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ABSTRACT

Innovations and discoveries are constantly being made in the medical field. Nanoparticles have contributed to many
of these advances. One of the most promising applications of nanotechnology is in the field of medicine.
Applications of nanotechnology for treatment, diagnosis, monitoring and control of biological systemsisreferred to
as nanomedicine. It is a relatively newer technology based on the uses of engineered nanomaterials like liposomes,
carbon nanotubes, fullerences, polymeric micelles, quantum dots. Engineered nanomaterials are medical materials
available in nanometer (one-millionth of a millimeter) scale. Because of nanoscale, the molecules acquire changes
in their physicochemical properties which are utilized for easier and more thorough penetration in cells.
Nanomedicine has shown promising results both in diagnostics as well as therapeutics. The most striking use can be
repairs at a molecular level. Like other modalities of treatment, nanomedicine also has disadvantages, however
currently the benefits outweigh the risks.
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INTRODUCTION

Nanotechnology is design, characterization, pradacand application of structures, devices and esyst by
controlling shape and scale. A nanometer is odhih of a meter or 1/75,080™ size of a human haar about
the width of six carbon atoms. A human hair is appnately 80,000 nm wide and a red blood cell agppnately
7000 nm wideNanoscience studies the phenomena, propertieseapdnses of materials at atomic, molecular and
macromolecular scales, and in general at sizeseaetvi-100nm. Applications of nanotechnology foatment,
diagnosis, monitoring and control of biological tgyss is referred to as nanomedicitteis derived from Greek
word, nanos means dwarf and meros means fgt®n Dec 29, 1959 physicist Richard Feynman gavetarie at
American Physical Society meeting at Caltech tittedre is plenty of room in the bottom. Feynmanppsed
employing machine tools to make smaller machinéstdbese are to be used in turn to make still natachine
tools, and so on all the way down to the atomielleVhis lecture was the birth of idea and studparfiotechnology
[2]. Norio Taniguchi at Tokyo Science Universitylif74 coined the term nanotechnology to descriegthcision
manufacture of materials with nanometers tolerarares was unknowingly appropriated by Drexler in h&86
book Engines of creation: The Coming Era of Naclmelogy Twenty years from now, nanotechnology will have
given us specially engineered drugs that spediitatget just the mutant cancer cells in the huilmadly, and leave
everything else blissfully alone. There are différeinds of nanoparticles which are suitable t@applicable in drug
and gene delivery and are categorized as liposoquasitum dots, polymer nanoparticles, solid lipgshoparticles,
nanocrystals, dendrimers, fullerenes, inorganic oparticles (e.g. gold and magnetic nanoparticlesll a
nonobubbles [3]There are various methods of entry of nanoparticies cell that includes endocytosis, diffusion
and through ion channels or transport proteins.aftlges of these drugs over conventional drugeembanced
solubility of the drug, reduction in the numberdafses given to the patient and protection of draghfdegradation
before it reaches the target and effective druggetang.
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Liposomes

Figure 1: Structure of liposome
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These are simple microscopic vesicles in whichqureaus volume is entirely enclosed by a membrangosed of
lipid molecule. The name liposome is derived fromo tGreek words, ‘lipos' meaning fat and 'soma’nimgga
body.There are various types of liposomes likeaméllar, bilamellar liposomes, cationic liposomeispsomes,
immunoliposomes, gene based liposomes, pH senfjiivgome, long circulatory liposome, fusogenioBpme [4].
The advantages of using liposomes in drug delieeydecreased toxicity of encapsulated drug, bgtliophilic
and hydrophobic drugs can be encapsulated withostimes, they are biologically inert, biodegradabta toxic,
non antigenic, non pyrogenic and can be used astiftly for drug targeting and they transportith@ad across
biological membranes and even across BBB. The disadges of liposomes are high cost of productibeir
uptake by RES, allergic reactiomgy occur to liposomal constituents, problem tge&ng to various tissues due to
their large size, less stability and low solubilib}. Stealth liposomes are a type of liposomes whexdiposomes
are coated with materials like polyoxyethylene whprevents opsonisation of the liposome and thpiake by
macrophages. The circulation time of liposomes lwarprolonged by incorporation of substances likeledterol,
polyvinylpyrollidone polyacrylamide lipids. The unie ability of liposomes to entrap drugs both iragneous and
a lipid phase make such delivery systems attradtivdnydrophilic and hydrophobic drugs. Usually aasoluble
drugs are loaded in agueous compartment and ligigbke drugs are incorporated in the liposomal memeé.
Liposomes can be made from several different tygdpids however; phospholipids are most commamed to
generate liposomes as drug carriers. Additives dikelesterol or sphingomyelin may be added to ibesbmal
mixture in order to help stabilize the liposomalsture [6]. Virosome is type of liposome in which liposome
surface is modified with fusogenic viral envelop@tpins. Influenza vaccine is developed by usingsomes
containing the spike proteins of influenza virug aglicits high titres of influenza specific antibesl Trials of
virosome influenza vaccine in children showed tiais highly immunogenic and well tolerated. Similg/pe
vaccines are under development for Hepatitis Allijosomal Hemoglobin also called as haemasomefana to
be useful in preventing reperfusion arrhythmias imngost myocardial infarction patients. The maj@wadvantages
of haemasomes are they are easily phagocytosedcbrophages and cause compliment activation. Lipab&mP
is investigated for their role in wound healing gu@serves mechanical properties of the heart uisg@emic
conditions in an isolated rat heart mofijl
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Table 1. Liposomal preparations

Liposomal drug Indication
Liposomal preparation of Amphotericin B Fungakiciions Marketed

. - HIV-related Kaposi’'s Sarcoma
Pegylated Liposomal Doxorubicin Metastatic Ova?ian and Breast cancer Marketed
Liposomal Estradiol Menopausal therapy Marketed
Liposomal Cytarabine Malignant Lymphmatous menisgi Marketed
Liposomal Morphine Post surgical neuralgesia Marttat
Liposomal Verteporfin Age Related Macular Degerierat Marketed
Lipo-ATR (All Trans retinoic acid) Acute Pro Myelocytic Leukemia(APML), Marketed

Renal cell cancer

Liposomal Vincristine Acute Lymphocytic Leukemiagnoma| Marketed
Liposomal Cisplatin Pancreatic cancer Marketed

Carbon nanotubes

Figure 2: Structure of Carbon nanotubes

Carbon nanotubes (CNTSs) are cylinders of one oerfayrers of graphene. There are various typesrustobes like
Single Walled Nano Tube (SWNT) characterized bypresence of a single graphene sheet of size @&1to and
Multi Walled Nano Tube ( MWNT) formed from severncentric graphene sheets of size of 5 to 20CQarbon
nanotubes can be made water soluble by surfacéidaatization. These nanotubes can be made motblsoby
incorporation of carboxylic or ammonium groups beit structure and can be used for the transpopeptides,
nucleic acids and other drug molecules.The cartzomotubes are loaded with drugs and their surfaatedowith
tumor targeting ligands. Anticancer drug Cisplasimoaded into MWCNTs and functionalized with focid. With
external magnet, CNTs are targeted to lymph noddstlze drug is released and thus inhibiting theatugrowth.
Other anticancer drugs like Gemcitabine, Epirubiaimd Camphothecin are also incorporated into néestdor
effective tumor targeting.

These nanotubes bind to specific receptors oncidatumor and thus can be used for effectiveetaspecific drug
delivery. CNTs itself has anti microbial effect whiadsorbs the micro organism into its surface.dil#be induced
oxidation of intercellular antioxidant glutathionesulting in increased oxidative stress on baateell and thus
bacterial cell lysis [9].

Amphoterecin B nanotubes are under developmeme&t serious fungal infections and visceral leishiasis[10].
CNTs enclosed Amphotercin B had less toxicity whempared to the free drug. Vaccine delivery caadigeved
by linking an antigen to CNT without losing its dwmation and by inducing antibody response witghti
specificity. It is found that CNTs protein complexhances the immune response when attached tontigera
which strengths the possibility of incorporating TNin vaccine [9].
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Fullerences

Figure 3: Structure of Fullerence

It was discovered by Harry Kart, Richard Smallep& Curl. They are also called as buckyballs. cBdall” is
the common name for a molecule called Buckminstieriene, which is made of 60 carbon atoms formetha
shape of a hollow ball. The arrangement of the atoesembled the shape of the geodesic domes imvégte
architect Buckminster Fuller, hence the name.déngbles a soccer ball with 20 hexagons and 12 geméaand is
highly symmetrical.These are spherical moleculesiné 0.7nm[11]. They are found to have aantiviral activity
against HIV and Hepatitis C virus. Fullerenes digaté both the HIV-1 and HIV-2 types of virus anahd seem to
harm normal cells or organs, which is a major poblith some other HIV inhibitors.They also causembrane
disruption of bacteria and so possess antibactetan against E. coli, Streptococcus, Mycobagteriuberculosis.

A new variant of Vancomycin that contains fulleréimy cage-shaped molecules of pure carbon coutdrbe the
worlds first targeted antibiotic, creating a nemeliof defence against disease like anthrax Pullerences also act
as scavenger of free radicals along with anti-mfigatory actions. Fullerences have antioxidantoadind anti-
apoptosis properties which might be useful in treatment for Amyotrophic lateral sclerosis and Redn’s
disease. Fullerenes can also generate reactiveenxggecies during photosensitization. This propeatybe used in
cancer therapy [13]hese are able to interrupt the allergic reactipimhibiting a basic process in the cell that leads
to release of an allergic mediator. Essentiallg, filllerenes are able to prevent mast cells frdeasing histamine
[14]. These findings open a new emerging field afdiine, which is known as nanoimmunology. Degrée o
purification of fullerene determines its cost amghiy purified fullerenes are expensive, restrigtits application in
medical field.

Quantum dots

Are nanocrystals measuring about 2-10 nm, whichhlmmade fluorescence when stimulated by light.nQua
dots can be made to emit light at any wavelengtthénvisible and infrared ranges, and can be iedestmost
anywhere, including liquid solution. Quantum dobs@rb white light and then reemit it a couple oh@seconds
later at a specific wavelength. By varying the simd composition of quantum dots, the emission Vesgth can be
tuned from blue to near infrared. For example, 2juantum dots luminance bright green, while 5nm tuardots
luminance red [15]Quantum dots can be attached to a variety of sarfgands and inserted into a variety of
organisms for in-vivo research.The structure cassi$a core which is made up of semiconductorentmainly
CdSe (Cadmium Selenide) that emits light, surrinmdt is a shell made up of insulator materialSZ(Zinc
Sulphide). Outside to shell is a biocompatible tag€ Polyethylene glycol and lastly a synthetic thog layer.
Quantum dots can be coated with antibodies whiehageted to Prostate Specific Antigen and thasbeaused for
imaging of sentinel nodes in prostate cancer patiéor tumour staging and planning of therapy. Tane
technique can be applied to detect sentinel nodesiélanoma, breast, lung and gastrointestinal tusnoBy
combining a quantum dot with a gadolinium, a namtge that can spot apoptosis, cell death can dteated.
Imaging programmed cell death in the body by MRWId provide an early indication that an antiturtieerapy is
indeed killing cancer cells. MRI experiments showiedt the nanoparticles produced an imaging sigmat was
approximately 40 times stronger than that produmethe gadolinium carrier alone. In active targgtiry quantum
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dots in order to treat cancerous cells, they cacopgugated with tumour specific active bindingesiso as to attach
themselves to tumour cells. In passive targetihg, quantum dot probes do not have the tumour speifive
binding sites. The enhanced permeability and rigtenfactor of the tumour enables the absorption of
nanocrystalline quantum dots and thus killing canoells [16]. Rapid and sensitive diagnosis of Respiratory
Syncytial Virus (RSV) can be done by using quantimts. RSV virus infects lung cells it leaves pdrite coat
containing F and G proteins on the cell’s surf@@eantum dots have been linked to antibodies kegedrtictures
unique to the RSV coat. As a result, when Quantota dome in contact with either viral particlesidfected cells
they stick to their surface and they illuminateghti fluorescence and thus antibody- conjugated Quardots
rapidly and sensitively detects RSV. Cryptospondiparvum, Giardia lamblia, Escherichia coli andnSaiella
Typhi can also be detected by quantum dots. Dubdio extremely small size and optical resolutithey are also
well suited for tracking the molecular dynamicdrdfacellular and intercellular molecular proceskies small size
of the synaptic cleft or between an astrocyte psead a neuron. Quantum dots can be considedaternative
for organic dyes in the imaging of biological syste due to their excellent fluorescent propertigsd chemical
stability, broad excitation ranges and high pholeabhing thresholds. Quantum dots are being inyat&til as
chemical sensors for cancer cell detection, gemeesgion studies, gene mapping and DNA microarreyyais,
immunocytochemicalprobes, intracellular organefiarkers, live cell labelling, medical diagnostiasdadrug
screening, Single Nucleotide Polymorphism genotymnd vascular imaging. The main shortcoming ofntwa
dots is their toxicity and therefore their applioatis problematic. Quantum dot complexes, inclgdimeir capping
materials may be immunogenic, which could resulhimune reactions in subjects. The heavy metaltagmed in
the core and the materials used for capping matpXie to the host. Scientists have been using igethtring the
production of CdSe quantum dots thereby reduciegdkicity of the particles. The size of quantunt demplexes
precludes renal excretion, making clearance fragrbtbodstream unlikely [17].

Figure4: Structure of quantum dot
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Nanoshells

Nanoshells consist of nanoparticles with a corsilidda and a coating of thin metallic shell. Goldnoshells are
spherical particles with diameters typically rarggin size from 10 to 200nm. They are composed diegectric
core covered by a thin gold shell. The nanoshekseanbedded in a drug containing tumour targetettdgel
polymer and injected into the body. These shelisutate through in the body until they accumulagamtumour
cells. When heated with an infrared laser, the shelts selectively absorb the IR frequencies, theltpolymer and
release their drug payload at a specific site. Juréace of gold nanoparticles is now routinely timmalized with
PEG (PEGylation) to stealth the nanoparticles fionmune surveillance and this has led to a draniati®ase in
its circulation time [18].Nanoshells offer advantages over traditional catreatments like earlier detection, more
detailed imaging, fast non invasive imaging ancegnated detection and treatment. Nanoshells taelithe
detection of cancer in its earliest stages, beforg significant pathogenesis, tumour formation ametastasis.
Conjugating nanoshells to antibodies that targéhelial cell surface receptors (e.g., EGFR and BE®hich are
commonly over expressed in cancer cells. The mstuliigh concentrations of nanoshells found onstiéace of
targeted cancer cells, greatly facilitates imaginghe cellular level. Nanoshells could also praseful in treating
diabetes. Instead of taking an injection of insudirpatient would use a ballpoint-pen size infrdessr to heat the
skin where the nanoshell polymer had been injedibd. heat fromnanoshells would cause the polymeelaase a
pulse of insulin. Unlike injections, which are takgeveral times a day, the nanoshell-polymer systeufd remain
in the body for months [19].
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Table 2: Nanoshell preparation

Nanoshell | Indications
AuroLas€"-Gold nanoshell| Head and neck canger Phase 1

Figure5: Structure of gold nanoshell

Figure 6: The picture shows mechanism by which nanoshells destroy tumour cells

O

Metal Nanoshells
Thin metallic shell / \ Thick metallic shell
Absorption is more Scattering is more

Nanoshells tagged with
specific antibodies findg
the tumor

3 OR
Irradiation with 'g‘_g(-; éc 6‘1’ J Tumor can be imaged
resonance light DNl and irmmdinted

l ]
Collapse of polymcrq’ & i
matrix and drug Is O& T
e VOw 4
Nanobubbles

Nanobubbles remain stable at room temperature &ech Wweated to physiological temperature withintibdy, they
coalesce to form microbubbles. These have the #@algas of targeting the tumour tissue and delivetirggdrug
selectively under the influence of ultrasound expesThis results in increased intracellular uptakéhe drug by
the tumor cells. It also provides an additionalattage of enabling visualisation of the tumour. darbble loaded
doxorubicin, when injected, reach the tumour tisdueugh leaky vasculature and get accumulatetheatsite of
tumour. This is followed by formation of microbubblby coalescing of nanobubbles which can be vsadby
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ultrasound techniques. When the site is focusel kigh intensity focused ultrasound (HIFU), it casislisruption
of the microbubbles resulting in release of thegdrihe microbubbles retained the drug in a statdée suntil
stimulated by HIFU. This results in attainment after levels of drug in the target cells and hemechiced toxicity
and increased efficacy [21)anobubbles are also being tried as a therapew@suane for removal of clot in
vascular system in combination with ultrasoundr@cess called as sonothrombolysis. This methodatieantages
of being non invasive and causing less damagedotkalium [22].

Polymeric nanoparticles

Polymeric nanoparticles are either nanosized spédicles or capsules which consist of natural ymttsetic
polymers, to which the drug is attached. Their s&zbetween 10-100nm. The most commonly used palyme
polyethylene glycol because it is inexpensive anfss toxic. Though it is not biodegradable, kasily removed
from body by excretion pathways. Other polymergduseresearch are poly (propylene oxide), poly (olgztone),
and poly (L-lactic acid) [23].

Figure 7: Structure of polymeric nanoparticle
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Table 3: Polymeric nanoparticle preparations

Polymeric —

nano):)article Indications
L-Leucine, L-glutamate Copolymer and Insulin  Typdidbetes Phase 2
PEG-anti TNF-antibody fragment Rheumatoid arthdtisl Crohn’s disease Phase 3
Polymer Protein Conjugate-Neulasta Febrile neutrizpe Marketed
Polyglutamate Paclitaxel Non-small-cell lung can€&®rarian cancer Phase 3
PEG -Uricase Hyperuricemia from gout Marketed
Polymer Protein Conjugate-Pegasys Hepatitis C Marketed
Polymeric Drug-Copaxone Multiple Sclerosis Marketed
Pegaptanib Sodium Neovascular agerelated Macafgreeration Marketed

Micelle

Micelles are formed when amphiphilic surfactant pmymeric molecules spontaneously associate in agie
medium to form core-shell structures or vesicleslyleric micelles are formed from amphiphilic block
copolymers, such as poly(ethylene oxide), poly(gehaspartate) and poly(N-isopropylacrylamide), ystyrene.
Their diameter is around 5-199nm. Micelles are fedrin solution as aggregates in which the compomen¢cules
are generally arranged in a spheroidal structuté twdrophobic cores shielded from the water by anthe of
hydrophilic groups. The inner core of a micellehigdrophobic which is surrounded by a shell of hyhitic
polymers such as poly (ethylene glycol). Their loydobic core enables incorporation of poorly watduble and
amphiphilic drugs while their hydrophilic shell poag their circulation time in the blood and incseaaccumulation
in tumour tissue$24]. Drugs or contrast agents may be trapped physiegathin the hydrophobic cores or can be
linked covalently to component molecules of the efic Polymeric micelles can be employed to adrtenis
chemotherapeutics in a controlled and targeted prawith high concentration in the cancer cells egdiliced side
effects [25].
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Figure8: Structureof amicelle
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Table4: Micelle preparations

Micelle Indications
Estradiol hemihydrate Micellar nanoparticles  Reiduncof vasomotor Symptoms  Marketed
Paclitaxel Ovarian, lung, breast cancer Marketed

Nanocrystal
These are crystalline nanoparticle of size <lum.$hmll size of these nanoparticles offer the adgatof
increased surface area and increase in the sofulfidrugs [26].

Table5: Nanocrystal preparations

Nanocrystal Indications
Nanocrystal Sirolimus Transplant rejection Marketed
Nanocrystal Fenofibrat¢  Primary Hypercholesteriderypertriglyceridemial Marketed
Nanocrystal Palperidon¢  Psychosis Marketed
Nanocrystal Aprepitant VVomiting in chemotherapyi@ats Marketed

Dendrimers

Dendrimers are nanoparticles with regular branckingctures. They are called Polymers of 2éntury. The word
dendrimer is derived from Greek wordendron meaning tree and meros meaning part. The chemistry of
dendrimers was introduced in 1978 by Fritz Vogtld ao-workers. Dendrimers have a tree-like strgctuth many
branches where a variety of molecules, includingdrcan be attached. Cavities in the core struetmdefolding of
the branches create cages and channels. The sgrfages of dendrimers are amenable to modificadiat can be
tailored for specific applications. Therapeutic asidgnostic agents are usually attached to surgoeps on
dendrimers by chemical modification. With size I#ésan 5 nm in diameter, dendrimers are small endagsiip
through tiny openings in cell membranes and to passular pores and tissues in a more efficient thag bigger
polymer particles.The structure of dendrimer hagms a core, interior layers which is composetepeating units
and an exterior that is attached to the outer nmistior generations. The peripheral layer can laelento form a
dense field of molecular groups that serve as hémkattaching other useful molecules, such as DiRAich can
enter cells while avoiding triggering an immunep@sse. Dendrimers are also used as Magnetic resemaaging
(MRI) contrast agent. The advantages of using gaidoh chelates based on polylysine dendrimers @ténal
circulation time within the body, reduced risk acumulations of gadolinium compounds and goodityuaf
imaging [27].There are various types of dendrimer like PAMAM IfRmidoamine) dendrimer, hybrid dendrimer,
peptide dendrimer, chiral dendrimer, amphiphilindiémer, tecto dendrimer, multilingual dendrimericetiar
dendrimer. PAMAM dendrimers, the best known molesubelonging to this group of compound. Tecto-
dendrimers have a single core dendrimer surroubgeatiditional dendrimer modules of different typeach type
designed to perform a function necessary to a stharaipeutic nanodevice. Dendrimers have nanosqapiicle
size range from 1-100 nm, which makes them lessegtible for reticulum endothelium uptake. Multifiienctional
groups are present on outer surface of dendrimengsh can be used to attach vector devices foretarg to
particular site in the body. Dendrimers can be fiwdias stimuli responsive to release drug [28].
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Figure9: Structure of Dendrimer
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Table 6: Dendrimer preparations
Dendrimer Indications
Viva Gel Microbicide Phase 3
Folic acid PAMAM dendrimers —Methotrexate  Epitheliancer| Preclinica
Efaverenz HIV infection Preclinical

M agnetic nanoparticles

Magnetic nanoparticles (MNPs) exhibit a wide variet attributes, which make them highly promisiragreers for
drug delivery. Due to their unique physicochemjmadperties and ability to function at the celluéard molecular
level of biological systems, MNPs are being activielvestigated as the next generation of targeted delivery
vehicle. In particular, these are easy handlindhlie aid of an external magnetic field, the pabsibof using
passive and active drug delivery strategies, tligyabf visualization as they are used in MRI daenhanced uptake
by the target tissue resulting in effective treattra the therapeutically optimal doses [2®fagnetic nanoparticles
are divided into pure metals such as cobalt, hickenganese and iron, their alloys and oxidesn loaide
nanoparticles, are the only type of MNPs approwadcfinical use by FDA. Binding of drug with MNPay be
achieved by covalent binding, electrostatic intBoas, adsorption or encapsulation process. Targetidrug with
MNPs, is carried out by passive or active mechanizassive targeting is a result of enhanced vaspelaneability
and retention of tumour tissues. Active stratedigseon the attraction of magnetic nanoparticleth affected site
by using recognition ligands (e.g. antibodies) citéal to the surface of MNPs and by handling of =tereal
magnetic field. Drugs which are conjugated with met@c nanoparticles are Doxorubicin, Daunorubi€inpamine,
5 Flurouracil, Cisplatin, Paclitaxel. Magnetic hygbermia involves the delivery of magnetic nanojgas to target
sites. Once the particles have been taken up bynaur, an alternating field is applied that coupteshe particles,
resulting in efficient heating. If the tumour c@ll heated to 40-4€ for 30 min., apoptosis may be induced thus
effectively killing the tumour. In order to retaihe magnetic nanoparticle-drug complex at a pdetidocation, the
externally applied field must have a relativelyosty gradient. Additionally, once the drug is retghdsrom the
magnetic complex, it no longer responds to the iagpmagnetic field. It is then free to resume itgmal
distribution patterns in the body. Therefore, & irug or gene is released while the carrier paestiare still within
the vasculature, even if they are held at the tasge, there will still be some degree of systemistribution.
Another problem with these systems is the poterftial embolization as the particles accumulate wwitthe
bloodstream, blocking blood flow. The particlesoat®in become concentrated in the liver where cyicity may
be an unwelcome side effect. However, both of theblems potentially may be turned to good adwgmias it
may be possible to enhance targeting of tumoutisaériver and block the blood supply to the tummarss [30].
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Figure 10: Structure of a magnetic nanoparticle
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Ethics and nanomedicine

Debates also exist over whether nanomedicine hasmique ethical issues or the ethical issues sf fgeghnologies
apply to nanoscience. Several nanoethicists hatedyladentified the need for 'better' ethics of egieg
technologies and believed that researchers shauisider ethical reflection as part and parcel efsearch and
development processes and should be transferredniomedicine. Therefore, it is essential to proabtiaddress
the ethical, social and regulatory aspects of nautitme in order to diminish its side effects or #mvironment
and public health and also to avoid a public reactEthical issues involving nanomedicine is hdlpéudecision
makers, particularly employers, workers, investars] health authorities. The ethical considerationgolved in
nanomedicine are related to risk assessment irrglesematic-cell versus germline-cell therapy, ¢mhancement
of human capabilities, risk management of engirceer@nomaterials, research into human embryonic stlm
[31]. For instance, recently, the identification @ftotoxicity of nanoparticles toward mammalianrgli@e stems
cells has aroused great concern over the bio safetpanomaterials. Ethical issues is a major cander
nanomedicine. If a computer chip is implanted imans and this chip can diagnose diseases from wiécherson
is suffering currently, it can also analyze our DikAdetermine the diseases to which one may beeptibte to in
future. Ethical issues concerning a patient’s riglihow, right-not-to-know and the duty-to-knowsa$. The safety
of nanomedicine has to be thoroughly examined dughéir unpredictable nature, before coming to tties in
human [32].

Advantages of Nanoparticles

Due to their small size nanoparticles penetratellscapillaries and are taken up by the cell whidlovas for
efficient drug accumulation at the target sitethimbody. The surface of the nanoparticles are fieodwith ligands
like antibodies for drug targeting and delivery.

They can be coated to avoid opsonisation and pletection of the encapsulated drug before thegihrélae target
site. Nanoparticles have longer clearance timeiaer¢ased bioavailability with good therapeutificafcy. Due to
their small size they have increased surface agealts in a faster dissolution of active agentainaqueous
environment [33].

Disadvantages with Nanomedicine

Nanotoxicology is the study of the toxicity of mamaterials. Nanomaterials can enter human tissuesigh
several ports via the lungs after inhalation, tigtothe digestive system and possibly through Kie Systemic
distribution of nanoparticles has been demonstrafest inhalation and oral uptake and nanopartibi@ge been
found to cross the blood brain barrier, reaching éfifactory bulb and the cerebellum. Many of théfiaially
manufactured nanoparticlesare made of non-biodagtagbollutants, such as carbon black and metalgrenlong-
term behaviour of such substances is not knownb@enanotubes are found to cause asbestos liketefdn the
mesothelium following intracavitary injection ofghi doses in rodents. They also release reactivgeoxgpecies
which can cause necrosis or apoptosis of macroptelyénes and changes in cell morphology. Carbwnotubes
also causes aggregation of platelets. Cadmiunrés@gnized toxicant that has been classified a®laaple human
carcinogen. It is a heavy metal that has the piatietat cause lysosomal damage and DNA breakageaimmmalian
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hepatocytes and many other cells and tissues. Cadmiso disrupts mitochondrial function both inivand in
vitro. In humans, male infertility is strongly liell to cadmium exposure vitro. Cadmium is a consifler human
carcinogen [34]. It is proved to cause lysosonaahdge and DNA breakage in mammalian hepatocytetmiDan
also disrupts mitochondrial function and promotpeposis. In the testis, cadmium induces lysosaaahage in
testicular Sertoli cells, but its main toxic effe@ppears in germ cells but not in somatic cElkposure of human
keratinocytes to insoluble single-wall carbon nabet is associated with oxidative stress and apptExtensive
use of polyvinyl alcohol as a detergent with nambpi@s can cause toxicity. These particles arendoto cause
pulmonary, alveolar inflammation and pulmonary @argenicity. They cause disturbance in the auttin®ystem
and have a direct effect on heart and vasculactiom Silver nanoparticles cause intensive toxXfeats on the
proliferation and cytokine expression by periphdnalbd mononuclear cells. They are proved to caesere toxic
effects on the male reproductive system as thegscbiood-testes barrier and are deposited in #dteseand that
there is potential for adverse effects on speris.cilagnetic nanoparticles can naturally be bro#fewn resulting
in the release of ferric iron which can then paptite in the normal iron metabolism. It has, howeJmen
recognized that the small size of MNPs might poseadditional hazard as the particles can reach laghl
concentrations within the cells and are generalbyaxdifficult to be efficiently cleared from the dy Furthermore,
free iron has been associated with the formatiofred radicals, which would be particularly harmfal neural
tissues already weakened by pathological procef3sls Presently, nanotechnology is very expensive and
developing it can cost a lot of money. It is apgetty difficult to manufacture, which is probablhy products
made with nanotechnology are more expensive. Ratieom the low income groups would be deprivedhefse
novel therapeutics and the developing nations wdadaffected most. The products would be manufadtim
developing nations because of the cheap labowrputd be difficult to afford medication for therfihis will create
not only socio-economic barrier but could also potaradical feelings in the individuals.

Obstacles of Nanoparticles

There are various hindrance for nanoparticles withe human body. These particles must be smallgnto avoid
ingestion by macrophages in the reticuloendothsiiatem and should possess property to avoidgreion as
foreign particle within the body. Nanoparticlesvh to selectively enter tumor cells and causelgsib without
damaging normal cells [35].

CONCLUSION

With the conventional methods of treatment, ita$ possible to repair the defect at a moleculaglledanoparticles
represents promising drug carrier for various ddegjvery systems. Nanotechnology is breakthrougirielogy
pervading all fields, newer applications of thisld are being explored worldwide. Nanoparticlepresents a
technology to overcome solubilities and bioavaligbiproblems of drugs which can be generally aggblio all
poorly soluble drugs. Nanomedicine will have an atipon many medical applications. The usefulnes®isonly
therapeutic but also diagnostic. At its best ihdgped that nanomedical machines will cover up tficigncies by
replacing or improving the DNA molecules of body.réal therapeutic breakthrough can be achievedysbie
carrying out painstaking studies in the field cnp-therapy. Nanomedicine will be coming up witlmeoground
breaking advances in medical sciences but the mukreowledge on the safety profile is very limitéds there are
no specific regulatory guidelines for the approwélthe nanomedicinal product, it is suggested thdividual
applications should undergo risk based. What nadarime will be able to achieve in the future is beg current
imagination. However, it will be a tough task tonte the ethical issues which will be arising viltle same pace.
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