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ABSTRACT 

Nanotechnology is discipline of substance and 

material that deal by the particle size in 

nanometers. The term‟ nano‟ is resulting from 

Latin expression, which means dwarf (1nm=10-

9m). Nano medicine deals with extensive 

observing, production, control, healing, protection 

and develops human living system at molecular 

level consuming engineered nanostructures and 

nanodevices. Nanosuspension is a system to carry 

water insoluble and poorly bioavailable drugs by 

declining size to submicron range. So its 

dissolution rate is enlarged and therefore the 

bioavailability, wherever drug dissolution rate is 

the preventive factor. Nano emulsions are W/O or 

O/W emulsion, having droplet size from 20-200 

nm that are clear and do not have the affinity to 

combine. Nano emulsions display abundant optical 

response and their use in transdermal delivery of  

 

 

drugs, topical use for oral delivery, systemic drug 

delivery, of proteins and providing drugs through 

intranasal as well as parenteral routes. Entirely of 

these nano formulations group the improvement of 

developing helpful pays by diminished side effects 

and upgraded safety, meanwhile they have 

immense prospective of being targeted at cellular 

level. Present article effort on nano drug delivery 

systems in relation to characterization, preparation, 

and pharmaceutical uses in drug delivery. 

Keywords: Nano emulsions, Nanoparticle, Nano 

medicine, Nano suspensions, Nanotechnology. 

INTRODUCTION  

Nanotechnology can be well-defined as the 

technology at the measure of 1-billionth of a metre. 

It is the characterization, design, production and 
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use of structures, devices, materials, and systems 

by directing size and shape at nanometre 

scale.
1
Nanotechnology is discipline of material and 

matter that deal with the particle size in 

nanometers. The term‟ Nano‟ is resulting from latin 

word, which means dwarf (1nm=10-9m). 

Nanomedicine deals with extensive control, 

observing, manufacture, protection and increase 

human living system at molecular level by 

engineered nanodevices as well as 

nanostructures.
2
Pharmaceutical nanotechnology 

has given that new improved intensive and 

diagnosis treatment of disease at a molecular level. 

It provisions in identifying the antigen associated 

with diseases for example diabetes mellitus, cancer, 

neuro degenerative diseases, along with detecting 

the microorganisms and virus related with 

infections.
3
 

Nanotechnology is the discipline and technology at 

the Nano scale, which is around 1-100 nanometers 

and it can be used crosswise the whole scale of 

technical fields counting healthcare as well as life 

sciences.
1
The thoughts and perceptions behind 

nanotechnology plus Nano science were given by 

physicist Richard Feynman, better known as father 

of nanotechnology. Nano medicine is one of the 

highest challenging areas of research in 

nanotechnology and is applied widely for the 

diagnosis, prevention and treatment of diseases. It 

is working in pharmaceutical sciences with the 

points of declining toxicity and decreasing side 

effects of drugs by targeting them to the exact site 

of action, reducing their dose through developed 

bioavailability; declining dosing frequency by 

controlling drug release into the human body; and 

refining shelf life by improving their stability. This 

ultimately gives to better efficacy, safety, patient 

compliance, and prolonged shelf life of drug and 

finally reduced healthcare expenditures.
4
 There are 

several push regions where drug delivery systems 

can be developed using nanotechnology for 

example, depot preparations, transdermal drug 

delivery systems mostly for cancer, greater 

bioavailability through better dissolution and 

absorption and other. Present review attentions on 

application of nanotechnology to conventional 

biphasic liquid dosage forms for example 

emulsions suspensions, in refining their 

performance in drug delivery.
5
 

A pharmaceutical Nano suspension is a biphasic 

liquid system in which insoluble solid drug 

particles of submicron range are homogeneously 

dispersed in an aqueous vehicle. The dosage forms 

are colloidal in nature and usually stabilized using 

surfactants and polymers, and expected to be 

administered through many routes for example 

nasal, topical, oral, ocular parenteral, and other.
6
 

Nanosuspension may similarly use to raise the 

pharmacodynamics and pharmacokinetic outline of 

the drug and therefore therapeutic efficacy of drug, 

successive oral administration. This has been 

simplified in case of atovaquone Nano suspension 

for improved oral delivery in the treatment of 

malaria and in case of 1,3-dicyclohexylurea, by 

subcutaneous route in the management of hyper- 

tension. Nanoparticles are well-defined as particles 

less: than 100nanometer in diameter that 

representation new or bigger size-dependent 

properties related with larger particles of the 

similar material. Nano emulsions are different but 

pure and clear dispersions of two or more 

immiscible liquids, stabilized by an interfacial film 

of surfactant molecule in which internal phase is 

present in nano size range. These are isotropic in 

nature and thermodynamically stable. “Nano 

emulsions are also denoted as ultrafine emulsions, 

submicron emulsions and miniemulsions,”.
7 

ADVANTAGES OF NANOTECHNOLOGY IN 

PHARMACY  

A. Enhanced oral bioavailability 

B. Protection of drug from degradation    

C. Reaching of drug targeting 

D. Improved rate of dissolution     

E. More rapid onset of therapeutic action   
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F. Improved solubility    

G. Less amount of dose required  

H. Enhanced surface area
8
 

 

NANOSUSPENSION 

A pharmaceutical Nano suspension is a biphasic 

fluid system wherein insoluble solid drug particles 

of submicron range are equally dispersed in an 

aqueous vehicle. The dosage forms are colloidal in 

nature and commonly stabilized using polymers 

and surfactants, and meant to be administered 

through several routes for example ocular, topical, 

oral, parenteral, nasal, and other.
9
 

PREPARATION OF NANOSUSPENSION 

Binary processologies are usually applied in 

formulating Nano suspension. Bottom-up process- 

It is based on the principle of first dissolving the 

drug molecules in a solvent and then structure them 

up to Nano sized particles. Top- down process-This 

is based on the principle of breaking down large 

drug particles to smaller particles that are in nano 

range.  

TOP- DOWN APPROACH  

 This process discovers application through 

numerous technologies stated as following:  

A. High-pressure Homogenization   

 This process works Micro fluidizer   to produce 

Nano suspension which works on anyone of the 

following principles: 

a) Jet Stream   

At this time 2 turbulent jet streams of liquid 

suspension are passed through a homogenization 

chamber, where these streams impinge on each 

other and on chamber wall. The particle  size 

reduction results due to high shear forces, particle 

collision and cavitation forces. The Nano 

suspensions produced by this process are normally 

polydisperse in nature and the particle size 

distribution depends on experimental parameters 

for example pressure, number of cycles, and 

velocity of the liquid streams.
10

 

b) Piston-gap   

In this process a liquid dispersion of the active 

principle having surfactant is compressed to a 

pressure ranging from 100 -2000 bar and prolonged 

through a homogenization valve containing of a 

valve piston, an impact ring and a valve seat. The 

energy generation which is rewarded by inter-

particle impacts, collision between the particles and 

the valve piston ring and the energy created by 

cavitation and turbulence, indications to particle 

size reduction in Nano range.  

c) Water Reduced or Non Aqueous Media  

 This technology is named as NANOPURE™ and 

is used for production Nano suspensions in non-

aqueous media for example oil or water reduces 

media e.g. glycerol-water or ethanol water mixtures 

at low temperatures. Now combination results due 

to shear forces, particle collision and turbulence but 

no cavitation. This process is mainly useful for 

temperature sensitive drugs and for producing 

Nano suspension in non-aqueous media.
11

 

B. Media Milling Process 

This is one of the ancient process for particle size 

reduction. This technology was patented for 

making nanosuspensions by applying sound energy 

to break the active pharmaceutical compound to the 

required size range. It contains the application of 

media which is actually beads or pearls of 

densities, various sizes, and material. Most 

generally used beads are of zirconium, stainless 

steel, glass or highly cross-linked polystyrene resin. 

The pearls are moved by a stirrer, the drug is 

ground to Nano crystals in between the pearls. The 

process employs shearing and impact forces to 

reduce the size of the particle.
12

 

C. Combination Processs 
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It combines the micro precipitation and high 

pressure homogenization process and 

magnificentlyoverwhelmsdisadvantages of both. 

Early step is micro precipitation by solvent-anti 

solvent process, which involves adding of anti-

solvent to a drug solution covering stabilizers to get 

precipitates in micro range which are then put to 

commination by subjecting the slurry to high 

pressure homogenization. This produces particle in 

nano range with improved thermodynamics as this 

step exercises a check on crystal growth of 

nanoparticles.
13

 

BOTTOM –UP APPROACH  

Nano Precipitation   

 This process is a growth of co precipitation system 

of manufacture suspensions. 
25

 It contains 

dissolving the drug in a solvent and then 

precipitating the dissolved drug molecules from the 

solvent which additional grow up to nanoparticles. 

Therefore this procedure takes place in two steps 

i.e., nucleation and crystal growth. Care must be 

taken to control crystal growth at nano level. 

 Precipitation is reached in four different ways:  

a) Precipitation by Liquid Solvent-anti solvent 

Addition 

This process pays adding an anti-solvent to the 

drug solution which is miscible with the solvent in 

which drug is dissolved. 
26

 The anti-solvent is 

added in thin stream under nonstop sonication or 

stirring. This creates a enormous quantity of nuclei 

of supersaturated drug which lastly grow to Nano 

size. It is of extreme importance to control the size 

of particles and prevent molecular link and further 

crystal growth. This can be extended by using 

stabilizers. Issues that govern the wanted particle 

size comprise concentration of drug solution used, 

the type of non-solvent, agitation or sonication 

speed and choice of suitable stabilizers.
14

 

b) Precipitation in Presence of Supercritical 

Fluid   

The best common supercritical fluid is CO2 and the 

technique involved is known as supercritical anti 

solvent precipitation This contains carrying the 

drug solution in contact with a supercritical fluid 

which in turn leads to saturation of the liquid 

solvent and hence precipitation of solute due to anti 

solvent effect.
15

 

c) Precipitation by Removal of Solvent   

Now the drug is first dissolved in an organic 

solvent. This solvent is then removed by 

evaporation, whichever by continuous stirring or 

by reducing the pressure.  

d) Precipitation in Presence of High Energy 

Processes   

This process is applicable for large scale 

production and employs process for example spray 

drying or freeze drying to produce nanocrystals.
16

 

APPLICATION OF NANOSUSPENSIONS   

A. Parenteral Drug Delivery  

 The main motive to formulate parenteral nano- 

suspension is either targeting the drug to exact site 

or delaying its action. Etoposide-loaded bovine 

serum albumin Nano suspension was formulated 

for parenteral delivery with an objective of 

targeting delivery to lung; reduce toxicity, and side 

effects of etoposide. GlaxoSmithKline has 

designed long acting Nano suspension formulation 

of antiretroviral drug for HIV patients named as 

GSK1265477 which is under investigation. This 

investigational HIV integrase inhibitor is designed 

as a long-acting formulation so that the frequency 

of drug administration can be reduced which would 

finally result in improved patient compliance for 

HIV patients. This process of a long-acting drug 

would be especially beneficial in maintenance 
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therapy, or as a means of „pre-exposure 

prophylaxis (PrEP)‟ in HIV negative population.
17

 

B. Oral Drug Delivery  

 As indicated previous in the prior sections 

nanosuspensions are prepared mainly with an view 

to improve bioavailability of poorly soluble drugs 

by enhancing their solubility. Presently this 

approach has been used by many researchers for 

improving bioavailability of drugs via oral route. 

Non-nucleoside reverse transcriptase inhibitors 

(NNRTIs) are a specific class of anti AIDS drugs 

and their use was limited owing to low 

bioavailability resulting from poor dissolution. 

“Nevirapine, a BCS class II NNRTI with 

undesirable solubility and dissolution kinetics from 

the dosage form was formulated as Nano 

suspension by Nano edge process which increased 

its solubility several times as also chemical 

stability”. 
18

 

C. Pulmonary Drug Delivery   

Nanosuspensions for pulmonary drug delivery are 

formulated with a vision to targeting the drug to 

lungs. Fluticasone Nano suspension for aerosol 

delivery had been investigated as efficient 

formulation for intranasal  dosing and was found to 

be efficient for targeting drugs to lungs. Likewise, 

fluticasone and budesonide Nano suspensions that 

were prepared for pulmonary delivery also 

designated deep lung deposition and fast lung 

absorption.
19

 

D. Ocular Drug Delivery  

 These are developed to avoid rapid precorneal 

elimination and drainage by gravity and for 

increasing the permeation of drug through cornea 

and decrease the frequency of administration by 

formulating controlled release dosage forms. 

Itraconazole-loaded chitosan Nano suspension 

were prepared and evaluated and were found to 

displayimportantly higher percentage cumulative 

permeation for ocular delivery as compared to 

suspensions available in the market. Pilocarpine 

loaded eudragit Nano suspension was formulated 

with purpose to improve the availability of drug at 

intraocular level and to reduce the frequency of 

drug administration.
20

 

NANOPARTICLES 

Nanoparticles are well-defined as particles less: 

than 100nanometer  in diameter that expose new or 

greater size-dependent properties related with 

larger particles of the same material.  

PREPARATION OF NANOPARTICLES 

Numerous procedures are available for the 

developed of nanoparticles. These nanoparticles 

comprisenanocapsulesandnanospheres. 

Nanocapsules are composed of a liquid core 

bounded by a polymeric membrane, 

whilenanospheres are made by a dense polymeric 

matrix.    

Nanospheres are prepared by;   

A. In-situ polymerization    

B. Salting out process 

C. Precipitation solvent evaporation process 

D. Emulsion-evaporation process 

E. Emulsification-diffusion process 

F. Precipitation procedure    

A. In-Situ Polymerization: In in-situ 

polymerization, 2dissimilarprocedures are 

considered for the preparation of nanospheres.   

a.Dispersion polymerization.   

b. Emulsification polymerization   

a.Dispersion Polymerization: In case of 

dispersion polymerization the monomer is no more 

emulsified but dissolved in aqueous medium. This 

procedure was established for the production of 

very slowly biodegradable poly methyl 

methacrylate Nano spheres.  In this procedure, 
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water soluble methyl methacrylate monomers are 

dissolved in an aqueous medium and polymerized 

by gamma irradiation or by chemical initiation 

combined with heating to temperatures above 

65
0
C. Thus oligomers are formed which may or 

may not be stabilized by surfactant molecules. 

Finally Nano spheres are obtained by the growth or 

fusion of primary particles in aqueous phase. These 

poly nanospheres are fit for vaccination purposes.
21

 

b. Emulsification Polymerization: In case of 

conventional emulsification polymerization the 

continuous phase is aqueous (o/w emulsion), while 

in inverse emulsification polymerization the 

continuous phase is organic (w/o emulsion). In 

equally cases the monomer is emulsified in non-

solvent phase with surfactant molecules, prominent 

to the formation of monomer-swollen micelles and 

stabilized monomer droplets. The polymerization 

reaction takes place in the presence of a chemical 

or physical initiator. The drug to be associated to 

the nanospheres may be present during 

polymerization or can be added to preformed 

nanospheres, so that the drug can be either 

incorporated in to the matrix or simply adsorbed at 

the surface of the nanospheres. 

B.Salting-Out Procedure: In this procedure the 

use of possibly toxic solvents is avoided. Now only 

acetone is used and it can be easily removed in the 

final step by cross-flow filtration. The preparation 

processinvolves of adding, under mechanical 

stirring, an electrolyte saturated solution containing 

a hydrocolloid, usually poly as a stabilizing and 

viscosity growing agent to an acetone solution of 

polymer. Afterward the preparation of an oil-in-

water emulsion, sufficient water or an aqueous 

solution of PEG is added to allow complete 

diffusion of acetone into the aqueous phase, thus 

inducing the formation of nanospheres.
22

 

C.Precipitation Solvent Evaporation Process: 

This is ansubstituteprocedure for producing 

nanospheres that by-passes the use of chlorinated 

solvents. A non-solvent combination of water and 

ethanol is added drop wise through a needle into a 

polymer solution, stirred by a magnetic stirrer, until 

turbidity, indicative of polymer precipitation is 

visually observed. The suspension of these 

preformed nanospheres is then added to an aqueous 

solution of Poly lactic acid-Poly ethylene glycol 

copolymer or poloxamine in order to coat the 

particles with hydrophilic molecules. Then the 

suspension is agitated at ambient temperature to 

allow evaporation of solvents.   

D.Emulsification-Evaporation Procedure: In this 

procedure, the polymer is dissolved in chlorinated 

solvent e.g.; CH2Cl2, CHCl3 and emulsified in an 

aqueous phase containing a surfactants like 

poloxamers, polysorbates, sodium dodecyl sulfate. 

Emulsification can be finished by 

sonication,mechanical stirring, or 

microfluidization. The organic solvent is then 

removed under reduced pressure. Under these 

conditions, the organic solvent diffuses into the 

aqueous phase and increasingly evaporates. 

Polylactic acid nanospheres are prepared by 

emulsification evaporation for parenteral drug 

delivery .
23

 

E.Emulsification-Diffusion Procedure:  This 

procedure is resulting from the salting-out process, 

to overwhelm the difficult of using great amount of 

salts in aqueous phase. Now, an aqueous gel of 

stabilizing hydrocolloid e.g Poly vinyl alcohol or 

gelatin is added to a solution of polymer dissolved 

in benzyl alcohol under mechanical stirring. Due to 

the partial miscibility of benzyl alcohol with water, 

a water-in-oil emulsion is got first.   The emulsion 

undergoes phase inversion upon whole addition of 

the aqueous gel. After complete diffusion of the 

organic solvent into the water, precipitation of the 

polymer happens resulting in formation of 

nanospheres. Cytostatic drug chlorambucil as an 

active compound have shown a good overall 

weight yield (91%) and relatively high drug 

loading (8.5%) .
24

                                    

F.Precipitation Procedure: In this procedure, the 

polymer D, L-PLA is dissolved in water-miscible 
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solvent. Then, solution is poured under mechanical 

stirring into a non-solvent, which leads to 

precipitation of nanospheres.   

Nanospheres are prepared by;   

A.Interfacial Polymerization 

A.Interfacial Polymerization: Nanocapsules are 

prepared by interfacial polymerization procedure. 

In this procedure, the alkyl cyano acrylate 

monomers and the drug, are dissolved in ethanol 

phase comprising an oil, a phospholipid mixture or 

benzyl benzoate. This phase is slowly injected into 

water containing a non-ionic surfactant e.g., 

poloxamer 188 under magnetic agitation. 

Dispersion of the organic phase in the aqueous 

phase occurs concurrently and leads to the 

formation of nanocapsules having an oily core and 

a polymeric shell.  Dissimilar types of 

Nanoparticles used for drug delivery include gold 

nanoparticles, magnetic nanoparticles, ceramic 

nanoparticles & protein nanoparticles. 
25

 

CHARACTERIZATION OF 

NANOPARTICLES 

Nanoparticles are characterized for numerous 

parameters by different process as shown in table 

1. 

Table 1: Parameters and Processs for 

Characterization of Nanoparticles 

Parameter Characterization Process 

Particle 

Size/Size-

Distribution 

Photon correlation spectroscopy, 

Transmission 

electronmicroscopy,, Atomic 

force microscopy, Scanning 

Tunneling Microscopy, Or freeze 

fracture electron Microscopy. 

Charge 

Determination 

Laser Doppler Anemometry, Zeta 

Potential Meter. 

Surface 

Hydrophobicit

y 

Water contact angle 

measurements, Rose bengal (Dye) 

Binding, Hydrophobic Interaction 

Chromatography, X-Ray Photo, 

Electron Spectroscopy. 

Chemical 

Analysis Of 

Surface 

Static Secondary Ion Mass 

Spectrometry Sorptometer. 

 

NANOEMULSION 

Nano emulsions are dissimilar but pure and clear 

dispersions of 2 or more immiscible liquids, 

stabilized by an interfacial film of surfactant 

molecule in which internal phase is present in nano 

size range. These are isotropic in nature and 

thermodynamically stable. “Nano emulsions are 

also denoted as ultrafine emulsions, submicron 

emulsions, mini emulsions”.
26

 

PREPARATION OF NANOEMULSION   

Numerousprocesss have been recommended to 

formulate Nano emulsion. Development of Nano 

emulsion system needs a high amount of energy 

which is availed either by using mechanical 

homogenizers or the by employing chemical 

energy resulting during phase transition.
10 

Several 

processs used for the preparation of Nano emulsion 

are – 

A. Sonication process 

Use of low frequency ultrasound is one of the 

fruitful processs for formulating emulsion at 

laboratory scale and is known as ultrasonic 

emulsification. It takes place via two mechanisms. 

a. Application of a sound field to produce 

interfacial waves which leads to explosion of the 

oil phase into the aqueous phase as droplets b. 

Application of low frequency ultrasound producing 

audio cavitation.  Only small batches of Nano 

emulsion can be prepared by this process.
27

 

B. High Pressure Homogenization  

As discussed with nanosuspensions, high pressure 

homogenization is a mechanical process, which 
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includes forcing a fluid product through a narrow 

gap at high pressure therefore subjecting the liquid 

product to very high shear stress, resulting in the 

formation of nano-scaled emulsion droplets.  

For manufacturing Nano emulsion, the fluid 

consisting of a system having oil phase, aqueous 

phase and surfactant or co-surfactant is passed 

through the homogenizing nozzle. 
14

 The pressure 

is applied with the help of homogenizer. The main 

disadvantage related with this process is poor 

production and component decline due to 

generation of too much heat. Another drawback is 

that only oil in water (O/W) liquid Nano emulsion 

of less than 20% oil phase can be prepared.   

C. Phase Inversion Process 

Phase inversion is astonishment by which dispersed 

phase gets changed to continuous phase and 

continuous phase gets converted to disperse phase; 

and it is used as an significant tool to produce 

emulsion made of very fine droplets.
11

This can be 

carried about either by transitional inversions 

which involves a spontaneous change in the 

surfactants arrangements at the oil-water interface 

or by a change in temperature of the system, or 

electrolyte concentration. Additionalprocess is 

known as catastrophic inversion which is effected 

by changing the volume fraction of the phase.
28

 

D. Microfluidization®  

This process is parallel to as discussed in 

nanosuspensions. A coarse emulsion is first 

obtained by processing the two phases along with 

surfactant in an inline homogenizer. This coarse 

emulsion is further passed into an interaction 

chamber micro fluidizer to obtain the desired 

droplet size Nano emulsion.
29 

APPLOCATION OF NANOEMULSION  

A. Ocular Delivery  

Nano emulsions are used in ocular delivery with 

the purpose of enhancing ocular bioavailability by 

prolonging the precorneal residence time of a drug. 

In situ Nano emulsion gels of dorzolamide 

hydrochloride were developed for ocular delivery.  

“Novasorb®, an advanced pharmaceutical 

technology was used for refining ocular drug 

delivery using the cationic nanoemulsion.” Nano 

emulsions of timolol for ocular administration were 

prepared and compared with the aqueous solutions 

of same drug. The results shown that drug 

formulated in Nano emulsions resulted into 

important reduction in corneal opacity and 

improvement in drug permeation as compared to 

the aqueous counterpart.
30

 

B. Parenteral Delivery  

 Parenteral Nano emulsions are active for 

delivering nutritional supplements, vaccines and 

for drug targeting. Discoveries are patented for 

delivery of vaccines by parenteral route where 

O/W Nano emulsions containing small lipid 

particles are able to carry both hydrophilic and 

lipophilic immunogens. These vaccines are shown 

to exhibit improved immune response. 

Carbamazepine is used in the treatment of 

generalized tonic-clonic and partial seizures where 

local point of treatment is brain. O/W Nano 

emulsion of CBZ stabilized by 1-O-

alkylglycerol/lecithin were formulated and 

evaluated for brain targeting via intravenous 

administration. Intravenous Nano emulsion of 

thalidomide was formulated using hydro- philic 

emulsifier Polysorbate®80 with the purpose of 

succeeding desired concentration of thalidomide in 

plasma using comparatively lower dose.
31

 

C. Transdermal or Percutaneous Route   

 This is an operational mode for delivering 

hydrophobic drugs to systemic circulation via skin. 

Nano emulsions simply penetrate the pores of the 

skin and reach the systemic circulation. They 

afford better application property and stability in 
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assessment to cream and ointment. Also they show 

marked benefit over chemical skin penetration 

enhancers and organic solvents as they are 

nontoxic, and do not irritate or sensitize skin.  

Many antihypertensive drugs which show 

extensive first-pass metabolism and low oral 

bioavailability were formulated as Nano emulsion 

to be administered via transdermal route was 

formulated into W/O Nano emulsion and evaluated 

for its anticancer property when delivered via 

trans- dermal route. Nano emulsions shown to be 

potential vehicles for enhanced transdermal 

delivery of celecoxib.
32

 

D. Oral Delivery  

Nano emulsions have been discovered to be 

delivered via the oral route for enhancing the 

bioavailability of drugs, for growing the stability of 

drugs in GIT and to accomplish sustained release 

profile.  

 “Nano emulsions containing saquinavir, an anti-

HIV protease inhibitor, were formulated for 

enhanced oral bioavailability and brain disposition. 

Here, the drug SQV was dissolved in different 

types of edible oils rich in vital polyunsaturated 

fatty acids to constitute the internal oil phase of the 

Nano emulsions. The external phase contained of 

surfactants Lipoid®-80 and deoxycholic acid 

dissolved in water. “Nano emulsions of ramipril 

were formulated with minimum surfactant 

concentration that could improve its solubility, 

stability and oral bioavailability”. Curcumin, a 

natural bioactive compound was developed as 

novel organogel based to increase its 

bioavailability and make it suitable for oral 

delivery. Here, the oil phase employed was cur 

cumin organ gel and Tween® 20 was employed as 

the emulsifier.
33

 

E. Nasal Route  

Nano emulsions are administered by nasal route to 

bypass the first-pass effect in liver. Nitrendipine, a 

potent antihypertensive molecule, shows low oral 

bioavailability due to its broad first pass 

metabolism. NDP was formulated into a Nano 

emulsion for its intranasal delivery where Caproyl 

90® based nanoemulsion system was developed 

using Tween® 80 as the surfactant, Transcutol P® 

as solubiliser and Solutol HS-15® as cosurfactant. 

The nasal route has been discovered by researchers 

for brain targeting  and vaccine delivery.  

Risperidone was targeted to brain by formulating 

the drug into mucoadhesive Nano emulsion and 

administering it via nasal route. Olanzapine 

mucoadhesive Nano emulsions were formulated for 

delivering the drug via intranasal route for 

targeting the same to brain. Nasal Nano emulsions 

were also evaluated as potential candidate for 

administering mucosal influenza vaccines.
34

 

CHARACTERIZATION OF NANO 

EMULSION AND NANO SUSPENSION  

A. Particle Morphology  

a. X-ray Diffraction Analysis   

 X-ray diffraction provides exact molecular 

geometry of crystals and is a predominant tool in 

characterization of pharmaceutical solids and 

suspensions. The principle involves use of 

constructive interference of monochromatic X-rays 

and the crystalline sample and employing Bragg‟s 

law to study the lattice structure in the crystalline 

material.
35

 

b. Scanning Electron Microscopy  

A Scanning electron microscope produces 

tremendously high magnification images at high 

resolution up to nano range and hence is 

successfully used in characterizing 

nanosuspensions.
43

It works on the principle of 

scanning the surface of specimen by an electron 

beam that is generated by an electron cathode and 

the electromagnetic lens of the column. Electrons 

are emitted from the specimen by the action of the 
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scanning beam and collected by a suitable 

positioned detector and reflected as image on 

screen after suitable magnification.
36

 

B. Particle Charge (zeta potential)   

The zeta potential (ζ) is a function of the surface 

charge which develops when any material is placed 

in a liquid. The zeta potential indicates the degree 

of repulsion between adjacent, similarly charged 

particles in dispersion. Hence it becomes an 

important tool for understanding the state of the 

nanoparticle surface and predicting and controlling 

the long term stability of the nanodispersions.
37

 

C. Mean Particle Size and Particle-size 

Distribution   

 These parameters are evaluated as they impact 

important properties of biphasic liquid Nano 

systems for example saturation solubility and 

dissolution velocity. Also, they play important role 

in governing physical stability and biological 

performance of Nano suspensions, Nano emulsions 

and Nano micelles.
38

 

 The technologies used to measure mean particle 

size and particle-size distribution are as following:  

Dynamic Light scattering also Known as Photon 

Correlation Spectroscopy  

 In this process, dynamic fluctuations of intensity 

of scattered light is measured which in turn is used 

to determine the velocity distribution of 

particles.
38

Many researchers have employed 

Malvern Zetasizer Nano series Nano-ZS for 

determination of particle size in their Nano 

suspension. This process has been employed to 

determine average diameter of Nano emulsions and 

nanomicelles.
39

 

a. Laser Diffraction   

 Laser diffraction is a process to measure particle 

size distribution. It involves passing a laser beam 

through the sample and measuring the angular 

variation in intensity of light scattered. Large the 

size of particles smaller will be the angular 

variation. This angular scattering intensity data is 

further analyzed and the size of the particles 

calculated using the Mie theory of light 

scattering.
40

 

b. Coulter Counter   

 This instrument works on the Coulter principle. 

This involves immersing a tube with a small 

aperture on its wall into a beaker containing 

sample. The sample is prepared by dispersing the 

particles in a low concentration electrolyte. The 

tube is subjected to an electric field as the current is 

allowed to pass through the two electrodes, one of 

which is inside the aperture tube and the other 

outside the aperture tube; and the impedance 

between the electrodes is measured. As a particle 

passes through the aperture, it displaces a volume 

of electrolyte equivalent to its volume resulting in 

short-term change in the impedance across the 

aperture. This change is measured as a voltage 

pulse, where the pulse height is proportional to the 

volume of the sensed particle.
41

 

D. Rheological Behavior  

Brookfield viscometer is most commonly working 

process for determining rheological behavior of 

nanosystems.
45

 

MARKETED APPLICATION  

Many Nano suspensions, Nano emulsions are being 

fruitfully launched in the market 
46-50

and many are 

at clinical trial stage. A few of the marketed 

preparations are mentioned in table (Table 2). 
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Table 2: Marketed preparations.

Nanosystem Drug Manufacturer Category/Indication Brand Name 

Nano-Suspension Ibuprofen TRITA NSAID Nanoprofen® 

Nano Suspension Aprepitant Merck Antiemetic EMEND® 

Nano Suspension Megestrolacetate   PAR 

Pharmaceutical 

Appetite stimulant MEGACE® 

Nano Suspension  Sirolimus Wyeth Immunosuppressant RAPAMUNE® 

Nano emulsion Flurbiprofenaxetil Kaken 

Pharmaceutical 

NSAID Ropion® 

Nano emulsion Propofol Astrazeneca, 

Troikaa 

Anaesthetic Diprivan®, 

Nano emulsion Alprostadilpalmit

ate 

Mitsubishi 

Pharmaceutical, 

Japan 

Vasodilator, platelet 

inhibitor 

Liple® 

Nano emulsion Dexamethasone Mitsubishi 

Pharmaceutical, 

Japan 

Steroid Limethason® 

 

CONCLUSION  

Nanotechnology has increased its place in drug 

delivery system mainly in improving 

bioavailability of poorly soluble drugs, reaching 

controlled release, and drug targeting. It has 

resulted in increased efficacy and safety as well as 

improved patient compliance. Much work has 

been carried out in areas of Nano emulsions and 

Nano suspensions and many products are 

successfully launched in the market. 
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