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Solubility is an essential factor for drug effectiveness, independent of the route ofadministration. Poorly soluble drugs are often a challenging task for formulators inthe industry. Conventional approaches for enhancement of solubility have limitedapplicability, especially when the drugs are poorly soluble simultaneously inaqueous and in non-aqueous media. Nanosuspension technology can be used toimprove the stability as well as the bioavailability of poorly soluble drugs. Nanosuspensions are biphasic systems consisting of pure drug particles dispersed in anaqueous vehicle, stabilized by surfactants. These are simple to prepare and aremore advantageous than other approaches. Techniques such as wet milling, high-pressure homogenization, emulsification-solvent evaporation and super criticalfluid have been used in the preparation of nano suspensions. It has the advantageof delivery by various routes, including oral, parenteral, pulmonary and ocularroutes. © KESS All rights reserved
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INTRODUCTION
Nanotechnology:Nanotechnology is the study of manipulatingmatter on an atomic and molecular scale.Generally, nanotechnology deals with developingmaterials, devices, or other structures possessingat least one dimension sized from 1 to 100nanometer.
History:The history of nanotechnology traces thedevelopment of the concepts and experimentalwork falling under the broad category ofnanotechnology. Although nanotechnology is arelatively recent development in scientificresearch, the development of its central conceptshappened over a longer period of time. Theemergence of nanotechnology in the 1980s wascaused by the convergence of experimentaladvances such as the invention of the scanningtunneling microscope in 1981 and the discoveryof fullerenes in 1985, with the elucidation andpopularization of a conceptual framework for thegoals of nanotechnology beginning with the 1986publication of the book Engines of Creation.

The field was subject to growing publicawareness and controversy in the early 2000s,with prominent debates about both its potentialimplications as well as the feasibility of theapplications envisioned by advocates ofmolecular nanotechnology, and withgovernments moving to promote and fundresearch into nanotechnology. The early 2000salso saw the beginnings of commercialapplications of nanotechnology, although thesewere limited to bulk applications ofnonmaterial’s rather than the transformativeapplications envisioned by the field.
Nanosuspensions:Nanosuspensions are colloidal dispersions ofnanosized drug particles stabilized bysurfactants. They can also be defined as abiphasic system consisting of pure drug particlesdispersed in an aqueous vehicle in which thediameter of the suspended particle is less than 1μm in size. Nanosuspensions can be used toenhance the solubility of drugs that are poorlysoluble in aqueous as well as lipid media. As aresult, the rate of flooding of the activecompound increases and the maximum plasmalevel is reached faster. This is one of the uniqueadvantages that it has over other approaches forenhancing solubility. It is useful for moleculeswith poor solubility, poor permeability or both,*Author for Correspondence:
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which poses a significant challenge for theformulators. Nanosuspensions differ fromNanoparticles, which are polymeric colloidalcarriers of drugs (Nanospheres andnanocapsules), and from solid-lipidnonoparticles (SLN), which are lipidic carriers ofdrug.A pharmaceutical nanosuspension isbiphasic systems consisting of nano sized drugparticles stabilized by surfactants for either oralor topical use or parenteral and pulmonaryadministration.The particle size distribution ofthe solid particles in nanosuspensions areusually less than one micron with an averageparticle size ranging between 200 and 600 nm [1-2].
PROPERTIES OF NANO SUSPENSIONS [3-5]:

A. Physical Long-Term StabilityNanosuspension is a highly dispersed system;therefore physical instability due to Ostwaldripening would be expected according to theOstwald Freundlich equation, the saturationsolubility increases with decreasing particle size.However, this effect is only pronounced forparticles below approximately 2 μm, especiallybelow 1 μm. It does not occur for powders of sizenormally processed in pharmacy.
B. Internal structure of NanosuspensionThe high-energy input during disintegrationprocess causes structural changes inside thedrug particles. When the drug particles areexposed to high-pressure homogenizationparticles are transformed from crystalline stateto amorphous state. The change in state dependsupon the hardness of drug, number ofhomogenization cycles chemical nature of drugand power density applied by homogenizer.
C. AdhesivenessAs the particle size decreases the adhesiveproperties of the particles will be improved andthus improved oral delivery of poorly solubledrugs. Improved bioavailability, improved doseproportionality, reduced fed/fasted variability,reduced inter-subject variability and enhancedabsorption rate (both human and animal data)are some of the main effects observed on oraladministration. These data have been acquired invivo in animals but also in humans as reportedby the company Nano Systems. A drasticallyremarkable report is that of the increase inbioavailability for danazole from 5 % (as macrosuspension) to 82% (as nanosuspension).

D. Saturation solubility of nanosuspensionDissolution of drug is increased due to increasein the surface area of the drug particles frommicrometers to the nanometer size. According toNoyes-Whitney equation dissolution velocityincrease due to increase in the surface area frommicron size to particles of nanometer size.Dx = (D×A) × (Cs-X)dt h VWhere D is diffusion coefficient, A is surface areaof particle, dx/dt is the dissolution velocity, V isvolume of dissolution medium and X is theconcentration in surrounding liquid.
WHEN TO GO FOR NANOSUSPENSIONS
APPROACH [6]:Preparing nanosuspensions is preferred for thecompounds that are insoluble in water (but aresoluble in oil) with high log P value.Conventionally the drugs that are insoluble inwater but soluble in oil phase system areformulated in liposome, emulsion systems butthese lipidic formulation approaches are notapplicable to all drugs. In these casesnanosuspensions are preferred. In case of drugsthat are insoluble in both water and in organicmedia instead of using lipidic systemsnanosuspensions are used as a formulationapproach. Nanosuspension formulationapproach is most suitable for the compoundswith high log P value, high melting point and highdose. Figure1 shows selection criteria forformulation approach to enhance solubility ofpoorly soluble drugs.
Table 1: Potential benefits of nanosuspensiontechnologyRoute ofadministration Potential benefitsOral  Rapid onset

 Reduced fed/fasted ratio
 Improved bioavailabilityIntravenous  Rapid dissolution,
 Tissue targeting
 Longer duration of retentionin systemic circulationOcular  Higher bioavailability,
 More consistent dosing
 less irritationInhalation  Higher bioavailability,
 More consistent dosingSubcutaneous/Intramuscular  Higher bioavailability
 Rapid onset
 Reduced tissue irritation
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The criteria for selection of various technologies to enhance solubility of poorly soluble drugs

Methods of preparation of nanosuspension
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FORMULATION CONSIDERATIONS[7]

A. StabilizerStabilizer plays an important role in theformulation of nanosuspensions. In the absenceof an appropriate stabilizer, the high surfaceenergy of nano-sized particles can induceagglomeration or aggregation of the drugcrystals. The main functions of a stabilizer are towet the drug particles thoroughly, and to preventOstwald’s ripening and agglomeration ofnanosuspensions in order to yield a physicallystable formulation by providing steric or ionicbarriers. The type and amount of stabilizer has apronounced effect on the physical stability andin-vivo behaviour of nanosuspensions. In somecases, a mixture of stabilizers is required toobtain a stable nanosuspension.The drug-to-stabilizer ratio in the formulation may vary from1:20 to 20:1 and should be investigated for aspecific case. Stabilizers that have been exploredso far include cellulosics, poloxamers,polysorbates, lecithins and povidones. Lecithin isthe stabilizer of choice if one intends to develop aparenterally acceptable and autoclavablenanosuspension.
B. Organic SolventOrganic solvents are used in the formulation ofnanosuspension if emulsions or microemulsionsare used as a template. The pharmaceuticallyacceptable less hazardous water misciblesolvent, such as methanol, ethanol, chloroform,ispropanol, and partially water miscible solventsethyl acetate, ethyl formate, butyl lactate,triacetin, propylene carbonate, benzyl alcohol,are preferent in the formulation over theconventional hazardous solvents, such asdichloromethane.
C. Co-surfactantsThe choice of co-surfactant is critical when usingmicroemulsions to formulate nanosuspensions.Since cosurfactants can greatly influence phasebehaviour, the effect of co-surfactant on uptakeof the internal phase for selected microemulsioncomposition and on drug loading should beinvestigated. Although the literature describesthe use of bile salts and dipotassiumglycerrhizinate as co-surfactants, varioussolubilizers, such as Transcutol, glycofurol,ethanol and isopropanol, can be safely used asco-surfactants in the formulation ofmicroemulsions.
D. Other AdditivesNano suspensions may contain additives such asbuffers,salts, polyols, osmogent and

cryoprotectant, depending on either the route ofadministration or the properties ofthe drug moiety.
METHODS OF PREPARATION
Bottom up TechnologyBottom-up technologies build-up nanoscaleparticles from molecular solutions.
a. Precipitation MethodPrecipitation method is a general method used toprepare submicron particles of poorly solubledrugs. The most common method ofprecipitation used is anti solvent additionmethod in this method, drug is dissolved insolvent and then solution is mixed with solventto which drug is insoluble in the presence ofsurfactant. Rapid addition of solution to suchsolvent (generally water) leads to rapidsupersaturation of drug in the solution, andformation of ultrafine amorphous or crystallinedrug. This method involves nuclei formation andcrystal growth which are mainly dependent ontemperature. High nucleation rate and lowcrystal growth rate are primary requirements forpreparing a stable suspension with minimumparticle size.
Advantages
 Simple process
 Low cost equipment
 Ease of scale up

Disadvantages
 Drug has to soluble at least in one solventand that this solvent needs to be misciblewith a non solvent
 Growing of drug ctystals needs to be limit bysurfactant addition

Top down Technology
a. Milling Technique
I. Media MillingThis patent-protected technology was developedby Liversidge et al (1992). Formerly,thetechnology was owned by the companyNanoSystems but recently it has been acquiredby Elan Drug Delivery. In this method thenanosuspensions are produced using high-shearmedia mills or pearl mills.The media millconsistsof a milling chamber, a milling shaft and arecirculation chamber.The milling chamber ischarged with the milling media, water, drug andstabilizer,as depicted in Figure,and the millingmedia or pearls are then rotated at a very highshear rate. The milling process is performedunder controlled temperatures.
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Figure 1: Schematic representation of the media milling process
PrincipleThe high energy and shear forces generated as aresult of the impaction of the milling media withthe drug provide the energy input to break themicroparticulate drug into nano-sized particles.The milling medium is composed of glass,zirconium oxide or highly cross-linkedpolystyrene resin. The process can be performedin either batch or recirculation mode. In batchmode, the time required to obtain dispersionswith unimodal distribution profiles and meandiameters<200nm is 30–60 min. The mediamilling process can successfully processmicronized and non-micronized drug crystals.Once the formulation and the process areoptimized, very little batch-to-batch variation isobserved in the quality of the dispersion.
Advantages
 Drugs that are poorly soluble in bothaqueous and organic media can be easilyformulated into nanosuspensions.
 Ease of scale-up and little batch-to-batchvariation.
 Narrow size distribution of the final nano-sized product.
 Flexibility in handling the drug quantity,ranging from1 to 400mgmL_1, enabling

formulation of very dilute as well as highlyconcentrated nanosuspensions.
Disadvantages
 The major concern is the generation ofresidues of milling media, which may beintroduced in the final product as a result oferosion.This could be problematic whennanosuspensions are intended to beadministered for a chronic therapy. Theseverity of this problem has been reduced toa great extent with the advent ofpolystyrene resin-based milling medium.
 technique is time consuming and scale up isnot easy due to mill size and weight.

II. Dry Co grindingNanosuspensions can be obtained by dry millingtechniques. Successful work in preparing stablenanosuspensions using dry-grinding of poorlysoluble drugs with soluble polymers andcopolymers after dispersing in a liquid media hasbeen reported.Many soluble polymers and co-polymers such asPVP, polyethylene glycol (PEG), hydroxypropylmethylcellulose (HPMC) and cyclodextrinderivatives have been used 43. Physicochemicalproperties and dissolution of poorly water
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soluble drugs were improved by co-grindingbecause of an improvement in the surfacepolarity and transformation from a crystalline toan amorphous drug.Dry co-grinding can becarried out easily and economically and can beconducted without organic solvents. The co-grinding technique can reduce particles to thesubmicron level and a stable.
Advantages
 easy process
 no organic solvent required
 short grinding time

Disadvantages
 generation residue of milling media

b. High Pressure HomogenizationIt is the most widely used method for thepreparation of the nanosuspensions of manypoorly water soluble drugs.Different methodsdeveloped based on this principle forpreparation of nanosuspensions are Dissocubes,Nanopure, Nanoedge, Nanojet technology. In thehigh pressure homogenization method, thesuspension of a drug and surfactant is forcedunder pressure through a nanosized aperturevalve of a high pressure homogenizer. Thistechnique involve the following three steps:First, drug powders are dispersed in a stabilizersolution to form Npresuspension; after that,presuspension is homogenized by high pressurehomogenizer at a low pressure sometimes forpremilling; and finally homogenized at a highpressure for10 to 25 cycles until thenanosuspensions are formed with desiredsize.Homogenization involves the forcing of thesuspension under pressure through a valvehaving a narrow aperture. The most commonlyused homogenizer in the preparation ofnanosuspension is the APV micron LAB 40(APVDeutschland GmbH, Lubeck,Germany). However,other pistongap homogenizers fromAvestin(Avestin Inc., Ottawa, Canada) andStansted (Stansted Fluid PowerLtd, Stansted, UK)can also be used. The instrument can be operatedat pressures varying from 100 to 1500 bars. Insome instruments, a maximum pressure of 2000bars can be reached. Most of the cases requiremultiple passes or cycles through thehomogenizer, which depends on the hardness ofthe drug, the desired mean particle size, andrequired homogeneity. High pressurehomogenizers are available with differentcapacities ranging from 40ml (for laboratorypurposes) to a few thousand litres (for largescale production).

Figure 2: Schematic cartoon of the high-pressure homogenization process
PrincipleDuring homogenization, the fracture of drugparticles is brought about by cavitation, high-shear forces and the collision of the particlesagainst each other. The drug suspension,contained in a cylinder of diameter about 3 mm,passes suddenly through a very narrowhomogenization gap of 25 m, which leads to ahigh streaming velocity.In the homogenizationgap, according to Bernoulli’s equation, thedynamic pressure of the fluid increases with thesimultaneous decrease in static pressure belowthe boiling point of water at room temperature.In consequence,water starts boiling at roomtemperature, leading to the formation of gasbubbles, which implode when the suspensionleaves the gap (called cavitation) and normal airpressure is reached again. The implosion forcesare sufficiently high to break down the drugmicroparticles into nanoparticles. Additionally,the collision of the particles at high speed helpsto achieve the nano-sizing of the drug. Toimprove the efficiency of nano-sizing, theaddition of viscosity enhancers is advantageousin certain cases as increasing the viscosityincreases the powder density within thedispersion zone (homogenization gap).
Effect of homogenization pressure:The homogenizer can handle varying pressures,ranging from 100 to 1500 bars. It is expectedthat the higher the homogenization pressure, thelower the particle size obtained.
Number of homogenization cyclesFor many drugs it is not possible to obtain thedesired particle size in a single homogenizationcycle. Typically, multiple cycles are required.Hence, depending on the hardness of the drug,the desired mean particle size and the required
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homogeneity of the product, homogenization canbe carried out in three, five or 10 cycles. It isanticipated that the higher the number ofhomogenization cycles,the smaller the particlesize obtained.
I. High Pressure Homogenisation In Water

(Dissocubes)Dissocubes technology was developed by Mullerin 1999.The instrument can be operated atpressure varying from 100 to 1 500 bars (2 800 –21 300 psi) and up to 2 000 bars with volumecapacity of 40 ml (for laboratory scale). Forpreparation of nanosuspension, it is essential toprepare a presuspension of the micronized drugin a surfactant solution using high-speed stirrer.According to Bernoulli’s Law, the flow volume ofliquid in a closed system per crosssectionisconstant. The reduction in diameter from 3 cmto 25 μm leads to increase in dynamic pressureand decrease of static pressure below the boilingpoint of water at room temperature. Due to this,water starts boiling at room temperature andforms gas bubbles, which implode when thesuspension leaves the gap (called cavitation) andnormal air pressure is reached. The size of thedrug nanocrystals that can be achieved mainlydepends on factors like temperature, number ofhomogenization cycles, and power density ofhomogenizer and homogenization pressure.Preprocessing like micronization of drug andhigh-cost instruments increases the overall costof dosage form. Various drugs like AmphotericinB, Ordinon, Thiomerasol,Fenofibrate,Melarsoprol, Buparvaquone, Prednisolone,Carbamazepine And Dexamethasone wereprepared as nanosuspensions using this method.
Advantages
 It does not cause the erosion of processedmaterials.
 Very dilute as well as highly concentratednanosuspensions can be prepared byhandling 1mg/ml to 400mg/mldrug quantity.
 It is applicable to the drugs that are poorlysoluble in both aqueous and organic media.
 It allows aseptic production ofnanosuspensions for parentraladministration20.

Disadvantages
 Preprocessing like micronization of drug isrequired.
 High cost instruments are required thatincreases the cost of dosage form.

II. Homogenization In Nonaqueous Media
(NANOPURE)Nanopure is suspension homogenized in water-free medium. It is “deep-freeze” homogenizationwhere the drug suspensions in no aqueousmedium are homogenized at 0oC or sometimesbelow the freezing point. Because of very highboiling point and low vapor pressure of water,oils, and fatty acids, the drop of static pressure isnot enough to begin cavitations in nanopuretechnology.

III. Microprecipitation – High-pressure
homogenization (NANOEDGE):The principle involved in Nanoedge is same thatof the precipitation and homogenizationtechniques. This technique has an advantage ofgetting smaller particle size and greater stabilityin short period of time. In this technique theprecipitated suspension is further homogenizedto get smaller particle size and to avoid crystalgrowth. Precipitation is performed in waterusing water miscible solvent, such as methanol,ethanol, and isopropanol.

Figure 3: Method for preparation of nanoedge
IV. Nanojet TechnologyThis technique is also called opposite streamtechnology, uses a chamber where a stream ofsuspension is divided into two or more parts.Both streams are colloid with each other at highpressure. The high shear force produced duringthe process results in particle size reduction.Dearns had prepared nanosuspensions ofatovaquone using the microfluidization process.
Disadvantage
 The major disadvantage of this technique isthe high number of passes through themicrofluidizer and that the product
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obtained contains a relatively larger fractionof microparticles.
c. Melt emulsification methodIn this method drug is dispersed in the aqueoussolution of stabilizer and heated above themelting point of the drug and homogenized togive an emulsion. During this process, the sampleholder was enwrapped with a heating tape fittedwith temperature controller and thetemperature of emulsion was maintained abovethe melting point of the drug. The emulsion wasthen cooled down either slowly to roomtemperature or on an ice bath. The mainadvantage of melt emulsification techniquerelative to the solvent diffusion method is totalavoidance of organic solvents during theproduction process. Nanosuspension ofibuprofen was prepared by this method.
d. Supercritical Fluid MethodThe organic solvents used in the preparation ofconventional methods such as solventextraction‐evaporation, solvent diffusion andorganic phase separation methods are hazardousto environment and physiological systems. Torectify the problem occurred through theconventional method supercritical fluidtechnology has been investigated for thepreparation of biodegradable micro andnanoparticles, because supercritical fluids areenvironmentally safe.The application ofsupercritical fluids for the production ofnanoparticles has found widespread use due to anumber of advantageous properties.Supercritical fluids exist at temperatures beyondtheir critical temperature (Tc) and pressuresabove their critical pressure (Pc), as shown inFigure. Supercritical fluids have diffusivitieshigher than those of traditional liquid solvents,viscosities similar to gases, and densities that canbe tuned by small changes in pressure, all ofwhich make them unique reaction media.Supercritical carbon dioxide (CO2) is the mostcommonly used supercritical fluid forpharmaceutical particle production because it isnonflammable, nontoxic, inexpensive, and hasmild critical parameters (Tc = 31.3 °C, Pc = 73.7bar). Supercritical CO2 has been used as both asolvent, in the rapid expansion of supercriticalsolution (RESS), and as an antisolvent, in thesupercritical antisolvent (SAS), particleproduction technologies.

Temperature

Figure 4: Generic pressure versus temperaturephase diagram highlighting the supercritical fluidregion
I. Rapid Expansion of Supercritical Solution

(RESS)In the RESS method, the pressure-dependentsolubilizing power of supercritical CO2 isexploited. A bulk drug is dissolved insupercritical CO2 in a high pressure vessel. Thesolution is then depressurized through a nozzleinto a collection vessel at ambient conditions.When depressurization occurs, the supercriticalCO2 becomes gaseous CO2, in which the drug isnot soluble, and the drug precipitates. The fasterthe rate of depressurization, the smaller theparticles will precipitate. A schematic of the RESSprocess is given in Figure.

Figure 5: Schematic of RESS processAs with all particle production technologies, theconditions under which the process is carriedout, such as solubilization temperature,expansion temperature, pressure drop acrossnozzle, and nozzle geometry, as well as themolecular structure of the drug, greatly affectparticle morphology.
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Disadvantage
 A disadvantage of the RESS process is thelimited solubility of many pharmaceuticalcompounds in supercritical CO2.

II. Supercritical Antisolvent (SAS)In this method, the drug is dissolved in a liquidorganic solvent and this solution is sprayedthrough a fine nozzle into a high pressure vesselfilled with supercritical CO2. As the CO2 dissolvesinto the liquid solvent, the solubilizing power ofthe organic solvent is reduced, inducingsupersaturation and causing particleprecipitation. Excess CO2 is flushed through thevessel to remove residual solvent and the vesselis depressurized to collect the particles. Aschematic of the SAS process is shown in Figure.

Figure 6: Schematic of SAS process
III. Precipitation with Compressed

Antisolvent Process (Pcs)In the PCA method, the drug solution is atomizedinto the CO2 compressed chamber.As the removalof solvent occurs, the solution getssupersaturated and finally precipitation  occurs.
Disadvantages of supercritical fluid methodThe disadvantages of the above methods are useof hazardous solvents and use of highproportions of surfactants and stabilizers ascompared with other techniques, particlenucleation overgrowth due to transient highsuper saturation, which may also result in thedevelopment of an amorphous form or anotherundesired polymorph.
C. Other Methods
I. Emulsion as a templateApart from the use of emulsions as a drugdelivery vehicle, they can also be used astemplates to produce nanosuspensions. The use

of emulsions as templates is applicable for thosedrugs that are soluble in either volatile organicsolvent or partially water-miscible solvent. Suchsolvents can be used as the dispersed phase ofthe emulsion. There are two ways of fabricatingdrug nanosuspensions by the emulsificationmethod.In the first method, an organic solvent or mixtureof solvents loaded with the drug is dispersed inthe aqueous phase containing suitablesurfactants to form an emulsion. The organicphase is then evaporated under reducedpressure so that the drug particles precipitateinstantaneously to form a nanosuspensionstabilized by surfactants. Since one particle isformed in each emulsion droplet, it is possible tocontrol the particle size of the nanosuspensionby controlling the size of the emulsion.Optimizing the surfactant composition increasesthe intake of organic phase and ultimately thedrug loading in the emulsion. Originally, organicsolvents such as methylene chloride andchloroform were used. However, environmentalhazards and human safety concerns aboutresidual solvents have limited their use inroutine manufacturing processes. Relativelysafer solvents such as ethyl acetate can still beconsidered for use. Another method makes use ofpartially water-miscible solvents such as butyllactate, benzyl alcohol and triacetin as thedispersed phase instead of hazardous solvents.The emulsion is formed by the conventionalmethod and the drug nanosuspension is obtainedby just diluting the emulsion. Dilution of theemulsion with water causes complete diffusionof the internal phase into the external phase,leading to instantaneous formation of ananosuspension. The nanosuspension thusformed has to be made free of the internal phaseand surfactants by means of diultrafiltration inorder to make it suitable for administration.However, if all the ingredients that are used forthe production of the nanosuspension arepresent in a concentration acceptable for thedesired route of administration, then simplecentrifugation or ultracentrifugation is sufficientto separate the nanosuspension.The productionof drug nanosuspensions from emulsiontemplates has been successfully applied to thepoorly water-soluble and poorly bioavailableanti-cancer drug mitotane, where a significantimprovement in the dissolution rate of the drug(five-fold increase) as compared to thecommercial product was observed.
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Advantages
 Use of specialized equipment is notnecessary.
 Particle size can easily be controlled bycontrolling the size of the emulsion droplet.
 Ease of scale-up if formulation is optimizedproperly.

Disadvantages
 Drugs that are poorly soluble in bothaqueous and organic media cannot beformulated by this technique.
 Safety concerns because of the use ofhazardous solvents in the process.
 Need for diultrafiltration for purification ofthe drug nanosuspension, which may renderthe process costly.
 High amount of surfactant/stabilizer isrequired as compared to the productiontechniques described earlier.

II. Microemulsions as templatesMicroemulsions are thermodynamically stableand isotropically clear dispersions of twoimmiscible liquids, such as oil and water,stabilized by an interfacial film of surfactant andco-surfactant .Their advantages such as highdrug solubilization, long shelf-life and ease ofmanufacture, make them an ideal drug deliveryvehicle.Taking advantage of the microemulsionstructure, one can use microemulsions even forthe production of nanosuspensions. Oil-in-watermicroemulsions are preferred for this purpose.The internal phase of these microemulsionscould be either a partially miscible liquid or asuitable organic solvent, as described earlier. Thedrug can be either loaded in the internal phase orpre-formed microemulsions can be saturatedwith the drug by intimate mixing. The suitabledilution of the microemulsion yields the drugnanosuspension by the mechanism describedearlier. The influence of the amount and ratio ofsurfactant to co-surfactant on the uptake ofinternal phase and on the globule size of themicroemulsion should be investigated andoptimized in order to achieve the desired drugloading. The nanosuspension thus formed has tobe made free of the internal phase andsurfactants by means of diultrafiltration in orderto make it suitable for administration. However,if all the ingredients that are used for theproduction of the nanosuspension are present ina concentration acceptable for the desired routeof administration, then simple centrifugation orultracentrifugation is sufficient to separate thenanosuspension. The production of drugnanosuspensions using microemulsions as

templates has been successfully applied to thepoorly water-soluble and poorly bioavailableantifungal drug griseofulvin, where a significantimprovement in the dissolution rate of the drug(three-fold increase) as compared to thecommercial product was observed.
Advantages of Nanosuspensions:
A. Increase in the dissolution velocity and

saturation solubility of the drugThis is an important advantage that makesnanosuspensions amenable to numerousapplications. The reason behind the increase inthe dissolution velocity and saturation solubilityof the nanosuspensions can be given as follows.According to the Nernst–Brunner and Levichmodification of the Noyes Whitney dissolutionmodel equation,the dissolution velocity of thenanosuspension increases due to a dramaticincrease in the surface area of the drug particlesfrom microns to particles of nanometer size:dX = (D×A) × (Cs-X)dt h Vwhere dX/dt is the dissolution velocity, D is thediffusion coefficient, A is the surface area of theparticle, h is the diffusional distance, Cs is thesaturation solubility of the drug, X is theconcentration in the surrounding liquid and V isthe volume of the dissolution medium.The increase in the saturation solubility of thedrug with a decrease in particle size can beexplained by Ostwald–Freundlich’s equation:
Log (Cs/ Cα) = 2σV/2.303RTρrwhere Cs is the saturation solubility, Cα is thesolubility of the solid consisting of large particles,σ is the interfacial tension of substance, V is themolar volume of the particle material, R is thegas constant, T is the absolute temperature, ρ isthe density of the solid and r is the radius.
B. Improved biological performanceAn increase in the dissolution velocity andsaturation solubility of a drug leads to animprovement in the in vivo performance of thedrug irrespective of the route used.
C. Ease of manufacture and scale-upUnlike nanoparticulate carriers such aspolymeric nanoparticles, which wereinvestigated earlier, nanosuspensions are easy tomanufacture.
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D. Long-term physical stabilityAnother special feature of nanosuspensions isthe absence of Ostwald ripening, which issuggestive of their long-term physical stability.Ostwald ripening has been described forultrafine dispersed systems and is responsiblefor crystal growth and subsequently formation ofMicroparticles.
E. VersatilityThe flexibility offered in the modification ofsurface properties and particle size, and ease ofpost-production processing of nanosuspensionsenables them to be incorporated in variousdosage forms, such as tablets, pellets,suppositories and hydrogels, for various routesof administration, thus proving their versatility.
Evaluation of Nanosuspensions:The characterization of the nanosuspensions isalso similar to that of the suspensions such ascolour, odour, presence of impurities and otherimportant characteristics as mentioned below.
A. In-Vitro Evaluations
B. In-vivo evaluation

a. Particle size and size distributionIt is the most important parameter in theevaluation of the suspensions as it is having thedirect effect on the solubility and dissolution rateand the physical stability of the formulation. Themean particle size and the width of particle sizecan be determined by Photon CorrelationSpectroscopy (PCS) laser diffraction and coultercurrent multisizer. Particle size andpolydispersity index (PI) governs the saturationsolubility, dissolution velocity and biologicalperformance. PCS measures the particle size inthe range of 3nm-3 μm only. PI governs thephysical stability of nanosuspension and shouldbe as low as possible for long-term stability(Should be close to zero). LD measures volumesize distribution and measures particles rangingfrom 0.05- 80μm upto 2000μm. Atomic ForceMicroscopy is used for visualization of particleshape. For IV use, particles should be less than 5μm, considering that the smallest size of thecapillaries is 5-6 μm and hence a higher particlesize can lead to capillary blockade and embolism.
b. Particle charge (Zeta Potential)The particle charge is of importance in the studyof the stability of the suspensions. Usually thezeta potential of more than ±40mV will beconsidered to be required for the stabilisation of

the dispersions. For electrostatically stabilizednanosuspension a minimum zeta potential of±30mV is required and in case of combined stericand electrostatic stabilization it should be aminimum of ±20mV of zeta potential is required.
c. Crystalline Sate and Particle MorphologyIt is of importance as there are chances of thepolymorphism during the storage of thenanosuspensions. Hence it is necessary to studythe crystal morphology of the drug insuspension. Differential Scanning Calorimetry(DSC) is most commonly used for such studies.When nanosuspensions are prepared drugparticles may get converted to amorphous formhence it is essential to measure the extent ofamorphous drug generated during theproduction of nanosuspensions. The X-RayDiffraction (XRD) is commonly used fordetermining change in crystallinity and theextent of the amorphous form of drug.
d. Saturation solubility and Dissolution
VelocityThe main advantage associated with thenanosuspensions is improved saturationsolubility as well as dissolution velocity. Theseare studied in different physiological solutions atdifferent pH. Kelvin equation and the Ostwald-Freundlich equations can explain increase insaturation solubility. Determination of theseparameters is useful to assess in vivoperformance of the formulation.
e. Stability of NanosuspensionsStability of the suspensions is dependent on theparticle size. As the particle size reduces to thenanosize the surface energy of the particles willbe increased and they tend to agglomerate. Sostabilizers are used which will decrease thechances of Ostwald ripening and improving thestability of the suspension by providing a stericor ionic barrier. Typical examples of stabilizersused in nanosuspensions are cellulosics,poloxamer, polysorbates, lecithin, polyoleate andpovidones. Lecithin may be preferred indeveloping parenteral nanosuspensions.
B. In vivo evaluationThe in vivo evaluation of the nanosuspensions isspecific to drug and route of administration.Most commonly the formulation  was given byrequired route of administration and the plasmadrug levels were estimated using HPLC-UVvisible Spectrophotometry.
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 Surface hydrophilicity/hydrophobicity(determines interaction with cells priorto phagocytosis)
 Adhesion properties
 interaction with body proteins

Applications:
A. Parenteral administrationNanosuspensions can be administered viadifferent parenteral administration routesranging from intraarticular via intraperitonal tointravenous injection. For administration by theparenteral route, the drug either has to besolubilized or has particle/globule size below 5ìm to avoid capillary blockage. Paclitaxelnanosuspensions revealed their superiority overtaxol in reducing the median tumourburden.Similarly, aphidicolin, a poorly watersoluble new anti-parasitic lead molecule, whenadministered as a nanosuspension resulted in animprovement in EC50 in comparison to DMSO-dissolved drug.
B. Oral drug deliveryThe oral route is the preferred route for drugdelivery because of its numerous well-knownadvantages. The efficacy or performance of theorally administered drug generally depends onits solubility and absorption through thegastrointestinal tract. Hence, a drug candidatethat exhibits poor aqueous solubility and/ordissolution-rate limited absorption is believed topossess low and/or highly variable oralbioavailability. Owing to low oral bioavailability,such a drug candidate would have to beadministered in a larger excess than actuallyrequired if it were completely bioavailable inorder to achieve a therapeutically activeconcentration, thus making the therapy costly.Orally administered antibiotics such asatovaquone and bupravaquone reflect thisproblemvery well.Nanosizing of such drugs canlead to a dramatic increase in their oralabsorption and subsequently bioavailability. Theamelioration in oral bioavailability can beattributed to the adhesiveness of the drugnanosuspension, increased surface area (due toreduction in particle size by 10–50-fold),increased saturation solubility, leading to anincreased concentration gradient between thegastrointestinal tract lumen and blood, andincreased dissolution velocity. This enhancementin bioavailability will lead to a subsequentreduction in drug dose, rendering the therapy

cost-effective and obliterating any undue drugdumping in the body.
C. Ophthalmic drug deliveryNanosuspensions could prove to be vital fordrugs that exhibit poor solubility in lachrymalfluids. Suspensions offer advantages such asprolonged residence time in a cul-de-sac, whichis desirable for most ocular diseases for effectivetreatment and avoidance of high tonicity createdby water soluble drugs. One example of ananosuspension intended for ophthalmiccontrolled delivery was developed as apolymeric nanosuspension of ibuprofen. Thisnanosuspension is successfully prepared usingEudragit RS100 by a quasi-emulsion and solventdiffusion method.
D. Pulmonary drug deliveryAqueous nanosuspensions can be nebulizedusing mechanical or ultrasonic nebulizers forlung delivery. Budesonide, a poorly water-soluble corticosteroid, has been successfullyprepared as a nanosuspension for pulmonarydelivery.
E. Target drug deliveryNanosuspensions can also be used for targeteddelivery as their surface properties and in vivobehavior can easily be altered by changing eitherthe stabilizer or the milieu. Their versatility, easeof scale up and commercial product enablethedevelopment of commercial viablenanosuspensions for targeted delivery. Targetingof Cryptosporidium parvum, the organismresponsible for cryptosporidiosis, was achievedby using surface modified mucoadhesivenanosuspensions of bupravaquone.
F. Topical formulationsDrug nanoparticles can be incorporated intocreams and water-free ointments. Thenanocrystalline form leads to an increasedsaturation solubility of the drug in the topicaldosage form, thus enhancing the diffusion of thedrug into the skin.
CONCLUSION:Nanosuspensions appear to be a unique and yetcommercially viable approach to combatingproblems such as poor bioavailability that areassociated with the delivery of hydrophobicdrugs, including those that are poorly soluble inaqueous as well as organic media. Productiontechniques such as media milling and high-pressure homogenization have been successfully
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employed for large-scale production ofnanosuspensions. The advances in productionmethodologies using emulsions or microemulsions as templates have provided stillsimpler approaches for production but withlimitations. Further investigation in this regard isstill essential. Attractive features, such asincreased dissolution velocity, increasedsaturation solubility, improved bioadhesivity,versatility in surface modification and ease ofpost production processing, have widened theapplications of nanosuspensions for variousroutes. The applications of nanosuspensions inparenteral and oral routes have been very wellinvestigated and applications in pulmonary andocular delivery have been realized. However,their applications in buccal, nasal and topicaldelivery are still awaiting exploration. Thedevelopment of stealth nanosuspensions lacedwith functionalized surface coatings capable ofeliciting passive or active targeting as per therequirement can be regarded as the future stepin the nanosuspension research.
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