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Alzheimer's disease and its therapeutic treatment: A Review
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ABSTRACT

Alzheimer's disease (AD) is developing gradually with various
types of neurodegenerative disorder, which causes chronic
disease in the late adult life. Pathologically it is characterized by
intracellular neurofibrillary tangles and extracellular amyloidal
protein deposits contributing to senile plaques. The
chemotherapeutic treatment based on acetylcholinesterase
inhibitors (donepezil ,rivastigmine, galantamine,) and N-methyl
D-aspartate receptor antagonist (memantine) have led to
promising investigational therapies. These drugs reduce the
development of the disease, provide temporary relief but fail to
achieve a definite cure. In the last couple of years,
nanotechnology offers a novel strategy to treat AD disease by
increasing the bioavailability of drug across the blood brain
barrier in neuronal system of brain.

This review article will highlight extensive discussion on the
possible therapeutic treatment of alzheimers disease based on
chemodrugs and ongoing efforts of nanotechnology to develop
novel therapies.

INTRODUCTION

lois Alzeihmer has first coined the term “Alzheimer's

disease (AD)” for neurodegenerative disorder among

late adulthood. Classic clinical features of
Alzheimer's disease are an amnesic type of memory impairment
[1,2,3], deterioration of language[4], and visuospatial deficits [5].
This is caused by the formation of amyloid rich senile plaques [6]
and neurofibrillary tangles [ 7], which cause death of neuronal cell
and results impairment of cognitive skills, linguistic ability, poor
understanding and poor judgment [8].

This disease is rapidly growing in whole world and currently
the number of people with dementia is expected to grow from 35
million to 65 million by the year 2030 [9,10,11]. This disease
affects 10% of people over the age of 65% and 50% of people over
the age of 85. This disease is about 1.5 times more likely to
develop in women than in men [12]. This disease is categorized in
three classes of mild, moderate and severe according to symptoms
as listed in Tablel. Magnetic resonance imaging and positron
emission tomography contrast techniques have been applied to
detect amyloid plaques and neurofibrillary tangles in AD patients
(Fig.1). Food and Drug Administration (FDA) has approved the
drug “Rivastigmine tartrate” for the treatment of AD, but it has
many drawbacks like cholinergic side effects, necessitating
frequent dosing and restricted entry into brain due to its
hydrophilicity [13,14]. In pharmaceutical research, targeting of
drugs to the brain is one of the most challenging issues, as many
hydrophilic drugs and neuropeptides are unable to cross the

bloodbrain barrier (BBB). The insufficient absorptibility of drug
within brain system might be due to high lipophilic nature of the
Blood Brain Barrier.

Many strategies have been developed to overcome this
problem which includes chemical delivery systems, magnetic
drug targeting and nanoparticle based drug delivery system. The
major neuroprotecting factor approaching nanotechnology
includes polymeric nanocarriers and metal-chelator nanocarriers
(including iron, gold and copper chelators). Recently polymeric
nanoparticles have attracted great attention as potential drug
delivery systems due to their small size. Nanoparticles penetrate
into small capillaries and results an efficient drug accumulation at
the targeted sites in the body. For nanoparticle preparation,
biodegradable materials are used that allows sustained drug to
release at the target site over a period of days or even weeks after
injection. Drugs like loperamide, tubocurarine, hexapeptide-
dalargin, and dipeptide-kyotorphin, doxorubicin have been
successfully delivered into the brain using the carrier poly (butyl
cyanoacrylate). The higher degree of bioabsorptibility and
bioavailability of nano encapsulated drug into the brain cells open
a new era for treating diseases such as brain tumors, multiple
sclerosis and Alzheimer [13,14].

Biocompatible nanoparticle of range 1-100nm has been used
to target delivery system for Rivastigmine drugs to overcome
blood brain barrier (BBB) and minimize the side effects caused by
over-dose. Biocompatible materials with enhanced optical and
magnetic properties are excellent alternative agents for early
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Table 1 : Symptoms of all stages of Alzheimer's disease

Stages of Alzheimer
cerebral cortex

Physiological change in

Symptoms

Mild

(Duration:2years)

Disease spreads to the lateral
temporal and parietal lobes

Memory loss, reading problem, mood swings,
poor object recognition, poor direction sense,

Moderate:

(Duration:2years)

Disease spreads to frontal lobe

Poor judgment, short attention, personality
changes, , long term memory affected,
wandering, aggression, confusion,

Severe:

lobe
(Duration:3years)

Disease spread to Occipital

Visual problem, Gait, bed ridden, long term
care is needed

stage diagnosis in Alzheimer's patient.Nanoparticles (NPs) with
high affinity for the circulating amyloid-beta (Af) firms may
induce “sink effect” and improve the Alzheimer disease (AD)
condition. Ultrasensitive nanoparticle based bio-barcodes;
immunosensors as well as scanning tunneling microscopy were
used as in vitro diagnostic techniques to detect Af plaques in
alzheimers patients

This review will highlight the progress in treatment of
alzheimer's disease by comparative analyzing the role of various

chemotherapeutic treatment and nanoencapsulated drugs.
1.1 Chemotherapeutic Treatment

Treatment of Alzheimer's disease is a major challenge, since
drug delivery to the brain depends on their ability of formulation
to pass through numerous protective barriers surrounding the
central nervous system. In this disease, glutamate and
acetylcholine secreting from neurons and their associated
synapses are generally damaged. Some chemodrugs have been
designed by targeting following specific neurotransmitter of

Table 2 : List of FDA-approved drugs for treatment of Alzheimers disease

Chemodrug Year of FDA | Stages of AD Mechanism of action
Approval | patient

TACRINE (Brand | 1993 Mild to It is a cholinesterase inhibitor which increases the

name-cognex®) Moderate availability of acetylcholine in muscarinic neurons.
It has a mean bioavailability of about 17 percent
after oral administration[44,45].

DONEPZIL(Brand | 1996 All stages It is an indanone benzylpiperidine derivative having

name-Aricept) selective reversible acetylcholine esterase inhibitor
activity. It is approximately 10 times more potent
than tacrine as an inhibitor of acetylcholinesterase ,
and 500—-1000-fold more selective for acetylcholine
esterase over butylcholinesterase [46].

RIVASTIGAMINE | 2000 All stages It is a slowly reversible inhibitor of

(Brand name- acetylcholinesterase (AChE) and

Exelon, butyrylcholinesterase (BuChE) and effectively
inhibit the formation of AB-plaques [47].

GALANTMINE 2001 mild stage It is specific, competitive and reversible

(Brand name- acetylcholinesterase inhibitor [48].

Razadyne)

MEMANTINE 2003 Moderate stage | It is voltage-dependent and uncompetitive binds to
NMDA-receptor antagonist which results inhibition
of excessive calcium influx induced by chronic
overstimulation of the NMDA receptor[49]

1804



Asian J. Pharm. Hea. Sci. | Jan - Mar 2018 | Vol-8 | Issue-1

Cell Surface

Cal T Aembrance

Inside Cell

Fig. 1 : Neural degradation in cerebral cortex of Alzheimer's patient due to formation of extracellular fibrillar amyloid-
beta (AP) plaques [13] (https://www.thealzheimerssolution.com/plaques-and-tangles-in-the-alzheimers-brain-which-

one-is-most-to-blame-for-alzheimers-disease/)
brain:

1.1.1 Drug based on Acetylcholinesterase inhibitors
(AChEIs)

These drugs improve memory function and attention in AD
patients by interfering with the breakdown of acetylcholine,
thereby increasing the levels of the neurotransmitter at the
synapse. These inhibitors play crucial role in signal
neurotransmission and also considered for the anti-inflammatory
action to establish neural protection in the brain. Some AChEIs
drugs commonly used for treatment of this disease are listed in
Table2. Recent researches have also approved the direct link
between the cholinergic and inflammation through 'cholinergic
anti-inflammatory pathway'. Subsequently, AChEIs suppress the
secretion of cytokines from monocytes and microglia as well as
they also prevents the cell from free radical toxicity [15]. They
have been claimed for indirect effects on cerebrovascular
function improving brain perfusion and for the promotion of non-
amyloidogenic pathways for amyloid precursor protein
processing. The intake of these drugs results side effects like
nausea, vomiting, loss of appetite and increased frequency of
bowel movements, headache, constipation, confusion and
dizziness.

1.1.2 Drug based on NMDA- receptor antagonist

Glutamate neurotransmitter binds to N-methyl D-aspartate
receptor (NMDA) and regulate cell signaling process by
permitting exposure of the cell to calcium ions (Ca™). In
alzhiemer's patient, elevation of glutamate level leads to excess
flow of Ca’ ion at the post synaptic nerve cells and cause damage
to nerve cells. Memantine as another FDA-approved drug for AD
patients bind efficiently to NMDA (glutamate) receptor. Under
the condition of strong transient glutamate signal, this binding
will be collapsed due to voltage dependent nature of memantine
[16]. These drugs also showed some side effects like
gastrointestinal upset, dizziness, and headache. Memantine (1-

amino-3, S5-dimethyladamantane) with Namenda as its
commercial name is FDA-approved drug for treatment of
moderate to severe Alzheimer's disease. Memantine acts as a
neuroprotective agent against excitotoxicity, an excessive
exposure to the excitatory neurotransmitter, glutamate, or
overstimulation of its membrane receptors, leading to neuronal
injury or death. Excitotoxic neuronal cell death is mediated, in
part, by overactivation of N-Methyl-D-Aspartate (NMDA)-type
glutamate receptors. Nevertheless, NMDA receptor activity is
also essential for normal neuronal function. This means that
potential neuroprotective agents that block virtually all NMDA
receptor activity will very likely have unacceptable clinical side
effects. Memantine preferentially blocks excessive NMDA
receptor activity without disrupting normal activity[17].
Although memantine is already approved by FDA for Alzheimer's
disease treatment, studies are underway for other diamondoid
derivatives which could have stronger neuroprotective and
possibly regenerative capability as well as their application for the
treatment of diseases related to glutamatergic dysfunction. In
recent year, Memantine encapsulated with Diamondoids are in
commercial use to slow down the progression of the Alzheimer's
disease.

Fullerenols is a water soluble hydroxyl functionalized
derivative of fullerene which showed neuroprotective properties
against amyloid plaques (AB) on NMDA receptor site. These may
neutralize the effect of oxidative stress in the brain due to their
antioxidant property. Some functionalized fullerene derivatives
including carboxyfullerene and hydroxyfullerene (fullerenols),
are being used as effective drugs for treatment of alzheimers
patients [18,19,20].

1.2 Other supplementation therapy

L-methionine, the principal sulfur-containing amino acid in
proteins, plays critical roles in cell physiology as an antioxidant
and in the breakdown of fats and heavy metals [21,22,23,24,25).
Methionine is also used to produce creatine, which is an essential
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compound for energy production and muscle building [26]. In
addition, it may be useful in the treatment of depression [27,28];
and also improve memory recall. Methionine deficiencies can
trigger several alterations, such as fatty liver, slow growth,
weakness, edema and skin lesions [29,30]. Conversely, severe
methionine deficiency might cause dementia [31]. The effect of
methionine on the brain of mice was studied by supplying
methionine enriched [32,33] and results showed that the brains of
mice with a methionine-rich diet presented increased levels of
phosphorylated fau protein, amyloid-B (AP) peptides and AR
oligomers, neuroinflammation,  nitro-tyrosinated protein
(marker of oxidative stress), decreased levels of pre- and post-
synaptic proteins, and memory impairment accompanied by the
loss of function of the Wnt signaling pathway. These results
suggest that a methionine-enriched diet triggers neurotoxic
effects in vivo and might contribute to the appearance of
Alzheimer's-like neurodegeneration [34]. L-methoininase
isolated from microbial strains can be used as enzyme
supplemention therapy to reduce level of L-methioinine in diet
and hence improve the condition in Alzheimers patients.

Resveratrol is a polyphenolic phytochemical component
(3.,4',5-trihydroxystilbene) which are widely present in grapes,
berries, and peanuts. This component is preferred for the
treatment of cancers, tissue injury, cardiovascular disease and
also used in reducing the risk of neurodegenerative disorders,
especially Alzheimer's disease (AD). This component acts as
neuroprotective agent in AD patients by promoting non-
amyloidogenic cleavage of the amyloid precursor protein and
enhancing clearance of amyloid beta-peptides [35].

Nattokinase enzyme isolated from a specific fermented soup
of Japan called as” Natto” prevent neuronal damage in AD
patients by dissolving amyloid fibrils responsible for formation of
plaque in the brain cells. It has also tendency to dissolve blood
clots and hence minimized the risk of thrombosis and heart
attacks [36].

Lipoic acid acts as cofactor for pyruvate dehydrogenases and
a-ketoglutarate dehydrogenase present in mitochondria. This
component chelates redox-active transition metals and thus
inhibits the formation of hydroxyl radicals. It also scavenges
reactive oxygen species (ROS), thereby increasing the levels of
reduced glutathione. It also regulates the expression of redox-
sensitive pro-inflammatory proteins including tumor necrosis
factor and inducible nitic oxide synthase. It can scavenge lipid
peroxidation products such as hydroxynonenal and acrolein. In
human plasma, this component exists in an equilibrium of free
and plasma protein bound form. Alzheimer's patients show high
level of improvement on admistration of lepoic acid with drugs
based on ACHEIs. Some study also showed that the intake of
lipoic acid along with nutraceuticals such as curcumin,
epigallocatechin gallate and docohexaenoic acid synergistically
decreases oxidative stress, inflammation, Ap plaque and thus
provide acombined benefit for the treatment of AD[37].

1.3 Nanotechnology solution

Recently nanotechnology has improved therapeutic
effectiveness of these AD drugs by overcome the limitation of
chemodrugs of penetrating the protective blood-brain barrier.
Nanotechnology makes use of the engineered polymeric
materials to design devices with the small functional organization
on the nanometer scale (1-100 nm) that are able to interact with
biological systems at a molecular level. They induce desired
physiological responses while simultaneously minimizing

undesirable side effects by stimulating, responding and
interacting with target cells and tissues. This provides many ways
to manipulate complex biological systems with greater selectivity
[8]. This technology can be used to develop diagnostic tools as
well as nano-enabled delivery systems that can bypass the Blood
Brain Barrier in order to facilitate conventional and novel
neurotherapeutic interventions such as tissue regeneration, drug
therapy and gene therapy. This is used to process the discovery of
drug target, drug delivery, biomarkers and molecular diagnostics,
which could be relevant to the management of Alzheimer Disease
and Parkinsons Disease [8].

Pharmaceutical scientist got attracted by nanoparticles in the
drug delivery system due to versatility in targeting tissues,
accessing deep molecular targets and controlling drug release.
Nanoparticles are composed of synthetic, natural or semi-
synthetic polymers encapsulating the drug molecule and are solid
colloidal drug carriers ranging from 10-100 nm in diameter. Due
to its biodegradability, biocompatibility, easier formulation
techniques and versatility in application aided with low toxicity
chitosan offers certain advantages over others amongst the
polymeric carriers for nanoparticulate drug delivery [38].
Nanomedicines in the form of drug carriers (e.g., particles,
liposomes, dendrimers) play an important role to warrant safe and
efficient delivery of active compounds to their intended site of
action. The advantages of nanoparticles over microparticles
include the ability to improve drug encapsulation, bioavailability
as well as therapeutic efficacy and pharmacokinetics.
Nanotechnology has opened up a new span in the field of drug
delivery. The polymeric carriers should be easy to synthesize and
characterize inexpensive, biocompatible, biodegradable, non-
immunogenic, non-toxic and water soluble for delivery of
nanodrugs [38].

Nanomedicine formulation depends on the choice of suitable
polymeric system having maximum encapsulation efficiency,
improvement of bioavailability and retention time. Desired
nanomedicines are generally achieved by hit and trial method.
The encapsulation process with polymeric nanoparticles is in
more advance condition in comparison to other nanoparticle
systems. The formulations of nanodrugs are superior to
traditional medicine with respect to control release, targeted
delivery and therapeutic impact. These targeting capabilities of
nanomedicines are influenced by hydrophobicity, particle size,
surface charge, and surface modification. Size distributions of
nanoparticles are important to determine their interaction with the
cell membrane and their penetration across the physiological
drug barriers. Size of nanoparticles for different biological
barriers is dependent on the tissue, target site and circulation. For
the cellular internalization of the nanoparticles, surface charge is
important in determining whether the nanoparticles would cluster
in blood flow or would adhere to, or interact with oppositely
charged cells membrane. Cationic surface charge is desirable as it
promotes interaction of the nanoparticles with the cells and hence
increases the rate and extent of internalization. For targeted
delivery, persistence of nanoparticles is required in systemic
circulation of the body [39]. The major neuroprotecting agents
approaching nanotechnology include metallic nanoparticles and
biodegradable nanoparticles.

1.3.1. Metallic nanoparticle

Silver nanoparticles for these drugs improved their
bioavailability and biosorptibility in targeted sites in brain. These
nanodrugs showed the possible ways for penetration into the
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brain cell cytoplasm and the possibility of inducing effective
cellular changes which are required for the specific treatment of
AD patient [40].

Gold nanoparticles have specific binding affinity for anti-
amyloid (AP) components present in cytoplasm of brain because
of their high surface-to-volume ratio along with its specific
mobility. These fibrillar amyloids plaques complexed with gold
nanoparticles are being solubilized by weak-microwave fields
and by implementing thermal energy at molecular level [17].
Although, this approach has a possible disadvantage of the
formation of small neurotoxic oligomeric species associated with
the breakdown of amyloid plaques. Therefore, some specific
improvement is necessary for the advancement of this approach
to make them more defined, non-toxic and even more effective.

Metal ions such as Fe’, Cu” are normally present with
significant concentration in the brain. Any deviations in the
homeostatic regulating mechanisms of these metal ions may lead
to the presence of their higher concentration than in the normal
conditions [41]. Due to the presence of some specific metal
binding sites on Amyloid-P peptide (Ap), these excess metal ions
(Fe”"and Cu”") lead to AP aggregation. This interaction result into
the production of neurotoxic hydrogen peroxides which causes
the oxidative injury in the AD patients. Recently, the chelator
nanoparticle systems (CNPS) have been used to reverse the
amyloid aggregations and also to decrease the extracellular
oxidative stress. CNPS was produced by the bond formation
between amino group of FDA approved metal chelator known as
Desferrioxamine and the carboxyl group present on the surface of
nanoparticles. Successful traverse of the iron chelator across the
BBB was reported with the use of CNPS. Moreover, the
successful traverse of CNPS in the reverse direction was also
observed across the BBB. Undoubtfully the neurotoxic effect
associated with use of metal chelators was also decreased with the
use of conjugated Desferrioxamine. Nowadays, nanoparticle-
chelator conjugates (Nano-N2PY) were introduced for the
inhibition of neurotoxic effects on the human brain cortical
neurons to result successful transmission of metal chelators
across the Blood Brain Barrier.

The conjugation of D-penicillamine drug with the
nanoparticles containing, 1,2-Dioleoyl-snglycero-3-
phosphoethanolamine-N-[4-(p-maleimidophenyl)butyramide]
and pyridyldithio-propionyl phosphoethanolamine was
demonstrated for the AD treatment. Success transportation of D-
penicillamine through the BBB in spite of its highly hydrophilic
properties was observed with its AB42 solubilizing capability as
well [42]. These conjugation methods showed some
disadvantages like hindrances in passing across the blood brain
barrier (BBB), possibility of non-defined metal chelation from
other tissues and pooling of metal ions into fibrillar amyloid
plaques. Association of metal chelation therapy with
nanotechnology approaches has provided some recent
modification in this strategy to overcome these obstacles in AD
treatment.

1.3.2. Role of Biodegradable Nanoparticle for improved
solubility of drugs

Biodegradable nanoparticles are mostly used for improving
the therapeutic value of various water soluble/insoluble
medicinal drugs and bioactive molecules by improving
bioavailability, solubility and retention time. These nanodrugs
formulation reduces the risks of toxicity and patient expenses.
Drug efficacy, specificity, tolerability and therapeutic index of

corresponding drugs are increased by drug efficacy of medicinal
drugs. These nanomedicines have many advantages in respect to
the protection of premature degradation and interaction with the
biological environment, enhancement of absorption into a
selected tissue, bioavailability, retention time and improvement
of intracellular penetration. Many disease related drugs/bioactive
molecules are successfully encapsulated to improve
bioavailability, bioactivity and control delivery [38].
Biodegradable polymeric nanoparticles are mostly preferred
because of slow controlled/sustained release property, subcellular
size and biocompatibility with tissue and cells. Apart from this,
these nanomedicines are non- inflammatory, biodegradable, non-
toxic, nonthrombogenic, non immunogenic, avoid reticulo-
endothelial system, do not activate neutrophils, stable in blood,
and are applicable to various molecules such as drugs, proteins,
peptides, or nucleic acids. The drug molecules can be bound to
surface as nanosphere or can be encapsulated inside as
nanocapsules [39]. Biodegradable nanoparticles can be used for
modulating the drug release profile by controlling the polymer
degradation [13].

Biodegradable polymers like poly(lactic-co-glycolic acid)
(PLGA), poly(glycolic acid) (PGA) and poly(lactic acid) (PLA)
have been approved by FDA for certain medical applications,
because their products of degradation are eliminated from the
body in the form of carbon dioxide and water [43]. Biodegradable
polymers can be obtained from natural origin or “biopolymers”
produced by living organisms during the cell growth cycle. They
can also be manufactured, which is a great advantage for these
materials because they show great synthesizing flexibility.
Biodegradable polymers have the possibility to become a part of
new medical devices with specific and unique physical, chemical,
and mechanical properties, such as mechanical strength,
electrical conductivity, chemical reactivity and optical properties.
The development of matrices to control the release of drugs into
specific sites in the body is the goal of biodegradable polymeric
materials [43]. Therefore, there are nanodrugs specifically
designed to carry therapeutic molecules that are directly
coupled, functionalized, coated, or entrapped in devices
produced by controlled manipulations of size and shape at the
nanometer scale. Nanoparticles composed of biodegradable
polymers have been used for the treatment of neurodegenerative
diseases, because of their efficient ability to cross the blood-brain
barrier and their high drug-loading capacity. They are also used in
the diagnosis and treatment of cardiovascular disease, because of
their size, shape, and an available surface area for biomolecule
conjugation. Biodegradable polymeric nanoparticles influence
the pharmacokinetic behavior of drugs by sustained release of
nerve growth factor encapsulated in poly phosphoesters [43]. The
degradation of biodegradable polymers may lead to complete
elimination of degradation products from the organism. The
mechanisms of degradation for different polymers depend on the
chemistry, molecular weight, and morphology of each type of
polymer, and environmental factors such as pH or temperature.
Degradation occurs mainly by hydrolysis, oxidation, or
enzymatic reactions.

Chitosan (mucopolysaccharide) exhibits greater solubility
and faster degradation due to its low molecular weight. Chitosan
nanoparticles have applications in nonviral gene delivery,
vaccine delivery, ocular drug delivery, electrodeposition, brain
targeting drug delivery, parentral drug delivery, per-oral
administration of drugs, mucosal drug delivery in controlled drug
delivery of drugs, in tissue engineering and in the effective
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delivery of insulin [38]. Chitosan nanoparticles loaded with Poly
ethylene glycol (PEG) are also used for treating Parkinson's
disease because of high permeability for the blood-brain barrier
and property of nonimmunogenic. The relative bioavailability of
dopamine drug has been modified by incorporating into a smart
nanocrystal conjugated with PEG and covered by a carbohydrate
shell allowing recognition of glucose transporter [43].

1.  Concluding remarks and perspectives

From last few decades, tremendous efforts have resulted in
numerous inventions to improve drug delivery in Alzheimer's
patients. Nanotechnology has been used as an effective approach
to improve the drug delivery system by encapsulating AD drugs
onto metallic and polymeric nanoparticle carrier system. This
review article has laid possible therapeutic treatment of
Alzheimer patients by discussing the comparative analysis of
chemotherapeutic treatment versus treatment based on
nanotechnology.
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