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The emergence and existence of nanotechnology is a
reality now and the governments have begun to envision
nanotechnology's enormous potential. Nanotechnology is
based on the design, characterization, production and
application of the structures, devices and systems by
controlled manipulations of size and shape at the
nanometer scale (atomic, molecular and macromolecular
level) with atleast one novel/superior characteristic or
property (1).
The importance of upcoming field of nanotechnology
can be assessed from the fact that it is gaining the federal
support day by day to explore promising areas such as
nanotechnology, supercomputing and alternative energy
sources (1).
It was in 1959, Nobel laureate Richard Feynman had
predicted the emergence of a new science with a wide
range of applications - The Nanotechnology (2). The
application of nanotechnology to the biological system is
refered to as nanomedicine, which can be defined as the
"application of nanoscale technologies to the practice of
medicine for monitoring, construction, repair, control of
human biological systems, drug delivery and in vivo
imaging by using engineered nanodevices and
nanostructures" (3).Today, nanomedicine is a big industry
with about 200 companies involved and 10 billion dollars
are being invested in research and development every
year, nanomedicine is credited with incorporation of more
than 30 billion dollars worth of manufactured goods world
wide. This figure is estimated to rise to 1 trillion dollar by
2015.
Medical Use of Nanomaterials
1. Drug Delivery
Drug delivery approach is aimed at developing
nanoscale particles or molecules to improve the
bioavailability of a drug. This can be achieved by using
nanoengineered devices for target cells at molecular level.
Almost 65 billion dollars are wasted every year due to
poor bioavailability of drug. Nanoparticles have unusual
properties that can be used to improve drug delivery. The
lipid or polymer based nanoparticles have been developed
which are capable to alter the pharmacokinetics and
biodistribution of a drug. While larger particles are soon
cleared from the body, nanoparticles through drug delivery

system are able to cross the cell membrane and enter
into cell cytoplasm. This enhances the efficacy of the
drug since many disease processes occur inside the cell
and can be inhibited only by the drugs that make entry
into the cell. Nanoparticulate drug delivery vehicles are
under development which would allow faster drug
absorption, controlled dosage release and shield the drug
from body's immune system. For example the drug
paclitaxel is approved for treatment of breast cancer after
the failure of combination chemotherapy but the problem
faced with use of paclitaxel is that of its insolubility. This
problem has been resolved by using paclitaxel in
nanoparticle form (with a size of 100-200 nm) integrated
with biocompatible protein i.e. albumin. Similarly, a drug
with poor solubility can be incorporated in a drug delivery
system where both hydrophilic and hydrophobic
characteristics exist to improve the solubility. The
effective drug delivery is based on three facts: (a) efficient
encapsulation of drugs (b) targeted delivery and (c)
successful release. A drug may cause tissue damage but
with a drug delivery system, regulated drug release can
overcome this problem. If a drug is cleared too rapidly
from body, it requires high doses but with drug delivery
system, clearance can be reduced by altering the
pharmacokinetics of the drug (4).
2. Nanotechnology for Carcinoma
The small size of nanoparticles imparts them the
properties that are very useful in oncology particularly in
imaging. Nanoparticles of cadmium slenide (quantum
dots) glow when exposed to ultraviolet light. When
injected, they seep into tumor tissue. The surgeon can
see the glowing tumor and use it as a guide for more
accurate tumor removal. Quantum dots when used in
conjunction with MRI produce exceptional images of
tumor sites as these produce much brighter image as
compared to that produced by organic dyes used as
contrast media. Moreover, the small size of nanoparticles
allows them to preferentially accumulate at tumor sites
since tumors lack an effective lymphatic drainage system
(5,6). Sensor test chips containing thousands of nanowires
are able to detect proteins and other biomarkers left by
carcinomatous cells. These are used for detection and
diagnosis of carcinoma in the early stages from a few
drops of a patient's blood.
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Nanoparticles-Radiowaves
Nanoparticles of gold or carbon are attached to the
carcinomatous cells. These are then exposed to
radiowaves from a radiomachine which leads to heating
up of nanoparticles leading to destruction of
carcinomatous cells.
Nanoparticles-Infrared Shells
Nanoshells of 12 nm diameter coated with gold are
used to target the carcinomatous cells by conjugating
antibodies or peptides, to their surface. The tumor area
is then irradiated with infrared laser, the waves pass
through the tissue without heating it, while gold coated
nanoparticles get heated which lead to destruction of
carcinomatous cells.
Dendrimer-Carcinomatous Cells
Dendrimers are a class of synthetically prepared
polymer molecules. A dendrimer molecule has atoms
arranged in many branches and sub-branches radiating
out from a central core. A dendrimer may have over one
hundred hooks on it that allow it to attach to the cells in
the body for a variety of purposes. In one study, folic
acid molecules were attached to a few of its hooks and
simultaneously the anticancer drug was attached to the
other hooks. Carcinomatous cells having more affinity
for folic acid as they have more receptors for this vitamin
so when dendrimer carrying folic acid attachés itself with
its receptor on the cell and gets absorbed easily due to
high requirement. The anticancer drug also gets
simultaneously delivered to carcinomatous cells for a
biological response (7).
Metallic Nanoparticles-Photodynamic Energy
Area of carcinomatous cells containing metallic
particles is illuminated by light from outside. The light
energy absorbed by metallic particles gets heated up,
produce high energy oxygen molecules which destroy
the carcinomatous cells. Such a therapy is more appealing
as it does not have a "toxic trail" of reactive molecules as
left by chemotherapy in the body. This non-invasive
procedure of photodynamic therapy has promising results
as a targeted therapy for tumors.Nanomedicine appears
to dominate the entire scene of cancer diagnosis and
therapy. Already, a half dozen nanoparticles based imaging
and therapeutic agents that are in various stages of
development have yielded promising results (8).
3. Nanosurgery
A liquid containing gold-coated nanoshells have been
developed. Fusion of two pieces of tissue into one has
been achieved by use of this liquid. The two pieces of
tissue are put together touching each other, then the liquid
is dribbled and infrared laser is traced along the seam,
the two pieces "weld" together and the process is termed
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as "Tissue Welding" which is going to replace the suturing
of wounds. This will also solve the problem of restitching
the artery when it gets cut during surgery or a heart/
kidney transplant. The "tissue welder" would cause perfect
seal of the cut artery (9).
4. Nanoparticles-Tissue Targeting
Gold nanoparticles selectively target certain organ based
on their size and charge. The composites of these particles
are encapsulated by a dendrimer and assigned a specific
charge and size. Positively charged gold nanoparticles have
been found to enter the kidneys while negatively charged
remain in liver and spleen. Thus, the targeting and distribution
of a drug complexed with gold nanoparticles can be
augmented for an organ or tissue (10).
5. Molecular Nanomedicine-Nanorobots
Molecular nanomedicine envisages the development
of machines (molecular assemblers, nanorobots) which
could function at a molecular or atomic scale e.g
computational gene introduced into the system can carry
out the job of a missing or defective gene. A nanorobot
will be between 0.5-3 micrometer in size, the size of a
particle which can pass through the capillary. Carbon is
the primary element used to build these nanorobots due
to inherent strength and other characteristics of some
forms of carbon (diamond/fullerene composites). These
devices injected into a human body would work in a
specific organ or a tissue mass (11,12). The nanodevices
can be scanned for their location having congregated
around their target (tumor mass) inside the body.
6. Cell Repair-Nanomachines
Cell biology has revealed that basic operations of cell
repair are carried out at molecular level. Nanomachines
that are able to enter the cells, sense differences from healthy
one and make modifications of faulty structure (13).
7. Nanotechnology-Drug Discovery
Nanoparticles and nanodevices such as
nanobiosensors and nanobiochips are under development
for their use for drug discovery and development.
Nanoscale assays are going to reduce the cost of
screening. Some nanosubstances such as fullerenes could
be potential drugs of future. Fullerene molecules have
numerous points of attachment that allow precise grafting
of active chemical group in three dimensional orientation.
This is the hallmark of rational drug design as it allows
positional control in matching fullerene compounds to
biologic targets. It is also possible to tailor fullerene based
compounds to the requisite pharmacokinetic
characteristics and to optimize their therapeutic use (14).
Fullernes have potential applications in the treatment of
diseases in which oxidative stress plays a role in the
pathogenesis e.g. neurodegenerative disorders. Fullernes
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also act as an alternative to chelating compounds that
prevent the binding of toxic metal ions to serum
components (15)
Nanotechnology in Diagnostics
What is being seen as a major breakthrough in detection
of carcinomas and other deadly diseases, the researchers
at University of Toronto, Canada, have developed an
inexpensive and small ultra sensitive microchip for
detection of various malignant and benign tumors as well
as severe infectious diseases like HIV and H1N1. This
is going to revolutionze the field of diagnostics. The
innovation is indicative of beginning of reneniasance. The
microchip developed is of the size of a black berry.
(Information retrieved from Internet).
How application of nanotechnology can transform
the medical procedures, to sum up this: "Diagnostic
nanomedicine could be employed to monitor the internal
chemistry of the body. The nanorobots equipped with
wireless sensors and transmitters could freely move in
lymph and blood to detect imbalances and send warning
signals."Nanomachines can be planted in brain to monitor
the pulse and brain-wave activity. "Implanted nanodevice
could release drugs and hormones in chronic imbalance
and deficiency states". Artificial antibodies, artificial
WBC's & RBC's or anti-viral nanorobots can be devised
to correct the related disorders.
Recent Advances
Landscape phage fusion protein-mediated targeting of
nanomedicines enhancing the prostate tumor cell
association and cytotoxic effecency of anticancer drugs,
Self assembled lipid nanomedicines for SiRNA tumor
targeting anticancer drugs have been introduced recently
(16,17).Effective uptake and distribution of fullerenes
(a potent inhibitors of mast cell mediated allergies/
inflammation) in human mast cells is now posible by
nanomedicine (18).
Ethics & Nanomedicine
As the science and technology of nanomedicine speed
ahead, ethics, policy and law struggle to catch up.It is
important to proactively address the ethical issues as
current GCP may not be sufficent to address important
concerns/risk related to engineered nanomaterials (19).
Conclusion
Nanomedicine is going to have a potential impact on
the society. It will drastically improve patient's quality of
life, reduce societal and economic costs associated with
healthcare, will offer early detection of pathologic
conditions, reduce the severity of disease and result in
improved clinical outcome for the patient.
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