
INTRODUCTION

Alzheimer's disease is a heterogeneous disabling chronic disease 
which has no known treatment for cure. In 1959, Nobel prize winner 
R.P. Feynman suggested the idea of studying things at the atomic level, 
and nanoscience evolved1-4). Nanomedicine and nanotechnology offer 
many new and advanced therapeutic options in imaging, diagnosis, 
monitoring of disease, treatment and prevention for Alzheimer's Disease 
(AD). Nanomedicine and nanotechnology are the science behind the 
ability to employ nanotechnology for the manipulation of atomic, 
molecular and macromolecular scales; which makes it a novel tool to 
treat, diagnose and prevent AD5-8).

NANOTECHNOLOGY  FOR  DIAGNOSIS

At present diagnosis in AD is primarily based on neuropharmaco-
logical testing. However, clinical diagnosis in AD needs neuroimaging 
monitoring, accepted biomarkers and total hyperphosphorylated pro-
teins in cerebrospinal fluid (CSF). Accumulation of oligomers and 
plaques need to be imaged. However, for the comfort of patients, 
non-invasive imaging is of great help. MRI use is becoming essential. 
Synthetic nanoparticles of diverse surface character started to be suc-
cessfully used in biomedical science5-16). Use of MRI contrast medium is 
very useful in AD7,10,11,14). Nanoparticles, particularly Fermoxytol10) is 
endorsed by the FDA to be used for this purpose as a first iron oxide 
conjugate. Recent research has demonstrated that nanoparticles may be 
variable in-vivo in diagnosis of AD. This also facilitates in the early 
detection of amyloid plaques with the use of MRI. Thus, MRI can be 

used for recognizing and detecting amyloid plaques utilizing iron oxide 
nanoparticles11).

Aβ fibrils can also be selectively removed. Gold nanoparticles have 
been used as a contrasting agent to study structural stages6,7,12,14) in Aβ 
assembly7,12). Nanoparticles remove selectively Aβ fibrils with the help 
of scanning tunneling microscopy7,13). Blood brain barrier (BBB) is an 
important factor for limiting the effectiveness in AD. Nanotechnology 
and nanoparticles provide an alternative delivery path for the therapeu-
tic use and treatment for AD5,6,14-17). 

Nanotechnological solutions like Liposomes, dendrimers, carbon 
dots, polymeric nanoparticles, micelles and magnetic nanoparticles all 
provide innovative methods for the treatment of AD5,6,11,14,16,17) drug deliv-
ery. Nanoparticle system containing chelating agents have exceptional 
capability for penetrating BBB. These methods are not only safe and 
efficient but also provide nerve tissue exposure of metal nanoparticles; 
thus, preventing any harmful effects12).

Examples are polymeric nanoparticles which are capable of reduc-
ing Aβ disposition, neuronal loss, and vesicular cerebral process includ-
ing autogenesis. Nanoliposomes containing curcumin inhibit formation 
of fibrous or oligomer Aβ in-vitro, and also includes neurogenesis, and 
removes cognitive deficit in AD5,14,16,18,19).

Nanoparticles are becoming an important route in research for drug 
delivery and in diagnosis and treatment of AD and various diseases. Use 
of nanoparticles enhances drug stability, has positive effects on pharma-
cokinetics and pharmacodynamics, is gaining ground as treatment for 
reducing side effects, and is increasing viability in AD and other Central 
Nervous System (CNS) diseases.

The use of nanoparticles in AD and various CNS diseases has 
brought continued modification for meeting their requirements and suit-
ability. The increasing use of liposomes, polymeric, micelles, gold 
nanoparticles, metal oxide nanoparticles and quantum dots are enlarging 
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the therapeutic path in more diseases; particularly in the diagnosis, treat-
ment and prevention in some diseases. Nanoparticles are between one to 
one hundred millimeters (mm) and their size makes them penetrate the 
BBB satisfactorily20-28). The interesting formulation makes the nanoparti-
cles non-toxic, biodegradable and suitable for target treatments22-24). 
Nanoparticles in general hold and distribute drugs and other neuropro-
tective molecules to AD patients. Nanoparticles can also be used by IV, 
nasal and dermal routes25-31) to reach the target treatment area through 
BBB in the brain to improve viability pharmacodynamically with much 
less adverse reactions29-31) in comparison to oral drugs. 

The common mechanisms of nanoparticle utilization are: endocyto-
sis (like receptor endocytosis), phagocytosis and pinocytosis. Receptor 
mediated endocytosis is usually the preferable method. Quantum dots 
have been modified, which helps to maintain stable peptide-quantum 
dots to interact and allow the passing of antibodies to occur32-34). 
Amyloid fibrils have high affinity with nanoparticles; and nanoparticles 
can be used in the inhibition of Aβ peptide32-36). Graphene quantum dots 
(gold)35-37) have been studied to act as carriers for drug molecules, partic-
ularly due to their small size; making drug delivery to the brain, simple.

In the mitochondria, as a targeted therapy for the correction of mito-
chondrial dysfunction, nanotechnology provides a new path of deliver-
ing the therapeutic agents to mitochondria37-41). In comparison to the nan-
otechnological path, oral therapeutic drugs used for AD are adminis-
tered in higher doses; because some portion of the drug is lost in the GI 
tract, as well as for metabolism in the hepatic region. These drugs also 
need to bind with serum albumin in the bloodstream in order to sustain 
needed half-life before it reaches BBB. Besides, these drugs also have 
side-effects which AD patients have to tolerate. Thus, it is clear that 
nanoparticles help in overcoming the above difficulties, and make it 
easier to transmit through BBB drug delivery. In AD patients, nanoparti-
cles also provide mitochondrial therapy if required42). Though recent 
research has shown drug delivery can easily and safely cross BBB, their 
safety issues need more in-detail investigation. 

TOXICITY

Nanoparticle use in medicine is increasing markedly in various dis-
eases and in various applications. Therefore, the need to evaluate the 
toxicity43,44) of nanomaterials (nanoparticles) is more and more warranted 
to be researched. Toxicity of nanoparticles depend on physiochemical 
properties, therefore alterations in any parameters will have impact on 
toxicity43,44). Important toxicity seen in nanoparticles are: 1) biodegrada-
tion 2) bioaccumulation 3) genotoxicity 4) cytotoxicity and 5) ecotoxici-
ty. To gain a fundamental understanding of the toxicity of nanomaterials 
on the environment and humans, there is a need to enhance to research 
activities in future.

DISCUSSION

Advances in nanotechnology propose effective, safe, diagnostic and 
therapeutic options for AD with far less adverse reactions. Nanotech-
nology has a safe and promising system of drug delivery with controlled 
release of drugs to disease sites. Nanotechnology also provides easy 
BBB penetration of drugs with enhancement of pharmacokinetic and 
pharmacodynamic, and reduces adverse reactions. Targeted delivery 
with increase viability-controlled release of drugs have become easier 
and therapeutic efficaciousness with nanotechnology. Future advances 
in nanoparticles will bring more therapeutic advantage and efficacy for 
medication in general. Prevention aspect can be worked and can be 
achieved by utilization of epigenesis of AD2,3). The applications of nano-
technology in medicine are multiple, easy for example, improving of 
diseases, improving of drug delivery, improving therapeutic efficacy, 
correction of defective DNA and genetic disorders, developing technol-
ogy for neurosurgery and cancer management1-3). 

CONCLUSION

Because nanotechnology works in many areas of medicine, The 
National Institute of Health in the USA coined the word "nanoscience".  
The future hope of nanomedicine and nanotechnology is early diagnosis 
of AD and other diseases. For AD patients the earliest possible diagnosis 

and the therapeutic pathway described in this paper, will markedly 
change the treatment and prevention of AD. 
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