haeberlein, S B, Kugler, A
R, Alexander, R C, & Cebers, G AZD3293: A
Novel, Orally Active BACE1 Inhibitor with High
Potency and Permeability and Markedly Slow Off-
Rate Kinetics. J Alzheimers Dis, 2016; 50(4): 1109-
1123.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Farina, N, Llewellyn, D, Isaac, M G, & Tabet, N
Vitamin E for Alzheimer's dementia and mild
cognitive impairment. Cochrane Database Syst
Rev,2017; 1: CD002854.

Folch, J, Petrov, D, Ettcheto, M, Abad, S, Sanchez-
Lopez, E, Garcia, M L, Olloquequi, J, Beas-Zarate,
C, Auladell, C, & Camins, A Current Research
Therapeutic Strategies for Alzheimer's Disease
Treatment. Neural Plast, 2016; 8501693.
Frederiksen, K S, Gjerum, L, Waldemar, G, &
Hasselbalch, S G. Effects of Physical Exercise on
Alzheimer's Disease Biomarkers: A Systematic
Review of Intervention Studies. J Alzheimers Dis,
2018; 61(1): 359-372.

Frisoni, G B, Fox, N C, Jack, C R, Jr., Scheltens, P,
& Thompson, P M. The clinical use of structural
MRI in Alzheimer disease. Nat Rev Neurol, 2010;
6(2): 67-77.

Gareri, P, Putignano, D, Castagna, A, Cotroneo, A
M, De Palo, G, Fabbo, A, Forgione, L, Giacummo,
A, Lacava, R, Marino, S, Simone, M, Zurlo, A, &
Putignano, S Retrospective study on the benefits of
combined Memantine and cholinEsterase inhibitor
treatMent in  AGEd Patients affected with
Alzheimer's Disease: the MEMAGE study. J
Alzheimers Dis, 2014; 41(2): 633-640.

Geldenhuys, W J, & Darvesh, A S Pharmacotherapy
of Alzheimer’s disease: current and future trends.
Expert Review of Neurotherapeutics, 2014; 15(1): 3-
5.

Grimm, M O W, Thiel, A, Lauer, A A, Winkler, J,
Lehmann, J, Regner, L, Nelke, C, Janitschke, D,
Benoist, C, Streidenberger, O, Stotzel, H, Endres, K,
Herr, C, Beisswenger, C, Grimm, H S, Bals, R,
Lammert, F, & Hartmann, T Vitamin D and Its
Analogues  Decrease  Amyloid-beta  (Abeta)
Formation and Increase Abeta-Degradation. Int J
Mol Sci, 2017; 18(12).

Hardy, J The amyloid hypothesis for Alzheimer's
disease: a critical reappraisal. J Neurochem, 2009;
110(4):  1129-1134.

Imbimbo, B P, & Giardina, G A gamma-secretase
inhibitors and modulators for the treatment of
Alzheimer's disease: disappointments and hopes.
Curr Top Med Chem, 2011; 11(12): 1555- 1570.
Jadhav, N, Nadaf, S, Lohar, D, Ghagare, P, &
Powar, T  Phytochemicals Formulated as
Nanoparticles: Inventions,Recent Patents and Future
Prospects. Recent Pat Drug Deliv Formul.2017.
Janusz, M, & Zablocka, A Colostrinin: a proline-rich

polypeptide complex of potential therapeutic
interest. Cell Mol Biol (Noisy-le-grand), 2013;
59(1): 4-11.

Kobayashi, H, Ohnishi, T, Nakagawa, R, &

Yoshizawa, K. The comparative efficacy and safety
of cholinesterase inhibitors in patients with mild-to-
moderate Alzheimer's disease: a Bayesian network
meta-analysis. Int J Geriatr Psychiatry, 2016; 31(8):
892-904.

Kumar, A, Singh, A, & Ekavali A review on

WWW.ejpmr.com

16




Sultan et al.

European Journal of Pharmaceutical and Medical Research

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Alzheimer's disease pathophysiology and its
management: an update. Pharmacol Rep, 2015;
67(2): 195-203.

Kuo, Y-C, & Rajesh, R A critical overview of
therapeutic  strategy and advancement  for
Alzheimer's disease treatment. the Taiwan Institute
of Chemical Engineers, 2017; 92-105.

Leon, R, Garcia, A G, & Marco-Contelles, J Recent
advances in the multitarget-directed ligands
approach for the treatment of Alzheimer's disease.
Med Res Rev, 2013; 33(1): 139-189.

Matsunaga, S, Kishi, T, & lwata, N Memantine
monotherapy for Alzheimer's disease: a systematic
review and meta-analysis. PLoS One, 2015; 10(4):
€01232809.

Mattson, M P (2015). Lifelong brain health is a
lifelong challenge: from evolutionary principles to
empirical evidence. Ageing Res Rev, 2015; 20: 37-
45,

Mcconathy, J, & Sheline, Y | Imaging biomarkers
associated with cognitive decline: a review. Biol
Psychiatry, 2015; 77(8): 685-692.

Mckhann, G M, Knopman, D S, Chertkow, H,
Hyman, B T, Jack, C R, Jr., Kawas, C H, Klunk, W
E, Koroshetz, W J, Manly, J J, Mayeux, R, Mohs, R
C, Morris, J C, Rossor, M N, Scheltens, P, Carrillo,
M C, Thies, B, Weintraub, S, & Phelps, C H. The
diagnosis of dementia due to Alzheimer's disease:
recommendations from the National Institute on
Aging-Alzheimer's  Association workgroups on
diagnostic guidelines for Alzheimer's disease.
Alzheimers Dement, 2011; 7(3): 263-269.

Mufson, E J, Mahady, L, Waters, D, Counts, S E,

Perez, S E, Dekosky, S T, Ginsberg, S D,
Ikonomovic, M D, Scheff, S W, & Binder, L I
(2015). Hippocampal plasticity during the

progression of Alzheimer's disease. Neuroscience,
309, 51-67.

O'brien, J T, Holmes, C, Jones, M, Jones, R,
Livingston, G, Mckeith, I, Mittler, P, Passmore, P,
Ritchie, C, Robinson, L, Sampson, E L, Taylor, J P,
Thomas, A, & Burns, A Clinical practice with anti-
dementia drugs: A revised (third) consensus
statement from the British Association for
Psychopharmacology. J Psychopharmacol, 2017;
31(2): 147-168.

Pasinetti, G M, Wang, J, Ho, L, Zhao, W, & Dubner,
L Roles of resveratrol and other grape-derived
polyphenols in Alzheimer's disease prevention and
treatment. Biochim Biophys Acta, 2015; 1852(6):
1202-1208.

Phillips, C, Baktir, M A, Das, D, Lin, B, & Salehi, A
The Link Between Physical Activity and Cognitive
Dysfunction in Alzheimer Disease. Phys Ther, 2015;
95(7): 1046-1060.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Robinson, L, Tang, E, & Taylor, J P Dementia:
timely diagnosis and early intervention. BMJ, 350,
h3029. 2015.

Rygiel, K Novel strategies for Alzheimer's disease
treatment: An overview of anti-amyloid beta
monoclonal antibodies. Indian J Pharmacol, 2016;
48(6): 629-636.

Sadigh-Eteghad, S, Sabermarouf, B, Majdi, A,
Talebi, M, Farhoudi, M, & Mahmoudi, J Amyloid-
beta: a crucial factor in Alzheimer's disease. Med
Princ Pract, 2015; 24(1): 1-10.

Sakamoto, K, Matsuki, S, Matsuguma, K,
Yoshihara, T, Uchida, N, Azuma, F, Russell, M,
Hughes, G, Haeberlein, S B, Alexander, R C,
Eketjall, S, & Kugler, A R BACEL Inhibitor
Lanabecestat (AZD3293) in a Phase 1 Study of
Healthy Japanese Subjects: Pharmacokinetics and
Effects on Plasma and Cerebrospinal Fluid Abeta
Peptides. J Clin Pharmacol, 2017; 57(11): 1460-
1471.

Santos-Lozano, A, Pareja-Galeano, H, Sanchis-
Gomar, F, Quindos- Rubial, M, Fiuza-Luces, C,
Cristi-Montero, C, Emanuele, E, Garatachea, N, &
Lucia, A Physical Activity and Alzheimer Disease:
A Protective Association. Mayo Clin Proc, 2016;
91(8): 999-1020.

Schmidt, R, Hofer, E, Bouwman, F H, Buerger, K,
Cordonnier, C, Fladby, T, Galimberti, D, Georges, J,
Heneka, M T, Hort, J, Laczo, J, Molinuevo, J L,
O'brien, J T, Religa, D, Scheltens, P, Schott, J M, &
Sorbi, S EFNS-ENS/EAN Guideline on concomitant
use of cholinesterase inhibitors and memantine in
moderate to severe Alzheimer's disease. Eur J
Neurol, 2015; 22(6): 889-898.

Siddarth, P, Rahi, B, Emerson, N D, Burggren, A C,
Miller, K J, Bookheimer, S, Lavretsky, H, Dobkin,
B, Small, G, & Merrill, D A Physical Activity and
Hippocampal Sub-Region Structure in Older Adults
with Memory Complaints. J Alzheimers Dis, 2018;
61(3): 1089-1096.

Sims, J R, Selzler, K J, Downing, A M, Willis, B A,
Aluise, C D, Zimmer, J, Bragg, S, Andersen, S,
Ayan-Oshodi, M, Liffick, E, Eads, J, Wessels, A M,
Monk, S, Schumi, J, & Mullen, J. Development
Review of the BACEL Inhibitor Lanabecestat
(AZD3293/LY3314814). J Prev Alzheimers Dis,
2017; 4(4): 247-254.

Sperling, R A, Aisen, P S, Beckett, L A, Bennett, D
A, Craft, S, Fagan, A M, Iwatsubo, T, Jack, C R, Jr.,
Kaye, J, Montine, T J, Park, D C, Reiman, E M,
Rowe, C C, Siemers, E, Stern, Y, Yaffe, K, Carrillo,
M C, Thies, B, Morrison-Bogorad, M, Wagster, M
V, & Phelps, C H Toward defining the preclinical
stages of Alzheimer's disease: recommendations
from the National Institute on Aging-Alzheimer's

41. Rabins, Barry W. Rovner, Teresa Rummans, Lon S. Association workgroups on diagnostic guidelines for
Schneider, & Pierre N. Tariot (2017). Guideline Alzheimer's disease. Alzheimers Dement, 2011;
Watch (October 2014): Practice Guideline for the 7(3): 280- 292.

Treatment of Patients With Alzheimer's Disease and 51. Stahl, M, Phd. Stahl's Essential
Other Dementias. FOCUS, 15(1), 110-128. Psychopharmacology 4th,. 2013;
Www.ejpmr.com 17




Sultan et al.

European Journal of Pharmaceutical and Medical Research

52.

53.

54.

55.

56.

New York ,USA, Cambridge University Press.
Stephen, R, Hongisto, K, Solomon, A, & Lonnroos,
E Physical Activity and Alzheimer's Disease: A
Systematic Review. J Gerontol A Biol Sci Med Sci,
2017; 72(6): 733-739.

Sydenham, E, Dangour, A D, & Lim, W S Omega 3
fatty acid for the prevention of cognitive decline and
dementia. Cochrane Database Syst Rev 2012; (6):
CD005379.

Venkatesan, R, Ji, E, & Kim, S Y Phytochemicals
that regulate neurodegenerative disease by targeting
neurotrophins: a comprehensive review. Biomed Res
Int, 2015; 814068.

Winner, B, Kohl, Z, & Gage, F H
Neurodegenerative disease and adult neurogenesis.
Eur J Neurosci, 2011; 33(6): 1139-1151.

Yan, R, & Vassar, R Targeting the beta secretase
BACEL1 for Alzheimer's disease therapy. Lancet
Neurol, 2014; 13(3): 319-329.

WWW.ejpmr.com

18




