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Abstract

Nanoemulsions are colloidal dispersions of two
immiscible liquids with droplet sizes ranging from
20-200 nm. Their small droplet size, large surface
area, enhanced stability, and improved solubilization
of poorly water-soluble drugs make them promising
carriers for drug delivery. Nanoemulsions have
gained considerable attention in pharmaceutical,
cosmetic, and food applications due to their ability to
improve bioavailability and therapeutic efficacy. This
review summarizes the classification, formulation
components, preparation methods, stability, and
characterization of nanoemulsions, with emphasis on
the role of surfactants in formulation development. It
also highlights recent advances in topical drug
delivery using nanoemulgels, along with their
applications, evaluation parameters, challenges, and
future prospects. Overall, nanoemulgels represent an
effective and versatile platform for enhancing topical
drug delivery and therapeutic outcomes.
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I. Introduction:

Emulsions are biphasic colloidal systems
composed of two immiscible liquids, in which one
liquid (the dispersed or internal phase) is distributed
as fine droplets within another liquid (the continuous
or external phase). Depending on the nature of the
continuous phase, emulsions are classified as oil-in-
water (O/W), water-in-oil (W/O), or multiple
emulsions. Owing to their ability to incorporate both
hydrophilic and lipophilic substances, emulsions
have found extensive applications in pharmaceutical,
cosmetic, food, and biomedical industries. In
pharmaceutical formulations, emulsions enhance the
solubility, stability, and therapeutic efficacy of poorly
water-soluble drugs while improving patient
acceptability and dosage flexibility.

Nanoemulsions are advanced colloidal
delivery systems characterized by droplet sizes
typically ranging from 20 to 200 nm. Unlike
conventional emulsions, nanoemulsions possess high
kinetic stability, a large interfacial surface area,
optical transparency or translucency, and enhanced
drug-loading capacity. These unique physicochemical
properties facilitate improved dissolution, increased
bioavailability, controlled drug release, and targeted
drug delivery, making nanoemulsions attractive
carriers for both synthetic drugs and bioactive
phytoconstituents. Their small droplet size also
enhances cellular uptake and permeation across
biological membranes, thereby improving therapeutic
outcomes. [1-8]

The formation and stabilization of
nanoemulsions primarily depend on the selection of
appropriate surfactants and co-surfactants, which

reduce interfacial tension and prevent droplet
coalescence  through steric or electrostatic
stabilization. ~ Various preparation techniques,

including high-energy methods such as high-pressure
homogenization and ultrasonication, as well as low-
energy methods based on phase inversion and
spontaneous emulsification, have been successfully
employed to produce stable nanoemulsions with
desirable characteristics.

In recent years, nanoemulsion-based drug
delivery systems have gained considerable attention
due to their versatility in delivering drugs through
oral, topical, transdermal, ocular, nasal, pulmonary,
and parenteral routes. They have demonstrated
significant potential in improving the therapeutic
performance of poorly soluble drugs, peptides,
proteins, vaccines, and herbal bioactive compounds.
Furthermore, nanoemulsions offer advantages such as
enhanced  physical stability, protection  of
encapsulated drugs from degradation, reduced
systemic toxicity, and improved patient compliance.

This review comprehensively discusses the
classification, formulation components, preparation
techniques, characterization methods, stability
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aspects, and pharmaceutical applications of
nanoemulsions. In addition, recent advances in
nanoemulsion-mediated drug delivery, clinical
applications, current challenges, and future
perspectives are  highlighted to provide a
comprehensive understanding of their role in modern
pharmaceutical research.

II.  History of Nano emulsion:

The evolution of nanoemulsions is closely
associated with advancements in colloidal science
and nanotechnology. Conventional emulsions have
long been used in pharmaceutical, food, and cosmetic
formulations; however, their poor physical stability
limited their applications. During the 1980s and
1990s, the  development of  high-energy
emulsification techniques, such as high-pressure
homogenization, microfluidization, and
ultrasonication, enabled the production of emulsions

with droplet sizes in the nanometer range.
Subsequently, low-energy methods, including
spontaneous emulsification and phase inversion

techniques, further improved formulation efficiency.

In recent decades, nanoemulsions have
emerged as promising drug delivery systems due to
their ability to enhance the solubility, stability,
bioavailability, and therapeutic efficacy of poorly
water-soluble drugs. Today, nanoemulsions are
extensively investigated for oral, topical, transdermal,
ocular, pulmonary, and parenteral drug delivery, with
growing applications in targeted therapy and
nanomedicine. [1-8]

Nanoemulgel

A nanoemulgel is a hybrid topical drug
delivery system prepared by incorporating a
nanoemulsion into a gel base. It combines the
advantages of nanoemulsions, such as enhanced
solubility, improved skin penetration, and increased
bioavailability, with the desirable properties of gels,
including high viscosity, ease of application, and
prolonged residence time. Nanoemulgels are
particularly effective for the topical delivery of
poorly water-soluble drugs and phytoconstituents,
offering improved therapeutic efficacy, stability, and
patient compliance.

III.  Advantages of Nanoemulgel

e Enhances the solubility of poorly water-
soluble drugs.

e Improves skin permeation and topical drug
absorption.

e Increases topical
therapeutic efficacy.

bioavailability — and

e Provides
release.

e Protects drugs and phytoconstituents from
chemical degradation.

e Improves the physical and chemical stability
of formulations.

e Reduces the required drug dose and dosing
frequency.

e Enhances patient compliance due to ease of
application and non-greasy nature.

o Offers good spreadability, aesthetic appeal,
and patient acceptability.

e Suitable for the delivery of both hydrophilic
and lipophilic drugs.

e Enables co-delivery of multiple therapeutic
agents in dual-loaded formulations.

e Facilitates large-scale manufacturing with
good formulation stability. [11-15]

controlled and sustained drug

IV.  Limitations of Nanoemulgel

e Requires careful selection of oils,
surfactants, and co-surfactants.

e High surfactant concentrations may cause
skin irritation or toxicity.

e Susceptible to physical instability under
unsuitable storage conditions.

e Sensitive to temperature changes, which
may affect formulation stability.

e May undergo Ostwald ripening, leading to
droplet growth over time.

e Formulation optimization is complex and
time-consuming.

e  Manufacturing costs are higher than those of
conventional gels.

e Preparation may require specialized
equipment such as high-pressure
homogenizers or ultrasonication.

o Long-term stability evaluation is essential to
ensure product quality.

e Scale-up and industrial production can be
technically challenging. [15-18]

V.  Applications of Nanoemulgels
Nanoemulgels have been widely investigated for
topical drug delivery due to their enhanced skin
permeation and therapeutic efficacy. Their major
applications include:

e Management of psoriasis.

Treatment of atopic dermatitis and eczema.
Therapy for acne vulgaris.

Wound healing and burn management.
Treatment of fungal skin infections.

Relief of pain and inflammation.
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e Cosmetic and dermatological formulations.

e Topical delivery of herbal bioactive
compounds such as catechin, ferulic acid,
curcumin, and other phytoconstituents.

e Targeted and controlled delivery of poorly
water-soluble drugs. [13-20]

VI.  Methods of Preparation of Nanoemulgel

Nanoemulgels are prepared in two stages: (i)
preparation of the nanoemulsion and (ii)
incorporation of the nanoemulsion into a suitable
gel base. The selection of the preparation method
depends on the physicochemical properties of the
drug, formulation components, desired droplet size,
and stability.

Flowchart:

Preparation of Nanoemulgel
Drug + Oil Phase

v
Addition of Surfactant and Co-surfactant

v
Preparation of Coarse Emulsion

v
Nanoemulsion Preparation Techniques

* High-Energy Emulsification
* Ultrasonication
* High-Pressure Homogenization
* Phase Inversion Method
* Spontaneous Emulsification
* Microfluidization

v
Formation of Stable Nanoemulsion
(Droplet size: 20200 nm)

v
Preparation of Gel Base (Carbopol 934/940)

v
Neutralization with Triethanolamine (TEA)
(pH adjusted to 5.5-6.5)

v
Incorporation of Nanoemulsion into Gel Base

v
Gentle Stirring Until Homogeneous

v
Evaluation of Nanoemulgel
(Particle Size * pH * Viscosity * Spreadability ¢
Drug Content ¢ In-vitro Drug Release ¢ Stability)

v
Final Nanoemulgel for Topical Application

1. High-Energy Emulsification

High-energy methods employ mechanical forces to
reduce droplet size to the nanometer range (20-200
nm). A coarse emulsion is prepared by mixing the oil
and aqueous phases, followed by high-pressure
homogenization or ultrasonication. The optimized
nanoemulsion is then incorporated into a gel base
such as Carbopol 934 or Carbopol 940, and the pH is
adjusted using triethanolamine (TEA).

Advantages: Produces small and uniform droplets,
improves drug solubility, skin permeation, and
formulation stability.

Limitation: Requires specialized equipment and high
energy input.

2.Ultrasonication

Ultrasonication utilizes ultrasonic waves to reduce
droplet size through cavitation. A coarse emulsion is
sonicated under controlled conditions and then
incorporated into the gel base.

Advantages: Simple, rapid, suitable for heat-
sensitive drugs, and produces uniform nano-sized
droplets.

Limitation: Excessive
sensitive drugs.
3.High-Pressure Homogenization

In this method, a coarse emulsion is passed through a
narrow valve at high pressure (500-2000 bar),
generating intense shear forces that produce nano-
sized droplets.

Advantages: High reproducibility, excellent droplet
size uniformity, and suitable for industrial-scale
production.

Limitation: High equipment and operational costs.

4. Phase Inversion Method

This low-energy technique induces phase inversion
by changing the temperature or composition of the
system. Water is gradually added to the oil-surfactant
mixture under continuous stirring to obtain a stable
nanoemulsion.

Advantages: Low energy requirement, cost-
effective, and suitable for thermolabile drugs.
Limitation: Requires careful optimization of
formulation variables.

sonication may degrade
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5. Spontaneous Emulsification

The oil phase containing the drug, surfactant, and co-
surfactant is slowly added to the aqueous phase under
gentle stirring, resulting in spontaneous formation of
nano-sized droplets.

Advantages: Simple, economical, and does not
require sophisticated equipment.
Limitation: Requires relatively high
concentrations.

6.Microfluidization

A coarse emulsion is forced through microchannels at
high pressure, where opposing fluid streams generate
nano-sized droplets with narrow size distribution.
Advantages: Produces highly uniform and stable
nanoemulsions and is suitable for large-scale
manufacturing.

Limitation: Requires expensive instrumentation.
Preparation of Nanoemulgel

The optimized nanoemulsion is incorporated into a
hydrated gel base containing Carbopol 934 or
Carbopol 940 (0.5-2% w/w). Preservatives and
humectants may be added if required. The pH is
adjusted to 5.5-6.5 using triethanolamine to obtain a
homogeneous and stable nanoemulgel, which is then
stored in airtight containers until further evaluation.
[1-3, 11-18]

surfactant

VII. Evaluation Parameters of Nanoemulgel
Nanoemulgels are evaluated to ensure their quality,
stability, safety, and therapeutic efficacy for topical
drug delivery. The major evaluation parameters are
as follows:

1. Physical Appearance

The formulation is examined visually for color,
homogeneity, consistency, clarity, and the absence of
phase separation, grittiness, or air bubbles.

2. pH Determination

The pH is measured using a calibrated digital pH
meter. An ideal pH range of 5.0-7.0 ensures
compatibility with the skin and minimizes irritation.
3.Droplet (Globule) Size

Droplet size is determined by Dynamic Light
Scattering (DLS).Nanoemulsions with droplet sizes
of 20-200 nm exhibit improved stability, drug
release, and skin permeation.

4.Polydispersity Index (PDI)

PDI indicates the wuniformity of droplet size
distribution. A PDI < 0.3 reflects a homogeneous and
stable nanoemulsion.

5.Zeta Potential

Zeta potential is measured to assess the surface
charge and physical stability of the formulation.
Values of £30 mV or higher generally indicate good
stability against aggregation.

6.Viscosity

Viscosity is measured using a Brookfield viscometer
to ensure appropriate consistency, ease of
application, and prolonged residence time on the
skin.

7. Spreadability

Spreadability is evaluated by the glass slide method
to determine the ease of gel application and uniform
distribution over the skin.

8. Drug Content

Drug content is determined using UV-Visible
spectrophotometryorHigh-Performance Liquid
Chromatography (HPLC) to ensure uniform drug
distribution within the formulation.

9. In Vitro Drug Release

Drug release studies are performed using a Franz
diffusion cell with a dialysis or synthetic membrane
to evaluate the release profile of the drug.

10. Ex Vivo Skin Permeation

Permeation studies are conducted using excised
animal or human skin in a Franz diffusion cell to
assess drug permeation across the skin.

11. SKin Irritation Study

The formulation is evaluated for skin compatibility
by assessing erythema, edema, or other signs of
irritation using validated in vivo or alternative
methods.

12. Stability Studies

Stability studies are carried out according to ICH
guidelines under different storage conditions to
evaluate changes in appearance, pH, droplet size,
viscosity, drug content, and phase separation over
time. [11-20]

VIII.  Conclusion

Nanoemulgels have emerged as an advanced
topical drug delivery system that combines the
advantages of nanoemulsions and hydrogels to
enhance the therapeutic performance of topical
formulations. Their nanosizeddroplets improve drug
solubility,  stability, skin  permeation, and
bioavailability, while the gel matrix provides suitable
viscosity, improved  spreadability, prolonged
residence time, and better patient compliance. Owing
to these unique properties, nanoemulgels have shown
significant potential in the treatment of various skin
disorders, including inflammatory, fungal, and
wound-related conditions. They also offer controlled
drug release, enhanced skin retention, and reduced
systemic side effects compared with conventional
topical dosage forms. Despite challenges related to
formulation optimization, stability, and large-scale
production, continuous advancements in
nanotechnology and formulation strategies are
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expected to

facilitate the successful clinical

translation and commercialization of nanoemulgel-
based products. Thus, nanoemulgels represent a
versatile and promising platform for the effective

delivery  of

topical therapeutics in modern

pharmaceutical research.
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