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ABSTRACT

Nanoparticles are of current interest because of an emerging understanding of their possible effects on human
health and environmental sustainability, and owing to the increasing output of man-made nanoparticles into the
environment. Recent advances in the field of nanotechnology have allowed the manufacturing of elaborated
nanosized particles for various biomedical applications. The rapid advancement of nanotechnology has raised the
possibility of using engineered nanoparticles that interact within biological environments for treatment of diseases.
Nanoparticles interacting with cells and the extracellular environment can trigger a sequence of biological effects
Nanoparticles have been developed as an important strategy to deliver conventional drugs, recombinant proteins,
vaccines and more recently nucleotides. Nanoparticles modify the kinetics, body distribution and drug release of an
associated drug. Other effects are tissue or cell specific targeting of drugs and the reduction of unwanted side
effects by a controlled release. Therefore nanoparticles in the pharmaceutical biotechnology sector improve the
therapeutic index and provide solutions for future delivery problems for new classes of so called biotech drugs
including recombinant proteins and oligonucleotides. This paper aims to review various applications of
nanoparticles as carrier systemin the field of pharmaceuticals
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INTRODUCTION

Nanopatrticles are of current interest because @naerging understanding of their possible effeathioman health
and environmental sustainability, and owing to finereasing output of man-made nanoparticles inte th
environment. Nanoparticles are used in many diffeegplications and created by many different psses. Their
measurement and characterization pose interestiatytecal challenges. [1]. Particles having diamete range
between 10-100 nm are known as Nanopatrticles. aheeysed as targeted delivery system for deliveEsyrall and
large molecules by changing their pharmacodynarmanck pharmacokinetic properties. [2].They can bénddf as
system which contain active ingredient dissolvatagsulated or adsorbed in matrix material whiah wsed as
target delivery system.[3].To see the effect ofgdirutarget tissue, to increase stability agairgrddation through
enzymes and for solubilization at intra-vasculauteonanoparticles have been used [4].During thégdiesy of
nanoparticle some control has to take in care sisctheir release pattern, their size and surfagpepties which
determine site-specific action at optimal rate wight dose regimen [5].Nanoparticles are sub-rgined colloidal
structure of synthetic or semi synthetic polymeneTirst reported nanoparticles were based on notelgradable
polymeric system [6] (polyacrylamide, polymethyltim@acrylate, polystyrene).The polymeric nanopatictan
carry drug(s) or proteineous substances, i.e. emff). These bioactives are entrapped in polymdrixnas
particulates or solid solution or may bound to igletsurface by physical adsorption or chemicallye drug(s) may
be added during preparation of nanoparticle ohto freviously prepared nanoparticles. The termiquéates is
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suggestively general and doesn’t account for mdggical and structural organization of system. Naredicine is
an emerging field of medicine with novel applicad7].

Advantages of nanoparticles :- They are suitable for different routes of adistiation, Carrying capacity of
nanoparticles is high, Shelf-stability of drug ieases, Ability to sustain and control drug relgaestterns, Suitable
for combination therapy where two or more drug barco-delivered, Both hydrophobic and hydrophiliagican
be incorporated, System increases the bioavatialfidrugs, Imaging studies can be done by uniizhem, It is
used for targeted drug delivery of drugs, Developneé new medicines which are safer.[8,9,10]

Disadvantages of nanoparticles. -The manufacturing costs of nanoparticle are higich result in overall product
cost, Solvents are toxic in nature which is useth@apreparation process, Can start immune respomseallergic

reactions in body, Extensive use of poly (vinylddlol) as stabilizer may have toxicity issues, Nartpes are

difficult to handle in physical form because pdeiparticle aggregation occurs due their small siné large

surface area. [11, 12, 13].

Challenges for formulation and delivery: - Of course, the challenges are manifold; balsioaé can differentiate
between problems being very often related to thdrsgys and problems being more related specificellya
molecule, e.g. conformation issues. Problems fretiyieccurring with many drugs are: Poor solubijlitysufficient
in vitro stability (shelf life), too low bioavaildlity, Too short in vivo stability (half-life), Sobng side effect, need for
targeted delivery, Regulatory issues/hurdles, Lafclarge scale production[14] .Various types of oerticle as
delivery system mentioned in Table no. 1

Application of nanoparticlesin pharmaceutical field:-

Tumor targeting delivery systems. Nanoparticles 1n cosmetics.
Vaccine Nanoparticles for Oral Delivery of Peptide/Proteins.
L I _l : MNanoparticles for Gene Delivery
T —

NANOPARTICLE

Ophthalmic, transdermal, pulmonary DDS.

. Nanoparticles as brain targeting.

Drug discovery ‘ Biosensor and bio-labels.

Implantable delivery systems
Molecular diagnostics

Nanoparticles as a drug delivery system for peptides and proteins: -The increasing number of new molecules of
biotechnological origin such as monoclonal antiesghormones and vaccines, as well as their thatiapetential,
makes protein delivery an important area of reseaf27]. Protein stability is the balancing resbktween
destabilizing and stabilizing forces. The formatanmd stability of the secondary, tertiary and quegtey structures
of proteins are based on weak non-covalent intenrast(e.g. electrostatic interactions, hydrogendaag, van der
Waals forces and hydrophobic interactions). Didaupbf any of these interactions will shift thislidate balance
and destabilize the proteins [28, 29]. Therefdne,¢hemical and physical stability of proteins bancompromised
by environmental factors such as pH, ionic strentgmperature, high pressure, non-aqueous solverts| ions,
detergents, adsorption, and agitation and shea8ialid lipid particulate systems such as soliddiipanoparticles
(SLN), lipid micropatrticles (LM) and lipospheresveabeen sought as alternative carriers for thetappeaptides,
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proteins and antigens. The research work developtit: area confirms that under optimized condgitirey can be
produced to incorporate hydrophobic or hydrophilioteins and seem to fulfill the requirements foragtimum

particulate carrier system. Proteins and antigetended for therapeutic purposes may be incorpp@tedsorbed
onto SLN, and further administered by parenterates or by alternative routes such as oral, nasalpalmonary.

Formulation in SLN confers improved protein stdbjliavoids proteolytic degradation, as well as @nstd release
of the incorporated molecules. Important peptideshsas cyclosporine A, insulin, calcitonin and stratatin have
been incorporated into solid lipid particles. [27].

Delivery routes and novel technologies for therapeutic peptides and proteinsare:-

Irvasive Direct injection: intravenous (1.v.), subcutaneous (5. ¢ ), ntramuscular (1.m ),
intracerebral vein (1.c.v.) injected liposomes. Depot system (g.c. or 1.m.)

|
Rectal ¥ i = G, Non-invasive pulmonary
- P

Peptides & protein

Ocular _-_i' »  Oral

Buccal ! g Nasal

Transdermal

Tumor targeting delivery systems:-The rationale of using nanoparticles for tumagéding is based on following
characteristics:

1) Nanoparticles will be able to deliver a concatgrdose of drug in the vicinity of the tumor tdsgeia the
enhanced permeability and retention effect or adiwgeting by ligands on the surface of nanopestic

2) Nanoparticles will reduce the drug exposure edlthy tissues by limiting drug distribution to dat organ.
Studies show that the polymeric composition of memticles such as type, hydrophobicity and biodgafian
profile of the polymer along with the associatedgdr molecular weight, its localization in the ngrteesres and
mode of incorporation technique, adsorption or ipocation, have a great influence on the drug ithistion pattern
in vivo. The exact underlying mechanism is notyfulhderstood but the bio distribution of nanopéesds rapid,
within hour to 3 hours, and it likely involves manalear phagocytic system (MPS) and endocytosiag@tytosis
process. Such propensity of MPS for endocytosigipbptosis of nanoparticles provides an opportundy
effectively deliver therapeutic agents to thesdscdlhis biodistribution can be of benefit for tbieemotherapeutic
treatment of MPS richorgans/tissues localized temiike hepatocarcinoma, hepatic metastasis ariiom
digestive tract or gynecological cancers, bronchopuary tumors, primitive tumors and metastasisalkicell
tumors, myeloma and leukemia. [30, 31].
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Encapsulation of various anticancer drugsin nanoparticles:-

Taxol
Triptorelin O-Nitrocamptothecin.
Tamoxifen
Fose Bengal ANTICANCER DRUGS Paclitaxel
Xanthones Cisplatin

Dexamethasone

Nanoparticles in dermatology: - Recent advances in the field of nanotechnologytdlowed the manufacturing
of elaborated nanometersizedparticles for varicambédical applications. Controlled drug releasskim and skin
appendages, targeting of hair follicle-specificl gapulations, transcutaneous vaccination and temsal gene
therapy are only a few of these new applicatiorasri€r systems of the new generation take advardghgeproved
skin penetration properties, depot effect with anstd drug release and of surface functionalizafeg., the
binding to specific ligands) allowing specific adfir and subcellular targeting. Drug delivery tansky means of
microparticles and nanocarriers could revolutionimetreatment of several skin disorders. [32].

Dermal drug delivery: - Dermal drug delivery wilip{d nanoparticle) LN is of particular interestrfdiseases of the
HF (hair follicle) in order to increase the locdbévailability of API at their drug target. Sevenalrgets were
identified for drugs in the HF; for instance, isinoin causes a cell cycle arrest and apoptosseliocytes [33],
minoxidil stimulates the vascular endothelial grovfactor and prostaglandin synthesis in the derpaagilla [34],
and cyclosporine A supports hair epithelial celbwth [35]. In dermal therapy, the main goal is toccumvent
systemic adverse effects by local administratiothefAPl. Generally, severe disease states aredrsgstemically;
therefore, one main unmet medical need remainsteféetopical targeting. In general, follicular geting remains
one of the most promising concepts in current @lpitug delivery applications apart from epidermpahetration
and manipulation of SC lipid organization [36].

Topical application:-Regarding the regularity agpeopical application is relatively unproblematithe major
advantages for topical products are the protegtioperties of SLN for chemically labile drugs agaidegradation
and the occlusion effect due to film formation dwe tskin. Especially in the area of cosmetics theree many
compounds such as retinol or vitamin C which carb®incorporated because of the lack of chemicdildty.
Incorporation of retinol is only possible when apipy certain protective measures during produc{eg. noble
gasing) and using special packing materials (dugniaium) [37, 38].

Transdermal drug delivery: - The smallest partsiies are observed for SLN dispersions with lowdlgpntent (up
to 5%). Both the low concentration of the disperkeid and the low viscosity are disadvantageousdermal ad-
ministration. In most cases, the incorporationhaf SLN dispersion in an ointment or gel is necgssaorder to
achieve a formulation which can be administereth&oskin. The incorporation step implies a furttettuction of
the lipid content. An increase of the solid lipiontent of the SLN dispersion results in semisdliel;like systems,
which might be acceptable for direct application the skin [38, 39].In general, alternative dosagenk to
transdermal therapeutics systems are hard to es$tatiie to a limited permeation rate which alsoliapgo LN.
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Prospective approaches which are in the focus sdareh are the introduction of enhancers, iontagdisr and
micro needles which are all invasive. [40].

Nanoparticle in cosmetics: - The present review aims to study a promisirepasf Nanoparticles used in various
cosmetic products like Deodorant, Soap, Toothp&tempoo, Hair conditioner, Anti-wrinkle cream, Mgtoirizer,
Foundation, Face powder, Lipstick, Blush, Eye skgdbail polish, Perfume and After-shave lotion eto.
particular, NLCs have been identified as a potémtext generation cosmetic delivery agent that peaovide
enhanced skin hydration, bioavailability, stabiliythe agent and controlled occlusion. [41].

Fullerenes

Moisturizers/anti-wrinkle creams Sunscreens | Breast cream

|

APPLICATIONS OF NANOPARTICLES IN COSMETICS

R

Toothpaste Make-up others

1. Sunscreens:-

UV filters, such as titanium dioxide and zinc oxidee used in nano form rather than bulk form tdkenthe
sunscreen transparent rather than white. It is@d&med that they are more effective when usetamo form. [42].
2. Breast cream:-

St Herb Nano Breast Cream claims it is a combinatb “nanotechnology and the timeless Thai herbreire
Mirifica” and thatnoisome “expands the cellular subcture and development of the lobules and alw&othe
breasts”, [43].

3. Hair care:-

RBC Life Science’s Nanoceuticals Citrus Mint Shampmnd Conditioner are made with Nano Clusters TM,
“nanoclusters to give hair a healthy shine”. [44]

4. Make-up:-

Serge Lutens Blusher’'s Nano Dispersion technolaggdtes an extremely fine and light powder withraxtdinary
properties: excellent elasticity, extreme softreess light diffusion. [45]

5. Moisturizers/anti-wrinkle creams:-

Lancdme Hydra Zen Cream with “nano-encapsulatedetaimide renew skin’s healthy look”; L'Oreal Relifta
Double Lifting anti-wrinkle cream is their “firstadible-action cream that instantly re-tautens the akd reduces
the appearance of wrinkles”, and contains NanosahBEso-Retinol A. [46].

6. Toothpaste:-

Sangi'sApagard claims to be the world’s first ‘reializing’ toothpaste, promoting oral health byorting
natural healing, using “Nanoparticles hydroxyagdtitthe same substance as our teeth”; Ace Sillas Rlano
silver toothpaste is manufactured.’[47]

7. Fullerenes:-

New types of materials can be produced using nahotdogy, such as carbon fullerenes. It is clainied these
tiny carbon spheres have anti-aging propertied. [48

8. Others

a) Nano emulsions and nanosomes — used to preaefive ingredients, such as vitamins and anti-axislaand
their lightness and transparency.
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b) Other materials used in nano size — a wholeeaarignaterials can be used in nano size in ordgive them
different properties when compared with their larfgem. We found, for example, an ‘energizing’ ntaigzer using
nano gold and products using nano silver becaugs afti-bacterial properties [49, 50].

c) SLN can act as a physical UV blocker them arel able to improve the UV protection in combinatieith
organic sunscreens such as 2-hydroxy-4-methoxydpdrenone which allows a reduction of the conceiotnabf
the UV absorber [51, 52].

d) Nanogold Facial Mask [53].

Nanoparticle for gene delivery: -Gene therapy can be defined as the transfer otigematerial, a functional gene
or DNA/ribonucleic acid (RNA) fragment into specifcells to elicit a desired therapeutic phenotyperider to
reduce symptoms or treat human diseases [54]. Tdrerewvo categories of somatic cell gene therapgpraing to
genetic material delivery method, ex vivo or inaiVEX vivo approach involves tissue biopsy, follawey cells
[55]. Finally, modified cells are returned to thedy. In vivo approach consists in direct applicatiaf genetic
material into cells, e.g., direct tissue injectimnmodification of culture cells for posterior inapitation [56, 57].
These therapies have an ample potential and haret®Eavily investigated during the past 30 yeanfyrficleotide
vaccines work by delivering genes encoding relegatigens to host cells where they are expresseduping the
antigenic protein within the vicinity of professanantigen presenting cells to initiate immune oese.[58] Such
vaccines produce both humoral and cell-mediatedunity because intracellular production of proteis,opposed
to extracellular deposition, stimulates both arnighe immune system. The key ingredient of polyeaotie
vaccines, DNA, can be produced cheaply and has rbetthr storage and handling properties than theedients
of the majority of protein-based vaccines. Henadymucleotide vaccines are set to supersede mamyeodional
vaccines particularly for immunotherapy. Howevehere are several issues related to the delivery of
polynucleotides, which limit their application. [E8hese issues include efficient delivery of théypacleotide to
the target cell population and its localizationthe nucleus of these cells, and ensuring that ritesgiity of the
polynucleotide is maintained during delivery to theget site. Nanoparticles loaded with plasmid DbAIld also
serve as an efficient sustained release gene dglsygstem due to their rapid escape from the degnes
endolysosomal compartment to the cytoplasmic cotnmmmant. Hedley et al. reported that following their
intracellular uptake and endolysosomal escape, patioles could release DNA at a sustained ratsltieg in
sustained gene expression. This gene deliveryegiyatould be applied to facilitate bone healingusing PLGA
nanoparticles containing therapeutic genes sudboas morphogenic protein [60]. (Gelatin hanopagtIGNPs
have several advantages as a non-viral gene delixgmtor. They can be conjugated to moieties thiatusate
receptor-mediated endocytosis, multiple plasmidsli@encapsulated and the bioactivity of the endafesd DNA
could be improved by preventing digestion by nusésaand by using long-circulating PEGylated nartapes [61,
62]. Nucleic acids can be loaded onto GNPs thrqalgtsical encapsulation, electrostatic attractios@mnplexation
with surface modifying groups [63], were the fitgstdevelop type B GNPs as noncondensing gene dglbystems.
The negatively charged type B gelatin at neutral7p® can physically encapsulate reporter and peeréc nucleic
acid constructs as opposed to positively chargaiddi and polymers that electrostatically condenS8&8\DThe
physically encapsulated plasmid DNA (pDNA) in a togkl-type matrix is protected in the systemicuation and
upon cellular transport. Additionally, the releag2lNA has a supercoiled structure at the nucleanibmane which
is critical for efficient uptake and transfectid®d]. In other instances, the negatively chargedaiu@cids can be
adsorbed onto the surface of GNPs by modifyingstiméace of gelatin with a quaternary amine (e.glatmine) to
increase ionic interactions.Some examples of geemapy applications are mentioned in Table no.2.

Nanoparticles in ocular delivery systems. -Many investigations have been made to use nanoleartifor
prolonged release of drugs to the eye. The basiulgqm of ophthalmologic formulation is the fast mral from the
eye, which implies clearance of the applied druguh the nose. It could be shown for nanopartitheg an
increased adhesiveness is available leading toehidhug levels at desired site of action. Howetke basic
problem was that the nanopatrticles are of limitedcblogical acceptance. It was shown by Gasco St have a
prolonged retention time at the eye. This was covdd by using radiolabeled formulations anscintigraphy. The
lipids of SLN are easy to metabolize and open a news for ophthalmological drug delivery withoutpairing

vision [73].

Nanoparticles as per-oral drug delivery: - Per oral administration forms of SLN may inaualqueous dispersions
or SLN loaded traditional dos-age forms, e.g. t@blpellets or capsules. The microclimate of tlwensich favors
particle aggregation due to the acidity and higtidestrength. It can be expected, that food willdha large impact
on SLN performance [74]. The plasma levels and bdidiribution were determined after administratmfnCA—
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SLN suspension versus a CA(Cyclosporin) solutiolA-@DL). Two plasma peaks were observed after
administration of CA-SLN. The first peak was atiitdd to the presence of free drug; the second paakbe
attributed to controlled release or potential gptalie of SLN. These two peaks were also found énttital CA
concentration—time profiles of all measured orgdinaas also found that the incorporation into Shiétected CA
from hydrolysis. The conclusion from this study vilaat SLN are a promising sustained release sykie®@A and
other lipophilic drugs after oral administratiomcteased bioavailability and prolonged plasma kVeve been
described after per oral administration of cyclagpe containing lipid nano dispersions to animals][

Implantable delivery systems. - Nanoparticles can act as the delivery systeynsitttue of its size, controlled an
approximately zero order kinetics, otherwise thegyrmause toxicity when compared to 1.V. Carriees lggosome,
ethosome and transferosome. These help in minigligegak plasma levels and reduce risk of adversdioes,
allow for more predictable and extended duratiomaifon, reduce the frequency of re-dosing and awgmpatient
acceptance and compliance [76].SLN have been astmied intravenously to animals. Pharmacokinetidies of
doxorubicin incorporated into SLN showed higherdaldevels in comparison to a commercial drug solutfter
i.v. injection in rats. Concerning the body distiiilon, SLN were found to cause higher drug conegiains in lung,
spleen and brain, while the solution led to a itigtion more into liver and kidneys [77]. Parentexpplication is a
very wide field for SLN. Subcutaneous injectiondnfig loaded SLN can be employed for commercial esjeeg.,
erythropoietin (EPO), interferofi- Other routes are intraperitoneal and also inttiatdar. Intraperitoneal
application of drug-loaded SLN will prolong the@abe because of the application area. In additigoyporation
of the drug into SLN might reduce irritancy comghte injecting drug micro particles [78].

Nanoparticles as Pulmonary drug delivery:-

A very interesting application appears to be thémpunary administration of SLN. SLN powders canne&t b
administered to the lung because the particleisiteo small and they will be exhaled. A very simplpproach is
the aerosolization of aqueous SLN dispersions.iffip®rtant point is that the SLN should not aggregairing the
aerosolization. The aerosol droplets were colledigdcollision of aerosol with a glass wall of a kea This
basically demonstrates that SLN are suitable fogIdelivery. After localization into the bronchtalbe and in the
alveoli, the drug can be released in a controllegt fxom the lipid particles [78].

Nanoparticles as carriers for nasal vaccine delivery: - At present, there is considerable excitemerthiwithe
nanotechnology field with regard to the potentiak wof nanosystems as carriers for mucosal vacaétigedy
[79].Many diseases, such as influenza, respiradgngytial virus infection, measles and meningiéie associated
with the entry of microorganisms across the regpiyamucosal surfaces. Therefore, upon vaccinagainst these
diseases, it is highly desirable to obtain a locricosal defense at the entry pathway of the cooretipg
pathogens, that is, the primary site of infectias, it eliminates the risks of person-to-person endronmental
infection [80].This can be accomplished by the d&ly of vaccines by the nasal route, since bothasaicand
systemic (i.e., humoral and cell-mediated) immussponses can be induced, especially if the vadsiadjuvanted
by an immune stimulator or a delivery system. Idition, nasally administered vaccines induce secyahucosal
immunoglobulin (Ig)A [81]. Various studies usingitcsan nanoparticles and chitosan—-DNA complexegaasine
carriers for nasal administration is mentioned &bl€ No.3

Nanoparticle as a Drug discovery: -Nanopatrticles helps in identification and vatida of target by identifying the
protein present on the surface or target surfacanoparticles will enhance drug delivery processouph

miniaturization, automation, speed and reliabilitly assays. Single walled nanotubes are successiigiyl to
identify surface protein of pathogen [86]. Quantdots- track individual glycine receptors and to lgra their

dynamics in the neuronal membrane of living ceflis, periods ranging from milliseconds to minutesldsnano

particles, nanobodies (smallest, available, intastigen-antibody fragments) produced by ablynx some

commonly used nanomaterials in diagnosis. The paeentical nanotechnology is used in the biodetactib
pathogens in humans, separation and purificatioomofecules and cells and detoxifying agents. Futdamo

machine (respirocyte) is the nano-on-board minicat@pthat can be used for detection of diseasermamsarker
or antigen, to view the diseased site and to dethvetherapeutic agent at the site [87].

Nanoparticle in Molecular diagnostics. (molecular imaging):- It is representing, characterizing and quantidyi
sub cellular biological processes include gene esgion, protein-protein interaction, signal trarcsaun, cellular
metabolism [88]. Theyare used in magnetic resonameging, optical imaging, ultrasonic imaging anaclear
imaging. Other applications are specific labelinfgcells and tissues useful for long-term imagingjltimolor
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multiplexing, dynamic imaging of sub cellular struies and fluorescence resonance energy transRETFand
magnetic resonance imaging (MRI) [89]. MRI agents r@placed by nanomaterials like dendrimers, quardots,
carbon nanotubes and magnetic nanoparticles. Theyexy efficient, stable, intense, clearer image tb high
intensity, photo stability, resolution, resistan¢®0].Quantum dots, iron oxide nanocrystal and nfietal
nanoparticles.

Nanoparticle as Biosensor and bio-labels:-These tools are employed for determination ofioter pathological
proteins and physiological-biochemical indicatosa@sated with disease or disrupted metabolic carditof body.
Biosensor is a measurement system that consists prbbe with a sensitive biological recognitionnedat or
bioreceptor, a physiochemical detector componedt aransducer to amplify and transducer theseakignto
measurable form. A Nano biosensor or nanosensabissensor that has dimensions on the nanometeissale.
Biosensors are used in target identification, \ali@h, assay development, ADME, toxicity determioat[91]

Tableno. 1: Varioustypes of nanoparticles applied in thedrug delivery system

Sl.no Type of Nanopatrticles Material used Applicas References
1 Nano suspensions andDrug powder is dispersed ip Stable system for controlled delivery of [15]
) Nanocrystals surfactant solution poorly soluble drug
e ) Melted lipid dispersed in Aqueous Least toxic and more stable Colloidal carrier syste
2. Solid lipid Nanoparticles surfactant as alternative materials To polymers [16]
Polymeric nanoparticles Biodegradable polymers ontlled and targeted drug delivery [17]
4. Polymeric micelles Amphiphilic block copolymers g(r)l:g;olled and systemic Delivery of water insoluble [18]
: . Magnetite Fe203, Meghe Mite . . . . .
5. Magnetic Nanoparticles coated with dextrz Drug targeting diagnostics to in medicine [19]
6. Carbon Nanotubes Metals, semiconductors Gen®hiAddelivery [20]
7. Liposomes Phospholipid vesicles Controlled tedelrug Delivery [21]
8. Nanoshells Dielectric core and metal shell Tutaogeting [22]
9. Ceramic Nanoparticles Silica, alumina, titania rudand biomolecule Delivery [23]
10. Nano pores Aerogel, \.Nh'Ch is produced by cefl Controlled release drug Carriers [24]
gel chemistr
11. Nano wires Silicon, coba]t, gold or Coppe Transport electron in nano Electronics [25]
based nanowires
12. Nano films polypeptides Systemic or local dRejivery [26]
Table No.2 Various application of nanoparticlesin gene therapy
Pathology References
Acute and chronic woun [65]
Traumatic brain injur [66]
Diabetes [67]
Huntigton disease [67]
Parkinson disease [67, 68, 69]
Ischemia [67]
Cance [70,71,72
TableNo. 3: Nanoparticleas Carriersin Nasal Vaccine delivery
Carrier Antigen Species Result References
system
) . Mice, Chitosan nanoparticles elicited long-lasting immuesponses
Nanoparticles|  Tetanus toxoid rats significantly higher than those of control soluton [82]
Nanoparticles| Ovalbumin Rats Greater response sig@ht-particle [83]
Nano RSV antigens Expression of encoded protein antigens in the luags significant
expressed from Mice reduction of viral titers and viral antigen loadeafacute RSV infectior]
complex . A [84]
pDNA (Respiratory syncytial virus
Nano RSV d antlgfens . Following RSV challenge, a significant reductiorttie virus load
complex expresse ron Mice in the lungs [85]
pDNA
CONCLUSION

Nanotechnology-enabled drug delivery is openingspective future in pharmaceutics. The upcoming of
nanotechnology have a significant impact on drugeey sector, affecting just about every routeadministration
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from oral to injectable. The present pharmaceusiadten characterized by poor bio-availability winifar too often
results in higher patient costs and inefficientatneent but also, more importantly, increased rigkgoxicity.
Nanotechnology focuses on the very small anduniguely suited to creating systems that can betéver drugs
to tiny areas within the body. Nano enabled druiv€eey also enable drugs to permeate through callsywhich is
important to the expected growth of genetic medicner the next few years. The payoff for doctord patients
from nanotechnology-enabled drug delivery shoulddweer drug toxicity, reduced cost of treatmentapioved
bioavailability and an extension of the econonfie &f proprietary drugs.
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