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ABSTRACT
Nanoemulgel is a hybrid formulation composed of nanoemulsion and a gelling agent. The nanoemulsion incorporate the benefit of natural

oil and the therapeutic effect of active pharmaceutical ingredient. The presence of a gelling agent enhances the contact time with skin layer. It offers a
new way to enhance both therapeutic effectiveness and aesthetic performance. Nanoemulgel, apart from increase drug retention it also enhances
solubility, and skin penetration, with gel like consistency. It is topically applied for various therapeutic purpose in various skin diseases such as psoriasis,
candidiasis etc. Now a days it emerged as a potential cosmeceutical product for anti-ageing, pigmentation, acne management, UV protection, and
nourishment. Preference to natural bioactive in nanoemulgel formulations makes it environmentally friendly and sustainable formulations. In recent
years, the formulation development with advanced evaluation methods has reported precise therapeutic accuracy with enhanced safety profiles and
performance of the nanoemugel formulations. Beside these advantages, the long-term stability, large-scale manufacture, and regulatory approval are
still challenging. The invention of multifunctional cosmeceutical preparations that smoothly combine treatment and cosmetic improvement has

advanced significantly through the advent of nanoemulgel technology.
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INTRODUCTION

The worldwide cosmetics market is expected to generate
$676.19 billion in revenue, showing its rapid growth by the year 2025.
It is anticipated that the cosmetic industry will bring in $179 billion,
accounting for a significant 42% of the market. The average American
spends $210.8 on cosmetics and skincare goods, making up 42% of the
market. Personalised shopping experiences are becoming increasingly
popular in the business, and 77% of customers are willing to pay more
for them. By the year 2025, the beauty business is predicted to reach
or surpass $800 billion at a compound annual growth rate of 5% to 8%
(11, Cosmetics are any compounds that are applied topically to the body
to improve oral hygiene, perfume, change one's look, or lessen body
odour. According to the United States, Federal Food, Drug and
Cosmetic Act of 1938, a cosmetic is any substance intended to enhance
or modify one's physical appearance. Cosmetics are usually mixtures
of chemicals, mostly derived from synthetic or natural sources. By
2026, the global cosmetics market is supposed to grow significantly.
Skin care, body hair removal, deodorants, foundation, perfumes,
sunscreen shaving cream, sunscreen, fragrances, hair and scalp
products are examples of cosmetics 21, Cosmetics can be defined as
articles that have pharmaceutical therapeutic effects, but not biological
ones, and are referred to as cosmeceuticals. It highlights skincare
products with active substances that are meant for both nourishing and
enhancing the appearance of the skin. Topical medical administration
is defined as localised drug delivery through many topical routes,
including rectal, oral, nasal, ocular, vaginal, and cutaneous. Due to its
accessibility and ease of access, the skin is the primary site for topical
medication administration (1. A topical administration method is more
beneficial as it avoids first-pass metabolism. The dosage form which
is used topically to the skin, and other ways to deliver the drug to the
skin, are considered as topical drug delivery system. The first-pass
metabolism can be negotiated by using the topical drug administration

method. The risk and inconvenience of the intravenous route therapy
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are also lessened (. Nanotechnology offers different creative solutions
to augment the value of cosmetic products through the targeted
delivery of content that demonstrates scientific innovation in research
and development. Cosmetics employed a variety of nanosystems like
microemulsion, liposomes, nanoform lipid carriers, nanoemulsion,
nanosuspension, nanoemulgel and nanospheres . Nanosystems
displayed various novel cosmetic features, like controlled content
release, site-specific targeting, more stability and improved skin
penetration of loaded compounds. Hence, the cosmeceuticals are
thought to be the fastest-growing segment of the personal care sector,
which has progressed significantly over time. In the last few years,
cosmetic science has expanded the scope of its application in various
disciplines. In cosmetics, nanosystems can help to treat a variety of
ailments, including wrinkles, photoaging, dandruff, hair damage and
hyperpigmentation []. This review highlights the various nanosystems,
especially nanoemulgel, used as cosmeceuticals for commercially
available formulations and the targeted delivery of loaded compounds.
Additionally, this review paper has described several types of
formulations and the development of different nanoemulgels in
cosmetics.

Nanoemulgel technology
The nanoemulgel technology is a contemporary cosmetic

innovation that improves in enhancing the stability, delivery and
therapeutic efficacy of several skincare products. Nanoemulgel is a
recently developed hybrid cosmetic delivery system [l For the
development of droplets of nanoemulsions having a size between 20
nm to 200 nm are added to the matrix of hydrogels. The nanoemulsion
shown in Figure 1, that will be incorporated into the gel matrix for the
development of Nanoemulgel ®. It merges the penetration-enhancing
properties of nanoemulsion with the ease of use of gels. The different
types of components of nanoemulgel shows the functions in cosmetics,

shown in the table.

Table 1: Components of a nanoemulgel with their specific functions

Co Surfactant PEG 400, Propylene glycol

Component Examples Function Reference
Active Ingredients Vitamin, Antibiotic, Antiaging, antioxidant Targeted cosmetic benefits 1l
Oil Phase Almond oil, tea tree oil, jojoba oil Solubilise lipophilic cosmetic actives, enhance skin softness (10]
Aqueous Phase Purified Water Act as a dispersion medium, hydrates skin (1
Surfactant Tween 20,60,80, Span 40.60.80 Stabilises the nanodroplets by reducing interfacial tension (121
[
]

Improves transparency and stabilises droplets 131
]

Gelling Agent Carbopol 940, HPMC

Provides Smooth texturing, spreadability, and viscosity

14

Figure 1: Nanoemulsion (Introduced to the matrix of gel to form nanoemulgel)
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Nanoemulgel offers various number of benefits for cosmetic
product formulations. The most vital advantages are their
thermodynamic stability, which effectively lessens the common
problems like coalescence and creaming, maintaining the product's
integrity and efficacy over time. Such a type of stability is very
essential for the integrity of nanoemulgel, a cosmetic composition that
especially contains delicate active compounds [13]. The nanoemulgel
have small size, which helps in facilitating the permeation of active
ingredients topically, additionally enhancing the pharmacodynamic
response at the specific site, and it improves the cosmetic product's
effectiveness. The components like peptides, antioxidants and multi-
vitamins are easily delivered and show desired effects as they are
absorbed efficiently ['*]. Moreover, the development and adaptability
of the nanoemulgel help to encapsulate both hydrophilic and lipophilic
molecules, making the formulation flexible, which promotes a broad
spectrum of active ingredients. This flexibility facilitates the
multipurpose products that are suited to a variety of consumer desires
and broadens the formulation possibilities ['7]. Furthermore,
nanoemulgel also makes aesthetic contributions by developing
transparent or translucent formulations. Consumers are more inclined

to be drawn to these aesthetically pleasing items because they usually
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associate the clarity with efficacy and purity. Potent chemical
compounds can easily be delivered via the nanoemulgel formulation.
Furthermore, the environmentally friendly compounds can be used for
the development of nanoemulgel. The nanoemulgel formulation has
significance due to its several characteristics, which make the products
long-lasting, like anti- ageing cream and moisturisers [18],
Significantly, the nanoemulgel can be formulated by using non-toxic
substances and environmentally friendly materials, making them safe
for a wide range of consumers and suitable for sensitive skin
applications. The combined effect of strength, increased absorption,
visual appeal, and controlled release and safety highlights the
important role of nanoemulgel in the development of modern cosmetic
products' sophistication and efficacy %],

Formulation design for cosmetic applications
Nanoemulsion or emulsion composed of o/w or w/o type

nanodroplets, and the gelling agents are the two separate systems that
are used to formulate the nanoemulgel. There will be either aqueous
phase or oily phase in both types of emulsion. The gel base consists of
the polymers which may swelled as the liquid absorbed™. The
components which are used for the formulation of nanoemulgel are

shown in Figure 2.

Figure 2: Components Of Nanoemulgel

Components of

Nanoemulgel

The oil phase, which is also known as the lipophilic phase,
is a crucial drug carrier which solubilises compounds with a lipophilic
nature and increases their absorption across the lipid layers. The
formulated nanoemulgel can penetrate the cell walls, which allows the
effective delivery of potent lipophilic medications. Various modified
vegetable oils, fats like olive, palm and corn oils, as well as sesame,
soybean, peanut oils, beeswax, hydrogenated soybean, Captex 355,
Myritol 318, and IPM are examples of acceptable oil phases [?!l. To
facilitate the component dispersion, surfactants play a vital role in
lessening the interfacial tension, and they possess strong solubilization
capacity for hydrophobic components. For the development of
nanoemulsion, the selection of surfactant is essential, having a high
HLB (> 10) surfactants like polysorbate 80 forming oil/water (o/w)

nanoemulsions, while lower HLB (< 10) surfactants, such as sorbitan

Co-surfactant

monoesters, create water/oil (w/o) nanoemulsions. Typically, non-
ionic surfactants like polysorbate 80, lecithins and poloxamers are
preferred over ionic surfactants due to potential toxicological risks.
Co-surfactants are required in the development of a formulation if the
surfactant does not sufficiently reduce the interfacial tension. The use
of such co surfactant helps in enhancing the fluidity at the interfacial
surface by helping in the penetration of the surfactant monolayer,
aiding in the prevention of the formation of a rigid film 2. In the
development of nanoemulgel from the nanoemulsion droplets, there is
a requirement for gelling agents to stabilise a cohesive three-
dimensional structural network for the topical application, stabilising
formulation and optimising the delivery of the drug at a specific site.
The characteristics include consistency, spreadability, rheological

properties, bio-adhesion pharmacokinetics, and extrudability, are
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affected by gelling agents. Natural gelling agents, including bio-
polysaccharides,  provide  excellent  biocompatibility — and
biodegradability but are subject to microbial degradation.
Semisynthetic agents, like cellulose derivatives, are stable and offer
good biocompatibility, while synthetic agents, such as carbomers and
poloxamers, are FDA-approved and provide diverse rheological
properties 1231,

Method of preparation of nanoemulgel
Preparation of pseudoternary phase diagram
Phase diagrams will be created by mixing oil, water, and co-

surfactant/surfactant mixtures at fixed weight ratios. This will be
obtained by weighing ingredients, titrating with water, and stirring at
room temperature. The visual appearance of the formulation confirms
the monophasic/biphasic system. If there is phase separation or any
sign of turbidity seen, then the sample will be considered as biphasic
[24]

Before the preparation of nanoemulgel, first, there will be the
formulation of nanoemulsion, which takes place using several types of
techniques. These techniques can be high-energy and low-energy
techniques for the preparation of nanoemulsions. High-energy
techniques like microfluidization, high-pressure homogenization, and
ultrasonication. These are all techniques employing mechanical energy
to formulate the nanosized droplets. In the High-pressure
homogenization techniques, there will be generation of tiny droplets
under extreme turbulence and shear at high pressure, but it can raise
the temperature of the emulsion[?*], For the effective size reduction, the
techniques named Microfluidization utilise very strong turbulence and
hydraulic shear at high pressure, while in the other techniques, like
ultrasonication, it modifies the ultrasonic energy to achieve the desired
particle size, primarily suited for all types of small batch formulation
of emulsion. Low-energy methods depend on chemical energy for the
process of emulsification, with techniques of phase inversion
emulsification, which changes the self-emulsification and surfactant
curvature, forming the nanoemulsion droplets without altering
surfactant properties. This review also discusses the use of various
gelling agents to create semi-solid nanoemulgels, which involves
mixing drug-loaded nanoemulsions with gelling agents while
stabilising pH with triethanolamine, allowing for a homogeneous gel
dispersion over 24 hours 2],

Characterisation of Nanoemulgel *7]
Determination of encapsulation efficiency

Zeta potential

Determination of particle size
Polydispersity index (PDI)
Viscosity

Refractive index
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Dilutability test

Conductance measurement

Osmolarity & pH measurement

Interfacial tension

Fourier transform infrared (FTIR) spectroscopy analysis.
Atomic Force Microscope (AFM)

In vitro skin permeation studies

In vitro drug release studies

In vivo study

Stability study

Mechanism of skin penetration
Through the process of diffusion, drugs permeate the skin's

epidermal layer and its appendages. Three routes—the transcellular
route, the paracellular lipid route, and the transappendgeal route can
permit drugs to enter the body?®]. The transcellular route involves drug
molecules crossing the skin through phospholipid membranes and
dead keratinocytes' stratum corneum, allowing small and moderately
lipophilic molecules to enter the cytoplasmic domain 281, This route is
limited to highly lipophilic and large molecules. The paracellular route
allows hydrophilic molecules to permeate through lipid membranes,
allowing them to remain in the lipid moiety and stay around the keratin.
The transappendgeal route, also known as the shunt route, transports
large and water-soluble drug molecules, covering only 0.1% of the skin
surface. This route is crucial for ions and large polar molecules that
hardly permeate through the stratum corneum %1,

Cosmeceutical applications of nanoemulgels
Due to the unique combination of nano-sized droplets with a

gel-based matrix of nanoemulgels formed by highly advanced
cosmetic delivery systems, the stability, penetration, and
bioavailability of different cosmetic active compounds are enhanced.
The smaller droplet-like size enables the deeper penetration of active
constituents into the skin, along with the gel-like structures, which
improve the spreadability, controlled release of components, aesthetic
appeal and make them superior to conventional lotions and creams 3%,
These factors allow the nanoemulgels to perform effectively when
applied across the multi cosmeceutical domains, like skin whitening,
anti-acne, anti-ageing, sun protection, hydration, anti-inflammatory,
hair and scalp applications and anti-pollution ', The given figure
shows that the “Cosmeceutical Applications of Nanoemulgels” helps
to represent the wide and versatile application of nanoemulgel.

Similarly, the given table shows the major cosmeceutical categories,
with active ingredients and mechanism of action, with the specific
advantages of the nanoemulgel-based delivery system. The table
describes the improved stability, product performance, boost dermal
penetration and enhance overall consumer acceptability across diverse

skin care and haircare formulations.
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Figure 3: Cosmeceutical applications of Nanoemulgels

Skin Whitening

S

Anti-Aging

Kl

. Acne Treaatment

ISSN NO. 2320 - 7418

Anti-Cellulite -
~ Cosmeceutical
Applications of
~ Nanocemulgels —— Sunscreens
Anti-Pollution / \
Hair & Scalp Care Hydration
Table 2: Cosmeceutical Nanoemulgel with their mode of action

Co(s:l::ecge::;cal Active Components Mode of Action Outcomes References
Anti cellulite Caffeine, Carnitine Increased deh:/i:gl;: subcutancous Improved skin tightening (321,331
Skin whitening Kojic acid, Niacinamide Enhanced solubility through the Fast.er deplgmentt}tlon, (341, 135]

stratum corneum Higher penetration
Sunscreen Zinc oxide, titanium dioxide Improves UV coverage Higher SPF, invisible finish 361
Hair applicants Biotin, Ketoconazole Improved follicular penetration Better scalp, enhanced follicle stimulation 1371, [38]
Anti inflammatory Curcumin, Aloe vera Increases the stability of polyphenols Improved soothing effect, better healing 191 1391
Moisturization Hyaluronic acid, ceramides Boosts deeper lipid delivery Long-lasting hydration 401, [41]
Acne management | Clindamycin, Salicylic acid Enhance follicular targeting Reduced dryness, improved tolerability 1421 1431
Photoprotection Avobenzone, Octocrylene Enhances photostability Non-greasy texture, transparent finish (441

Anti-aging Retinol, Vitamin E Protects unstable molecules Increased collagen synthesis [43]. [46]
Anti-pollution Vitamin C, Ferulic Acid Increase chemical stability Protection against OXK::;;;? stress, environmental 47 (48]
Anti-oxidant Green tea Polyphenols Continuous antioxidant release Retinol gels, antioxidant anti-ageing gel 1491, 1501
Anti-wrinkle Resveratrol Deeper dermal targeting Reduced wrinkles, improved firmness 5111521

Figure 4: The recent trends and innovations in cosmetic nanoemulgels

Safety, regulatory, and consumer perspectives
Nanoemulgel-based cosmetics have safety assessments that

are essential, as the nanoscale droplets influence the skin permeation
and biological interactions. However, the dermatological evaluations,
like irritation, sensitisation, stability testing and photo toxicity are
performed with the help of advanced analyses like particle size
measurement, zeta potential and cytotoxicity studies, which ensure
skin compatibility ¥l. Regulatory bodies also maintain restricted
oversight: the U.S. FDA needs the detailed safety documentation for
the nanoemulgel formulation, the EU Cosmetics Regulatory bodies
give the instructions and labelling of nano ingredients and Indian
agencies like BIS and CDSCO, which emphasise the GMP compliance

[56].

and risk assessment of nanoparticles From the consumer

( ~ - ~
Natural and Multifunctional Marketed
Eco-Friendly and Smart Cosmetic

Nanoemulgels Delivery Systems Products and
Patents

Plant-derived oils Stimuli-responsive

Biodegradable delivery Whitening serums

surfactants All-in-one « Sunscreen gels

Green synthesis formulations Anti-acne treatments
Advanced release Patents (2020-2025)

N - \.__profiles )

perspectives, the nanoemulgel is increasingly accepted as it has
lightweight, improved penetration and enhanced performance in
products like hydration, antiaging and dermal repair formulationst7],
The market trends reveal the increasing interest in scientifically
backed, fast-acting skincare solutions, although the consumer trust still
relies on the clear communication of safety, transparent labelling and
responsible marketing to ensure confidence in nano-based cosmetic
products [>81,

Challenges and future outlook
Nanoemulgels, which incorporate the active components,

have several advantages but still face problems and challenges mainly
related to the large-scale production, cost and stability. Moving

towards the industries from the lab scale requires restriction control
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over the droplet size and viscosity along high-energy emulsification
equipment, which makes the process expensive and technically
demanding P°l. Texture changes, Ostwald ripening and phase
separation are the stability issues which are critical concerns for
cosmetic products, which help in maintaining the shelf life and quality
of the product. Moreover, the expensive and premium surfactants,
natural oils and gelling agents limit the wide use in the large-scale or
industrial-level formulations. The cosmetic industry is mainly focusing
on the eco-friendly nanoemulgel formulation by using natural
surfactants, biodegradable polymers and solvent-free or low-energy
manufacturing methods [%°1. Recent research shows the eco-friendly,
stimuli-responsive and multi-tasking nanoemulgel, which can deliver
moisturising, anti-ageing and protective benefits in a single product.
Along with the growing interest of consumers and a clearer regulatory
framework, nanoemulgels become a key platform in the next
generation of cosmetic nanoemulgels formulation, which provides the
challenges in scale up, long-term stability and cost effectiveness are
successfully addressed [,

CONCLUSION

Nanoemulgel technology gives a flexible and effective
substrate for delivering different types of active components, which is
a major contribution in contemporary cosmetic research. In
comparison to traditional formulations, nanoemulgels provide higher
skin permeation, stability, and aesthetic appeal by fusing the high
solubilization capacity of nanoemulgels with the superior spreadability
and skin-adhesion of gel systems. Recent studies have gradually
overcome these constraints through innovative formulation strategies
and more environmentally friendly manufacturing processes, despite
hurdles that involve scale-up, long-term stability, and regulatory
compliance. Along with enhancing the consumer demand for effective,
lightweight and scientifically backed cosmetic products, nanoemulgels
are becoming the next generation of skincare and personal care
products. Next-generation skincare and personal care products are
expected to use nanoemulgels extensively.
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