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ABSTRACT: Alzheimer's disease (AD) is the most 
common form of dementia in the elderly. The number 
of people affected by AD is rapidly increasing. AD 
is characterized by cerebral atrophy, cerebral senile 
plaques, intraneuronal neurofibrillary tangles, and 
neuronal cell loss. Medical treatment of AD has a 
long history and differing results. We will review the 
effectiveness and limitations of the drugs used to treat 
AD.
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1. Introduction

Many age-related neurodegenerative diseases such as 
Alzheimer's disease (AD), amyotrophic lateral sclerosis 
(ALS), and Parkinson's disease represent a huge 
challenge for patients and caregivers (1). Of these, AD 
is the most common form of dementia in the elderly (2). 
AD is a progressive disorder (3) that affects 2% of the 
population in industrialized countries. More than 10% 
of the population over the age of 65 and 50% of the 
population over the age of 85 are suffering from AD (4). 
As the population ages, this number will double every 
twenty years, likely increasing to more than 80 million 
cases by the year 2040 (5).
 AD is characterized by a series of neuropathologic 
changes, including cerebral atrophy, cerebral senile 
plaques containing extracellular deposits of β-amyloid 
peptide (Aβ), intraneuronal neurofibrillary tangles 
(NFTs) containing hyperphosphorylated tau protein, and 
neuronal cell loss (6,7). These result in patients suffering 
from memory loss, confusion, impaired judgment, 
disorientation, and trouble expressing themselves. The 
symptoms worsen over time and the disease is fatal. 

It disrupts the normal lives of patients and poses a 
substantial economic burden to family and society (8). 
Therefore, AD has garnered increasing attention in terms 
of its diagnosis, pathological mechanism, and therapeutic 
agents. The current article reviews the pathological 
mechanism of AD and drugs used to treat AD and it 
discusses the effectiveness and limitations of these drugs.

2. The neuropathology of Alzheimer's disease

The neuropathology of AD is very complex and has 
yet to be completely understood. There are several 
hypotheses that try to explain the pathological 
mechanism of the disease.

2.1. Cholinergic dysfunction of the central nervous system

Early studies showing loss of cholinergic activity 
in central nervous system (CNS) as AD progresses 
have been corroborated by numerous studies thus 
far. The brains of AD patients have very low levels 
of acetylcholine (ACh) (9). According to some 
pathophysiology research, the loss of cholinergic 
neurons usually occurs in brain areas associated with 
memory and learning, such as the hippocampus, 
nucleus basalis of Meynert, and cortex. A reduction 
in cholinergic activity is thus thought to be associated 
with cognitive deficits (10). This reduced activity 
affects synaptic transmission and initiates infl ammatory 
processes. Some reactive oxygen species will be 
produced, resulting in cell death. Furthermore, Aβ can 
inhibit cholinergic neurons from absorbing choline and 
halt the action of cholinergic acetyltransferase (chAT), 
which inhibit the generation of ACh (11). However, 
whether the decrease in ACh is the cause of AD needs 
to be studied further.

2.2. The amyloid cascade hypothesis

2.2.1. Amyloid precursor protein (APP) processing

In humans, APP gene is located on chromosome 21. 
It has 3 major forms: APP695, APP751, and APP770. 
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The APP protein consists of 695-770 amino acids. It 
is a transmembrane glycoprotein that exists widely in 
human histiocytosis. It is widely expressed in the brain 
and functions as a membrane receptor (12). It undergoes 
cleavage by three types of  enzymes: α-secretase, 
β-secretase, and γ-secretase (Figure 1). The sequential 
cleavage of  APP by α-secretase and γ-secretase 
produces two soluble peptides, referred to as P3 and 
sAPPα. The sequential cleavage of APP by β-secretase 
and γ-secretase generates sAPPβ and insoluble Aβ, 
respectively. Under normal conditions, APP is cleaved 
via the first pathway. In contrast to Aβ, sAPPα has an 
important role in maintaining the activity of neurons. It 
can protect neurons against excitotoxicity and regulate 
neural stem cell proliferation (13).

2.2.2. The structure of Aβ

Aβ is an approximately 40-residue-long peptide. Its 
molecular weight is ~4,000. There are two main forms 
of  Aβ, Aβ40 and Aβ42. Aβ42 is more hydrophobic and 
more prone to aggregate and is considered to be the most 
neurotoxic form. The forms differ in their terminal carbon 
structures (Figure 2). Aβ42 is the major component of 

senile plaques (SP) (14). In a normal brain, the majority of 
Aβ produced is Aβ40, while patients with AD have a high 
ratio of Aβ42/Aβ40. In the brain, Aβ exists in soluble and 
fi bril forms. Formation of Aβ fi brils is a multi-step process 
that requires a conformational change from an α-helical 
to β-pleated sheet structure. Many studies have confi rmed 
that the neurotoxicity of Aβ is largely dependent on its 
ability to form β-sheet structures (15).

2.2.3. Aβ function

Many studies have found that overproduction of 
Aβ results in a neurotoxic effect on neurons. It 
leads to synaptic dysfunction (16) and formation of 
intraneuronal fibrillary tangles (17) and eventually 
to neuron loss. Soluble Aβ can stimulate neurite 
growth in a short amount of time, which can increase 
neurons' survival rate. However, deposited Aβ has 
the opposite effect on neurons. It can cause the 
shrinkage of neurites and denaturing of neurons (18). 
Although the overproduction of Aβ has a negative 
effect on nerve cells, low levels of Aβ can increase 
hippocampal long-term potentiation and enhance 
memory.

2.2.4. The mechanism of Aβ neurotoxicity

Ca2+ is a second messenger in organisms. The 
extracellular concentration of Ca2+ is higher than that of 
intracellular Ca2+. Aβ can disrupt the calcium channels 
in the cell membrane, enhancing Ca2+ infl ux and leading 
to the disequilibrium of calcium. An intracellular 
Ca2+ overload will impair the ability of mitochondria 
to buffer or cycle Ca2+, resulting in cell toxicity 
and eventual cell death. The disruption in calcium 
homeostasis may in turn cause a variety of secondary 
effects such as lipid peroxidation and generation of free 
radicals. Over time, these related actions of Aβ will 
reduce synaptic integrity (19,20).
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Figure 1. Diagram of APP processing.

Figure 2. The structures of Aβ42 and Aβ40. Aβ40 has two fewer amino acids than Aβ42 at the C-terminal end.
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in the APP, presenilin-1 (PSEN1), and presenilin-2 
(PSEN2) genes are usually at greater risk for developing 
hypercholesterolemia (26). Additionally, several 
environmental agents, including metals (Al3+ (27), Hg2+ 
(28)), pesticides, dietary factors, and brain injuries, have 
been suggested as possible risk factors for AD.

3. Drugs used to improve cholinergic function

Many drugs have been approved for AD treatment in 
different stages of the disease, although they all have 
limited efficacy. The AD process has an apparent linear 
relationship to the pathological changes in the human 
brain, indicating that the disease can be halted by 
medication that interferes with the different stages. Many 
drugs have been used to improve cholinergic function in 
patients.

3.1. Acetylcholinesterase inhibitors

Acetylcholinesterase inhibitors were the first drugs 
approved by the FDA to treat AD, representing obvious 
progress in treatment of the disease. Tacrine, approved by 
the FDA in 1993, is the first drug used in AD treatment 
as an acetylcholinesterase inhibitor. The mechanism by 
which tacrine causes damage is not completely understood 
and it consistently causes a number of adverse reactions. 
Tacrine is now rarely used in AD treatment (29) due to its 
hepatotoxicity.
 Donepezil is another acetylcholinesterase inhibitor. It 
is readily absorbed after oral administration. Compared to 
tacrine, its effects last longer (Table 1). It is better tolerated 

2.3. Neuroinfl ammation in AD

Inflammation is one of the secondary effects of Aβ 
deposition. In the brain, it is characterized by activation of 
glial cells and expression of key infl ammatory mediators. 
This inflammation is chronic. The cells participating in 
the action are mainly microglia and astrocytes. They 
participate in initiation and progression of neurological 
disorders by releasing cytotoxic molecules such as 
proinfl ammatory cytokines, reactive oxygen intermediates, 
proteinases, and complement proteins. In one form 
of attack, the activated glial cells kill neurons nearby 
by releasing reactive oxygen species (ROS), NO, and 
proteinase that cause neurotoxicity (21). In a second form 
of attack, an inflammatory reaction can stimulate the 
regeneration of Aβ, aggravating the inflammation and 
forming a vicious cycle (22). 

2.4. Other pathogeneses

An increasing risk factor for AD is ApoE, which is a 34 
kDa glycoprotein. It facilitates neuronal repair, it has anti-
infl ammatory properties, and it facilitates dendritic growth. 
In humans, there are three major forms of ApoE: ApoE2, 
ApoE3, and ApoE4. ApoE4 is reported to be associated 
with AD (23). It can promote amyloid deposition, 
neurotoxicity, oxidative stress, neurofibrillary tangle 
formation, and increasing brain inflammation. Previous 
studies have shown that ApoE4 causes mitochondrial 
damage, microvascular generation, and neural injury (24).
 In addition, hypercholesterolemia is considered to 
be a risk factor for AD (25). People with a rare mutation 

     Galantamine

AChE

24 mg/day (twice 
daily)

About 7 h

Mild to moderate 
Alzheimer's disease

    800

73,000

Nausea, weight loss

Table 1. Comparison of pharmacological characteristics of 5 acetylcholinesterase inhibitors
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         Tacrine

AChE and BuChE

160 mg/day
(four times daily)

2-4 h

__

190

  47

Hepatotoxicity

      Donepezil

AChE 

10 mg/day
(once daily)

About 70 h

All stages of 
Alzheimer's disease

22

  4.1

Diarrhea, nausea

     Rivastigmine

AChE and BuChE

9.5 mg/24 h patch 
(once daily)
12 mg/day (twice 
daily)

About 3 h (patch)
About 1 h (capsule)

Mild to moderate 
Alzheimer's disease

48,000

54,000

Diarrhea, nausea

  Huperzine A

AChE

0.4 mg/day (twice 
daily)

About 60 h

Mild to moderate 
Alzheimer's disease

47

30

Nausea
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by patients and causes fewer adverse reactions. Adverse 
reactions to the drug are primarily nausea, dizziness, 
diarrhea, and anorexia. All of these are dose-dependent 
(30). A number of clinical trials suggest that it can 
effectively improve cognitive performance and stabilize 
the functional ability of patients. It is used to treat mild to 
moderate AD (31).
 Rivastigmine is a carbamate derivative. It can 
reversibly inhibit both acetyl- and butyryl-cholinesterase 
(AChE and BuChE,  respect ively) .  After  ora l 
administration, it reaches its peak plasmatic concentration 
in one hour (32). It is the only drug in which cytochrome 
P450 isoenzymes are not involved in its metabolism, so 
it can minimize drug-drug interactions. Many clinical 
trials suggest that rivastigmine has a significant effect 
on memory and the praxis domains of cognition. Unlike 
rivastigmine capsules, rivastigmine patches have a 
signifi cant effect on the language domain. These patches 
can be used to treat patients with mild to moderate AD (33).
 Galantamine is an extract of the flowers and bulbs 
of lilies, daffodils, and related plants. It is a selective 
acetylcholinesterase inhibitor. It improves cognitive 
dysfunction and affords neuronal protection, preventing 
the cytotoxicity caused by aggregation of Aβ (34). It is 
also believed to enhance central neurotransmission. The 
clinical effi cacy of galantamine is almost equivalent to 
that of donepezil (35).
 Huperzine A is a plant-based alkaloid from a plant 
named Huperzia serrata. It is an effective AChE 
inhibitor that can cross the blood-brain barrier (BBB). 
Huperzine A provides neuroprotection against neuronal 
damage. It has stronger inhibition and better selectivity 
than tacrine and galantamine (36).
 In addition to the aforementioned drugs, many 
acetylcholinesterase inhibitors are used to treat AD, such 
as metrifonate and physostigmine and its derivatives. 
These drugs may provide protection against oxidative 
stress and Aβ toxicity. Although they increase synaptic 
transmission, acetylcholinesterase inhibitors also have 
several limitations. They are expensive and usually 
provide limited benefi ts. They may damage the neuronal 
membrane and more guidance is needed regarding their 
clinical use.

3.2. M1 receptor agonists

M1 muscarinic receptors remain mostly intact in the 
brains of AD patients. Therefore, M1 receptors are 
considered to be an attractive therapeutic target for AD 
treatment. M1 receptor agonists ameliorate the symptoms 
of AD and also delay the disease's progression. Several 
such drugs are used to treat AD, such as xanomeline (37) 
and milameline.
  Xanomeline is a function selective muscarinic 
M1/M4-preferring receptor agonist. It can cross the 
BBB. Many clinical studies have noted significant 
improvement in the cognitive function of patients 
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with AD. The drug's most common adverse effects are 
gastrointestinal response and cardiovascular adverse 
reactions.

4. Anti-Aβ drugs

β-Amyloid peptides are the main contributors to 
the pathology of AD. Many studies have found that 
overproduction of Aβ results in a neurotoxic effect on 
neurons. It leads to synaptic dysfunction, formation 
of intraneuronal fibrillary tangles (17), and eventually 
neuron loss. The deposited Aβ can cause the shrinkage 
of neurites and denaturing of neurons. Aβ can disrupt 
the calcium channels in the cell membrane, enhancing 
Ca2+ infl ux and leading to the disequilibrium of calcium. 
Therefore, anti-Aβ drugs may be the most effective drugs 
for AD treatment.

4.1. Calcium antagonists

An overload or insufficiency of calcium in nerve cells 
affects the production, transmission, and release of 
neurotransmitters. Drugs widely used in AD treatment 
as calcium antagonists are nimodipine, flunarizine, 
verapamil, and tetrandrine.
 Nimodipine (38) is an L-type calcium channel 
antagonist. It is highly lipophilic and it can readily cross 
the BBB and effectively inhibit calcium infl ux, enhancing 
blood fl ow in the brain. It appears to be tolerated well by 
patients with fewer adverse reactions (39).

4.2. Antioxidants

Antioxidants can prevent the degeneration of nerve 
cells by eliminating active oxygen or preventing its 
generation. Vitamin E is the most commonly used 
antioxidant. It is a lipophilic vitamin. Many clinical 
trials have suggested that it can prevent oxidative 
action. It can decrease cellular death induced by Aβ and 
attenuate toxicity in neuroblastoma cells (40).
 There are other common clinical antioxidant 
drugs, such as selegiline and melatonin. Selegiline 
is a selective monoamine antioxidant. It does help 
somewhat to improve the cognition, behavior, and 
mood of patients. However it does not globally benefi t 
cognition, functional ability, and behavior (41). 
Melatonin functions by regulating circadian rhythms, 
clearing free radicals (42), improving immunity (43), 
and generally inhibiting the oxidation of biomolecules. 
It also has significant anti-amyloidogenic action. 
It prevents Aβ fibrillogenesis and aggregation by 
disrupting the imidazole-carboxylate salt bridge (44).

4.3. Nonsteroidal anti-infl ammatory drugs

Many clinical studies have suggested that nonsteroidal 
anti-inflammatory drugs (NSAIDs) could be used 
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to prevent rather than treat AD. The mechanism 
of NSAIDs might be by inhibiting inflammation 
associated with the generation of SP (45). NSAIDs 
include indomethacin, tenidap, aspirin, ibuprofen, and 
naproxen (46). However, NSAIDs are known for their 
liver and kidney toxicity.

4.4. Hypolipidemic drugs

The expression of ApoE can lead to Aβ deposition and 
the formation of amyloid plaques. Nowadays, the use of 
ApoE isomers can effectively reduce the formation of 
amyloid plaques.

4.5. Iron chelators

High levels of iron have been found in both SP and 
NTFs in the brain. Ions may be involved in free radical 
formation and neuron degeneration. They may bind 
tightly to Aβ, possibly causing damage to neurons. 
 Treatment with iron chelators aims to remove excess 
iron that causes neurotoxicity in brain tissue. Iron 
chelators have a high affi nity for iron. As an example, 
desferrioxamine, a natural iron scavenger, is a specifi c 
chelator with a high affi nity for aluminum, copper, and 
zinc. Desferrioxamine is widely used in the treatment 
of AD (47). However, it requires continuous dosing due 
to its short circulating half-life. A drawback, however, 
is that it can cause serious adverse reactions such as 
injection site reactions and retinal toxicity (48).

5. Vaccines

Immunotherapy may be one of the most promising 
approaches to preventing the aggregation of Aβ 
(49). Many clinical trials have shown that anti-
Aβ antibodies are effective in clearing Aβ deposits. 
Vaccination therapy for AD was invented by Dale 
Schenk and his colleagues in 1999 (50). They found 
that amyloid deposits were signifi cantly reduced when 
they immunized young APP transgenic mice with 
Aβ and an adjuvant. The first clinical trial vaccine 
was AN-1792, which consisted of synthetic Aβ and 
adjuvant QS21. Patients who were suffering mild-to-
moderate AD were treated with this vaccine. The trial 
was halted because 6% of patients developed subacute 
meningoencephalitis after one to three intramuscular 
injections of the vaccine. The meningoencephalitis was 
believed to be caused by a T cell-mediated autoimmune 
response. Many passive immunization clinical trials 
using anti-Aβ antibodies are now underway. There are 
many challenges to developing future Aβ vaccines. For 
example, a vaccine should help to prevent the disease 
in the early stages and it should be inexpensive; antigen 
targets should also be appropriately selected. Moreover, 
it should be efficacious in patients regardless of their 
immune status and it should facilitate compliance. 

6. Conclusion and perspectives for the future

AD is a nervous system disease that exists in patients 
for many years. Many efforts are currently underway to 
explore the pathology of AD and develop appropriate 
treatments. These strategies focus on slowing disease 
progression and maintaining patients' quality of life. 
Nonetheless, there is no treatment that effectively stops 
the disease's progression. Accurate diagnosis of AD is 
problematic. Therefore, researchers need to recognize early 
signs of AD and explore new therapies to combat AD.
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