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ABSTRACT
An era of new and constantly advancing  techniques is revolutionizing our  world in the present times. We are in a phase where 
technology is evolving at its best. In  the field of medicine and particularly, in the diagnostic realm ,we have seen the  develop-
ing molecular diagnostics  e.g  polymerase chain reaction (PCR), hybridization techniques (flourescent in situ hybridization,etc), 
array  based comparative genomic hybridization, so on and so forth. We are again fortunate to witness the evolution of another 
technology termed as NANOTECHNOLOGY. It has a wide variety of applications in diagnostics, cancer treatment, drug deliv-
ery, and tissue engineering. It is a vast field of modern science where it can be applied in organic chemistry, nuclear reactors, 
robotics, space applications, telecommunications, satellites, heavy industry and even cosmetics. The list goes on, but a word of 
caution as we humans are always crossing boundaries and may be using the technology for ignoble causes. So it is up to us to 
turn nanotechnology into a blessing or a curse. 
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INTRODUCTION

“Nanotechnology” was first defined by Tokyo Science 
University, Norio Taniguchi in 19741. Although the ap-
plication of nanotechnology to medicine appears to be 
a relatively recent trend, the basic nanotechnology ap-
proaches for medical application dates back to several 
decades2. Lipid vesicles which were named as liposomes, 
were described in 19653.

Nanotechnology can be defined as the science and en-
gineering involved in the design, synthesis, characteri-
zation, and application of materials and devices whose 
smallest functional organization, in at least one dimen-
sion, is on the nanometer scale or one billionth of a me-
ter. At these scales, consideration of individual molecules 
and interacting groups of molecules in relation to the 
bulk macroscopic properties of the material or device 
becomes important, as it has a control over the funda-
mental molecular structure, which allows control over 
the macroscopic chemical and physical properties4.

These technologies include nanoarrays, protein arrays, 
nanopore technology, nanoparticles (NPs) as a contriv-
ance in immunoassays and nanosensors, among others. 
Gold NPs and quantum dots (semiconductors) are the 

most widely used, but new materials are becoming avail-
able as more molecular entities are discovered as amena-
ble to nanoscale design and fabrication. Crystal materials 
like those of gallium, phosphate, quartz, and ceramic are 
chosen for their durability and piezoelectric properties of 
developing and retaining an electric potential (charge) 
when subjected to mechanical stress. Another area of de-
velopment is nanobiosensors, in which antibody-based 
piezoelectric nanobiosensors are well developed5-6.

Nanotechnology is rapidly evolving and is taking medi-
cine forward in which cancer treatment, diagnostics and 
research  has  been reduced to a nanoscale. These ap-
plications include fluorescent biological labels, drug and 
gene delivery, bio-detection of pathogens, detection of 
protein, probing of DNA structure, tissue engineering, 
tumor detection, separation and purification of biologi-
cal molecules and cells, MRI contrast enhancement and 
phagokinetic studies7.

APPLICATIONS

1. Viral diagnostics - The use of nanoparticles as tags 
or labels allows for the detection of infectious agents in 
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small sample volumes directly in a very sensitive, spe-
cific, and rapid format at lower costs than current in-use 
technologies8.

A microfluidic platform-based detection system is now 
described. The term refers to precise control and ma-
nipulation of fluids contained typically in sub-millimetre 
scale volume. The assay can detect the avian influenza 
virus H5N1 in throat swab samples by using magnetic 
forces to manipulate a free droplet containing super-
paramagnetic particles (ferric oxide-labelled antibody) 
to concentrate the viruses9. A method for the respiratory 
syncytial virus (RSV) consisting of functionalized NPs 
conjugated to monoclonal antibodies can be used to rap-
idly and specifically detect RSV in clinical samples with a 
great degree of sensitivity10.

A new nanoparticle-based biobarcode amplification 
(BCA) assay has been developed for early and sensitive 
detection of human immunodeficiency virus (HIV)-1 
capsid (p24) antigen11.

The hepatitis B virus (HBV), hepatitis C virus (HCV), and 
HBV/HCV gene chips with gold/silver NP staining am-
plification method were shown to be useful in detecting 
these viruses in patients’ samples12.

An array-based nano-amplification technique method 
for the detection of hepatitis E virus (HEV) has been de-
veloped by utilizing nano-gold-labelled oligonucleotide 
probes coupled with silver stain enhancement and the 
microarray technique. The microarray was shown to de-
tect 100 fM of amplicon with the image development 
time as short as 2 minutes. A similar technique is also 
described for hepatitis A virus (HAV) 13-14. 

Detection of herpes simplex virus (HSV)-1 virus particles 
is achieved by exposing the virus-containing sample to 
a sensor surface coated with a specific antibody against 
HSV-1. The Young interferometer sensor was shown to 
detect HSV-1 at very low concentrations (850 particles/
mL) and even directly in serum samples5.

A novel signal amplification technology for a human 
papillomavirus (HPV)-DNA hybridization assay based on 
fluorescein diacetate (FDA) nanocrystals has been de-
veloped. This approach resulted in high selectivity, short 
incubation times, and high sensitivity. This innovative 
method allows rapid detection of small amounts of target 
sequence in a fewer number of PCR cycles15.

Diarrhoea-causing viruses today are a major public 
health concern, and newer agents with potential for 
large food-borne outbreaks have been described. Noro-
virus is a leading cause of gastroenteritis in many parts 
of the world. A matrix-assisted laser desorption ioniza-
tion and nanospray mass spectrometry was developed 
and evaluated for norovirus detection using different ap-
proaches16.

2. Molecular imaging has emerged as a powerful tool 
to visualize molecular events of an underlying disease, 
sometimes prior to its downstream manifestation. The 
merging of nanotechnology with molecular imaging pro-
vides a versatile platform for the novel design of nano-
probes that will have tremendous potential to enhance 
the sensitivity, specificity and signalling capabilities of 
various biomarkers in human diseases17.

Nanoparticle probes can endow imaging techniques with 
enhanced signal sensitivity, better spatial resolution and 
the ability to relay information on biological systems at 
molecular and cellular levels. Simple magnetic nanopar-
ticles can function as magnetic resonance imaging (MRI) 
contrast enhancement probes. These magnetic nanopar-
ticles can then serve as a core platform for the addition 
of other functional moieties including fluorescence tags, 
radionuclides and other biomolecules, for multimodal 
imaging, gene delivery and cellular trafficking. An (MRI) 
with hybrid probes of magnetic nanoparticles and adeno-
virus can detect target cells and monitor gene delivery 
and expression of green fluorescent proteins optically18. 
Nuclear techniques such as positron-emission tomogra-
phy (PET) potentially provide detection sensitivities of 
higher magnitude, enabling the use of nanoparticles at 
lower concentrations than permitted by routine MRI. 
Furthermore, a combination of the high sensitivity of 
PET with the anatomical detail provided by computed 
tomography (CT) in hybrid imaging, has the potential to 
map signals to atherosclerotic vascular territories19.

3. Drug delivery-Nanotechnology plays an important 
role in advanced biology and medical research particu-
larly in the development of potential site specific delivery 
systems with lower drug toxicities and greater efficien-
cies20. The era of nanotechnology has allowed novel re-
search strategies to flourish in the field of drug delivery. 
Nanotechnology designed drug delivery systems have 
been seen to be suitable for treating chronic intracellular 
infections21.

One of the major applications of nanotechnology in re-
lation to medicine is drug delivery. The problems with 
the new chemical entities such as insolubility, degrada-
tion, bioavailability, toxicologic effects, targeted drug 
delivery, and controlled drug release are solved by na-
notechnology. For example, encapsulated drugs can be 
protected from degradation. Specific nanosized recep-
tors present on the surface of the cell can recognize the 
drug and elicit appropriate response by delivering and 
releasing the therapy exactly wherever needed. Because 
of their small size and large surface area relative to their 
volume, nanoscale devices can readily interact with bio-
molecules. Nanoscale devices include: nanoparticles, 
nanotubes, cantilevers, semiconductor nanocrystals, and 
liposomes22.  
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APPROVED PRODUCTS OF  
NANOTECHNOLOGY: 

Due to the stringent food and drug act (FDA) regulations, 
only a few products based on nanotechnology are avail-
able for clinical use. Doxil® (Centocor Ortho Biotech 
Products L.P, New Jersey, USA.) and Abraxane® (Abraxis 
Bioscience, Los Angeles, USA.) are among the two avail-
able for clinical use23.

CANCER DETECTION AND TARGETING :

Detection and targeting of the cancerous tissues or cells 
have always been a challenge to the formulator. Cancer-
ous tissues or cells being self becomes very difficult to 
target the specific cells or organs; as a result, many nor-
mal cells are being killed in the process. Many devices 
based on nanotechnology have come to the rescue of the 
formulators, wherein, using biomarkers, the anticancer 
agents can be targeted only to specific cells or organs24-25. 
One such method to detect cancer is use of Photodynam-
ic Therapy (PDT) using 5-aminolaevulinic acid which 
is metabolized in body to protoporphyrin IX which is a 
photosensitizer26. Quantum dots (QD) are very useful in 
lymph node mapping which is an important technique 
for cancer mapping during surgery and in vivo cancer 
imaging using semiconductor QD is also well document-
ed in the literature27-28.

DISCUSSION 

Nanotechnology is a part of science where the engineer 
and the scientist functions together as a unit. The po-
tential of its applications are so diversified that it is not 
possible to address all of them here. In this review, we 
are dealing more with the nanomedicine aspects i.e the 
medical applications of nanotechnology. 

Due to nanoscale effects and increased surface area, na-
no-materials have been investigated as promising tools 
for the advancement of diagnostic biosensors, drug and 
gene delivery, and biomedical imaging29.

The use of nanoparticles as tags or labels allows for the 
detection of infectious agents in small sample volumes 
directly in a very sensitive, specific, and rapid format at 
lower costs than current in-use technologies. This ad-
vance in early detection enables accurate and prompt 
treatment. The quantum dot technology is currently the 
most widely employed nanotechnology. The technology 
strengthens and expands the DNA and protein microar-
ray methods and has applications in genomic analysis, 
proteomics, and molecular diagnostics. Nanosensors 
are the new contrivance for detection of bioterrorism 
agents8.

Imaging modalities like MRI etc with low sensitivity, nan-
oparticles bearing multiple contrast groups provide signal 
amplification. The same nanoparticles can, in principle, 
deliver both the contrast medium and the drug, allowing 
monitoring of the bio-distribution and therapeutic activ-
ity simultaneously (referred to as theranostics)30. 

Such nanofiber-based scaffolds are available in a wide 
range of pore size distribution, high porosity and high 
surface area-to-volume ratio. Such a wide range of pa-
rameters are favourable for cell attachment, growth and 
proliferation, and also provide a basis for the future op-
timization of an electrospun nanofibrous scaffold in a 
tissue-engineering application.

The genesis of nanotechnology can be traced to the 
promise of revolutionary advances across medicine, com-
munications, genomics and robotics31. 

Target specific nature of the delivery systems developed 
applying nanotechnology principles have been able to 
reduce the amount of drug that needs to be loaded and 
hence prevent many dose-related adverse reactions. Cur-
rently, not many products are available for clinical use, 
but looking at the amount of research activity happening 
in this field, the next few years will witness the outburst 
of nano-medical devices, therapeutic aids, and many 
products being launched in the market for clinical use22. 

Nanotechnology is a multifaceted weapon as its applica-
tions is evolving and developing in many fields of medi-
cine, both diagnostic and therapeutic especially targeted 
therapy for the treatment of cancer. In view of its varied 
uses, the need arises for more research and trials along 
with regulations so the suffering of mankind may be al-
leviated in this already disease filled universe.

CONCLUSION

The future of medicine is bright and hopeful with the lat-
est technologies particularly nanotechnology emerging 
to give us an optimistic view of solutions relating to dis-
eases and their dilemmas. Its utility in organic chemistry, 
nuclear reactors, robotics, space applications, telecom-
munications, satellites, heavy industry and even cosmet-
ics has been documented. Nanotechnology is here to stay 
and its uses and applications are unlimited provided we 
use it wisely and ethically to benefit mankind.
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