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INTRODUCTION

Nanoemulsions, also known as submicron emulsions, ultrafine emulsions and miniemulsions, are submicron sized colloidal
particulate systems considered as thermodynamically and kinetically stable isotropic dispersions, which consist of two immiscible
liquids like water and oil, stabilized by an interfacial film consisting of a suitable surfactant and co-surfactant to form a single phase.
A number of surfactants with diverse characteristics (ionic or non-ionic) had been used with such nanoemulsions. Most widely used
among them were nonionic surfactants (sorbitan esters, polysorbates), anionic surfactants (potassium laurate, sodium lauryl sulphate),
cationic surfactants (quaternary ammonium halide) and zwitterions surfactants (quaternary ammonium halide). Early nanoemulsions
were oil-in-water (O/W) type emulsions with average droplet diameter ranging from 50 to 1000 nm. Nanoemulsions more recently are
classified into three categories such as O/W type (oil is dispersed in aqueous phase), water-in-oil (W/O) type (water is dispersed in oil
phase), and bi-continuous (microdomains of water and oil are interdispersed within the system). Transformation among these three
types can be attained by altering the components of the emulsions. Multiple emulsions are also a type of nanoemulsions, where both
O/W and W/O emulsions present simultaneously in one system. For stabilizing these two emulsions, both hydrophilic and lipophilic
surfactants are used simultaneously.') Nanoemulsions offer various advantages over other dosage forms and these advantages are, (a)
increased rate of absorption, (b) reduced variability in absorption, (c) protection from oxidation and hydrolysis in O/W nanoemulsions,
(d) delivery of lipophilic drugs after solubilisation, (e) aqueous dosage form for water insoluble drugs, (f) enhanced bioavailability for
many drugs, (g) ability to incorporate both lipophilic and hydrophilic drugs, (h) delivery systems to enhance efficacy while reduce
total dose and side effects, (i) as non-toxic and nonirritant vehicles for skin and mucous membrane delivery and (j) release control by
permeation of drug through liquid film, whose hydrophilicity or lipophilicity as well as thickness can be precisely controlled.!
Nanoemulsions are being used in wide range of fields. There is lot of research and development work done in the field of
nanoemulsions. These nanoemulsions shows immense amount of versatility,biocompatibility and fluid like transport properties which
make them ideal carrier for imaging and drug delivery technique.Nanoemulsions are also having wide range of applications in
cosmetic industries and neutraceuticals.

Formulation of Nano emulsions

A number of techniques had been adopted for formulation of nanoemulsions such as high pressure homogenization,
microfludization, phase inversion, spontaneous emulsification, solvent evaporation and hydrogel formation. Multiple emulsions are
usually prepared using the double emulsion-solvent evaporation technique. A variety of techniques had been utilized for
characterization of such nanoemulsions used as drug delivery systems. Nanoemulsions are formulated mainly using two primary
methods, (A) the persuasion method and (B) the Brute force method.

Persuasion method/phase inversion technique

Nanoemulsion preparation by persuasion method doesn’t require any external force, but instead it involves formation of fine
dispersions when phase transitions occur by changing either the temperature or composition while keeping the alternate parameter
constant. Persuasion method can be broadly categorized as, (i) phase transition from near-optimum state via change in single variable,
which includes altering one variable of formulation such as temperature or salinity close to optimal value. Hydrophilic-lipophilic
deviation (HLD) for optimal value is close to center level for a system, for example, employing higher temperature to micro emulsion.
(ii) Phase transition from near optimal state via change in multiple variables, meaning altering more than one variable of formulation.
(iii) Catastrophic inversion, an inversion of low internal phase emulsion so that the internal phase converts to external phase. (iv)Phase
transition stabilized by liquid crystal formation, which includes nanodroplets stabilization from a state close to HLD-0 by liquid
crystal formation. ¥4

Brute force method

This method includes utilization of brute forces for breaking the oil droplets into the nano range. Instruments that have been
utilized for formulation of nanomeulsions include high pressure homogenizer, high speed mixer, small pore membrane and high
frequency ultrasonic device. Nanoemulsion properties like its small size, optical transparency and high kinetic stability is not only
dependent upon the composition of variables but also on the processing variables like emulsification time, degree of mixing, energy
input and emulsifying path. High-pressure homogenization and microfluidization methods are employed at both industrial and
laboratory scale for attaining very small size of nanoemulsion by utilizing high pressure equipment. Various other methods are also
being employed for preparation of nanoemulsion such as ultrasonication and in situ emulsification. Various techniques employed for
preparation of nanoemulsion. ' ©

High pressure homogenization

Lecithin-based nanoemulsions (progesterone) Improved permeation rates of progesterone with long-term stability. High
pressure homogenization Prednicarbate nanoemulsio Increased chemical stability of the drug in formulation. Phase inversion
temperature method Acyclovir-loaded multiple W/O/W nanoemulsions. Excellent physicochemical stability for 6 mo at RT, mean
droplet size of 100 nm [12] High-pressure homogenizer is shown in fig 1.
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Fig 1:- High pressure homogenization.

Nanoemulsion preparation required high shear force, therefore in this strategy high-pressure homogenizer or piston
homogenizer is utilized for production of nanoemulsions with very small particle size (up to 1 nm). In this technique, a mixture is
forced to pass through an orifice at a very high pressure ranging from 500 to 5000 psi. The resultant product is further subjected to
intense turbulence and hydraulic shear resulting into emulsion with extremely fine particles™ This has been proved to be the most
efficient method for nanoemulsion preparation but the only drawback associated with this technique is high energy consumption and
rise in temperature of emulsion during processing. For obtaining smaller particle size, it also requires larger runs of homogenization
cycles."Yilmaz et al. formulated phytosphingosine O/W nanoemulsions by employing high pressure homogenization method and
found out that droplet size was decreased after 8 homogenisation cycles and such nanoemulsion was stable for over 6 mo **

Microfluidization
This method employed a device known as microfluidizer that utilizes high pressure positive displacement pump (500-20 000

psi) that pushes the product out through the interaction chamber consisting of stainless steel microchannels on the impingement area
resulting into formation of very small particles of sub-micron range. The mixture repeatedly circulated through the microfluidizer until
the required particle size is achieved. Resultant product is also passed through the filter to separate smaller droplets from larger ones
and to obtain a uniform nanoemulsion. Uluata et al. © ** fabricated octadecane O/W nanoemulsions using a microfluidizer and
observed that on increasing the number of passes and homogenization pressure, the droplet size decreased ™! Goh et al. prepared
tocotrienol-rich fraction nanoemulsions by two step homogenization where a primary coarse emulsion was prepared by using a stirrer,
which was further processed using a microfluidizer. They reported that the droplet size reduced from 120 to 65.1 nm after passing
through 10 homogenization cycles at an increased pressure ™ Microfluidization method is explained diagrammatically in fig 2
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Fig2 :- microfluidization.
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Ultrasonication:

In this technique premixed emulsion is exposed to agitation at ultrasonic frequency of 20 kHz reducing the droplets to
nanodroplets size. The resultant emulsion is then passed through high shear region to form droplets with uniform size distribution*®
Water jacket is employed in this technique to regulate the temperature. Sonotrodes also known as sonicator probe consisted of
piezoelectric quartz crystals as the energy providers during ultrasonic emulsification. On application of alternating electric voltage,
these sonotrodes contract and expand. Ultrasonication method is described in figure 3 .Mechanical vibrations are produced when the
sonicator tip contacted the liquid resulting in cavitation, which leads to collapse of vapour cavities formed within the liquid. This
technique is mainly adopted when droplet size less than 0.2 p is required. Shi et al. formulated emodin-loaded nanoemulsion by using
ultrasonic emulsification method at a frequency of 25 kHz and achieved mean diameter of emodinloaded nanoemulsion was found to
be in the range of 10-30 nm "]

Ultrasonication

-

Fig 3 :- Ultrasonication.

Spontaneous emulsification:

This technique involved preparation of nanoemulsion in 3 stages. The first stage included formation of an organic solution,
comprising of oil and lipophilic surfactant in water miscible solvent and hydrophilic surfactant and then the O/W emulsion is formed
by injecting this organic phase into the aqueous phase under magnetic stirring. The organic solvent was then removed in the third
stage by evaporation. Sugumar et al. formulated stable eucalyptus oil nanoemulsion by adopting spontaneous emulsification and the
mean droplet size was found to be in the range of 50-100 nm 1}

Solvent evaporation technique/hydrogel method

In this technique, drug solution is prepared and emulsified into another liquid (non-solvent for drug) and then solvent is
evaporated, which led to drug precipitation. High speed stirrer can be employed for regulating the crystal growth and particle
aggregation. Hydrogel method is very similar the solvent evaporation method. The only difference from the solvent evaporation
method is that the drug solution in this case is miscible with the drug antisolvent.

Characterization of Nanoemulsions
Determination of encapsulation efficiency

For determining the amount of drug entrapped in the formulation, weighed amount of formulation is dispersed in organic
solvent by ultrasonication and the drug is extracted into suitable buffer. Drug content is estimated by analysing the extract
spectrophotometrically at Amax of drug after making suitable dilutions against suitable blank. The entrapment efficiency (EE) and
loading efficiency (LE) of the drug can be calculated by using the following Eqns. " drug EE = drug content in the product obtained
(mg)/total amount of drug added (mg)x100 and drug LE = drug content in the product obtained (mg)/total product weight (mg)x100.
Drug content could also be determined using reverse phase high-performance liquid chromatography (HPLC) techniques. Singh et al.
employed this technique for finding primaquine concentration and reported 95 % encapsulation efficiency of formulated
nanoemulsion 1
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Determination of particle size and polydispersity index (PDI)

The particle size and PDI of nanoemulsions are analysed employing photon correlation spectroscopy (PCS) using Malvern
Zetasizer, which monitors the variation in light scattering because of Brownian motion of particles as function of time. PCS is based
on the principle that the particles with small size travels with higher velocity as compared to particles with large size. The laser beam
gets diffracted by sub-micron particles present in solution. Due to diffusion of particles, rapid fluctuations in laser scattering intensity
occur around a mean value at a fixed angle and this is dependent upon particle size. The calculated photoelectron timecorrelation
function generates a histogram of the line width distribution that can be related to the size of particle. For measuring particle size,
weighed amount of formulation is dispersed in double-distilled water for obtaining homogenous dispersion and that has to be used
instantly for measuring the particle size and PDI. The PDI can range from 0 to 1, where 0 (zero) stands for monodispersed system and
1 for a polydisperse particle dispersion 2 Dordevic et al. evaluated the particle size and PDI of risperidone nanoemulsion by using
this method and reported mean particle size around 160 nm with mean size distribution less than 0.15 !} Singh et al. has also adopted
the same technique and reported particle size of primaquine nanoemulsion in the range of 20-200 nm

Determination of zeta potential

The zeta potential is a method for measuring surface charge of particles when it is placed in liquid. Zeta potential is used for
predicting dispersion stability and its value depends on physicochemical property of drug, polymer, vehicle, presence of electrolytes
and their adsorption. It is measured by Malvern Zetasizer instrument. For measuring zeta potential, nanoemulsion is diluted and its
value is estimated from the electrophoretic mobility of oil droplets. Zeta potential of £30 mV is believed to be sufficient for ensuring
physical stability of nanoemulsion. Pordevi¢ et al. obtained zeta potential around —50 mV by using Malvern Zetasizer for risperidone
nanoemulsion %

Fourier-transform infrared spectroscopy (FTIR) spectral analysis

FTIR analysis can be carried out for the assessment of drug excipient interaction, polymerization, crosslinking as well as drug
loading in the formulation. It is also used for identifying the functional groups with their means of attachment and the fingerprint of
the molecule. At low temperature a molecule exists in ground state and on absorbing the radiant energy, they get excited to higher
energy states. IR spectroscopy is based on determining this energy difference (AE) between the excited and ground states of the
molecule. For performing FTIR, sample can be prepared by employing suitable method such as potassium bromide pellet method,
Nujol mulls and then sample is scanned in FTIR at moderate scanning speed between 4000- 400 cm-1. Srilatha et al. conducted FTIR
studies on pure drug and glipizide nanoemulsion and reported absence of drug excipient interactions (hence compatibility of drug and
excipient) as all the characteristics peaks of drug appeared at same point in formulation

Morphological study of nanoemulsion

The morphological study of nanoemulsion is carried by using transmission electron microscopy (TEM). In TEM, a beam of
electron is incident on a thin foil specimen and passed through it. On interacting with the specimen, these incident electrons transform
into unscattered electrons, elastically scattered electrons or inelastically scattered electrons. The distance among the objective lens and
the specimen and among the objective lens and its image plane regulates the magnification. The electromagnetic lenses concerted the
unscattered or scattered electrons and cast them onto a screen that produce amplitude-contrast picture, a phase-contrast image, electron
diffraction, or a phantom picture of distinct darkness, which is dependent upon the density of unscattered electrons. Bright field
imaging at increasing magnification in combination with diffraction modes used for disclosing the size and form of nanoemulsion
droplets. For performing TEM, few drops of nanoemulsion or a suspension of lyophilized nanoparticles is prepared in doubledistilled
water and are placed onto holey film grid and immobilized. Excess solution has to be wicked off from the grid following
immobilization and stained. The stained nanoparticles are then examined at particular voltage % Singh et al. studied surface
morphology characteristics of primaquine nanoemulsion by TEM analysis and reported spherical shape of primaquine nanoemulsion
with smooth surface P!

Atomic force microscope (AFM)

AFM is comparatively a new technique being used these days for exploring the surface morphology of nanoemulsion
formulations. AFM is carried out by diluting nanoemulsions with water followed by drop coating of the diluted nanoemulsion on a
glass slide. Further the coated drops are dried in oven and scanned at of 100 mV/s ¢ Drais et al. performed AFM study on carvedilol
nanoemulsion and found that the size varied from 42 to 83 nm with good stability of the formulation 2™

In vitro drug release study

In vitro drug release studies help to estimate the in vivo performance of drug formulation. The in vitro release rate of a drug
is usually studied on a USP dissolution apparatus. Nanoemulsion or dried nanoparticles containing drug equivalent to 10 mg were
dispersed in buffer and then it is introduced into dialysis membrane pouches and placed in a flask containing buffer. This study is
carried out at 37+0.5° and a stirring speed of 50 rpm. Sample are withdrawn at periodic intervals and each time replaced by the same
volume of fresh dissolution medium. Samples are then diluted suitably and the absorbance of sample is measured
spectrophotometrically at a particular wavelength. Absorbance of the collected sample is used for calculating % drug release at
different time intervals using calibration curve **! Kotta et al. studied the in vitro drug release profile of antiHIV drug nanoemulsion
using dissolution apparatus type-11 and reported 80 % drug release in 6 h %
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In vitro skin permeation studies

Keshary Chien-diffusion cell is used for investigating in vitro and ex vivo permeation studies. For performing permeation
studies, abdominal skin of adult male rats weighing 250+10 g is usually employed. The rat skin is positioned between the donor and
the receiver chambers of diffusion cells. Temperature of receiver chambers containing fresh water with 20 % ethanol is fixed at 37°
and the contents of the chamber are continuously stirred at 300 rpm. The formulations are kept in the donor chamber. At specific time
intervals such as 2, 4, 6, 8 h, a certain amount (0.5 ml) of the solution from the receiver chamber was removed for performing gas
chromatographic analysis and each time replaced with an equivalent volume of fresh solution immediately. Each sample is performed
three times. Cumulative corrections are done for obtaining total amount of drug permeated through rat skins at each time interval and
are plotted against function of time. Slope of plot is used for calculating the permeation rates of drug at a steady-state % Harwansh et
al. used Franz diffusion cell for assessing transdermal permeability of glycyrrhizin through human cadaver skin and reported increased
permeability with nanoemulsion formulation as compared to conventional gel &%

Stability studies

Stability studies are performed for assessing stability of the drug substance under the influence of a various environmental
factors like temperature, humidity and light. The stability studies of nanoemulsion are carried out after storing the formulation for 24
mo in dispersed and freeze-dried state as per International Conference on Harmonisation guidelines. The storage conditions followed
are ambient (25+2°/60+5 % RH), refrigeration (5+3°) and freeze (—20£5°). The requisite volume of nanoemulsion is stored in glass
bottles and is tightly sealed. Samples are withdrawn at predefined time interval and analysed for the characteristics such as particle
size, loading and EE and in vitro drug release profile ?® Singh et al. performed stability studies on nanoemulsion and observed that no
change in viscosity, drug content and particle size when the formulation was stored for 3 mo at 25°/60 % RH and 30°/65 % RH !

Shelf life determination

For determining shelf life of a nanoemulsion, accelerated stability studies are performed. The formulations are stored at three
distinct temperatures and ambient humidity conditions (30°, 40° and 50+0.5°) for almost 3 mo. After a particular time interval (0, 30,
60 and 90 d) samples are withdrawn and analysed using HPLC at Amax for estimating the remaining drug content. Samples withdrawn
at zero time are used as controls. The order of the reaction is determined by this and after that the reaction rate constant (K) for the
degradation is calculated from the slope of the lines by using following equation at each elevated temperature: slope = —K/2.303, the
logarithm values of K are plotted at different elevated temperatures against the reciprocal of absolute temperature (Arrhenius plot).
From this plot value of K at 25° is determined and it is further used for calculating shelf life by putting the value in following Eqn.
t0.9=0.1052/K25. Where t0.9 stands for time required for 10 % degradation of the drug and it is termed as shelf life B Ali et al.
determined the shelf life of clobetasol propionate-loaded nanoemulsion around 2.18 y at room temperature (25°) and concluded that
the stability of clobetasol propionate can be augmented by incorporating in a nanoemulsion. Parveen et al. reported that the shelf life
of a silymarin nanoemulsion to be around 3.8 y when stored in a refrigerator 3!

Thermodynamic stability studies

Thermodynamic stability studies are usually carried out in three steps. Firstly heating-cooling cycle, which is performed for
observing any effect on the stability of nanoemulsion by varying temperature conditions. Nanoemulsion is exposed to six cycles
between 4° (refrigeration temperature) and 40° by storing the formulation at each temperature for not less than 48 h. The formulations
which are stable at these temperatures are further chosen for centrifugation studies. Secondly, centrifugation study in which the
formulated nanoemulsions are centrifuged at 5000 rpm for 30 min and observed for phase separation or creaming or cracking. Those
which did not show any sign of instability are subjected to freeze thaw cycle. Thirdly, the freeze-thaw cycle, in which nanoemulsion
formulations are exposed to three freeze-thaw cycles with temperature varying between —21° and +25°. Formulations that show no
signs of instability pass this test and deemed to have good stability [ These formulations are then subjected to dispersibility studies
for evaluating the efficiency of self-emulsification. Srilatha et al. performed thermodynamic studies on glipizide nanoemulsion by
subjecting it to three cycles of stability and reported good physical stability of nanoemulsion with no appearance of phase separation,
creaming or cracking %

Dispersibility studies

Dispersibility studies for evaluating the efficiency of self-emulsification of nanoemulsion are carried out by using a standard
USP XXII dissolution apparatus 2.1 ml of each formulation is incorporated into 500 ml of distilled water maintained at 37+0.5°. A
standard stainless steel dissolution paddle rotates at 50 rpm for providing gentle agitation. In vitro performance of the nanoemulsion
formulations is evaluated visually by using a grading system described below. Grade A nanoemulsions form rapidly within 1 min and
appear to be clear or bluish. Grade B nanoemulsions form rapidly but are slightly less clear emulsions appear to be bluishwhite. Grade
C nanoemulsions are fine milky emulsion that form within 2 min. Grade D are those dull, greyishwhite emulsions that has a little oily
appearance and are slower to form (>2 min). Grade E nanoemulsions display either poor or negligible emulsification with large oil
globules present on the surface.
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Determination of viscosity

Viscosity assessment is an important parameter for physicochemical characterization of nanoemulsion. Various instruments
are employed for measuring viscosity such as Ostwald viscometer, Hoeppler falling ball viscometer, Stormer viscometer, Brookfield
viscometer and Ferranti-Shirley viscometer. Among all these viscometer, Brookfield is the preferred one for measuring the viscosity
of nanoemulsion. Determination of viscosities affirms whether the system is O/W or W/O emulsion. Low viscosity of systems shows
that it is O/W type and high viscosity shows that it is water in oil type system % However, currently survismeter has been the most
widely employed equipment as it measures surface tension, viscosity, interfacial tension, contact angle, dipole moment and particle
size and hydrodynamic volumes of the nanoemulsions ! Shafiq et al. has determined viscosity of ramipril nanoemulsion
formulations by using Brookfield cone and plate rheometer and reported the viscosity of formulations as less than 21 cP with the
minimum viscosity of 10.68 cP.

Refractive index

Refractive index tells how light propagates through the medium and transparency of nanoemulsion. Refractive index (n) of
medium can be defined as ratio of speed of wave (c) in reference medium to the phase speed of wave (vp) in medium: n=c/vp.
Refractive index of the nanoemulsion can be determined by Abbes type refractometer at 25+0.5° by placing a drop of nanoemulsion
on slide and comparing it with refractive index of water (1.333). If refractive index of nanoemulsion has equal refractive index as that
of water, then the nanoemulsion is considered to have transparent nature. Harika et al. measured the refractive index of amphotericin
B nang(g]mulsion by Abbe refractometer and the value of refractive index of the formulation was found to be similar to that of the
water

Percent transmittance

Percent transmittance of a formulated nanoemulsion is estimated using UV spectrophotometer at a particular wavelength with
distilled water as a blank. If percent transmittance of a nanoemulsion is found to be greater than 99 %, then it is considered as
transparent in nature. Harika et al. reported percent transmittance of >97 % for a amphotericin B nanoemulsion formulated

pH and osmolarity measurements

The pH meter is used for measuring the pH of a nanoemulsion and microosmometer is used for determining the osmolarity of
emulsion, which is based upon freezing point method. For performing this, 100 pl of nanoemulsion is transferred in microtube and
measurements are taken Morsi et al. measured the pH of the acetazolamide nanoemulsion by pH meter and found pH in the range of
4.9 t0 5.5 thus claiming it to be adequate and non-irritant for application to the eye 2

Dye solubilisation

A water soluble dye is dispersible in an O/W globule whereas it is soluble in the aqueous phase of the W/O globule. Similarly
an oil soluble dye is dispersible in the W/O globule but soluble in the oily phase of the O/W globule B! On adding water soluble dye to
O/W nanoemulsion, it will evenly takes up the colour whereas if it is a W/O emulsion, dye will remain in dispersed phase only and the
colour will not spread evenly. This can be seen with microscopic examination of emulsion. Laxmi et al. carried out this test on
artemether nanoemulsion by adding eosin yellow, a water soluble dye to the formulation and examined it under a microscope. They
discovered that the aqueous continuous phase was labelled with dye while the oily dispersed phase remained unlabelled therefore
confirming the formed nanoemulsion as O/W type ™%

Dilutability test

The rationale of dilution test is that continuous phase can be added in larger proportion into a nanoemulsion without causing
any problem in its stability. Thus O/W nanoemulsions are dilutable with water but W/O nanoemulsions are not and go through a phase
inversion into O/W nanoemulsion. The W/O nanoemulsion can be diluted with oil only. Laxmi et al. performed dilutability test on
nanoemulsion by diluting it with water and observed no sign of phase inversion and precipitation thus claiming their nanoemulsion
formulation to be stable 1%

Conductance measurement

The O/W nanoemulsions are highly conducting because they have water in external phase whereas W/O nanoemulsions are
not conducting as they have water in internal or dispersal phase. Electrical conductivity measurements are very much beneficial for
determining the nature of the continuous phase and for detecting phase inversion phenomena. At low volume fractions, increase in
conductivity of certain W/O nanoemulsion systems was observed and such kind of behaviour is deduced as an indicator of a
percolative behaviour or ions exchange among droplets prior to the development of bicontinuous structures. Dielectric measure ments
are a great means of exploring the structural and dynamic features of nanoemulsion systems. Conductometer is employed for
determining the conductance of nanoemulsion. For carrying out conductance measurement, a pair of electrodes is attached to a lamp
and an electric source is immersed into an emulsion. When the emulsion is O/W type then water will conduct the current and lamp
will glow because of passage of current among connecting electrodes. The lamp will not glow if it is water in oil emulsion as oil in
external phase does not conduct the current. Harika et al. performed conductivity test on amphotericin B nanoemulsion using an
electroconductometer. They reported conductivity of the formulations in the range of 454.2-552.3 uS/cm and concluded the system to
be O/W on the basis of electroconductivity study.?"
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Interfacial tension

By measuring the interfacial tension, the formation and the properties of nanoemulsion can be investigated. Ultra low values
of interfacial tension corresponds to phase behaviour, mainly the coexistence of surfactant phase or middle-phase nanoemulsions with
aqueous and oil phases in equilibrium. For determining ultralow interfacial tension spinning-drop apparatus is used. Interfacial
tensions are obtained by measuring the shape of a drop of the low-density phase, rotating it in cylindrical capillary filled with high-
density phase.

Fluorescence test
There are numerous oils that show fluorescence under UV light. If a W/O nanoemulsion is subjected to a fluorescence light
under a microscope, the whole field will fluoresces and if it is an O/W the fluorescence will be in spots.

In vivo studies

In vivo studies can be performed by adopting suitable animal model according to the activity chosen. Srilatha et al. has
performed antidiabetic activity on glipizide nanoemulsion by choosing hyperglycaemia model in which they first induce diabetes in
rats by intraperitoneal injection of streptozotocin solution and then the formulation was given to diabetic rats and the
pharmacodynamic studies were performed on them. They reported the reduction in blood glucose levels for up to 12 h B Chouksey
et al. has evaluated in vivo performance of atorvastatin nanoemulsion by performing pharmacokinetic studies on nanoemulsion and
they reported better bioavailability of nanoemulsion formulation as compared to pure drug.

Nanoemulsions hold great potential as an efficient drug delivery tool that could be effectively harnessed to realise the
complete potential. Quality assurance and quality control shall be of paramount importance with such a precise delivery system and
hence the evaluation tests are to be performed rigorously.

Advantages of nano emulsion over other novel drug delivery system:-

An advanced mode of drug delivery system has been developed to overcome the major drawbacks associated with
conventional drug delivery systems. This review gives a detailed idea about a nanoemulsion system. Nanoemulsions are nano-sized
emulsions, which are manufactured for improving the delivery of active pharmaceutical ingredients. These are the thermodynamically
stable isotropic system in which two immiscible liquids are mixed to form a single phase by means of an emulsifying agent, i.e.,
surfactant and co-surfactant. The droplet size of nanoemulsion falls typically in the range 20—200 nm

Nanoemulsions are a colloidal particulate system in the submicron size range acting as carriers of drug molecules. Their size
varies from 10 to 1,000 nm. These carriers are solid spheres and their surface is amorphous and lipophilic with a negative charge.
Magnetic nanoparticles can be used to enhance site specificity. As a drug delivery system they enhance the therapeutic efficacy of the
drug and minimize adverse effect and toxic reactions.

Nanoparticle drug delivery systems are engineered technologies that use nanoparticles for the targeted delivery and controlled
release of therapeutic agents. The modern form of a drug delivery system should minimize side-effects and reduce both dosage and
dosage frequency. Recently, nanoparticles have aroused attention due to their potential application for effective drug delivery.
Nanomaterials exhibit different chemical and physical properties or biological effects compared to larger-scale counterparts that can
be beneficial for drug delivery systems. Some important advantages of nanoparticles is their high surface-area-to-volume ratio,
chemical and geometric tunability, and their ability to interact with biomolecules to facilitate uptake across the cell membrane. The
large surface area also has a large affinity for drugs and small molecules, like ligands or antibodies, for targeting and controlled
release purposes. Nanoparticles refer to a large family of materials both organic and inorganic. Each material has uniquely tunable
properties and thus can be selectively designed for specific applications. Despite the many advantages of nanoparticles, there are also
many challenges, including but not exclusive to: nanotoxicity, biodistribution and accumulation, and the clearance of nanoparticles by
human body. The National Institute of Biomedical Imaging and Bioengineering has issued the following prospects for future research
in nanoparticle drug delivery systems: [**!

e crossing the blood-brain barrier (BBB) in brain diseases and disorders;
e enhancing targeted intracellular delivery to ensure the treatments reach the correct structures inside cells;
e Combining diagnosis and treatment.

However, the development of a new drug system is relatively time-consuming; it takes approximately seven years to
complete fundamental research and development before advancing to preclinical animal studies'*¥ Table 1 summarizes some research
work done on nanoemulsions.
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Table 1: Some marketed preparations of Nano emulsions:

ISSN NO: 2231-6876

Drug Dispersed phase Surfactant Purpose Size(nm)
Carbamazepine  Castor oil, MCT Soy lecithin, Polyoxyl 35  Overcome poor solubility 150
castor oil, Tween 80

Thalidomide Castor oil, olive oil, Twee 80 Overcome poor solubility 200

Docetaxel Oleic acid, Stearyl Egg lecithin Poor solubility, hydrolytic instability, — 190-230
amine and drug-induced side effects

Primaquine Miglylol 812 Pluronic F68 Dose reduction, improved  10-200

bioavailability,

Fisetin Miglylol 812, soybean  Labrasol, Lipoid E80 Improved pharmacokinetics and anti-  153+2
oil, ethyl oleate tumor activity

Insulin Self-assembling protein  Poly vinyl alcohol Protection against enzymatic ~ 200-500
complex degradation

Clotrimazole Soybean oil Pluronic F68, cremophor, Increased bioavailability b25 nm

Paclitaxel Pine nut oil Egg lecithin Increase oral bioavailability 90-120

Dapsone Isopropyl myristate Tween 80, Span 80 Higher dissolution rate 6-11

Candesartan Soybean oil Tween 80 Increase oral bioavailability 3b5 =

5.9
Blank Snake oil Soyabean lecithin Investigation of topical delivery 75-300
potential

Turmeric oil Turmeric oil - Same as above against psoriasis 20-200

Lipophilic Soybean oil Soyabean lecithin,  Enhancing penetration -

drugs Tween 80,

CONCLUSION

With the view of expanding impact of nanoemulsions in every single part of medication conveyance. Nanoemulsions are 1)
innately impervious to typical destabilizing components diligent in emulsions; 2) they are normally straightforward which gives them
a cosmetic intrigue, and 3) present numerous chances of expanding oral bioavailability of emphatically lipophilic medications. Oral
delivery was the main idea which prompted improvement of emulsions, and it is in this viewpoint that nanoemulsions are particularly
fit. Different courses of medication conveyance are similarly congenial through nanoemulsions. Their moment measurements make
them extraordinary possibility for harmless intravenous section. Nanoemulsions are required to dynamically get focal point of
innovative work. By the by numerous challenges still should be survived, so as to guarantee that nanoemulsions enter standard drug
market and reach from a lab seat side to a genuine patient bed side. Head among them are the cost ramifications for scaling up
nanoemulsion creation, journey for nontoxic solvents in definition, and furthermore upgrading poisonousness information base
accessible for different excipients utilized in manufacture of nanoemulsions. In this review, we have summarized and discussed the
outcome of different studies on permeability, pharmacokinetic, pharmacodynamic and safety profile of the drugs deliveredthrough
nanoemulsions. Rationality of use along with the major challenges to overcome for nanoemulsion formulation needs to be focused in
future.

ACKNOWLEDGEMENT

Authors wish to express their sincere thanks to Hon. Smt. Padmatai Shinde madam, President, Shriram Dnyan Shikshan
Prasarak Mandal, Vaijapur, Dist-Aurangabad, MS, India-423701 and Hon. Shri. Rajesh Shinde sir, President, Shriram Dnyan
Shikshan Prasarak Mandal, Vaijapur, Dist-Aurangabad, MS, India-423701 for their constant encouragement and support.

Conflicts of interest
Nil

WWW.iajpr.com

Page1409



Vol 10 Issue 10, 2020. Mr. Ghumare Rushikesh Ratnakar et al. ISSN NO: 2231-6876

REFERENCES

1. Nigade PM, Patil SL, Tiwari SS. Self-emulsifying drug delivery system (SEDDS): A Review. Int J Pharm Biol Sci 2012; 2:42-52.

2. Kumar S. Role of nano-emulsion in pharmaceutical sciences-a review. AJRPSB 2014; 2:1-15.

3. Bhosale RR, Osmani RA, Ghodake PP, Shaikh SM, Chavan SR. Nanoemulsion: A Review on novel profusion in advanced drug
delivery. Indian J Pharm Biol Res. 2014; 2:122-7.

4. Singh KK, Vingkar SK. Formulation, antimalarial activity and biodistribution of oral lipid nanoemulsion of primaquine. Int J
Pharm 2008; 347:136-43.

5. Yilmaz E, Borchert HH. Effect of lipid-containing, positively charged nanoemulsions on skin hydration, elasticity and erythema-
an in vivo study. Int J Pharm 2006; 307:232-38.

6. Shakeel F, Baboota S, Ahuja A, Ali J, Agil M, Shafiq S. Nanoemulsions as vehicles for transdermal delivery of aceclofenac.
AAPS Pharm Sci Tech 2007; 8(4):E104.

7. Shakeel F, Baboota S, Ahuja A, Ali J, Agil M, Shafig S. Accelerated stability testing of celecoxib nanoemulsion containing
Cremophor-EL. Afr J Pharm Pharmacol 2008;2:179-83.

8. Klang V, Matsko N, Zimmermann AM, Vojnikovic E, Valenta C. Enhancement of stability and skin permeation by sucrose
stearate and cyclodextrins in progesterone nanoemulsions. Int J Pharm 2010; 393:153-61.

9. Baspinar Y, Keck CM, Borchert HH. Development of a positively charged prednicarbate nanoemulsion. Int J Pharm 2010;
383:201-08.

10. Schwarz JC, Klang V, Karall S, Mahrhauser D, Resch GP, Valenta C. Optimisation of multiple W/O/W nanoemulsions for
dermal delivery of acyclovir. Int J Pharm 2012; 435:69-75.

11. Borhade V, Pathak S, Sharma S, Patravale V. Clotrimazole nanoemulsion for malaria chemotherapy. Part I: Preformulation
studies, formulation design and physicochemical evaluation. Int J Pharm 2012; 431:138-48.

12.  Ghosh V, Mukherjee A, Chandrasekaran N. Ultrasonic emulsification of food-grade nanoemulsion formulation and evaluation of
its bactericidal activity. Ultrason Sonochem 2013; 20:338-44.

13.  ZhuL, Li M, Dong J, Jin Y. Dimethyl silicone dry nanoemulsion inhalations: Formulation study and anti-acute lung injury effect.
Int J Pharm 2015; 491:292-8.

14, Kaur K, Kumar R, Mehta SK. Formulation of saponin stabilized nanoemulsion by ultrasonic method and its role to protect the
degradation of quercetin from UV light. Ultrason Sonochem 2016; 31:29-38.

15. Meng L, Xia X, Yang Y, Ye J, Dong W, Ma P, et al. Co-encapsulation of paclitaxel and baicalein in nanoemulsions to overcome
multidrug resistance via oxidative stress augmentation and P-glycoprotein inhibition. Int J Pharm 2016; 513:8-16.

16. Fornaguera C, Feiner-Gracia N, Calder6 G, Garcia-Celma MJ, Solans C. PLGA nanoparticles from nano-emulsion templating as
imaging agents: Versatile technology to obtain nanoparticles loaded with fluorescent dyes. Colloids Surf B Biointerfaces 2016;
147:201-9.

17. Chen H, Hu X, Chen E, Wu S, McClements DJ, Liu S, et al. Preparation, characterization, and properties of chitosan films with
cinnamaldehyde nanoemulsions. Food Hydrocoll 2016; 61:662-71.

18. Yilmaz E, Borchert HH. Design of a phytosphingosine-containing, positively-charged nano- emulsion as a colloidal carrier
system for dermal application of ceramides. Eur J Pharm Biopharm 2005; 60:91-8.

19. Uluata S, Decker EA, McClements DJ. Optimization of nanoemulsion fabrication using microfluidization: role of surfactant
concentration on formation and stability. Food Biophys 2016; 11:52-9.

20. Goh PS, Ng MH, Choo YM, Amru NB, Chuah CH. Production of nanoemulsions from palm-based tocotrienol rich fraction by
microfluidization. Molecules 2015; 20:19936-46.

21. Shi Y, Li H, Li J, Zhi D, Zhang X, Liu H, et al. Development, optimization and evaluation of emodin loaded nanoemulsion
prepared by ultrasonic emulsification. J Drug Deliv Sci Technol 2015; 27:46-55.

22. Bhagav P, Upadhyay H, Chandran S. Brimonidine tartrate Eudragit long-acting nanoparticles: formulation, optimization, in vitro
and in vivo evaluation. AAPS PharmSciTech 2011; 12:1087-101.

23. Baboota S, Shakeel F, Ahuja A, Ali J, Shafig S. Design development and evaluation of novel nanoemulsion formulations for
transdermal potential of Celecoxib. Acta Pharm 2007; 57:315-32.

24. Pordevi¢ SM, Ceki¢ ND, Savi¢ MM, Isailovi¢ TM, Randelovi¢ DV, Markovi¢ BD, et al. Parenteral nanoemulsions as promising
carriers for brain delivery of risperidone: Design, characterization and in vivo pharmacokinetic evaluation. Int J Pharm 2015;
493:40-54.

25. Srilatha R, Aparna C, Srinivas P, Sadanandam M. Formulation, evaluation and characterization of glipizide nanoemulsions. Asian
J Pharm Clin Res 2013; 6:66-71.

26. Bali V, Ali M, Ali J. Study of surfactant combinations and development of a novel nanoemulsion for minimising variations in
bioavailability of ezetimibe. Colloids Surf B Biointerfaces 2010; 76:410-20.

27. Karthikeyan S, Jeeva PA, Jerobin J, Mukherjee A, Chandrasekaran N. Formulation and characterization of nanoemulsion coatings
from Azadirachta indica. Int J ChemTech Res 2012; 4:566-70.

28. Kuo F, Subramanian B, Kotyla T, Wilson TA, Yoganathan S, Nicolosi RJ. Nanoemulsion of an antioxidant synergy formulation
containing gamma tocopherol have enhanced bioavailability and anti-inflammatory properties. Int J Pharm 2008; 363:206-13.

29. Harwansh RK, Patra KC, Pareta SK, Singh J, Rahman MA. Nanoemulsions as vehicles for transdermal delivery of glycyrrhizin.
Braz J Pharm Sci 2011; 47:769-78.

30. Parveen S, Baboota S, Ali J, Ahuja A, Ahmad S. Stability studies of silymarin nanoemulsion containing Tween 80 as a surfactant.

J Pharm Bioallied Sci 2015; 7:321-4.

WWW.iajpr.com

Page1410



Vol 10 Issue 10, 2020. Mr. Ghumare Rushikesh Ratnakar et al. ISSN NO: 2231-6876

31. Malik P, Ameta RK, Singh M. Preparation and characterization of bionanoemulsions for improving and modulating the
antioxidant efficacy of natural phenolic antioxidant curcumin. Chem Biol Interact 2014; 222:77-86.

32. Harika K, Debnath S, Babu MN. Formulation and evaluation of nanoemulsion of amphotericin B. IINTPS 2015; 5:114-22.

33. Nanoemulsion as a novel ophthalmic delivery system for acetazolamide. Int J Pharm Pharm Sci 2014; 6:227-36.

34. Laxmi M, Bhardwaj A , Mehta S, Mehta A. Development and characterization of nanoemulsion as carrier for the enhancement of
bioavailability of artemether. Artif Cells Nanomed Biotechnol 2015; 43:334-44.

NN

54878478451200909

Submit your next manuscript to IAJPR and take advantage of:
Convenient online manuscript submission

Access Online first

Double blind peer review policy

International recognition

No space constraints or color figure charges

Immediate publication on acceptance

Inclusion in ScopeMed and other full-text repositories
Redistributing your research freely

Submit your manuscript at: edltormchlef@la]pr.com

P —

= N\
JED.".'.@.‘E érossret

osef OURNAL iy
Monkel" ‘INDEX (=t

WWW.iajpr.com

Page14‘11



