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 Nanoscience and nanotechnology are the study and application of extremely 
small things and can be used across all the other science fields, such as 
chemistry, biology, physics, material science, and engineering. Nanotechnology 
is the engineering of functional systems at the molecular scale and this covers 
both current work and concepts that are more advanced.  Nanotechnology 
involves the creation and use of materials and devices at the level of molecules 
and atoms. Nanotechnology offers important new tools expected to have a great 
impact on many areas in medical technology. It provides extraordinary 
opportunities not only to improve materials and medical devices but also to 
create new “smart” devices and technologies where existing and more 
conventional technologies may be reaching their limits. It is expected to 
accelerate scientific as well as economic activities in medical research and 
development. Nanotechnology has the potential to make significant 
contributions to disease detection, diagnosis, therapy, and prevention. Tools are 
an important and integral part for early detection. Several medical devices have 
already been benefited from recent developments in nanotechnology. These 
medical devices are in use or are currently being commercialized. 
Nanotechnology is definitely a medical boon for diagnosis, treatment and 
prevention of cancer disease. Nanomedicine is the medical application of 
nanotechnology. Nanomedicine ranges from the medical applications of 
nanomaterials and biological devices to nanoelectronic biosensors, and even 
possible future applications of molecular nanotechnology such as biological 
machines. Nanomedicine seeks to deliver a valuable set of research tools and 
clinically useful devices in the near future. The applications for nanomedicine 
like Biopharmaceutical Application, Implantable Material and Devices, Surgical 
aids, Diagnostic tools have been illustrated. 

Keywords: Biopharmaceutical Application, Implantable Material and Devices, 
Surgical aids. 
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1. INTRODUCTION  

Nanotechnology is the engineering of functional systems 
at the molecular scale. This covers both current work 
and concepts that are more advanced. In its original 
sense, 'nanotechnology' refers to the projected ability to 
construct items from the bottom up, using techniques 
and tools being developed today to make complete, high 
performance products [1&2]. 

1.1 The Meaning of Nanotechnology [3-8] 

When K. Eric Drexler popularized the word 
'nanotechnology' in the 1980's, he was talking about  

 

building machines on the scale of molecules, a few 
nanometers wide- motors, robot arms, and even whole 
computers, far smaller than a cell. Drexler spent the next 
ten years describing and analyzing these incredible 
devices, and responding to accusations of science 
fiction. Meanwhile, mundane technology was developing 
the ability to build simple structures on a molecular 
scale. As nanotechnology became an accepted concept, 
the meaning of the word shifted to encompass the 
simpler kinds of nanometer-scale technology. The U.S. 
National Nanotechnology Initiative was created to fund 
this kind of nanotech: their definition includes anything 

http://albertscience.com/journals/detail/22
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smaller than 100 nanometers with novel properties. 
Much of the work being done today that carries the name 
'nanotechnology' is not nanotechnology in the original 
meaning of the word. Nanotechnology, in its traditional 
sense, means building things from the bottom up, with 
atomic precision.  

Nanotechnology involves the creation and use of 
materials and devices at the level of molecules and 
atoms. Research in nanotechnology began with 
discoveries of novel physical and chemical properties of 
various metallic or carbon-based materials that only 
appear for structures at nanometer-sized dimensions. 
Understanding these nanoscale properties permits 
engineers to build new structures and use these 
materials in new ways. Yet, scientists have still not been 
able to answer questions such as, "How many?" "How 
big?"  and "How fast?" These answers must be provided 
to fully understand cellular structures in order to repair 
them or build new "nano" structures that can safely 
operate inside the body. This will lead to better 
diagnostic tools and engineered nanoscale structures for 
more specific treatments of diseased or damaged tissues 
[1-6].           

1.2 History [7&8] 

The foundations of nanotechnology have emerged over 
many decades of research in many different fields. 
Computer circuits have been getting smaller. Chemicals 
have been getting more complex. Biochemists have 
learned more about how to study and control the 
molecular basis of organisms. Mechanical engineering 
has been getting more precise.  

In 1959, the great physicist Richard Feynman suggested 
that it should be possible to build machines small 
enough to manufacture objects with atomic precision. 
His talk, "There's Plenty of Room at the Bottom," is 
widely considered to be the foreshadowing of 
nanotechnology. Among other things, he too predicted 
that information could be stored with amazing density.  

In the late 1970's, Eric Drexler began to invent what 
would become molecular manufacturing. He quickly 
realized that molecular machines could control the 
chemical manufacture of complex products, including 
additional manufacturing systems that would turn out to 
be a very powerful technology. He published scientific 
papers beginning in 1981. In 1986 he introduced the 
term "nanotechnology" in his book Engines of Creation to 
describe this approach to manufacturing and some of its 
consequences. In 1992 He published Nanosystems, a 
technical work outlining a way to manufacture 
extremely high-performance machines out of molecular 
carbon lattice ("diamondoid"). Meanwhile, he founded 
the Foresight Institute in 1986. The term 
"nanotechnology" rapidly became popular, and almost 
immediately its meaning began to shift. By 1992, He was 
using "molecular nanotechnology" or "molecular 
manufacturing" to distinguish his manufacturing ideas 
from the simpler product-focused research that was 
borrowing the word. This research, producing shorter-
term results, came to define the field for many observers, 
and has continued to claim the term "nanotechnology."  

 

Federal funding for nanotechnology began under 
President Clinton with the National Nanotechnology 
Initiative (NNI). Opinions differ about whether Clinton 
was influenced by Drexler's descriptions of advanced 
manufacturing. 

 Instead of focusing on molecular manufacturing, the NNI 
chose to fund nanoscale technology, which it defined as 
anything with a size between 1 and 100 nanometers 
with novel properties [7, 8]. 

1.3 Nanoparticles [6, 9-12] 

Nanoparticles have one dimension that measures 100 
nanometers or less. The properties of many conventional 
materials change when formed from nanoparticles. This 
is typically because nanoparticles have a greater surface 
area per weight than larger particles which causes them 
to be more reactive to some other molecules.  

Nanoparticles or Nanocrystals made of metals, 
semiconductors, or oxides are of interest for their 
mechanical, electrical, magnetic, optical, chemical and 
other properties. Nanoparticles have been used 
as quantum dots and as chemical catalysts. 

Nanoparticles are of great scientific interest as they act 
effectively as a bridge between bulk materials 
and atomic or molecular structures. A bulk material 
should have constant physical properties regardless of 
its size, but at the nanoscale this is often not the case. 
Size-dependent properties are observed such 
as quantum confinement in semiconductor particles, 
surface plasmon resonance in some metal particles and 
superparamagnetism in magnetic materials. 

Nanoparticles exhibit a number of special properties 
relative to bulk material. For example, the bending of 
bulk copper (wire, ribbon, etc.) occurs with movement of 
copper atoms/clusters at about the 50 nm scale. The 
change in properties is not always desirable. 
Ferroelectric materials smaller than 10 nm can switch 
their magnetization direction using room temperature 
thermal energy, thus making them useless for memory 
storage. Suspensions of nanoparticles are possible 
because the interaction of the particle surface with 
the solvent is strong enough to overcome differences 
in density, which usually result in a material either 
sinking or floating in a liquid.  

Nanoparticles often have unexpected visible properties 
because they are small enough to confine their electrons 
and produce quantum effects. For 
example gold nanoparticles appear deep red to black in 
solution. Nanoparticles have a very high surface area to 
volume ratio. This provides a tremendous driving force 
for diffusion, especially at elevated temperatures.  This 
theoretically does not affect the density of the final 
product, though flow difficulties and the tendency of 
nanoparticles to agglomerate complicates matters. 
Moreover nanoparticles have been found to impart some 
extra properties to various day to day products. Like, the 
presence of titanium dioxide nanoparticles impart what 
we call as the self-cleaning effect and the size being 
nanorange, the particles can't be seen. Nano Zinc Oxide 
particles have been found to have superior UV blocking 
properties compared to its bulk substitute. 

http://albertscience.com/journals/article_detail/95
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Figure 1: Silicon nanopowder 

 

Nanoparticle Applications in Medicine [5, 6-12] 

 The use of polymeric micelle nanoparticles to deliver 
drugs to tumors. 

 The use of polymer coated iron oxide nanoparticles 
to break up clusters of bacteria, possibly allowing more 
effective treatment of chronic bacterial infections. 

 The surface change of protein filled nanoparticles 
has been shown to affect the ability of the nanoparticle 
to stimulate immune responses. Researchers are 
thinking that these nanoparticles may be used in 
inhalable vaccines.  

 Researchers at Rice University have demonstrated 
that cerium oxide nanoparticles act as an antioxidant to 
remove oxygen free radicals that are present in a 
patient's bloodstream following a traumatic injury. The 
nanoparticles absorb the oxygen free radicals and then 
release the oxygen in a less dangerous state, freeing up 
the nanoparticle to absorb more free radicals.  

 Researchers are developing ways to use carbon 
nanoparticles called nanodiamonds in medical 
applications. For example, nanodiamonds with protein 
molecules attached can be used to increase bone growth 
around dental or joint implants. 

 Researchers are testing the use of chemotherapy 
drugs attached to nanodiamonds to treat brain tumors. 
Other researchers are testing the use of chemotherapy 
drugs attached to nanodiamonds to treat leukemia. 

Classification [7, 9, 11-18] 

At the small end of the size range, nanoparticles are 
often referred to as clusters. Nanospheres, nanorods and 
nanocups are just a few of the shapes that have been 
grown. 

i. Metal, dielectric, and semiconductor nanoparticles: 

They have been formed and have hybrid structures. 
Nanoparticles made of semiconducting material may 
also be labeled quantum dots if they are small enough 
(typically sub 10 nm) where quantization of 
electronic energy levels occurs. Such nanoscale particles 
are used in biomedical applications as drug 
carriers or imaging agents. 

ii. Semi-solid and soft nanoparticles: 

They have been manufactured. A prototype nanoparticle 
of semi-solid nature is the liposome. Various types 
of liposome nanoparticles are currently used for 
anticancer drugs and vaccines. 

Characterization 

Nanoparticle characterization is necessary to establish 
understanding and control of nanoparticle synthesis and 
applications. Characterization is done by using a variety 
of different techniques, mainly drawn from material 
science. Common techniques are electron 
microscopy [TEM, SEM], atomic force 
microscopy [AFM], dynamic light scattering [DLS], x-ray 
photoelectron spectroscopy [XPS],  powder x-ray 
diffractometry [XRD], Fourier transform infrared 
spectroscopy [FTIR], Matrix-Assisted Laser-
Desorption Time-of-flight mass spectrometry [MALDI-
TOF], and Ultraviolet-visible spectroscopy.  

Whilst the theory has been known for over a century 
(see Robert Brown), the technology for Nanoparticle 
tracking analysis (NTA) allows direct tracking of 
the Brownian motion and this method therefore allows 
the sizing of individual nanoparticles in solution. 

Fabrication 

There are several methods for creating nanoparticles; 
attrition and pyrolysis are common methods. In attrition, 
macro or micro scale particles are ground in a ball mill, 
a planetary ball mill, or other size reducing mechanism. 
The resulting particles are air classified to recover 
nanoparticles. In pyrolysis, a vaporous precursor (liquid 
or gas) is forced through an orifice at high pressure and 
burned. The resulting solid (a version of soot) is air 
classified to recover oxide particles from by-product 
gases. Pyrolysis often results in aggregates and 
agglomerates rather than singleton primary particles. 
Thermal plasma can also deliver the energy necessary to 
cause evaporation of small micrometer size particles. 
The thermal plasma temperatures are in the order of 
10000 K, so that solid powder easily evaporates. 
Nanoparticles are formed upon cooling while exiting the 
plasma region. The main types of the thermal plasmas 
torches used to produce nanoparticles are dc plasma jet, 
dc arc plasma and radio frequency (RF) induction 
plasmas. 

A broad classification divides methods into either those 
which build from the bottom up, atom by atom, or those 
which construct from the top down using processes that 
involve the removal or reformation of atoms to create 
the desired structure. 

In the bottom-up approach, atoms, molecules and even 
nanoparticles themselves can be used as the building 
blocks for the creation of complex nanostructures; the 
useful size of the building blocks depends on the 
properties to be engineered. By altering the size of the 
building blocks, controlling their surface and internal 
chemistry, and then controlling their organization and 
assembly, it is possible to engineer properties and 
functionalities of the overall nanostructured solid or 
system. These processes are essentially highly 
controlled, complex chemical syntheses.  

http://albertscience.com/journals/article_detail/95
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Figure 2:  Schematic representation of the top-down 
and bottom-up processes and their relationship to 
biological processes and structures 

 On the other hand, top-down approaches are inherently 
simpler and rely either on the removal or division of 
bulk material, or on the miniaturization of bulk 
fabrication processes to produce the desired structure 
with the appropriate properties. When controlled, both 
top-down and bottom-up methods may be viewed as 
essentially different forms of microstructural 
engineering [11-18]. 

Nanotechnology and Nanomedicine 

Nanotechnology is defined as “Research and technology 
development at the atomic, molecular and 
macromolecular levels in the length scale of 
approximately 1 - 100 nanometer range, to provide a 
fundamental understanding of phenomena and materials 
at the nanoscale and to create and use structures, 
devices and systems that have novel properties and 
functions because of their small and/or intermediate 
size.”  

 

 

Figure 3: Various Nanomedicines 

More simply, nanotechnology is the space at the 
nanoscale (i.e. one billionth of a meter), which is smaller 

than “micro” (one millionth of a meter) and larger than 
“pico” (one trillionth of a meter). To get a perspective of 
the scale used in nanotechnology, the size of selected 
nanotechnology materials is estimated to be as follows:  

Table 1: Artificial nanomolecule 

Nano molecules Size in nm 

  

Nanoparticles 1-100nm 

Fullerene(C60) 1nm 

Quantum Dot 8nm 

Dendrimer 10nm 

                                           

Table 2: Natural nanomolecule 

  Atom 0.1nm 

  

DNA (width) 2nm 

Protein 5 – 50nm 

Virus 75 – 100nm 

Materials internalized by cells < 100nm 

Bacteria 1,000 - 10,000nm 

White Blood Cell 10,000nm 

 

The size domains of components involved with 
nanotechnology are similar to that of biological 
structures. For example, a quantum dot is about the 
same size as a small protein (<10nm) and drug-carrying 
nanostructures are the same size as some viruses (<100 
nm). Because of this similarity in scale and certain 
functional properties, nanotechnology is a natural 
progression of many areas of health-related research 
such as synthetic and hybrid nanostructures that can 
sense and repair biological lesions and damages just as 
biological nanostructures (e.g. white-blood cells and 
wound-healing molecules). Nano is the continued 
miniaturization beyond micro. However due to a number 
of scientific principles becoming dominant at the 
nanoscale, nanomaterials can have very different 
properties than bulk materials. This includes materials 
that are stronger, lighter, more electrically conductive, 
superparamagnetic, tunable optical emission, more 
porous, better thermal insulating, and less corrosive. 
Nanomaterials have the potential to solve unique 
biological challenges not currently possible, such as 
having inorganic materials detect electrical changes from 
biological molecules and react in a manner that detects 
or treats a disease [18-20]. 

1.4. Nanomaterials for Nanomedicine [11, 12-16] 

Carbon nanomaterials 

The bonds between carbon atoms are such as to follow 
the formation of some of the most interesting 
nanostructures. Solid carbon at room temperature has 

http://albertscience.com/journals/article_detail/95
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two classical structures or allotropes: diamond and 
graphite. In diamond, carbon atoms are connected each 
to four other carbon atoms in a tetrahedral lattice 
structure and these bonds form a three-dimensional 
network. Diamond is the hardest mineral known to man 
and is an excellent electrical insulator. In graphite the 
carbon atoms are arranged in hexagons and strongly 
bonded into parallel planar sheets. The sheets are held 
together by much weaker Vander Waals forces, which is 
the reason why graphite can be used as material in 
pencils and as the basis of some lubricants. Unlike 
diamond, graphite is a conductor of electricity. As 
illustrated by the classical examples, physical properties 
can vary considerably within pure carbon materials.  

In 1985 the discovery of the existence of a third and new 
carbon allotrope containing sixty perfectly 
symmetrically arranged carbon atoms (C60) meant a 
major breakthrough and opened a novel field of carbon 
chemistry. The C60 molecule was originally and formally 
called buckminster fullerene after the American 
architect and inventor Buckminster Fuller (1895-1983), 
who designed geodesic domes similar to the structure of 
C60. Scientists quickly nicknamed it a “buckyball” as the 
spherical structure of C60 resembles a foot. The 
geometric configuration consists of 60 vertices and 32 
faces, 12 of which are pentagonal and 20 hexagonal. The 
faces are symmetrically arrayed to form a molecular ball 
with a diameter of approximately 1.0 nm. Soon after the 
discovery of C60 many other fullerene molecules with 
variable shapes and forms have been synthesized, such 
as C70, C76, C80, and C84. 

Carbon nanotube 

Carbon nanotubes (CNTs) are allotropes of carbon with a 
nanostructure that can have a length-to-diameter ratio 
greater than 1,000,000. 
These cylindrical carbon molecules have novel  
properties  that make  them potentially useful in many 
applications in nanotechnology, electronics, optics and 
other fields of material science, as well as potential uses 
in architectural fields. They exhibit extraordinary 
strength and unique electrical properties, and are 
efficient conductors of heat. Inorganic nanotubes have 
also been synthesized. 

 

 

Figure 4:  3D model of three types of single-walled 
carbon nanotubes. 

 

 

 

Figure 5:  This animation of a rotating carbon 
nanotube shows its 3D structure. 

 

The nature of the bonding of a nanotube is described by 
applied quantum chemistry, specifically, orbital 
hybridization. The chemical bonding of nanotubes is 
composed entirely of sp2 bonds, similar to those 
of graphite.  

This bonding structure, which is stronger than 
the sp3 bonds found in diamond, provides the molecules 
with their unique strength.  

Classification of Nanotubes 

 On the basis of structures 
a) Single-walled: 
 

 

6. a: Armchair (n, n)- Nanotubes 

 

http://albertscience.com/journals/article_detail/95
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6. b: Nanotubes-The chiral vector is bent, while the 
translation vector stays straight 
 

 

6. c: Nanotubes-Graphene nanoribbon 

 

 

6. d: Nanotubes-The chiral vector is bent, while the 
translation vector stays straight 

 

6. e: Nanotubes-Zigzag (n, 0) 

 

 

6. f: Nanotubes-chiral (n, m) 

 

 

6. g: Nanotubes-n and m can be counted at the end of 
the tube 

http://albertscience.com/journals/article_detail/95


Monika Taunk et al. / ASIO Journal of Drug Delivery (ASIO-JDD), 2(1), 2016: 01-16 

doi: 10.2016-21915953; doi link: http://doi-ds.org/doilink/01.2017-73579389/ 

 
7 

 

6. h: Nanotubes-Graphene nanoribbon 

 

 

 

Figure 7:  Carbon nanotubes structure 
 

The (n,m) nanotube naming scheme can be thought of as 
a vector (Ch) in an infinite graphene sheet that describes 
how to "roll up" the graphene sheet to make the 
nanotube. T denotes the tube axis, and a1 and a2 are the 
unit vectors of graphene in real space. 

Most single-walled nanotubes (SWNT) have a diameter 
of close to 1 nanometer, with a tube length that can be 
many thousands of times longer. The structure of a 
SWNT can be conceptualized by wrapping a one-atom-
thick layer of graphite called graphene into a seamless 
cylinder. The way the graphene sheet is wrapped is 
represented by a pair of indices (n, m) called the chiral 
vector. The integer’s n and m denote the number of 
unit vectors along two directions in the 
honeycomb crystal lattice of graphene. If m=0, the 
nanotubes are called "zigzag". If n=m, the nanotubes are 
called "armchair". Otherwise, they are called "chiral". 
The most basic building block of these systems is the 
electric wire, and SWNTs can be excellent conductors. 
One useful application of SWNTs is in the development 
of the first intramolecular field effect transistors (FETs). 
Single-walled nanotubes are still very expensive to 
produce, around $1500 per gram as of 2000, and the 
development of more affordable synthesis techniques is 
vital to the future of carbon nanotechnology.  

b) Multi-walled: 

Multi-walled nanotubes (MWNT) consist of multiple 
layers of graphite rolled in on them to form a tube shape. 
There are two models which can be used to describe the 
structures of multi-walled nanotubes. In 
the Parchment model, a single sheet of graphite is rolled 
in around itself, resembling a scroll of parchment or a 
rolled up newspaper. The interlayer distance in multi-
walled nanotubes is close to the distance between 
graphene layers in graphite, approximately 3.3 Å (330 
pm). 

CLASSIFICATION OF CARBON NANOTUBE ON THE 
BASIS OF THEIR PROPERTIES 

1. Fullerite: 

Fullerites are the solid-state manifestation of fullerenes 
and related compounds and materials.  

Being highly  incompressible  nanotube forms,  
polymerized  single-walled nanotubes (P-SWNT) are a 
class of fullerites and are comparable to diamond in 
terms of hardness. However, due to the way that 
nanotubes intertwine, P-SWNTs don't have the 
corresponding crystal lattice that makes it possible to cut 
diamonds neatly. 

2. Torus: 

A nanotorus is a theoretically described carbon 
nanotube bent into a torus (doughnut shape). Nanotori 
have many unique properties, such as magnetic 
moments 1000 times larger than previously expected for 
certain specific radii. Properties such as magnetic 
moment, thermal stability, etc. vary widely depending on 
radius of the torus and radius of the tube. 

 

3. Nanobud: 

 

Figure 8: A stable nanobud structure 

 

Carbon nanobuds are a newly discovered material 
combining two previously discovered allotropes of 
carbon: carbon nanotubes and fullerenes. In this new 
material fullerene-like "buds" are covalently bonded to 
the outer sidewalls of the underlying carbon nanotube. 
This hybrid material has useful properties of both 
fullerenes and carbon nanotubes.  

http://albertscience.com/journals/article_detail/95
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4. Nanoflower: 

The first nanoflower was created in Japan and was 
actually the accidental outcome of an experiment on 
nanotubes. 

Inorganic materials 

FULLERENES 

 

Figure 9: Fullerene structure 

 

The fullerenes are a class of allotropes of carbon which 
conceptually are graphene sheets rolled into tubes or 
spheres. These include the carbon nanotubes which are 
of interest owing to their mechanical strength and their 
electrical properties. 

A common method used to produce fullerenes is to send 
a large current between two nearby graphite electrodes 
in an inert atmosphere. The resulting carbon plasma arc 
between the electrodes cools into sooty residue from 
which many fullerenes can be isolated. By DFT and 
TDDFT methods one can obtain IR, 
Raman and UV spectra. Results of such calculations can 
be compared with experimental results. 

QUANTUM DOTS 

Quantum dots are spherical nano-sized crystals. They 
can be made of nearly every semiconductor metal (e.g., 
CdS, CdSe, CdTe, ZnS, PbS), but alloys and other metals 
(e.g.Au) can also be used. The prototypical quantum dot 
is cadmium selenide (CdSe). Quantum dots range 
between 2 and 10nm in diameter (10 to 50 atoms). 
Generally, quantum dots consist of a semiconductor core, 
over coated by a shell (e.g., ZnS) to improve optical 
properties, and a cap enabling improved solubility in 
aqueous buffers. 

 

Figure 10: Quantum dots structure 

DENDRIMERS 

Dendrimers are synthetic, complex, and spherical 
molecules with very well-defined chemical structures 
first synthesized in the early 1980s. The term 
dendrimers originates from “dendron” meaning tree in 
Greek. Other terms used were arborols from the Latin 
word “arbor” also meaning tree, or cascade molecule, but 
dendrimer is now the generally accepted term. From a 
polymer chemistry point of view, dendrimers are nearly 
perfect monodisperse macromolecules with a regular 
and highly branched three-dimensional, or fractal 
architecture. They consist of three major architectural 
components: core, branches and end groups at the 
periphery. 

 

 

Figure 11: Dedrimer structure 

 

TOOLS OF NANOMEDICINE 

Tagged Nanoparticles 

Nanoparticles of cadmium selenide (quantum dots) that 
glows when exposed to ultraviolet light. When injected, 
they seep into cancer tumors. The surgeon can see the 
glowing tumor, and use it as a guide for more accurate 
tumor removal. These dots are tiny particles measuring 
only a few nanometers across, about the same size as a 
protein molecule or a short sequence of DNA.  They come 
in a nearly unlimited palette of sharply-defined colors, 
can be excited to fluorescence with white light, and can 
be linked to biomolecules to form long-lived sensitive 
probes to identify specific compounds.  They can track 
biological events by simultaneously tagging each 
biological component (e.g., different proteins or DNA 
sequences) with nanodots of a specific color. This kind of 
flexibility could offer a cheap and easy way to screen a 
blood sample for the presence of a number of different 
viruses at the same time. It can also be used to study the 
biological molecular receptors work, and then to build 
artificial binding sites on a made-to-order basis to 
achieve specific medical results. Radiofrequency-plasma 
glow-discharge process to imprint a polysaccharide-like 
film with nanometer-sized pits in the shape of such 
biologically useful protein molecules as albumin (the 
most common blood protein), fibrinogen (a clotting 
protein), lysozyme and ribonuclease (two important 
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enzymes), and immunoglobulin (antibodies).  Each 
protein type sticks only to a pit with the shape of that 
protein. These surfaces may be used for quick 
biochemical separations and assays, and in biosensors 
and chemosensors, because such surfaces will selectively 
adsorb from solution onto the specific protein whose 
complementary shape has been imprinted, and only at 
the specific place on the surface where the shape is 
imprinted.  Molecularly imprinted polymers could be 
medically useful in clinical applications such as 
controlled drug release, drug monitoring devices, and 
biological and antibody receptor mimics. 

Nanopore Immunoisolation Devices  

It is Bulk micromachining to fabricate tiny cell-
containing chambers within single crystalline silicon 
wafers.  The chambers interface with the surrounding 
biological environment through polycrystalline silicon 
filter membranes which are micro machined to present a 
high density of uniform nanopores as small as 20 
nanometers in diameter.  These pores are large enough 
to allow small molecules such as oxygen, glucose, and 
insulin to pass, but are small enough to impede the 
passage of much larger immune system molecules such 
as immunoglobulins and graft-borne virus particles.  
Safely ensconced behind this artificial barrier, immuno 
isolated encapsulated rat pancreatic cells may receive 
nutrients and remain healthy for weeks, happily 
secreting insulin back out through the pores, while the 
immune system remains blissfully unaware of the 
foreign cells which it would normally attack and reject. 
This could temporarily restore the body’s delicate 
glucose control feedback loop without the need for 
powerful immuno suppressants that can leave the 
patient at serious risk for infection.  Supplying 
encapsulated new cells to the body could also be a 
valuable way to treat other enzyme or hormone 
deficiency diseases, including encapsulated neurons 
which could be implanted in the brain and then be 
electrically stimulated to release neurotransmitters, 
possibly as part of a future treatment for Alzheimer’s or 
Parkinson’s diseases. 

Medical Nanorobotics 

The somewhat speculative claims about the possibility of 
using nanorobots in medicine, it would totally change 
the world of medicine once it is realised. Nanomedicine 
would make use of these nanorobots, introduced into the 
body, to repair or detect damages and infections. A 
typical blood borne medical nanorobot would be 
between 0.5-3 micrometres in size, because that is the 
maximum size possible due to capillary passage 
requirement. Carbon would be the primary element used 
to build these nanorobots due to the inherent strength 
and other characteristics of some forms of carbon 
(diamond/fullerene composites). These nanorobots 
would search out cancer affected cells using certain 
molecular markers. Medical nanorobots would then 
destroy these cells, and only these cells. This could be 
very helpful, since current treatments like radiation 
therapy and chemotherapy often end up destroying 
more healthy cells than cancerous ones. Nanorobots 
could also be useful in treating vascular disease, physical 
trauma, and even biological aging [21-24]. 

APPLICATION OF NANOMEDICINES 

Biopharmaceutical Application [12, 17, 22-29] 

Drug Delivery  

Depending on  where the drugs will be absorbed (i.e. 
colon, small intestine, etc), and whether certain natural 
defense mechanisms need to be passed through such as 
the blood-brain barrier, the transit time and delivery 
challenges can be greatly different.  Once a drug arrives 
at its destination, it needs to be released at an 
appropriate rate for it to be effective.  

If the drug is released too rapidly it might not be 
completely absorbed, or it might cause gastro-intestinal 
irritation and other side effects. The drug delivery 
system must positively impact the rate of absorption, 
distribution, metabolism, and excretion of the drug or 
other substances in the body. In addition, the drug 
delivery system must allow the drug to bind to its target 
receptor and influence that receptor's signaling and 
action, as well as other drugs, which might also be active 
in the body.  

The drug delivery material must be compatible and bind 
easily with the drug, and be bioresorbable (i.e. degrade 
into fragments after use which are either metabolized or 
eliminated via normal excretory routes). The production 
process must respect stringent conditions on processing 
and chemistry that won't degrade the drug, and still 
provide a cost effective product.  

Drug Encapsulation  

One major class of drug delivery systems is materials 
that encapsulate drugs to protect them during transit in 
the body. Drug encapsulation materials include 
liposomes and polymers (i.e. Polylactide (PLA) and 
Lactide-co-Glycolide (PLGA)) which are used as 
microscale particles. The materials form capsules around 
the drugs and permit timed drug release to occur as the 
drug diffuses through the encapsulation material. The 
drugs can also be released as the encapsulation material 
degrades or erodes in the body. When encapsulation 
materials are produced from nanoparticles in the 1 to 
100nm size range instead of bigger microparticles, they 
have a larger surface area for the same volume, smaller 
pore size, improved solubility, and different structural 
properties. This can improve both the diffusion and 
degradation characteristics of the encapsulation 
material. In addition to liposomes and polymers, other 
types of nanoparticles are available such as silica and 
calcium phosphate (hydroxyapatite) have demonstrated 
superior properties at the nanoscale than the microscale. 
Nanoparticle encapsulation is also being investigated for 
the treatment of neurological disorders to deliver 
therapeutic molecules directly to the central nervous 
system beyond the blood-brain barrier, and to the eye 
beyond the blood-retina barrier. Applications could 
include Parkinson’s, Huntington’s, Alzheimer’s, ALS and 
diseases of the eye.  

Functional Drug Carriers  

Another class of drug delivery systems where 
nanotechnology offers interesting solutions is in the area 
of nanomaterials that carry drugs to their destination 
sites and also have functional properties.  
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Certain nanostructures can be controlled to link with a 
drug, a targeting molecule, and an imaging agent, then 
attract specific cells and release their payload when 
required. Because of their nanoscale size, nanostructures 
have the ability to enter the cells, as cells will typically 
internalize materials below 100nm. Some of the leading 
nanostructures being used for this purpose include 
fullerenes, dendrimers, and nanoshells. 

Drug Discovery  

Nano and micro technologies are part of the latest 
advanced solutions and new paradigms for decreasing 
the discovery and development times for new drugs, and 
potentially reducing the development costs.  

High-throughput arrays and ultra-sensitive labeling and 
detection technologies are being used to increase the 
speed and accuracy of identifying genes and genetic 
materials for drug discovery and development. These 
micro and nano technologies along with information 
technology solutions such as combinatorial chemistry, 
computational biology, computer-aided drug design, 
data mining, and data processing tools are addressing 
the challenges related to eliminating critical bottlenecks 
in drug discovery. In addition to the capacity for 
processing information, the number of drug candidates 
that have been screened in the last ten years has 
increased by three orders of magnitude from 500,000 
drug compounds to approximately 1.5 billion according 
to BCC.  

IMPLANTABLE MATERIALS [14, 22-29] 

Tissue Repair and Replacement  

Nanotechnology provides a new generation of 
biocompatible nanomaterials for repairing and replacing 
human tissues. Human tissue that is diseased or 
traumatically compromised may require synthetic 
materials for its repair or replacement. While most types 
of tissues repair the interaction of stem cells with 
chemical modulators, there are differences in the ways 
that various tissues heal. “Hard” tissues such as bone and 
teeth heal by reproducing tissue indistinguishable from 
the original. However in cases where a dental or artificial 
bone implant is required, the structural material used in 
the implant may trigger immune rejection, corrode in the 
body fluids, or no longer bond to the host bone. This can 
require additional surgery or result in the loss of the 
implant’s function. In many cases, the failure occurs at 
the tissue-implant interface, which may be due to the 
implant material weakening its bond with the natural 
material. To overcome this, implants are often coated 
with a biocompatible material to increase their 
adherence properties and produce a greater surface area 
to volume ratio for the highest possible contact area 
between the implant and natural tissue. “Soft” tissues 
such as skin, muscle, nerves, blood vessels and ligaments 
repair damaged areas with fibrous tissue. Damaged 
tissue from various sources such as burns and ulcers can 
be self-repaired by the body, but can also result in scar 
formation. Graft material using artificial sheets can 
replace skin and other tissue with reasonable graft 
stability and cosmetic outcome. In other types of tissue, 
notably “Ultrasoft” tissue such as cell membrane and 
organelles that exhibit metabolic function, tissue 
replacement can best occur when living cells are 

transplanted in a mesh-structured synthetic scaffold. The 
scaffold incorporates signalling ligands or DNA 
fragments to elicit specific cellular responses, and 
molecular sensors to accept feedback from the in vivo 
environment. The scaffold is typically a temporary 
structure that is bioresorbable when the tissue is 
regenerated.  

The scaffold material needs to be fabricated into a 
desired shape or three dimensional structures, with 
specific surface properties to support the site where the 
organized growth of multiple cell types will take place.  

Implant Coatings  

Nanotechnology brings a variety of new high surface 
area biocompatible nanomaterials and coatings to 
increase the adhesion, durability and lifespan of 
implants. Ceramic materials such as calcium phosphate 
(hydroxyapatite or HAP) are made into implant coatings 
using nano-sized particles instead of micro-sized 
particles. In addition to the higher surface areas and 
improved adhesion properties of the nanoparticle 
coatings, improved coating techniques are also being 
developed. While high temperature processes such as 
plasma spray can melt ceramic particles and reduce their 
surface area and adhesion properties, new low 
temperature processes with electromagnetic fields can 
maintain the nanomaterial properties. This provides the 
maximum possible contact area between the implants 
and bone surface to improve the potential for in-growth 
in the host bone.  

New types of nanomaterials are being evaluated as 
implant coatings to improve interface properties. For 
example, nanopolymers such as polyvinyl alcohol (PVA) 
can be used to coat implantable devices that are in 
contact with blood (e.g. artificial hearts, vascular grafts, 
catheters) for dispersing clots or preventing their 
formation.  

Tissue Regeneration Scaffolds  

Nanostructures are being researched for the preparation 
and improvement of tissue regeneration scaffolds. 
Research areas include the ability to develop molecularly 
sensitive polymers using the optical properties of 
nanoparticles as control systems, manipulating the 
stiffness and strength of scaffolds using hybrid 
nanostructures, and the use of nanotechnology to 
prepare molecular imprints to maximize long-term 
viability and function of cells on scaffold surfaces.  

With the ultimate objective of growing large complex 
organs, a variety of nanomaterials and nanotechnology 
fabrication techniques are being investigated as tissue 
regeneration scaffolds that provide improved structural 
requirements and guide the activity of seeded cells. 
Some examples are as follows: nanoscale polymers such 
as Polyvinyl alcohol (PVA) are being molded into heart 
valves and seeded with fibroblasts and endothelial cells. 
PVA is also being investigated for the cornea by having 
corneal epithelial cells seeded in a PVA hydrogel 
structure. This polymer material can absorb more than 
20% its weight in water while maintaining a distinct 
three-dimensional structure.  A polyglycolic ball is being 
experimented with muscle cells and bladder endothelial 
cells.  
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Polymer nanocomposites are being researched for bone 
scaffolds. Commercially viable solutions are thought to 
be 5 to 10 years away. Scientific challenges related to a 
better understanding of molecular/cell biology and 
fabrication methods for producing large three-
dimensional scaffolds are among the many obstacles yet 
to be overcome.   Nanostructures are also being used to 
study the fundamental properties of implanted tissues. 
In areas of in vivo analysis, nanostructures are used as 
tracers for implanted cells, and to study the response of 
host to implanted tissues.       

Structural Implant Materials  

Nanotechnology provides a new generation of 
biocompatible materials that can be used as implants or 
temporary biosorbable structures. Bone is a high 
strength material that is used as both weight bearing and 
non-weight bearing structures. Bones are more than just 
structural materials as they also contain interconnected 
pores that allow body fluids to carry nutrients and 
permit interfacial reactions between hard and soft 
tissues. In the case of bone fractures, graft disorders, 
dental applications and other types of surgery; bones 
may require repair or replacement. A variety of natural 
materials are used as bone substitutes. These include 
autograft from the patient’s pelvis, allograft from 
another human, bovine material or coral blocks. Natural 
materials tend to be brittle and can lose mechanical 
strength during sterilization. They can also cause 
inflammation, pain at the pelvis graft site, and potentially 
transmit disease. Bone cavities can also be filled with 
synthetic bone cement. Current bone cements containing 
polymethylmethacryate (PMMA) act as a filler or grout, 
which is injected as a flowable paste and then hardens in 
vivo. While PMMA cement can offer adequate mechanical 
properties and bonding, it is typically recommended 
only for non-weight bearing bones. PMMA has also been 
linked to tissue damage, nerve root pain and other side 
effects.  

Bone Repair  

Nanotechnology brings a variety of new high surface 
area biocompatible nanomaterials that can be used for 
bone repair and cavity fillers. High strength nanoceramic 
materials, such as calcium phosphate apatite (CPA) and 
hydroxyapatite (HAP), can be made into a flowable, 
moldable nanoparticle paste that can conform to and 
interdigitate with bone. As natural bone is approximately 
70% by weight of CPA including hydroxyapatite (HAP), 
biocompatibility is thought to be extremely high with 
minimal side effects. As its dense surface and tight three 
dimensional crystalline structures will allow for a 
superior compressive strength to PMMA, nanoceramics 
may be suitable for both weight bearing and non-weight 
bearing bones. Nanoceramics such as CPA are 
nanocrystalline and can have grain size of under 50nm. 
Its nanocrystals can be connected to each other to form 
connective hard tissue required for bones. Bone cement 
material being developed at the University of South 
Carolina and Competitive Technologies, can harden in 
vivo and in the presence of serum, form a solid bone-like 
structure capable of stabilizing a fractured bone or used 
as a bone substitute.  

 

Bioresorbable Materials  

Nanotechnology also brings advances in bioresorbable 
materials.  Bioresorbable polymers are currently being 
used in degradable medical applications such as sutures 
and orthopaedic fixation devices. With new production 
methods, nanostructures are being fabricated which 
could be used as temporary implants. Bioresorbable 
implants will biodegrade and do not have to be removed 
in a subsequent operation. In one application, 
nanostructured implants are being designed to degrade 
at a rate that will slowly transfer load to a healing bone 
that it is supporting. Research is also being done on a 
flexible nanofiber membrane mesh that can be applied to 
heart tissue in open-heart surgery. The mesh can be 
infused with antibiotics, painkillers and medicines in 
small quantities and directly applied to internal tissues. 
The nanomaterial will degrade over time and not stick to 
surgeons’ wet gloves, which can complicate the use of 
some materials currently in use.  

IMPLANTABLE DEVICES  

Nanotechnology offers sensing technologies that provide 
more accurate and timely medical information for 
diagnosing disease, and miniature devices that can 
administer treatment automatically if required.  

Nanotechnology can now offer new implantable and/or 
wearable sensing technologies that provide continuous 
and extremely accurate medical information. 
Complementary microprocessors and miniature devices 
can be incorporated with sensors to diagnose disease, 
transmit information and administer treatment 
automatically if required. Example applications are as 
follows; 

Implantable Sensors  

Micro and nanosized sensors can make use of a wide 
range of technologies that most effectively detect a 
targeted chemical or physical property. Researchers at 
Texas A&M and Penn State use polyethylene glycol beads 
coated with fluorescent molecules to monitor diabetes 
blood sugar levels. The beads are injected under the skin 
and stay in the interstitial fluid. When glucose in the 
interstitial fluid drops to dangerous levels, glucose 
displaces the fluorescent molecules and creates a glow. 
This glow is seen on a tattoo placed on the arm.  

Another approach by researchers at the University of 
Michigan is using dendrimers attached with fluorescent 
tags to sense pre-malignant and cancerous changes 
inside living cells. The dendrimers are administered 
transdermally and because of their small size, pass 
through membranes into white blood cells to detect 
early signs of biochemical changes from radiation or 
infection. Radiation changes the flow of calcium ions 
within the white blood cells and eventually triggers 
apoptosis, or programmed cell death (PCD) due to the 
radiation or infection. The fluorescent tags attached to 
the dendrimers will glow in the presence of the death 
cells when passed with a rentinal scanning device using 
a laser capable of detecting the fluorescence.  

A similar application is being researched with NASA for 
detecting radiation levels in astronauts. 

http://albertscience.com/journals/article_detail/95


Monika Taunk et al. / ASIO Journal of Drug Delivery (ASIO-JDD), 2(1), 2016: 01-16 

doi: 10.2016-21915953; doi link: http://doi-ds.org/doilink/01.2017-73579389/ 

 
12 

 Sensor microchips are also being developed to 
continuously monitor key body parameters including 
pulse, temperature and blood glucose. A chip would be 
implanted under the skin and transmit a signal that 
could be monitored continuously.  

Another application uses optical microsensors implanted 
into sub dermal or deep tissue to monitor tissue 
circulation after surgery. Instrumentation is linked to 
transmit data to a nearby sensor to provide very early 
indication of inadequate circulation if the surgery is 
unsuccessful. 

Another type of implantable sensor uses MEMS devices 
and accelerometers for monitoring and treating 
paralysed limbs. Implantable MEMS sensors can 
measure strain, acceleration, angular rate and related 
parameters to determine normal and problem data.  

Implantable Medical Devices  

Implantable sensors can also work with a series of 
medical devices that administer treatment automatically 
if required. Tiny implantable fluid injection systems can 
dispense drugs electrically on demand making use of 
microfluidic systems, miniature pumps, and reservoirs. 
Initial applications may include chemotherapy that 
directly targets tumors in the colon and are programmed 
to dispense precise amounts of medication at convenient 
times, such as after a patient has fallen asleep. Lupus, 
diabetes and HIV/AIDS applications are also being 
investigated. Implantable sensors that monitor the 
heart’s activity level can also work with an implantable 
defribulator to regulate heartbeats. These devices are 
used with microprocessors to deliver electricity that 
keeps the heart in rhythm when levels go above or below 
the person’s normal heart range. Implantable MEMS 
devices are also fitted on prostheses to mimic the 
stability and strain of natural limbs. An artificial leg 
being developed uses sensors to measure load on the 
foot, knee angles and motion over 50 times per second. 
The sensors work with an electronically controlled 
hydraulic knee to improve its stability. Functional 
Electrical Stimulation (FES) is a method for treating 
people to regain the use of their paralyzed limbs by 
electrically stimulating paralyzed muscles with 
implanted electrodes.  

Sensory Aids  

Nano and related micro technologies are being used to 
develop a new generation of smaller and potentially 
more powerful devices to restore lost vision and hearing 
functions. The devices collect and transform data into 
precise electrical signals that are delivered directly to 
the human nervous system.  

Degenerative diseases of the retina, such as retinitis 
pigmentosa or age related macular degeneration, 
decrease night vision and can progress to diminishing 
peripheral vision and blindness. These retinal diseases 
may lead to blindness due to a progressive loss of 
photoreceptors (rods and cones), the light sensitive cells 
of the eye. In cases where the neural wiring from the eye 
to the brain is still intact but the eyes’ lack photoreceptor 
activity, photoreceptor loss could be compensated by 
bridging or bypassing the destroyed photoreceptors and 
artificially stimulating the adjacent intact cells. 

Artificially generated impulses could reach the brain and 
produce visual perception, thereby restoring some 
elementary vision.  

In severe hearing loss, patients typically have absent or 
malfunctioning sensory cells in the cochlea. Cochlear 
implants are designed to substitute for the function of 
the middle ear, cochlear mechanical motion, and sensory 
cells. The implants transform sound energy into 
electrical energy that will initiate impulses in the 
auditory nerve. Cochlear implants include an electronic 
circuit that is surgically placed in the skull behind the ear 
on the mastoid process of the temporal bone. This circuit 
is attached to a bundle of tiny wires that are inserted 
into the cochlea. At the end of the wires are typically 8 to 
24 electrodes that cause a different pitch percept when 
stimulated. The other part of the device is external and 
has a microphone, a speech processor, and connecting 
cables. Current cochlear implants have a number of 
drawbacks. They require major surgery and can 
eliminate any remaining natural hearing.  

Retina Implants  

Retinal implants are in development to restore vision by 
electrically stimulating functional neurons in the retina. 
The artificial retina uses a miniature video camera 
attached to a blind person’s eyeglasses to capture visual 
signals. The signals are processed by a microcomputer 
worn on the belt and transmitted to an array of 
electrodes placed in the eye. The array stimulates optical 
nerves, which then carry a signal to the brain.  

Another approach by Optobionics makes use of a sub 
retinal implant designed to replace photoreceptors in 
the retina. The visual system is activated when the 
membrane potential of overlying neurons is altered by 
current generated by the implant in response to light 
stimulation. The implant makes use of a microelectrode 
array powered by as many as 3,500 microscopic solar 
cells.  

Cochlear Implants  

New generations of smaller and more powerful cochlear 
implants are intended to be more precise and offer 
greater sound quality. An implanted transducer is 
pressure-fitted onto the incus bone in the inner ear. The 
transducer causes the bones to vibrate and move the 
fluid in the inner ear, which stimulates the auditory 
nerve. An array at the tip of the device makes use of up 
to 128 electrodes, which is five times higher than current 
devices. The higher number of electrodes provides more 
precision about where and how nerve fibers are 
stimulated. This can simulate a fuller range of sounds. 
The implant is connected to a small microprocessor and 
a microphone, which are built into a wearable device 
that clips behind the ear. This captures and translates 
sounds into electric pulses which are send down a 
connecting wire through a tiny hole made in the middle 
ear. Implant electrodes are continuously decreasing in 
size and in time could enter the nanoscale.  

SURGICAL AIDS  

Operating Tools  

To improve surgical results benefiting both the patient 
and surgeon, minimally invasive surgical procedures are 

http://albertscience.com/journals/article_detail/95


Monika Taunk et al. / ASIO Journal of Drug Delivery (ASIO-JDD), 2(1), 2016: 01-16 

doi: 10.2016-21915953; doi link: http://doi-ds.org/doilink/01.2017-73579389/ 

 
13 

increasingly being done using laparoscopic techniques. 
Making use of small entry ports into the area of interest, 
a rod shaped telescope attached to a camera and other 
long and narrow surgical instruments are used to 
perform all of the major maneuvers. Even with its 
considerable benefits, laparoscopic surgery causes a 
major shift in surgical skills that have to be mastered as 
the surgeon’s vision and access is severely restricted. 
Visual cues are obtained from a two dimensional video 
display instead of a three dimensional operating field.  

Smart Instruments  

Surgical tools such as scalpels, forceps, grippers, 
retractors and drills are being embedded with miniature 
sensors to provide real-time information and added 
functionality to aid surgeons. Surgeons can be given 
continuous data on the force and performance of their 
instruments, the tissue type about to be cut (i.e. cartilage, 
bone, muscle, vascular, etc) and specific tissue 
properties, such as density, temperature, pressure, and 
electrical impulses. Verimetra is developing an enhanced 
version of its Data Knife with logic and surgical micro  
electromechanical systems that can provide added 
information and functionality to assist a surgeon during 
a procedure by stimulating electrodes, measuring and 
cutting with ultrasonic elements, and cauterizing. 
Instruments are being developed with specific 
functionality like tilt and pressure to allow 
neurosurgeons to perform operating tasks with greater 
precision and safety. Nanoparticles are also being 
investigated for optically guiding surgery. This can 
potentially allow for better removal of lesioned or 
diseased sites, including tumors.  

Surgical Robotics  

Robotic surgical systems are being developed to provide 
surgeons with unprecedented control over precision 
instruments. This is particularly useful for minimally 
invasive surgery. Instead of manipulating surgical 
instruments, surgeons use their thumbs and fingers to 
move joystick handles on a control console to maneuver 
two robot arms containing miniature instruments that 
are inserted into ports in the patient. The surgeon’s 
movements transform large motions on the remote 
controls into micro-movements on the robot arms to 
greatly improve mechanical precision and safety. A third 
robot arm holds a miniature camera, which is inserted 
through a small opening into the patient. The camera 
projects highly magnified 3-D images on a console to 
give a broad view of the interior surgical site. The 
surgeon controlling the robot is seated at an 
ergonomically designed console with less physical stress 
than traditional operating room conditions. UCI Medical 
Center’s da Vinci Surgical System is currently approved 
for gall bladder, prostrate, colorectal, gynecological, 
esophageal and gastric bypass procedures. Clinical trials 
are underway for vascular repair and coronary bypass 
surgery. The Zeus Robotic Surgical System is presently 
used for cardiac surgery.  

DIAGNOSTIC TOOLS  

Ultra-sensitive Labeling and Detection Technologies  

Several new technologies are being developed to 
improve the ability to label and detect unknown target 

genes. At Genicon, gold nanoparticle probes are being 
treated with chemicals that cling to target genetic 
materials and illuminate when the sample is exposed to 
light. 

Another approach by Chad Mirkin and Nanosphere uses 
gold nanoparticle probes coated with a string of 
nucleotides that complement one end of a target 
sequence in the sample.  

Another set of nucleotides, complementing the other 
end, is attached to a surface between two electrodes. If 
the target sequence is present, it anchors the 
nanoprobes to the surface like little balloons, and when 
treated with a silver solution, they create a bridge 
between the electrodes and produce a current.  

Quantum Dot Corp. uses quantum dots to detect 
biological material. Because their color can be tailored 
by changing the size of the dot, the potential for multiple 
colors increases the number of biological molecules that 
can be tracked simultaneously. In addition, quantum 
dots do not fade when exposed to ultraviolet light and 
the stability of their fluorescence allows longer periods 
of observation. These technologies are expected to be 
more sensitive than fluorescent dyes and could more 
effectively detect low abundance and low-level 
expressing genes. They may also make use of smaller 
and less expensive equipment to light and detect the 
samples. Without the need for gene amplification, they 
can also provide results in less time.  

High Throughput Arrays and Multiple Analyses  

Arrays are usually classified by their sample spot sizes 
with 200-micrometer diameter as the traditional cutoff 
between macroarrays and microarrays. Microarrays 
contain thousands of spots. As the sample spot size 
further decreases in size, more spots can fit onto a 
substrate. This reduces the area and corresponding time 
that needs to be sampled. With continued 
miniaturization beyond micro, the possibility exists to 
greatly increase the number of spots on a single chip, 
with the ultimate objective of including the entire 
genome. At the same time, quicker analyses are being 
made possible by performing multiple analyses in 
parallel rather than in series to generate more 
information in less time. By using nanomaterials as 
sensing particles, chips could be reduced in size. This 
would allow scientists to read thousands of molecules 
with the possibility of using cheaper equipment. Smaller, 
portable, cheaper and more precise integrated 
diagnostic kits for diseases such as systemic lupus or 
other multi-marker diseases may be made possible by 
using microfluidic and nanofluidic technologies. DNA 
arrays typically perform one type of analysis thousands 
of times. In the event that other experiments or 
processes are also required, micro and nanofluidic 
devices such as lab-on-a-chip, can integrate mixing, 
moving, incubation, separation, detection and data 
processing in a small portable device. At the micro and 
nanoscale, fluids move through pipes in laminar flow, as 
opposed to turbulent flow at the macro level. This 
provides the opportunity for microfluidic devices to 
exploit certain physical behaviors. For example, two 
liquids can separately circulate through micro pipelines 
and valves without mixing each other.  
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The combination of arrays and fluidic capabilities can 
greatly increase the speed and accuracy of various 
genetic testing. Within the drug discovery and diagnostic 
fields, microfluidic devices in the form of nanoarrays or 
“lab on a chip” technologies could allow the production 
of more efficient and disposable DNA and protein 
sequencers for drug discovery and diagnostic kits. 

Imaging  

Nano and micro technologies offer new imaging 
technologies that provide high quality images not 
possible with current devices, along with new methods 
of treatment.  

Nanotechnology can offer new solutions for the early 
detection of cancer and other diseases. Complementary 
technologies can also destroy cancer cells, which are too 
small to locate and remove surgically.  

Researchers at the University of Michigan are developing 
nanoprobes that can be used with magnetic resonance 
imaging (MRI). Nanoparticles with a magnetic core are 
attached to a cancer antibody that attracts cancer cells. 
The nanoparticles are also linked with a dye which is 
highly visible on an MRI. When these nanoprobes latch 
onto cancer cells they can be detected on the MRI. The 
cancer cells can then be destroyed by laser or low dosage 
killing agents that attack only the diseased cells.  

Another group at Washington University is using 
nanoparticles to attract to proteins emitted from newly 
forming capillaries that deliver blood to solid tumors. 
The nanoparticles circulate through the bloodstream and 
attach to blood vessels containing their complementary 
protein. Once attached, chemotherapy is released into 
the capillary membrane. The nanoparticles traveling in 
the bloodstream would be able to locate additional 
cancer sites which may have spread to other parts of the 
body.  

Miniature Imaging Devices  

Miniature wireless devices are being developed with 
nano and micro technologies for providing high quality 
images not possible with traditional devices. Imaging has 
developed as a pill containing a miniature video system. 
When the pill is swallowed, it moves through the 
digestive system and takes pictures every few seconds. 
The entire digestive system can be assessed for tumors, 
bleeding, and diseases in areas not accessible with 
colonoscopies and endoscopies. Another company, 
MediRad is trying to develop a miniature x-ray device 
that can be inserted into the body. They are attempting 
to make carbon nanotubes into a needle shape cathode. 
The cathode would generate electron emissions to create 
extremely small x-ray doses directly at a target area 
without damaging surrounding normal tissue [25-28, 
and 29, 30]. 

 NANOTECHNOLOGY ORGANIZATIONS [31, 32]. 

 U.S. National Nanotechnology Initiative 

 US National Cancer Institute Alliance for 
Nanotechnology in Cancer 

 US National Institutes of Health Nanomedicine 
Roadmap Initiative 

 

 Iranian Nanotechnology Laboratory Network 

 Russian Nanotechnology Corporation 

 

 National Nanotechnology Center (NANOTEC), 
Thailand 

 Advocacy and Information Groups 

 Nanotechnology Now, Daily news and information 
for the field of nanotechnology 

 Research news in nanotechnology 

 Center for Biological and Environmental 
Nanotechnology (CBEN), Rice University 

 Foresight Nanotech Institute 

 Center for Responsible Nanotechnology 

 Nanotechnology Industries 

 Project On Emerging Nanotechnologies 

 The Nanoethics Group 

 Nanowerk, The comprehensive nanotechnology 
portal 

 American Chemistry Council Nanotechnology Panel 

 Materials Research Society 

 The International Council on Nanotechnology 
(ICON) at Rice University 

 Nanotechnology Research and Technical Data 

 The National Nanotechnology Manufacturing Center 
(NNMC) 

 Friends of the Earth Australia's Nanotechnology 
Project 

 Institute of Nanotechnology, Stirling, Scotland, UK   

[31, 32]. 

Several medical devices have already been benefited 
from recent developments in nanotechnology. These 
medical devices are in use or are currently being 
commercialized. In particular, the following medical 
devices are on the market [33-36]: 

- surgical tools with enhanced material properties 
enabling better handling, 

- microcantilevers for label-free assays used in molecular 
in vitro diagnostics, 

- novel nano-sized contrast agents for molecular imaging 
improving the quality of invivo diagnostics, 

- bone replacement materials obtained by nano-
structured materials allowing better implant integration 
and bio-compatibility, 

- pacemakers and hearing aids based on spintronic 
technology enabling size reduction and power 
enhancement of these medical devices, 

- DNA/protein micro arrays and lab-on-a-chip devices 
for molecular in vitro diagnostics 

http://albertscience.com/journals/article_detail/95
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- wound dressings and textiles incorporating nano 
crystalline particles with antibacterial and fungicidal 
activity, 

- microneedle based systems for minimally invasive drug 
administration or for blood substance monitoring 
limiting tissue damage and pain sensation. 

A number of other medical applications are currently 
being evaluated in clinical investigations or are expected 
to enter clinical research in the near future: 

- super paramagnetic iron oxide nanoparticles 
administered by stereotactic navigation based injection 
for hyperthermia treatment of brain/prostate tumours 
(now) 

- bio-bar code assay to detect specific ligands in the 
cerebrospinal fluid of patients with Alzheimer’s disease 
(now) 

- super paramagnetic iron oxide nanoparticles 
conjugated with monoclonal antibodies, injected 
intravenously for selective, targeted thermotherapy to 
treat tumours (within 2years) 

- other targeted sensitiser nanoparticles physically 
triggered using heat, magnetic field, light,  or radiation 
for tumour treatment (within 3 years) 

- dendrimer based nano platforms capable of delivering 
drugs and genes to specific targeted cells with 
imaging/monitoring modality (within 3 years). 

Nanotechnology is definitely a medical boon for 
diagnosis, treatment and prevention of cancer disease. 

 It will radically change the way we diagnose, treat and 
prevent cancer to help meet the goal of eliminating 
suffering and death from cancer. Although most of the 
technologies described are promising and fit well with 
the current methods of treatment, there is still safety 
concerns associated with the introduction of 
nanoparticles in the human body. These will require 
further studies before some of the products can be 
approved [33-36]. 

SUMMARY AND CONCLUSION 

Nanotechnology offers important new tools expected to 
have a great impact on many areas in medical 
technology. It provides extraordinary opportunities not 
only to improve materials and medical devices but also 
to create new “smart” devices and technologies where 
existing and more conventional technologies may be 
reaching their limits. It is expected to accelerate 
scientific as well as economic activities in medical 
research and development. Nanotechnology has the 
potential to make significant contributions to disease 
detection, diagnosis, therapy, and prevention. Tools are 
important and integral parts for early detection. Novel 
tools and tools complementing existing ones are 
envisaged. It offers opportunities in multiple platforms 
for parallel applications, miniaturization, integration, 
and automation. Nanotechnology could have a profound 
influence on disease prevention efforts because it offers 
innovative tools for understanding the cell as well as the 
differences between normal and abnormal cells. It could 
provide insights into the mechanism of transformation, 
which is fundamental in designing preventive strategies. 

Further, it provides novel non-invasive observation 
modalities into the cellular machinery. It allows for the 
analysis of such parameters as cellular mechanics, 
morphology, and cytoskeleton, which have been difficult 
to achieve using conventional technologies. 

It could be argued that the classification of some devices 
do not enter the domain of nanotechnology in the strict 
sense of size dimensions. Furthermore, nano structuring 
of materials and their surfaces can play an essential role 
in the interaction of materials and devices with the 
human body. 
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