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Abstract :

While many definitions of nanotechnology exist, the one most widely used is from the
US Government’s National Nanotechnology Initiative (NNI). According to the NNI,
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.”

More simply put, 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). Nanotechnology can be viewed as a series of technologies that are used individually or in

combination to make products and applications, and to better understand science. Some of the technologies are

currently available, while others are under development and may be useful in years or decades, if at all.

One way of characterizing nanotechnology is by “tools”, “materials”, “devices” and
“intelligent materials and machines”. A very brief description of each segment is as

follows:
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*Tools — Nanotechnology tools include microscopy techniques and equipment that
permit users to visualization and manipulate items at the nanoscale such as cells,
bacteria and viruses, and to detect single molecules to better understand the nature
of science.

Materials - Nanomaterials can be grouped into three main areas:

o Raw nanomaterials — which includes nanoparticles and nanocrystalline
materials that are readily manufactured and can substitute less performant
bulk materials. Raw nanomaterials can be used as biocompatible materials
or coatings in drug encapsulation, bone replacements, prostheses, and
implants.

o Nanostructured materials — which are typically processed forms of raw
nanomaterials that provide special shapes or functionality. Examples of
nanostructured materials include quantum dots (nano structures which
force atoms to occupy discrete energy states as in biological markers), and
dendrimers (branched polymers used for drug delivery, filtration and
chemical markers)

o Nanotubes and fullerenes — which are the first “wonder materials” of
nanotechnology. These are new forms of carbon molecules that produce
materials which are 100 times stronger than steel and one-sixth of its
weigh, more conductive than copper, and can be safely used in some
medical applications. While still in the development stage, the range of
nanotube and fullerene applications includes artificial muscles, injection
needles for individual cells, and drug delivery systems.

*Devices — Two classes of miniature devices are commonly associated with
nanotechnology:

o Nano devices — which are device technologies that are dimensioned in the
nanoscale.

o Micro devices — which includes micro-electromechanical systems
(MEMS), microfluidics, and microarrays.

microtechnologies have diverse medical applications.

MEMS devices which contain miniature moving parts for
heart pacemakers and surgical devices.

Intelligent Materials and Machines — This is a fascinating yet controversial area of
nanotechnology which comprises many forms of research, much of it blue-sky.
Far reaching concepts such as tiny robots, called nanorobots or nanobots, are
being conceptualized that may be injected into the body to attack infections or
undesirable cells. Other potential applications include intelligent materials that
can sense external stimuli and alter their properties to adapt to changes in the
environment, molecular machines which can construct materials atom by atom,
and molecular assemblers that can mass produce molecular machines.

The nanomedicine taxonomy summarized below and further described in this document, classifies some of the
leading areas that nanotechnology tools, materials, devices, and intelligent materials and machines are currently
applied in medical research. Specific company and university research activities should be interpreted as examples
and are only a subset of the vast scope of nanomedicine research currently underway.

Nanomedicine Taxonomy in Biopharmaceutics :
Drug Delivery

Drug Encapsulation

Functional Drug Carriers

Drug Discovery
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