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ABSTRACT:

Nanoemulsions are thermodynamically stable, isotropic entities made of two immiscible fluids came
to form a single phase, which was then stabilised by emulsifying agents. With droplet sizes ranging
from 20-200nm, NEs offer improved delivery of active pharmaceutical ingredients. An outline of the
nanoemulsion formulation, preparation procedures, characterisation methods, assessment criteria, and
applications is provided in this review. Various techniques, including Microfluidization, Phase
Inversion Temperature, High-Pressure Homogenization, Ultrasonication, are discussed. The
advantages of NEs, including improved bioavailability, targeted delivery, and stability, are
highlighted. The uses of NEs in medicines, cosmetics, and biotechnology are also investigated. With
an emphasis on current patents about nanoemulsion formulation, this research aims to present a
thorough analysis of NEs, stressing their formulation features, recent developments, and the variety
of possible applications for them across several sectors.

1. Introduction

Emulsions comprised of two liquids that are immiscible
that combine using a surfactant to stabilise the tension
between their surfaces and enables dispersion of single
fluid droplet (dispersed phase) in second liquid's
continuous phase [1]. When two liquids that are
immiscible are combined, metastable colloidal
formations called emulsions are created [2]. A colloidal
dispersion with an interior phase and sizes of droplet
range from 10nm to 200nm is called a nanoemulsion
(NEs). A nano-sized oil droplet serves as interior phase
of oil in water (O/W) NEs, where hydrophobic
medications are dissolved and their bioavailability is
boosted [3]. The word "nano" comes from the Greek
word for "dwarf'. A DNA molecule has a diameter of
2.5nm, a normal sheet of paper is 100,000nm thick, and
a blood cell is between 2000 and 5000 nm in size. A
nanometre is around 60,000 times smaller than an
individual's hair or a virus[4]. A type of emulsion known
as a nano-emulsion can be clear, translucent (50—
200nm), or "milky" (500nm). Unlike microemulsions,
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which can be both transparent as well as
thermodynamically stable, NEs are only kinetically
stable. One characteristic that sets nano-emulsions apart
is their long-term physical stability; they don't seem to
flocculate or coalesce, which can be referred to as
"approaching thermodynamic stability" [S]. Materials
that break down in the dispersion phase can be
encapsulated in NEs, which are extraordinarily versatile
systems. While hydrophilic components are readily
contained using inverse systems, hydrophobic
components can often be conveniently encapsulated
utilising direct systems (such as oil-in-water NEs) [6].
Because of its lower toxicity and capacity to greatly
improve the bioavailability of medications, NEs appear
to have garnered a lot of interest [7].

The following types of NEs were supposed to occur
according to the ingredients:

e NEs with oil droplets disseminated throughout the
water phase, water in oil, and NEs containing oil
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droplets scattered throughout continuous oil phase
[8].
e Bicontinuous NEs include trace quantities of water
and oil scattered throughout the structure.
o  W/O/W, or Water in Oil in Water.
e O/W/O, which stands for Oil in Water in Oil [9].
The process of creating a double emulsion usually
involves two steps: first, an internal emulsion is created,
and then the first emulsion is shadowed by the second
emulsion. Because double emulsions require both
hydrophilic and lipophilic surfactants to stabilize each
oil-water contact, they provide extra stability and
production challenges. Degradation and coalescence
increase with the diffusion of each stage [10].

2. ADVANTAGE OF NANOEMULSION:

e Reduce absorption variability;

e Increase a lipophilic compound's solubility;

e  Masking taste

e Administer medications through a diversity of
routes, involving topical, oral, & intravenous

e Facilitated the rapid and efficient entry of
medications through the skin and colon.

e Reduced drug degradation and loss

e Increased bioavailability

e Increased drug concentration in target areas

e Reduced toxic effects

e  Versatility and flexibility

e Improved patient compliance, particularly for
cosmetic reasons [11,12].

3. DISADVANTAGE OF NANOEMULSION:

e Large volumes of surfactants and co-surfactants
were required for stability.

e Environmental variables like temperature and pH
affect NE stability.

e  Only use nontoxic surfactants and co-surfactants.

e Limited ability to dissolve high-melting compounds.
[12]

4. COMPONENTS OF NANOEMULSION:

4.1 Oils: Because it may solubilise lipophilic drug
molecules and enhance absorption across lipid barriers,
the oil phase is second most significant carrier afterward
water [13]. Oil has a distinctive property of entering the
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cell membranes, making it excellent for lipophilic active
delivery of drugs. Oil phase influences swelling of
surfactant's tail group area. Short chain alkanes show
better penetration than long chain alkanes [14].

Components Examples

Saturated fatty | Capric, Lauric, Myristic acid
acids

Unsaturated Oleic acid, linoleic acid and
fatty acids linolenic acid

Fatty acid esters | Ethyl or methyl esters of lauric,
myristic and oleic acid

4.2 Surfactants:

Surfactants are used to create thermally stable NEs,
which encourage low interfacial tension, in contrast to
emulsions that are micronized by external energy. A
short-lived emulsion is created when water and oil
combine. However, due to the coalescence that occurs
among When allowed to stand, the scattered globules
cause this mixture to split into two different phases [15].
NEs are made from well accepted, safe agent
components and contain significant amounts of
emulsifiers and surfactants [16]. Surfactants that can be
of the following types:

Components | Examples

Non-ionic Polyoxyl40, Polysorbate80, d-o-

surfactant tocopherol polyethylene
glycol1000succinateSolutol  HS-15,
Polysorbate20, Polyoxyl40 stearate,
hydrogenated castor oil,

Anionic Carboxylate groups, Soaps, Sulfo-

surfactant nates, Divalent ions

Cationic Amines, quaternary ammonium

surfactant compounds

4.3 Cosurfactants:

Cosurfactants are used to improve surfactant
performance. Because it has adverse effects at larger
concentrations, it should only be used in smaller oils and
lipids [17]. The surfactant film's stiffness is reduced, its
flexibility is increased, and varied curvatures are adopted
to create NEs across an expansive composition range
[18]. Ethanol is one example of a short-chain co-
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surfactant that tends to prolong the NE area of the phase
diagram. It functions as a hydro trope and considerably
reduces the layer of surfactant tension between the water
and oil phases [19].

Components Examples

Short chain glycols Propylene Glycol
Medium chain | Acids or Amines
alcohols

Short chain alcohols Ethanol to Butanol

4.4 Aqueous: NEs stability is detected by characteristics
of aqueous phase and droplet size, which include pH,
ionic concentration, and electrolytes. Phosphate buffered
saline, Ringer's Solution, plain water, imitating stomach
fluid (pH 1.2), and simulating gastrointestinal fluid (pH
6.8) can all be used as aqueous phases to investigate
spontaneous nanoemulsification of NEs. According to
the previously described aqueous phase characteristics,
when a medication whose solubility depends on pH is
added to the system, the pH of the aqueous phase can
have a substantial impact on the phase behaviour of NEs
[20].

5. FACTORS TO CONSIDER DURING
NANOEMULSION PREPARATION

e Surfactants are carefully selected so that ultralow
tension at the interface could be a achieved, which is
a major need for producing NEs.

e Surfactant concentration needs to be sufficient to
stabilise microdroplets and create nanoemulsion.

e The surfactant essential for sufficiently fluid or
flexible to enable formation of NEs [21].

6.TERNARY PLOT

The starting concentration of each of constituents is
obtained utilising water titration technique at room
temperature through creating pseudoternary diagrams
(Figure 1) of phases in nanoemulsion system. To
generate distinct phase diagrams, Numerous weight
ratios for emulsifiers and coemulsifiers are employed.
The phases in diagrams are carefully investigated by
ranging the ratios of coemulsifier to emulsifier as well as
emulsifier to coemulsifier. The proportions of oil to
emulsifier and coemulsifier mixes are modified for each
phase diagram in order to achieve a certain weight ratio
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of emulsifier to coemulsifier. Water is added drop by
drop to oil, emulsifier, and coemulsifier mixes, which are
lightly magnetically stirred. Visual observations are
made on clear, freely flowing NEs. An artificial ternary
phase diagram shows the phase of water on the initial
axis, the oil phase on the second, and Smix
(emulsifier/coemulsifier) ~with a  predetermined
weightiness ratio on the third axis. On the foundation for
calculating and constructing pseudoternary phase
diagrams, and, most importantly, describes how to select
formulations from Phase diagrams for avoiding
metastable formulations with the lowest surfactant level
in shortest feasible period [22,23,24,25].
Surfactant /Co-surfactant (1:2)

3

eoen,

- .

-
Teesssc”

Oil-in-Water Water-in-Oil

Water 0il

(Fig 1): Pseudo ternary phase diagrams
7.METHOD OF PREPARATION:
7.1 High-Energy Methods

High-energy emulsification techniques practice a variety
technique to produce extremely powerful mechanical
power, resulting in NEs with small droplets. The highly
disruptive force needed to separate the water and oil
phases and create nanoscale droplets is provided by
mechanical devices. NEs are commonly created via high-
pressure homogenisers, microfluidizers, and
ultrasonicators [26].

7.1.1 High Pressure Homogenisation:

Utilising High-Pressure or piston homogeniser (Figure
2), this approach produces NEs through extremely small
sizes of particle (up to Inm) [27]. Two types of liquid
(oily & aqueous) can be distributed in a high-pressure
homogeniser by driving the mixture via a tiny inlet hole
at extremely elevated pressures (50-5000 psi) [28]. This
makes it possible for the product to experience
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significant hydraulic stress and turbulence, producing
very thin emulsion particles. Such devices are more
efficient in reducing droplets size in current coarse
emulsion than at forming a nanoemulsion by combining
oil and water phases. The only disadvantages of this
highly successful approach are its high energy utilizing
and the emulsion's temperature elevate while processing
[29].

Surfactant
Oil/water

N

| N
A mm . a4 .
Mixing process with High speed Mixture of Nanoemulsion
Magnetic Stirrer homogenization /W or W/O
o 2] 3] o
(Fig 2): High pressure homogenization for
Nanoemulsion

7.1.2 Microfluidization:

A mixing process that uses a microfluidizer is called
micro fluidization (Figure 3). The device utilises high
pressure to force the medicinal product via its interaction
chamber, generating a very tiny particle in the submicron
range [30]. The technology is a proprictary
microfluidizer-based mixing process. This device drives
materials into the interaction chamber, that is made by
microscopic networks known to be "microchannels"
using a high-pressure pump through positive
displacement (500-20,000 psi) [31]. High pressure is
applied to force the coarse emulsion into an input
channel, which is designed to divide it into two streams
that quickly collide in an interaction chamber. An
interaction chamber's powerful disruptive forces are
particularly effective in dissolving droplets and creating
microscopic emulsions [32].
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Aqueous 0il Mixing of
Phase Phase Components VT

(Fig 3): Micro fluidization technique
7.1.3 Ultrasonication:

These devices work by forcing a sample that has to be
homogenised via a tube that contains an element that may
generate strong ultrasonic vibrations (Figure 4).
Recently, several studies have examined the key factors
affecting the sonication-based production of NEs [33].
Kentish and colleagues demonstrated the ability to create
NEs from food-grade substances using high-frequency
ultrasound [34, 35]. The narrow surface exposed the
outside tension, resulting in fewer bubbles and increasing
the rate of cavitation threshold force within an ultrasonic
field. However, increasing the external strain causes a
rise in the cavitation bubble's disruption tension. This
device also uses a water cover to prevent temperature
from rising above its optimal level [36].

Cavitation bubble formed
during ultrasonication

Acoustic wave
Bubbles impload;
o - and collapase

e

e - @ _m

- - Oil droplet began to Nanoemulsion droplets
Ultrasonicator homogenizer

Oil droplets "
1 droplets break under shear after ultrasonication

(Fig 4): Ultrasonication technique
7.2 Low-Energy Methods.

Low-energy ways of preparing NEs emerged much later
than high-energy approaches. The key characteristics of
these technologies are the creation of extremely small
globules or droplets, as well as the use of minimal
energy. These approaches rely on Emulsions undergo
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phase inversion in reaction to compositional or
temperature changes [37].

7.2.1 Phase inversion temperature method:

The phase inversion temperature (PIT) approach relies
on a heat-sensitive non-ionic surfactant, especially
polyethoxylated surfactants [38]. Using an intermediate
bicontinuous phase, this form of phase inversion
typically comprises a controlled change in emulsion
type, that is, from W/O to O/W or vice versa. The PIT
technique may be applied to change the temperature and
time profiles of certain oil, water, and non-ionic
surfactants and oil mixtures in order to create NEs. [37]
Ostwald ripening is the most significant problem with
this method. At the identical time, a change in
composition generates an inversion of phase at fixed
temperature by disrupting hydrophilic-lipophilic balance
[40].

7.2.2 Phase Inversion Composition (PIC)

Phase inversion composition (PIC) approach involves
creating nanoemulsion that utilises phase inversion
phenomenon by gradually diluting oil phase by water
phase, or vice versa [41]. Phase inversion composition,
or PIC, approach comparable to PIT technique, except
their optimal curvature of surfactant is modified by
adjusting systems composition rather than temperature
[42]. An ionic surfactant-stabilized O/W emulsion, for
instance, may phase invert into a W/O emulsion with the
addition of salt. Because of the capacity of salt ions to
screen electrical charges on surfactant head groups, the
packing constraint rises from p <I to po > 1 [43]. When
this compositional change is exceeded, the structures
containing zero curvature split, resultant in the
development of small metastable oil in water droplets
[44].

7.2.3 Membrane Emulsification

Membrane emulsification has received more attention in
recent years. Membrane-based emulsification uses a
microporous membrane to form the emulsion drop by
drop. A microporous membrane's pores let the
continuous state to traverse over its surface while the
scattered phase passes through. The four basic elements
that affect membrane surface droplet separation are shear
(produced with continuous phase movements or
membrane movements), tension among two emulsified
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liquids, buoyancy, and inertia/pressure via flow over
membrane's surface. Droplets in the dispersion phase
might be emulsions or pure liquids. It serves as an
alternative to the shear-force emulsification process. This
strategy, in contrast to other approaches (such as high-
pressure homogenisation as well as ultrasonication),
allows for the regulation of droplet dimension and
homogeneity of size. This technique is effective for
producing droplets of a specific size. One of the
technique's disadvantages is the constrained dispersed
phase flow through membrane, which becomes
troublesome as the sample size increases [45,46,47].

8.CHARACTERIZATION OF NANOEMULSION:
8.1 Zeta Potential:

The zeta potential and surface charge of various
emulsions will be determined by electrophoretic
translation of dispersed globules affected by the voltage
of the zeta potentiometer. Utilising a cylinder-shaped
drilled microelectrophoresis container equipped with
platinum-iridium electrodes, the apparatus evaluates the
electrophoretic mobility of diluted w/o/w emulsion [48]
+20mv is the optimal zeta potential. [49]

It is computed using the equation that follows [S0].
(=4TInpn/eE

Where { is the Zeta potential (mv)

1 is the dispersion medium's viscosity (poise).

p = Velocity of migration (cm/sec)

€ = The dispersion medium's dielectric constant

E stands for potential gradient, which is the voltage
applied per electrode distance.

8.2 Particle size and polydispersity index:

Photon correlation spectroscopy (PCS), another name for
dynamic light scattering (DLS), is used to study intensity
changes in droplet/particle scattering brought on by
Brownian motion [51]. PCS may examine NEs size of
droplet, polydispersity, as well as zeta potential utilising
particle size analyser. This instrument additionally
calculates polydispersity index, by a cumulative study of
dynamic light scattering is utilised to calculate width of


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(4), 424-436 | ISSN:2251-6727

the size distribution. A dispersion's homogeneity or
purity is evaluated by the polydispersity index [52]. The
z-average particle diameter is estimated via PCS. One
unique method of figuring the particle size is laser
diffraction.

8.3 Morphology Characterization of Nanoemulsion:

Morphology can be described with utilising an electron
microscope or light scattering procedures. The neon laser
utilized in the dynamic light-scattering
spectrophotometer has a wavelength of 632 nm to detect
dynamic light scattering at 90°. Data is processed by
computer embedded into the gadget. Here's a full
overview of a few popular microscopy techniques for
determining morphology:

(1) Scanning electron microscopy (SEM):

SEM can Create high-resolution images of a sample
material. SEM pictures having distinct 3D look and
useful for determining surface structure [53, 54]. SEM is
one of the most often utilised research tools nowadays
due to its higher magnification, bigger field depth,
greater resolution, & simplicity of sample observation.
Also, because of limited Number of particle observations
in the scanning zone, SEM necessitates limited
evaluations of size distribution among numerous samples
[55].

(2) Transmission electron microscope (TEM):

The resolution of TEM technology is around 0.2 nm. It
is commonly employed in research of materials for
biological sciences & science/metallurgy; in both
situations, The samples need to be very tiny and strong
enough to endure high vacuum within apparatus. The
structural and morphological features of NEs are further
improved by TEM's outstanding three-dimensional
resolution, where may be combined with a variety of
analytical procedures. This strategy does, however, have
several drawbacks. Certain materials require a significant
amount of sample preparation, which includes TEM
analysis, which is a laborious process with a limited
sample throughput when the material is sufficiently thin
to be electron transparent. [56,57].

429

(3) Atomic force microscopy (AFM):

AFM is revolutionary method which being utilised for
investigate size, shape, dispersion, sorption, and
aggregation of NEs. AFM is a more recent microscopy
technique. Direct observation of individual molecules or
atoms as tiny as a few nanometers is possible thanks to
AFM's exceptional resolution (0.1 nm). AFM can be
utilised to study properties of structural proteins,
liposomes and polysaccharides. Some articles
demonstrated the variances between NEs as well as
Nano-capsules were created by analysing the structure,
morphology, and mechanical characteristics of both the
emulsion as well as capsule shells utilising AFM, and
they discovered that the outer layer of a droplet of oil
solidified with increasing amounts of polyelectrolytes.

8.4 Entrapment efficiency (EE):

EE is an evaluation of nanocarrier’s capacity to hold onto
a medication or active component while delivering an
acceptable amount of constituent to the target location.
The formulation technique, formulation component type,
& nature of encapsulating bioactive component all
significant elements that might affect EE are present in
the vesicles. Furthermore, as active ingredient is loaded
into the nanoemulsion, particle size continues to expand,
lowering the nanoemulsion effective energy. A micro
dialysis technique was effectively used to estimate EE
for nanocapsules, nanospheres, and NEs [61,62,63,64].

The following is the general equation used to calculate
the EE:

EE = W1-W2/W1*100

Where;

W1 is quantity of formulation’s active component,
W2 is supernatant's active component content [65].
8.5 Viscosity Determination:

A viscometer is utilised to accomplish this. The amount
of each of the surfactant, water, & oil components
influence the viscosity of NEs. The tension among water
and oil increases as amount of surfactant and
cosurfactant is reduced whilst raising proportion of water
content decreases viscosity. Viscosity is critical for
medicine storage and release effectiveness. Furthermore,
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it is less oily than water-in-oil formulations,
nanoemulsion carrier formulations often exhibit reduced
viscosities since they are effectively oil-in-water [66,67].

8.6 Conductance measurement:

A conductometer determines the conductivity of a
nanoemulsion. This test immersing two
electrodes in an emulsion while connected to a light & an
electric source. If emulsion is of o/w kind, current passes
through water, illuminating the lamp as it runs among
electrodes. Whenever the emulsion is absent, the lamp
does not illuminate due to oil in outermost phase unable
to carry out the current [68].

involves

8.7 Dye Solubilization:

In the aqueous phase of the w/o droplet, an aqueous-
soluble dye remains soluble even when it is distributed
throughout the O/W droplet. While they scatter inside a
w/o globule, oil-soluble pigments disintegrate in the oily
phase of an o/w globule.

8.8 Dilutability Test:

Unlike w/o, which undergoes phase inversion to convert
to o/w nanoemulsion, o/w NEs could be diluted with
water. [69].

8.9 pH:

To decrease pH drift or development particles that are
suspended on the electrode surface, the pH of a
formulation is determined at a specific temperature when
sedimentation  equilibrium is reached. Neutral
electrolytes should not be supplied during the external
pH value building process since they will reduce the
suspension's physical stability [70].

8.10 In Vivo Bioavailability Studies:

The formulation/preparation is given to the entire live
animal in this assessment parameter. Additionally, Blood
samples are drawn on a regular basis and then
centrifuged. Then, HPLC is utilized to generates content
of drug in plasma. The bioavailability of medicine
preparation is established by outcomes of both in vivo
and in vitro study [71].
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9. APPLICATION OF EMULSIONS

Application  of
Emulsions

Description

References

Oral
Delivery

Drug

Emulsions improve
absorption &
dissolution  rates,
which raise
bioavailability,
making them a
helpful tool for
poorly soluble
drugs.

72

Topical
Formulations

Emulsions serve as
the base for lotions,
ointments, and
creams, allowing
hydrophilic and
lipophilic drugs to
be combined for
better skin
absorption.

73

Parenteral
Delivery

Drug

Emulsions are used
to lubricate
injection sites and
deliver  lipophilic
medications
intramuscularly or
intravenously.

74

Ocular
Delivery

Drug

In order to improve
medication

absorption,

retention, and
sustained  release
for more efficient
therapy, emulsions
are used in ocular
systems, such as

eye drops.

75

Nasal and
Pulmonary Drug
Delivery

Emulsions are ideal
for nasal sprays &
inhalable products

because they
enhance medication
absorption via

mucosa with longer

76
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release and less 10.PATENTS RELATED TO NANOEMULSION IN
discomfort. PHARMACEUTICALS
Title of
Patent .
Numbe | Inventors Publication | Patent
Emulsions 77 . Year (Description
strengthen immune )
responses  against
antigens by US202 Chunxiao Nanoemulsi
enhancing 10251 Han, Dublin, | Aug. 19, | on
Vaceine solubility, 043A CA 2021 hydrophobic
) enhancing immune (US) Substances
Adjuvants .
cell absorption, and
providing
controlled release US202 Christopher Nanoemulsi
for improved Keller, Jun. 17,
. . 10177 on for oral
immunological 754A1 Advance, NC | 2021 use
responses. (US) et.al
Emulsions can | 78
disguise  flavour Jingjun COMPOSIT
and increase patient US202 | Huang IONS FOR
) compliance by ’ Aug. 18, | NANOEMU
Taste Masking . 20257 Monmouth 2022 LSION
encasing  harsh 510A1 | Junction, NJ
drugs, especially in (US) DELIVERY
paediatric SYSTEMS
formulations.
79 US010 Daniel CANNABIS
73826 Michael Leo, | Aug. 11, | NANOEMU
B2 Baltimore, 2020 LSION
. . MD(US) METHODS
Emulsions improve
the stability & ..
penetration into the Zlaﬁl‘:n,lr
skin of vitamins, Mar s em,OH
. antioxidants, & ason,
Cosmeceuticals . (US);
skin agents by Willi
acting as carriers Rllhlar;l
for the active Mlc ﬁr
ingredients in .ue. e, . AMINO
. USOO | Cincinnati,
cosmeceuticals. 97176 | OH  (US). Aug. 1, | SILICONE
> 12017 NANOEMU
76B2 Charles
LSION
Raymond
Degenhardt,
Cincinnati,
OH (US);
Hiroshi Oh,
Cincinnati,
OH (US);
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US009
87283
2B2

UsSo12
07578
8B2

US009
2.5940
7B2

432

Steven Daryl
Smith,

Fairfield, OH
(US);
Nicholas
David OH
(US)

Chien -Chin
Wu,
Wilmington,
DE (US)
Alireza
Roostaee,
Sherbrooke
(CA);
Frederic
Picard-Jean,
Sherbrooke
(CA)

James R.
Baker, Jr.,
Ann Arbor,
MI(US);
Mark R.
Hemmila,
Superior
Township,
MI (US);
Stewart C.
Wang,

Ann Arbor,
MI (Us);
Tarek
Hamouda,
Milan, MI
(US); John J.
LiPuma, Ann
Arbor, MI

(US); Jessica
Ann
Knowlton,
Ypsilanti, MI
(US); Paul E.

Jan.
2018

Sep.
03,2024

Feb.
2016

23,

16,

NES
HAVING
REVERSIB
LE
CONTINU
OUS AND
DISPERSE
D PHASES

ANTIMICR
OBIAL
NANOEMU
LSION

NANOEMU
LSION
THERAPE
UTIC
COMPOSIT
IONS AND
METHODS
OF USING
THE SAME

Makidon,We
bberville, MI
(US); Luz
Blanco, Ann
Arbor, MI
(US); Jeffery
V. Groom, II,
Utica, MI
(US);
U.
Bielinska,Yp
silanti, MI
(US)

Anna

11.CONCLUSION

To solve the fundamental flaws in the present medicine
delivery methods, a new distribution plan might be
developed. This review discusses a nanoemulsion
technology in depth. The use of emulsions at the
nanoscale to enhance the of active
pharmaceutical ingredients is known as nanoemulsion.
Thermodynamically stable isotropic
produced when two immiscible liquids are combined into
a single phase using an emulsifying agent, such as a
surfactant or co-surfactant. In NEs, droplet diameters

delivery

systems are

usually fall between 20 and 200 nm. The size and shape
of the particles scattered throughout the continuous phase
are the primary differences between emulsion and
nanoemulsion. An overview of the formulation,
preparation, characterisation, assessment, and several
applications of NEs is given on this page.

REFERECES

1. Fernandes, A. R.; Sanchez-Lopez, E.; Santos, T. D.;
Garcia, M. L.; Silva, A. M.; Souto, E. B.
Development Characterization of
Nanoemulsions for Ophthalmic Applications: Role
of Cationic Surfactants. Materials 2021, 14 (24),
7541.

2. Nor Bainun, I.; Alias, N. H.; Syed-Hassan, S. S.
Nanoemulsion: Formation, Characterization,
Properties and Applications—A Review. Adv.
Mater. Res. 2015, 1113, 147-152.

3.  Kumar, M.; Bishnoi, R. S.; Shukla, A. K.; Jain, C. P.
Development and Optimization of Drug-Loaded

System by Phase

and

Nanoemulsion Inversion


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(4), 424-436 | ISSN:2251-6727

10.

11.

12.

13.

14.

433

Temperature (PIT) Method Using Box—Behnken
Design. Drug Dev. Ind. Pharm. 2021, 47 (6), 977—
989.

Mostafa, D. M.; Abd El-Alim, S. H.; Kassem, A. A.
Nanoemulsions: A New Approach for Enhancing
Phytonutrient  Efficacy. In  Nanotechnology
Applications in Food; Academic Press: 2017; pp
107-127.

Izquierdo, P.; Esquena, J.; Tadros, T. F.; Dederen,
C.; Garcia, M. J.; Azemar, N.; Solans, C. Formation
and Stability of Nano-Emulsions Prepared Using the
Phase Inversion Temperature Method. Langmuir
2002, /8 (1), 26-30.

Elzayat, A.; Adam-Cervera, L.; Alvarez-Bermutdez,
O.; Muiloz-Espi, R. Nanoemulsions for Synthesis of
Biomedical Nanocarriers.  Colloids  Surf. B
Biointerfaces 2021, 203, 111764.

Laxmi, M.; Bhardwaj, A.; Mehta, S.; Mehta, A.
Development
Nanoemulsion as Carrier for the Enhancement of
Bioavailability of Artemether. Artif. Cells Nanomed.
Biotechnol. 2015, 43 (5), 334-344.

Patel, R. P.; Joshi, J. R. An Overview on
Nanoemulsion: A Novel Approach. Int. J. Pharm.
Sci. Res. 2012, 3 (12), 4640.

Sabjan, K. B.; Munawar, S. M.; Rajendiran, D.;
Vinoji, S. K.; Kasinathan, K. Nanoemulsion as Oral
Drug Delivery—A Review. Curr. Drug Res. Rev.
2020, 72 (1), 4-15.

Wilson, R. J.; Li, Y.; Yang, G.; Zhao, C. X.
Nanoemulsions for Drug Delivery. Particuology
2022, 64, 85-97.

Salim, N.; Ahmad, N.; Musa, S. H.; Hashim, R.;
Tadros, T. F.; Basri, M. Nanoemulsion as a Topical
Delivery System of Antipsoriatic Drugs. RSC Adv.
2016, 6 (8), 6234-6250.

Sadeq, Z. A. Review on Nanoemulsion: Preparation
and Evaluation. Int. J. Drug Deliv. Technol. 2020,
10 (1), 187-189.

Kumar, P.; Mittal, K. L., Eds. Handbook of
Microemulsion Science and Technology; Marcel
Dekker: New York, 1999.

Tang, J. L.; Sun, J.; He, Z. G. Self-Emulsifying Drug
Delivery Systems: Strategy for Improving Oral
Delivery of Poorly Soluble Drugs. Curr. Drug Ther.
2007, 2 (1), 85-93.

and Characterization of

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

McClements, D. J; Rao, J.  Food-Grade
Nanoemulsions: Formulation, Fabrication,
Properties, Performance, Biological Fate, and

Potential Toxicity. Crit. Rev. Food Sci. Nutr. 2011,
51 (4), 285-330.

Gordon, E. M.; Cornelio, G. H.; Lorenzo, C. C;
Levy, J. P.; Reed, R. A.; Liu, L.; Hall, F. L. First
Clinical Experience Using a ‘Pathotropic’ Injectable
Retroviral Vector (Rexin-G) as Intervention for
Stage IV Pancreatic Cancer. Int. J. Oncol. 2004, 24
(1), 177-185.

Chaurasiya, C.; Gupta, J.; Kumar, S. Herbal
Nanoemulsion in Topical Drug Delivery and Skin
Disorders: Green Approach. J. Rep. Pharm. Sci.
2021, 10 (2), 171-181.

Shafiq, S.; Shakeel, F.; Talegaonkar, S.; Ahmad, F.

J.; Khar, R. K. Ali, M. Development and
Bioavailability Assessment of  Ramipril
Nanoemulsion Formulation. FEur. J. Pharm.

Biopharm. 2007, 66 (2), 227-243.

Tenjarla, S. Microemulsions: An Overview and
Pharmaceutical Applications. Crit. Rev. Ther. Drug
Carrier Syst. 1999, 16 (5).

Sarker, A.; Shimu, L. J.; Tuhin, R. H.; Raju, A. A.
Nanoemulsion: An Excellent Mode for Delivery of
Poorly Soluble Drug through Different Routes. J.
Chem. Pharm. Res. 2015, 7 (12), 966-976.

Jaiswal, M.; Dudhe, R.; Sharma, P. K.
Nanoemulsion: An Advanced Mode of Drug
Delivery System. 3 Biotech 2015, 5, 123—-127.
Preeti; Sambhakar, S.; Malik, R.; Bhatia, S.; Al
Harrasi, A.; Rani, C.; Saharan, R.; Kumar, S.; Geeta;
Sehrawat, R. Nanoemulsion: An Emerging Novel
Technology for Improving the Bioavailability of
Drugs. Scientifica 2023, 2023 (1), 6640103.
Shafig-un-Nabi, S.; Shakeel, F.; Talegaonkar, S.;
Ali, J.; Baboota, S.; Ahuja, A.; Khar, R. K.; Ali, M.
Formulation Development and Optimization Using
Nanoemulsion Technique: A Technical Note. 44PS
PharmSciTech 2007, 8, E12-E17.

Halnor, V. V.; Pande, V. V.; Borawake, D. D.;
Nagare, H. S. Nanoemulsion: A Novel Platform for
Drug Delivery System. J. Mater. Sci. Nanotechnol.
2018, 6 (1), 104.

. Amselem, S.; Friedman, D. Submicron Emulsions as

Drug Carriers for Topical Administration. In


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(4), 424-436 | ISSN:2251-6727

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

434

Submicron Emulsions in Drug Targeting and
Delivery; CRC Press: 2019; pp 153—-174.
Borthakur, P.; Boruah, P. K.; Sharma, B.; Das, M.
R. Nanoemulsion: Preparation and Its Application in
Food Industry. In Emulsions; Academic Press: 2016;
pp 153-191.

Soni, H.; Sharma, S. Current Update on
Nanoemulsion: A Review. Sch. Int. J. Anat. Physiol.
2021, 4 (1), 6-13.

Anton, N.; Benoit, J. P.; Saulnier, P. Design and
Production of Nanoparticles Formulated from Nano-
Emulsion Templates—A Review. J. Control.
Release 2008, 128 (3), 185-199.

Tadros, T.; Izquierdo, P.; Esquena, J.; Solans, C.
Formation and Stability of Nano-Emulsions. Adv.
Colloid Interface Sci. 2004, 108, 303-318.

Ahire, K.; Gorle, A. P.; Maharashtra, I. An
on Methods of Preparation
Characterization of Nanoemulsion. World J. Pharm.
Pharm. Sci. 2021, 10 (8), 897-907.

Shah, P.; Bhalodia, D.; Shelat, P. Nanoemulsion: A
Pharmaceutical Review. Syst. Rev. Pharm. 2010, 1
(D).

Schubert, H.; Engel, R. Product and Formulation
Engineering of Emulsions. Chem. Eng. Res. Des.
2004, 82 (9), 1137-1143.

Mahdi Jafari, S.; He, Y.; Bhandari, B. Nano-
Emulsion  Production by
Microfluidization—A Comparison. Int. J. Food
Prop. 2006, 9 (3), 475-485.

Kentish, S.; Wooster, T. J.; Ashokkumar, M.;
Balachandran, S.; Mawson, R.; Simons, L. The Use
of Ultrasonics for Nanoemulsion Preparation. Innov.
Food Sci. Emerg. Technol. 2008, 9 (2), 170-175.
Leong, T. S.; Wooster, T. J.; Kentish, S. E;
Ashokkumar, M. Minimising Oil Droplet Size Using
Ultrasonic Emulsification.
2009, 76 (6), 721-727.
Mathialagan, V.; Sugumaran, A.; Narayanaswamy,
D. Nanoemulsion: Importance in Pharmaceutical
Nanotechnology. Res. J. Pharm. Technol. 2020, 13
(4), 2007-2012.

Shinoda, K.; Saito, H. The Effect of Temperature on
the Phase Equilibria and the Types of Dispersions of
the Ternary System Composed of Water,
Cyclohexane, and Nonionic Surfactant. J. Colloid
Interface Sci. 1968, 26 (1), 70-74.

Overview and

Sonication  and

Ultrason. Sonochem.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Yukuyama, M. N.; Ghisleni, D. D.; Pinto, T. D.;
Bou-Chacra, N. A. Nanoemulsion: Process
Selection and Application in Cosmetics—A Review.
Int. J. Cosmet. Sci. 2016, 38 (1), 13-24.
Israelachvili, J. N. Intermolecular and Surface
Forces; Academic Press: 2011.

Rai, V. K.; Mishra, N.; Yadav, K. S.; Yadav, N. P.
Nanoemulsion as Pharmaceutical Carrier for Dermal
and Transdermal Drug Delivery: Formulation
Development, Stability Issues, Basic Considerations
and Applications. J. Control. Release 2018, 270,
203-225.

Yukuyama, M. N.; Ghisleni, D. D.; Pinto, T. D.;
Bou-Chacra, N. A. Nanoemulsion: Process
Selection and Application in Cosmetics—A Review.
Int. J. Cosmet. Sci. 2016, 38 (1), 13-24.

Anton, N.; Vandamme, T. F. The Universality of
Low-Energy Nano-Emulsification. Int. J. Pharm.
2009, 377 (1-2), 142—-147.

Maestro, A.; Solé, I.; Gonzalez, C.; Solans, C.;
Gutiérrez, J. M. Influence of the Phase Behavior on
the Properties of Ionic Nanoemulsions Prepared by
the Phase Inversion Composition Method. J. Colloid
Interface Sci. 2008, 327 (2), 433-439.

Cinar, K. A Review on Nanoemulsions: Preparation
Methods and Stability.

Saifullah, M.; Ahsan, A.; Shishir, M. R. Production,
Stability and Application of Micro-
Nanoemulsion in Food Production and the Food

and

Processing Industry. In Emulsions; Academic Press:
2016; pp 405-442.

Yang, Y.; Marshall-Breton, C.; Leser, M. E.; Sher,
A. A.; McClements, D. J. Fabrication of Ultrafine
Edible Emulsions: Comparison of High-Energy and
Low-Energy Homogenization Methods. Food
Hydrocoll. 2012, 29 (2), 398-406.
Sonneville-Aubrun, O.; Babayan, D.; Bordeaux, D.;
Lindner, P.; Rata, G.; Cabane, B. Phase Transition
Pathways for the Production of 100 nm Oil-in-Water
Emulsions. Phys. Chem. Chem. Phys. 2009, 11 (1),
101-110.

Nakhare, S.; Vyas, S. P. Multiple Emulsion Based
Systems for Prolonged Delivery of Rifampicin: In
Vitro and In Vivo Characterization. Pharmazie
1997, 52 (3), 224-226.


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(4), 424-436 | ISSN:2251-6727

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

435

Bhatt, P.; Madhav, S. A Detailed Review on
Nanoemulsion Drug Delivery System. /nt. J. Pharm.
Sci. Res. 2011, 2 (10), 2482.

Salager, J. L.; Nielloud, F.; Marti-Mestres, G.
Pharmaceutical Emulsions and Suspensions. In
Drugs Pharm. Sci.; 2000; 105, 19-72.

Ruth, H. S.; Attwood, D.; Ktistis, G.; Taylor, C.
Phase Studies and Particle Size Analysis of Oil-in-
Water Phospholipid Microemulsions. Int. J. Pharm.
1995, 116 (2), 253-261.

Li, X.; Anton, N.; Ta, T. M. C.; Zhao, M,;
Messaddeq, N.; Vandamme, T. F.
Microencapsulation of Nano-Emulsions: Novel
Trojan Particles for Bioactive Lipid Molecule
Delivery. Int. J. Nanomed. 2011, 6, 1313—1325.
Luykx, D. M.; Peters, R. J.; van Ruth, S. M,;
Bouwmeester, H. A Review of Analytical Methods
for the Identification and Characterization of Nano
Delivery Systems in Food. J. Agric. Food Chem.
2008, 56 (18), 8231-8247.

Reimer, L. Scanning Electron Microscopy: Physics
of Image Formation and Microanalysis. Meas. Sci.
Technol. 2000, 11 (12), 1826.

Mason, T. G.; Graves, S. M.; Wilking, J. N.; Lin, M.
Y. Extreme Emulsification: Formation and Structure
of Nanoemulsions. Condens. Matter Phys. 2006.
Wang, Z. L. Transmission Electron Microscopy of
Shape-Controlled  Nanocrystals and  Their
Assemblies. J. Phys. Chem. B 2000, 104 (6), 1153—
1175.

Samah, N. A.; Williams, N.; Heard, C. M. Nanogel
Particulates Located within Diffusion Cell Receptor
Phases Following Topical Application
Demonstrates Uptake into and Migration Across
Skin. Int. J. Pharm. 2010, 401 (1-2), 72-78.

Ruozi, B.; Tosi, G.; Forni, F.; Fresta, M.; Vandelli,
M. A. Atomic Force Microscopy and Photon
Correlation Spectroscopy: Two Techniques for
Rapid Characterization of Liposomes. FEur. J.
Pharm. Sci. 2005, 25 (1), 81-89.

Morales, D.; Gutiérrez, J. M.; Garcia-Celma, M. J;
Solans, Y. C. A Study of the Relation Between
Bicontinuous Microemulsions and Oil/Water Nano-
Emulsion Formation. Langmuir 2003, 19 (18),
7196-7200.

Preetz, C.; Hauser, A.; Hause, G.; Kramer, A.;
Maider, K. Application of Atomic Force Microscopy

61.

62.

63.

64.

65.

66.

67.

68.

69.

and Ultrasonic Resonator Technology on
Nanoscale: Distinction of Nanoemulsions from
Nanocapsules. Eur. J. Pharm. Sci. 2010, 39 (1-3),
141-151.

da Rocha Neto, A. C.; da Rocha, A. B.; Maraschin,
M.; Di Piero, R. M.; Almenar, E. Factors Affecting
the Entrapment Efficiency of B-Cyclodextrins and
Their Effects on the Formation of Inclusion
Complexes Containing Essential Oils. Food
Hydrocoll. 2018, 77, 509-523.

Yue, P. F.; Lu, X. Y.; Zhang, Z. Z.; Yuan, H. L;
Zhu, W. F.; Zheng, Q.; Yang, M. The Study on the
Entrapment Efficiency and In Vitro Release of
Puerarin Submicron Emulsion. AAPS
PharmSciTech 2009, 10, 376-383.

Rachmadi, U. W.; Permatasari, D.; Rahma, A.;
Rachmawati, H. Self-Nanoemulsion Containing
Combination of Curcumin and Silymarin:
Formulation and Characterization. Res. Dev.
Nanotechnol. Indones. 2015, 2 (1), 37-48.
Michalowski, C. B.; Guterres, S. S.; Dalla Costa, T.
Microdialysis for Evaluating the Entrapment and
Release of a Lipophilic Drug from Nanoparticles. J.
Pharm. Biomed. Anal. 2004, 35 (5), 1093—-1100.
Che Marzuki, N. H.; Wahab, R. A.; Abdul Hamid,
M. An Overview of Nanoemulsion: Concepts of
Development and Cosmeceutical Applications.
Biotechnol. Biotechnol. Equip. 2019, 33 (1), 779-
797.

Lovelyn, C.; Attama, A. A. Current State of
Nanoemulsions in Drug Delivery. J. Biomater.
Nanobiotechnol. 2011, 2 (5), 626.

Sato, Y.; Baba, H.; Yoneyama, C.; Inomata, H.
Development of a Rolling Ball Viscometer for
Simultaneous Measurement of Viscosity, Density,
Bubble-Point Pressure of CO:-Expanded Liquids.
Fluid Phase Equilib. 2019, 487, 71-75.

Li, Q.; Dang, L.; Li, S.; Liu, X.; Guo, Y.; Lu, C.;
Kou, X.; Wang, Z. Preparation of a-Linolenic-Acid-
Loaded Water-in-Oil-in-Water Microemulsion and
Its Potential as a Fluorescent Delivery Carrier with
a Free Label. J. Agric. Food Chem. 2018, 66 (49),
13020-13030.

Bhosale, R. R.; Osmani, R. A.; Ghodake, P. P.;
Shaikh, S. M.; Chavan, S. R. Nanoemulsion: A
Review on Novel Profusion in Advanced Drug


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(4), 424-436 | ISSN:2251-6727

Delivery. Indian J. Pharm. Biol. Res. 2014, 2 (1),
122.

70. Kim, B. S.; Won, M.; Yang, Y.; Lee, K. M.; Kim, C.
S. In Vitro Permeation Studies of Nanoemulsions
Containing Ketoprofen as a Model Drug. Drug
Deliv. 2008, 15 (7), 465-469.

71. Eqgbal, A.; Ansari, V. A.; Hafeez, A.; Ahsan, F.;
Imran, M.; Tanweer, S. Recent Applications of
Nanoemulsion Based Drug Delivery System: A
Review. Res. J. Pharm. Technol. 2021, 14 (5),
2852-2858.

72. Tai, Z.; Huang, Y.; Zhu, Q.; Wu, W.; Yi, T.; Chen,
Z.; Lu, Y. Utility of Pickering Emulsions in
Improved Oral Drug Delivery. Drug Discov. Today
2020, 25 (11), 2038-2045.

73. Marku, D.; Wahlgren, M.; Rayner, M.; Sj66, M.;
Timgren, A. Characterization of Starch Pickering
Emulsions for Potential Applications in Topical
Formulations. /nt. J. Pharm. 2012, 428 (1-2), 1-7.

74. Collins-Gold, L. C.; Lyons, R. T.; Bartholow, L. C.
Parenteral Emulsions for Drug Delivery. Adv. Drug
Deliv. Rev. 1990, 5 (3), 189-208.

75. Peng, C. C.; Bengani, L. C.; Jung, H. J.; Leclerc, J.;
Gupta, C.; Chauhan, A. Emulsions and
Microemulsions for Ocular Drug Delivery. J. Drug
Deliv. Sci. Technol. 2011, 21 (1), 111-121.

76. Saalbach, K. P. Nasal and Pulmonary Routes of
Drug Delivery. In Novel Platforms for Drug
Delivery Applications; Woodhead Publishing: 2023;
pp 569-606.

77. Shah, R. R.; Brito, L. A.; O’Hagan, D. T.; Amiji, M.
M. Emulsions as Vaccine Adjuvants. In Subunit
Vaccine Delivery; 2015; pp 59-76.

78. Joshi, S.; Petereit, H. U. Film Coatings for Taste
Masking and Moisture Protection. Int. J. Pharm.
2013, 457 (2), 395-406.

79. Guzman, E.; Ortega, F.; Rubio, R. G. Pickering
Emulsions: A Novel Tool for Cosmetic Formulators.
Cosmetics 2022, 9 (4), 68.

436


http://www.jchr.org/

