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ABSTRACT

Any damage at molecular or cellular level is the major culprit for disease &
ill health. Nanotechnology, “the manufacturing technology of the 21st
century,” helps us economically build a broad range of complex molecular
machines by manipulating matter on an atomic and molecular scale.
Nanotech may be able to create many new materials and devices with at

least one dimension sized from 1 to 100 nanometres with a vast range

of applications, such as in medicine, electronics, biomaterials and energy
production. Lots of new possibilities come into account in relation to use of
nanotechnology in medicines. Nanotechnology in medicine involves
applications of nanoparticles, also involves nano-robots to make repairs at
the cellular levels. On the other hand, nanotechnology raises many of the
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INTRODUCTION

Nanotechnology, the manipulation of matter at the atomic
and molecular scale to create materials with remarkably
varied and new properties, is a rapidly expanding area of
research with huge potential in many sectors, ranging
from healthcare to construction and electronics. In
medicine, it promises to revolutionize drug delivery, gene
therapy, diagnostics, and many areas of research,
development and clinical application.*

The word ‘Nano’ comes from Greek word means dwarf.
In science, nano refers to one billionth (10°) of
something like nanometer (nm). A nanometer is about 3-
5 atoms wide or 40,000 times smaller than the thickness
of human hair. A virus is typically 100 nm in size.

BRIEF IDEA ABOUT NANOPARTICLES

Nanoparticles are of great scientific interest as they are an
effective bridge between bulk materials & atomic or
molecular structures. The interesting properties of
nanoparticles are largely due to large surface area of the
material, which dominates the contribution made by the
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same issues as any new technology,
the toxicity and environmental impact of nanomaterials.

including concerns about
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small bulk of materials. However, size is just one of
many characteristics of nanoparticles that itself is rarely
sufficient if one is to use nanoparticles as biological tags.
In order to interact with biological target, a biological or
molecular coating or layer acting as a bioinorganic
interface should be attached to the nanoparticle.
Examples of biological coatings may include antibodies,
biopolymers like collagen,> or monolayers of small
molecules that make the nanoparticles biocompatible.® In
addition, as optical detection techniques are wide spread
in Dbiological research, nanoparticles should either
fluoresce or change their optical properties.

Figure 1: Schematic presentation of approaches used
in constructing nano-biomaterials.
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Nano-particle usually forms the core of nano-biomaterial.
It can be used as a convenient surface for molecular
assembly, and may be composed of inorganic or
polymeric materials. It can also be in the form of nano-
vesicle surrounded by a membrane or a layer. The shape
is more often spherical but cylindrical, plate-like and
other shapes are possible.

The core particle is often protected by several monolayers
of inert material, for example silica. The same layer
might act as a biocompatible material. However, more
often an additional layer of linker molecules is required
to proceed with further functionalisation. This linear
linker molecule has reactive groups at both ends. One
group is aimed at attaching the linker to the nanoparticle
surface and the other is used to bind various moieties like
biocompatibles (dextran), antibodies, fluorophores etc.,
depending on the function required by the application.

Benefits of using nanomaterials:

Smaller devices are less invasive.

They can be implanted inside body.

Biochemical reaction time is much shorter.
Devices are faster & more sensitive than typical
drug delivery.*

cooe

USES OF NANOMATERIALS IN MEDICINE

Two forms of hanomedicine that have already been tested
in mice and are awaiting human trials are using gold
nanoshells to help diagnose and treat cancer, and using
liposomes as vaccine adjuvants and as vehicles for drug
transport.>® Similarly, drug detoxification is also another
application for nanomedicine which has shown promising
results in rats.’

A. Drug Delivery System

The whole system leads to a special function related to
treating, preventing & diagnosing diseases, sometimes
called smart drugs or theragnostics.®

The goal of this system:

a. More specific drug targeting & delivery.

b. Reduction in toxicity while maintaining
therapeutic effect.

c. Greater safety & biocompatibility.

d. Faster development of new & safe medicines.

This can be achieved by molecular targeting by
nanoengineered devices.® It is all about targeting the
molecules and delivering drugs with cell precision.

Drug delivery systems, lipid- or polymer-based
nanoparticles,”” can be designed to improve the
pharmacological and therapeutic properties of drugs.*
The strength of drug delivery systems is their ability to
alter the pharmacokinetics and biodistribution of the

drug. When designed to avoid the body's defence
mechanisms.*? nanoparticles have beneficial properties
that can be used to improve drug delivery. Where larger
particles would have been cleared from the body, cells
take up these nanoparticles because of their size. Drugs
are placed in the body and only activate on encountering
a particular signal. For example, a drug with poor
solubility will be replaced by a drug delivery system
where both hydrophilic and hydrophobic environments
exist, improving the solubility.”® Also, a drug may cause
tissue damage, but with drug delivery, regulated drug
release can eliminate the problem. If a drug is cleared too
quickly from the body, this could force a patient to use
high doses, but with drug delivery systems clearance can
be reduced by altering the pharmacokinetics of the drug.
Poor biodistribution is a problem that can affect normal
tissues through widespread distribution, but the
particulates from drug delivery systems lower the volume
of distribution and reduce the effect on non-target tissue.
One of the major impacts of nanotechnology and
nanoscience will be in leading development of
completely new drugs with more useful behavior and less
side effects.

Table 1: Overview of nanoparticles and their
applications in life sciences.

Particle class  Materials Application
Naturfal G_elatme Drug/Gene
materials Liposomes deliver
or derivatives  Starch y
Dendrimers Branched Drug delivery
polymers
Carbon based Photodynamics
Fullerenes : .
carriers Drug delivery
Polymer Polyethyleinemine Drl_Jg/gene
carriers delivery
Block copolymers
. SPIONS .
Ferrofluids USPIONS Imaging (MRI)
Imaging
Quantumdots  Cd/Zn-selenides In vitro
diagnostics

Silica-nanoparticles

Various .
Mixtures of above

Gene delivery

Inductive

~Drug Release™

Figure 2: Illustration of contactless controllable drug
carrying system based on thermosensitive magnetic
nano- & micro particles.
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The basic point to use drug delivery is based upon three
facts:

a) Efficient encapsulation of the drugs,

b) Successful delivery of said drugs to the targeted
region of the body

c) Successful release of that drug there.

Nano carriers as Drug Delivery Systems

v Exhibit higher intracellular uptake

v' Can penetrate the submucosal layers while the
microcarriers are predominantly localized on the
epithelial lining.

v/ Can be administered into systemic circulation
without the problems of particle aggregation or
blockage of fine blood capillaries.

v" The development of targeted delivery is firmly
built on extensive experience in pharmaco-
chemistry, pharmacology, toxicology, and
nowadays is being pursued as a multi-and
interdisciplinary effort

“NanoBioPharmaceutics” aims at breakthrough advances
in novel biopharmaceutics delivery systems for the
treatment of diabetes, cancer, AIDS, Alzheimer’s disease,
and other neurodegenerative diseases.

B. Protein Detection*

Proteins are the important part of the cell's language,
machinery and structure, and understanding their
functionalities is extremely important for further progress
in human well being. Gold nanoparticles are widely used
in immunohistochemistry to identify protein-protein
interaction.

C. Cancer Therapy

The small size of nanoparticles can be very useful in
oncology, particularly in imaging. Quantum dots when
used in conjunction with magnetic resonance imaging,
can produce exceptional images of tumor sites.”> These
nanoparticles are much brighter than organic dyes and
only need one light source for excitation which shows
that the use of fluorescent quantum dots could produce a
higher contrast image and at a lower cost than today's
organic dyes used as contrast media. But the drawback is
qguantum dots are usually made up of quite toxic
elements.

Another nanoproperty, high surface area to volume ratio,
allows many functional groups to be attached to a
nanoparticle, which can seek out and bind to certain
tumor cells. Additionally, the small size of nanoparticles
(10 to 100 nanometers), allows them to preferentially
accumulate at tumor sites (because tumors lack an
effective lymphatic drainage system).

Gold
nanoparticles
stick to cancer
cells and make
them shine

Figure 3: Structure of gold nanoparticle.

Sensor test chips containing thousands of nanowires, able
to detect proteins and other biomarkers left behind by
cancer cells, could enable the detection and diagnosis of
cancer in the early stages from a few drops of a patient’s
blood.'

The nanoshells can be targeted to bond to cancerous cells
by conjugating antibodies or peptides to the nanoshell
surface. By irradiating the area of the tumor with an
infrared laser, which passes through flesh without heating
it, the gold is heated sufficiently to cause death to the
cancer cells."’

D. Visualization

Tracking movement can help determine how well drugs
are being distributed or how substances are metabolized.
It is difficult to track a small group of cells throughout
the body, so scientists used to dye the cells.

The way out of this problem is use of quantum dots,
which is a tiny particle or nanoparticles of semiconductor
materials (e.g.: selenides or sulfide) of metals in all three
spatial dimension. They are more superior to traditional
organic dyes. Quantum dots are 20 times brighter & 100
times more stable than traditional dyes.*

18,19

E. Drug & Gene Therapy

Gene therapy can be used to treat different hereditary or
acquired diseases. Successful gene therapy depends on
two important aspects:

a) Efficient & safe delivery of genes to the target cells
in vitro & in vivo - to achieve this it is necessary to
improve transduction efficiency, viral titre when
using viral gene therapy or transfection efficiency
when using nucleic acids.

b) Effective monitoring of modified cells or modifying
agents by non invasive imaging techniques.

To achieve the above two, a new approach is being
addressed ‘magnetic nanoparticles’. In gene delivery, the
nano particles used in MRI present important advantages
over other imaging techniques. %

It has been also reported that the use of nanoparticles to
deliver viral vectors (e.g.: adeno, retro) & nucleic acid is
known as magnetofection & theragnostic. It also aims to
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monitor the response to treatment & to increase efficacy
& safety.?

Current methods have significant limitations, including
the risk of inadvertent transmission of disease by viral
vectors. This has led researchers to explore polymer-
DNA complexes and liposome-DNA complexes for gene
delivery.? It has also been shown that compacted DNA
in the form of nanoparticles can be used to transfect post
mitotic cells.

Figure 4: Adenovirus-MnMEIO nanobioconjugates
for targeted MRI and gene delivery.

F. Tumour Destruction Via Heating (Hyperthermia)®®

Magnetite cationic liposomes  (MCLs), which are
cationic  liposomes containing 10-nm  magnetite
nanoparticles, in order to improve the accumulation of
magnetite nanoparticles in target cells using the
electrostatic interaction between MCLs and the cell
membrane.”” Hyperthermia is one of the promising
approaches in cancer therapy, and various methods have
been employed in hyperthermia.?®*° The most commonly
used heating method in clinical settings is capacitive
heating using a radiofrequency (RF) electric field.®
MCLs were developed for intracellular
hyperthermia®***2 which showed a ten-fold higher
affinity for the tumor cells than neutrally charged
magnetoliposomes.®* Based on this feature, MCLs can be
highly superior heating mediators.

G. Phagokinetic Studies®

The uptake of colloidal semiconductor nanocrystals by a
large range of eukaryotes is directly correlated with the
cell motility, as has been shown by comparing the
motions of cancerous and healthy human breast cells. The
nanocrystals are more photochemically robust than
organic dyes and provide a powerful tool for studying the
processes of cell motility and migration.

H. Tissue Engineering®*

Natural bone surface is quite often contains features that
are about 100 nm across thickness. If the surface of an
artificial bone implant were left smooth, the body would
try to reject it. Because of that smooth surface is likely to
cause production of a fibrous tissue covering the surface

of the implant. This layer reduces the bone-implant
contact, which may result in loosening of the implant and
further inflammation. It was demonstrated that by
creating nano-sized features on the surface of the hip or
knee prosthesis one could reduce the chances of rejection
as well as to stimulate the production of osteoblasts.

More than 90% of the human bone cells from suspension
adhered to the nanostructured metal surface,*® but only
50% in the control sample. It was shown that using a
biomimetic approach — a slow growth of nanostructured
apatite film from the simulated body fluid — resulted in
the fomation of a strongly adherent, uniform nanoporous
layer.

I. MRI Contrast Enhancement®’

An ultrasmall superparamagnetic iron oxide (USPIO)
preparation was developed that is small enough to
migrate across the capillary wall, a prerequisite in the
design of targetable particulate pharmaceuticals. Seventy
percent of particles were smaller than 10 nm; 26%,
smaller than 5 nm. The blood half-life of USPIO in rats
was 81 minutes, considerably longer than that of larger
superparamagnetic iron oxide preparations such as AMI-
25 (6 minutes). The major potential applications for
USPIO are as (a) an intravenous contrast agent for the
lymphatic system, (b) a bone marrow contrast agent, (c) a
long-half-life perfusion agent for brain and heart, and (d)
the magnetic moiety in organ-targeted superparamagnetic
contrast agents for magnetic resonance imaging.

Figure 5: MRI of intraventricular biotinilated
USPI0O1 Baavi delivery.

J. DNA Probe *®

Nucleic acid molecules can serve as robust ligands for
aqueous synthesis of semiconductor nanocrystals or
quantum dots (QDs). These nanomaterials are
photoluminescent and being developed both as dyes &
as sensors. Structural polymorphism in DNA may serve
as a biological signal in vivo, highlighting the need for
recognition of DNA structure in addition to DNA
sequence in biotechnology assays.

K. Fluorescent Biological Labels®

The colloidal nanocrystals can be used as fluorescent
labels for biological tagging experiments. Biological
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tagging is one of the most widely employed techniques
for diagnostics and visualization.

L. Separation and Purification of Biological Molecules
& Cells®

Ferromagnetic iron dextran particles were prepared by
reacting a mixture of ferrous chloride and ferric chloride
with dextran polymers under alkaline conditions. Protein
A from Staphylococcus aureus was covalently coupled to
periodate-oxidized ferromagnetic iron-dextran particles.
These conjugates were used to indirectly label antigen
sites on human red blood cells and thymocytes for
visualization by scanning and transmission electron
microscopy. They are used in the separation of cells, cell
membranes and receptors and in drug targeting studies.

ADVANTAGES OF NANOTECHNOLOGY

In the medical world, nanotechnology is also seen as a
boon since these can help with creating what is
called smart drugs.

e These help cure people faster and without the
side effects that other traditional drugs have.

e The research of nanotechnology in medicine is
now focusing on areas like tissue regeneration,
bone repair, immunity and even cures for such
ailments like cancer, diabetes and other life
threatening diseases.

DISADVANTAGES OF NANOTECHNOLOGY

e Since these particles are very small, problems
can actually arise from the inhalation of these
minute particles, much like the problems a
person gets from inhaling minute asbestos
particles.

e Presently, nanotechnology is very expensive and
developing it can cost a lot of money. It is also
pretty difficult to manufacture, which is
probably  why  products made  with
nanotechnology are more expensive.

e Nanomaterials are developed for their unique
(surface) properties in comparison to bulk
materials. When nanoparticles are used for their
unique reactive characteristics it may be
expected that these same characteristics also
have an impact on the toxicity of such particles.
This may differ depending on the type of
particles used, ie, biological wversus non-
biological origin.

e Nanoparticles are attributed qualitatively
different physico-chemical characteristics from
micron-sized particles, which may result in
changed body distribution, passage of the blood
brain barrier, and triggering of blood coagulation
pathways.

e Effects of combustion derived nanoparticles in
environmentally exposed populations mainly

occur in diseased individuals. Typical pre-
clinical screening is almost always done in
healthy animals and volunteers and risks of
particles may therefore be detected at a very late
stage.

SUMMARY

Applications of nanotechnology for treatment,
diagnosis, monitoring, and control of biological systems
has recently been referred to as "nanomedicine™ by the
National Institutes of Health. Research into the rational
delivery and targeting of pharmaceutical, therapeutic,
and diagnostic agents is at the forefront of projects in
nanomedicine. These involve the identification of
precise targets (cells and receptors) related to specific
clinical conditions and choice of the appropriate
nanocarriers to achieve the required responses while
minimizing the side effects. Mononuclear phagocytes,
dendritic cells, endothelial cells, and cancers (tumor
cells, as well as tumor neovasculature) are key targets.
Today, nanotechnology and nanoscience approaches to
particle design and formulation are beginning to expand
the market for many drugs and are forming the basis for
a highly profitable niche within the industry, but some
predicted benefits are hyped. In the future, a world
where medical nanodevices are routinely implanted or
even injected into the bloodstream to monitor wellness
and to automatically participate in the repair of systems
that deviate from established norms could be imagined.
These nanobots could be personalized by tailoring them
to patient genotype and phenotype to optimize
intervention at the earliest stage in the course of disease
expression.
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