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ABSTRACT

Efficient drug targeting to diseases by circumventing all the shortcomings of conventional drug delivery systems
can be achieved by the significant approach of advances in nanotechnology. Nanotechnology will affect our lives
tremendoudly over the next decade in very different fields, including medicine and pharmaceutical Sciences. Most of
the available drugs now are lipophilic in nature and this stands as challenging aspect faced for scientists to
formulate and deliver for better efficacy, so nanoparticles, hanosuspension, nanocapsules are used now days to
deliver these drugs with greater bioavailability and also have been adopted to improve the solubility of poorly
soluble drugs. The use of nanoparticles is an universal formulation approach to increase the therapeutic
performance of drugs in any route of administration. This review article describes the preparation methods,
physicochemical properties, applications, clinical advantages, and recants developments of hanoparticles and their
potential in drug delivery systems.

Keywords: Nanoparticles; nanotechnology; Bioavailability enb@ment; nanocrystals; drug delivery system

INTRODUCTION

Controlled drug delivery systems (DDS) have quitlotaof advantages compared to the conventionah$oof

drugs. A drug is transported to the place of actimnce, its influence on vital tissues and undégirside effects
can be minimized. Accumulation of therapeutic comqs in the target site increases and, consequehty
required doses of drugs are lower. This modern foftherapy is especially important when there diszrepancy
between the dose or the concentration of a drugtarikerapeutic results or toxic effects. Celldfie targeting can
be accomplished by attaching drugs to speciallygdesl carriers. Various nanostructures, includipgdomes,
polymers, dendrimers, silicon or carbon materiafg] magnetic nanoparticles, have been tested asrsan drug

delivery systems.

Over Recent years advancement in nanoparticles deligery is widely expected to change the landscap
pharmaceutical industries for the foreseeable #&utudanotechnologies have become a significant iprior
worldwide. Several manufactured nanoparticles rtiggas with one dimension less than 100 nm aree@msingly
used in consumer products.The major goals in degjgmanoparticles as a delivery system are to obpfrticle
size, surface properties and release of pharmacalbgactive agents in order to achieve the gitectfic action of
the drug at the therapeutically optimal rate andedoegimen [1]. Depending upon method of preparatio
nanoparticles, nanospehresor nanocapsule can bsedtht Drug nanocrystals of nanometer size ramgewith
crystalline character. Nanosuspensions are dalloidispersions of nanosized drug particlebized by
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surfactants.They can also be defined as a biplsgstem consisting of pure drug particles dispemexh aqueous
vehicle in which the diameter of the suspendedi@artis less thanim in size. Nanosuspension consist of drug
nanocrystal in aqueous vehicle in presence oélsigitsurfactanct and/or polymer as stabalizer. athantages of
using nanoparticles as a drug delivery system dethe following:

1. Easy manipulation of size and surface propertiepasficles which provides passive and active dargeting
after its administration.

2. Nanoparticles can achieve increase in drug thetapefficacy and reduction in side effects by coliing the
release of rug and also by altering the drug distion and its clearance.

3. Controlled release and particle degradation cheriatics can be readily modulated by the choicenafrix
constituents.

4. Nanopatrticles plays an important role in preservihg drug activity by increasing the Drug loadingda
incorporation of drugs into the systems without ahgmical reaction.

5. Nanoparticles easily carry targeting ligands witte tsurface of particles for increased Site-spetifiof
particular drug.

6. Nanoparicles also provides a wide range of chofceates of administration like oral, nasal, paezat,intra-
ocular. The advantages of using nanosuspensiomifferent routes are shown in table no.1.

7. Nanonization can achieve Increased dissolution i@

Table no.1 shows the benefits of nanoparticles

R_ogte of Disadvantages of conventional formulation] Advargges of Nanopatrticles
Administrati on
Oral Slow onset of action/poor absorption Fast onset of action/ good absorption
Ocular Lacrimal-washoff low bioavailability Higher bioavailability/ dose consistency
Intravenous Poor dissolution/non specific action Rapid dissolution/tissue targeting
Intramuscular Low patient compliance due to pain Reduced tissue irritation
Inhalation Low bioavailability due to low solubility Rapid dissolution/high bioavailabilitry/dose redida

Techniquesfor nanosuspension preparation:

There are two main techniques which are used ippeticles preparation as shown in Fig no.1
1. Bottom up(controlled precipitation)

2. Top down(milling/homogenization)

Methods of Preparation of Nanosuspensions
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Fig no.1. Techniques of nanoparticles preparationspurce: http://www.pharmainfo.net)
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Applications of nanoparticles in drug delivery:

Parenteral administration:

Nanosuspensions have been found to increase theacgff of parenterally administered drugs. The curre
approaches for parenteral delivery include salmftion, solubilization using co-solvents, micelsolutions,
complexation with cyclodextrin and recently liposssn However, there are limitations on the use @iseh
approaches because of the limitations on theirbd@tation capacity and parenteral acceptability.this regard,
liposomes are much more tolerable and versatiterims of parenteral delivery. However, they ofteffes from
problems such as physical instability, high mantufidleg cost and difficulties in scale-up. Nanosusgens would
be able to solve the problems mentioned above [3].

Oral administration:

Nanosizing of drugs can lead to a dramatic incrdaséheir oral absorption and subsequent bioavéiitgb
Improved bioavailability can be explained by thénesiveness of drug nanoparticles to the mucosantheased
saturation solubility leading to an increased cotr@ion gradient between gastrointestinal traotdn and blood
and the increased dissolution velocity of the diugueous nanosuspensions can be used directljiguid dosage
form and a dry dosage form such as tablet or halatig capsule with pellets. The aqueous nanossgperan be
used directly in the granulation process or as tiwgeagent for preparing the extrusion mass pellét similar
process has been reported for incorporating sigiid hanoparticles into pellets [3].

Ophthalmic drug delivery:

Nanosuspensions could prove to be vital for driags éxhibit poor solubility in lachrymal fluids. Spensions offer
advantages such as prolonged residence time inl-deezac, which is desirable for most ocular diseafor
effective treatment and avoidance of high tonicityated by water soluble drugs. Their actual peréorce depends
on the intrinsic solubility of the drug in lachryhfluids. Thus the intrinsic dissolution rate ottlrug in lachrymal
fluids governs its release and ocular bioavailgbilHowever, the intrinsic dissolution rate of tHeug will vary
because of the constant inflow and outflow of Igatal fluids [3].

Bioavailability enhancement
Nanoparticles and nanosuspensions resolve thegonodsl poor bioavailability by solving the twin pilems of poor
solubility and poor permeability across the membran

Target drug delivery:

Nanoparticles can also be used for targeted dglimertheir surface properties ammdvivo behavior can easily be
altered by changing either the stabilizer or théemi Their versatility, ease of scale up and comuiaé product
enable the development of commercial viable nammeEnsions for targeted delivery. The engineeringstefilth
nanosuspensions by using various surface coatorgacfive or passive targeting of the desiredisit@e future of
targeted drug delivery systems [3, 4].

Topical formulations:

Drug nanoparticles can be incorporated into creantswater-free ointments. The nanocrystalline ftgads to an
increased saturation solubility of the drug in tbpical dosage form, thus enhancing the diffusibthe drug into
the skin.

Many publications shows resent advantages andcapipins of nanopatrticles in the drug delivery sahthem are
summarized here,

Hamidi et al studied Encapsulation of valproate-loaded naisogside human erythrocytes as a novel nanocell
composite was the objective of the study to ob&amodel novel drug delivery system with an intrauensustained
drug delivery characteristic. “lonotropic gelatiomas used for the fabrication of hydrogel nanopkasi [5].

Hyuk et al study a variety of bioactive molecules includingti@ancer drugs, enzymes, cytokines, and
polysaccharides were entrapped within the inteoiophysically immobilized on the surface for cotigd drug
delivery. Surfaces of electrospun nanofibers weso ahemically modified with immobilizing cell spéc
bioactive ligands to enhance cell adhesion, pmalifen, and differentiation by mimicking morphologand
biological functions of extracellular matrix. Thisview summarizes surface modification strategfeslectrospun
polymeric nanofibers for controlled drug delivendatissue engineering [6].
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Hanafy et al study the bioavailability of the poorly solublentdibrate following oral administration was
investigated in rats. Four formulations were testedanosuspension type DissoCube®, one solid tipitbparticle
(SLN) preparation and two suspensions of micronifestbfibrate as reference formulations, one suspens
sirupus simplex and a second in a solution of hygiethy-cellulose in physiological saline [7].

Liu et a developed a post-conjugation strategy, which make ligand conjugation after the preparation of
the drug-loaded nanoparticles of two copolymersidhleThey synthesized the PLGA-PEG copolymer wittGPE
functioning as the linker molecule needed for hgticeconjugation. Docetaxel-loaded nanopatrticleshef PLGA-
PEG/PLGA copolymer blend were prepared by the neeupitation method. Anti-HER2 antibody (heceptin),
which targets the breast cancer cells of HER2 teceverexpression, was conjugated onthe drug eddlLGA-
PEG/PLGA nanoparticles for sustained, controlled tamgeted delivery of docetaxel [8].

Araujo et al give a study which was focus on microemulsiondymeric nanopatrticles, liposomes, solid lipid
nanoparticles, and drug nanocrystals as formulati@mcorporating anti-inflammatory drugs for ophtha
application [9].

Badawi et al developed two different chitosan (CS) nanocarmensiely nanoparticles and nanoemulsion to prolong
Indomethacin (IM) precorneal residence time andhiprove its ocular bioavailability the main limitans in its
management of post-operative inflammation and atwéar irritation after cataract extraction. CS-oparticles
were developed by modified ionic gelation of CShwitipolyphosphate while nanoemulsion was prepdngd
spontaneous emulsification technique [10].

I'na et al developed Nanoparticles based on galactomanndates)l alginic acid, a sulfated derivative Nof
carboxymethylchitosan, and structures that simaethasly included galactomannan and chitosan sulfat®
obtained for the first time. The formation conditsodepended on the nature of the polysaccharidessize and-
potential of the obtained nanostructures were deterd. Their anticoagulant activity was studiedvito tests: alla
and aXa. It was shown that the activity of sulfagathctomannans and alginic acid in nanostructu@sases when
compared to the activity of these polysaccharidesolution [11].

Sahanaet al investigated different solvents for optimizingroparticle preparation in terms of particle size,
entrapment efficiency, and finally, release behavising a model drug estradiol. Nanoparticles wemepared
following emulsion—diffusion—evaporation method ngsi didodecyldimethyl ammonium bromide (DMAB) or
polyvinyl alcohol (PVA) as stabilizers. Ethyl acetdEA), acetone (ACE), chloroform (CHL), and dictdmethane
(DCM) were used as organic solvents either indigiljuor in combinations [12].

Gupta et al develop and evaluate a new colloidal system, tlatpoly(dl-lactideeo-glycolide) (PLGA)
nanoparticles for sparfloxacin ophthalmic delivety,improve precorneal residence time and oculaefation.
Nanoparticles were prepared by nanoprecipitatiohrtigjue and characterized for various propertied s particle
size, zeta potential, in vitro drug release, siaasmodel fitting, stability, and so forth. Midslogical assay was
carried out againg®seudomonas aeruginosa using the cup-plate method [13].

Di et a study and reports a multifunctional biomateti@sed on single-phased luminescent mesoporous
lanthanide oxide nanoparticles that combine simeltais drug delivery and cell imaging. A simple tefggt based

on solid-state-chemistry thermal decomposition esscwas employed to fabricate the spherical mesapor
Gd,Os:Eu nanoparticles with homogeneous size distriloujtiat].

Das and Lin evaluate oral administration of poly (butylcyangéate) nanoparticulate delivery systems (PBCA-
NDSs), double-coated with Tween 80 and poly (etg)eglycol (PEG) 20000 for brain delivery of hexppde
dalargin, an anti-nociceptive peptide that doescnogs blood—brain barrier (BBB) by itself [15].

Park et al prepared All-trans retinoic acid (ATRA)-incorpted nanoparticles of methoxy poly(ethylene glycol)
(MPEG)-grafted chitosan were prepared through iamgex formation between ATRA and chitosan. This
nanoparticle has around 100 nm of diameter and réée reconstitution properties. ATRA-incorporated
nanoparticles has almost similar cytotoxicity agai@T-26 tumor cells when compared to free ATRA[16
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Cui et al investigated the preparation of PLGA nanoparsiqleNP) and PLGA-Hp55 nanoparticles (PHNP) as
potential drug carriers for oral insulin delivefjhe nanoparticles were prepared by a modified domlsolvent
diffusion method in water, and their physicochemataracteristics, drug release in vitro and hygogiic effects

in diabetic rats were evaluated [17].

Couvreur et al studied Polymethylcyanoacrylate nanoparticlefygthylcyanoacrylate nanoparticles, and fide
dactinomycin and®H-vinblastine were studied with emphasis on thestribution pattern in rat tissues after
intravenous administration. The adsorption of cgtis drugs to polyalkylcyanoacrylate nanopartiates modify
drug distribution in tissues. Particularly with Blastine, modification of drug disposition is imfant. Data are
given concerning the formation and stability of oparticle-drug complexes. Polyalkylcyanoacrylateoparticles
seem to be an interesting drug carrier owing to giee, structure, degradability, and drug somfvoperties [18].

Sang Yooet al  formulated Biodegradable nanoparticles contgirdalmon calcitonin (sCT) using protein—fatty
acid complexes, and thdin vitro transport against a Caco-2 cell monolayer andetttent ofin vivo oral uptake
were assessed. Positively charged sCT was hydragiighion paired to form physical complexes witkttf acid,
phospholipid, and surfactant. Among the complegedjum oleate was used to form sCT-oleate complexaish
were characterized and formulated into biodegradgbbly(lacticeo-glycolic acid) (PLGA) nanoparticles.
Endocytosis of sCT nanoparticles by Caco-2 cells stadied by flow cytometry. Transcytosis of sCToas the
Caco-2 monolayer was also quantitated by an ELI®thod [19].

Rawat et al developed prolonged release binary lipid matrigdshsolid lipid nanoparticles (SLN) of repaglinide
(RG) for oral intestinal delivery and to improvestbioavailability of RG. SLN were designed by usijgcerol
monostearate and tristearin as lipid core mateaiadsPluronic-F68 as stabilizer [20].

Margulis-Goshen et al Studied the inhibitory effect of ammonium glydyiminate (AG) on crystallization of
celecoxib (CXB) nanoparticles in aqueous medium stadied. CXB nanopatrticles in powder form wereppred
by rapid evaporation of all solvents from a vokatilil-in-water microemulsion. A powder containing it % CXB
was obtained by immediate conversion of microerulsiroplets into nanoparticles by spray drying [21]

Dalpiaz et al proposed a novel nonaqueous nanoprecipitation rdettm achieve the encapsulation of a small
weight hydrophilic drug (N6-cyclopentyladenosind?A) in PLGA nanopatrticles using a mixture of coteed oil
and Tween-80 as nonsolvent phase. The nanopartides characterized in vitro as concerns size, haqoy,
drug loading, drug release, and drug stabilityuman blood. Human retinal pigment epithelium (HRE&)s were
employed to study intracellular accumulation of agraulated or free CPA with and without unloadediglas, in
the presence or absence of an equilibrative nudedsansporter inhibitor [22].

Tiyaboonchai et al developed a new aqueous nanoparticle system wsimgplex coacervation employing the
oppositely charged polymers polyethylenimine (P&hy dextran sulfate (DS), with zinc sulfate as abitizing
agent. Amphotericin B (AmB) was loaded into the aparticles as a model drug [23].

Damge et al prepared Nanoparticles with a blend of a bioddgjoke polyester (polg{caprolactone)) and a
polycationic nonbiodegradable acrylic polymer (Eagit® RS) have been used as a drug carrier for oral
administration of a short-acting insulin analogaspart-insulin. Insulin-loaded nanoparticles, abé0®nm in
diameter, encapsulated 97.5% of insulin and wete @brelease about 70% of their contemvitro in a neutral
medium over 24 [24].

Choi et al prepared adriamycin (ADR)-encapsulated core—styge nanoparticles of a poly(DL-lactide-co-
glycolide) (PLGA) grafted-dextran (DexLG) copolymand evaluated its antitumor activity in vitro amdvivo
[25].

Mainardes et al developed PLA and PLA/PEG blend nanoparticlesgainimg zidovudine and their uptake by
polymorphonuclear leucocytes were studied in vitiiee influence of polymer type on particle sizetaZpotential

and particle uptake by polymorphonuclear leucocytas investigated. The cells were isolated frompeattoneal
exudate and their activation by nanoparticles wasasured by luminol-dependent chemiluminescence and
microscopical analysis [26].
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Sun et al designed and characterized curcumin loaded pofidyanoacrylate nanoparticles (PBCN) coated with
polysorbate 80, and to evaluate the effect of PB&M delivery system on carrying curcumin acrosB BH].

Kommareddy et al modified thiolated gelatin nanoparticles withlyfethylene glycol) (PEG) chains and examine
their long circulating and tumor-targeting propestin vivo in an orthotopic a human breast adenocarcinoma
xenograft model. The resulting nanoparticulate esyst with long circulation properties could be usedarget
encapsulated drugs and genes to tumors passivaltilizyng the enhanced permeability and retentdfiect of the
tumor vasculature [28].

Giri et al develop hepatitis B surface antigen (HBsAg) swfadsorbed cationic poly (d,I-lactic-co-glycolid@c
PLGA nanoparticles for  interferon alpha  (I&N delivery targeted to hepatocytes. Cationic
PLGA nanoparticles loaded with IeNwere prepared using the double emulsification riegre. Delipidated
HBsAg was passively adsorbed on the surface ofpeatioles by using the simple dipping and dryingmoe [29].

Li et al prepared the poly(lactide-co-glycolide)-coatedgnetic nanoparticles (PLGA MNPs) as carriers of
doxorubicin (PLGA-DOX MNPs) through water-in-oil-imater (W/O/W) emulsification method. The
characteristics of PLGA-DOX MNPs were measured Isingl transmission electron microscopy (TEM) and
vibrating-sampling magnetometry (VSM). It was foutlit the synthesized nanoparticles were spheiricgahape
with an average size of 100+20nm, low aggregatimh good magnetic responsivity. Meanwhile, the dragtent
and encapsulation efficiency of nanoparticles camathieved by varying the feed weight ratios of RL&d DOX
particles [30].

Calvo et al study the ability of bioadhesive cyclodextrin-p@ighydride) nanoparticles as carriers for the
oral delivery of atovaquone (ATO). In order to iease the loading capacity of ATO by poly
(anhydride) nanopatrticles, the following oligosamtties were assayed: 2-hydroxyprofytyclodextrin (HPCD),
2,6-di-O-methylB-cyclodextrin (DCMD), randomly methylatgiieyclodextrin (RMCD) and sulfobuthyl eth@f-
cyclodextrin  (SBECD). Nanoparticles were obtained ldesolvation after the incubation between the
poly(anhydride) with the ATO-cyclodextrin complexe®. The encapsulation of atovaquone in cyclodesiri
poly(anhydride) nanoparticles seems to be an istieigg strategy to improve the oral bioavailabiliby this
lipophilic drug [31].

Cavalli et al investigated the drug incorporation capacity ngstamoxifen, a lipophilic anticancer drug with
poly(amidoamine)-cholesterol nanopatrticles. Theiporation of the tamoxifen did not affect the shamd sizes
of nanoparticles showing a drug loading of 40%. d=ifen-loadednanoparticles exhibited a higher diesgeendent
cytotoxicity than free tamoxifen, while blank namoficles did not show any cytotoxic effect at thame
concentrations [32].

Shen et al prepared Poly(methyl methacrylate)-based bone w&nefunctionalized with mesoporous
silica nanoparticles (MSN) to enable a highly éfit and sustained release of antibiotics to redleeisk of post-
operative joint infection. To overcome the limitewig release of 5% for only 1 day with the curreminmercial-
grade bone cements, a 8 wt% MSN-formulated bonesoeis able to increase the drug release efficidncy4-
fold and sustain the release for up to 80 days. [33]

Pourshahabet al prepared spray dried inhalable powders contaiigngiazid-loaded chitosan/tripolyphosphate
(TPP) nanoparticles for sustained delivery of thegdo the lung.Nanoparticles were prepared byciamelation
method. In-vitro drug release study indicated ttieg rate of drug release from nanoparticles wagedsed by
increasing the amount of chitosan. Entrapment ofiiazid into chitosan/TPP nanoparticles decreasiinmam
inhibitory concentrations (MIC) of the drug agaimsycobacterium avium intracellulare.Nanoparticlesevspray
dried using excipients such as lactose, mannitilraaltodextrin alone or with leucine [34].

Pillay et al study the design, biometric simulation and optatitn of an intracranial nano-enabled scaffold devi
(NESD) for the site-specific delivery of dopamin@A) as a strategy to minimize the peripheral sitfeets of
conventional forms of Parkinson's disease therdapg NESD was modulated through biometric simulatorw
computational prototyping to produce a binary clinked alginate scaffold embedding stable DA-loadetiulose
acetate phthalate (CAP) nanoparticles optimizeatsordance with Box—Behnken statistical designi [35
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Adeli et al synthesized and characterized Polyrotaxanes disiaf cyclodextrin rings, polyethylene glycol axe
and quantum dot (QD) stoppers. The potential apfidins of the molecular self-assemblies as drug-
delivery systems was investigated by conjugatiodaforubicin (DOX) to their functional groups arfteh release
the «drug inside the cancer cells in mouse tissneetive fibroblast adhesive cell line L929 [36].

On the basis of recent literature review we canthay the importance of nanotechnology in therdpsuand the
role played by it in combating some of the chrodigeases, such as cancer. Some of the importast aredrug
delivery where nanotechnology can build a diffeeeace:

1. Deigning Delivery of repaired genes or the repiaent of incorrect genes is fields in which naatsobjects
could be introduced successfully.

. Systems for improvement of the solubility andabwiailability of hydrophobic drugs.

. Systems for eliminating or minimizing toxicity.

. Designing delivery vehicles that can improvedheulatory presence of drugs.

. Delivery systems for targeting drugs to spedai@tis or tissues.

. Development in increasing specificity.

. Systems for improving vaccine adjuvant and deliv

. Helping hand in specific applications, e.g. acutancer therapy, neurology, orthopaedics.

. Developing delivery systems for slow release.

O©CoO~NOOTAWN

FUTURE PROSPECTIVE

Nanotechnology is relatively new, and although filescope of contributions of these technologiadlvances in
the field of human health care remains unexploredent advances suggest that nanotechnology wit fza
profound impact on disease prevention, diagnosid, teeatment. It is extensively projected that atachnology
will persist to advance and develop in over thetremuple of years in many areas of life and sa@erand the
achievements of nanotechnology will be appliedniedical sciences, including diagnostics, drugvdey systems,
and patient treatment. Future of Pharmaceutindlstry in the field of drug delivery represerd strategic tool
for expanding drug markets, because new delitechinologies could repackage classical drugsrinffea

competitive edge after the expiry of patents armldimg competition from generics.

CONCLUSION

Nanotechnology implanted delivery system would eomdo faster drug absorption, controlled dosadgase into

the human body and would have other unique praggedf minimizing side-effects by eliminating reguirent of

co-solvent as used in conventional dosage form.oNanicles would dramatically reduce drug dosagehshat,

there is improvement in the absorption of the daagthat the patient can take a smaller dose, entaye the same
benefit, Deliver the drug to the right place in théng system, Increase the local concentrationhef drug at the
desired site and limit or eliminate side effects.nlinotechnology by using very small channels, orgogram

guantities of analytes and reagents are requirbtbufhput can increase while cost decreases. Saxibes could

dramatically change the care model by making stighied tests widely and immediately availableoatdr cost in

office settings, at home, or at a patient's bedsitame of the concerns were also discussed butpsither care
these problems can be avoided. So drugs that lidereeffects due to triggering an immune systemaogese can be
wrapped in nanopatrticle coating and prevent immayséem from recognizing and reacting to a foreigossance. It

is an ideal targeting system should have long tatmg time, it should be present at appropriatecemtrations at
the target site, and it should not lose its agtivit therapeutic efficacy while in circulation.
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