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ABSTRACT KEYWORDS
Nanomedicine characterizes an innovative field, with immense potential Nanomedicine;
for improving and exploring an offshoot of nanotechnology. Thisrefersto Nanoparticles;
a highly precise medical intervention, at the molecular scale, for curing Dendrimers;
diseases and repairing the damaged tissues. Utilities of nanotechnology Nanotubes;
in biomedical sciences, impliesto the creation of new material and devices, Nanorobots.

designed to interact with the body, at sub-cellular scales with a higher
degree of specificity. Thiscould bethus, potentially trandlated into targeted
cellular and tissue-specific clinical applications, and aimed at maximal
therapeutic effectswith relatively minimal adverse-effects. Nanomedicine,
thus offers an impressive resolution for various life threatening diseases.
The areas expected to be benefited the most, includes cancer, diseases of
the cardiovascular system, the lungs, blood, neurological particularly the
Neuro-degenerative diseases, diabetes, inflammatory/infectious diseases
etc. Thefuture products of this new discipline, shall enable engineering of
molecularly precise structures, microscopically small, so called agents of
change, with the application to medicine via exploiting carefully the
structured nanoparticles, includes dendrimers, carbon nanotubes, carbon
fibers, quantum dots and vesicular approach, principally aimed to target
specific tissues and organs. However, as this technology matures into
complex nano-structured devices evolved as nanorobots. Considering
revolutionary approach, these shall be able to travel even through the
body searching out and clearing up diseases. This manuscript highlighted
various novel techniques that could be deployed as multistage drug
delivery, designed as nanocarrier, aimed at overcoming numerous
biological barriers involved in drug delivery, Thus promises an exciting
revolution in health care and medical nano technology, thereby emerging
as a huge, on the prospect. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION referred to as nanomedi cines having theimpending char-
acterstoturnmolecular discoveriesarisngfromthefied

The expansion of nanotechnologiesisthe com-  of genomicsand proteomicsinto prevalent benefitsin-
mencement to revol utionizetherudimentsof diagnosis,  cluding nanoparticlesthat act asbiological mimetics,
prevention and trestment of disease. Theseinnovations,  polymeric nanoconstructsasbiomaterid sand nanoscae
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mi crof abri cation-based devices, sensorsand labora-
tory diagnosticg¥. Nanotechnol ogy can bedefined as
thetechnol ogy inthedesign, depiction, synthesisand
application of materials, structures, devicesand sys-
temsby controlling shapeand Sizeat nanometer scale.
With the ability to work on the atomic and molecular
echelon to craft and employ materids, structures, de-
vicesand systemswith essentidly new chattels. Scien-
tificaly, nanotechnology isemployed to describe mate-
rialsand systemswith structures and components ex-
hibiting new and sgnificantly improved physica, chemi-
ca and biologica propertiesaswell asthephenomena
and processes enabled by the ability to control proper-
tiesat nanoscale. Thischangein propertiesisdueto
increasein surface areaand dominance of quantum ef-
fectswhichisassociated withvery smdl szesandlarge
surfaceareato volumeratio for example Copper which
IS opague at the macroscal e becomes transparent at
nanoscale, whileplatinumwhichisinert becomesacata:
lyst at nanoscal e Stable aluminiumiscombustiblein
nano state and so on. Thereisavast collection of in-
triguing nanoscal e parti cul ate technol ogi es capabl e of
targeting different cellsand extracel lular elementsto
deliver drugs, genetic materids, and diagnostic agents
specificaly. Thisarticlevitaly assesseskey feature of
nanoparticulate design and engineering, aswell asre-
cent advancementsin such nanoscaedelivery technolo-
gies23d

CHALLENGES

Some of the chalengesof most drug delivery sys-
tems include solubility, intestinal absorption, poor
biocavailability, invivo stability, continued and targeted
delivery to Steof action, thergpeutic effectiveness, sde
effects, and plasmafluctuations of drugswhich more-
over fal bel ow the minimum effective concentrationsor
go beyond thesafe therapeutic concentrations. Though,
nanotechnology indrug deliveranceisan approachin-
tended to overcomethese challengesdueto their de-
vel opment and fabrication of submicron or nanoscale
which are mainly polymeric and have multiple advan-
tagesof having the capability to defend drugsencapsu-
lated withinthem from hydrol ytic and enzymatic degra-
dation>4%, Targeting the ddlivery of awiderange of
drugsto variousareasof thebody for sustained release
and thusis ableto deliver drugs, proteins and genes
throughtheperord routeof administrationthey caneasly
bypasstheliver, thereby preventing thefirst pass me-
tabolism of theincorporated drug. They increaseord
bioavailability of drugsdueto their specialized uptake
mechanisms such as absorptive endocytosisand are
abletoremainintheblood circulation for alonger time,
releasing theincorporated drug in asustained and con-
tinuous manner leading to less plasma fluctuations
thereby minimizing s de-effectscaused by drugg®®. For
targeted delivery, nanostructurescan be conjugated with
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Figurel: Sructural depiction of nano crystal sizerangingin between 10-25nm
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targeting moieties such that the linkage between the
polymer and the active substance can be manipul ated
to control the site and duration at which the drugis
released. Thelinkage may be achieved by incorpora
tion of amino acids, lipids, peptidesor small chainsas
spacer molecules™d. Drugtargetingiscrucia inche-
motherapy, where adrug delivery system can target
only themaignant tumor whileshiddingthehedthy cdls
from auniform distribution of chemothergpy inthebody
andtharr harmful effectd’®*2, Theuseof nanostructures
such aspolymeric nanoparticlesisanon-invasive ap-
proach of penetrating the blood brain barrier for man-
agement of neurodegenerative disorders, cerebrovas-
cular and inflammatory diseases*>3, Nanotechnol ogy
isstrategicin developing drug ddlivery systemswhich
can expand drug markets. Nanotechnol ogy can be ap-
plied to reformul ate existing drugs thereby extending
products’ lives, enhance their performance, improve their
acceptability by increasing effectiveness, aswell asin-
crease safety and patient adherence, and ultimately re-
duce hedlth care costs. Nanotechnol ogy may also en-
hancethe performanceof drugsthat are unableto pass
dlinicd trid phases. It providesdrugddivery carrierg®d,
aswell astreatment and management of chronicdis-
easeswhichinclude cancer, diabetesetc.

THEPOTENTIAL LOOM OF
NANOTECHNOLOGY IN
NANOMEDICINE

Nanotechnology is beginning to changethe scale
and methods of vascular imaging and drug delivery.
nanosca etechnologieswill beginyie ding moremedi-
cd benefitsind uding thedeve opment of nanoscaelabo-
ratory-based diagnostic and drug discovery platform
devicessuch asnanoscal e cantileversfor chemicd force
mi croscopes, microchip devices, nanopore sequenc-
ing, etc. Theseoutline thefoundation of multifaceted
interactionsinherent to thefingerprint of ananovehicle
anditsmicroenvironmen.

Nanopor e sequencing

Thisisan ultra-rapid method of sequencing based
on poreNanoengineering and assemblage. A small eec-
tric potential drawsacharged strand of DNA througha
poreof 1-2 nm in diameter in a hemolysin protein com-
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plex, whichisinserted into alipid bilayer sorting out
two conductive compartments. The current and time
profileisrecorded and aretranslated into electronic
signaturesto recognize each basd+9, Thistechnique
can seguence more than 1000 bases per second and
hasmuch potential for thedetection of Snglenuclectide
polymorphisms, and for genediagnosisof pathogens.

Cantilever swith functioned tips

Theenhanced spatial, force and chemical resolu-
tion of the atomic force microscope (AFM) and chemi-
cal force microscope can betakeninto advantagefor
designing nanoscalediagnostic assays. TheAFM probes
intramol ecul ar forcesbetween avery fineand functioned
silicon or single-walled carbon nanotubetip, located at
theend of asmall cantilever beam, and asurface. The
probeisattached to apiezoe ectric scanner tube, which
scans the probe across a selected area of the sample
surface.’41718 |nteramol ecul ar and intrastomic forces
between thetip and the sample causethe cantilever to
deflect; thecantilever deflectionisthen measured by a
laser light reflected from the back of thecantilever toa
detector. Thetip can bechemicaly modifiedinorder to
probeamolecular structure of interest in drug discov-
ery and measure biochemicd interactionssuch asthose
between antigensand antibodies™.

Microchipsbased drugdelivery

These are micro fabricated devices allow con-
trolled release of single or multiple drugs on demand
and arechiefly useful for long-term treatment of con-
ditionsrequiring pul satiledrug rel ease after implanta:
tionin apatient®9, There ease mechanismisbased
ontheédectrochemical dissolution of thinanode mem-
branes covering micro reservoirswhich arefilled with
drugs.

Nucleicacid |latticesand scaffolds

Programming of Deoxyribosenucleic acid to self-
assembleinto an array of remarkable nanometer-scale
structuresinto adifferent from of double helix. Stick
cube, aconstruct shaped likeacubeformed from sticks,
and truncated DNA octahedron aretwo examples. For
ingtance, the cube self-assemblesfrom DNA fragments
that are deliberateto adhereto one another. Thefree
ends are associated by ligases, resultant asix closed
loops***9, one for each face of the cube. Dueto the
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helical nature of DNA, each of theseloopsistwisted
aroundtheloopsthat flank it, thusensuring that the cube
cannot come apart. Such scaffoldsand assembliescan
hold biological moleculesinan ordered array for x-ray
crystallography!*&22. Thisapproach could be particu-
larly useful for those materia sthat do not form or pos-
sessaregular crystalinestructureontheir own.

Nanofibersasbiomaterials

By means of applying molecular self-assembly,
nanofibersof avariety of arrangement and chemistries
can beformed. These may bedesigned to present high
densities of bioactive molecul es such asthosewhich
support cell adhesion and growth(t829,

Carbon nanotubes

Carbon nanotubes are atype of nanotechnol ogy
congstsof graphitesheetsrolled up intoatubular form
and can be obtained either assingle nanotubes contain-
ing asinglegraphene sheet with the diameter varying
between 0.5-3.0 nm and multi-walled nanotubes con-
taining forms from several concentric graphene
sheets??2, Thediameter and thelength of single-walled
nanotubeswith the diameter between 20-1000 nm. The
corresponding dimens onsfor multi-walled nanotubes
arein the range between 1.5-100 nm and 1-50 nm,
correspondingly. Carbon nanotubes caninfact cross
the cell membraneas ‘nanoneedles’ without disturbing
or disrupting the membrane and confineinto mitochon-
driaand cytosol®>?, They can be madewater soluble

by surfacefictiondization. Molecular andionicmigration
through carbon nanotubes offers opportunitiesfor fabri-
cation of molecular sensorsand electronic nucleicacid
sequencing. A number of carbon nanctubes derivatives,
suchastrismaonic acid derivativeof thefullerence C60,
expresssuperoxidedismutasemimetic propertiesand are
protectedin cell cultureand animd modd sof injury ex-
ample degeneration of dopaminergic neurons in
Parkinson’s diseases and nervous system ischemia.

Quantumdots

Thesearenano-scdecrystdlinestructuresmeadefrom
avariety of different multifaceted compoundsFHgure02.
such ascadmium salenide, that cantransform thecolor
of light. Quantum dots absorb whitelight and thenre-
emit it acouple of nanosecondslater a aspecificwave-
length. By varying the 5zeand composition of quantum
dots, theemiss onwave ength can betuned fromblueto
near infrared. For example, 2nm quantum dotsluminesce
bright green, while 5nm quantum dotsluminesce red®
33, Quantum dotshavegreater flexihility, when compared
to other fluorescent materids, and thismakesthem suit-
ablefor usein building nano-scale computing applica
tionswherelightisusedto processinformation®31. These
structuresoffer new capabilitiesfor multi-color optical
codingingeneexpression sudies, highthroughput screen-
ing, andinvivoimaging.

Dendrimers
Thesearehighly branched macromoleculesFigure
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Figure2: Sructural depiction of quantum dot with CdSecore, ZnS coating and sizeranging in between 10-15nm
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03. with controlled near monodi sperse three-dimen-
siona architectureemanating from acentral corg®89,
Polymer growth startsfrom acentral coremoleculeand
growth occursin an outward direction with aseries of
polymerization reactions. Hence, precise control over
size can be achieved by the extent of polymerization,
starting from afew nanometers. Cavitiesinthe core
structure and folding of the branches create cagesand
channels. Thesurface groupsof dendrimersare acqui-
escent to adjust and can betailored for specific appli-
cations. Therapeutic and diagnostic agentsareusualy
attached to surface groups on dendrimersby compound
alteration(®39,

Facade Ligand

Foundation core
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Figure 3 : Diagrammatically representation of basic
componentsof adedrimer

Polymericmicelles

Micellesareformed in solution asaggregatesin
which the component molecules(e.g., anphiphilicAB-
type or ABA-type block copolymers, whereA and B
are hydrophobic and hydrophilic components, respec-
tively) aregenerdly arranged in aspheroidal structure
with hydrophobic cores shielded from thewater by a
mantle of hydrophilic groups?®. Thesedynamic sys-
tems, which areusually below 50 nmin diameter, are
used for the systemic ddlivery of water-insolubledrugs.
Drugs or contrast agents may be trapped physically
withinthehydrophobic coresor canbelinked covadently
to component moleculesof the micel 144,

L iposomes

Theseareclosed vesiclesthat form of hydration of
dry phospholipids abovetheir transition temperature.
LiposomesFgure0l areclassified intothreebasictypes

Review
based onthear 9zeand number of bilayers. Multilamellar
vesiclescongst of severd lipid bilayersseparated from
one another by agueous spaces. Theseentitiesare het-
erogeneousin size, often ranging fromafew hundreds
to thousands of nanometersin diameter. On the other
hand, bothsmd| unilamdlar vesdesandlargeunilamelar
vesiclesconsist of asinglebilayer surrounding theen-
trapped agueous space. smdl unilamellar vesiclesare
lessthan 100nminszewheresslargeunilamdlar vesdes
havediameterslarger than 100 nm. Drug moleculescan
be either entrapped in the agueous space or interca
lated into thelipid bilayer of liposomes, depending on
the phys cochemical characteristicsof thedrug. Theli-
posome surfaceisamenableto modification with tar-
geting ligands and polymers. Other conventional ve-
sicular approaches employed are Niosomesthese are
mi croscopic Sizeves clescomposed of abilayer of non-
lonic surface active agents. Proteosomesthesearethe
ves clescontaining high molecular we ght enzyme com-
plexeswith cataytic activity. Genosomesthesearethe
vesi cleswith macromol ecular complex for functiona
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Figure4: Sructural representationsof different vesicular
approaches
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genetransfer using cationic lipids. Ethosomesthey are
the Lipid malleable vesi cles composed of aphospho-
lipid, ethanol and water for targeted ddlivery intheskin.
CryptosomesLipid vesicleswithasurfacecoating com-
posed of Phosphatidyl ethanolamineemployedinligand
mediated drug targeting Emulsomes These are the
nanos zed lipid particdlescong sting of amicroscopiclipid
assembly with apolar core. Discomes These arethe
niosomes solublized with non-lonic surfactant solutions
for ligand mediated drug targeting. Sphinosomes These
arethe concentric, bilayered vesi cleswith an agueous
volumeenclosed by amembraneof alipid bilayer com-
posed of natura or synthetic sphingolipid“s52,

Nanospheres

These are spherical objects, ranging fromtensto
hundreds of nanometersin size, consisting of synthetic
or naturad polymersexamplecollagen, dbuminetc. The
drug of interest is dissolved, entrapped, attached or
encgpsulated throughout and within the polymeric ma-
trix559, Depending on the method of preparation, the
release of adrug ischaracterized and can be suitably
controlled. Thistechnology a so alows precision sur-
facemodification of nanosphereswith polymericand
biologica materialsfor specific gpplicationsor target-
ing to thedesired | ocationsinthe body.

Aquasomes(car bohydr ate-ceramic nanoparticles)

Thesearespherical particlesused for drug and an-
tigen delivery. The particle core is composed of
nanocrystaline ca cium phosphate or ceramic diamond
with the size of the particleranging between 60-300
nm, andiscovered by apolyhydroxyl oligomericfilm.
Drugsand antigensare then adsorbed onto thesurface
of these particlego?4,

TABLE 1: Futuristicapproach of nanotechnology towar ds
nanomedicine

Nanoparticle coatings
Nanocrystalline materials
Cyclic peptides
Detoxification agents
Drug encapsulation

Unprocessed
Nanomaterials

Nanostructured

materials Fullerenes
Functional drug carriers Smart
drugs

MRI scanning (nanoparticles)
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Nanobarcodes
Molecular medicine
Nanoemulsions
Nanoshells

Synthetic binding sites

Artificial antibodies
Artificial enzymes
Artificial receptors

Molecularly imprinted
polymers

Control of surfaces

Artificial surfaces-
adhesives

Avrtificial surfaces—
nonadhesive
Artificial surfaces—
regul ated

Biocompatible surfaces
Biofilm suppression
Engineered surfaces
Pattern surfaces (contact
guidance)

Thin-film coatings
Immunoisolation

Molecular sieves and
channels

Céll chips,
Cell simulation and analysis . P
Céll stimulator
Genetic testing
DNA microarrays
DNA manipulation, Ultrafast DNA
sequencing and diagnosis sequencing

DNA manipulation and
control

Tools and diagnostics

Bacterial detection
systems

Biochips
Biomolecular imaging

Biosensors and
biodetection

Diagnostic and defense
applications

Endoscopic robots and
microscopes

Fullerene-based sensors
Imaging (cellular, etc.)
Monitoring

Lab on achip
Nanosensors

Point of care diagnostics

Protein microarrays

Scanning probe
mi croscopy
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Intracellular devices
Intracellular biocomputers
Intracellular sensors/reporters
Implantsinside cells
BioMEMS

Implantable materials and devices

Implanted Bio MEM S, chips, and
electrodes M EM S/Nanomaterials-
based

Prosthetics

Sensory aids (artificial retina, etc.)
Microarrays
Microcantilever-based sensors
Microfluidics

Medical MEM S

MEM S surgical devices

Biological research

Nanobiology
Nanosciencein life sciences
Drug delivery

Drug discovery
Biopharmaceutics

Drug encapsulation

Smart drugs

Molecular medicine

Genetic therapy
Pharmacogenomics

Artificial enzymes and
enzyme control

Enzyme manipulation and control

Nanotherapeutics

Antibacterial and antiviral
nanoparticles

Fullerene-based pharmaceuticals
Photodynamic therapy

Radiopharmaceuticals

Synthetic biology and
early nanodevices

Dynamic nanoplatform nanosome
Tecto-dendrimers

Artificial cells and liposomes

Polymeric micelles and
polymersomes

Biotechnology and
biorobotics

Biologic viral therapy
Virus-based hybrids
Stem cells and cloning
Tissue engineering
Artificial organs
Nanobiotechnol ogy
Biorobotics and biobots

Nanorobotics

DNA -based devices and
nanorobots

Diamond-based nanorobots
Cell repair devices
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Polyplexes

These are the nano assemblies also entitled as
lipopolyplexes, which form spontaneously between
nucleic acids, polycationsand cationic liposomesthat
areconjugated to targetingligandsand hydrophilic poly-
mers, used in transfection protocols. The shape, size
distribution, and transaction capability of these com-
plexes dependson their composition and chargeratio
of nucleicacidtothat of cationic lipid/polymer(2024,

APPLICATIONSOFNANOTECHNOL
OGY ASANADVANCE
NANOMEDICINE

Nanoparticleswith inherent diagnostic properties

Theaim of nanomedicine may be broadly defined
asthe comprehensive monitoring, repairing and im-
provement of all human biologica systems, working
fromthemolecular level using engineered devicesand
nanostructuresto achieve medica benefit withan op-
portunity to build abroad range of economically com-
plex molecular machinesresulting in edificeof computer
controlled molecular toolsmuch smaller than ahuman
cdl withtheaccuracy and precision of drug molecules.
Suchtoolswill dlow medicing, for thefirst timetoin-
tervenein asophisticated and controlled way devoted
to themanipul ation of atomsand moleculesleading to
the construction of structuresin thenanometer scale®
32 For instance Colloidal gold, ironoxidecrysals, and
quantum dots, semiconductor nanocrystals are some
of theexamplesof nanoparticles, whosesizeisgener-
alyintheregion of 1-20 nm, and have diagnostic ap-
plicationsin biology and medicine. Gold nanoparticles
have application asquenchersin fluorescenceresonance
energy transfer measurement studies. Thesetechnolo-
gieshave proven very successful in monitoring gene
expression to detect pathol ogies such ascancer, brain
inflammation, arthritis, atheroscleratic plaguesetc. Quan-
tum dotscan label biological systemsfor detection by
optica or eectrica meansinvitro andto someextentin
viva=®%, Ther fluorescenceemissonwave engthcan
betuned by varying the particle size, thusthey havethe
potential to revolutionize cell, receptor, antigen, and
enzymeimaging. Unquestionably, application of such
optica nanotoolsmay eventudly aid our understanding
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of thecomplex regulatory and signaling networksthat
governthebehavior of cdlsin norma and diseesestates

Nanomedicinein cancer management

Atacdlular level, canceroustissuesaretypicaly
different from normal tissues. Asthey changethe chemi-
casonther surface, and are consequently easy to rec-
ognize. However, most of them growsfaster and change
their shapeandinvolvesagenetic changethat causesa
differenceinthechemicasinsdethecel. Theimmune
systemtakes advantage of surface markersto destroy
cancer cdlls; but thisisnot enough to keep us cancer-
free By employing Nanobots asafor treatment have
shown severd advantageslikewisethey can physically
enter cellsand scan the chemicalsinside asthey have
on board computersthat alow themto do cdculations
which arenot availableto immune cells, nanobots can
be programmed and depl oyed after acancer isdiag-
nosed, whereastheimmune systemisawaysguessng
about whether acancer exists. Nanobots can aso scan
each of the body’s cells for cancerous tendencies, and
subject any suspiciouscellsfor careful anayss, if acan-
cer isdetected, they can wipeit out quickly, usingmore
focused and vigoroustacticsthan theimmunesystemis
designed for. Given such molecular tools, asmall de-
vice can bedesigned toidentify and kill cancer cells.
Thedevicewould haveasmd | computer, several bind-
ing Stesto determinethe concentration of specific mol-
ecules, and asupply of some poison which could be
selectively released and abletokill acell identified as
cancerous. Thedevicewould circul atefreely through-
out the body and would periodically sampleitsenvi-
ronment by determining whether the binding sSteswere
occupied or not. Occupancy statisticswould allow de-
termination of concentration. Today’s monoclonal anti-
bodiesareableto bindto only asingletypeof protein
or other antigen, and not proved effective against most
Cancers[57—60] .

Nanomedicineasdrug carter

Thereare numerous engineered constructs, assem-
blies, architectures, and parti cul ate systems, whose uni-
fying featureisthe nanometer scalesizerangeranging
from afew to 250 nm and often carry drug with them
for targeted and specific delivery of drug. Thesein-
clude polymeric micelles, dendrimers, polymericand
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ceramic nanoparticles, protein cage architectures, vi-
ral-derived capsid nanoparticles, polyplexes, and ve-
sicular ddlivery exampleliposomes. Thesecan easily
overcomedrug solubility issues, particularly with the
view that large proportions of new drug candidates
emerging from high-throughput drug screeninginitiatives
their reduced particle sze entail shigh surfaceareaand
henceshowsastrategy for faster drug rel easg®-%9, Such
gpproaches, may enhancedetection sengitivity inmedi-
cd imaging, improvethergpeutic effectiveness, and de-
crease side effects. Some of the carrierscan beengi-
neered in such away that they can be activated by
changesintheenvironmenta pH, chemica stimuli, by
theapplication of argpidly oscillating magneticfied, or
by application of an external heat source. Such modifi-
cationsoffer control over particleintegrity, drug deliv-
ery rates, and thelocation of drug release, for example
withinspecificorganeles. Somearebeng desgned with
thefocuson multifunctiondity; thesecarrierstarget cell
receptors and delivers simultaneously drugs and bio-
logicda sensors. Someincludetheincorporation of one
or more Nanosystemswithin other carriers, asinmi-
cellar encapsul ation of quantum dotg>".

For the management of disease

Dueto emergence of antibiotic-res stant strains of
microorganismsthemedi cinecannot do much potentia
attack against them. Therearemany kindsof parasites
that may need individual medical techniques. Theef-
fectivededling of our body immuneresponsewith most
infections needsto learn about it by experience. Itis
generaly moreeffectiveat fighting organismsthat it can
recognizeonamolecular level. Somediseases, suchas
Ebola, progresstoo rapidly for theimmune systemto
respond. Syphilissurvive by being sted thy and by sur-
rounding it with the chemical s of the body to camou-
flageitself. Herpes spliceitself into the genes of the
body’s cells, so the immune system cannot detect it and
wipeitout. HIV directly attackstheimmune system(®”
Devel opment of Nanobotshas severa advantagesover
theimmune system. They will not be susceptibleto at-
tack by natura pathogensand havethe computationa
resourcesunavailabletoimmunecdls. They canbepro-
grammed to find and fight diseasesthey have never en-
countered. Likewise, the system can beactivated based
on externa knowledge of thelikelihood of adisease.
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Nanotech will provide more optionsfor cleaning up af-
ter adisease, since corrupted geneswill berepairable
without killing theaffected cl 16674,

Management of Traumatic healing

Nanobots embedded in atissue can strengthen it
against tearing, or repair onceit istorn. It iscommon
for ablow to the head to rattle the brain against the
skull; aspecidly shaped nano-built devicecould cush-
ion the brain, preventing thisdamage. Other devices
could vacuum up common poisons beforethey could
cause damage, or barricade poisoned areas to keep
the poison from spreading through the body.
‘Respirocytes’ the artificial red blood cells could the
body to function normally for several minuteswithout
breathing or blood circulation, giving moreopportunity
torestorenormal functioning. In casesof extremein-
jury, heterostasis could be used to stabilize the body
until help can arrive. Aslong asthebrainisnot phys-
cally damaged, it can befunctionally separated from
the body and forced into alow-power statel>7,

Drugtargeting

The network of blood and lymphatic vesselsin-
vesting the body provides natura routesfor thedistri-
bution of nutrients, clearing of unwanted materials, and
ddlivery of therapeutic agents. Superficidly, however,
thisnetwork appearsto providelittlein theway of ob-
vious controlled and specific accesstotissues, and the
science of these processes has been scant. Regardless
of theselimitations, nanoparticul atesystemsprovide pos-
sihilitiesfor accessto cell popul ationsand body com-
partments. When injected intravenoudly, particlesare
cleared rapidly fromthecircul ation and predominantly
by the liver and spleen macrophaged®®. Thissite-
specific, but passive, mode of clearanceisafacet of
theimmunecdlls’ primary scavenging role for particu-
lateinvadersand sdlf-effete products. Thisisparticu-
larly important with theview that macrophagesare het-
erogeneous with respect to phenotype and physiol ogi-
cd function, evenwithinthe sametissue. Hence, apar-
ticular population of phagocytes may employ onepre-
dominant recognition mechanism. Thedynamic process
of protein adsorption together with deposition of ava
riety of opsonicfactorsonto the surface of nanoparticles
may indicate an arrangement based on arecognition
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hierarchy, or cooperativity, anong macrophage recep-
torsfor clearance. Indeed dendrimersand QDsarewdll
knowntoflocculatein biologica mediad™. Another case
is the interaction between certain lipid-based
Nanosystemsand lipoproteinsleadingto dramaticsize
changes™.

Nanomedicinein homological disorders

Many diseases, from heart strokesto sepsisand
metastasi zing cancer, involvethe blood in someway.
An aggressive nanomedical device, aVasculoid which
could replacetheblood volumeand takeover itsfunc-
tionsby lining theentire vascular systemwithamullti-
segmented robotic system. In addition to preventing
many diseases, and limiting the scope of otherse.g.
poisoning thissystemisasingle, complex, multi-seg-
mented nanotechnol ogical medical robotic system ca-
pableof duplicating dl essentid therma and biochemi-
cal transport functions of the blood, including circula
tion of respiratory gases, glucose, hormones, cytokines,
waste products, and cellular components*876l,

Nanomedicinein endocytic delivery

Breaching of theendosoma membraneisparticu-
larly important for priming MHC class|-restricted cy-
totoxic T lymphocyteresponses, for surviva of genetic
meateria sagainst nucl ease degradation inthelysosomal
compartment.[586469 for those drugs that must reach
thecytoplasmin sufficient quantitiesasfor trestment of
cytoplasmicinfections or reaching nuclear receptors
after endocytic delivery with nanoparticulate carriers™

80]

ANTAGONISTICEFFECTS
OF NANOMEDICINE

Nanocarriersmay overcome solubility or stability
issuesfor thedrug and minimizedrug-induced side f-
fects. But there could be significant toxicity issuesas-
sociated with the nanocarriersthemselves, which re-
quiresresolution. Over the past coupleof years, anum-
ber of toxicology reports have demonstrated that ex-
posureto nanotechnol ogy derived particles pose seri-
ousrisksto biologica systems. For example, exposure
of human keratinocytestoinsolublesingle-wall carbon
nanotubes was associated with oxidative stress and
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apoptosis*®19 Theissueof toxicity becomeseven more
seriousfor intravenoudy injected nanoparticles, assize
partly determinestissuedistribution. Thus, what isthe
ultimate fate of nanocarriersand their constituentsin
thebody, and particularly thosewhich are not bio-de-
gradable such asfunctionalized carbon nanotubesand
coating agentssuch aspoly ethyleneglycol these con-
stituentsor their degradation products exert untoward
immunol ogica and pharmacological activitiesthesepoly-
meric vectorsused for genedelivery aswell asother
polymer-based biomaterid sinterferewith cellular ma:
chineriesor inducealtered gene expression*2,

Cell bereavement and distorted gene expression

Recent evidenceisdrawing attention to some of
theabovequestions, but investigation in thisavenue of
research isscant. For example, though much hasbeen
made of the promise of cadmium selenide QDsinim-
aging, littleisknown about their metabolism and poten-
tid deeteriouseffects. However, cadmium sdenideQDs
areletha tocellsunder UV irradiation, asthisrelease
highly toxic cadmiumions. Some polymeric micelles
depending onthenature of their monomer constituents,
caninducecell death viagpoptosisor necrosis, or both.
Differential geneexpression hasbeenreportedin cer-
tain cdlsafter cigplatin ddivery with polymericmiceles
when compared with that of free cisplatin treatment.
Degradation productsarising from poly (L-lactic acid)
particles show cytotoxicity, at least, toimmunecells,
thusrising concern over their gpplication for sustained
cytosolic drug rel ease®” 7621, A very clear warningis
evident from the poor successin human genetherapy
withviruses. Although, vird vectorsareextremdy effi-
cient delivery systemsfor nucleic acids, they canin-
ducesavereimmunotoxicity aswell asinadvertent gene
expression changes after random integration into the
host genome. Theseissueshave generated asurgein
the design and engineering of synthetic polycationic
nonvird genetransfer systems.

Pseudo allergy and idiosyncr atic response

Another potentid pitfdl associated with nanocarrier
infusion into human subjectsisthe generation of non-
IgE-mediated Sgnsof hypersensitivity. Thesereections
areidiosyncratic and are believed to be secondary to
complement activation, and presumably areareflec-
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tionof anindividua s immune cell sensitivity to comple-
ment-derived mediators. Hypersengitivity can beame-
liorated by slowing therate of infusion or by patient
premedi cation, and often fail sto appear in the repeat
administration of the nanocarrier. Idiosyncratic reac-
tionsoccur after infusion of stealth systems, such as
poly ethyleneglycol grafted liposomes®!. Refined sur-
faceengineering may eventudly diminatesuch sdeef-
fects, for example by better polymer design, linkage
modification, controlling the conformation and packing
of grafted polymersand/or by introducing complement
regulatory proteinsor inhibitorsonto the nanoparticle
surface. However, the ultimate goal isto understand
themol ecular mechanism of complement activationre-
lated pseudo dlergy, which operatesinasmall popula
tionof individuas.
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