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ABSTRACT 
Today, neurodegenerative diseases such as Alzheimer’s disease (AD) are very common among the people of the world, and many people 

suffer from this disease. Currently, there is no definite cure for the Alzheimer’s disease and the existing drugs can only slow down the 

disease but cannot stop it. One approach for improvement of the effect of drugs is the use of drug delivery systems. The second approach 

is a combination of stem cells with nano-biomaterials to achieve this goal. Many studies have been done on stem cell therapy for 

Alzheimer's disease. Different sources of stem cells such as embryonic stem cells, adult stem cells and induced pluripotent stem cells 

(IPSs) were used to replace damaged cells in the Alzheimer’s disease models. These cells are able to differentiate into neurons, through a 

process known as neurogenesis. Subsequently, cognitive deficits, including learning and memory are recovered. Also, an overview of the 

importance of stem cells as a model to study the effects of Alzheimer's disease drugs and the recognition of mechanisms of AD is done. 

The final approach is utilizing genetic engineering, surface modification methods and the use of biomaterials as cell carriers to the 

stimulate stem cells niche are considered good options in order to enhance efficiency. 
Keywords: Alzheimer’s disease, stem cells, nano-scaffolds, neurodegenerative diseases, microglia inflammation, beta amyloid, 
cognitive defect. 
Abbreviations: Alzheimer disease (AD), induced pluripotent stem cell (IPS), subunit of telomerase (TERT), nerve growth factor (NGF), 
acetylcholine (ACh), Choline acetyltransferase (ChAT), neurofibrillary tangle (NFT), mesenchymal stem cell (MSC), Beta amyloids 
(Aβ), human umbilical cord blood-derived mesenchymal stem cells ( hUCB-MSC), amyloid precursor protein (APP),Wharton’s jelly 
mesenchymal stem cell (WJ-MSC), neural stem cell (NSC), nerve growth factor (NGF), drug delivery systems (DDS), blood-brain 
barrier (BBB). 

1. INTRODUCTION 
 Alzheimer is a neurodegenerative disease in which three 

events occur: neurons lose their connections with surrounding 

nerve cells, electrical signals responsible for cell movement cannot 

be transmitted properly and eventually neurons die [1]. In age-

related AD, with increasing cellular oxidative stress, energy 

metabolism is impaired and subsequently neuronal calcium 

homeostasis may be lost and consequently, apoptosis occurs. In 

heredity, AD neuron degeneration takes place through the 

production of neurotoxic forms of amyloid β-peptide and impaired 

calcium homeostasis. 

Unfortunately, some types neurodegenerative disease are 

prevailing and treatment are so difficult due to limited access to 

the human brain. With attention to difficulty in treatment of this 

disease, neuroprotective mechanisms become important. These 

mechanisms include: 1) decrease of calorie intake as a dietary 

restriction which increases the resistance of neurons to the 

disruption and destruction through a mechanism involving a mild 

stress response. DR can increase the stress proteins and 

neurotrophic factor (NTF) in brain cells, 2) Telomerase: This 

enzyme has anti-aging properties and it is believed that 

manipulating these enzymes can protect neurons from death. It 

was observed that a part of   telomerase which called the catalytic 

subunit of telomerase (TERT) is presented in growing brain, but 

not in the adult brain. TERT showed neuroprotective effect. 

Therefore, by manipulation of telomerase protection against age-

related neurodegeneration achieve, 3) stem cell therapy [2]. 

The most available method for treatment of AD is the usage of 

drugs that are only capable of reducing the speed of disease but 

don’t stop it. Owing to the presence of BBB, access to the affected 

areas of the brain is difficult. With the help of drug delivery 

systems especially nano-carriers, this problem could be solved to 

some extent and anti-Alzheimer drugs could be loaded into these 

carriers [3].  

 Due to the complex structure of human brain and restriction 

to access it, the understanding of scientists about the mechanisms 

of this disease is not clear. Scientists discovered the structure of 

human brain with the study of cadaver but still mechanisms 

happen in living AD brain are not clear. To overcome these 

difficulties, stem cells are good candidates.  

 Today, the usage of stem cells play an important role in 

different medical fields such as cure of diseases, diagnosis of 

diseases, investigation of the effect of drugs on diseases, 

restorative treatment and so forth. Stem cells are divided into three 

categories based on their potential for differentiation which 

include: 1) totipotent stem cells (which can differentiated into all 

cell types existing in living body and can make both fetus and 

placenta), 2) pluripotent stem cells (which can differentiate into all 

kinds of cells and capable of making fetus but not placenta), 3) 

multipotent stem cells (which only differentiate into limited types 
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of cells). There is another category for stem cells which divided 

them into two groups of embryonic stem cells (stem cells which 

present in embryo) and adult stem cells (stem cells which present 

in tissues of an adult human) [4-6]. Previously, it was thought that 

multipotent stem cells have a limited capacity to differentiate but 

today it has been known that these cells have pluripotent 

properties, for instance: adult bone marrow stem cells can 

differentiate into skeletal muscle, brain microglia and astroglia, 

and hepatocytes [6]. 

 Stem cells play a key role in neurodegenerative diseases 

such as AD Parkinson’s disease and Huntington’s disease. Stem 

cells have three advantages; they can be used as cell source to 

replace damaged cells in AD; they can be used as model of AD to 

clear mechanisms of disease and also to assess the effect of 

therapies such as drugs on AD, they are used as delivery vehicle 

for nerve growth factor (NGF) [1]. 

 Despite all aforementioned advantages of stem cell therapy, 

cell survival is a major problem. In this regard, biomaterials are 

promising tools which can solve this problem since they can 

mimic natural niche of stem cells helping them to survive and 

differentiate into the desired lineage [7]. Among different 

scaffolds designed for AD treatment, nanofibrous scaffold made 

via electrospinning are important [8]. Recent efforts are designing 

scaffolds in nano and molecular levels to adjust and prevent 

molecular events during AD progression [9, 10]. 

 Hence, after a brief review on AD mechanisms and 

pathways, this paper mainly focuses on the effect of stem cell 

therapy on AD and the positive roles biomaterials as nano and 

molecular scaffold play in stem cell differentiation AD treatment. 
 
2. ALHIMER’S DISEASE 
N eurodegenerative consist of two words: the first part (neuro) 

refers to the brain and second part refers to a process that leads to 

the decline of some parts of the central nervous system. AD is one 

of the neurodegenerative diseases which is proved to impact 10 

percent of all people over age 65 and 50 percent of people over 

age 85 [1]. This disease has 3 stages described in 

Table 1. 

Table 1. Stages of Alzheimer disease (summarized from [11]). 

very early AD Cells lose their connection with another cell (synapses) and then apoptosis occur. Regions of the brain responsible 
for cognitive function, memory and learning ability are affected. The patient loses cognitive ability. 

mild to moderate AD Behavioral and personality changes occur and patient loses speaking ability 

severe AD patients don’t recognize their family 
 
Table 2. The main factor involved in the disease (summarized from [12]). 

Amyloid  plaques 
These plaques consist of deposits of beta 

amyloid protein, dead cells, and other factors. 

Neurofibrillary tangles 

Tau proteins which exist on the cytoskeleton 
within the cell are hyperphosphorylated and 
then being separated from cytoskeleton and 

form tangles, and also the cytoskeleton 
breaks apart. 

Shrinking of brain tissue 
As the disease progresses the number of cell 
injury and death increases and finally cause 

brain atrophy. 

 The first part of the brain affected by AD is hippocampus 

that spread to other areas of the brain with the progression of the 

disease. Finally, the whole of the brain will be surrounded. The 

effect of acetylcholine (ACh) on memory and learning function 

has been proved and also it has been showed that in AD, Choline 

acetyltransferase (ChAT), the enzyme that responsible for 

acetylcholine synthesis, is impaired followed by degeneration of 

cholinergic neurons in the basal forebrain [13]. 

 Two key pathogen factors in AD are summarized in  

Table 2 which forms the major constituent of intracellular 

neurofibrillary tangles (NFTs) [12]. Beta amyloids (Aβ) form 

plaques that activate microglia and astrocytes that respond to 

cerebral amyloidosis by chronic proinflammatory activation[14]. 

Further, a series of the investigation showed that 

neuroinflammatory process is another contribution factor in AD. 

 AD can be divided into two categories: Sporadic (late-

onset) and genetic (early-onset) disease. The first type is more 

common and allocates about 95 percent of whole patients. It is 

conceivable that some factors such as environmental factors as 

well as aging, stress, glucose intolerance, cardiovascular factors, 

obesity and educational background are effective in creating this 

type of AD [15]. Also, the only well-accepted genetic risk factor 

for sporadic AD is polymorphism within the ApoE gene [16]. The 

heredity or genetic type of this disease is caused by mutation of 

three genes which includes the genes for amyloid precursor 

protein (APP), presenilin 1 or presenilin 2 which presenilin is a 

member of the γ-secretase complex that acts with β-secretase to 

break up APP which results in releasing beta-amyloid  peptides 

with different lengths. Aβ peptides with 40 and 42 amino acids are 

the dominant species named (Aβ1–40) and (Aβ1–42), 

respectively. Aβ1–42 is the most toxic species [11]. 

 Due to limitations in the study of the human brain, animal 

models selected for the study of Alzheimer. These animals should 

have some basic features such as biological similarities with 
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humans to provide more reliable results. Rat, mice, and feline are good options based on the result of some researchers [17, 18]. 

 

3. STEM CELL THERAPY IN AD 

 One of the most advanced and newest therapies for AD is 

stem cell therapy. This treatment is based on usage of stem cells to 

replace damaged cells in AD. In addition, stem cells have other 

applications. They could be used as a model of AD through 

genetic manipulation to assess the effect of drug and diagnostic 

pathway of disease and delivery vehicle of some growth factor and 

genes useful for AD treatment. On the other hand, neurogenesis 

which is important for cognitive improvement in AD mice can be 

achieved by means of stem cells. It was showed in some AD 

mouse models including mutant APP model, mutant PS models 

and multi-mutant model that amyloid beta plaque and NFT 

produced in these models cause reduction of neurogenesis [17]. 

Therefore, neural stem cells can be differentiated into precursor 

cells and subsequently progenitor cells to become adult neurons.  

 Here an overview of some studies is presented to assess of 

therapeutic effect of different types of stem cells on AD. Scientists 

use stem cells from different sources which include embryonic 

stem cells, adult stem cells and IPS from adult tissues. 

3.1. Embryonic stem cell. The embryonic stem can be found in the 

embryo. Some studies indicate efficacy of mesenchymal stem cells 

(MSCs) to improve the learning and memory abilities in AD 

models of the animal.  

 It was thought that the main cause of AD is beta amyloid 

plaques, however, another important factor is the 

neuroinflammatory process that mediated by Aβ plaque-induced 

microglia cells [19]. Microglial cells are a group of nerve cells that 

support and protect neurons. These cells have a duty to eliminate 

damaged cells and direct neuron progenitor cells to differentiate 

into the target cells of the affected area [20]. Alternatively-

activated microglia is a state when these cells accumulated around 

Aβ deposit activate normally and their structure would change 

from ramified to amoeboid which is favorable for phagocytosis of 

damaged cells. Although, Excessive activation of these cells is 

undesirable owing to the production of additional cytotoxic factors 

such as superoxide, nitric oxide (NO), and tumor necrosis factor 

(TNF)- α. This type of activated microglia is called chronically 

activated microglia [21]. 

In this regard, it was shown that intravenous injection of 

human placenta amniotic membrane-derived mesenchymal stem 

cells (AMSCs) in a Tg2576 (APPswe) transgenic mouse model of 

AD resulted in improvement of learning ability due to the 

reduction of Aβ  plaques; additionally,  the number of ED1-

positive phagocytic microglia cells in AMSC-injected mice was 

more than control group (phosphate-buffered saline-injected 

mice). A number of proinflammatory cytokines, interleukin-1, and 

tumor necrosis factor-α was lower and anti-inflammatory 

cytokines, interleukin-10 and transforming growth factor-β was 

higher in AMSC-injected mice than control one. At last, 

observations showed that the level of Aβ degrading enzymes was 

higher in AMSC-injected mice than control. This result suggests 

that AD can be improved by modulating the immune system [22]. 

The role of the human umbilical cord blood-derived 

mesenchymal stem cells ( hUCB-MSC) in the treatment of 

neurological disorders such as Alzheimer was investigated and it 

was indicated that transplantation of  hUCB-MSC into amyloid 

precursor protein and presenilin1 double-transgenic mice may  

lead to  promoted alternative microglia activation by opposing 

proinflammatory and stimulating anti-inflammatory pathways, 

improved cognitive defects, reduced Aβ deposits, β-secretase 1  

(BACE-1) level and tau hyperphosphorylation  in the brain[23] . 

Since dysfunction of cholinergic neurons is common in 

cognitive disorders, scientists are looking for a suitable cell source 

to restore cholinergic neurons and improve the cognitive problems 

that occur in AD. Wharton’s jelly mesenchymal stem cells (WJ-

MSCs) (Wharton’s jelly of the umbilical cord is the embryonic 

mucous connective tissue lying between the amniotic epithelium 

and the umbilical vessels) is a promising cell source for such cell 

replacement [24]. These cells were transformed from spindle-

shaped WJ-MSCs into bulbous cells with the ability to express 

markers of cholinergic neurons. As a result, secretion of 

acetylcholine from induced WJMSCs increased showing that WJ-

MSCs have the Ability to differentiate into cholinergic-like 

neurons at In vitro [25]. 

3.2. Adult stem cell. Cholinergic system dysfunction occurred in 

Alzheimer causes reduction of choline acetyltransferase enzyme 

activity, which is responsible for the production of acetylcholine 

[26]. To solve this problem, a series of drugs act as blocking 

agents of enzymatic activity of Ache are used to increase the level 

of acetylcholine [27]. These drugs only slow down disease and 

cannot stop the destruction process. Thus, there is a need for an 

effective treatment. 

Stem cell therapy is a good option. The effect of human 

neural stem cell (NSCs) in AD was investigated and it was found 

that these cells have the ability to differentiate into cholinergic 

neurons .which this occurs, is a favorable effect in improving AD 

[28]. 

It was observed that transplantation of NSC line over-

expressing human choline acetyltransferase gene (F3.ChAT 

NSCs) into the brain of the rat as a model of AD leads to damage 

to cholinergic nerves. Transplantation caused increased level of 

acetylcholine in cerebrospinal fluid (CSF) and cognitive ability 

improved in these animal models. 

Also, it was observed that F3.ChAT NSCs migrated to 

different areas of the brain including the cerebral cortex, 

hippocampus, striatum, and septum, and differentiated into nerve 

cells such as neurons and astrocytes [29]. 

It demonstrated that transplantation of bone marrow-

derived mesenchymal stem cells (BM-MSCs) into the brains of 

AD C57BL/6 mice model that performed by injecting amyloid-β 

(Aβ) into the dentate gyrus (DG) of hippocampus increased the 

activity of the microglia and led to a reduction of Aβ deposition 

level [30]. 
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Additionally, the effect of MSCs as a therapeutic agent and 

gene delivery vehicle in brain disease was investigated. Stem cells 

can be engineered genetically to stimulate the release of trophic 

factors with the neuroprotective role that improves angiogenesis, 

prevent fibrosis and apoptosis and also stimulate recruitment of 

tissue-residing stem cells followed by proliferation and 

differentiation [31]. 

The effect of brain-derived neurotrophic factor (BDNF) on 

NSCs function in AD was discussed in a series of studies. For 

example, NSCs obtained from the hippocampus transplanted into 

transfected rat basal forebrain and then BDNF was injected into 

the lateral ventricle. Finally, it was observed that NSCs were 

differentiated into neural cells (neurons and astrocytes) in the 

injected area. The Y-maze test was used to measure memory and 

learning abilities and results indicated that adding BDNF 

improved treatment [32]. 

Another approach is using genetically modified stem cells 

as carriers of nerve growth factors (NGF) [33]. This factor has a 

role in preventing cholinergic cell degeneration it cannot cross the 

BBB. This problem could be solved by means of releasing this 

factor from genetically modified cells. To apply this method to 

human, two items need to be considered: Host immune response 

should be regulated and tumorigenesis due to transplanting these 

genetically modified cells should be considered. 

In a work done by Borlongan, genetically modified cell line 

called HB1.F3 transfected with the cholinergic acetyltransferase. It 

was concluded that these cells can improve cognitive defects, 

along with up-regulation of acetylcholine levels in cerebrospinal 

fluid [33]. 

Recent studies have shown that antidepressants are 

effective for increases of neurogenesis in the hippocampus of an 

adult human. A dose-dependent effect of fluoxetine on the 

proliferation and neural differentiation of NSCs into neurons was 

found [34]. 

SELADIN-1 (selective AD INdicator-1) is an anti-apoptotic 

gene that its expression decreases in AD. With attention to the 

point that SELADIN-1 catalyzes the transformation of 

desmosterol into cholesterol, cholesterol levels drop in AD. 

Disruption of cholesterol homeostasis in neurons increases the 

sensitivity of cells to toxic agents. In this regard, stem cells 

expressing SELADIN-1 can be used.  Expression of this gene has 

a protective effect against toxicity of beta–amyloid oxidative 

stress in neuroglioma H4 cells and activity of caspase 3, which is a 

key factor in apoptosis [35].  

In recent years, the neurogenic capacity of different stem 

cell types extracted from hair follicle and dental tissues has been 

assessed for AD treatment. Epidermal neural crest stem cells (EPI-

NCSC) can be differentiated into neurons and glial cells 

(astrocytes and oligodendrocytes) or cholinergic cells [36] 

Furthermore, dental pulp stem cells (DPSCs) are a good 

source for stem cell therapy. Before using these cells, the 

neurogenesis ability of these cells was assessed and was confirmed 

that this cell expresses neural marker and can differentiate to 

neuron. Generally, extraction of DPSCs from the human adult 

tooth is done via two methods: collagenase treatment and explants 

method. The efficiency of collagenase method and its proliferation 

potential was higher compared to explants method [37]. 

The potential of using hematopoietic stem cells in AD 

treatment is also investigated. In fact, the resident microglia cells 

of central nervous system surround plaque in the early stages of 

plaque formation. Other cells appear with time and presence of 

them causes Aβ plaque and consequent rate of diseases to reduce 

since these cells have a high degenerative effect on plaques. Blood 

–derived monocytes or their precursors are a good option for gene 

therapy because of their ability to populate in adult nervous 

systems [38, 39].  

3.3. Use of IPSs. IPSs are artificial stem cells produced by 

reprogramming of adult cell obtained from an adult tissue in order 

to return them to stem cells state. These cells introduced by 

Yamanaka for the first time seems to have pluripotency. These 

cells could be used in diseases like Alzheimer in two ways. They 

can be used as a cell source to generate NSCs and replace 

damaged cells, as well as they can be used as AD models to 

understand pathways of disease and assess effects of drugs. 

In one study, IPSs were generated via mutation in 

presenilin-1 (PSEN1) (agent cause inherent AD) of fibroblast cells 

received from AD patients. Control and AD IPS cells were 

differentiated into forebrain neurons by using both embryoid body 

(EB) and monolayer methods. The result showed that human IPS 

neuronal cells response to exogenous oligomerized beta by 

induction of pro-apoptotic proteins such as Bim. They also 

showed substantial biochemical and phenotypic differences 

between control and AD neuronal cells such as increasing the ratio 

of secreted Aβ 42/Aβ 40 and enhancing of cell death in response 

to apoptotic stimuli. This study revealed that IPS is a good AD 

model for study of this disease [40]  

Somatic-derived IPS taken from patients gives us more 

information about AD diseases. As a case in point, animal and 

human fibroblast cells turned into IPS cells using four transgenes 

of Oct3/4, Sox2, c-Myc, and Klf4 [41]. To eliminate bad effects of 

the c-Myc such as tumor formation or cell transformation, Oct4, 

Sox2, Nanog, and LIN28 genes can be used [42]. It has been 

shown that these modified cells are genetically stable and identical 

to the natural cells, so these cells are suitable for the study of 

diseases. 

The final step is to transform these modified cells into 

desired cells in the presence of some growth factors. For example 

fibroblast growth factors-2 (FGF-2), ß-mercaptoethanol, and L-

glutamine will generate NSCs from IPSCs [43]. Specific 

progenitor cells make certain adult cells with the presence of 

specific growth factors. It means that progenitor cells like NSCs 

can only produce limited cell types such as a neuron, astrocytes, 

oligo aerocysts in the presence of platelet-derived growth factors, 

ketonic acid (RA), and some neurotrophins can [44] [45]. 

3.4. Combining nano-biomaterials with stem cells for ad 

treatment. Despite the excellent abilities of NSCs such as self-

renewing and differentiating into the neuron, astrocytes, and 

oligodendrocytes, surviving sufficient amount of these cells and 

grafting integration is a major problem. Hence, creating a good 

environment similar to the natural niche of stem cells is critical to 

guide stem cells toward nerve regeneration.  

The scaffolds not only act as a carrier for cells but should 

also stimulate specific cellular responses at the molecular level 

[46] which include supporting endogenous or exogenous cells 
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proliferation, migration and homing and even promoting axonal 

growth at the injured brain site. 

Both biochemical and biophysical properties that involved 

in the niche of stem cells must be noted in the production of 

functionalized scaffolds. Biophysical properties include ECM 

architecture and mechanical properties while biochemical 

properties are chemical agents. These bioactive factors are soluble 

cytokines and growth factors secreted from adjacent cells, as well 

as cell-adhesion molecules of ECM. Understanding the 

relationship between neural stem cells and biomaterials parameters 

and their effect cell fate is a huge success for nerve tissue 

regeneration [47, 48]. 

To date, different scaffolds were designed and used as a 

substrate for nerve tissue engineering .  Scaffolds made from 

nanofibers of poly (3-caprolactone)-gelatin showed a positive 

effect in differentiation and proliferation of c17.2 cells [49]. PCL-

gelatin, [50] amine functionalized PCL[51] and nano-structured 

porous PLLA scaffolds [52] and nano-structured electrospun 

collagen scaffolds [53] were also utilized. It was showed that 

alignment of fibers in nanofibrous scaffolds is important for 

differentiation of NSCs into neural cells [50] and patterned fiber 

scaffolds can guide neural outgrowth [8]. The tensile strength of 

fibrous scaffolds is also important for neural differentiation in 

such a way that a composite scaffold made from copolymers of 

PLC-PLA (PLCL) and collagen improved differentiation because 

of increased tensile strength compared to PLCL alone [54]. In 

addition to fibrous scaffolds, other forms of scaffold applied for 

nerve regeneration, as a case in point a tubular PGA scaffold filled 

with porous collagen sponge could be noted which helped 

successfully to the regeneration of peripheral nerve gaps [55]. It is 

regarded that scaffolds used as nerve regeneration templates are 

better to have electrical conductivity. To this end, different 

methods used to induce conductivity into scaffolds through, for 

example, doping scaffold material with carbon nanotubes (CNTs) 

[56]. A review by Wong et al [7] presented valuable information 

about different materials used as cell carriers and scaffolds for 

nerve tissue regeneration.  Besides the scaffold material and 

physical and biochemical properties of that, the surface and 

coating of the  scaffold is paramount importance in determining 

the interaction of cells with biomaterial and biomedical 

application[57]. Different functional groups can be fixed onto a 

substrate to alter differentiation. For example, the morphology of 

NSCs change in response to SO3H immobilized surfaces or 

COOH, NH2, SH; CH3 functional groups cause differentiation of 

NSCs into neurons, Olgodanrocyt, and astrocytes [47]. Another 

new approach to fight AD is using molecular scaffolds. These 

scaffolds are capable of adjusting molecular events leading to AD. 

Benzazole scaffolds are a group of these molecular mediators in 

AD treatment. Benzazole compounds not only play a therapeutic 

effect on AD through interfering in Aβ aggregation but also are 

used for monitoring of this aggregation and detecting plaques [10].  

Another group of molecular scaffolds for AD treatment is 

compounded containing α,β-unsaturated carbonyl groups such as 

chalcones and coumarins. These scaffolds help to the 

improvement of AD disease through the mechanism of  inhibiting 

Aβ aggregation and breaking preformed Aβ oligomers [9].  

3.5. Drug delivery system (dds) for ad treatment. Drug delivery 

system is important in the treatment of Alzheimer diseases. The 

importance of these systems is that not only they can  help to  cross  

drugs from blood brain barrier (BBB) and reaching  to the desired 

portion of the brain, but also solve the problem of poor solubility 

and bioavailability of some drugs.  Despite many drugs exist for 

Alzheimer therapy including anti-AB targeting molecules, AB 

aggregation inhibitor drugs[58], and acetylcholine esterase 

inhibitor, results of in vivo testing of them has not been successful 

adequately owing to the presence of this brain barrier. 

Administration of existing drugs such as donepezil, galantamine, 

rivastigmine, and memantine with the help of carriers could be 

done from different routes including oral, sublingual, intranasal, 

intramuscular and transdermal  [59], therefore, many attempts have 

been made to design delivery systems in the form of nanoparticles 

with the ability to traverse BBB and target amyloid self-

aggregate[60]. In this approach, PLGA nanoparticles, PLA 

nanoparticles, nanoliposomes [61], nano and microemulsion, liquid 

crystals [3] , magnetic nanoparticles[62]and gold nanoparticles 

have shown enhanced BBB permeation. One approach to boost 

permeation through BBB is inducing a positive charge to the 

surface of the nanoparticle, especially through amino groups. This 

helps to the stronger electrostatic interaction between particles and 

endothelial cell membrane and consequently drug uptake in these 

regions. In this regard, cationic polymers such as chitosan have 

been used successfully. Another approach is functionalizing 

nanoparticles with cell penetrating peptide to enhance endocytotic 

uptake [3, 63]. When using nanoparticles as a delivery vehicle, 

distribution of them into the brain could be controlled to achieve a 

localized delivery of anti-Alzheimer drugs. These nanoparticles 

could be conjugated with ligands that recognize amyloid.  It was 

found that intraperitoneal injection of silver nanoparticles cause 

aggregation of this particle into the hippocampus of the brain hence 

these particles could be bond to drugs and be utilized as delivery 

vehicles [64, 65]. The surface of nanoparticles could be 

functionalized with antibodies that target BBB receptors or AB 

peptides although these particles could be coated with cationic 

molecules or polysorbate 80 [66]. Further studies on the design of 

drug delivery systems are needed to enhance drug permeation 

through BBB and increase local delivery of drugs to the suffered 

regions of the brain in Alzheimer disease and increase drug effect.  

 

4. CONCLUSIONS 
Alzheimer is a neurodegenerative disease in which 

neurons are damaged and communication between cells is 

impaired due to the low level of acetylcholine and finally cells 

die. Patients in the first stage of disease suffer from impaired 

cognitive abilities including memory and learning. Many 

mechanisms are involved in this disease, Such as amyloid 

plaques, inflammation caused by microglia cells and tau protein 

fibers. Existing drugs for the treatment of disease only slow 

down the progression of the disease. On the other hand, BBB 

restricts access of effective amount of drugs to the injured brain 

of patients .therefore DDS is suggested for enhancement of 

Alzheimer therapy. Besides such methods which are based on 

drugs, stem cells are used to replace damaged regions by means 

of differentiating into neurons. Stem cells have the ability to 
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differentiate into neurons and then the level of the beta-amyloid 

deposition and also the secretion of inflammatory cytokines 

decrease while the level of acetylcholine increased and 

subsequently cognitive deficits improved. Also, for investigation 

of effects of drugs and understanding of pathways of disease, 

stem cells can be used as a model for AD disease. Recently, 

genetic manipulation of stem cells is used to increase efficiency. 

Also, it was observed that changing the parameters of 

biomaterials as stem cell niche direct differentiation of stem cells 

into the desired type. A better understanding of disease 

mechanisms and the application of genetic engineering and 

biomaterials is crucial to achieving the highest level of 

differentiation and survival of neurons and enhance the quality 

of treatment. 
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