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Abstract- Nanotechnology is a growing field & it encompasaksost all disciplines of Science & Engineering.
The application of Nanotechnology has tremendousrial in healthcare, particularly for the devetegnt of
better pharmaceuticals, nano enabled drug delit@rgpecific tissues, promises capability to enhadiaey
penetration into cells and other means to imprawey éctivity. The efficacy of a drug can be incezh# it is
delivered to its target selectively and its relepsgfile is controlled. Nano-structures have shawapabilities
like detecting cancer at earliest stages, pin panits location in the body and delivering anticar drugs
specifically to malignant cells. Nano-scale matsriean readily interact with bio-molecules on bdttie cell
surfaces and within the cells. Hence a Nano-scaltemial may contribute to cancer therapy by beindyug
carrier. Nano-scale structures attached with aditds and loaded with drugs can serve as a targinegl
delivery vehicle that can transport chemo-therapsuir therapeutic genes into diseased cells vepbging the
loading of healthy cells with drugs. Targeted ddedjvery would improve the therapeutic efficacy ahble a
reduction in dose, thus minimizing side effectghad drugs. Dendrimer, silica-coated micelles, cézadano-
particles and cross-linked liposome have alreaayvshpotential for being a drug carrier. Some chggjés are
associated with the Nanotechnology as it relatedrtig effectiveness, toxicity, stability and phaocwokinetics
and drug regulatory control. This review aims aeg@nating various applications of the most recedéyeloped
nanomaterials that have tremendous potential fopttarmacological screening.
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Materials exhibit unique properties at nanoscald. of

1. INTRODUCTION to 100 nm. Materials at nano scale lie between the
Nanotechnology can simply be defined as thguantum effects of atoms and molecules and the bulk
technology at the scale of one-billionth of a melrés  properties of materials. It is in this ‘no-man’swh

the design, characterization, synthesis and apjgita where many physical properties of them are cortdoll

of materials, structures, devices and systems Hy phenomena that have their critical dimensions at
controlling shape and size at nanometer scalei¢Styl the nanoscale (Michael and Pitkethly, 2004[6];
et al, 2005[1]; The Royal Society and the RoyaHolister and Harper, 2002[8], Jones and Mitchell,
Academy of Engineering, 2004, )[2]. It is the aigito 2001[9]). The changes in properties are due to
work at the atomic, molecular and supramoleculdncrease in surface area and dominance of quantum
levels to create and employ materials, structuresffects which is associated with very small sizad a
devices and systems with basically new propertidgrge surface area to volume ratio (Williams,
(Weller, 1993[3];Roco, 2003[4]). Scientifically, 2008[10]). For instance, copper is opaque at macro
nanotechnology is employed to describe materialscale but becomes transparent at nanoscale (Zong et
devices and systems with structures and componerts 2005[11];Gao et al, 2003[12]), platinum is iner
exhibiting new and significantly improved physical,which becomes a catalyst at nanoscale (Luo et al,
chemical and biological properties as well as th@005[13]; Tian et al., 2007[14]). A well known
phenomena and processes enabled by the ability itsulator, silicon, becomes a conductor at nanescal
control properties at nanoscale (Miyazaki and Islan{Patel, 2008[15]; Hu et al, 2003[16];Heron, 2007)17
2007[5]). Nanoscience is the study of phenomena ardde properties of gold at nanoscale is quite sicgmif,
manipulation of materials at atomic, molecular andepending on the size of the nanoparticles, melting
macro molecular scales, where property differpoint ranging from 200 to 1088 and colour from
significantly from those at a larger scale. Nancellow to blue, violet, pink, red; and have theligpto
materials cross the boundary between nanosciente @tt as catalyst (Cortie, 2004[18]; Cortie, 2002{19
nano technology and bridges these two areas (TKaerbury, 2005[20]; Jain et al, 2008[21]).

Royal Society and the Royal Academy of Engineering, Nano particles for pharmaceutical purposes are
2004[2]; Michael and Pitkethly, 2004[6]; Rittner,defined in the Encyclopedia of pharmaceutical
2001[7]). technology as ‘solid colloidal particles rangimgthe
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size from 1-1000nm.Theyconsist of macromolecula8. HISTORY OF NANOTECHNOLOGY
materials and can be used therapeutically as dr
carriers, in which the active principle is dissalye
entrapped or encapsulated or to which active goiaci
is adsorbed or attached’(Kreuter, 1994)[22].

e platform for nanotechnology is believed to have
been laid by Richard Feynman, a physicist at
California Institute of Technology, in an after-der

speech in 1959, 29th  December, titled, “There is
plenty of room at the bottom”, at the American
2. NANOTECHNOLOGY IN NATURE Physical Society’'s Winter Meeting of the West (The

. Rqyal Society and the Royal Academy of Engineering,
NatH[re h;\_?tentough ekV|dter:ﬁe oftnarjotech:wololgy, b‘3‘3;9§04[2], Miyazaki and Islam, 2007)[5]. Feynman is
on 1ts ability to work at the atomic, molecular anq,,,,n" o~ have explored the possibility of

sgprar_‘nolecular Iev_els. The mechanlsms of thﬁ1anipulating materials at the scale of individualnas
biological and physical world operate mainly at th%nd molecules, imagining the whole of the

range of 1 t0100 nm. The diameter of a hydrogemato ncyclopedia Britannica written on the head of a pi

is about 0.1nm which is too small to be seen wit d foreseeing the increasing ability to examind an

human eyes. A molecule may be made up of 20 to ntrol matter at the nanoscale (Sahoo, 2007)[2&].

atoms and has a diameter of about 1nm. The Width_ A ciated to have noted that the capabilities aaby

a DNA molecule is about 2.5nm, a typical protein |sﬁ : :
. ! . tom assembly and nano engineering could lead to
between 1 to 20nm and ATP biochemical motor is 1 ew materials and pathways similar to the bioldgica

nm in diameter (Roco, 1999[23]). The human hair igystem (Matija, 2004)[28]. He presented a

about 10, 000nm thick while human cells range fror, ; ‘o R .
' L L chnological vision of miniaturization of matesal
t5r;000 to 200,|00Ct)hnm_ In S'Z?r'] ?Itft]tcm?(hhthls 'Sf;‘;:gemanipulating and controlling things on a small secal
an nanoscale, the viruses that attack humanfedills ., .4 ‘Nanotechnology'.

within 10 to 200nm, which is within the nanometre o -

\ . ! . ; ; Although nanotechnology is widely considered to
region (Yin, 2007[24]). _Nature is the ultimate Mpe an invention of modern science, they actuallyeha
nanotechnology, producing nanostructures that off very long history. Nanoparticles were empirically

functional proteins and many other compounds Ysed by artisans as far back as the 9th century in

cellular level of great signifi_cance to_Iife on tar Mesopotamia to generate a glittering effect on the
Photosynt_he5|5 IS carried out in green plants .bélurfaces of pots. The colour effect of butterflyngs
cells of nanosize, which employ energy to syntheesi

; . ) qvas copied by the Romans about 1600 years ago. The
organic compounds by using (_:heap raw mat_enals t.h ass cup known as Lycurgus cup in the British
pick up. Moths’ eyes are antiglare and antireflecti Museum, due to nanoparticles of gold and silveskéo
?é(de green in natural light and an impressive red
colour when a bright light shines through it (Smith

) . 2006)[25] In the manufacture of car tyres, carbon
the structure of the wings (Smith, 2006)[25]. Naturnanoparticles are included while the red and yellow
depicts how soluble molecules that are able t

. d bind t if terial bel Us Qolours seen at sunsets are due to nanoparticke in
recognize and bind to Specific materials can € atmosphere (Smith, 2006)[25]. Indian craftsmen and

shape and control 'Fh.e growth of crystals_ a_nd O.th Itisans used nanotechnology to make weapons and
nanostructures. Sufficient knowledge and insiglo in

the principles of natural systems would enhance t lgng lasting cave paintings about 2000 years agtewn

. L udies found existence of carbon nanoparticlethen
design and fabrication of man-made nanostructurg

that imic the funct f natural " = Zmous sword of Tipu Sultan (ancient ruler of the
at may mimic the functions of natural systems. q(ingdom of Mysore, India) and Ajanta paintings (one

instance, biomolecules such as proteins, peptides | qians' cave  paintinas)(Visakhapatnam PTI
DNA, lipids and carbohydrates can act as templateSZOOS)[ZQ].The firstp sciegnt?f(ic dech)ription of,

their shapes gnd che.mical properties can be emIIJIOyﬁanometer-scale metals was provided by Michael
- to arrange inorganic substances such as metals

nanoscale (Bittner, 2005)[26]. Phraday in his classic paper (Faraday 1847)[30§, bu

R h " K ¢ i the development of nanomaterials depended mainly on
esearch presently seeks systematic approacfmgir visualization and the characterization ofirthe

to fabricate man-made objects at nanoscale and g%ysical and chemical properties. The first obsona

incorporate nanostructures into macrostructures d size measurements of nanoparticles were carried

nature does (Roco 2003[4]; Roco,199923]; Smithout using an ultramicroscope by Zsigmondy in 1902

2006)[25]. Such approaches and concept - which may;inedia, 2008[31], Zsigmondy, 1926)[32]. The
differ from the living systems In agueous mediues- term nanotechnology was first used in 1974 by Norio
self-assembly, templating of atomic and momcum‘f‘aniguchi, who used it to refer to the ability to

structures on _other hanostructures, - interaction 0(5}1gineer materials at nanoscale (Miyazaki and Islam
surfaces of various shapes, self repair and integra 007[5]; Sahoo, 2007) [27]

on multiple length scales may be utilized as models
(Roco 2003[4]; Roco, 1999[23)).

predation on them while the colours on butterflyga
are due to light being bounced off nanoscale layers
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Modern instrumental techniques have drasticallynaterials may contribute to cancer therapy by being
increased our ability to precisely measure parsite drug carrier (Sharon and Sharon, 2007[36]).
distributions and many other parameters that are Nano scale materials attached with anti bodies
correlated with nanoscale objects. For exampland loaded with drug can serve as targeted drug
techniques such as transmission and scanning@tectdelivery vehicle that can transport chemo-therapsut
microscopy have facilitated the direct visualizatimf  into diseased cells while sparing the loading cfittgy
individual nanoparticles with atomic accuracy (Harb cells with drugs. Targeting a drug to its site ofi@an
and Miles, 2003[33]; Karoutsos, 2009[34]). As autes would not only improve the therapeutic efficacy but
of these advances, scientists have developed é@equisalso enable a reduction in total dose of drug, twhic
and highly sophisticated methods to generatamust be administered to achieve therapeutic respons
nanoscale materials with different sizes, compms#tj thus minimizing unwanted toxic effects of the drugs
and geometries. In the 1980s, two more inventionshe Pharmacological applications of some of thd-wel
such as scanning tunneling microscopy (STM) bknown nanomaterials are listed below.

Gerd Binnig and atomic force microscopy(AFM) by

Henrich Rohrer  which enabled the imaging 08.2. Magic bullets

individual atoms or molecules as well as thei|:|_h i bullet th q ith ii
manipulation led to significant progress in theldie € magic bullels are the compounds with Specitic
nanotechnology (Miyazaki and Islam 2007[5]; CortieStructures designed to combat speC|f!c_ diseases and
2004[18]; Matija, 2004)[28]. In 1985, Fullerene Ce0'€ave all else alone. These were envisioned by Paul
was discovered by Kroto's and Smalley’s researcﬁhrhch, the Medicine Nobel Laureate in 1908 (Winau
groups. Afterwards, in 1986, Eric Drexler began t§! al, 2004)[37].' Many hanostructures .have been
promote and popularize nanotechnology througﬂeveIOped that fit the_ magic bullets deﬁmuon.e‘éh
speeches and books - “Engines of creation, pp. t ianostructures could include all of thg nanosmecgd
coming era of nanotechnology” (Miyazaki and IslamC2Iier systems such as polymeric nanop_artlcles,
2007)[5]. In 1991, lijima discovered carbon nanasib liposomes, micelles, and p0|ymer drug conjugates.
and these paved way for the progress in researth apome newer nanostructures being developed include

: ; - .__.hanocages, nanogels, nanofibers, nanoshells,
gﬁ\éelolglrgfnnt ng];?{;l.d oll‘/lr;z?aotec;&;) Lll([)zgg]_(Mgiiiknanorods, and nanocontainers (Vasir et al, 2005)[38
2004)[35] ' ' ’ ' "For example, surface functionalized carbon nanatube

are used for gene delivery vectors (Singh et al,
2005)[39] and gold nanoshells are able to attach to
tumors and selectively destroy them under near-
infrared light irradiation (Hirsch et al, 2003)[40]
Development of magnetic nanocargoes is of keen
The application of nanotechnology has tremendousterest because they provide potential benefittlier
potential in health care, particularly for theuse of localized magnetic field gradients to attthe
development of better pharmaceuticals. Nano enabledug-loaded particles to a chosen site, as wethas
drug delivery has already been successful in détige ability to hold them there until the therapy is quate
drugs to the specific tissues within the body andnd then to remove them (Vasir et al, 2005)[38].
promises capability that will enhance drug penrat Recently hollow magnetic silica hanocomposites,
into cells as well as other means to improve druganospheres, and nanotubes were synthesized (Zhou e
activity. It is known that the efficacy of a drugrcbe al, 2005)[41]. These hollow nanostructures can load
increased if it is delivered to its target selegiyvand drug like ibuprofen, making the hollow
its release profile is controlled. nanocomposites promising for drug delivery (Zhou et
Nano materials has shown the capability oél, 2005)[41]. These integrate magnetic propeititgs
performing clinical functions like detecting canagr hollow nanostructures, thus advancing toward Ehrlic
earliest stages, pin pointing its location in thedy Ts dream. Future study in evaluating the drug sslea
and delivering anticancer drugs specifically tdrom the drug-loaded nanocomposite is surely an
malignant cells. The nano scale materials can cbntrimmediate task for realizing these magic nanoballlet
the spatial and temporal release of therapeutiotage
or drugs. These are much smaller than cells or ma®y3. Quantum Dot (Q-dot) nanocrystals
cell organelles. Most animal cells are 10,000 t?%
20,000nm in diameter. This means that nano sca uantum Dots are nanqcrystals compo_se_d of a core of
materials smaller than 50 nm can easily enter mogtsemmondu_ctor material, enclosed within a shell o
cells while those smaller than 20nm can transitajut another semiconductor that has a larger speciral ba
blood vessels. As a result nano scale devices cHAP
readily interact with biomolecules on both the cell
surfaces and within the cells. Hence a nano sc

3.1. Nanotechnology for Pharmacological
Purpose

The use of quantum dots for cancer imaging is
e of the most promising applications for the fetu
uitably functionalised quantum dots can target
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specific subcellular targets, which is the needadir cancer cell line SK-BR-3 were analyzed by
in oncological studies. Q-dots can start their cacti fluorescence in situ hybridization based on
from sub-cellular (genetic) level, therefore may @e streptavidin-linked CdSe Q-dots (Xiao and Barker,
possible ‘cure’ of cancer is also possible in nea2004[54]; Xiao et al, 2005)[55]. The use of
future. Advantages of using Q-dots are that cancetreptavidincoupled Q-dots for live-cell imagingsha
detection in early stages is possible, it can eglue also been reported (Lidke et al, 2007)[56]. Q-dizs
localisetumours near skin and similar analogues alkee covalently linked with biorecognition molecules
being considered for deep tissue optical imaginguch as peptides, antibodies, nucleic acids, ofllsma
(Zheng et al, 2007)[42]. They are highly angiogtiaph molecule ligands for use as biological labels in
contrast agents in vessels supplying murine sqamonmmlecular and cellular imaging (Bailey et al,
cell carcinoma. Also they show no significant2004[57]; Smith et al, 2008)[58]. Biological
photobleaching or degradation even after an hour afplications of Q-dots include fluorescence resoean
continuous excitation (Smith et al, 2004)[43]. Stab energy transfer analysis, gene technology,
together with temoral resolution of optical detenti fluorescence labeling of cellular proteins, cell
makes them particularly attractive candidates faracking, pathogen and toxin detection, and in vivo
pharmakokinetic imaging studies. Moreover thesanimal imaging (Patel et al , 2007[15]; Jamiesoal et
technologies are associated with equipment cos?907[59]; Walling et al, 2009[60]; Smith et al,
much lower than competing technologies such as MRI006[25]; Michalet et al, 2008[61]; Medintz et al
(Alivisatos et al, 2008)[44]. 2008)[62].

Q-dots are generally composed of atoms from
groups Il and VI elements (e.g., CdSe and CdTe) &4. Ceramic nanoparticles
groups lll and V elements [e.g., indium phosphid
(InP) and indium arsenide (InAs) of the periodicl¢a
In general, quantum dots consist of a semiconduct
core, overcoated by a shell to improve optic
properties, and a cap allowing improved solubility
aqueous buffers (Ying et al, 2008)[45]. Among th
range of available Q-dots, the ones composed o&Cd
cores overcoated with a layer of zinc sulfide (Za&

%:eramic nanoparticles are particles fabricated from

g}organic compounds with porous characteristichisuc
s silica, alumina and titania (Orive et al, 20(3{6
edina et al, 2007[64]; Rawat et al, 2006)[65]. ¥he

gan be prepared with the desired size, shape and
orosity. Their sizes are less than 100nm and fales a

0 avoid uptake by the reticulo-endothelial systasn

produced by a range of well-developed SynthetiEoreign bodies. Entrapped molecules such as drugs,
routes (Medintz et al, 2005)[46]. These O- dotgroteins and enzymes are protected from denatuaratio

become highly fluorescent and feature such attracti at physiological pH and temperature as neither

: ; ; : lling nor change in porosity occurs (Rawat et al
optical properties as high quantum yield, larg we 2 T
absorption cross section, and high photostabilit 006)[65]. Hence, they are effective in delivering

: roteins and genes. However, these particles are no
(Michalet et al, 2005[47], Somers et al, 2007)[48}. . !
dots have been systematically tried in virtually alblodegr?dtable. an?hso tge:je IS coc;]cern that tEey T?y
fluorescence-based assays and in vivo imagi cumutate —in € body and  cause harmiu

procedures (Smith et al, 2004[43]; Michalet et al _egt_s(Medina_\ et al, 2007)[64].Biodegrada_1b_|e
2005[47]; Alivisatos et al, 2005[49]). biosilicon , being highly porous can release mewici

These have the potential to function aiIOWIy over a period of time (Fahmy et al, 20055][6

multimodal imaging platforms in vivo and the alyilit im and Nie, 2005[67]; Biondi et al, 2008)[68].

to detect an optical nano particle preoperativeithw .

clinical imaging modality offered a distinct advage - G0ld nanoparticles

to clinicians engaged in image-guided surgicatold exhibits favourable optical and chemical
applications (Daneshvaret al, 2008[50]; Charles angroperties at nanoscale for biomedical imaging and
Cao,2008)[51]. In addition to being excellenttherapeutic applications (Medina et al, 2007)[64].
fluorescent probes, these can be used as photd&cousan be manipulated to obtain the desired size én th
and photothermal contrast agents and sensitizefgnge of 0.8 to 200nm. The surface can be modified
thereby providing an opportunity for multimodal hig  with different functional groups for gene transfent
resolution (300 nm) photoacousticphotothermainodified into gene delivery vector by conjugatiorda
fluorescent imaging as well as photothermal therapyso modified to target proteins and peptides éocel
(Shashkov et al, 2008)[52]. Q- dots have poteritial nucleus (Xu et al, 2006,Liu et al, 2010)[69-70].

the study of intracellular processes at the single- The strong plasmon absorption and photothermal
molecule level, high-resolution cellular imagingny  conversion of gold nanoparticles has been explaited
term in vivo observation of cell trafficking, tumou cancer therapy through the selective localized
targeting, and diagnostics(Michalet et al, 2005[47]photothermal heating of cancer cells, and in theeca
Kaji et al, 2007)[53]. Human metaphase chromosomes gold nanorods or gold nanoshells, the localized
from transformed lymphocyte cultures and breasjurface plasmon resonance can be tuned to the near-
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infrared region, making it possible to perform inosr  photophysical characteristics and
imaging and therapy (Jain at el, 2008[21]; Gieesig electrochemiluminescence of the silver nanoparticle
Khomutov, 2008[71]; De et al, 2008)[72]. Whenclusters give them remarkable advantages overrlarge
irradiated with focused laser pulses of suitablnano particles in applications such as molecular
wavelength, targeted nanoshells, nanorods, asensing (Xu et al, 2006)[69]. Silver nanoparticles
nanocages can kill bacteria and cancer cells (€ortfabricated in HEPES buffer exhibit potent
2004[18]; Cheon et al, 2014[73]; Cao, 2004[74])eTh cytoprotective and postinfection anti-HIV-1 actigit
nanopartcles-antibody bioconjugates exhibited lonitoward Hut/CCR5 cells (Miller, 2009)[86]. Nano-Ag
term resistance to agglomeration, and scientissepiolite (low-melting-point soda-lime glass powder
described optical detection of antibody-conjugatecontaining monodispersedsilver nanoparticles) pawde
nanoparticles bound to surgically resected humiexhibited a high antibacterial (against gram-pesiti
pancreatic cancer tissue (Nagarajan and Hattcand gram-negative bacteria) as well as antifungal
2008)[75]. Gold nanoparticles having two kinds oactivity (Hoshino et al, 2007)[87].

functional molecules (cysteamine and thioglucose)

significantly enhanced cancer killing (Woo and Mpon3.7. Magnetic nanoparticles (MNPs)

2009)[76]. The nano shell-enhanced optical coheren . . .
tomography has the potential for molecular imagin agnetic nanoparncle_s (MNPs) are a major C.I".’ISS of
and improved detection of diseases (Krumov et ayanoscale_ mater!als W'th the potential to revohm_e
2009)[77]. AuCunanoshells were reported to becurrent_clmlcal dlagno_stlc and Fherapeutlc tecbafq
capable of enhancing the contrast of blood vesgels Magnetic nanoparticles mcIude; _Nanowires,
vivo, which suggested their potential use in maignetnanospheres, nanotgbes gnd magnetic thin filmseSin
resonance angiography as blood pool agents (Ll et éhe SIze, shape, orientation, distribution, etc. tiud
2008)[78]. Combination of local heating andMagnetic nanoparticles can be controlled by

olyethylene glycol (PEG)-coated gold nano articlegontr.OIIing the process_ing condition; it V.Vi" be
I%aﬁedywith gta/mor( necr)osis fac?or-resultez in possible to tailor the particles for specific apgtions.

enhanced therapeutic efficacy over either treatme&ue to their unique physical properties and abikty

alone (Byrappa et al, 2008)[79]. Covalent couplifig unction at the cellular and molecular level of

gold nanoparticles to retargeted adenoviral vecto olog_lcal interactions, these are. being actlvely
nvestigated as the next generation of magnetic

allowed selective delivery of the nanoparticles td : .

tumour cells, thereby, showing promise foy €Sonance imaging (MRI) contrast agents (Coroi,_et a

hyperthermia and gene therapy as a combinatorjf%)[%] and as carriers for targeted drug deyl_ver

therapeutic approach (Juillerat and Jeanner .ankhurst etal, 2(.)03[89]' _Dobson, 200.6)[90].' \.Mth
l){\hde range of applications in the detection, diaiso

2008)[80]. 20 nm gold nanoparticles coated wit nd treatment of illnesses, such as cancer (Lal, et
thioctic acid-terminated PEG (5000) showed promISE%OS[Ql];Ferrari . 2005)[92], cardiovascular diseas

as potential drug delivery vehicles and diagnosti
imaging agents (Koper, 2002)[81].Utilization of dol
nanocages for cancer detection and treatment ses
showed improved optical coherence tomograph
image contrast when these were added to tiss
phantoms, as well as the selective phototherm
destruction of breast cancer cells in vitro whe
immunotargeted gold nanocages were used (Geu
and Wagner, 2005)[82].

ickline, 2007)[93], and neurological disease (@or
it al, 2004)[94], MNPs may play a significant rate
eeting the healthcare needs (Vlerken and Amiji,
06[95]; Kohler et al, 2005[96]; Wan et al, 2007]9
u and Sun, 2007[98]; Pankhurst et al, 2003[89];
rruebo et al, 2007[99]; Varadan et al, 2009[100];
un et al, 2008)[101].

The ability of MNPs to enhance proton relaxation
of specific tissues and serve as MR imaging contras
agents is one of the most promising applications of
nanomedicine. MNPs in the form of
The nano-silver based wound dressing acticoat hasperparamagnetic iron oxides (SPIO) have been
been on the market since 1998 (Becker, et adctively investigated as MR imaging contrast agents
2007)[83]. Silver(l) carbene complexes encapsulatefdr over two decades (Weissleder et al, 1995)[102].
in nanofibers are promising materials for sustaineWith applications, such as bowel contrast agents an
and effective delivery of silver ions with maximumliver/spleen imaging already on the market (Wang et
bactericidal activity over a longer period of timeal, 2001[103]; Bonnemain et al, 1998)[104], SPIOs
primarily as part of wound- or burn-dressing masri have led the way for MNPs into the clinic.

(Kobayashi et al, 2009)[84]. Various synthetic exut Super paramagnetic iron oxides (SPIO)
currently used for developing stable silvemanoparticles (15-60 nm) can be coated with dextran
nanoparticles and their diagnostic biomedical @ptic phospholipids, or other compounds to inhibit
imaging and other biomedical applications have beeaggregation and passive or active targeting agents
reported (Willems and Wildenberg, 2005)[85]. ThgGupta and Gupta, 2005)[105]. Upon controlled

3.6. Silver nanoparticles

10
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surface functionalization and coupling with fragrtsen nanoparticles will be more deadly than present
of DNA strands, proteins, peptides, or antibodieshemical weapons. This is due to the fact that the
SPIO nanopatrticles can be used for drug delivergmaller a particle, the greater its impact either
magnetic separation, MRI contrast enhancement, apdsitively or negatively. Some nanoparticles show
MFH (Shubayev et al, 2009[106]; Xu and Sunjncreased toxicity due to their increased surface
2009[107]; Shankar et al, 2011[108]).As therapeutiarea(Dunphy Guzman et al, 2006,52)[120]. Studies
tools, MNPs have been evaluated extensively fdrave shown carbon nanotubes to be cytotoxic and to
targeted delivery of pharmaceuticals through magnetinduce granulomas in lungs of laboratory animals.
drug targeting (MDT) (Senyei et al, 1978[109];Also, metals and metallic oxide nanoparticles sash
Neuberger ,2005)[110] and by active targeting tgtou copper, cobalt, titanium oxide and silicon oxidevdna
the attachment of high affinity ligands (Torchilin,inflammatory and toxic effects on cells (Dunphy
2006[111]; Zhang et al, 2002[112]; Veiseh et alGuzman et al, 2006,52)[120]. However, studies and
2005)[113]. debates are going on about the benefits and rigks o
MNPs have the potential to overcome limitationsianotechnology (Cobb and Macoubrice , 2004[121],
associated with systemic distribution of convergion Roco, 2003[4], Oberddrster et al, 2005, 53-55.)[122
chemotherapies. With the ability to utilize magoeti Optimistically, the benefits of nanotechnology are
attraction and/or specific targeting of diseasenormous and so studies which include the health,
biomarkers, MNPs offer an attractive means oénvironmental, ethical and safety issues should
remotely directing therapeutic agents specificidlya indicate how to maximize the benefits and reduee th
disease site, while simultaneously reducing dosagisks. Macro- and microtechnologies had their risks
and the deleterious side-effects associated with noyet the benefits were accepted.
specific uptake of cytotoxic drugs by healthy tiessu

5. CONCLUSION

This review has summarized the major types of nano

Most magnetic nanowires are compatible with IiVin(%’naterials that have potential applications in vasio

ceII_s and can be functhnallzed .Wlt.h bIOIO.gl(:a”yaulments and targeted drug delivery. The applicatib
active molecules. Their applications include C2 . .
. : . . i nanotechnology to medicine is a rapidly developing

biosensing and construction of nucleic acids sensor, : 7o .
rea of investigation. In the near future, it appea

Many _efforts h_ave been made to _explore th%ighly likely that nanotechnology will play an

applications of single segment and mUItIIOIe'Segmeri]rtnportant role in assessment and treatment of wario

?ang5n)ﬁlf 4]nan0V\ér§|$] ;r:e dblometdol cine n(asr?c?s ﬁ;reﬂdiseases. Indeed, some of the nanomaterial-based
X b b therapies and diagnostics presented here outperform

multifunctionality can be more easily realized oaltin conventional materials in terms of efficacy, reikaf
segment nanowires (Reich et al, 2003)[115]. Magneti L ) acy, It
nd practicality. Continued optimization of

nanowires used in biomedicine are metal Cy”ndricananomaterial roperties will be necessary to determ
electrode(s) positioned i brop y

e applicability of these methods in modern
nanoporoustemplates(Varadan et al, 2009)[100] & Bealthtf)zfre pra)(/:tice Nano particles of various
have shown potential for use in biosensing '

I : . . Jormulations have been developed to diagnose and
applications and construction of nucleic aC|d%

sensors(Lord et al, 2009)[116]. Functionalizaticithw reat d'.se‘?‘ses f(_)r which cor_wentlonal therapy has
. : ; . shown limited efficacy. In particular, the use @mno
biomolecules involving two-segment nickel-gold

. . : articles as MRI contrast agents and drug carhiave
nanowires served as synthetic gene delivery systerﬁs

(Salem et al, 2003)[117]. The binding of pcDNAS3 to fawn enormous attention, as it holds great patbnti
the nickel segment of the nanorod provided a stronOlc prc_)wdmg new opportunities for (_early cancer
tection and targeted therapies. Keeping in viesv t

immune stimulatory adjuvant effect to the antige diversity of engineered nano particles, their salver

bound on the gold segment (Saletral, 2005)[118]. . .
Separation of heterogeneous cell mixtures based 8RSS'ble S'd.e effects_should not be ove_rlookeqmémr
research is required on the interaction of

the differences in physical size of the cells hasrb anomaterials with biological Svstems from  the
achieved with magnetic nanowires (Hultgren et al’ . 9 ystel
perspective of safe use of nanomaterials. Expeds a

3.8. Magnetic nanowires

2005)[118]. of the opinion that nanomaterials have the potetdia
provide revolutionary methods for the prevention,
4. RISK OF NANOTECHNOLOGY diagnosis, and treatment of some fatal diseases.

Despite the great potentials of nanotechnology,
safety in humans, animal and plants, and effecthen
environment are of concern. Also, military applicat The author is thankful to Mr. abhijit Nath and Dr.
is of concern as chemical weapons fabricated frorgudip choudhury for useful support and discussion.
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