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ABSTRACT

Many of the recently developed new chemical estdie poorly water soluble and they create majoolpems
during formulation and development of new dosage fand shows poor bioavailability. The drugs belaad8CS
class Il has problem of solubility, to overcome #wubility problem nanotechnology is most useédhhique.
Nanosuspensions are defined as the submicron bipla#ioidal dispersions of pharmaceutical activegiedient
particles in a liquid phase, size belowm, without any matrix material which are stabilizby surfactants and
polymers. Nanosuspensions are nanoparticles beimgposed of 100% drug without any matrix materialthis
review the main focus is given on various techedgconventional as well as patented technologyl tise
preparation of nanocrystals. There are certain dwerization paratemeters such as particle size,
polydispersibility index, surface morphology, pelei surface charge, crystalline state, Surface bpdilicity,
Adhesion properties for the nanocrystals formulatidhis is suitable drug delivery system for alineononly used
routes of administration such as oral, IV, SC, diWland topical application. In addition, nanocrystaian be
incorporated into the tablets, capsules, fast-maitd lyophilized for sterile product applications.

Keywords: Nanotechnology, Nanosuspension, poorly watertdelu

INTRODUCTION

In last two decade we have observed tremendougaserin new lead compound due to advances in high-
throughput screening, combinatorial chemistry, aathputer-aided drug design. Out of which nearl§676f the
new chemical entities (NCE) are reported poorlyewaoluble[1]. Conventional formulations of poorly-water-
soluble drugs are frequently facing the problenthsas poor and highly variable bioavailability. Téhesage form

is often times affected by the fed—fasted statthefpatient and its onset of action is slower thaticipated. All of
these issues lead to sub-optimal dosing and podorp@ance.[2]From this, there is a necessity foragm
technological formulation approaches to make sucbrlp soluble drugs bioavailable. Making such drugs
bioavailable means that they show sufficiently hadgsorption after oral administration, or they a#ternatively be
injected intravenously since many years the app@ado increase drug solubility are solubilisatignsurfactants,
complex formation (e.g. cyclodextrin, macromolesjleself-emulsifying drug delivery systems (SEDDS),
microemulsions and especially for oral administratimicronisation of drug powders. Micronizationeaming the
transfer of drug powders into the size range betviggically 1-1Qum.[3] Micronization is a very simple technology
(e.g. by jet milling or wet milling). The principleas to increase the dissolution velocity by entayghe surface
area of the drug powder micronisation was or iseehitiology for case Il drugs of the biopharmaceultica
classification system (BCS), i.e. drugs having adgpermeability but a low oral bioavailability dte their poor
solubility and low dissolution velocity. [4] Nowags many of the new drugs exhibit such a low sditybthat
micronisation does not lead to a sufficiently higibavailability. Consequently, the next step wasetato move
from micronisation to nanonisation, that means poit drug nanocrystals. [5,6]
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According to definition , drug nanocrystals are aarticles being composed of 100% drug without amatrix
material, by the definition of nanoparticles thean particle size is below 1 mm (i.e. in the nartoeneange,
typically somewhere between 200 and 500nm.[4] D&pa of drug nanocrystals in liquid media leadsdocalled
“nanosuspensions” (in contrast to “microsuspensiams‘macrosuspensions”). In general the dispergaticles
need to be stabilized, such as by surfactants tmeoic stabilizers.[5] Many different techniquesist for the
production of nanocrystals, the most commonly usk@hich are precipitation, pearl milling and highessure
homogenization.So far, four products, namely Rapam(sirolimus,Wyeth), Emend (aprepitant, Merck)iCbr
(fenofibrate, Abbott) and Megace (megestrol acet®& Pharmaceutical) have been commercialized/g¢da
Sustenna (paliperidone palmitate, Janssen), alsedban NanoCrystal technology, has been approveithiebyyS
Food and Drug Administration. One commercial prdadiiciglide (fenofibrate, Skye Pharma), is basedaonigh-
pressure homogenization technique.[6]

Advantages

1. It can be given by any route of administration.

2. Reduced tissue irritation in case of subcutanestafuscular administration.

3. Rapid dissolution & tissue targeting can be achddwe IV route of administration.

4. Oral administration of nanosuspension provide rapiset, reduced fed/fasted ratio & improved bioabdity.
5. The absorption form absorption window can be ineeeadue to reduction in the particle size.

6. Drug with higher log P value can be formulated asaosuspensions to increase the bioavailabilitguzh
drugs.

7. Nanosuspensions can be incorporated in tabletgt@ehydrogel & suppositories are suitable foriaas routes
of administration.

8. Increasing the amorphous fraction in the partitdesling to a potential change in the crystallineictire &
higher solubility.

9. Possibility of surface-modification of nanosuspendior site specific delivery.

10.Possibility of large-scale production, the prersdaifor the introduction of delivery system to tharket.[7]
11.Enhanced solubility and bioavailability of drug.

12.Higher drug loading can be achieved[9]

13.Long term physical and chemical stability (duabsence of Ostwald ripening).

Disadvantages

1. Physical stability, sedimentation & compactiam cause problems.
2. Itis bulky sufficient care must be taken durirandling & transport.
3. Improper dose.

4. Uniform & accurate dose cannot be achieved.[7-9]

Techniques for Manufacturing of Nanocrystals
1. Bottom up technology
1.1 Anti-solvent precipitation
1.2 Supercritical fluids
1.3 Spray-drying
2. Top down Technology
2.1 Media milling
2.1.1. Bead milling
2.1.2. Dry co-grind
2.2 High pressure homogenizations
2.2.1. Homogenization in Aquemexdia (Dissocubes)
2.2.2. Homogenization in Non Aque Media (Nanopure)
2.2.3 Nanojet technology
2.3 Emulsion solvent diffusion method
3. Combination technology
3.1 NANOEDGE® Technology
3.2 SmartCrystal® Technology[23]
4. Other methods
4.1. Solvent evaporation
4.2. sonocrystalisation
4.3. melt emulsification
4.4. Bottom-Up NanoCrySP Technology
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1. Bottom up technology

Bottom up technology starts with molecule . Patiof this technology is based on precipitatigndissolving
the drug in a solvent and adding the solvent to@a-solvent that cause precipitation of the finegdparticle.
Example of product which is manufacturing by usihig technology is Hydrosols and NanomorphTM, \lhéce
developed by Sucker and Soligs/Abbott respectivEhis has the basic advantage of using relatiggtple and
low-cost equipment. However, this created problamsstirring and mixing when taken up for large-scal
production. The major challenge of this techniguéoi avoid crystal growth that occurs on storage wuOstwald
ripening.

1.1 Precipitation technology:

Within few years ago precipitation technique wasduto prepared microsuspension. In this technigeedtug is
dissolved in an organic solvent in which it is duand this solution is mixed with a miscible asdivent for
precipitation in presence of stabilizer. In the @vadolvent mixture the solubility is low and theugmprecipitate out .
[46] Precipitation has also been combined witthhégear processing. This is accomplished by a auatibin of
rapid precipitation and high-pressure homogenipatithe baxter healthcare company introduced tbaiented
technology US 6,884,436 known as NANOEDGE. Thimhnology based on precipitation of friable mate

for fragmentation under conditions of high shead/an thermal energy. sudden super saturation ofnthed

solution occurs by rapid addition of drug solutimnanti-solvant and generation of fine crystalloreamorphous
solids. Precipitation of an amorphous material rbayfavoured at high super saturation when the dijubf the

amorphous state is exceeded.[8-10,33]

1.2 Supercritical fluid methods:

Nanoparticles are produced by various methods rif|d expansion of supercritical solution (RES#)cgss,
supercritical antisolvent process, and precipitatith compressed antisolvent (PCA) process. In REShnique,
drug solution is expanded through a nozzle intoestntical fluid, resulting in precipitation of thérug as fine
particles by loss of solvent power of the supeigaitfluid. Young et al. prepared cyclosporine naauticles having
diameter of 400 to 700 nm by using this technidnghe PCA method, the drug solution is atomized the CO2
compressed chamber. As the removal of solvent ec¢he solution gets supersaturated and finallgipitation
occurs. In supercritical antisolvent process, dsalgition is injected into the supercritical fluidcathe solvent gets
extracted as well as the drug solution becomesrsapgated.[9] The basic disadvantages of the elbeported
methods are use of hazardous solvents and usglofphdportions of surfactants and stabilizers aspared with
other techniques.

1.3 Spray drying

One of the preparation methods of nanocrystalprigysdrying. This method is usually used for dryafgsolutions
and suspensions. In a conical or cylindrical cyelosolution droplets are sprayed from top to bojtdried in the
same direction by hot air and spherical particles @btained. Spraying is made with an atomizer whapidly
rotates and provides scattering of the solutiontduzentrifugal effect. The solution, at a certfidw rate, is sent to
the inner tube with a peristaltic pump, nitrogenagrat a constant pressure is sent to the oube. t8praying is
provided by a nozzle. Droplets of solution becoragyvsmall due to spraying; therefore, surface afehe drying
matter increases leading to fast drying. Concentraviscosity, temperature and spray rate of tiat®n can be
adjusted and particle size, fluidity and drying eppecan be optimized. The dissolution rate and laitbalvility of
several drugs, including hydrocortisone, COX-2 hitor (BMS-347070) were improved utilizing this
method.[3,29]

2. Top down technology
The ‘Top Down Technologies’ are the disintegratinathods and are preferred over the precipitatiothoaks . This
includes

2.1 Media milling (Nanocrystals or Nanosystems)

2.1.1. Bead milling

The method is first developed by liversidge etlrlthis method the nanosusensions are produced bgjhshear
media mills or pearl mills. [11] The media mill cists of a milling chamber, a milling shaft andegirculation
chamber. The milling medium is made up of glasssariium oxide or highly crodinked polystyrene resin. The
milling chamber is fed with the milling media, watdrug and stabilizer and then milling media oanbe are then
rotated at a very high shear rate. The milling psscis performed under controlled temperatures. The
nanosuspension or nanoparticles are form as resuiigh energy and shear forces generated dusetartpaction
of the milling media with the drug which providbet energy input to break the microparticulate dintg
nanasized particles. The unimodal distribution profiled mean diameter of <200, require a time profil8®60
min. The media milling procedure can successfullgcpss micronized and nanicronized drug crystals. A
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nanosuspension of Naproxen with a mean particle sz 306600 nm was prepared using pearl milling
technique.[14,44]

2.1.2. Co-grinding

Now a day, nanosuspensions can be also prepardd/byilling techniques. Successful work has begrored in
preparing stable nanosuspensions using dry gringfipporly soluble drugs with soluble polymers agholymers
after dispersing in a liquid media. It is the oalal particles formation of many poorly water dw&i drugs;
griseofulvin glibenclamide and nifedipine obtainday grinding with polyvinylpyrrolidone (PVP) and
sodiumdodecylsulfate (SDS). Various soluble polysramd co-polymers such as PVP, polyethylene gl¢feBIG),
hydroxypropyl methylcellulose (HPMC) and cyclodéxtderivatives have been used. By using this metthed
Physicochemical properties and dissolution of pooslater soluble drugs were improved because of an
improvement in the surface polarity and transforamafrom a crystalline to an amorphous drug. Drygeimding

can be carried out easily and economically andbeaconducted without need of organic solvents.[15]

2.2 High Pressure Homogenization:

2.2.1. Homogenization in Aqueous media (Dissocubes)

This technology was developed by R.H.Muller in 1988d first patent was taken by DDS Gmbh and lasiwthe
patent was transferred to Skyp pharmaceuticalsmrm@anly used homogenizer are the APVMicron Lab AB\(
Deutschland Gmbh, Lubeck, Germany)and piston-gapadgenizers. In this method, the suspension cdantpia
drug and surfactant is forced under pressure thr@ujanosized aperture valve of a high pressureogenizer. In
this method the particle size reduction depend awitation principle. The dispersion present in 3diameter
cylinder is suddenly passed through a very narrapy of 2%um. According to Bernoulli’s law the flow volume of
liquid in a closed system per cross section is tamtslt leads to increase in dynamic pressuredaudease of static
pressure below the boiling point of water at diaandrom 3cm to 2pm.Then water starts boiling at room
temperature and forms gas bubbles, which implodenwthe suspension leaves the gap (called cavijasiod
normal air pressure is reached. The particles atioit forces are sufficiently high to convert theugl micro
particles into nanopatrticles. In this the final tide size of drug nanocrystal is based on powensite of
homogenizer, number of homogenization cycles, teatpee and homogenization pressure. [19]

2.2.2. Homogenization in Non Aqueous Media (Nanopaj

Nanopure is one the technology in which suspenisidtomogenized in water-free media or water mipdute the

Dissocubes technology the cavitation is the priecigletermining factor of the process. oils anlg Gitty acids

have very low vapour pressure and a high boilinigtpas compare to water. Hence, the drop of sgatissure will
not be sufficient enough to initiate cavitation.té?ds covering disintegration of polymeric matergl high-

pressure homogenization mention that higher tentpes of about 80°C promoted disintegration, whdahnot be
used for thermo labile compounds. In nanopure telclgy, the drug suspensions in the non aqueousaneelie

homogenized at 0°C or even below the freezing pamnd hence are called "deep-freeze" homogenizaliba.
results obtained were comparable to Dissocubeshande can be used effectively for thermo labilestiires at
milder conditions.[17]

2.2.3. Nanojet technology

This technology called opposite stream or nan@ehnology. This method consist of microfluidizemigh uses a
chamber where a stream of suspension is dividedtimbd or more parts, which colloid with each otla¢rhigh

pressure. The high shear force produced duringrheess due particle collision and high pressusaltgin particle
size reduction. Equipment using this principle ugs the M110L and M110S micro fluidizers. Dearaparred
nanosuspensions of atovaquone using the micra#ation process. [21]The major disadvantage isftdchnique
is the high number of passes through the micraliter and that the product obtained contains aivels larger

fraction of microparticles.[18]

2.3. Emulsion solvent diffusion method

Apart from the use of emulsion as drug deliveriegicle they can also be used as to produce ngmassisn. The
use of emulsions as templates is applicable fosehdrugs that are soluble in either volatile orgestlvent or
partially watermiscible solvent. Such solvents can be used aglidpersed phase of the emulsion. An organic
solvent or mixture of solvents loaded with the disgispersed in the aqueous phase containingbseiisairfactants
with stirring to form an emulsion. The obtained dsmn was further homogenized by high pressure
homogenization. After homogenization cycles the lsion was diluted with water, homogenized by honmizer

to diffuse the organic solvent and convert the b@pinto solid particles. Since one particle isnfed in each
emulsion droplet, it is possible to control thetjgde size of the nanosuspension by controlling siee of the
emulsion. Optimizing the surfactant compositionr@ases the intake of organic phase and ultimatedydrug
loading in the emulsion. Originally methanol, etbarethyl acetate, chloroform are used as organleests.
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However, environmental hazards and human safetyeras about residual solvents have limited thesringoutine
manufacturing processes. Nanosuspension of ibuprdfelofenac, acyclovir were prepared by this rodtfiL4]

3. Patented Technologies of Nanosuspension

3.1 Nanoedge™

The basic principles of Nanoedge are the sameaaofiprecipitation and homogenization. A combioatof these
techniques results in smaller particle size andebegtability in a shorter time. The major drawbauk the

precipitation technique, such as crystal growth #&omp term stability, can be resolved using the déaige
technology. In this technique, the precipitatedpsusion is further homogenized; leading to reductio particle

size and avoiding crystal growth. Precipitationpierformed in water using water-miscible solventghsas
methanol, ethanol and isopropanol. It is desirableemove those solvents completely, although tbay be
tolerated to a certain extent in the formulatioar &n effective production of Nanosuspensions ugiegNanoedge
technology, an evaporation step can be includegrdéoide a solvent-free modified starting materigldwed by

high-pressure homogenization.[12,18-20]

3.2 SmartCrystal® technology

Recently SmartCrystal® technology was first devetbpy PharmaSol GmbH and was later acquired by #bbib
is a tool-box of different combination processeswinich process variations can be chosen dependiog the
physical characteristics of the drug (such as hessn The process H42 involves a combination afysgrying and
HPH. Within few homogenization cycles the nanoalgsis prepared. Process H69 (Precipitation and )Hittd
H96 (lyophilization and HPH) yield nanocrystals ahphotericin B within a size range of about 50 nth[45.
Kobierski et al. (2008) produced nanocrystals itwa-step process i.e. pre- milling followed by highessure
homogenization (HPH). Nanosuspensions of cosmetigeahesperidin were produced by ball-milling pess and
with combination process. Both the prepared nampmswsons were kept for storage. Nanosuspensiorap@ép
using SmartCrystal® technology was found to be ofnaaller size indicating better physical stabilidso
combination technique is faster and more economasatompared to HPH alone . M&schwitzer and Miller4
(2005) prepared spray dried hydrocortisone acgateder from nanosuspension produced by HPH withicrom
LAB 40 and planetary monomill “pulverisette”. Theimber of cycles required could be distinctly redlice
Additionally, a smaller particle size and bettertjgée size distribution could be obtained. Anotlfieding of the
study was that the application of different homdgation pressures (e.g. 300 and 500 bar) was sgaé#itient.
Therefore, during large scale production, low hoerogation pressures (300 bars) may be preferreckdace
wearing of the machin.[23]

4. Other technologies

4.1 Solvent Evaporation:

In the solvent evaporation method, the solutionpalfymer are prepared in volatile solvents and simnk. But
from the past years dichloromethane and chlorofalare used which was now replaced by ethyl acetatehahas
a better profile of toxicology. The emulsion is gerted into a nanoparticle suspension on evaparaifothe
solvent for the polymer, which is allowed to diffushrough the continuous phase of the emulsionthin
conventional methods, two main strategies are besegl for the formation of emulsions, the preparatf single-
emulsions, e.g., oil-in-water (o/w) or double-enmis, e.g., (water-in-oil)-in-water, (w/o)/w. Theseethods
require high-speed homogenization or ultrasonicatiollowed by evaporation of the solvent, eithgrdontinuous
magnetic stirring at room temperature or under cedwyressure. By ultracentrifugation the solidiffethoparticles
are collected which was washed with distilled waterremove the additives like surfactants, and thiewas
lyophilized. The particle size was influenced bye thoncentration of polymer, stabilizer and the dpeé
homogenizer.[19]

4.2 Sonocrystallization

Recrystallization of poorly soluble material usitiguid solvents and antisolvents has also been eyapl
successfully to reduce particle size. The novelaggh for particle size reduction on the basisrg$tallization by
using ultrasound is sonocrystallization. Sonoctiigidion utilizes ultrasound power characterizgdabfrequency
range of 20-100 kHz for inducing crystallizatiohnbt only enhances the nucleation rate but alseffactive means
of size reduction & controlling size distributiori the active pharmaceutical ingredient (API). Magiplications
used ultrasound in the range 20 khz -5mhz. Sontadligation technique or technology has also beaedied to
modify the undesirables of NSAID'S i.e. poor salityp and dissolution rate and consequently the rpoo
bioavailiability. Flubiprofen was poured in deioe@zwater at 25°C and sonicated for 4 minutes anaplituted of
60% and cycle is 40 sec on and 10 sec off. Thécjpmsize of treated flubiprofen was significantduced and the
increased solubility of treated flurbiprofen wasoab35%. The intrinsic dissolution rate of treafbiprofen
increased by 2-fold. The dissolution studies oladithat 90% of the drug was released within 20 teméor treated
flubiprofen as compared to untreated flubiprofetaoted 60% release of the drug.[3]
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4.3. Melt emulsification method

Solid lipid nanoparticles are mainly prepared byltreenulsification method. Kipp and co workers fiysprepare
nanosuspensions of ibuprofen by using melt emadiftn method. It is a four-step procedure. Drufiyss added to
aqueous solution having stabilizer. The solutiohdated at temperature higher than the meltingt mdithe drug
and then homogenized by high-speed homogenizethéoformation of emulsion. The temperature is nzaived
above the melting point of the drug during ovemalbcess. Finally, the emulsion is cooled to préatpi the
particles. The particle size of nanosuspension Inaiepends on parameters like drug concentrationcentration
and type of stabilizers used, cooling temperatame, homogenization process.[22]

4.4. Bottom-Up NanoCrySP Technology

G. Shete, Y. Pawar et al, National Institute of fafeceutical Education and Research (NIPER) intredwc newer
method to generate nanocrystalline solid disparghdSD) of hesperetin using NanoCrySP technologpoeel
bottom-up process based on spray drying to genemddité particles containing drug nanocrystals diseé in the
matrix of small molecule excipients (W02013132452)AThe purpose of their study to improved oral
bioavailability and pharmacodynamic activity of pesetin nanocrystals generated using a novel betiom
NanoCrySP Technology. Hesperetin and mannitol wesed in 1:1 ratio and NSD was generated usingyspra
drying. The process of NSD formation is based assital nucleation theory wherein mannitol conteduto
crystallization of hesperetin by acting as plag#écj crystallization inducer and by providing hetggneous
nucleation sites. Hesperetin was found to exisha®ocrystals dispersed in the matrix of mannitadhveverage
crystallite size of 137 nm in the NSD.

Evaluation of Nanocrystals:
1. In-Vitro Evaluations
1. Mean Particle size and size distribution
2. Particle charge (Zeta Potential)
3. Crystalline state and morphology
4. Saturation solubility and dissolution ety
2. In-Vivo Evaluation
3.Evaluation for surface-modified Nanosuspensions
1. Surface hydrophilicity
2. Adhesion propertiesss
3. Interaction with body proteins[18,22,24]

1. Mean particle size and size distribution

Photon Correlation Spectroscopy30 (PCS) is usekbtermined the mean particle size and the widimadicle size
distribution (called Polydispersity Index). Thewation solubility; dissolution velocity and bigjizal performance
depends on particle size and polydispersity indd¥ (PCS measures the particle size in the rangnof- 3um
only. PCS is a versatile technique but has low nmixag range. Laser Diffractometry (LD) is also ustxd
determined particle size distribution. LD measwekime size distribution and measures particlegjiranfrom
0.05- 8@um. Atomic Force Microscopy is used for visualizatiof particle shape.[24]

2. Zeta potential (particle charge distribution)

Zeta potential determines the physical stabilityafosuspenson. Zeta potential gives an idea #fiolihess of the
diffusion layer, i.e. can be used to predict loagrt stability. In order to obtain a Nanosuspensextsbiting good
stability, for an electrostatically stabilized Na&wogpensions a minimum zeta potential of + 30mveiguired
whereas in the case of a combined electrostaticstarit stabilization, a minimum zeta potentialtoPOmV is
desirable.[24,25]

3. Crystal structure/ morphology

X-ray diffraction analysis in supplemented with diffietial scanning calorimetry, scanning electronroscopy is
used to determine the polymorphic changes due fmadémof high pressure homogenization in the criseal
structure of the drug. Nanosuspensions can undargbange in the crystalline structure, which maytden
amorphous form or to other polymorphic forms beeaoihigh pressure homogenization. The techniqueb as
scanning electron microscopy (SEM), atomic forcerogcopy (AFM) or transmission electron microsc¢pgM)

are preferred in order to get an actual understanali particle morphology.[26]

4. Saturation solubility and Dissolution velocity

The saturation solubility of the drug in differeattysiological buffers as well as at different temgperes should be
determined using methods reported in the variotgsaliures. The investigation of the dissolutionoegl of
nanosuspensions reflect the advantages that caaclieved over conventional formulations, especialtyen
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designing the sustained release dosage forms loaseanoparticulate drugs. The evaluation of satmatolubility
and dissolution velocity helps in determining theitro behavior of the formulation.[27]

5. In Vivo Biological Performance

Irrespective of the route and the delivery sysamployed the establishment of an in vitro/in vivarelation and
the monitoring of the in vivo performance of theigliare an essential part of the study. IVIVC igenionportant in
the case of intravenously injected nanosuspensiot® the in vivo behaviour of the drug dependstenorgan
distribution, which in turn depends on its surfaceperties, such as surface hydrophobicity andact®ns with
plasma proteins.[42] After the intravenous injectif nanoparticles the qualitative and quantitatieenposition of
the protein absorption pattern observed and isgized as the essential factor for organ distrdsuti Hence,
suitable techniques have to be used in order tuateathe surface properties and protein interastio get an idea
of in-vivo behavior. Techniques such as hydrophafieraction chromatography can be used to determimface
hydrophobicity, whereas 2D PAGE can be employedHte quantitative and qualitative measurementrofgin
adsorption after intravenous injection of drug reuspensions in animals.[25]

APPLICATIONS

1. Oral Drug Delivery

Drugs Administered orally suffers with major praike like poor solubility, incomplete dissolution aimgufficient
efficacy. [46] Nanosuspensions are specially useghhance the absorption rate and bioavailabikgabse of their
smaller particle size and larger surface to voluat®.[31] In comparison to 20% of micronized drugscase of
azithromycin nanosuspension, more than 65% drugfewa®d to be dissolved in 5 hours. Nanosuspensigays
the benefits like improved oral absorption, lowenstubject variability and dose proportionality. ndauspensions
containing drug can be incorporated in various destrms like tablets, capsules and also fast nisjtsising
standard manufacturing techniques. [22, 28, 34]

2. Parenteral administration

The conventional parenteral preparations (partibufar intravenous administration) of poorly sble drugs are
contains harsh solvent or co-solvants which terofssociated with toxic effects and large inggcttvolumes.
Aqueous nanosuspensions are an ideal formulatioovéscome these problems e.g. Paclitaxel nanossigpen
cause less toxicity as compared to Taxol with Clogmor EL.[46]. In comparison to conventional paolil

solution dosage form its nanosuspension was rapaaeenhance the anti fungal effect in rats. As parad to
solutions the nanosuspensions having higher drading capacity and hence the injectable dose catisbiectly

reduced. The various techniques are used forigtidn of nanosuspension such as autoclavinghgugamma
radiations or by sterile filtration using 0.22 mifitefr.[23,41]

3. Pulmonary drug delivery

Nanosuspension in case of Pulmonary drug delivenysed for those drugs which are poorly solublpuimonary

secretion. These drugs are delivered as suspeasimsols or as dry powders by means of dry powdsalérs.

Nebulized form of the aqueous nanosuspensionsed ios the delivery of drugs to lung. Nebulizatisrgenerally

done by using mechanical or ultrasonic nebuliz&tanosuspensions could be used in all availablestygfe
nebulizer. The advantage is that Increased adiressgeof the drug to mucosal surfaces, Prolongederase time

of the drugs at absorption site which prolongsetfiect of the drug, and hence we get Initial quiciset of action.
[30,39]. Lung infections can be treated by nanososins. e.g. Bupravaquone nanosuspensions foedulat

nebulization. Nanosuspension of Budesonide hastasa prepared successfully for pulmonary deliviérghows a

good relationship between the drug concentratiorthim formulation and the number of micrograms afigdr
delivered per actuation.[21,40]

4. Bioavailability Enhancement

Many of newly developed molecules having the pnoblef poor water solubility and also poor permeapili
Nanosuspensions resolve the problem of poor bitabilily by solving the twin problems of poor sollity and
poor permeability across the membrane.[34,44] Aspared to conventional naproxen the oral admiristreof
naproxen nanopatrticles lead to an area under tive ¢AUC) (0-24 h) of 97.5 mg-h/l which is just.Z4mg-h/| for
naprosyn suspensions and 32.7 mg-h/l for anaptaztta The Oral administration of the gonadotroghhibitor in
conventional dispersion (Danocrine) only shows 5&8solute bioavailability but in the form of nansgansion
Danazol its about 82.3%. Kayser et al. develofhexd nanaosuspension Amphotericin B showed a sogmifi
improvement in its oral absorption in comparisottwihe conventional commercial formulation.[18,3D4L]

5. Targeted Drug Delivery
Nanosuspensions can be used for targeted deliwethiedr surface properties and in-vivo behavior easily be
altered by changing either the stabilizer or thikemi [42]The engineering of stealth nanosusperss{analogous to
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stealth liposomes) by using various surface coatfogactive or passive targeting of the desiréalisithe future of
targeted drug delivery systems. Kayser et al foateal a nanosuspension of Aphidicolin to improvegdargeting
against leishmania infected macrophages. He sthsgchanosuspension formulation had an enhancadtaetith
an EC (50) of 0.003 mcg/ml which is about 0.16mdg/in the conventional form. Scholer et al. showad
improved drug targeting to the brain in the treatmaf toxoplasmic encephalitis in a new murine mddécted
with Toxoplasma gondii using a nanosuspension ftatimn of Atovaquone.[18,43]

6. Topical formulations

Nanosuspension also incorporated into topical do$agn .Drug nanoparticles can be incorporated énéams and
water-free ointments.[45] The nanocrystals forndgeto an increased saturation solubility of thegdruthe topical
dosage form, thus enhancing the diffusion of theydrcross the skin.[39,47,48] Nanosuspensionsse of ocular
drug delivery systems offer advantages includesoNarticle modified surface by appropriate bioeréaljmolymer

results in prolonged residual time in cul-de-sasirdel for effective treatment. Commonly reportedypeers in

ocular nanosuspensions are poly(alkyl cyanoacg)atpolycaprolactone, and poly(lactic acid)/polgfie-co-

glycolic acid) . Employing polymers in ocular drdglivery significantly prolongs drug ocular residertime and
improves bioavailability.[32]

CONCLUSION

The ease of their manufacturing makes Nanocrygtalghoicest nanoparticles. The drug Nanocrysitsgounique

in nanoformulation options with significant meritthe researches comprising scalable formulations tle
production of drug Nanocrystals open a new chamamel unleashed a new platform for the design ofethes
nanoformulations. It was understood that a sucaksshle up demands necessary product characterizatoper
choice of equipment, development of an optimizednfda and satisfactory stability study results. ubdity
enhancement alone is not the only important faatather it becomes even more important when a thag a
narrow therapeutic window where it can be absorbrethese cases the increased solubility and dissal velocity
lead to an acceptable bioavailability. In addititimee nanocrystal technology enables formulationbeaaleveloped
without the need of problematic surfactants (egen@phor EL) which may cause tremendous side effects
untoward reactions.
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