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Abstract: Nanotechnology, the science of nano sized par-
ticles, has rapidly gained the spotlight in diversified areas
including pharmaceutical sector. With the blessings of
accurate drug designing and better pharmacological action,
it has entered the pharmaceutical arena bringing promising
discoveries along with it. Nanoemulsion is one of the great-
est and advantageous dosage forms with the application
of nanotechnology in pharmaceutical formulations. Very
small size droplets of the nanoemulsion favor better drug
absorption and targeting. It not only improves the conven-
tional emulsion systems but also opens new opportunities
for other drugs to be designed more precisely with better
bioavailability and accurate dosing rendering minimum
side effects. This article depicts various advantageous fea-
tures of nanoemulsions delineating different methods of
preparation. The foci of this review also include the oppor-
tunities of other drugs to be formulated through nanoe-
mulsification in order to ensure better therapeutic effect.
The summary shows recent researches on nanoemulsion
formulation from different classes of drugs as well as some
formulations based on nanoemulsion templates. The meth-
ods of preparing nanoparticles, characterized by nanoe-
mulsion templates, have also been discussed which, as a
whole, presents the best possibilities of nanoemulsions.
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Introduction

The world of biomedical science has recently changed
significantly with the development of nanotechnology

which has enabled the scientists to think more precisely in
designing better therapies. Nanotechnology is the science
that deals with the particles of nano scale sizes. Use of
nanotechnology in pharmaceutical sciences has emerged
at a great extent from the last couple of years (1). Differ-
ent sorts of pharmaceuticals currently being used or in the
process of development by using nanoparticles include,
nanoemulsions (NE) (submicron sized emulsions), nano-
suspensions (submicron sized suspensions), nanospheres
(drug nanoparticles in polymer matrix), nanocapsules
(encapsulated drug nanoparticles), lipid nanoparticles
(lipid monolayer enclosing a solid lipid core), dendrim-
ers (nano sized three-dimensional branched molecules
of polymer), nanotubes (sequence of nanoscale C60
atoms arranged in a long thin cylindrical structure), and
nanoshells (concentric sphere consisting of a dielectric
core and a metal shell) (2). Nanoemulsion is an emulsion
system having the droplet size in nanometer scale in which
oil or water droplets are finely dispersed in the opposite
phase with the help of a suitable surfactant to stabilize
the system (3, 4). The average droplet size usually ranges
from 0.1 to 500 nm. The size of the droplets varies depend-
ing on the drug particles, mechanical energy, composition
and relative amount of the surfactants (5). Nanoemul-
sions are also known as miniemulsions, fine-dispersed
emulsions, submicron emulsions etc., which can be
either O/W (oil in water) or W/O (water in oil) emulsion.
The amount of oil in O/W nanoemulsions may vary but
generally is within 5%-20% w/w. Sometimes a mixture
of oils may be used to improve drug solubilization in the
oil phase. A co-surfactant or a co-solvent may be used in
addition to the surfactant to facilitate the stabilization
process (6, 7). The significant property that differentiates
the nanoemulsions from other emulsion systems is that,
a nanoemulsion shows different pattern in physical and
rheological properties with decreasing droplet size. Two
major distinguishing advantages of a nanoemulsion are
its stability and easy penetration. Due to very fine parti-
cle size and less surface tension between the oil and water
molecules, it barely has the tendency to agglomerate or
precipitate which reduces the possibility of creaming or
sedimentation. As a result, a nanoemulsion is much more
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stable than other emulsion systems and is more translu-
cent compared to microemulsions (8). Historically, it has
always been very difficult for most of the drug molecules
to be absorbed easily from the gastrointestinal tract (GIT)
or to cross the skin barrier. Development of nanoemulsion
can solve this difficulty to a great extent since drug mole-
cules in nanometer scale cross the barriers very well. This
system can also be used as a precise drug carrier to deliver
the drug in more specific and targeted areas.

Few nanoemulsions have been manufactured com-
mercially in oral, topical, ophthalmic and even in intra-
venous (IV) drug delivery system. IV administration
of nanoemulsions requires biodegradable surfactants.
Numerous researches are presently being carried out
in order to manufacture nanoemulsions from different
classes of drugs for a variety of purposes. The use of nano-
emulsion spreads from antibiotic therapy, atherosclerosis
treatment, transdermal drug delivery and ophthalmic
application to as far as cancer therapy, vaccine delivery
etc. (2, 9). It can bring a great revolution in cancer treat-
ment since it was always a difficult measure to destroy the
cancer cells completely with minimal interference to the
normal body cells (10). This compilation, illustrating the
manufacturing methods as well as the recent researches,
portrays the rising possibilities of nanoemulsions to serve
the human being accurately with minimum damage.

Classification

There are three types of nanoemulsions on the basis of
composition of oil and water portions. a) Oil in water (O/W)
nanoemulsions where oil droplets are dispersed in con-
tinuous aqueous phase b) Water in oil (W/O) nanoemul-
sions where water droplets are dispersed in continuous oil
phase and c) Bi-continuous nanoemulsions where micro-
domains of oil and water are inter-dispersed within the
system. In all three types of nanoemulsions, the interface
is stabilized by an appropriate combination of surfactants
and/or co-surfactants (8). Based on the surfactants used,
O/W nanoemulsions can be further classified into three
types, which are neutral O/W nanoemulsion (neutral sur-
factants are used), cationic O/W nanoemulsion (cationic

Table1 Types of surfactants with their examples.
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surfactants are used) and anionic O/W nanoemulsion
(anionic surfactants are used).

Surfactants

Three kinds of surfactants are used in the preparation of
nanoemulsions to stabilize the system (Table 1) (8). Every
surfactant molecule has two parts, a hydrophilic head and
a hydrophobic tail. The surfactants are classified on the
basis of the polar groups present in their heads.

Anonionic surfactant has no charge group present in its
head. The ionic surfactants carry net charges. If the charge
is negative in its head, the surfactant is called anionic and if
the charge is positive, it is called cationic. Typical examples
of aqueous soluble surfactants are nonionic surfactants
(e.g., Tween 20) which are preferred because they are
usually less irritating than the ionic ones (11). Biodegrad-
able emulsifiers are used in parenteral nanoemulsions.
Some biodegradable surfactants are emulsifier egg, soy
lecithin, and the oleaginous substrate (e.g., soybean, saf-
flower, structured triglycerides or miglyol oil) (12).

Oils and co-surfactants

Commonly used oils in nanoemulsion preparations are
IPM (Isopropyl Myristate), glycryl triacetate, propylene
glycol mono ethyl ether etc. Medium chain triglycerides
(MCT) are preferred over long chain fatty acids (11). Differ-
ent co-surfactants are sometimes used to consolidate the
stabilization process (Table 2 lists the examples of oils and
co-surfactants used in nanoemulsions) (9).

Advantages

There are numerous advantages of nanoemulsions over
the conventional emulsion systems. Tiny droplet size of
nanoemulsion prevents coalescence among the particles
which ensures the least possibility of separating any phase
as a distinct layer. There is no possibility of sedimenta-
tion or creaming by gravitational force because of very
small size of the particles having minimum weight. Small

Types Examples

Nonionic surfactants
Anionic surfactants
Cationic surfactants

Fatty alcohols, glycerol esters, fatty acid esters etc.
They contain carboxylate groups. Soaps, sulfonates, divalent ions etc.
Amines and quaternary ammonium compounds such as cetyl trimethyl ammonium bromide.
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Table 2 List of oils and co-surfactants used in the preparation of
nanoemulsions.

Chemical name

Oils Co-surfactants

Glyceryl tricaorylate/caprate 2-(2-ethoxyethoxy)ethanol
Propylene glycol dicaprylate/dicaprate  Glycerin

Glyceryl tricaprylate (tricaprylin) Ethylene glycol

90:10% w/w C12 Glyceride tridiesters ~ Propylene glycol

C8/C10 Triglycerides Ethanol

Myristic acid isopropyl ester Propanol

droplet size also ensures even dose distribution and a well
dispersion system. Less amount of surfactant is required
compared to other emulsion systems. It can increase the
bioavailability of poorly soluble drugs since small parti-
cles easily cross the absorption membrane. Nanoemulsion
can be formulated to administer drugs through various
routes. Furthermore, very small size provides large surface
area which eases the solubilization and penetration
through the skin or epithelial layer (2, 7, 8). Faiyaz Shakeel
and his research group developed O/W nanoemulsion of
celecoxib, a highly lipophilic and poorly soluble drug with
oral bioavailability of around 40% (capsule), for transder-
mal application. They found that the absorption of
celecoxib through transdermally applied nanoemulsion
and nanoemulsion gel was 3.30 and 2.97-fold higher as
compared to oral capsule formulation (13). Nanoemulsion
increases drug retention time in the target region hence, it
causes less side effects or toxicities because it does not act
on the unwanted areas of the body. Less amount of drug
is required because of better penetration, increased bio-
availability, increased retention time and less drug loss. It
also facilitates parenteral application of emulsions having

| Save additional drug |

Better absorption |
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tiny droplets (7, 8). Figure 1 below contains some basic
advantages of nanoemulsion based nanomedicine. Siva-
kumar and co-workers observed that O/W nanoemulsion
of aspirin, prepared by ultrasound cavitation techniques,
produced better anti-inflammatory and analgesic activi-
ties than conventional formulations (14). A research team,
led by Kesavan Bhaskar, developed nanoemulsion-based
lipid nanoparticles for transdermal delivery of flurbipro-
fen. The bioavailability of flurbiprofen gel was found to
increase 4.4 times compared to oral administration (15).
The positively charged antimicrobial nanoemulsions have
broad spectrum activity against various microorganisms.
The nano droplets thermodynamically fuse with lipid
containing microorganisms which is enhanced by elec-
trostatic force between the cationic charge of nanoemul-
sion and anionic charge on the organisms. As a result, cell
lysis occurs destabilizing the lipid membrane (2). Yu-Hsin
Lin and his fellows demonstrated that positively charged
W/0 amoxicillin nanoemulsion, prepared with chitosan
and heparin, produced better eradication of Helicobacter
pylori than the conventional amoxicillin solutions (16).

Formulation procedures

There are mainly four methods for the preparation of
nanoemulsion. Each method differs significantly from
others and the objective of each method is to gain the par-
ticle size within 500 nm with a stable emulsion system.
Selection of any method depends on the type of drug
and the dosage form. For producing nanoemulsions, sur-
factants must be chosen accurately so that an ultra low
interfacial tension (<102 mN/m) can be obtained (8).

Lower dose required|

| Increased bioavailability Nanomedicine

Increased retension time I

Cost effective

|

|Activity over a longer period of timel

Figure1 Key advantages of nanoemulsion based nanomedicines.

Target specific
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Microfluidization

It is a patented manufacturing technology where a device
called microfluidizer is used (Figure 2). There is a high
pressure displacement pump (500-20,000 psi) in this
device which gets the materials pass through a chamber
containing many microchannels. The materials move to
an impingement area flowing through the microchannels
and convert into very fine particles.

The liquid phases (oil phase and aqueous phase)
are processed in an inline homogenizer to give a coarse
emulsion. Then the coarse emulsion is passed through
the microfluidizer to obtain the fine nanoemulsion. This
process is continued repeatedly until the desired particle
size is obtained. The nanoemulsion is then filtered under
nitrogen to remove the larger particles (2, 7).

High pressure homogenization

0il in water nanoemulsions, containing oil portion <20%,
can be prepared by this method. Anne Desrumaux and her
team showed that average droplet diameters increase with
increasing oil content because of the limitation on sur-
face-active agents in the most oil concentrated emulsions
due to the strong increase of the interfacial area created
by the homogenising process. Moreover, the shear-thin-
ning behavior of most oil-concentrated emulsions can

9\
.1\ Starting particles

Intensifier pump
constant pressure

Inlet reservoir

BT S s T

Figure 2 Basic concept of a microfluidizer [Regenerated from (17)].
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be attributed to the formation of clusters or aggregates
of droplets which eventually increases droplet size. As a
result, producing nano sized droplets will not be possible
in case of preparing W/O nanoemulsions by high pressure
homogenization method (18). Here, very high pressure
is applied on the system containing oil phase, aqueous
phase and the surfactant. This process is done with the
help of a high pressure homogenizer (Figure 3) or piston
homogenizer (2). First, the micro particles enter the valve
at a relatively low velocity. The pressure is then generated
by the positive-displacement pump which provides a rela-
tively constant rate of flow. The liquid, containing micro
particles, flows between the valve and seat at high veloc-
ity. As the velocity increases, the pressure decreases at the
same time. The fluid is finally discharged as homogenized
nanoemulsion (18).

EIP and PIT method

The emulsion inversion point (EIP) method is a low-energy
and spontaneous emulsification method. At a constant
temperature, it results in diverting the intrinsic features of
thermodynamically stable microemulsions or liquid crys-
tals to be nano-structured by a progressive dilution with
water or oil, respectively, for creating thermodynamically
unstable but kinetically stable direct or inverse nano-
emulsions. A small change in the water or oil proportion

4 Ending particles
ending size: 74 microns

Oultlet reservoir
cooling jacket

Fixed geometry
patented interaction
chamber

Pressure gauge
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Valve seat
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Nano particles Micro particles

Figure 3 High-pressure homogenizer [Regenerated from (2)].

within the established microemulsion system will change
the pattern of surfactant hydration and their affinity for
the aqueous phase. As a result, instabilities are created in
the microemulsion system which results in its breaking up
into nano-emulsion (6, 19-23).

In the phase inversion temperature (PIT) method,
temperature of the emulsion system is increased to change
the solubilizing pattern of the surfactant (hydrophilic to
lipophilic) which forms bicontinuous microemulsions
followed by emulsion inversion. The process involves
four steps (Figure 4). (a) Temperature is below the PIT, it

Figure 4 Generation of nanoemulsions using the PIT method. A
water/nonionic surfactant/oil system undergoes a phase inversion
[Regenerated from (24)].
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presents a macro-emulsion and the nonionic surfactants,
mostly hydrophilic. (b) Temperature is increased; the sur-
factants gradually become lipophilic and are solubilized
by the oil phase. (c) Temperature is at the PIT, bicontinu-
ous microemulsions form. (d) Temperature is brought
above the PIT, the emulsion is inverted and water is dis-
persed into the mixture of oil and lipophilic surfactant.
The system is then cooled rapidly using water dilution,
making the surfactant hydrophilic instantaneously and
inducing spontaneous and rapid migration to the aqueous
phase. This turbulent displacement induces the genera-
tion of nanoemulsions (24).

Sonication

Sonication is referred to as applying ultrasound energy
to agitate particles in a sample. Emulsification by ultra-
sonic technology mainly occurs through two mechanisms.
Firstly, the use of an acoustic field produces interfacial
waves which become unstable, eventually resulting in
the eruption of the oil phase into the water medium in
the form of droplets. Secondly, the application of low fre-
quency ultrasound causes acoustic cavitation, that is, the
formation and subsequent collapse of microbubbles by
the pressure fluctuations of a simple sound wave. Each
bubble collapse (an implosion on a microscopic scale)
event causes extreme levels of highly localized turbulence
(Figure 5). The turbulent micro-implosions act as the very
effective method of breaking up the primary droplets of
dispersed oil into the droplets of sub-micron size (25, 26).

Production of nanoparticles from
nanoemulsion template

Most nanoparticle formulations are effectively based on
nanometric-scaled emulsions, so-called nanoemulsions.
Nanoemulsified nanoparticles are mainly produced by
three different methods which are high-energy method,
low-energy spontaneous emulsification method and low-
energy phase inversion temperature (PIT) method. The
major feature of nanoemulsions which makes them prime
candidates for nanoparticle engineering is their great
stability of droplet suspension. Stability of an emulsion
is hampered in two ways, flocculation by coalescence
and Ostwald ripening. In nanoemulsion systems, floc-
culation is naturally prevented by steric stabilization,
essentially due to the sub-micrometric droplet size. The
second one is the reduction of the configurational entropy
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Figure 5 Emulsification by ultrasonic technology [Regenerated from (25)].

which occurs when inter-droplet distance becomes lower
than the adsorbed layer thickness. In case of the second
problem, stability is dependent on the droplet radius 1,
the Hamaker constant A, and the adsorbed layer thickness
. The stability is very high if the §/r value is high. In case
of nanoemulsion droplets, 8/r becomes extremely high in
comparison with macroemulsions, which completely pre-
vents its capability to coagulate (6).

Methods of nanoparticle production from
nanoemulsion template

Researchers are producing nanoparticles from different
classes of drugs by nanoemulsification in order to give
better pharmacological action and to ensure better drug
delivery. Table 3 compiles the drugs from various classes
that have been produced by nanoemulsification in recent
researches which showed better results. The followings
are the types of nanoparticles along with some manufac-
turing methods by nanoemulsification which seem to be
very promising.

Polymeric nanosphere

Polymeric nanospheres are produced by two methods
which are ‘in situ’ polymerization and formulation with
preformed polymers. Nanospheres produced by ‘in situ’
polymerization actually develop from the high energy
nanoemulsion polymerization methods. It consists of the
chemical reaction that can be described as the radical
polymerization of droplets. Usually, monomers are used

as the hydrophobic phase where specific surfactants
are selected for producing nanoemulsions. Thus, the
nanoemulsion contains monomer droplets which are
surrounded by the adsorbed surfactants. Polymerization
starts among the droplets when the initiator is added in
the continuous phase. In the second method, the macro-
molecules are dissolved in the phase to be dispersed. It
involves the removal of the organic (and volatile) solvent
from the formulation by evaporation or diffusion shock
and therefore, polymer precipitation occurs within the
organic phase template. The main difference between this
method and the previous one is that the natural macro-
molecules, such as chitosan, polysaccharides, alginate,
gelatin etc. are used here which increase their biocom-
patibility to reach therapeutic objectives. Secondly, nano-
particles can be produced by low-energy method in the
second one (6, 27).

Solid lipid nanoparticles (SLNs)

Solid lipid nanoparticles are defined as nano-scaled lipid
matrices which are dispersed in water or in aqueous solu-
tion containing the surfactants. This type of nanoparticles
seems to be a promising drug delivery system, especially
for the parenteral administration. SLNs are solid at physi-
ological temperature which are extremely biocompatible,
less toxic and can protect sensitive drugs to deliver them
accurately (28). High-energy production methods of SLNs
involves the following steps, a) maintaining the lipid
phase (plus potentially solubilized drug) 5-10°C above its
melting point, b) premixing it in an aqueous surfactant
solution at the same temperature, c) nanoemulsifying the
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pre-emulsion using a high-energy method (high pressure
homogenizer or sonication) and finally, d) cooling it down
to room temperature to crystallize the lipids. Special care
has to be taken to avoid the lipid memory effect, making
new crystallization possible (6).

Nanocapsules

This is composed of colloidal objects having a shell sur-
rounding the core structure. The core is the lipophilic
solvent which acts as the liquid reservoir for drugs and
the shell is made of polymers which are preferentially bio-
degradable, dense and rigid. Scientists have been doing
extensive research on making and adapting a hydrophilic
shell (6).

Application of nanoemulsion in
different drug delivery systems

Nanoemulsion is proving itself to be an effective drug
delivery system overcoming the barriers confronted by the
conventional methods. Various difficulties in oral, topical
and other routes of drug delivery can be removed precisely
by the nanoemulsification techniques. Performance of the
drugs has increased in nanoemulsions with the increasing
retention time. Antimicrobial drugs, as nanoemulsions,
can easily penetrate through the microbial cell membrane
and ensure rapid destruction of the organisms (7).

Oral delivery

Nanoemulsion can bring a great revolution in oral drug
delivery system. It has overcome several limitations of the
traditional systems. Drug solubility, rate of absorption, and
targeted drug delivery were always the matters of concern
during designing oral dosage forms. Nanoemulsified drug
delivery system has come out with a one step solution for
all of these problems. In case of drug solubility, both hydro-
philic and lipophilic drugs can be solubilized in either O/W
or W/O nanoemulsion which in turn ensures a better dis-
solution because of extremely small size of the particles
having both hydrophilic and lipophilic units. Furthermore,
these small particles can easily penetrate through the epi-
thelial layer to ensure good rate of absorption of the drug.
Small particle size facilitates the scientists to fix and control
optimum dosing which prevents dose related toxicities.
Therefore, nanoemulsion has created a new opportunity
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for the scientists to design poorly soluble and less bio-
available drugs in a more accurate way which could not
be formulated through the conventional methods. Nano-
emulsions have both hydrophilic and lipophilic units, thus
different targeting moieties and drugs from various classes
can be incorporated (36). These nanoemulsified drugs may
even enter the cytoplasm and give more specific pharmaco-
dynamic action inside the cell (cancer treatment). Thus it
can be an ideal delivery system for drugs such as steroids,
proteins, hormones, diuretic and antibiotics. Qils are effec-
tively absorbed in the GIT through various lipid absorption
mechanisms. Therefore, one of the best ways to increase
the absorption of the protein drugs is to load them inside
the oils so that the absorption of drugs can increase signifi-
cantly along with the oil droplets (2, 36).

A recent research has been carried out in order to
improve in vitro dissolution and in vivo absorption of
itraconazole (ITZ), a poorly water-soluble drug, by means
of novel pectin-based nanoparticles prepared from nano-
emulsion templates. Nanoemulsion templates were pre-
pared by a high-pressure homogenization method using
pectin (high-methoxyl pectin HMP) as an emulsifier and
chloroform as an oil phase. The in vivo absorption study in
fasted rats demonstrated that pectin-based nanoparticles
prepared from nanoemulsion templates could improve
absorption of ITZ, which is about 1.3-fold higher than the
ITZ commercial product. These findings suggested that
HMP-based nanoparticles can be a promising formulation
due to their high AUC and C__ (37).

0-24h

Topical delivery

Topical drug delivery has some advantages over the oral
route which include no drug loss by first pass metabo-
lism, no damage of the drug in GI environment, no gastric
irritation, no unpleasant taste or difficulty to administer
and no need of disintegration and dissolution step. The
main difficulty regarding topical drug delivery is the skin
barrier which prevents the drug entering the systemic cir-
culation. Nanoemulsion-based topical drug delivery can
significantly overcome this barrier. Usually, drugs pene-
trate through the skin in three routes which are hair folli-
cle, sweat duct and directly through the stratum corneum.
The small sized nanoparticles in nanoemulsions can
pass through the pores easily (Figure 6). Moreover, the
hydrophobic and hydrophilic units facilitate to penetrate
through the hydrophobic stratum corneum as well as the
hydrophilic sweat ducts. Ropinirole, a drug with low oral
bioavailability and frequent dosing, shows better pen-
etration and greater extended release when prepared as
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Nanoemulsion technology

Figure 6 Comparison of nanoemulsion with the conventional transdermal formulations in case of crossing skin barrier.

nanoemulsion gel. The relative bioavailability of ropin-
irole was found to be enhanced more than two folds than
the conventional marketed gel (38). Nanoemulsion can
be used effectively against dermatitis and psoriasis (39).
Positively charged nanoemulsions were found to be better
penetrable and performable than the negatively charged
nanoemulsions because positively charged nanoparticles
interact more with the negatively charged skin to pen-
etrate through (40, 41).

Ophthalmic delivery

Conventional eye drops as ophthalmic drug delivery
result in poor bioavailability and pharmacological action
because of lacrimal secretion and nasolacrimal drainage
in the eyes. Tear drainage of the eyes transports the sig-
nificant part of the administered drug via the nasolacri-
mal duct to the gastrointestinal tract. As a result, it may be
absorbed, sometimes causing side effects. The drug needs
to be in contact with the eyes for a longer period of time to
overcome this problem. Other preparations like ointment

Lipid layer

Aqueous layer

Tear film

e @ ¢
¢ &

Negatively charged L [ ®
mucins layer ) 5] =

Negatively charged
ocular surface cells

or aqueous gels cause blurred vision. From this point of
view, dilutable nanoemulsions are potent drug delivery
for ophthalmic administration because of their numerous
advantages as sustained effect and high ability of drug
penetration into the deeper layers of the ocular structure
and the aqueous humor (42). The use of nanoemulsion as
ophthalmic drug delivery also solves the problems regard-
ing drug solubility. Cationic nanoemulsions are better
vehicles for ophthalmic drug delivery since they interact
with the negatively charged corneal cells and improve
drug absorption (43) (Figure 7). Dorzolamide hydrochlo-
ride, a potential antiglucoma drug, was prepared as
ocular nanoemulsion in an investigation and found high
therapeutic efficacy and prolonged effect (42).

Parenteral delivery

Drugs with low solubility are always considered unsuit-
able for parenteral administration, however, with the help
of nanoemulsification techniques, they can now be formu-
lated as parenteral dosage form. The use of biodegradable

(1) Tearfilm stabilization
~protection from evaporation

© b (2) Electrostatic attraction
& optimal spreading mucoadhesion
(]

¥ b (3) Improved ocular absorption
hA i, el 4

Figure 7 Three advantages of cationic nanoemulsions for ophthalmic delivery [Regenerated from (43)].
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surfactants ensures good pharmacological action with no
interference to the regular biological activities of the body.
A recent research shows that Carbamazepine, a widely
used anticonvulsant drug which is poorly soluble, can be
prepared as nanoemulsion by spontaneous emulsifica-
tion method containing 2 mg/mL where about 95% drug
is released within 11 h (44). Another study shows that IV
preparation of thalidomide (0.01%-0.05% w/w) by spon-
taneous emulsification releases 95% drug within 4 h (45).

Nanoemulsions as nanocarrier

The principle of nanocarrier is based on the idea that
extremely small size of the nanoparticles can pass through
the biological barriers. Nanocarriers are polymers, amphi-
phillic lipids or solid colloidal particles which enclose the
targeted drugs. Some examples of nanocarriers are gold
nanoparticles, ceramic nanoparticles, liposomes, solid
lipid nanoparticles, polymer-drug conjugates and carbon
nanotubes. There are several different techniques by
which drugs can be enclosed in nanoparticles. Nanocarri-
ers are engineered in such a way as it can evade the immu-
nological response and deliver the drug to targeted tissues
(46). Nanoemulsion system can be used as a means to
prepare nanocarriers for entrapping the drug. Drugs can
either be entrapped in nanocarriers or bound with the
surface of nanocarriers. Various emulsification methods
are being used to prepare the nanocarriers. Nanocarriers
can even be used very effectively to deliver the drug cross-
ing the Blood Brain Barrier (BBB) (47).

Recent trend in nanoemulsions

Nanoemulsions are recently being prepared and trialed
for a number of critical disorders and limitations related
to drug therapy. They are gradually making a revolution in
increasing drug permeation and bioavailability. Mendes
and his team have recently shown that lecoregional injec-
tion of lipid nanoemulsion concentrates more in breast
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Conclusion

Nanoemulsion has already gained much attention in the
recent researches of pharmaceutical sciences because of
overcoming limitations of many conventional drug thera-
pies and for being more stable than other emulsion systems.
Many drugs are presently being trialed to be formulated
as nanoemulsions. Different methods of nanoemulsion
preparation give the scientists a wide range of choice.
Nanocarriers, nanoparticles, and nanocapsules are also
being formulated based on nanoemulsification techniques.
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