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Abstract
Alzheimer’s disease (AD) is an irreversible, progressive brain disorder that slowly destroys
the memory and the thinking skills, and eventually the ability to carry out the simplest tasks.
This has motivated lots of scientists to search for an ultimate treatment or cure for this serious
disease. There are various causes & risk factors which cause AD and are the reasons for its
progression. The drugs used in AD are usually a combination between different classes but never
those of the same class such as Acetyl cholinesterase inhibitors which increase the availability
of acetylcholine & NMDA receptors antagonists such as memantine. Most of the currently used
drugs are mainly used to treat the symptoms, but lately some drugs have shown some promise in
both treating & curing AD such as Aducanumab which is in the final phases of the clinical trials that
resulted in the clearing of Amyloid plaques affecting cells communication. Since there are newly
discovered causes of the disease, there are various other approaches in dealing with AD which will
be discussed thoroughly in this review article.
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AD is a progressive chronic neurodegenerative disease
which only worsens with time as it affects the brain parts
responsible for thinking and memory by damaging the nerve
cells. This damage starts a decade or more before thinking &
memory problems appear. This is due to a few reasons some of
which are I) accumulation of -amyloid plaques which deposits
in the spaces between nerve cells [2], II) formation of Tau
protein causing neurofibrillary tangles that builds up inside the
cell [4,5]. These reasons leads to III) loss of cortical neurons
because they stop functioning, loses the communication
between surrounding cells & eventually die causing the

Introduction
Dementia is a general term for brain disorders that effects
the person’s ability to think or remember things. This is due
to the damage to the brain cells which eventually causes the
lack of communication between the brain’s cells leading to a
decrease in these skills [1]. Dementia is referred to as senile
dementia which is an incorrect term because memory loss
isn not necessarily linked to the increasing age solely [1].
Alzheimer’s disease (AD) is the most common form of dementia
(AD accounts for 60% to 80% of dementia causes). It is not a
normal part of aging but its greatest known risk factor is old
age, and the majority of people with Alzheimer’s are 65 and
older, yet, some still have at age younger than 65 [1-3].

shrinking of the brain by time [1,3].
Understanding the pathology and main causes of any
disease or condition is usually the main gate that proposes the
curative approaches of that disease.
The maincauses of AD is not fully known yet but it is most
probably due to the combination of genetic, environmental
& lifestyle factors. The decreasing and increasing risk of
developing AD may differ from one person to another [3,6].
The biggest risk factor is age. On the other hand, it was
found that sex is not a risk factor. Genetic factors can cause
the development of AD and the development of its symptoms
at an early onset. Additionally, a correlation was proven
between chromosome 21 & AD. Thereforem, children with
013
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downs syndrome might develop AD as well. Head injury is
another factor which might cause AD. Other factors such as
race & profession are a bit vague & inconclusive but there is an
evidence to suggest that people with a high level of education
have a lesser risk than those with a low level of education [6].
Since AD is a progressive disease, then it eventually affects
the person’s ability to do normal everyday activities due to
the decrease in the cognitive & behavioral function. One of the
early signs is the short-term memory loss. While the longterm memory gets affected over the disease’s course. Other
functions such as the non-memory aspects of cognition such
as language, thinking, attention, & visuospatial abilities are
decreased as well [5,7]. Ideomotor apraxia is also present as a
symptom if there is a damage in the parietal cortex. Moreover,
it was found that this disease has a direct relationship with
the density of the neurofibrillary tangles in the superior
parietal. Thus, it is associated with the loss of the ability to use
the common objects and tools [8]. A recent study stated that
getting a proper sleep helps in decreasing the amount of tau
protein which helps in slowing down the progression of the
disease [9].
AD progress through several stages with an increase in
symptoms severity & complications. At the mild stage, the
patient suffers loss of memory accompanied by mood and
personality changes. This stage gives an early indication of
AD. At the moderate stage, the memory loss is increased with
difficulty in recognizing relatives, in language and in organizing
thoughts and the patient might be found wandering away from
home. At the severe stage, the patient becomes completely
dependent on others for their care and he might suffer from
weight loss, seizures, and inability to talk and becomes more
susceptible to infections [10].

Methods of Treatment
There are a lot of drug classes that are approved for treatment
of Alzheimer’s disease. The most important class of these
drugs are called the Acetylcholine esterase inhibitors (AchEI)

AchEI
Tacrine: In 1961 tacrine (IC50 = 167 nM) was the first
approved drug for the treatment of AD because it was a
reversible inhibitor of AChE and BuChE. It is considered to
be a nootropic agent which helps to facilitate learning and to
prevent cognitive defects associated with dementias, it is also
a parasympathomimetic agent as it increases the availability of
Ach, and of course as stated before; it is an AchEI that causes
an increase in Ach available to be used by the undamaged
neurons left in the brain to maintain a normal function. It has
a great efficacy in delaying the deterioration of the Alzheimer’s
symptoms and retards its progressive nature.
Tacrine itself is a very toxic and hazardous agent that if
it comes in contact with any body tissue it will cause severe
irritation and damage. It is also considered to be a carcinogenic
agent. It was quickly withdrawn from the market due to its
main and serious side effect; hepatotoxicity which shows in the
form of an acute liver failure. This was shown as an increase
in most of the liver enzymes after few weeks from starting
the therapy such as ALT (Alanine Aminotransferase) therefore
patients who have to take tacrine should have their ALT level
monitored. Another reason for its withdrawal is that other
AchEIs do not cause the rise of the ALT and rarely affect the
liver so they were more preferable to tacrine [17-22].
Tough all of the AchEI have some common cholinergic
adverse effects yet, tacrine as stated before have a specific
adverse effect which is the acute liver failure besides the other
usual adverse effects such as nausea, vomiting, anorexia,
restlessness, tremors, myalgia, arthralgia, rash and excessive
sweating. Some of the less frequent adverse effects are
hypotension, bradycardia, syncope, ataxia and confusion.
The cholinomimetic effects might increase the gastric acid
secretions which increases the risk of gastric ulcerations. Some
of the hematologic adverse effects are agranulocytosis but it
rarely shows. As for pregnant women, tacrine should only be
given in pregnancy when its benefit outweighs it risk (Figure
1) [23-41].

because the cholinergic system plays an important role in the
regulation of learning and memory processes. Also, because
several studies has shown that that both acetyl cholinesterase

NH2

and butyl cholinesterase (BuChE) play an important role in Aaggregation “amyloid beta” during the early stages of amyloid
plaque formation therefore by inhibiting AChE & BuChe an
increase of the Ach in the brain region occurs and hence a
reduction in plaque formation results. BuChE is an enzyme
which is closely related to AchE. It leads to the hydrolysis of
Ach and is present mainly in the peripherals including the
plasma so by inhibiting BuChE many side effects may appear.
Therefore, scientists have been developing selective AchEI in

N
Figure 1: Chemical Structure of Tacrine.

order to decrease these side effects [11-15]. Tacrine, donepezil,
rivastigmine and galantamine are clinically employed AChE
inhibitors for the management of AD and although they have
a limited efficacy yet, they are effective. Therefore, it was
important to further develop them to be more potent & highly
effective. This is done by the modification of the main template
moieties of these AchEI [11,16].

Donepezil: Donepezil (IC50 = 5.7 nM) was the second FDA
(Food and Drug Agency) approved drug for the treatment of
AD and is considered to be safe & well tolerated with a suitable
effectiveness [11]. It is a centrally acting reversible acetyl
cholinesterase inhibitor and is mainly used to increase the
cortical acetylcholine. Donepezil’s efficacy is very obvious at
014
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early stages but its effect decreases as the disease progresses
and fewer cholinergic neurons remain functionally intact
which also happens to all of the AchEI. And like tacrine and
other AchEI; it is only used for the symptoms treatment and
not for the curing of AD. Donepezil also reduces sedation
associated with opioid treatment of cancer pain, and improves
neurocognitive function in patients who have received radiation
therapy for primary brain tumors or for brain metastases [28].
It also has cholinergic adverse effects, the most common
of them include diarrhea, loss of appetite, muscle cramps,
bone fracture, nausea, insomnia, headache, blurred vision,
vertigo, dyspnea, syncope, pruritus, eczema rash, nocturia,
dehydration, unusual tiredness or weakness, and vomiting,
while in the cases of overdose it might lead to increased
sweating, salivation, hypotension, slow heartbeat, troubled
breathing, and seizures. The haptic involvement is very rare
and it is only used in the case of pregnancy and nursing mother
if the benefits outweighs the risks as it is category C (Figure 2)
[42].
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Figure 3: Chemical Structure of Rivastigmine.

the cognitive deficits associated with dementia. Galantamine
have a unique dual mechanisms which includes the inhibition
of the AchEI together wih the allosteric modulation of nicotinic
acetylcholine receptors (nAChR) and hence its effect is
accompanied by an increased release of Ach. Its use is common
because it is less toxic than tacrine & physostigmine despite
the fact that it is less potent. Galantamine is usually well
tolerated and exhibits modest but consistent cognitive and
clinical benefits of continuous treatment (Figure 4) [29].
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Figure 2: Chemical Structure of Donepezil.
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Rivastigmine: Rivastigmine (IC50 = 4.150 nM) is the third
drug used in AD treatment. It belongs to a new generation of
cholinesterase inhibitors with a carbamate moiety which is able

Figure 4: Chemical Structure of Galantamine.

to react irreversibly with the active sites of the AchE enzyme. It
has ten-fold affinity to AchE of the brain more than BuChE of
the peripherals. It seems to be useful and beneficial for patients
with mild to moderate Alzheimer’s disease [32].
It has many adverse effects related to its very high volume
of distribution (Vd). It causes dermatologic effects such as
hyperhydrosis while as for the CVS (cardio-vascular system),
it causes hypertension amd bradycardia. Regarding the
gastrointestinal effects it causes nausea, vomiting, dyspepsia
and abdominal pain. Additionally, it has neronal effects suh as
tremors and dizziness and also causes psychiatric effects such
as insomnia, anxiety, nightmares and other associated effects
such as application site erythema becuase it is usually applied
in the form of a transdermal patch. It can only be used in
pregnancy if the benefit outweighs the risk although the drug
is class B (Figure 3) [43,44].
Galantamine: Galantamine (IC50 = 800 nM) is an alkaloid
isolated from different species of the Amaryllidaceae family
which is also considered a competitive and a reversible
inhibitor of AChE and exhibits significant improvement of
cognitive performances in AD due to the increased availability
of the Ach in the brain making it a good nootropic agent for

Its action is considered of the same mode of Tacrine and
Donepezil which makes it appropriate in the early stages of AD.
Galantamine can also cause cholinergic adverse effects but it
has an additional side effect which is its related allergic reaction
which is usually reported as a difficulty in breathing, swelling
of the face, tongue and the lips. It displays serious drug-drug
interactions with the other anticholinergic drugs that might
decrease its effect such as atropine and Parkinson’s drugs. If
Galantamine is used with donepezil then the side effects will
be augmented dramatically therefore it is not favorable to use
both of them together. Galantamine is a category C drug so it is
not used in pregnancy unless the benefits outweighs the risks
[43].
Others: Xanthostigmine derivatives are a new class of potent
AChE inhibitors which inhibits the amyloid pro-aggregatory
function [11,36].
Aminobenzoic acid derivatives such as meta-aminobenzoic
acid derivatives showed anticholinesterase activity with an
IC50 value in the range of 33.4–357 nM [11,37]. Also, pyrroloisoxazole derivatives emerged as AChE inhibitors. These drugs
are currently under investigation [11].
015
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Coumarins are a naturally occurring phytochemicals in
many species of plants with a wide range of biological activities.
Studies have also shown that naturally occurring as well as the
chemically synthesized coumarin analogues exhibit a potent

and increased libido. It must be first known if the AD patient

AChE inhibitory activity [38]. The studies have also documented

is not recommended unless it was clearly necessary although

that it had an affect on amnesia and loss of memory. It has

it is category B [49]. It is contraindicated in the cases of renal

been well established that coumarins primarily interact with

failure, renal impairment, urinary tract infection, and hepatic

PAS (Peripheral anionic site) of AChE. Furthermore, they also

diseases [50].

inhibit Monoamine oxidase (MAO). However, amongst its side
effects are the loss of appetite, nausea, diarrhea or blurred
vision occuring at first usage period when the patient’s body
adjusts to the medication. It may also cause urine coloration;
orange-red in color [38,39].
Flavonoid derivatives which are polyphenolic compounds
such as curcumin also exhibit a wide range of pharmacological
properties including AChE inhibition. In several studies it
revealed an anti-amnestic and restoration of memory effects
with slowing of the neurodegeneration in AD [40]. Recently,
they have also shown interactions and inhibition effects with

had any drug allergies or not because memantine might cause
an allergic reaction so a sensitivity test should be done before
administration. As for pregnant & nursing women memantine

Drugs for curing AD under clinical trials
The traditional treatment of AD included only AchEI in
order to increase the Ach levels in the brain. This was followed
by the use of the NMDA blocker memantine in order to
prevent any excitotoxicity. Neverthelesss, after discovering the
presence of the amyloid plaques scientists started to consider
its combating in order to prevent its deposition & decrease its
formation. One of the drugs in this category that has proven
promising results, was aducanumab. Aducanumab is a highaffinity, fully human IgG1 monoclonal antibody acting against

the amyloid plaques [45].

a conformational epitope found on A [53]. Therefore, it

NMDA blockers

oligomers and insoluble fibrils. Aducanumab was shown to

Another class is the N-methyl-D-aspartate antagonists
(NMDA). NMDA receptor is a type of glutamate receptor which
is excited by either Glycine or Glutamate, upon excitation the

selectively targets aggregated forms of A including soluble
reduce A plaques and slow decline in clinical measures in
patients with prodromal or mild AD with acceptable safety and
tolerability.

ion gated channels open leading to the influx of calcium ions

Due to their clearance, there was possible cognitive

into the post-synaptic neurons triggering pathways important

benefits in the AD patients. However, the main side effect was

for synaptic plasticity, however some theories say that the

the amyloid-related imaging abnormalities (ARIA) that was

overstimulation of the NMDA receptor causes neurodegeneration

a side effect associated with the removal of A, which was

and synaptic dysfunction due to excitotoxicity, so memantine

reported to occur in a dose-dependent manner and occurred

is used which acts as uncompetitive NMDA antagonist with

more often in ApoE E4 carriers than non-carriers [52]. ARIA-E

moderate binding affinity therefore it partially closes the

refers to cerebral edema, involving the breakdown of the

receptor preventing pathological influx of calcium ions and

tight endothelial junctions of the blood-brain barrier and the

allowing physiological signals important for learning and

subsequent accumulation of fluid [53], while ARIA-H refers

memory processes [46,47].

to cerebral microhaemorrhages, small hemorrhages on the

Memantine is considered to be a very effective drug in the
case of treating AD. This was proven by various studies some of
which had a total of 2433 patients to test the drug. Memantine
monotherapy did indeed significantly improve their cognitive
function, daily living activities, and behavioral disturbances
[47].
Nevertheless, memantine is not usually used solely but it is
used in combination with one of the AchEI such as donepezil
for an increased efficacy and decreased side effects due to
the reduction in their doses when combined together. This
combination gives a better effect due to the dual therapy by
inhibiting the AchE and by also the blocking of the NMDA
receptor which is responsible for the excitotoxicty that usually
leads to the neurons damage and sometimes their destruction
[48].
Its side effects are manifested in the form of pain, abnormal
crying, leg pain, fever, increased appetite. Additionally,

brain, often accompanied by hemosiderosis. mH is usually
seen as small, round and low intensity lesions and are small
hemosiderin deposits [54]. As stated before, ARIA is a safety
finding which is dose-dependent so if the dose of aducanumab
decreases, it decreases as well and vice versa. Some other
minor side effects are headache, diarrhea, and dizziness which
unlike ARIA are not dose-dependent. Aducanumab is currently
in phase III clinical trials and is still under sinvestigation [55].
Gantenerumab is another human IgG1 antibody acts centrally
to disassemble and degrade amyloid plaques by recruiting
microglia

and

activating

phagocytosis.

It

preferentially

interacts with aggregated brain A, both parenchymal and
vascular. It is still in the phase III clinical trials. It also safe &
well-tolerated but there is a concern about the ARIA finding as
there was cases who showed vasogenic edema on MRI scans in
brain areas with the most amyloid reduction [56].

Others

the adverse drug reactions include: dizziness, confusion,

It was found that oxidative stress and metal ions contribute

headache, hallucinations, and tiredness. Some less common

in the progression of Alzheimer’s disease and hence it is

side effects include: vomiting, anxiety, hypertonia, cystitis,

more effective to use a drug that targets areas than to use
016
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those that target single pathogenic contributor. Accordingly,
these potential multi-target inhibitors were designed based
on the beta carboline core structure. A variety of -carbolines
with an extended aromatic ring system were synthesized and
tested with the aim of identifying potential multitarget agents,
that can interfere with A self-assembly and cholinesterase
activity while exhibiting promising antioxidant properties for
AD treatment. Based on data analysis, a compound emerged
as a potential lead compound for further structure activity
relationship studies. This molecule exhibited moderate to high
activity in a range of assays suggesting that further modification
of its basic ring system could yield a truly efficient candidate to
develop effective drugs for disease management [51].

Future drug treatments
There are other future drug treatments which include the
following: anti-amyloid therapy which aims at the amyloid
precursor protein (APP), this precursor can be broken down by
gamma or beta-secretase enzymes which prevent the formation
of amyloid plaques. Examples on Beta-secretase enzyme are
AZD3293 and MK-8931 which are in Phase II/III clinical trials
and are to be completed in2019 [52,58]. While an example on
Gamma-secretase enzyme is semagacestat which was in the
Phase III clinical trials but was discontinued because of no
improvement in cognition in the study group and worsening
cognition at higher doses [52,58,59]. Last drug was related to
the NSAIDs class which is Tarenflurbil has been shown to reduce
levels of A by modulating the gamma-secretase enzyme, but
demonstrated no improvement in cognition or function [60].
As another approach the immunisation therapy through active
immunisation against A with the agent AN 1792 was soufht of
then halted because of reported cases of meningoencephalitis
which was eventually stopped at phase III especially that there
were no evidence for slowing progression of AD [61]. In the same
context, monoclonal antibodies such as Bapineuzumab that did
not demonstrate any treatment effect [62] and solanezumab
which had a very small benefit [63]. Lastly, aducanumab is still
being clinically trialed as mentioned previously. Tau-targeted
therapy strategies that are currently in clinical trials include
agents to prevent hyperphosphorylation, as well as those
targeting microtubule stability and aggregation [64]. Exploiting
the different targeting approaches and nanomedicine would
open new horizons for the currently used drugs [66-69].

Authors Opinion
Most of the demonstrated drugs are used in the treatment
of the symptoms caused by AD and decreasing its progression
of neurodegeneration. Starting from the oldest agents to
the newest, the AchEI such as the tacrine causes severe
hepatotoxicity which requires continuous monitoring of the
liver function tests that is why it was withdrawn from the
market. Other AchEI are more preferred such as donepezil,
rivastigmine, and galanthamine. Efficiency was found
approximately similar between these agents so the choice
should be according to cost, individual patient condition,
patient tolerance and physician experience. Small portion
of patients may experience acute worsening of cognition,
or agitation on the starting of the drugs, if such signs was

observed the drugs must be stopped immediately. Donepezil
have the least side effects of these AchEI while galanthamine
have the most side effects. As for memantine it have various
side effects which might affect the compliance of the patient.
While the rest of the drugs are still under study, Aducanumab
seems to be a promising cure for the future making it a
perfect choice. And although there are still newly discovered
approaches for AD treatment yet they still need more research
such as anti-amyloid therapy, immunisation and tau-targeted
therapy. Accordingly, in conclusion it can be said that the
current regimen of memantine plus donepezil are perfectly
recommended for the treatment and slowing of progression
of AD due to their reported dual mechanism accompanied by
lower incident of side effects when given together and the
associated higher efficiency rate.
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