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Abstract- Nanotechnology is a growing field & it encompasses almost all disciplines of Science & Engineering. 
The application of Nanotechnology has tremendous potential in healthcare, particularly for the development of 
better pharmaceuticals, nano enabled drug delivery to specific tissues, promises capability to enhance drug 
penetration into cells and other means to improve drug activity. The efficacy of a drug can be increased if it is 
delivered to its target selectively and its release profile is controlled. Nano-structures have shown capabilities 
like detecting cancer at earliest stages, pin pointing its location in the body and delivering anti-cancer drugs 
specifically to malignant cells. Nano-scale materials can readily interact with bio-molecules on both the cell 
surfaces and within the cells. Hence a Nano-scale material may contribute to cancer therapy by being a drug 
carrier. Nano-scale structures attached with antibodies and loaded with drugs can serve as a targeted drug 
delivery vehicle that can transport chemo-therapeutics or therapeutic genes into diseased cells while sparing the 
loading of healthy cells with drugs. Targeted drug delivery would improve the therapeutic efficacy and enable a 
reduction in dose, thus minimizing side effects of the drugs. Dendrimer, silica-coated micelles, ceramic Nano-
particles and cross-linked liposome have already shown potential for being a drug carrier. Some challenges are 
associated with the Nanotechnology as it relates to drug effectiveness, toxicity, stability and pharmacokinetics 
and drug regulatory control. This review aims at integrating various applications of the most recently developed 
nanomaterials that have tremendous potential for the pharmacological screening. 
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1. INTRODUCTION 

Nanotechnology can simply be defined as the 
technology at the scale of one-billionth of a metre. It is 
the design, characterization, synthesis and application 
of materials, structures, devices and systems by 
controlling shape and size at nanometer scale (Stylios 
et al, 2005[1]; The Royal Society and the Royal 
Academy of Engineering, 2004, )[2]. It is the ability to 
work at the atomic, molecular and supramolecular 
levels to create and employ materials, structures, 
devices and systems with basically new properties 
(Weller, 1993[3];Roco, 2003[4]). Scientifically, 
nanotechnology is employed to describe materials, 
devices and systems with structures and components 
exhibiting new and significantly improved physical, 
chemical and biological properties as well as the 
phenomena and processes enabled by the ability to 
control properties at nanoscale (Miyazaki and Islam, 
2007[5]). Nanoscience is the study of phenomena and 
manipulation of materials at atomic, molecular and 
macro molecular scales, where property differs 
significantly from those at a larger scale. Nano 
materials cross the boundary between nanoscience and 
nano technology and bridges these two areas (The 
Royal Society and the Royal Academy of Engineering, 
2004[2]; Michael and Pitkethly, 2004[6]; Rittner, 
2001[7]). 

 
Materials exhibit unique properties at nanoscale of 1 
to 100 nm. Materials at nano scale lie between the 
quantum effects of atoms and molecules and the bulk 
properties of materials. It is in this ‘no-man’s-land’ 
where many physical properties of them are controlled 
by phenomena that have their critical dimensions at 
the nanoscale (Michael and Pitkethly, 2004[6]; 
Holister and Harper, 2002[8]; Jones and Mitchell, 
2001[9]). The changes in properties are due to 
increase in surface area and dominance of quantum 
effects which is associated with very small sizes and 
large surface area to volume ratio (Williams, 
2008[10]). For instance, copper is opaque at macro 
scale but becomes transparent at nanoscale (Zong et 
al, 2005[11];Gao et al, 2003[12]), platinum is inert 
which becomes a catalyst at nanoscale (Luo et al, 
2005[13]; Tian et al., 2007[14]). A well known 
insulator, silicon, becomes a conductor at nanoscale 
(Patel, 2008[15]; Hu et al, 2003[16];Heron, 2007[17]). 
The properties of gold at nanoscale is quite significant, 
depending on the size of the nanoparticles, melting 
point ranging from 200 to 10680C and colour from 
yellow to blue, violet, pink, red; and have the ability to 
act as catalyst (Cortie, 2004[18]; Cortie,  2002[19]; 
Overbury,  2005[20]; Jain et al, 2008[21]). 

Nano particles  for pharmaceutical purposes are 
defined in the Encyclopedia of pharmaceutical 
technology as ‘solid colloidal  particles ranging in the 



International Journal of Research in Advent Technology, Vol.4, No.3, March 2016 
E-ISSN: 2321-9637 

Available online at www.ijrat.org  
 

7 
 

size from 1-1000nm.Theyconsist of macromolecular 
materials and can be used  therapeutically as drug 
carriers, in which the active principle is dissolved, 
entrapped or encapsulated or to which active principle 
is adsorbed or attached’(Kreuter, 1994)[22]. 

2. NANOTECHNOLOGY IN NATURE 

Nature has enough evidence of nanotechnology, based 
on its ability to work at the atomic, molecular and 
supramolecular levels. The mechanisms of the 
biological and physical world operate mainly at the 
range of 1 to100 nm. The diameter of a hydrogen atom 
is about 0.1nm which is too small to be seen with 
human eyes. A molecule may be made up of 20 to 30 
atoms and has a diameter of about 1nm. The width of 
a DNA molecule is about 2.5nm, a typical protein is 
between 1 to 20nm and ATP biochemical motor is 10 
nm in diameter (Roco, 1999[23]). The human hair is 
about 10, 000nm thick while human cells range from 
5,000 to 200,000 nm in size. Although this is larger 
than nanoscale, the viruses that attack human cells fall 
within 10 to 200nm, which is within the nanometre 
region (Yin, 2007[24]). Nature is the ultimate in 
nanotechnology, producing nanostructures that offer 
functional proteins and many other compounds at 
cellular level of great significance to life on earth.  

Photosynthesis is carried out in green plants by 
cells of nanosize, which employ energy to synthesize 
organic compounds by using cheap raw materials they 
pick up. Moths’ eyes are antiglare and antireflective 
due to nanotechnology which helps to reduce easy 
predation on them while the colours on butterfly wings 
are due to light being bounced off nanoscale layers in 
the structure of the wings (Smith, 2006)[25]. Nature 
depicts how soluble molecules that are able to 
recognize and bind to specific materials can be used to 
shape and control the growth of crystals and other 
nanostructures. Sufficient knowledge and insight into 
the principles of natural systems would enhance the 
design and fabrication of man-made nanostructures 
that may mimic the functions of natural systems. For 
instance, biomolecules such as proteins, peptides, 
DNA, lipids and carbohydrates can act as templates - 
their shapes and chemical properties can be employed 
- to arrange inorganic substances such as metals on 
nanoscale (Bittner, 2005)[26].  

Research presently seeks systematic approaches 
to fabricate man-made objects at nanoscale and to 
incorporate nanostructures into macrostructures as 
nature does (Roco 2003[4]; Roco,1999[23]; Smith, 
2006)[25]. Such approaches and concept - which may 
differ from the living systems in aqueous medium - as 
self-assembly, templating of atomic and molecular 
structures on other nanostructures, interaction on 
surfaces of various shapes, self repair and integration 
on multiple length scales may be utilized as models 
(Roco 2003[4]; Roco, 1999[23]). 

3. HISTORY OF NANOTECHNOLOGY 

The platform for nanotechnology is believed to have 
been laid by Richard Feynman, a physicist at 
California Institute of Technology, in an after-dinner 
speech in 1959, 29th   December, titled, “There is 
plenty of room at the bottom”, at the American 
Physical Society’s Winter Meeting of the West (The 
Royal Society and the Royal Academy of Engineering, 
2004[2], Miyazaki and Islam, 2007)[5]. Feynman is 
known to have explored the possibility of 
manipulating materials at the scale of individual atoms 
and molecules, imagining the whole of the 
Encyclopedia Britannica written on the head of a pin 
and foreseeing the increasing ability to examine and 
control matter at the nanoscale (Sahoo, 2007)[27]. He 
is stated to have noted that the capabilities of atom-by 
atom assembly and nano engineering could lead to 
new materials and pathways similar to the biological 
system (Matija, 2004)[28]. He presented a 
technological vision of miniaturization of materials, 
manipulating and controlling things on a small scale 
called ‘Nanotechnology’.  

Although nanotechnology is widely considered to 
be an invention of modern science, they actually have 
a very long history. Nanoparticles were empirically 
used by artisans as far back as the 9th century in 
Mesopotamia to generate a glittering effect on the 
surfaces of pots. The colour effect of butterfly wings 
was copied by the Romans about 1600 years ago. The 
glass cup known as Lycurgus cup in the British 
Museum, due to nanoparticles of gold and silver, looks 
jade green in natural light and an impressive red 
colour when a bright light shines through it (Smith, 
2006)[25] In the manufacture of car tyres, carbon 
nanoparticles are included while the red and yellow 
colours seen at sunsets are due to nanoparticles in the 
atmosphere (Smith, 2006)[25]. Indian craftsmen and 
artisans used nanotechnology to make weapons and 
long lasting cave paintings about 2000 years ago while 
studies found existence of carbon nanoparticles on the 
famous sword of Tipu Sultan (ancient ruler of the 
Kingdom of Mysore, India) and Ajanta paintings (one 
of Indians’ cave paintings)(Visakhapatnam PTI, 
2008)[29].The first scientific description of 
nanometer-scale metals was provided by Michael 
Faraday in his classic paper (Faraday 1847)[30], but 
the development of nanomaterials depended mainly on 
their visualization and the characterization of their 
physical and chemical properties. The first observation 
and size measurements of nanoparticles were carried 
out using an ultramicroscope by Zsigmondy in 1902 
(Wikipedia, 2008[31], Zsigmondy, 1926)[32]. The 
term nanotechnology was first used in 1974 by Norio 
Taniguchi, who used it to refer to the ability to 
engineer materials at nanoscale (Miyazaki and Islam 
2007[5]; Sahoo, 2007) [27]. 
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Modern instrumental techniques have drastically 
increased our ability to precisely measure particle size 
distributions and many other parameters that are 
correlated with nanoscale objects. For example, 
techniques such as transmission and scanning electron 
microscopy have facilitated the direct visualization of 
individual nanoparticles with atomic accuracy (Horber 
and Miles, 2003[33]; Karoutsos, 2009[34]). As a result 
of these advances, scientists have developed exquisite 
and highly sophisticated methods to generate 
nanoscale materials with different sizes, compositions, 
and geometries. In the 1980s, two more inventions 
such as scanning tunneling microscopy (STM) by 
Gerd Binnig and atomic force microscopy(AFM) by 
Henrich Rohrer  which enabled the imaging of 
individual atoms or molecules as well as their 
manipulation led to significant progress in the field 
nanotechnology (Miyazaki and Islam 2007[5]; Cortie, 
2004[18]; Matija, 2004)[28]. In 1985, Fullerene C60 
was discovered by Kroto’s and Smalley’s research 
groups. Afterwards, in 1986, Eric Drexler began to 
promote and popularize nanotechnology through 
speeches and books - “Engines of creation, pp. the 
coming era of nanotechnology” (Miyazaki and Islam, 
2007)[5]. In 1991, Iijima discovered carbon nanotubes 
and these paved way for the progress in research and 
development in the field of nanotechnology (Miyazaki 
and Islam, 2007[5]; Matija, 2004[28]; Roco, 
2004)[35]. 
 

3.1. Nanotechnology for Pharmacological 
Purpose 

The application of nanotechnology has tremendous 
potential in health care, particularly for the 
development of better pharmaceuticals. Nano enabled 
drug delivery has already been successful in delivering 
drugs to the specific tissues within the body and 
promises capability that will enhance drug penetration 
into cells as well as other means to improve drug 
activity. It is known that the efficacy of a drug can be 
increased if it is delivered to its target selectively and 
its release profile is controlled. 

Nano materials has shown the capability of  
performing clinical functions like detecting cancer at 
earliest stages, pin pointing its location in the body 
and delivering anticancer drugs specifically to 
malignant cells. The nano scale materials can control 
the spatial and temporal release of therapeutic agents 
or drugs. These are much smaller than cells or many 
cell organelles. Most animal cells are 10,000 to 
20,000nm in diameter. This means that nano scale 
materials smaller than 50 nm can easily enter most 
cells while those smaller than 20nm can transit out of 
blood vessels. As a result nano scale devices can 
readily interact with biomolecules on both the cell 
surfaces and within the cells. Hence a nano scale 

materials may contribute to cancer therapy by being a 
drug carrier (Sharon and Sharon, 2007[36]). 

Nano scale materials attached with anti bodies 
and loaded with drug can serve as targeted drug 
delivery vehicle that can transport chemo-therapeutics 
into diseased cells while sparing the loading of healthy 
cells with drugs. Targeting a drug to its site of action 
would not only improve the therapeutic efficacy but 
also enable a reduction in total dose of drug, which 
must be administered to achieve therapeutic response, 
thus minimizing unwanted toxic effects of the drugs. 
The Pharmacological applications of some of the well-
known nanomaterials are listed below.  

3.2.  Magic bullets 

The magic bullets are the compounds with specific 
structures designed to combat specific diseases and 
leave all else alone. These were envisioned by Paul 
Ehrlich, the Medicine Nobel Laureate in 1908 (Winau 
et al, 2004)[37]. Many nanostructures have been 
developed that fit the magic bullets definition. These 
nanostructures could include all of the nanosized drug 
carrier systems such as polymeric nanoparticles, 
liposomes, micelles, and polymer drug conjugates. 
Some newer nanostructures being developed include 
nanocages, nanogels, nanofibers, nanoshells, 
nanorods, and nanocontainers (Vasir et al, 2005)[38]. 
For example, surface functionalized carbon nanotubes 
are used for gene delivery vectors (Singh et al, 
2005)[39] and gold nanoshells are able to attach to 
tumors and selectively destroy them under near-
infrared light irradiation (Hirsch et al, 2003)[40]. 
Development of magnetic nanocargoes is of keen 
interest because they provide potential benefit for the 
use of localized magnetic field gradients to attract the 
drug-loaded particles to a chosen site, as well as the 
ability to hold them there until the therapy is complete 
and then to remove them (Vasir et al, 2005)[38]. 

Recently hollow magnetic silica nanocomposites, 
nanospheres, and nanotubes were synthesized (Zhou et 
al, 2005)[41]. These hollow nanostructures can load 
drug like ibuprofen, making the hollow 
nanocomposites promising for drug delivery (Zhou et 
al, 2005)[41]. These integrate magnetic properties into 
hollow nanostructures, thus advancing toward Ehrlich 
Ts dream. Future study in evaluating the drug release 
from the drug-loaded nanocomposite is surely an 
immediate task for realizing these magic nanobullets. 

3.3.  Quantum Dot (Q-dot) nanocrystals 

Quantum Dots are nanocrystals composed of a core of 
a semiconductor material, enclosed within a shell of 
another semiconductor that has a larger spectral band 
gap. 

The use of quantum dots for cancer imaging is 
one of the most promising applications for the future. 
Suitably functionalised quantum dots can target 
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specific subcellular targets, which is the need of hour 
in oncological studies. Q-dots can start their action 
from sub-cellular (genetic) level, therefore may be a 
possible ‘cure’ of cancer is also possible in near 
future. Advantages of using Q-dots are that cancer 
detection in early stages is possible, it can be used to 
localisetumours near skin and similar analogues are 
being considered for deep tissue optical imaging 
(Zheng et al, 2007)[42]. They are highly angiographic 
contrast agents in vessels supplying murine sqamous 
cell carcinoma. Also they show no significant 
photobleaching or degradation even after an hour of 
continuous excitation (Smith et al, 2004)[43]. Stability 
together with temoral resolution of optical detection 
makes them particularly attractive candidates for 
pharmakokinetic imaging studies. Moreover these 
technologies are associated with equipment costs 
much lower than competing technologies such as MRI 
(Alivisatos et al, 2008)[44]. 

Q-dots are generally composed of atoms from 
groups II and VI elements (e.g., CdSe and CdTe) or 
groups III and V elements [e.g., indium phosphide 
(InP) and indium arsenide (InAs) of the periodic table. 
In general, quantum dots consist of a semiconductor 
core, overcoated by a shell to improve optical 
properties, and a cap allowing improved solubility in 
aqueous buffers (Ying et al, 2008)[45]. Among the 
range of available Q-dots, the ones composed of CdSe 
cores overcoated with a layer of zinc sulfide (ZnS) are 
produced by a range of well-developed synthetic 
routes (Medintz  et al, 2005)[46]. These Q- dots 
become highly fluorescent and feature such attractive 
optical properties as high quantum yield, large 
absorption cross section, and high photostability 
(Michalet et al, 2005[47], Somers et al, 2007)[48]. Q-
dots have been systematically tried in virtually all 
fluorescence-based assays and in vivo imaging 
procedures (Smith et al, 2004[43]; Michalet et al, 
2005[47]; Alivisatos et al, 2005[49]). 

These have the potential to function as 
multimodal imaging platforms in vivo and the ability 
to detect an optical nano particle preoperatively with 
clinical imaging modality offered a distinct advantage 
to clinicians engaged in image-guided surgical 
applications (Daneshvaret al, 2008[50]; Charles and 
Cao,2008)[51]. In addition to being excellent 
fluorescent probes, these can be used as photoacoustic 
and photothermal contrast agents and sensitizers, 
thereby providing an opportunity for multimodal high-
resolution (300 nm) photoacousticphotothermal 
fluorescent imaging as well as photothermal therapy 
(Shashkov et al, 2008)[52]. Q- dots have potential for 
the study of intracellular processes at the single-
molecule level, high-resolution cellular imaging, long 
term in vivo observation of cell trafficking, tumour 
targeting, and diagnostics(Michalet et al, 2005[47]; 
Kaji et al, 2007)[53]. Human metaphase chromosomes 
from transformed lymphocyte cultures and breast 

cancer cell line SK-BR-3 were analyzed by 
fluorescence in situ hybridization based on 
streptavidin-linked CdSe Q-dots (Xiao and Barker, 
2004[54]; Xiao et al, 2005)[55]. The use of 
streptavidincoupled Q-dots for live-cell imaging has 
also been reported (Lidke et al, 2007)[56]. Q-dots can 
be covalently linked with biorecognition molecules 
such as peptides, antibodies, nucleic acids, or small-
molecule ligands for use as biological labels in 
molecular and cellular imaging (Bailey et al, 
2004[57]; Smith et al, 2008)[58]. Biological 
applications of Q-dots include fluorescence resonance 
energy transfer analysis, gene technology, 
fluorescence labeling of cellular proteins, cell 
tracking, pathogen and toxin detection, and in vivo 
animal imaging (Patel et al , 2007[15]; Jamieson et al, 
2007[59]; Walling et al, 2009[60]; Smith et al, 
2006[25]; Michalet et al, 2008[61];  Medintz  et al, 
2008)[62]. 

3.4.  Ceramic nanoparticles 

Ceramic nanoparticles are particles fabricated from 
inorganic compounds with porous characteristics such 
as silica, alumina and titania (Orive et al, 2005[63]; 
Medina et al, 2007[64]; Rawat et al, 2006)[65]. They 
can be prepared with the desired size, shape and 
porosity. Their sizes are less than 100nm and are able 
to avoid uptake by the reticulo-endothelial system as 
foreign bodies. Entrapped molecules such as drugs, 
proteins and enzymes are protected from denaturation 
at physiological pH and temperature as neither 
swelling nor change in porosity occurs (Rawat et al, 
2006)[65]. Hence, they are effective in delivering 
proteins and genes. However, these particles are not 
biodegradable and so there is concern that they may 
accumulate in the body and cause harmful 
effects(Medina et al, 2007)[64].Biodegradable 
biosilicon , being highly porous can release medicine 
slowly over a period of time (Fahmy et al, 2005) [66]; 
Kim and Nie, 2005[67]; Biondi et al, 2008)[68]. 

3.5. Gold nanoparticles 

Gold exhibits favourable optical and chemical 
properties at nanoscale for biomedical imaging and 
therapeutic applications (Medina et al, 2007)[64]. It 
can be manipulated to obtain the desired size in the 
range of 0.8 to 200nm. The surface can be modified 
with different functional groups for gene transfection, 
modified into gene delivery vector by conjugation and 
also modified to target proteins and peptides to the cell 
nucleus (Xu et al, 2006,Liu et al, 2010)[69-70]. 

The strong plasmon absorption and photothermal 
conversion of gold nanoparticles has been exploited in 
cancer therapy through the selective localized 
photothermal heating of cancer cells, and in the case 
of gold nanorods or gold nanoshells, the localized 
surface plasmon resonance can be tuned to the near-
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infrared region, making it possible to perform in vivo 
imaging and therapy (Jain at el, 2008[21]; Giersig and 
Khomutov, 2008[71]; De et al, 2008)[72]. When 
irradiated with focused laser pulses of suitable 
wavelength, targeted nanoshells, nanorods, and 
nanocages can kill bacteria and cancer cells (Cortie, 
2004[18]; Cheon et al, 2014[73]; Cao, 2004[74]). The 
nanopartcles-antibody bioconjugates exhibited long-
term resistance to agglomeration, and scientists 
described optical detection of antibody-conjugated 
nanoparticles bound to surgically resected human 
pancreatic cancer tissue (Nagarajan and Hatton, 
2008)[75]. Gold nanoparticles having two kinds of 
functional molecules (cysteamine and thioglucose) 
significantly enhanced cancer killing (Woo and Moon, 
2009)[76]. The nano shell-enhanced optical coherence 
tomography has the potential for molecular imaging 
and improved detection of diseases (Krumov et al, 
2009)[77]. Au3Cu1nanoshells were reported to be 
capable of enhancing the contrast of blood vessels in 
vivo, which suggested their potential use in magnetic 
resonance angiography as blood pool agents (Li et al, 
2008)[78]. Combination of local heating and 
polyethylene glycol (PEG)-coated gold nanoparticles 
loaded with tumor necrosis factor-α resulted in 
enhanced therapeutic efficacy over either treatment 
alone (Byrappa  et al, 2008)[79]. Covalent coupling of 
gold nanoparticles to retargeted adenoviral vectors 
allowed selective delivery of the nanoparticles to 
tumour cells, thereby, showing promise for 
hyperthermia and gene therapy as a combinatorial 
therapeutic approach (Juillerat and Jeanneret, 
2008)[80]. 20 nm gold nanoparticles coated with 
thioctic acid-terminated PEG (5000) showed promise 
as potential drug delivery vehicles and diagnostic 
imaging agents (Koper, 2002)[81].Utilization of gold 
nanocages for cancer detection and treatment results 
showed improved optical coherence tomography 
image contrast when these were added to tissue 
phantoms, as well as the selective photothermal 
destruction of breast cancer cells in vitro when 
immunotargeted gold nanocages were used (Geurts 
and Wagner, 2005)[82]. 

3.6.  Silver nanoparticles 

The nano-silver based wound dressing acticoat has 
been on the market since 1998 (Becker, et al, 
2007)[83]. Silver(I) carbene complexes encapsulated 
in nanofibers are promising materials for sustained 
and effective delivery of silver ions with maximum 
bactericidal activity over a longer period of time 
primarily as part of wound- or burn-dressing materials 
(Kobayashi et al, 2009)[84]. Various synthetic routes 
currently used for developing stable silver 
nanoparticles and their diagnostic biomedical optical 
imaging and other biomedical applications have been 
reported (Willems and Wildenberg, 2005)[85]. The 

photophysical characteristics and 
electrochemiluminescence of the silver nanoparticle 
clusters give them remarkable advantages over larger 
nano particles in applications such as molecular 
sensing (Xu et al, 2006)[69]. Silver nanoparticles 
fabricated in HEPES buffer exhibit potent 
cytoprotective and postinfection anti-HIV-1 activities 
toward Hut/CCR5 cells (Müller, 2009)[86]. Nano-Ag 
sepiolite (low-melting-point soda-lime glass powder 
containing monodispersedsilver nanoparticles) powder 
exhibited a high antibacterial (against gram-positive 
and gram-negative bacteria) as well as antifungal 
activity (Hoshino et al, 2007)[87]. 

3.7.  Magnetic nanoparticles (MNPs) 

Magnetic nanoparticles (MNPs) are a major class of 
nanoscale materials with the potential to revolutionize 
current clinical diagnostic and therapeutic techniques. 
Magnetic nanoparticles include nanowires, 
nanospheres, nanotubes and magnetic thin films. Since 
the size, shape, orientation, distribution, etc. of the 
magnetic nanoparticles can be controlled by 
controlling the processing conditions it will be 
possible to tailor the particles for specific applications. 
Due to their unique physical properties and ability to 
function at the cellular and molecular level of 
biological interactions, these are being actively 
investigated as the next generation of magnetic 
resonance imaging (MRI) contrast agents (Corot et al, 
2006)[88] and as carriers for targeted drug delivery 
(Pankhurst et al, 2003[89]; Dobson, 2006)[90]. With a 
wide range of applications in the detection, diagnosis, 
and treatment of illnesses, such as cancer (Lal et al, 
2008[91];Ferrari , 2005)[92], cardiovascular disease 
(Wickline, 2007)[93], and neurological disease (Corot 
et al, 2004)[94], MNPs may play a significant role in 
meeting the healthcare needs (Vlerken and Amiji, 
2006[95]; Kohler et al, 2005[96]; Wan et al, 2007[97]; 
Xu and Sun, 2007[98]; Pankhurst et al, 2003[89]; 
Arruebo et al, 2007[99]; Varadan et al, 2009[100]; 
Sun et al, 2008)[101]. 

The ability of MNPs to enhance proton relaxation 
of specific tissues and serve as MR imaging contrast 
agents is one of the most promising applications of 
nanomedicine. MNPs in the form of 
superparamagnetic iron oxides (SPIO) have been 
actively investigated as MR imaging contrast agents 
for over two decades (Weissleder et al, 1995)[102]. 
With applications, such as bowel contrast agents and 
liver/spleen imaging already on the market (Wang et 
al, 2001[103]; Bonnemain et al, 1998)[104], SPIOs 
have led the way for MNPs into the clinic. 

Super paramagnetic iron oxides (SPIO) 
nanoparticles (15-60 nm) can be coated with dextran, 
phospholipids, or other compounds to inhibit 
aggregation and passive or active targeting agents 
(Gupta and Gupta, 2005)[105]. Upon controlled 
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surface functionalization and coupling with fragments 
of DNA strands, proteins, peptides, or antibodies, 
SPIO nanoparticles can be used for drug delivery, 
magnetic separation, MRI contrast enhancement, and 
MFH (Shubayev et al, 2009[106]; Xu and Sun, 
2009[107]; Shankar et al, 2011[108]).As therapeutic 
tools, MNPs have been evaluated extensively for 
targeted delivery of pharmaceuticals through magnetic 
drug targeting (MDT) (Senyei et al, 1978[109]; 
Neuberger ,2005)[110] and by active targeting through 
the attachment of high affinity ligands (Torchilin, 
2006[111]; Zhang et al, 2002[112]; Veiseh et al, 
2005)[113]. 

MNPs have the potential to overcome limitations 
associated with systemic distribution of conventional 
chemotherapies. With the ability to utilize magnetic 
attraction and/or specific targeting of disease 
biomarkers, MNPs offer an attractive means of 
remotely directing therapeutic agents specifically to a 
disease site, while simultaneously reducing dosage 
and the deleterious side-effects associated with non-
specific uptake of cytotoxic drugs by healthy tissue. 

3.8.  Magnetic nanowires 

Most magnetic nanowires are compatible with living 
cells and can be functionalized with biologically 
active molecules. Their applications include 
biosensing and construction of nucleic acids sensors. 
Many efforts have been made to explore the 
applications of single segment and multiple-segment 
magnetic nanowires in biomedicine (Son et al, 
2005)[114]. Compared to nanospheres, 
multifunctionality can be more easily realized on multi 
segment nanowires (Reich et al, 2003)[115]. Magnetic 
nanowires used in biomedicine are metal cylindrical 
electrode(s) positioned in 
nanoporoustemplates(Varadan et al, 2009)[100] and 
have shown potential for use in biosensing 
applications and construction of nucleic acids 
sensors(Lord et al, 2009)[116]. Functionalization with 
biomolecules involving two-segment nickel-gold 
nanowires served as synthetic gene delivery systems 
(Salem et al, 2003)[117]. The binding of pcDNA3 to 
the nickel segment of the nanorod provided a strong 
immune stimulatory adjuvant effect to the antigen 
bound on the gold segment (Salem et al, 2005)[118]. 
Separation of heterogeneous cell mixtures based on 
the differences in physical size of the cells has been 
achieved with magnetic nanowires (Hultgren et al, 
2005)[118]. 

4. RISK OF NANOTECHNOLOGY 

Despite the great potentials of nanotechnology, its 
safety in humans, animal and plants, and effects on the 
environment are of concern. Also, military application 
is of concern as chemical weapons fabricated from 

nanoparticles will be more deadly than present 
chemical weapons. This is due to the fact that the 
smaller a particle, the greater its impact either 
positively or negatively. Some nanoparticles show 
increased toxicity due to their increased surface 
area(Dunphy Guzman et al, 2006,52)[120]. Studies 
have shown carbon nanotubes to be cytotoxic and to 
induce granulomas in lungs of laboratory animals. 
Also, metals and metallic oxide nanoparticles such as 
copper, cobalt, titanium oxide and silicon oxide have 
inflammatory and toxic effects on cells (Dunphy 
Guzman et al, 2006,52)[120].  However, studies and 
debates are going on about the benefits and risks of 
nanotechnology (Cobb and Macoubrice , 2004[121], 
Roco, 2003[4], Oberdörster et al, 2005, 53-55.)[122] 
Optimistically, the benefits of nanotechnology are 
enormous and so studies which include the health, 
environmental, ethical and safety issues should 
indicate how to maximize the benefits and reduce the 
risks. Macro- and microtechnologies had their risks, 
yet the benefits were accepted. 

5. CONCLUSION 

This review has summarized the major types of nano 
materials that have potential applications in various 
ailments and targeted drug delivery. The application of 
nanotechnology to medicine is a rapidly developing 
area of investigation. In the near future, it appears 
highly likely that nanotechnology will play an 
important role in assessment and treatment of various 
diseases. Indeed, some of the nanomaterial-based 
therapies and diagnostics presented here outperform 
conventional materials in terms of efficacy, reliability, 
and practicality. Continued optimization of 
nanomaterial properties will be necessary to determine 
the applicability of these methods in modern 
healthcare practice. Nano particles of various 
formulations have been developed to diagnose and 
treat diseases for which conventional therapy has 
shown limited efficacy. In particular, the use of nano 
particles as MRI contrast agents and drug carriers have 
drawn enormous attention, as it holds great potential 
of providing new opportunities for early cancer 
detection and targeted therapies. Keeping in view the 
diversity of engineered nano particles, their several 
possible side effects should not be overlooked. Further 
research is required on the interaction of 
nanomaterials with biological systems from the 
perspective of safe use of nanomaterials. Experts are 
of the opinion that nanomaterials have the potential to 
provide revolutionary methods for the prevention, 
diagnosis, and treatment of some fatal diseases. 
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