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Abstract. Alzheimer's disease (AD) has become into a global concern to public health. Since it was
first discovered in 1901, people have studied it for more than one hundred years, and many
hypotheses have been proposed. However, its pathogenesis has not been completely revealed. In
addition, the treatment and diagnosis of AD is a challenge worldwide, especially in low-income
countries. Fortunately, however, some classical hypotheses have their validity, such as cholinergic
injury hypothesis, AR cascade hypothesis and abnormal modification hypothesis of tau protein. And
the drugs developed on the basis of these classical hypotheses have finally been proved to have
therapeutic effects on Alzheimer's disease through continuous experiments by researchers. Among
them, Aricept is a drug used in mild AD treating, which acts as cholinesterase inhibitor, while N-
methyl-D-aspartic acid (NMDA) receptor antagonist Namenda is used to treat moderate or severe
AD. This review reviews the background of Alzheimer's disease and its two available treatment
medicines, called Aricept and Namenda, including drug mechanism, efficacy, safety and their
pharmacokinetics.
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1. Introduction

Alzheimer's disease (AD) is a clinical syndrome that that predominantly affects elderly people and
is characterized by gradual deterioration the function of memory and cognitive. Generally, the
beginning is slow and irreversible. The World Alzheimer Report 2021 lists dementia as the seventh
biggest causing for mortality globally with over 55 million people live with it. The numbers of
patients are growing every day, and it is projected to reach 78 million by 2030. The worse thing is,
less than 25% of people are diagnosed in the world by estimating and the percentage is excepted to
as low as 10% in lower income countries [1]. Therefore, early identification and timely intervention
are particularly important to curb the development of the disease.

The AP hypothesis claimed that the cerebral cortex cells are key components of senile plaques in
AD patients’ brains, the deposit is the central part of the disease, patients with A by neuron
dysfunction or death, plaque formation and nerve fiber tangles after a series of links such as lead
neurotoxicity, reflects the whole nerve dysfunction and behavioral changes, resulting in the AD [2].
Neurofibrillary tangles are composed of double-helix filaments in nerve cells, and their main
components are abnormally phosphorylated tau proteins. They are intracellular railway-like systems
for transporting nutrients, mainly synthesized in neurons, and have great contributions in the synthesis
and maintenance for the microtubules (components of the nerve cytoskeleton). Based on the tau
propagation hypothesis, tau protein can promote tubulin to form microtubules and maintain its
stability under normal conditions. Once it is converted into tau protein, not only the stability of
microtubules decreases, but also the related axonal transport disorder and the activity of
corresponding neurons decrease, which eventually leads to AD. In short, tau protein abnormally
forms neurofibrillary tangles, thus affect transmission of signals in neurons [2].

Aricept is an acetylcholinesterase (AChE) inhibitor. According to researches, it can partially stop
acetylcholine from degrading and increase the concentration of ACh in the basal ganglia nerve and
cerebral cortex, so as to increase the nerve conduction ability, increase the brain's learning and
memory functions, and then improve thinking and memory.

A vital neurotransmitter involved in sensory conduction, motor control and memory storage called
Glutamate. It is widespread and abundant in human brain; however, nerve cell apoptosis is deemed
to be associated with Glutamate excitotoxicity, caused by overactivation of a glutamate receptor:
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NMDA receptor [4]. Namenda is noncompetitive NMDA receptor antagonist, the other name is
Memantine HCL, with ability to enter the channel and block it when receptor is overactivated then
reduce the Glutamate excitotoxicity.

This review focuses on two kinds of medicines: ARICEPT and NAMENDA with their function
and Mechanism. Both of two medicines have been used in treating Alzheimer's disease, which
approved by the FDA. The former is developed based on the cholinergic theory and the latter have
function in inhibition cell apoptosis.

2. The Pathogenesis of AD

Acetylcholine (ACh) is neurotransmitter related to memory and cognition in human brain, and it
is synthesized at nerve terminals by acetyl-CoA and choline catalyzed by ChAT [5]. Meanwhile, upon
ACh is released, AChE will metabolize it to choline and acetate, then choline will be transported back
to terminals [5]. In Alzheimer's Disease, cholinergic damage is one hypothesis for its pathogenesis.
And the key to cholinergic transmission is the balance between acetylcholine synthesis and
degradation.

This disease was first discovered by Alois Alzheimer, Germany, in 1901. And in 1906, he reported
that brain sections of the patient had two distinct pathological features: amyloid plaques and
neurofibrillary tangles [6]. However, the report did not attract attention until it was named as
Alzheimer's disease by Emil Kraepelin in 1910 for his authority in the field of mental illness [7]. AD
has been discovered for more than a hundred years, at present, there are three recognized pathological
features: amyloid B-protein (AP) deposition, neurofibrillary tangles and massive loss of neurons.
Unfortunately, the pathogenesis of AD has not been completely explained, but several hypotheses
have been proposed by researchers based on pathological features, such as Cholinergic injury
hypothesis, AP cascade hypothesis and Abnormal modification hypothesis of tau protein [8].

In 1976, Peter Davies and A. J. F. Maloney proposed cholinergic hypothesis. They compared the
activity of neurotransmitter-related enzymes in different regions of the brain between AD patients
and controls. Finally, they found that the activity of choline acetyltransferase in amygdala,
hippocampus and cortex was significantly decreased, and the concentration of ACh at synapses
decreased in AD patients as well. Other key enzymes that related to neurotransmitter synthesis
showed activity within normal limits in all brain regions studied in AD [9-11]. According to
cholinergic hypothesis, insufficient central cholinergic transmission is a possible pathogenesis for
Alzheimer's Disease. Choline deficiency in nerve impulse transmission occurs in 90% of AD patients.
In human brain, ACh is a neurotransmitter closely related to learning and memory formation.
Meanwhile, acetylcholinesterase (AChE) can metabolize it causing low concentration of ACh [2,5].
Drugs based on this theory, that known as acetylcholinesterase inhibitors (AChEI), relieve the disease
by increasing the concentration of ACh, but fail to stop or reverse the pathological process.

In human nervous system, glutamate, is a powerful excitatory neurotransmitter, which is essential
for sensory conduction, motor control and memory storage. It is the most widely distributed and
abundant transmitter in human brain. If more glutamate released from the synaptic cleft, downstream
nerve cells may die of overexcitement, which is called Glutamate excitotoxicity [4]. The reason is the
NMDA receptor has the highest calcium ion permeability. For that overactivation of the receptor will
lead to massive influx of calcium ions. And eventually leading to neuronal apoptosis. It is found that
the apoptosis rate of nerve cells in the brain of AD patients is about 40 times that of normal people,
thus one of pathogenesis for Alzheimer's disease may be related to cell apoptosis [4].

3. Aricept

3.1. The mechanism of Aricept

The drug is a white crystalline powder and with its empirical formula is C2sH20NO3sHCI with
molecular weight for 415.96.
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ACh is neurotransmitter involved in cognition, learning and memory, and the brain regulates their
levels in the brain through AChE that break them down to achieve normal brain function, and Aricept
works on AChE through inhibits it to keep ACh from breaking down, thus increasing acetylcholine
levels in the brain [12].

3.2. The Pharmacokinetics of Aricept

Aricept has half-life of approximately 70 hours, which allow patients take it once a day. It can be
absorbed completely in gut but slow. Meanwhile, peak plasma levels are reached within 3-4 hours
after taken medicine. In addition, take it once a day for around 15-21 days to reach concentration
steady state. Liver can metabolize a small amount of Aricept but most is excreted through the urine.
The medicine (5mg/day) can be taken by patients who have mild kidney or liver disease, with its few
interactions with other medicines [13,14].

3.3. The Effectiveness and Safety of Aricept

A study focused on evaluation of its safety and efficacy when treating the mild or moderate
Alzheimer's disease. It was set single-blind, placebo-controlled trial for 89 AD patients, among which
46 patients (21 males & 25 females, aged from 58-87) took Aricept and 43 patients (19 males & 24
females aged from 57-88) took placebo. Meanwhile, 99 AD patients had a self-matched trial, among
which 47 males & 52 females, aged from 55-85. The study excluded the presence of other diseases
or other drug users that interfered with evaluation of Aricept. The treatment method is taking Aricept
5mg/day orally once a day for 12 weeks. The patients were examined every 4 weeks before and after
medication. For the evaluation part, three indicators were used to show drug efficacy, including
MMSE to detect the cognitive function of patients, CDR to measure the degree of dementia and
Activity of Daily Living Scale (ADL) to test the self-care ability of patients in daily life. The outcomes
demonstrate that the control group's MMSE score was much lower than the experimental one's. The
MMSE score had significantly improved for self-matched group. In addition, the CDR score of
experimental was much lower than that of control and the reductions in CDR scores occurred in the
self-matched group as well. For ADL score, the results are similar to that CDR score, experimental
group had much lower score than that of control one and self-matched group has a significantly
decreasing. Furthermore, safety evaluation, each patient asked to check every 6 weeks before and
after medication, including nervous system examination, vital signs examination, function of heart,
liver and kidney, electrocardiogram and chest X-ray. The safety inspection display that there are 7 of
145 patients took Aricept (4.8%) had adverse reactions such as dizziness, nausea, loss of appetite.
Meanwhile, 2 of 43 placebo patients appeared dizziness. No significant difference was detected.
Finally, the vital signs of all patients were stable, and there were no significant changes in blood and
urine test and blood biochemical tests before and after treatment [15].

In the control study, it is planned to observe how Aricept effect for neurological function
improvement with Alzheimer's disease. There were 91 patients were included. They were split into
an observation group of 46 and a control group of 45, which used basic treatment, and the observation
group used Aricept on this basis. It was found that prognosis observation group A 3 1-42 and Tau
protein levels were much lower than those in the control (P>0.05) [16].

Good sleep can promote memory, language, thinking and executive ability. Improving sleep
disorder can not only improve the cognitive function of patients, but also prevent the occurrence of
mental behavior symptoms to a certain extent. Systematic evaluation confirmed there have benefit of
Aricept on sleep quality of mild AD patients [17].

Generally, side effects or adverse reactions may occur after treatment with the investigational drug,
but they are usually relieved after drug withdrawal. Aricept combined with olanzapine can
significantly promote patients recover from the low cognitive function with dementia. Compared with
olanzapine alone, the rate of side effects is similar, but the safety is controllable [18].
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4. Namenda

4.1. The Mechanism of Namenda

The drug is white powder with its empirical formula is C12H2:1N<HCI with molecular weight for 215.76.

In 2003, Namenda was approved by the FDA for treating patients with moderate or severe
Alzheimer's disease. In those patients, Namenda inhibits the permeability of NMDA receptors by
entering the channel and blocking it, then toxic effects of glutamate can be greatly reduced [19]. It
has property that quickly dissociate from the receptor with concentration-independent, which means
the binding ability of Namenda to be affected at different concentrations while high concentrations
do not affect its removal-ability that away from the action site [19]. One advantage for Namenda as
a promising medicine is its noncompeting, unlike competitive antagonists such as MK-801, Namenda
is noncompetitive NMDA receptor antagonists, which means it does not compete with glutamate for
activation sites. Therefore, it has a chance to enter and block the channel only if glutamate
successfully activated the NMDA receptor channel. This helps the medicine not to affect normal
physiological function under normal conditions. In addition, medium affinity of Namenda is one of
its significant attributes. By which reason, it does not accumulate in large numbers around the NMDA
receptors. Only when a large amount of glutamate keeps the channel continuously open will it have
a greater probability to enter the channel and block it [19]. Thus, the medicine has the ability to block
channels in time when glutamate overactivates NMDA receptors.

4.2. The Pharmacokinetics of Namenda

Memantine has an absolute bioavailability of approximately 100% which means it can be almost
completely absorbed. It will get peak plasma concentration for about 3 - 7 hours after oral
administration and it has a low binding rate of approximately 45% to plasma proteins. Its half-life is
60-80 hours. In addition, about 50% Namenda will be excreted in urine, and the rest becomes
metabolites with low NMDA receptor antagonistic activity [20].

4.3. The Effectiveness and Safety of Namenda

There had been three studies submitted to the FDA for evaluation of this medicine. The first study
evaluated it for treating moderate or severe AD for a long-term. In this scientific research, 166 patients
were selected with their MMSE score is less than 10, GDS score range from five to seven in placebo-
controlled trial. At the same time, to measure efficacy, BGP and CGI-C were used. For about
treatment method is taking the drug 10 mg each day for 12 weeks. Nevertheless, there were no
behavioral improvements observed in this study, functional improvements do indicate that this
medication has promise as a potential treatment for people with moderate to severe AD [21].

The second one was in 2003 with similar selection criteria to the first one, but 181 patients took
10 mg drug twice a day for 28 weeks. In addition, Severe Impairment Battery (SIB) was applied as
primary efficacy measurement and for secondary efficacy variables, ADCS-ADLsev and the NPI was
applied. Moreover, the CIBIC-Plus was used as measurement globally. And the results show that
patients who took Namenda had SIB and CIBIC-Plus score significant benefits in statistics compared
to those placebos. At the same time, ADCS-ADLsev level for memantine treatment showed
significant benefits as well. However, NPI score showed there was no difference was found in these
two groups. This study indicated the validity of previous study, that is this drug can partly treat
Alzheimer's disease, and while it cannot stop AD progress, it can help them improve their cognitive
outcomes [22].

The last study was a combination of Namenda and donepezil treatment. It is a RDBPC trial with
322 patients already took donepezil. Their MMSE score is from 5 to 14, aged 50 or elder. Primary
efficacy variables are similar to the previous study, that are SIB and CIBIC-Plus. For secondary
efficacy measures, NPl and BGP were used for measurement. The treatment method is half were
randomly assigned to memantine and half to placebo, while all patients continued to take donepezil.
Finally, it showed that the combination of donepezil & memantine had significant benefits on both
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primary and secondary efficacy variables. And this study confirmed what previous studies found with
its new finding that behavior of AD patients was improvement [23]. As a matter of fact, it is well
tolerated that to transfer from ChEIl to memantine treatment [24]. But it is possible to get better
treatment outcome from ChEl & memantine treatment [25].

At the same time, research shows that it seems possible to use biomarkers for predicting the
sensitivity of Namenda, but the sample size is small, and further research may be needed [26].

It is worth mentioning that the cost-effectiveness of drugs is also very important for the decision
of AD scheme. There is no clear conclusion on the cost-effectiveness of this treatment [27].

5. Conclusions

In conclusion, three hypothesis, cholinergic injury hypothesis, AP cascade hypothesis and
abnormal modification hypothesis of tau protein, have their validity, and their common feature is that
they are all related to neurotransmitter or neuronal damage, which is the basis of drug development.
The cholinergic hypothesis proposes that the decrease of ACh can be the underlying pathogenesis of
Alzheimer's disease. According to AP cascade hypothesis and Abnormal modification hypothesis of
tau protein, AD patients have neuronal dysfunction because of the AP deposition in their brain.
Atypical tau protein will lead to the neurofibrillary tangles, axonal transport disorders and the
corresponding decrease in neuronal activity, leading to AD.

Aricept is acetylcholinesterase (AChE) inhibitors to maintain ACh levels in the brain of AD
patients. Although it does not stop the progression of the disease, it can eventually alleviate mild
symptoms of Alzheimer's disease. Meanwhile, NMDA receptor antagonist, Namenda, is
noncompetitive antagonist and used in moderate or severe Alzheimer's disease treatment. It works by
entering the channel and blocking it. There are two advantages that make Namenda be effective
medicine: its noncompetitive and medium affinity. These two properties allow it not to affect normal
physiological function under normal conditions, and to block channels in time when glutamate
overactivates NMDA receptors. Meanwhile, it has been shown that it has a significant effect on AD
when used alone or in combination with cholinesterase inhibitors.

At present, there is no drug that can halt the progression of Alzheimer's disease completely. In the
meantime, when making drug decisions, we should not only analyze the efficacy, but also consider
cost-effectiveness, safety and patient compliance. The clinical diagnosis and treatment of AD is still
a subject with great challenges. Many studies are still in the exploratory stage. In addition to the
pathogenesis involved in this article, it may also be related to the virus theory, genetic factor theory
and other mechanisms. Further analysis of the pathogenesis of AD and exploration of more drugs will
have benefit prevent and treat AD in the future.
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