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Abstract: Nanotechnology is a field of applied science focused on the design, synthesis, characterization and application of materials and devices
on the nanoscale. The application of nanotechnology within medicine has the ability to revolutionize the cure, alleviation and prevention of disease
dragtically, and ultimately reinforce the restoration and preservation of health through the design, characterization, production and application of
nano sized, intelligent materials.

Nanomedicine is the preservation and improvement of human health using molecular tools and molecular knowledge of the human body.
Nanomedicine will have extraordinary and far-reaching implications for the medical profession, for the definition of disease, for the diagnosis and
treatment of medical conditions including aging, and ultimately for the improvement and extension of natural human biological structure and
function. As the science and technology of nanomedicine speed ahead, ethics, policy and the law are struggling to keep up. It is important to
proactively address the ethical, social and regulatory aspects of nanomedicine in order to minimize its adverse impacts on the environment and
public health and also to avoid a public backlash. At present, the most significant concerns involve risk assessment, risk management of engineered
nanomaterials and risk communication. Future applications of nanomedicine will be based on the ability to build nanorobots. These nanorobots
could actually be programmed to repair specific diseased cdls, functioning in a Smilar way to antibodies in our natural healing processes. Human
health has always been determined on the nanometer scale; this is where the structure and properties of the machines of life work in every one of the
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cdls in every living thing. The practical impact of nanoscience on human health will be huge.

J

INTRODUCTION

Nanotechnology consists of the processing of, separation, consolidation,
and deformation of materiads by one atom or one molecule. More broadly,
nanotechnology includes the many techniques used to create structures a a
size sce below 100 nm. The biological and medical research communities
haveexploited theunique propertiesof nanomateria sfor variousgpplications
(eg., contrast agents for cell imaging and therapeutics for treating cancer).
Terms such as biomedical nanotechnology, bionanotechnology, and
nanomedicine are used to describe this hybrid field. Functiondities can be
added to nanomaterids by interfacing them with biologica molecules or
structures. Nanomaterials can be useful for both in vivo and in vitro
biomedica research and applications. The integration of nanomaterials
with biology has led to the development of diagnostic devices, contrast
agents, andytica tools, physica therapy gpplications, and drug-ddivery
vehicles.

NANOMEDICINE

Nanotechnology has become a new advent of medicine (nano-medicine).
The use of nanotechnology in medicine offers some exciting possibilities.
Some techniques are only imagined, while others are & various stages of
testing, or actudly being used today. Two main approaches are used in
nanotechnology: oneisa“ bottom-up” gpproach wheremateria sand devices
are built up aom by atom, the other a“top-down” approach where they are
synthesized or congtructed by removing existing materia from larger entities.
Nanotechnology inmedicineinvolvesapplicationsof nanoparticlescurrently
under development, aswell aslonger rangesresearch that involvesthe use of
manufactured nano-robots to make repairs a the cellular level (referred to
as nanomedicine). Nanotechnology-on-a-chip is one more dimension of
lab-on-a-chip technology. Biologica tests measuring the presence or activity
of sdlected substances become quicker, more sensitive and more flexible
when certain nanoscale particles are put to work as tags or labels.

The overdl drug consumption and side-effects can be lowered significantly
by depositing the active agent in the morbid region only and in no higher
dose than needed. This highly sdlective gpproach reduces costs and human
suffering. A targeted or personalized medicine reduces the drug consumption
and treatment expenses resulting in an overdl societa benefit by reducing
the costs to the public hedth system.

Nanotechnology can help to reproduce or to repair damaged tissue. Thisso

called “tissue engineering” makes use of artificially stimulated cell
proliferation by using suitable nanomaterid-based scaffolds and growth
factors. Tissue engineering might replace today's conventiond trestments,
eg. transplantation of organs or artificid implants. There are four entry
routes for nanoparticles into the body: they can be inhaled, swallowed,
absorbed through skin or be ddliberately injected during medical procedures
(or released from implants). Once within the body they are highly mobile
and in some instances can even cross the blood-brain barrier.

TYPESOFNANOPARTICLES

Nanoparticle contrast agents are compounds that enhance MRI and
ultrasound results in biomedica applications of in vivo imaging. These
particles typicaly contain metals whose properties are dramaticaly dtered
& the nano-scae. Gold “nanoshells’ are useful in the fight against cancer,
particularly soft-tissue tumors, because of their ability to absorb radiation at
certain wavelengths. Once the nanoshells enter tumor cells and radiation
trestment is applied, they absorb the energy and hest up enough to kill the
cancer cells. Positively-charged silver nanoparticles adsorb onto single-
stranded DNA and are used for its detection. Many other tools and devices
for invivoimaging (fluorescence detection systems), and toimprovecontrast
in ultrasound and MRI images, are being devel oped.

In the case of cancer thergpies, drug ddlivery properties are combined with
imaging technologies, so that cancer cells can be visudly located while
undergoing trestment. The predominant strategy is to target specific cells
by linking antigens or other biosensors (e.g. RNA strands) to the surface of
the nanoparticles that detect specidized properties of the cdll wals. Once
the target cdll has been identified, the nanoparticles will adhere to the cell
surface, or enter the cell, viaaspecialy designed mechanism, and deliver its
payload.

Once the drug is ddlivered, if the nanoparticle is dso an imaging agent,
doctors can follow its progress and the distribution of the cancer cell is
known. Such specific targeting and detection will aid in tregting late-phase
metastasized cancers and hard-to-reech tumors and give indications of the
spread of those and other diseases. It dso prolongs the life of certain drugs
that have been found to last longer insde a nanoparticle than when the
tumor was directly injected, since often drugs that have been injected into a
tumor diffuse away before effectively killing the tumor cells.

Molecular nanotechnology refers to the three-dimensiona positional
control of molecular structure to creste materials and devices to molecular
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precison. The human body iscomprised of molecules, hencethe availability
of molecular nanotechnol ogy will permit dramatic progressin human medica
services Morethanjust an extenson of “molecular medicine,” nanomedicine
will employ molecular machine systems to address medical problems, and
will use molecular knowledge to maintain and improve human hedth at the
molecular scde. Nanomedicine will have extraordinary and far-reaching
implications for the medica profession, for the definition of disease, for the
diagnosisand treetment of medica conditionsincuding aging, and ultimately
for the improvement and extension of natural human biologica structure
and function. Nanomedicine is the preservation and improvement of human
hedlth usng molecular tools and molecular knowledge of the human body.

APPLICATIONSOFMEDICAL
NANOTECHNOLOGY

Applications of medica nanotechnology span acrossavariety of arees such
asin Drugs, Medicines, Therapeutics in Diagnostics of disesses, ébnorma
conditions etc., in Surgery, in Medical Robotics, in the general sake of
increasing knowledge of the human body, etc.

Nanoparticles are taking over the world of
biomedicine

Applications in Drugs and Medicine

Nanotechnology can deliver medicine or drugs into specific parts of the
human body, thereby making them more effective and less harmful to the
other parts of the body. Anti-cancer gold nanoparticles have been found
very effective. Gold “nanoshells’ are useful to fight cancer because of ther
ability to absorb rediation at certain wavelengths. Once the nanoshells enter
tumor cdls and radiation trestment is gpplied, they absorb the energy and
heat up enough to kill the cancer cells. Not only gold but other eements can
adsobeusad.

Applications in Surgery

With nanotechnology, minute surgical instruments and robots can be made
which can be used to perform microsurgeries on any part of the body.
Instead of damaging alarge amount of the body, these instruments would be
precise and accurate, targeting only the area where surgery should be done.
Visudization of surgery can aso beimproved. Instead of a surgeon holding
the instrument, computers can be used to control the nano-sized surgica
instruments. “Nanocameras’ can providecl oseup visudization of thesurgery.
Thereislesschance of any mistakes or faults. Surgery could dso bedoneon
tissue, genetic and cdlluler levels.

Nano-robotics, dthough having many applicationsin other aress, have the
most useful and variety of uses in medical fields. Future medical
nanotechnology expected to employ nanorobots injected into the patient
to perform trestment on a celular level.

The workings of cells, bacteria, viruses etc can be better explored. The
causes of relatively new diseases can be found and prevented.

Restore vison. Genome sequencing can be made much easier. Biologica
causes of menta diseases can be monitored and identified. Smple curiosity
canbeanswered.

Tissueengineering couldasobedoneusingnano-materias Tissueenginesring
makes use of artificialy stimulated cell proliferation by using suitable
nanomaterial-based scaffolds and growth factors. Advances in
nanotechnol ogy-based tissue engineering could dso lead to lifeextenson in
humans and other animals.

Potential risks
Potentid risks of nanotechnology can broadly be grouped into three arees:
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the risk to hedth and environment from nanoparticles and nanomaterids,
the risk posed by molecular manufacturing (or advanced nanotechnology);
and societdl risks,

Economical |ssues

Will “nanomedicing’ widen the gap between the rich and the poor in its
initial stages like many disruptive technologies of the past? |s there a
certain patent for nanomedicine? How much will theidess of nanomedicine
sl for? Will the poor get equa access to nanomedicine and other nano-
medicina technologies?

THE FUTURE OF MEDICINE

Study of medica history reveds a long, hard struggle to improve human
health, a struggle that will ultimately culminate in a grand victory; the
dimination of ill heelth and suffering in the 21t Century. Assuming that the
gpproximately ten hillion people who have ever lived survived an average
of 40 years and spent just 2% of their lives in misery and sickness from
disease, and then a not inconsiderable price of ~70 trillion man-hours of
human suffering will have been paid to achieve thisend.

Biotechnology and geneticengineering arecomparatively well-known because
of their many important successesover thelest severd decades. But advocates
of these approaches often ignore a future post-biotechnology discipline,
just now appearing on the 2-3 decade R&D horizon, that can amost
guaranteewhole-body elimination of biological senescenceandtheindefinite
maintenance of heelthy mind and body, whileproducing few if any unwanted
medical side effects. This new technology involves the application of
molecular nanotechnology and nanorobotics to human hedth care. In near
future, it will become increasingly clear that dl of biotechnology is but a
smdl subset — dbeit an important subset — of nanotechnology. Indeed, the
21 century will be dominated by nanotechnology — the engineering and
manufacturing of objects with atomic-scale precision — not biotechnology.
Humanity is poised a the brink of completion of one of its greatest and
most noble enterprises. Early in the 21t century, our growing ahilities to
swiftly repair most traumetic physica injuries, eiminate pathogens, and
dleviate suffering using molecular tools will begin to coalesce in a new
medica paradigm caled nanomedicine. Nanomedicinemay bebroadly defined
as the comprehensive monitoring, control, construction, repair, defense,
and improvement of all human biological systems, working from the
molecular leve, using engineered nanodevicesand nanostructures, molecular
machine systems, and — ultimately — nanorobots too smal for the eye to
e

Moalecular nanotechnol ogy refersto thethree-dimensiona positional control
of molecular sructureto creste materia sand devicesto molecular precision.
Thehuman body iscomprised of molecules; hencetheavailability of molecular
nanotechnology will permit dramatic progress in human medica services.
More than just an extension of “molecular medicing” nanomedicine will
employ molecular machine systems to address medica problems, and will
use molecular knowledge to maintain and improve human hedth at the
molecular scale. The body isconstantly under assault from the environment,
and the immune system is continualy waging a silent war againgt these
threats. Toxins, bacteria, fungi, parasites and viruses are al constantly
attacking the body and trying to do it harm. Many nanotechnological
techniquesimagined only afew yearsago aretoday dready making remarkeble
progress toward becoming redlity. Scientists are currently exploring how to
put to use dendrimers, (branched spherica molecules) carbon buckybdls,
and other specifically engineered nanoparticle drugs to combat everything
from bacteria and viruses to cancer. Nanoshells could aso be used to
concentrate infrared (laser) light to heat, and thereby selectively destroy
cancerous cdls. It may become possible to ordly administer drugs that can
currently only be delivered by injection. Nanoparticle encapsulaion of the
drug will help it to easily pass through the stomach lining and into the
bloodstream where its payload would be released. Inhaled nanofibers can
even dimulate the regeneration of cartilage in damaged joints.

Thetrue potentia power of nanomedicine, however, liesin ill theoretica,
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tiny medica nanorobots. “Nanobots’ will bedevicesassmal asamicrobe,
but they will not possess the ahility to self-replicate. These engineered
nanodevices, or nanomachines, will repair the damage thet accumulates as
aresult of metabolism (being dive) by performing nanorobotic thergpeutic
procedures on each of the ~75 trillion cells that comprise the human body.
They will contain various subgtructures such as an onboard power supply,
nanocomputer, sensors, manipulators, pumps, and pressure tanks. By the
early 2020s, molecular manufacturing - the ability to manufacture objects
chiefly out of carbon with atomic precision, in very large numbers (through
massively pardld assembly) using nanofactories- will engblethefirst nanobots
to be inexpensively produced for use in medicine. Researchers are aready
beginning to tackle the problem of how to congtruct such devices.

As doctors begin to use medica nanobots in their daily practice, they will
gain the ability to rapidly repair dmost any physica injury, cure virtualy
every known disease thet disables and kills people today, and vastly extend
human life and health span.

Respirocytes are a design for an atificid red blood cell. The human body
contains gpproximately 30 trillion natura red blood cellswhich circulate in
the bloodstream and occupy roughly half of the blood volume. A singledisc-
shaped red blood cell measures around 6-8 imin diameter and 2-3 im thick.
Respirocytes will be much smaller - an entire respirocyte will be a‘ perfect’
sphere measuring only a single im in diameter - about the same Sze as a
bacterium. A respirocyte will be an atomically-precise arrangement of 18
billion structura atoms. An onboard nanocomputer controls the loading/
unloading of oxygen and carbon dioxide moleculesto and from microscopic
pressure tanks made of diamondoid crystal viathousands of molecular-scae
pumps arranged over its surface. Just 5 ml (or one thousandth of our tota
blood volume) worth of respirocytes added to aperson’sblood could double
their natura oxygen-carrying and carbon dioxide removing capacity. A
single respirocyte will be capable of transporting hundreds of times more
bioavailable oxygen than anatura red blood cell, at only afractionthesize.
Half aliter - the most respirocytes that could be safely added to a person’s
blood - would allow them to sprint a top speed for twelve minutes, or
remain underwater for up to four hours without taking a single bresth.
Alternatively, repirocytes would buy vaugble time in the event of a heart
atack, or drowning, and due to their diminutive form factor they would be
able to supply needed oxygen to cells that would otherwise be starved
following a crushing or other accident that contricts blood flow.
Microbivores, or nanorobotic phagocytes (artificial white blood cells)
introduced into the bloodstream would form a synthetic immune system, a
search and destroy task-force congtantly on patrol for pathogenic microbes,
viruses and fungi. Multiple-drug resistant strains of bacteriastand no chance
againg themicrobivore. Even the deadliest of infectious pathogens could be
completely cleared from the system within just minutes or hours with no
negativeeffect to the patient, and using only afew millilitersof microbivores.
Contragt this with the weeks or months required to achieve smilar results
(best case scenario) with current antibiotics. Microbivores are expected to
be on the order of athousand times faster acting than even antibiotic-aided
natural phegocytes. With additiond programming, similar nanobots could
be used to detect and sdlectively destroy cancerous cells, or even clear
obstructions from the bloodstream in just minutes, preventing ischemic
damage in the event of a stroke.

Chromallocytes, one variety of cdll-repair nanobot, would enter the nucleus
of acdl and extract dl of the genetic materid (chromosomes) and replace
it with a synthetically produced copy of the original that has been
manufactured in alaboratory to contain only non-defective base-pairs. The
result of this cytosurgical “Chromosome Replacement Therapy” (CRT)
processwould betheremovad of dl inherited defectivegenes, reprogramming
of cancerous cells back to a hedthy state, and a permanent cure for al
genetic diseases, or any combinaion thereof desired by the patient. CRT
will enable us to exchange our old defective chromosomes with digitaly-
precise new copies of our genes, manufactured in alaboratory by abenchtop
size production device, using the patient’'s genome as the blueprint. By
ingtaling new DNA in every tissue cdl in the body, this technology will
make it possibleto arrest and even reverse the effects that aging has on our
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biology, and most current causes of natural human desth - forever severing
thelink between caendar ageand physiologica hedth. If youarebiologicaly
old, and do not wish to be, then for you, aging/being old isadiseese, that you
deserve to be cured of. Through a combination of nanobot thergpies, say
once a year or less frequently, accumulated metabolic toxins and other
nondegradablemateria will bedeansed fromyour body, whilechromallocytes
delete any genetic mutations or damage. Any remaining structurd damege
to cells that they are unable to auto-repair such as disabled or enlarged
mitochondria will be dedt with using dedicated cellular repair nanobots.
These rejuvenation procedures will need to be repested once ayear (or less
frequently) to revert al of the damage that occurs on a continua basisasa
result of metabolism.

Clottocytesareadesign for micron-scae, oxygen/glucose-powered, atificia
mechanica platelets. Clottocytes would be 100 to 1,000 times faster in
responsethan the body’snaturd platelets, stopping bleeding dmost ingtantly
(within about one second) even in the event of fairly large wounds. The
clottocyte is conceived as a two micron diameter, spheroida nanobot that
contains a tightly-folded (biodegradable) fiber mesh payload which, when
commanded by its interna nanocomputer, deploys in the generd vicinity
of adamaged blood vessdl. Certain partsof the mesh aredesigned to dissolve
exposing sticky sections upon contact with water in the blood plasma. The
overlgoping nettings of multiple activated clottocytes trap blood cells and
stop bleeding immediately. The clotting function performed by clottocytes
isessentially equivalent to thet of biological platelets, abeit at just 1/10,000th
the concentration in the bloodstream, (or approximately 20 nanobots/
cubic centimeter of blood.) and much quicker acting.

DNA canbeconddered tobebiological nanosoftware; ribosomes, largescae
molecular congtructors. Enzymes are what Nature chose as truly functiona
molecular Szed assemblers. Genetic engineersare not creating new tools per
se, but rather, adapting and improvising from what Nature has aready
provided. Futuregenerationsof engineers, armedwith molecular engineering
techniques, will haveared chance of imitating and perhapsimproving upon
Nature.

Nanobotscan dso bedesigned and congtructed with absoluteatomic precision
- aleve of perfection that is actually beyond that which say, an entire
netural cell operates on. Practicaly every atom in a nanobot will have a
paticular function in the overal sructure. Intelligent design of the human
vaiety can now be much more direct and efficient than nature - but it took
neture to get us this far.

THE END OF AGING AND DISEASE

Theresult of these technologica advanceswill be the effective end of aging
aswedl asthereversd of one's current biologica ageto any new agethet is
desired. These procedures are anticipated to become commonplace as the
technology evolves, a few decades hence. With routine annua checkups/
repairs, and the occasiona magjor tune-up, you could remain virtually
congtantly your ided biologica age. Most people will probably choose to
remain perpetualy in the prime of their lives - their early twenties -
physiologicaly. Peoplewill il diea some point, however most desthswill
likely become accidentd, rather than “natural.” Even if such procedures can
keep you “dinicadly immortd,” if you're hit by a flying car, you may ill
die, though cel repair nanobotsand other advanced futuremedica techniques
will be able to repair much more extensive injuries than are now possible.
Basad on projected rates of accidental desth and suicide, alife expectancy of
at leest one thousand years is expected - if we don't annihilate ourselvesin
the interim.

Perhaps the most significant danger in curing aging is in the cultural and
intellectua stagnation of humankind that may result if the current generation
were stopped in time. Aging and Disease result from the molecules in our
tissuesdiding into disorder, first destroying hedlth, and eventudly teking life
itself. Nanotechnology will give us numerous novel approachesto repair our
aging bodies and undo the disastrous results of the ravages of time. The
advancements anticipated in the Nano age offer the first promising hope of
a science-basad fountain of youth. Radicd life (and hedlth) extension will
become commonplace.
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DIAGNOSTICS

The high-tech, cutting edge tools required by medicine (especialy medica
research) are presently very expensive to produce. Building with individua
aoms makes it possible to produce entire tools that are incredibly small.
Sensors, and indeed entire nanobots, will be made that are tiny enough to fit
withinliving cells

The complexity of the human body dictates that determinetion of its state
requiresthe collection of large volumesof data. An analysisof thesedatawill
even be available in real-time, (crunched by integrated nanocomputers
millionsof timesfaster than current-day computers.) Monitoring thepatient’s
condition continuoudy, they will congtruct a detailed modd of the patient’s
body, and apply a predictive approach to both the course of the disease or
other allment and any possible course of action in treating the condition.
The sensors/nanocompuiters could even provide recommendations based on
computation of the probabilities of various potentia trestments. The smdll
sizeand low cogt of nanosensorswill, for thefirgt time, make gathering this
information possible, even in routine diagnosis. With red-time monitoring
of a patient’s systems, it becomes possible to identify problems much
ealier, dlowing for amore aggressive and experimentd trestment gpproach.
Thousands of medicd tests will be combined into a single, inexpensive,
hand-held device. This will make diagnosis much more religble, hence
increasing accuracy while reducing malpracticelinsurance liability.

INVINCIBLE MENTAL HEALTH

The single most exciting prospect of molecular nanotechnology is the
potentia to rewrite the very subjective qudity of every moment of our
experience itsdf into something infinitely more fulfilling. Aldous Huxley
oncesad, “If wecould sniff or swallow something that would, for fiveor six
hours each day, abolish our solitude asindividuas, atone uswith our fellows
inaglowing exdtation of affection and make lifein al its aspects seem not
only worth living, but divinely beautiful and significant, and if this heavenly,
world-transfiguring drug were of such a kind that we could wake up next
morning with a clear head and an undamaged condtitution-then, it ssemsto
me, dl our problems (and not merely the one small problem of discovering
anove pleasure) would bewholly solved and earth would become paradise.”
It is possble that our super intelligent posthuman descendants (or perhaps
even our future selves) will beanimated by gradientsof blissthet areliteraly
billions of times richer than anything biologicaly accessble today.

REENGINEERING THE MAN MADE
WORLD

Huge aspirations are coupled to nanotechnological developmentsin modern
medicine (Nanotechnology, Biotechnology, Information Technology &
Cognitive Science- NBIC developments). The potentia medica applications
arepredominantly indiagnostics (disease diagnos sandimaging), monitoring,
theavailability of more durableand better prosthetics, and new drug-ddlivery
systems for potentialy harmful drugs.

Nano medicine provides a new avenue for developing ways of combating
these stumbling blocks. For instance for many ailments surgery is an
inevitability, but surgery can be very damaging to the body. Many patients
may have complications after surgery or reductions in qudity of life. With
Nanotechnology it may be possibleto treat diseasein anon-invasiveway. A
prime example of this is the trestment of tumors with a reduction in side-
effects, through the development of targeted drug ddlivery systems negeting
the need for the poison, dash and burn techniques currently used in medicine
for their treatment.

Nanomedicine makes use of various different engineered nanoparticle types
and encompasses aress such as nanoparticle drug/ vaccine ddivery and in
vivo imaging. Nanomedicine also refers to the field of molecular
nanotechnology in which nanorobots such as neuro-eectronic interfaces
and cdll repair machineswill be used in thergpies and surgeries.

The advent of nanotechnology is considered to be the biggest engineering
innovation since the Industrial Revolution. Proponents of this new
technology promise to re-engineer the man-made world, molecule by
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molecule, sparking a wave of nove revolutionary commercid products
from machines to medicine. Nanotechnology opens up a huge range of
possihilities for humans but it will aso bring huge risks (i.e. misuse and
malfunctioning) so there is a need for strong regulation by Governments
and Internationa Indtitutions.

NANOMATERIALS

Therearedifferent kinds of nanoparticleswhich are suitableto be applicable
indrug- and gene- delivery, probing DNA structures, etc, and are categorized
as: liposomes, polymer nanoparticles (nanospheresand nanocapsules), solid
lipid nanoparticles, nanocrystas, polymer thergpeutics such as dendrimers,
fullerenes (most common as C60 or buckyball, smilar in size of hormones
and peptide a-helices), inorganic nanoparticles (e.g. gold and magnetic
nanoparticles).

Nanoparticles, being the fundamental elements of nanotechnology, can be
goplied in various ways such as fluorescent biologica markers, as markers
for detection of proteins, probing of DNA structures and for separation and
purification of biologica molecules and cells, and they can aso be used for
megnetic resonance imaging enhancement, tumour destruction via hesating,
tissue engineering and drug, gene ddlivery. Two kinds of nanoparticles that
areslitabletobeapplicableat leastindrug-ddivery includegold nanoparticles
(3-20 nm), that are gold composites with dielectrica cores and golden
shells. By choosing theright ratio of coreto shell diametersthe particle can
be tuned to absorb highly in the near infrared, and by irradiation with such
wavelength can be heated, even in deeper skin aress. If the particles are
embedded inatemperaturesens blehydrogenimatrix, thematrix will collapse
and theincluded agentswill bereleased a acritical temperature and second,
magnetic nanoparticles, with controllable sizes between 2-30 nm that can
be coated with biological molecules to make them interact with or bind to
abiologica entity. They can be made to deliver a package (an anticancer
drug, or a cohort of radionudlide atoms) to a targeted region of the body.
The magnetic particles can be provided with energy from the exciting
external field, and can be heated up making them good hyperthermia
agents, delivering toxic amounts of thermd energy to targeted bodies, such
astumours.

For applications to medicine and physiology, these nanomaterials,
nanoparticlesand devices can bedesigned to interact with cellsand tissues at
amolecular (i.e,, subcdlular) level withahigh degree of functiond specificity,
thus dlowing a degree of integration between technology and biologica
systems not previoudy attainable. Due to advancesin biochemical research
and molecular biology diseases can put down to molecular abnormdlities.
Molecular imaging should detect the corresponding molecular signatures of
diseasesand useit for medicd diagnosis. Thisshouldidedly leedtodiagnos's
and therapy before occurrence of symptoms. In molecular imaging, an
imaging molecule is coupled to a transport molecule or particle, which
possesses a targeting unit (eg. specid receptors, or peptides). The target
finding system should be a specific molecular marker of a certain disease
thus the contrast medium accumulates within the sick tissue. Molecular
imaging is developed for severa diagnostic procedures such as magnetic
resonance, ultrasonic imaging, as well as nuclear and optical imaging
technologies.

NANOTECHNOLOGY TOOLS

Different methodsfor the synthesis of nanoengineered materidsand devices
can accommodate precursorsfrom solid, liquid or gas phasesand encompass
a tremendoudly varied set of experimental techniques. Most synthetic
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methods can be classified into two main approaches: “top-down” and
“bottom-up” approaches and combinations of them. “ Top-down”
(photolithography, microcontact printing) techniques begin with a
meacroscopic materid or group of materials and incorporate smaler-scae
details into them, wheress “bottom-up” (organic- synthes's, self-assambly)
goproaches, begin by designing and synthesizing custom-made molecules
that have the ahility to sdlf-assemble or self-organize into higher order
mesoscale and macroscale structures.

Other advanced gpplications of micro- and nanotechnology in medicine are
the microchip-based drug ddlivery systems, which are devicesincorporating
micrometer-scale pumps, vaves and flow channels. They alow controlled
release of single or multiple drugs on demand. Micro- and nanotechnol ogy-
based methods (e.g., UV-photolithography, reective ion etching, chemica
vapour deposition, el ectron beam evaporation) can beused for thefabrication
of these silicon-based chips.

Imaging is becoming an ever moreimportant tool in the diagnosis of human
diseases. Imaging at cellular, and even sub-cellular and molecular leve , istill
largely a domain of basic research. However, it is anticipated thet these
techniqueswill findtheir way intoroutinedinica use Atomicforcemicrascopy
(AFM) and AFMrelated techniques (e.g. Scanning Near-Field Optical
Microscopy-SNOM) have become sophisticated tools, not only to image
surfaces of molecules or sub-cdllular compartments, but aso to meesure
molecular forces between molecules. This is substantialy increasing our
knowledge of molecular interactions.

APPLICATIONSOF NANOMEDICINE

Nanotechnology provides extraordinary opportunities not only to improve
meterials and medica devices but dso to create new “smart” devices and
technologies where existing and more conventiona technologies may be
reaching their limits.

Nanorobots and nanodevices

The “respirocyte’ is expected to be able to deliver more oxygen to the
tissues than naturd red blood cdlls and to manage carbonic ecidity. Primary
medica applications of respirocytes would include transfusable blood
subdtitution; partid trestment for anemia, lung disorders, enhancement of
cardiovascular/neurovascular procedures, tumour therapies and diagnodtics,
prevention of asphyxia, artificid bresthing, and avariety of ports, veterinary
and battlefidd. Microbivores are expected to be up to 1000 times faster
acting than either unaided natura or antibiotic assisted biologic phagocytic
defenses and able to extend the therapeutic competence of the physician to
the entire range of potential bacteria threats, including locally dense
infections. Medical “nanorobots’ may also be able to intervene a the
celular level, performing in-vivo cytosurgery. The most likely site of
pathologic function in the cell is the nucleus — more specificaly, the
chromosomes. In one smple cytosurgica procedure caled “chromosome
replacement therapy”, a “nanorobot” controlled by a physician would
extract existing chromosomes from a particular diseased cdll and insert new
ones in their place, in that same cell. If the patient chooses, inherited
defective genes could be replaced with non defective base-pair sequences,
permanently curingagenetic disease. Engineered bacterid “biobots’ (synthetic
microbes) may be designed to produce ussful vitamins, hormones, enzymes
or cytokinesin which a patient’s body was deficient or to sdlectively absorb
and metabolize harmful substances such as poisons toxins etc into harmless
end products.

Biocompatibility and Orthopedic implants

An important field of gpplication for nanotechnology in medicine is the
biomaterias, used for example in orthopedic implants or as scaffolds for
tissue engineered products. If the design of a hip implant, for instance, is
caried out & nanoleve, it might become possible to congtruct an implant
which dosdy mimics the mechanica properties of human bone, preventing
sress-shielding and the subsequent loss of surrounding bone tissue. Extra
cellular matrix (ECM) provides an excellent three-dimensiona web of
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intricate nanofibers to support cells and present an ingtructive background
to guide their behavior It tekes avariety of formsin different tissues and at
different stages of development in the same tissue. Nanostructuring of
materials provides a powerful mechanism to encourage and direct cell
behaviour, ranging from cell adhesion to gene expression, thus enhancing
their biocompatibility, by dictating the desirable interactions between cells
and materids.

Nanotechnology in Cardiology

Minimaly invasive trestments for heart disease, diabetes and other diseases
isadesrablegod for scientigts, and thereishopefor it, because of the use of
nanotechnology. Cardiovascular gene therapy could be redlized roughly as
follows: identification of a protein whose presence causes blood vessds to
form, production and packaging of strands of DNA that contain the genefor
meaking the protein and deliverance of the DNA to heart muscle. Of those
seps, the lagt is the most chdlenging. “Biobots’ (a kind of nanorobots),
another application of nanotechnology, is the creation of muscle-powered
nanoparticles having the ability to transfer informetion into cells, gives the
potentid of replacinglost biologica function of many tissuessuchassinoatrid
node. Thiseffect can lead to trestment of diseaseswhich otherwisewould be
fatd or difficult to cure for human beings and Coronany Artery disease
(CAD), by improving the biocompatibility of intracoronary stents and by
regulating the main limit factors for Percutaneous Trandumina Coronary
Angioplasty (PTCA) at a molecular level via nanoparticles.

Various inhibitors of growth factors secreted by activated platelets such as
PDGF, 1I-1, TGF-& and inhibitors of proinflammatory agents relased by
leucocytes upon activation (e.g monocyte chemoattractant protein-1) could
be used as antithrombotic and antirestenctic agents. It can be concluded that
a highly effective molecular coronary intervention by means of
nanotechnology may eiminate the need for stents themsdlves.
Diagnosis of cardiovascular diseases is an gpplication of recent advancesin
nanotechnology as well. Many monoclonal antibodies, peptides and
carbohydrates for non-invasive targeting of atherosclerotic lesions,
myocardid necrods, brain infarction and various tumours can be used for
their detection.

The detection of the complementary DNA strand is another application of
nanotechnology in the field of cardiology, that is based on the discovery of
complexes of sngle-walled Carbon nanotubeswith sngle-stranded DNA. If
a single nucleotide dteration occurs, the association between the carbon
nanotube and the complementary DNA strand will be changed, resulting in
the detection of single-nuceotide polymorphisms (SNPs). SNPs are sitesin
the human genomewhereindividudsdiffer intheir DNA sequence, often by
asingle base. These dight variations in DNA sequences can have a mgor
impact on whether or not aperson may develop adissase and even influence
the response to drug regimens.

Researchersin public and private sectors are generating SNPs maps which
can occur in genes as well as in noncoding regions. Scientists believe that
thesemapswill be used for theidentification of the multiple genesassociated
with complex diseesessuch asCoronary Artery Disease (for example, ABCA L
geneis susceptible for CAD), hyperlipideamia, cancer, digbetus mditusand
to detect humans with genetic predisposition to these diseases. By screening
testswhich are based on the above gpplication of Nanomedicine, individuas
that are proneto devel op atherosclerosismight be detected and by controlling
the main risk factors for CAD (hypertension, diabetus melitus, smoking,
hyperlipideamia, obesity) a long-term acute coronary syndrome may be
avoided.

Nanotechnology against Cancer

Nanotechnology may have an impact on the key challenges in cancer
diagnosis and thergpy. Diagnosing, treating, and tracking the progress of
therapy for each type of cancer has long been a dream among oncologidts,
and one that has grown closer thanks to pardld revolutions in genomics,
proteomics and cell biology. Nanotechnology’s grestest advantage over
conventional therapies may be the ability to combine more than one
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function.

Recently, there is a lot of research going on to design novel nanodevices
capable of detecting cancer a its earliest stages, pinpointing it's location
within the human body and delivering chemotherapeutic drugs against
maignant cells. Themgor areas in which nanomedicineis being developed
incancer involve: @) early detection of tumour (developing“smart” collection
platforms for simultaneous analysis of cancer-associated markers and
designing contrast agents that improve the resolution of tumour area
comparing with the nearby normal tissues), and b) cancer trestment (cregting
nanodevices that can release chemothergpeutic agents).

Tumour diagnostics and prevention is the best cure for cancer, but faling
that, early detection will greatly increase surviva rates with the reasonable
assumption that anin situ tumour will be easier to eradicate than one that has
metastasized. Nanodevicesand epecialy nanowires can detect cancer-related
molecules, contributing to the early diagnosis of tumour. Nanowires having
the unique properties of selectivity and specificity, can be designed to sense
molecular markersof malignant cells. They arelaid downacrossamicrofluidic
channel and they dlow cells or particles to flow through it.

Nanowirescan be coated with aprobe such asan antibody or oligonucleotide,
ashort gtretch of DNA that can be used to recognize specific RNA sequences.
Proteins that bind to the antibody will change the nanowire's electrical
conductance and this can be measured by a detector. As a result, proteins
produced by cancer cdlls can be detected and earlier diagnosis of tumour can
be achieved.

Nanoparticle contrast agents are being developed for tumor detection
purposes. Labeled and norHabeled nanoparticles are dreedy being tested as
imaging agentsin diagnosti ¢ proceduressuch asnuclear magnetic reso- nance
imaging24. Such nanoparticles are paramagnetic ones, consisting of an
inorganic core of iron oxide coated or not with polymerslike dextran. There
are two main groups of nanoparticles: 1) superparamagnetic iron oxides
whose diameter sizeis greater than 50 nm, 2) ultrasmall superparamagnetic
iron oxides whose nanoparticles are smaller than 50nm25. Moreover,
quantum dots being the nanoscale crystas of a semiconductor materia such
ascadmium sdlenide, can bebeused to measurelevel sof cancer markerssuch
asbreast cancer marker Her-2, actin, microfibril proteinsand nuclear antigens.
Tumour treatment can be succeeded with nanoscale devices (such as
dendrimers, silica-coated micelles, ceramic nanoparticles, liposomes). These
devices can serve as targeted drug-delivery vehicles cgpable of carrying
chemothergpeutic agents or thergpeutic genes into malignant cells.

The nanoshell-asssted photo-thermd thergpy (NAPT), is an non-invasive
procedure for sdective photo-therma tumour destruction. It is based on
nanoshells that absorb light in the neer infrared (NIR) region, which is the
wavelength that optimally penetrates tissues. These nanoshells have a core
of slicacoated withametdliclayer, usudly of gold. Themetd shell converts
the absorbed light into hest with great efficacy. Further specificity can be
engineered by attaching antigens on the nanoshells which are specificaly
recognized by the cancer cdlls. By supplying alight in NIR from aleser, the
particles produce hegt, which destroy the tumour. It has been found thet, the
temperature within the nanoshell-treated tumours rose by about 400C
compared to arise in 100C in tissues trested with NIR light done. The
benefit of therma thergpeuticsis that most procedures are non-invasive and
have the potentid to treat tumours which can not be surgicaly treated.
Gene-, Protein-, Lab-on-a-chip Devices, “Theranogtics’: Medicd devices
for in-vitro diagnogtics, such as gene-, protein- or lab-on-a-chip devices, do
not have any of the safety concerns associated with nanoparticlesintroduced
intothebody. Numerousdevicesand systemsfor sequencing singlemolecules
of DNA arefeasible. Nanopores arefinding use as new nanosca e technology
for cancer detection enabling ultrarapid and red time DNA sequencers. In
generd, developments in protein-chips and lab-on-a-chip devices are more
chalenging compared to gene-chips. These devices are anticipated to play
an important role in medicine of the future, as they will be personaised and
will combinediagnosticswith thergpeuticsinto anew emerging medica area
cdled “theranogtics’.

The applications of specid relevance to improving health and enhancing
human physica abilitiesinclude the use of virtua environmentsfor training,
education, and interactive teaching. Thiswill provide new ways for medica
students to visualize, touch, enter, smell, and hear the human anatomy,
physiologicd functions, and medica procedures, as if they were either the
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physician or amicroscopic blood cdll traveling through the body.

The use of nanotechnology in the field of medicine could revolutionize the
way we detect and trest damage to the human body and diseese in future.
Nanofibres can simulate the production of cartilage in damaged joints.
Nano particlesmay be used, when inha ed, to stimulate an immune response
tofight respiratory viruses. Quantrum Dots (qdots) may be used in thefuture
for locating cancer tumors in patients and in near tern for performing
diagnostic testsin samples.

CONCLUSIONS

The nanotechnology will help to improve health by enhancing the efficacy
and safety of nanosystems and nanodevices. Moreover, early diagnoss,
implantswith improved properties, cancer trestment and minimum invasive
treatments for heart disease, diabetes and other diseases

are anticipated. In the coming years, nanctechnology will play akey rolein
the medicine of tomorrow providing revolutionary opportunities for early
disease detection, diagnostic and thergpeutic proceduresto improving hedlth
and enhancing human physicd abilities, and enabling precise and effective
therapy tailored to the patient. Nanomedicine is in infancy, having the
potential to change medica research dramaticdly in the 21st century.
Nanomedical devices can be gpplied for andytical, imaging, detection,
diagnostic and thergpeutic purposesand procedures, such astargeting cancer,
drug delivery, improving cell-materia interactions, scaffolds for tissue
engineering, and geneddivery systems, and provideinnovativeopportunities
in the fight against incurable diseases. Many novel nanoparticles and
nanodevices are expected to be usad, with an enormous positive impact on
human hedlth. Over the next ten to twenty years nanotechnology may
fundamentally transform science, technology, and society offering a
significant opportunity to enhance human hedlth in novel ways, especidly
by enabling early disease detection and diagnos's, as well as precise and
effective thergpy tailored to the patient.
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