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bstract:
Nanoemulsions have appeared as a novel drug delivery system which allows
Sharadendu Mishra1
sustained or controlled release of drug, biological active ingredient and genetic
material. Nanoemulsion is a dispersion consisting of oil, surfactant and an aqueous
phase, which is a isotropically clear and thermo-dynamically or kinetically stable
Suryadev Sharma1
liquid solution, usually with droplet diameter within the range of 10-500nm.
Although interest in nano-emulsions was developed for more than two decades
Rohan D. Deshpande2
now, mainly for nanoparticle preparation, it is in the last few years that direct
applications of nano-emulsions in consumer products are being developed,
mainly in pharmacy and cosmetics. These recent applications have made that
Rakesh Kumar Sharma1
studies on optimization methods for nano-emulsion preparation be a requirement.
The design of effective formulations for drugs has long been a major task, because
1Division of CBRN Defence,
drug efficacy can severely limited by instability or poor solubility in the vehicle.
Institute of Nuclear Medicine
Nanoemulsion is being applied to enhance the solubility and bioavailability of
and Allied Sciences, Brig. S. K.
water insoluble drugs. The nanosized droplets leading to an enormous increase in
Mazumdar Road, Delhi 110
interfacial areas associated with nanoemulsion would influence the transport
054, India.
properties of the drug [1, 2]. Recently, there has been a considerable attraction for
2Dept. of Pharmaceutics, JSS
this formulation, for the delivery of hydrophilic as well as hydrophobic drug as drug
College of Pharmacy, JSS
carriers because of its improved drug solubilization capacity, long shelf life, ease of
University, Mysore-570015, India preparation and improvement of bioavailability of drugs. This review is focused on
the most recent literature on developments of nano-emulsions as final application
products and on the optimization of their preparation.
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Applications, Targeting drug delivery, Optimization,

Experimental designs.

that the size of the droplets is governed by the

INTRODUCTION:

surfactant
Nanoemulsions

(bicontinuous

microemulsion or lamellar) at the inversion point

composed of an oil phase, aqueous phase,

induced by either temperature or composition.

surfactant and co surfactant at appropriate

Studies on Nanoemulsion formation by the phase

ratios. Unlike coarse emulsions micronized with

inversion temperature method have shown a

external energy. Nanoemulsions are based on low

relationship between minimum droplet size and

interfacial tension. This is achieved by adding a

complete

cosurfactant,

microemulsion bicontinuous phase independently

which

of

nanoemulsion

a
[3].

colloidal

structure

dispersions

formation

are

phase

leads

to

spontaneous

thermodynamically

stable

The term ‘Nanoemulsions’ is

often used to designate emulsions with the
internal phase droplets smaller than 1000 nm

[4, 5].

solubilization

of

the

oil

in

a

of whether the initial phase equilibrium is single or
multiphase.

Due

nanoemulsions

to

their

possess

small

droplet

stability

size,

against

sedimentation or creaming with Ostwald ripening

The Nanoemulsions are also referred as mini

forming the main mechanism of Nanoemulsion

emulsions,

breakdown. Nanoemulsions are prepared by the

emulsions

ultrafine
[6].

emulsions

and

submicron

Phase behavior studies have shown

spontaneous

emulsification

method

(titration

Covered in Scopus & Embase, Elsevier
Int. J. Drug Dev. & Res., October -December 2013, 5 (4): 37-48
© 2013 Navneet Sharma et al, publisher and licensee IYPF. This is an Open Access article which permits unrestricted
noncommercial use, provided the original work is properly cited.

Review Paper

Page 37

Navneet Sharma1

method). They can be prepared simply by

water (O/W) nano-emulsion with a schematic

blending oil, water, surfactant, and cosurfactant,

example of the structure is presented in Fig. 1.

in the right proportion, with mild agitation. The
order of mixing the components is generally
considered not to be critical since nanoemulsions
are

formed

spontaneously.

Although

nanoemulsification is a spontaneous process, the
driving forces are small and the time taken for
[7].

To the best of our knowledge, the aqueous
titration method used for constructing the phase
diagram and the calculations involved for its
construction have not been reported in detail. In
addition,

the

basis

of

selecting

different

nanoemulsion or microemulsion formulations from
the phase diagrams has not been reported, as
hundreds of formulations can be prepared from
the nanoemulsion region of the phase diagram.
The main application of Nanoemulsions is the
preparation

of

nanoparticles

using

a

polymerizable monomer as the disperse phase
(the

so-called

miniemulsion

polymerization

method) where Nanoemulsion droplets act as
nanoreactors

[8].

The objective of this technical

report is to explain the basis for calculations and
construction of pseudoternary phase diagrams
and to give an idea for selection of nanoemulsion
formulations from the phase diagrams, to avoid
metastable formulations in the least possible time.
Another focusing on experiencing an active
development is the use of Nanoemulsions as
formulation for controlled drug delivery and
targeting of active drug. As a summary of this
point,

nano-emulsions

are

emulsions

equilibrium systems, defined according to

(non[9])

with

a remarkable small droplet size (in the nanometer
range, e.g. 20– 200 nm), regardless of the
preparation method. A photography of an oil-in-

Fig. 1: Visual aspect of an O/W nano-emulsion
and structural conformation of the droplets. 1 cm
diameter glass vials contain a nanoemulsion
having a = 22 nm nearly transparent and a =
3.5µm opaque.
Evidently the size range may vary depending on
the authors. Some authors consider 500 nm as the
upper limit

[10].

In any case, the size limit is not a

key issue because no qualitative differences are
established

by

droplet

size.

The

formation,

properties and stability of nano-emulsions are well
established
reviewed

in

numerous

[11].

Regarding

papers

which

applications,

are

nano-

emulsions were firstly developed, and used for a
long

time,

to

polymerization

obtain

[12],

nanoparticles

by

the so-called miniemulsion

polymerization method, and more recently to
obtain solid lipid nanoparticles
particles
being

[15].

[13,14],

and ceramic

At present, new applications are

developed

to

use

nano-emulsions

as

consumer products. In this review, recent literature
on the new applications of nano-emulsions as
consumer products is reviewed and classified
according to the field of application. This direct
application

of

nano-emulsions

requires

the

optimization with respect to formulation and
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these systems to reach equilibrium can be long

preparation variables in order to obtain the
desired

characteristics.

Recent

literature

♦

on

Provides aqueous dosage form for water
insoluble drugs.

optimization of nano-emulsion preparation is also

♦

Increases bioavailability of active drug.

reviewed

♦

Rapid and efficient penetration of the drug

and

classified

according

to

three

approaches: considerations on phase behavior,
selective

variation

of

parameters

and

experimental designs.

moiety.
♦

Helpful in taste masking.

♦

Provides protection from hydrolysis and

Three types of Nanoemulsions are most likely to be

oxidation as drug in oil phase in O/W

formed depending on the composition [16]:

Nanoemulsion is not exposed to attack by

♦

Oil in water Nanoemulsions wherein oil
droplets are dispersed in the continuos

water and air.
♦

aqueous phase
♦

dosage

form

increases

Water in oil Nanoemulsions wherein water

♦

Less amount of energy requirement.

droplets are dispersed in the continuous oil

♦

Nanoemulsions

are

thermodynamically

stable system and the stability allows self-

Bi-continuous

Nanoemulsions
of

oil

where

and

water

in

emulsification

are

properties

interdispersed within the system.

of

are

the

not

dependent

whose
on

the

process followed.

Page 39

♦

Improve the efficacy of a drug, allowing the

In all three types of Nanoemulsions, the interface is

total

stabilized by an appropriate combination of

minimizing side effects.

and/or

system

co-surfactants.

The

dose

to

be

reduced

and

thus

key

difference between emulsions and nanoemulsions

DISADVANTAGES

OF

NANOEMULSION

BASED

are that the former, whilst they may exhibit
excellent

kinetic

stability,

are

fundamentally

thermodynamically unstable and will eventually

SYSTEMS
♦

Use of a large concentration of surfactant

phase separate. Another important difference

and co-surfactant necessary for stabilizing

concerns their appearance; emulsions are cloudy

the nanodroplets.

while nanoemulsions are clear. In addition, there
are

distinct

differences

in

their

method

♦

substances.

of

preparation since emulsion requires a large input

♦

The surfactant must be nontoxic for using
pharmaceutical applications.

of energy while nanoemulsions do not.
♦

ADVANTAGES

Limited solubilizing capacity for high-melting

Nanoemulsion
environmental

OF NANOEMULSION OVER OTHER

DOSAGE FORMS
♦

Increase the rate of absorption.

♦

Eliminates variability in absorption.

♦

Helps to solublize lipophilic drug.

stability

is

influenced

parameters

such

by
as

temperature and pH. These parameters
change upon Nanoemulsion delivery to
patients.
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microdomains

surfactants

patient

compliance.

phase
♦

Liquid

Sonication Method: In this method the droplet size

METHOD OF PREPARATION:

of conventional emulsion are reduced with the
Various methods for their preparation including

help of sonication mechanism. Only small batches

the high-energy and low-energy emulsification

of

methods

method.

and

the

combined

methods

are

nanoemulsion

can

be

prepared

by

this

reviewed. Among the high-energy methods, the
emphasis

is

placed

ultrasonic

high-energy

emulsification,

homogenization

including

high

pressure

Pressure

Homogenizer:

This

method

is

performed by applying a high pressure over the
system having oil phase, aqueous phase and

membrane emulsification. Among the low- energy

surfactant or co-surfactant. The pressure is applied

emulsification methods, the attention is focused

with the help of homogenizer. Some problems

on the phase inversion temperature method, the

associated

emulsion

the

productivity, component deterioration due to

spontaneous emulsification. Using a combined

generation of much heat. With this method only

method, which includes the high-energy and low-

Oil in water (O/W) liquid nanoemulsion of less than

energy emulsification, it is possible to prepare

20% oil phase can be prepared and cream

reverse nanoemulsions in highly viscous systems.

nanoemulsion of high viscosity or hardness with a

Main advantages and limitations off different

mean droplet diameter lower than 200 nm cannot

methods

be prepared.

of

point

fluidics

High

and

inversion

micro

stirring,

method

nanoemulsion

and

preparation

are

with

homogenizer

are

poor

discussed and the potential fields of nanoemulsion
applications are considered [17].
Phase

Inversion

Method:

Microfluidizatiion:

Fine

dispersion

is

Microfluidization

technology

makes use of a device called ‘MICRO FLUIDIZER”.

obtained by chemical energy resulting of phase

This

transitions occur through emulsification method.

displacement pump (500-200 PSI) which forces the

The adequate phase transitions are produced by

product

changing

consisting

the

composition

at

constant

device

uses

through
of

a

high

the

small

pressure

interaction

channels

positive

chamber,

called

micro

temperature or by changing the temperature at

channels. The product flows through the micro

constant

inversion

channels on to an impingement area resulting in

temperature (PIT) method was introduced based

very fine particles of submicron range. The two

on the principle of changes of solubility of polyoxy

solutions (aqueous phase and oily phase) are

ethylene type surfactant with temperature. This

combined together and processed in an inline

surfactant becomes lipophilic with increase in

homogenizer to yield a course emulsion. The

temperature because of dehydration of polymer

course emulsion is into a micro fluidizer where it is

chain.

further

At

composition.

low

The

temperature

phase

the

surfactant

monolayer has a great positive spontaneous

processed

to

obtain

a

stable

nano

emulsion.

curvature forming oil swollen micellar solution
phase.

Production with high amplitude ultrasound: This
method is a viable alternative to high pressure
homogenization. Intense shear forces necessary
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on

for the nanoemulsification are generated by

(e.g.

ultrasonic cavitation which produces violently and

optimized,

asymmetrically imploding vacuum bubbles and

polydispersity,

break up particles down to the nanometer scale.

composition variables, and could depend on

This method is successfully used in small scale

preparation variables, so optimization can be

production of nanoemulsions.[18]

carried out with respect to these two types of

drug

variables.

delivery).The
for

properties

example
will

droplet

depend,

Concerning

of

to
size

and

course,

optimization

be

on

methods,

sometimes the characteristics of emulsification

COMPONENTS OF NANOEMULSION

path allow predicting optimum properties of
Main three components of Nanoemulsions are as

nanoemulsions, so optimizations are carried out by

follows:

studying the phase behaviour of the systems. In

•

Oil

other occasions, optimization is experimentally

•

Surfactant/Co-surfactant

carried out by selective variation of one variable.

•

Aqueous phase

Finally, given the high number of variables that
can influence the final properties of nano-

OPTIMIZATION

OF

NANO-EMULSION

emulsions,

optimization

is

carried

out

by

Page 41

The

number of experiments needed. Review of papers

properties

equilibrium

of

systems,

nano-emulsions,
depend

not

as
only

nonon

about

optimization

is

presently

classified

according to these three types of methods.

composition variables but preparation variables
such

as

emulsifying

path,

agitation

or

emulsification time. These variables can have a

PHASE BEHAVIOUR STUDIES FOR OPTIMIZATION

significant influence on the nano-emulsion final

Studies on phase behaviour for optimization of

properties. Direct application of nanoemulsions

nano-emulsion properties can be important when

requires optimization studies for achieving the best

the

properties for specific applications. The most

emulsification methods are used, because the

frequent aim for optimization is to exploit the

phases

advantages of nano-emulsions with respect to

determinant in order to obtain nano-emulsions of

conventional emulsions (i.e. macroemulsion): small

small droplet size and low polydispersity. In

size and low polydispersity. Therefore, in general,

contrast, if shear methods are used, there is not a

optimization is directed to obtain minimum droplet

composition emulsification path and only phases

size and/or minimum polydispersity. Another aim in

at the final composition are important. The

nano-emulsion optimization is to improve the

importance

stability because, as stated above, stability is the

crossing

main problem to overcome to find practical

lamellar liquid crystalline phase regions during

applications for nano-emulsions. Optimization is

emulsification is described in detail in recent

also directed to obtain an optimum in the

reviews

function for which the nano-emulsions are used

which this conclusion is experimentally proved are

so-called

condensation

involved

of

during

the

phase

microemulsion

[19, 20, 10].

or

low-energy

emulsification

behavior,

(bicontinuous,

are

namely
D)

or

Some recent original works in
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experimental designs which allow reducing the
PREPARATION

[21–24]

for nano-emulsions obtained by the phase

inversion temperature method (PIT);
nano-emulsions

obtained

by

phase

OPTIMIZATION

BY

SELECTIVE

VARIATION

OF

for

inversion

PARAMETERS

for nano-

Parameters whose influence on nano-emulsion

emulsions prepared by a self-emulsifying method.

characteristics can be studied may be classified

Only bicontinuous (D) or O/W microemulsions are

as composition or preparation variables. For

considered appropriate for self-emulsifying while

emulsification

lamellar liquid crystal compositions do not self-

composition variables will have a much higher

emulsify by dilution, probably due to viscosity of

influence than preparation variables, however for

the lamellar phase

shear emulsification, the influence of preparation

composition method (PIC), or

[28].

[28-30]

Comparing results from

by

low-energy

methods

it can be

variables will be determinant. Examples of recent

concluded that by slow addition of water to a

literature about optimization of nanoemulsions

lamellar liquid crystalline phase nano-emulsions

obtained by shear include the study of the

can be obtained, while emulsions with higher

influence of different variables and the correlation

droplet size are obtained by rapid dilution (as in

of droplet size with them

self-emulsifying

nano-

system is studied with a high pressure microfluidizer

emulsions with a very small droplet size are

to emulsify and using a surfactant and different

obtained in an ionic surfactant system by adding

polymers

aqueous phase through an emulsification path

competing

crossing a micellar cubic liquid crystalline phase.

coalescence are discussed taking into account

Actually, conditions for obtaining O/W nano-

the effect of stabilizers. In Ref.

[36],

emulsions with a minimum in droplet size and

nano-emulsion

by

consequently

coarse emulsion to subcritical water conditions is

Refs.

[31]

and

[32]

with results from Ref.

methods).

low

In

[28],

Ref.

polydispersity

[33],

can

be

for

[34].

In Ref.

[35]

a food

stabilizing

the

emulsions.

The

phenomena

of

breaking

and

preparation

inversion temperature or composition methods an

selective variation of composition parameters

aqueous continuous phase, O/W or bicontinuous,

(surfactant

with all the oil solubilized must be crossed

preparation parameter (temperature). For this

immediately before reaching the final two phase

system small sizes, 40 nm, are obtained. For other

region where the nano-emulsions form”. These are

condensation methods, variables whose effect is

composition

not

commonly studied are the surfactant oil ratio and

sufficient, because the kinetics of incorporation of

the ratio between surfactants when a surfactant

oil

mixture is used. For nano-emulsions prepared by

to

this

water

continuous

coalescence

can

make

droplet

also

depends

but

phase

that

or

the

nano-emulsion

the

phase

and

oil

inversion

was

studied

a

presented.

necessary

optimization

submitting

summarized as follows: “in emulsification by phase

conditions

The

optimization of

concentration),

temperature

by

and

method,

preparation

optimization by selective variation parameters is

variables such as aqueous phase addition rate for

presented in several cited references of recent

PIC method or cooling rate for PIT method.

bibliography. In

size

on

[24, 37]

variation of droplet size is

studied with respect to oil surfactant ratio with the
obvious result that the higher the oil

surfactant

ratio the greater the droplet size, and in

[23]
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[25–27]

variation of droplet size with surfactant mixing ratio

EXPERIMENTAL DESIGNS FOR OPTIMIZATION

is studied with the remarkable result that droplet
size does not depend on surfactant mixing ratio if

Experimental designs allow to experimentally

nano-emulsions are prepared by cooling from the

studying the influence of several variables with a

HLB temperature. For nano-emulsions prepared by

limited number of experiments. Statistical analysis

the phase inversion composition method, there

of results will allow to know which variables have a

are also several studies in recent bibliography. In

significant influence, and to correlate desired

preparation

response with variables by polynomial equations.

method and variation of droplet size with oil

In Fig. 2 an example of experimental design is

surfactant ratio are presented. In

shown, and in Fig. 3 there is an example of

[38]

optimization

with respect

to

[27]

different

routes for emulsification are studied and droplet
size

variation

with

HLB,

water

fraction

response surface.

and

surfactant concentration is also reported. In Ref.
[39],

effect of variables HLB and oil surfactant ratio

are separately studied with the expected result
that there is an optimum HLB and that the higher

In Ref.[40] optimization of W/O nano-emulsion

Page 43

preparation

is

presented.

combinations

of

Span-Tween

For

different

surfactants,

an

optimum surfactant composition presenting a
water solubility maximum is chosen, and droplet

Fig.3. Example of experimental design for the
preparation variables agitation (rpm) and
addition rate (ml/min)

size variation is studied with respect to water
concentration. Also with W/O nano-emulsions, the
result is, as expected and coinciding with Ref.

[31],

that the higher the water concentration the
greater the droplet size. For nano-emulsions
prepared by self-emulsification, there is a detailed
work on optimization

[41].

Droplet size variation with

oil, surfactant HLB, and solvents, was studied. The
results indicated that there are optimum values for
HLB and proportions of solvents. As an example of
optimization of nano-emulsion function, in Ref.

[26]

the

on

influence

of

sucrose

surfactants

percutaneous penetration is studied, and in Ref.
[35]

the efficacy of a schistosomicidal agent is

improved by incorporating the agent in nanoemulsions.

Fig.3. Example of surface response from the
preparation variables agitation (rpm) and
addition rate (ml/min).
Not many papers present optimization of nanoemulsion preparation by experimental designs,
and most of them deal about pharmaceutical
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the oil surfactant ratio the greater the droplet size.

formulations for self-emulsification

In Ref.

system

obtained

by

the

phase

inversion

experimental design was used to determine

composition method. Again, the higher the oil

the influence of two qualitative independent

surfactant ratio the greater the droplet size, and

variables: type of oil and type of lipophilic

there is an optimum ratio of surfactants in the

emulsifier. The other four references correspond to

mixture

the same research group. In Refs.

the

variables, they present again no or low influence

incorporation of retinol to a self nanoemulsifying

on droplet size. Other not published results of the

formulation is studied, being oil, surfactant and

authors on nano-emulsions prepared by the

cosurfactant amounts in the formulation the three

phase

independent variables, and mean droplet size,

preparation variables such as cooling rate or

turbidity, and dissolution rate at 10 and 30 min, the

agitation do not have a significant influence on

four

Response

droplet size. A general conclusion of papers using

equations are presented, and system is optimized

experimental designs is that this methodology

for dissolution rate at 30 min using the other three

constitutes

[27]

response

variables

studied.

responses as restrictions. In Ref.
response

technology

[44]

explained

[42,43]

the surface
in

a

[45],

Concerning

inversion

a

the

temperature

very

good

preparation

confirm

tool

for

that

studying

preparation of nano-emulsions.

more

detailed way and six response variables are
analyzed. In Ref.

used.

EVALUATION PARAMETERS OF NANOEMULSION:

authors apply the same

methodology to evaluate ultrasonic technique in

Thermodynamic Stability Studies: Nanoemulsion

characterization of nano-emulsions. In Ref.

a

was subjected to various storage conditions of

complete explanation of experimental design

temperature and humidity to assess their stability

application to study the preparation of nano-

as per ICH guidelines Q1A (R2)

emulsions is presented. Methodology is applied to

and chemical stability of nanoemulsion were

low-energy

inversion

evaluated for six months by storing them at 30 ±

composition method, and effects of composition

20C / 65 ± 5% RH and 40 ± 20C / 75 ± 5% RH To

variables and preparation variables were all

overcome the problem of metastable formulation,

together evaluated. Droplet size as response

thermodynamic stability tests were performed.

surface

with

Formulations centrifuges at 3500 rpm for 30

respect to composition variables, and afterwards

minutes. Those formulations that does not show

with respect to preparation variables. The results

any phase separations take for the heating and

confirm that the higher the oil surfactant ratio the

cooling cycle. Six cycles between refrigerator

greater the droplet size, and that there is an

temperatures of 4ºC and 45ºC for 48 hours. The

optimum surfactant mixing ratio or, what is the

formulations stables at these temperatures are

same,

subjected to the freeze-thaw cycle test. Three

emulsification

was

an

minimized

optimum

by

phase

separately,

HLB.

[31]

first

Concerning

the

freeze-thaw

have little but significant influence and an

between –21ºC and +25ºC. Those formulations

optimum agitation rate is found. In Ref.

that survive thermodynamic stability tests are

optimization methodology by experimental design

do

for

the

Physical

preparation variables, addition and agitation rate

[46],

cycles

[47].

formulations

select for the further studies.

is applied to nano-emulsions in an ionic surfactant
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[27, 42–45].

Droplet Size Analysis: The droplet size of the

offer several advantages for the delivery of drugs,

nanoemulsion

photon

biologicals, or diagnostic agents and able to

correlation spectroscopy. The formulation (0.1 mL)

protect labile drug, control drug release, increase

was dispersed in 50 mL of water in a volumetric

drug solubility, increase bioavailability and reduce

flask and gently mixed by inverting the flask.

patient variability. Due to the stability problems,

Measure by using a Zetasizer and light scattering

most of proposed formulations are selfemulsifying

monitor at 25ºC at 90ºor 180º angle. [48]

systems and the nano-emulsions are produced just

was

determined

by

before their application. Although there have not
Transmission Electron Microscopy: Morphology

been reported too many applications in other

and

fields, there is a great potential for nano-emulsion

structure

of

the

nanoemulsion

usually

determined by transmission electron microscopy

applications

(TEM). A combination of bright-field imaging at

mechanism is limited by using very insoluble oils.

increasing magnification and of diffraction modes

Concerning optimization in preparation of nano-

use

the

emulsions by shear, an optimum shear or time

nanoemulsion. To perform the TEM observations,

shearing can exist if breaking and coalescence

the nanoemulsion formulation dilute with water

are competing phenomena during the process.

to

reveal

the

form

and

size

of

Oswald-ripening

Concerning

destabilization

optimization

in

the

Page 45

directly deposited on the film grid and observed

preparation of nano-emulsions by low-energy

after dry [49, 50]

methods, recent literature confirms that crossing
bicontinuous

or

aqueous

continuous

phases

Refractive Index: The refractive index, n, of a

during emulsification allows obtaining O/W nano-

medium is defined as the ratio of the speed, c, of

emulsions

a wave such as light or sound in a reference

polydispersity. Optimizations by selective variation

medium to the phase speed, vp, of the wave in

of parameters or experimental designs allow to

the medium represented by equation 1

conclude that, with respect to composition

n=c/vp ---------------------------------------------------------- 1

variables,

It

surfactant mixture composition, or HLB, and that

was

determined

using

an

Abbes

type

refractrometer [48-49]

of

small

droplet

generally

there

size

is

an

and

low

optimum

the higher the oil surfactant ratio the greater the
droplet

size.

The

preparation

variables,

as

Drug Content: Drug content determine by reverse

addition, agitation or cooling rate, generally do

phase HPLC method using different columns of

not have a significant influence if the system is

appropriate porosity [49, 51]

optimized with respect to composition.
This

last

conclusion

has

a

very

important

derivation: if preparation variables do not have

CONCLUSION:

influence, the system can be scaled-up, from lab
Nano-emulsions

are

proposed

for

numerous

to industrial, and similar results can be expected.

applications in pharmacy as drug delivery systems

Traditionally, Nanoemulsions have been

because of their capacity of solubilizing non polar

used in clinics for more than four decades as total

active compounds.

parenteral nutrition fluids. Targeting moiety has

Nanoemulsion formulations

Covered in Scopus & Embase, Elsevier
Int. J. Drug Dev. & Res., October -December 2013, 5 (4): 37-48
© 2013 Navneet Sharma et al, publisher and licensee IYPF. This is an Open Access article which permits unrestricted
noncommercial use, provided the original work is properly cited.

Review Paper

(1/100). A drop of the diluted nanoemulsion

if

opened new avenues for targeted delivery of
drugs,

genes,

photosensitizers,

and

10)

Celma MJ. Nanoemulsions. Current Opinion in

other

molecules to the tumor area. As a final comment,

Colloid and Interface Science 2005;10: 102–10.
11)

judging from the most recent literature, the
interest

in

nano-emulsion

preparation

Science 2004; 107:102–10. Review on mechanisms of
destabilization of nano-emulsions.

application is growing, It is expected that further
12)

dermal products. Advanced Drug Delivery Reviews
2007;59:22–30.
13)

Delgado

Pedraz

JL.

D,

Solid

lipid

nanoparticles: factors affecting cells transfection

Eccleston J. Microemulsions. In: Swarbrick J, Boylan

capacity. International Journal of Pharmaceutics

JC, eds. 1994 Encyclopedia of Pharmaceutical

2007; 339:261–8.

Technology. vol. 9. New York, NY: Marcel Dekker;

14)

Teeranaichaideekul V, Souto EB, Junyaprasert VB,

375 Y 421.

Müller RH. Cetyl palmitate-based NLC for topical

Lawrence MJ, Rees GD 2000. Microemulsion-based

delivery

media as novel drug delivery systems. Adv Drug

physicochemical

Deliv; 45: 89 Y 121.

release studies. European Journal of Pharmaceutics

Ali Mushir, Ali Javed and Bali Vikas 2010 Study of

and Biopharmaceutics 2007;67:141–8.

surfactant combinations and development of a

4)

Pozo-RodríguezA,

SolinísMA,GascónAR,

REFERENCE:

3)

del

15)

of

coenzyme

Q10:

characterization

development,
and

in

vitro

Porras M, Martínez A, Solans C, González C,

novel nanoemulsion for minimising variations in

Gutierrez JM. Ceramic particles obtained using

bioavailability of ezetimibe .Colloids and Surfaces B:

W/Onano-emulsions as reactionmedia.Colloids and

Biointerfaces 76:412.

Surfaces

J M GutieÂ rrez, C GonzaÂ lez, A Maestro, I SoleÁ ,

Aspects 2005;270–271:189–94.

C M Pey, J Nolla Curr. Opin. (2008) Colloid Interface

16)

A,

Physicochemical

and

Engineering

MYu Koroleva, E V Yurtov 2012.Nanoemulsions: the

Sci. 13 245

properties, methods of preparation and promising

5)

I Capek Adv. Colloid Interface Sci. 107 125 (2004)

Applications 81 (1) Russian Academy of Sciences

6)

J.R.Robinson, Introduction: Semi-solid formulations
for oral drug delivery. B. T. Gattefosse. 89, 11 (1996).

7)

from supersaturated solid solutions. Journal of

Gutierrez JM. Ceramic particles obtained using W/O

Physics and Chemistry of Solids 1961; 19:35–50.

Surfaces

A,

as

reactionmedia.Colloids

Physicochemical

and

and

18)

Engineering

C. von Corswant, P. Thoren, and S. Engstrom.
Triglyceride based microemulsion for intravenous

Aspects 2005; 270–271: 189–94.

administration of sparingly soluble substances. J

Capek I. Degradation of kinetically-stable O/W

Pharm Sci. 87:200–208 (1998).

emulsions. Advances in Colloid and Interface

9)

Lifshitz IM, Slyozov VV. The kinetics of precipitation

Porras M, Martínez A, Solans C, González C,

nano-emulsions

8)

and Turpion Ltd.
17)

19)

Solans C, Esquena J, Forgiarini AM, Usón N, Morales

Science 2004; 107:102–10. Review on mechanisms of

D, Izquierdo P, Azemar N, Garcia-Celma MJ. Nano-

destabilization of nano-emulsions.

emulsions: formation, properties and applications.

Solans C, Esquena J, Forgiarini AM, Usón N, Morales
D, Izquierdo P, Azemar N, Garcia-Celma MJ. Nano-

Surfactant Science Series 2003; 109:525–54.
20)

Tadros T, Izquierdo P, Esquena J, Solans C. Formation

emulsions: formation, properties and applications.

and stability of nanoemulsions. Advances in Colloid

Surfactant Science Series 2003; 109:525–54.

and Interface Science 2004; 108–109:303–18.

Covered in Scopus & Embase, Elsevier
Int. J. Drug Dev. & Res., October -December 2013, 5 (4): 37-48
© 2013 Navneet Sharma et al, publisher and licensee IYPF. This is an Open Access article which permits unrestricted
noncommercial use, provided the original work is properly cited.

Page 46

Navneet Sharma et al; Nanoscience and Nanotechnology

these targeted delivery vehicles.

2)

Müller RH, Petersen RD, Hommos A, Pandeines RJ.
Nanostructured lipid carriers (NLC) in cosmetic

out in the near future for clinical realization of

1)

Capek I. Degradation of kinetically-stable O/W
emulsions. Advances in Colloid and Interface

and

research and development work will be carried

Solans C, Izquierdo P, Nolla J, Azemar N, Garcia-

21)

22)

Morales D, Gutierrez JM, Garcia-Celma MJ, Solans

oil (W/O) nanoemulsions in a water/mixed non ionic

microemulsions and O/W nano-emulsion formation.

surfactant/oil systems prepared by low energy

Langmuir 2003; 19:7196–200.

methods. Colloids and Surfaces A, Physicochemical

Izquierdo P, Esquena J, Tadros TF, Dederen JC, Feng

and Engineering Aspects 2004; 250:415–21.

inversion temperature method. Langmuir 2004;

prepared by low energy emulsification methods at

Colloids and Surfaces A, Physicochemical and

JC, Garcia MJ, Azemar N, Solans C. The influence of

Engineering Aspects 2006; 288:144–50.
33)

Solè I, Maestro A, Pey CM, González C, Solans C,

by the pit method. Journal of Colloid and Interface

Gutierrez JM. Nanoemulsions preparation by low

Science 2005; 285:388–94.

energy methods in an ionic surfactant system.

Morales D, Solans C, Gutierrez JM, Garcia-Celma

Colloids and Surfaces A, Physicochemical and

MJ, Olsson U. Oil/ water droplet formation by

Engineering Aspects 2006; 288:138–43.
34)

Seekkuarachchi

IN,

Tanaka

K,

Kumazawa

K.

system. Langmuir 2006; 22:3014–20.

Formation and characterization of submicrometer

Uson N, Garcia MJ, Solans C. Formation of water-in-

oil-in-water (O/W) emulsions, using high energy

oil (W/O) nanoemulsions in a water/mixed non ionic

emulsification. Industrial and Engineering Chemistry

surfactant/oil systems prepared by low energy

Research 2006; 45: 372–90.
35)

Jafari SM, He Y, Bhandari B. Optimization of nano-

and Engineering Aspects 2004; 250:415–21.

emulsions production by microfluidization. European

Pey CM, Maestro A, Solè I, González C, Solans C,

Food Research and Technology 2007; 225: 733–41.

JM.

Optimization

of

nano-emulsions

36)

Katagi

S,

Kimura

Y,

Adachi

S.

Continuous

prepared by low energy emulsification methods at

preparation of O/W nanoemulsion by the treatment

constant temperature using experimental designs.

of a coarse emulsion under subcritical water

Colloids and Surfaces A, Physicochemical and

conditions. LWT 2007; 40:1376–80.

Sajjadi

S.

Nanoemulsion

37)

formation

by

Morales D, Gutierrez JM, Garcia-Celma MJ, Solans

phase

C. A study on the relation between bicontinuous

inversion emulsification: on the nature of inversion.

microemulsions and O/W nano-emulsion formation.

Langmuir 2006; 22:5597–603.

Langmuir 2003; 19:7196–200.

Wang L, Li X, Zhang G, Dong J, Eastoe J. Oil in water

38)

Sadurní N, Solans C, Azemar N, García-Celma MJ.

nano-emulsions for pesticide formulations. Journal of

Studies on formation of O/W nano-emulsions, by low

Colloid and Interface Science 2007; 314:230–5.

energy

Shafiq S, Shakeel F, Talegaonkar S, Ahmad FJ, Khar

applications. European Journal of Pharmaceutical

RK,

Applications 2005; 26: 438–45.

Ali

M.

Development

and

bioavailability

assessment of ramipril nanoemulsion formulation.
European

30)

nano-emulsions

Journal

of

Pharmaceutics

39)

and

methods,

suitable

for

pharmaceutical

LiuW, Sun D, Li C, Liu Q, Xu J. Formation and stability
of paraffin oil-in water nano-emulsions prepared by

Biopharmaceutics 2007; 66:227–43.

the emulsion inversion point method. Journal of

Date AA, Nagarkenser MS. Design and evaluation of

Colloid and Interface Science 2006; 303:557–63.

self-nanoemulsifying drug delivery system (SNEDDS)

40)

Porras M, Solans C, González C, Martínez A, Guinart

for cefpodoxime proxetil. International Journal of

A, Gutierrez JM. Studies on W/O nano-emulsions.

Pharmaceutics 2007; 329:166–72.

Colloids and Surfaces A, Physicochemical and
Engineering Aspects 2004;249:115–8.

Covered in Scopus & Embase, Elsevier
Int. J. Drug Dev. & Res., October -December 2013, 5 (4): 37-48
© 2013 Navneet Sharma et al, publisher and licensee IYPF. This is an Open Access article which permits unrestricted
noncommercial use, provided the original work is properly cited.

Review Paper

Page 47

29)

of

constant temperature using experimental designs.

Engineering Aspects 2006; 288:144–50.

28)

Optimization

20:6594–8.

Gutierrez

27)

JM.

Izquierdo P, Feng J, Esquena J, Tadros TF, Dederen

methods. Colloids and Surfaces A, Physicochemical

26)

Pey CM, Maestro A, Solè I, González C, Solans C,
Gutierrez

temperature change in the water/C16E6/ mineral oil

25)

32)

behavior and nanoemulsion formation by the phase

surfactant mixing ratio on nano-emulsion formation

24)

Uson N, Garcia MJ, Solans C. Formation of water-in-

C. A study on the relation between bicontinuous

J, Garcia-Celma MJ, Azemar N, Solans C. Phase

23)

31)

41)

Bouchemal K, Briançon S, Perrier E, Fessi H. Nano-

Technique:

emulsion

PharmSciTech; 8 (2).

formulation

emulsification:

42)

using

solvent,

oil

spontaneous

and

surfactant

2007

AAPS

P. Bhatt and S. Madhav 2011; A detailed review on

2004; 280:241–51.

2482-2489.

Taha

E,

Al-Saidam

S,

MA.

51) Farhan Ahmad J, Mushir Ali, Faiyaz Shekel, Cushman

Preparation and in vitro characterization of self-

Talegaonkar, Roop Khar K and Sheikh Shafiq 2008

nanoemulsified drug delivery system (SNEDDS) of all-

Investigation

trans-retinol

Transdermal Delivery of Domperidone: Ex-vivo and

acetate.

Samy

AM,

Khan

International

Journal

of

of

Nanoemulsion

System

for

in vivo Studies 382. Current Nanoscience 382.

Taha E, Samy AM, Kassem AA, Khan MA. Response

Article History: ------------------------

nanoemulsified drug delivery system (SNEDDS) of all-

Date of Submission: 22-04-2013

trans-retinol acetate. Pharmaceutical Development

Date of Acceptance: 29-04-2013

and Technology 2004; 10:363–70.

Conflict of Interest: NIL

Zidam AS, Sammour OA, Hammad MA, Megrab NA,

Source of Support: NONE

Habib

MJ,

Khan

understanding

MA.

the

Quality

by

formulation

design:

variables

of

cyclosporine a self-nanoemulsified drug delivery
system by Box–Behnken design and desirability
function. International Journal of Pharmaceutics
2007; 332:55–63.
45)

Shah

RB,

Nguyenpho

Zidam

AS,

A,

Khan

Funck

T,

Tawakkul MA,

MA.Quality

by

design:

characterization of self-nanoemulsified drug delivery
systems

(SNEDDSs)

using

ultrasonic

resonator

technology. International Journal of Pharmaceutics
2007; 341:189–94.
46)

Solè I, Maestro A, González C, Solans C, Gutierrez
JM. Optimization of nano-emulsion preparation by
low energy methods in an ionic surfactant system.
Langmuir 2006; 22:8326–32.

47)

ICH, International conference on harmonization of
technical

requirements

for

registration

of

pharmaceuticals for human use. Stability testing of
new drug substances and products, Q1A (R2),
Geneva, Switzerland, February 2003.
48)

Kamalinder K. Singh, Sharvani K. Vingkar 2008
Formulation, antimalarial activity and biodistribution
of

oral

lipid

nanoemulsion

of

primaquine.

International Journal of Pharmaceutics 347:138.
49)

Sheikh

Shafiq-un-Nabi,

Faiyaz

Shakeel,

Sushma

Talegaonkar, Javed Ali, Sanjula Baboota, Alka
Ahuja, Roop K. Khar, and Mushir Ali 2007 Formulation
Development and Optimization Using Nanoemulsion

Covered in Scopus & Embase, Elsevier
Int. J. Drug Dev. & Res., October -December 2013, 5 (4): 37-48
© 2013 Navneet Sharma et al, publisher and licensee IYPF. This is an Open Access article which permits unrestricted
noncommercial use, provided the original work is properly cited.

Page 48

Navneet Sharma et al; Nanoscience and Nanotechnology

Note

nanoemulsion drug delivery system IJPSR Vol. 2(10):

surface methodology for the development of self-

44)

Technical

optimization. International Journal of Pharmaceutics

Pharmaceutics 2004; 285:109–19.
43)

50)

A

