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ABSTRACT

Nanotechnology is transforming the cosmetics and cosmeceutical
industry by enabling the development of products that are more
efficient, stable, and consumer-friendly. Nanoparticles, which range
between 1 and 100 nanometers in size, exhibit unique properties such
as a large surface area, improved solubility, transparency, and the
ability to deliver active ingredients in a slow, controlled, and targeted
manner. These qualities make them highly suitable for transporting
bioactive compounds like vitamins, antioxidants, UV filters, and
peptides into deeper layers of the skin, offering longer-lasting and
more noticeable results compared to conventional formulations. Based
on their composition, nanoparticles are broadly classified into two
groups: inorganic and organic. Inorganic nanoparticles such as gold,
silver, titanium dioxide, zinc oxide, and aluminum oxide are well

recognized for their roles in UV protection, antimicrobial activity, and

anti-aging formulations. On the other hand, organic nanoparticles—including liposomes,

solid lipid nanoparticles, nanoemulsions, cubosomes, dendrimers, and chitosan systems—are

widely used to deliver both hydrophilic and lipophilic actives. These carriers are applied in a

wide range of cosmetic and personal care products, including sunscreens, moisturizers, anti-

aging creams, whitening agents, acne treatments, perfumes, and hair care solutions. To

prepare nanoparticles with the desired size and stability, methods such as solvent evaporation,

Nano precipitation, Ultrasonication, high-pressure homogenization, and spray drying are

employed, while safety and quality are assessed using techniques like light scattering, zeta
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potential analysis, spectroscopy, and microscopy. Although nanotechnology-based cosmetics
provide enhanced absorption, controlled release, greater stability, and improved product feel,
concerns remain regarding deep tissue penetration, oxidative stress, bioaccumulation,
environmental impact, and the absence of strict safety regulations. In conclusion,
nanotechnology holds tremendous promise for advancing cosmetic science by combining
effectiveness with innovation, but long-term studies on safety, sustainability, and regulation

are essential to ensure its responsible application and to build consumer trust.
KEYWORDS: Nanotechnology, Cosmetics, Controlled release, Cosmetic science.

INTRODUCTION

The design, characterization, manufacturing, and use of structures, devices, and systems by
altering size and shape at the nanometer scale—which covers the size range of 1 nanometer
to 100 nanometers (nm), where 1 nanometer is one billionth of a meter—are all included in
the cutting-edge science of nanotechnology. Applications of nanotechnology have been found
in a variety of scientific fields, including electronics, medicine, and cosmetics, where it is
now known as nanocosmetics. Due to the improved characteristics that nanoparticles achieve,
such as color, transparency, and solubility, nanotechnology has a significant impact on the
cosmetics industry. Solid lipid nanoparticles, liposomes, fullerenes, and nanosomes are

among the several kinds of nanomaterials used in cosmetics.™"

One of the first industries to use nanotechnological concepts in product creation was the
cosmetics sector. In 2009, over 13% of the more than a thousand registered nanotechnology-
based products available on the global market were categorized as cosmetics.”” By providing
creative ideas and boosting product efficacy, nanotechnology demonstrates advancements in
the field of research and development. The use of nanotechnology in cosmeceuticals is
growing in order to address some of the shortcomings of conventional products.?!
Nanotechnology has been used in a variety of scientific disciplines, including engineering,
physics, chemistry, biology, and more. It has been used in cosmetics, health goods, and skin

preparations for almost 40 years.

Cosmetics that use biologically active ingredients with therapeutic effects on their surface are
known as cosmetics. Since they are supposed to improve appearance, they are used as
cosmetics. Cosmetic goods have proven therapeutic value on the skin, while pharmaceutical

formulations and drugs have spread from the skin to the body and hair. Numerous disorders,
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such as wrinkles, photoaging, dry skin, dark spots, uneven complexion, hyperpigmentation,
and hair damage, are treated with them.®! The application of nanotechnology has generated
advances in cosmetic research, which has raised global consumer demand.[*! Presently,
nanoparticles are getting interest in this sector, since they offer significant advantages over
commonly utilized cosmetic items. Furthermore, the global growth in the market share of
cosmetics and medicines has been significantly aided by the combination of nanomaterials.
The global nanomaterials market was valued at USD 8.5 billion in 2019 and is projected to
grow at a compound yearly growth rate of up to 13.1% between 2020 and 2027. Despite the
fact that the idea of nanomaterials—gold and silver nanoparticles—has been utilized in

cosmetics for a number of years, the range of applications has increased recently.™

The market for skincare items is expanding significantly, and cosmetics are thought to be the
segment of the personal care business with the quickest rate of growth. Several topical
cosmeceutical treatments have gained popularity for problems like wrinkles, hair damage,
photoaging, and hyperpigmentation. The benefits of nanotechnology-based cosmeceuticals
include product variety, enhanced bioavailability of active ingredients, and improved
appearance of cosmeceutical products with long-lasting effects. However, the growing
application of nanotechnology in cosmetics has sparked worries about potential health risks
and the ability for nanoparticles to pass through the skin.!®! The use of nanotechnology in
cosmeceuticals aims to prolong the wear of perfumes, sunscreens, antiaging creams, and
moisturizers so that the skin stays hydrated. Because the cosmeceuticals market is so diverse
and products come from both large and small manufacturers as well as local businesses
worldwide, the cosmeceutical industry is growing daily. As a result, nanotechnology-based
cosmeceutical products have to be created and marketed with the environment and consumer

health in mind.["!

NANOPARTICLES

The word nano derived from the Latin word nanus means tiny or dwarf. Nanoparticles are the
particles with sizes in nm range.!®! Particulate dispersions or solid particles with a size
between 1 and 100 nm are referred to as nanoparticles. The medication is encapsulated,
dissolved, trapped, or bonded to a matrix of nanoparticles. Nanoparticles, nanospheres, or
nanocapsules can be produced based on the preparation technique.! for thousands of years,
various businesses and humanity have utilized particles in these size ranges; but, because to

the ability to synthesis and manipulate such materials, there has been a recent comeback.!"
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The inclusion of nanotechnology has resulted in improvements in cosmetic science,
increasing consumer demand around the world. Since they provide more benefits than
conventional cosmetics, nanomaterials are currently garnering interest in this field.
Additionally, the combination of nanomaterials has significantly boosted the market share of

cosmetics and pharmaceuticals worldwide.™

Nanoparticles used in cosmetic products

Materials with at least one dimension in the nano range and notably different
physicochemical characteristics are called nanomaterials. For many years, the cosmetics
industry has made extensive use of these materials. When compared to micro scale cosmetics,
cosmetics containing nanoparticles exhibit greater benefits. These particles' effective
transportation, absorption, bioavailability, transparency, and long-lasting effects are all due to
their large surface area. To avoid the related toxicity, nevertheless, the concentration should

be taken into account.™

The nanoparticles are composed of different layers such as
» Core layer

> Shell layer

> Surface layer.[*”

Nanoparticles are of different shapes like Spherical, cylindrical, conical, and tubular, rod
shape or irregular. Nanomaterials can be made by two different methods either by breaking
down complex into simple or by combining small particles to form Nanoparticle.
Nanoparticles are used in different fields such as fertilizers in Agriculture, as medical devices

in medicine, also used in electronics.™**!
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Fig. 1: Different drug delivery systems in cosmetics.
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CLASSIFICATION OF NANOMATERIAL
Nanomaterials are classified into different types
1. Based on their dimensionalities

a) Zero-dimensional nanomaterial

b) One-dimensional nanomaterial

c) Two- dimensional nanomaterial

d) Three-dimensional nanomaterial

Zero-dimensional nanomaterial:- These have all three dimensions in nanoscale.

- Example: Quantum dots, fullerenes.

One-dimensional nanomaterial:-These have only one dimension outside the nanoscale.

- Example: nanotubes, nanofibers, nanowires.

Two-dimensional nanomaterial:-These have two dimensions outside the nanoscale.

- Example: nanolayers, nanofilms, nanosheets.

Three-dimensional nanomaterial:-These materials are free from dimension.

- Example: bulk powders, arrays of nanotubes, dispersion of nano particles.

2. Based on their composition
e Inorganic nanoparticle
e Organic nanoparticle

e Carbon based nanoparticle.*”

1). INORGANIC NANOPARTICLES

Inorganic nanoparticles are the particles that are not made up of carbon. It comprises
inorganic materials like ceramics, metal oxides and metals. These are widely used due too
small size and unique structural properties in the fields like drug delivery, catalysis, imaging
and environmental remediation.™ Compared to natural nanoparticles, these are safer, more
hydrophilic, biocompatible, and remarkably more stable particles. Since these nanoparticles
are made from inorganic materials (Ag, Au, Ti, etc.) and the natural ones are made from

polymers, they can be very different.[*®!
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1.1). METAL BASED NANOPARTICLES
Metal based nanoparticles can be obtained from metals such as silver, aluminium, gold, iron,

copper, zinc, cobalt, cadmium, etc. these have wide range of applications.*”!

Characteristics of metal nano particles

e High energy surface

e Their surface area to volume ratio is larger than that of bulk.
e Quantum confinement

e Plasmon excitation

e Increased number of kinks.l*”

a). Silver nanoparticles

One of the most common ingredients in cosmetics is silver nanoparticles (AgNPs).
Approximately 12% of all nanoparticles used in cosmetics are silver nanoparticles.!®
Because AgNPs have antibacterial qualities, it has been suggested that silver encourages the
disruption of the bacterial cell wall. Furthermore, Kim and colleagues (2008) showed that
AgNPs inhibit dermatophyte growth. AgNPs therefore have antibacterial and antimicrobial
qualities and function as anti-infective agents.l*”) AgNPs have anti-inflammatory properties
that help wounds and burns heal more quickly, which is why the cosmetics industry uses
them. The amount of silver in a nanosilver skin gel is thirty times lower than that of silver
sulfadiazine, a common chemical in this field. Patients with burned skin benefit from this.
AgNPs thereby restore and mend skin tissues.?”

b).Gold nanoparticles

Gold nanoparticles are the tiny particles ranging from 5 to 400 nm in size and come in
various shapes such as Nano rods nanospheres and nanotubes. These particles are inert, non-
toxic, biocompatible and stable. These can improve blood circulation, enhance skin firmness
and provide anti-ageing and anti-inflammatory benefits. They are known for being safe non-
toxic and gentle on skin which makes them perfect for wound healing, reducing inflammation
and improving skin structure. They are also used in lipsticks, deodorants, sprays, tooth paste
and even mouth fresheners because of their anti-microbial properties. Over all, gold nano

particles are a power full ingredient’s that blends beauty with science.!?!]
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c¢).Aluminium nanoparticles

Aluminium nanoparticles have unique physical, chemical and optical properties. These nano
particles are used primarily as coating agents in Titanium dioxide and Zinc oxide
formulations. It is used in cosmetics for tooth remineralisation and polishing. These are also

used to control fizzy hair.??

d). Platinum nanoparticles

Despite being excellent therapeutic agents for the treatment of cancer cells, platinum
nanoparticles appear to have unfavorable side effects.*

In one study conducted in vitro, they investigated the cytotoxic impact of platinum
nanoparticles on human ovarian teratocarcinoma, lung adenocarcinoma, By causing ovarian
teratocarcinoma cells to undergo apoptosis, the anticancer potential of pancreatic cancer cells
and healthy peripheral blood mononucleocyte cells was assessed. They discovered that
whereas normal cells had no cytotoxic effect at the greatest dose, platinum nanoparticles had
a cytotoxic effect on cancer cell types. The findings demonstrated that via inducing apoptosis
and cell cycle arrest, platinum nanoparticles exhibited strong anticancer effects against an

ovarian teratocarcinoma cell line.[?*!

When exposed to platinum nanoparticles at low levels, many stress reactions,
proinflammatory cytokine release, and modification of signal transduction that is dependent
on insulin-like growth factor-1.” Compared to larger nanoparticles, smaller ones showed

greater activation of caspases and a more detrimental effect on DNA stability.?®!

1.2).METAL OXIDE NANOPARTICLES

Because of their special physical and chemical characteristics, like heat transfer and thermal
conductivity, metal oxide nanoparticles are regarded as one of the most promising
nanomaterials in various fields. Numerous metal oxide nanoparticles have been employed in
the oil and gas sector for nearly every facet of hydrocarbon E&P, including as a catalyst,
wettability agent, enhanced oil recovery, reservoir imaging, filler or additive in
drilling/completion fluid, and for trapping and fine particle mobility control.*”! Fe,03, SiO,,
Al;O3, MgO, CeO,, TiO,, and ZnO are among the most widely employed types of metal
oxide nanoparticles. In general, there are two types of metal oxide nanoparticle fabrication:

liquid-solid and gas-solid, depending on the type of phase transformation. Because it can
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readily manipulate morphological traits like size and shape, the former is thought to be the

most straightforward and prevalent of the two.!

a). zinc oxide nanoparticles

Zinc oxide nanoparticles are inorganic chemical compound which is used in daily life and the
physiochemical properties depend on the method of preparation. Zinc oxide nanoparticles are
used in the form of creams and ointments in wound healing, also used in temporary dental
fillings. It exhibits greater stability, better crystallinity. So, they are used in degradation of

various organic impurities. It is a white powder that is in soluble in water.[?]

b). Iron oxide nanoparticles

Drug administration, magnetic resonance imaging, thermal ablation therapy, in vivo cell
tracking, and other biomedical applications have made extensive use of iron oxide
nanoparticles. magnetic separation of molecules or cells because of their super paramagnetic
characteristics. Furthermore, nanoscale zero-valent iron particles are used in environmental
cleanup due to their large specific surface area and strong reactivity.CO, absorption from the
water was greatly enhanced as an environmental remediation technique employing Nano
fluid made from iron (1, 111) oxide. The mechanism of CO, absorption was described using
the hydrodynamic effect and grazing. The absorption of gas molecules using the surfaces of
the nanoparticles at the bubble interface and the subsequent removal of the adsorbed gas
components from the surface of the nanoparticles into the fluid are related to the grazing

action.B%

c). Titanium dioxide nanoparticles

TiO, is utilized in toothpaste, paints, coatings, plastics, papers, inks, medications,
pharmaceuticals, food items, and cosmetics. Even skim milk can be whitened by using it as a
pigment. Sunscreens also contain TiO, NPs. Furthermore, TiO, has been a part of articulating
prosthetic implants for a long time, particularly for the knee and hip. Occasionally, a
prolonged inflammatory reaction to the implant material or material degradation cause these

implants to fail 2!

d). Aluminum oxide nanoparticles

Aluminum oxide nanoparticles (Al,O3; NPs) have garnered a lot of interest from a variety of
scientific and industrial domains because of their distinct bio-/physicochemical
characteristics, which include large surface area, high hardness, electrical insulation, thermal
stability, biocompatibility, and surface functionalization.?
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In comparison to its bulk form 4, Al,O3 shows improved functional performance, increased

surface area, and surface reactivity when produced as nanoparticles.

Usually found in the 1-100 nm range, these nanoparticles exhibit quantum confinement
effects, which add to their distinctive nature.*® To create Al,O5 nanoparticles with regulated

size, shape, and phase composition, a variety of synthesis methods have been devised.

These consist of mechanical milling, hydrothermal synthesis, combustion procedures, sol-gel

methods, and green synthesis employing microbes or plant extracts.!**!

Inorganic nanoparticles, such as gold(Au), silver(Ag), silica(SiO;) and aluminum
oxide(Al,03), exhibit excellent structural stability, high surface area, tunable
optical/electronic properties, and thermal resilience. These characteristics make them
particularly effective in fields such as biosensing, catalysis, and cancer theranostics.
Moreover, they are easily functionalized with biomolecules for targeted delivery, despite

their non-biodegradable nature.

2).O0RGANIC NANOPARTICLES

In cosmetics, organic nanoparticles such as liposomes, solid lipid nanoparticles, and
nanoemulsions are nanoscale (1-100 nm) delivery systems composed of biodegradable
substances like lipids, proteins, or natural polymers that provide controlled active ingredient
delivery and improved skin compatibility.®> Without the use of harsh chemical enhancers,
they improve penetration, allow controlled release, safeguard delicate bioactives from

deterioration, and increase skin retention.

TYPES OF ORGANIC NANOPARTICLESE”
Solid Lipid Nanoparticles. (SLN)

Chitosan nanoparticles.

Polymeric Nanopatrticles.

Cubosomes.

Nanoemulsions.

Dendrimers.

Liposomes.

© N o g &~ w0 D P

Niosomes.
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1). Solid Lipid Nanoparticles (SLN)

Solid lipids (such as triglycerides, fatty acids, and waxes) that stay solid at room temperature
and body temperature are the building blocks of solid lipid nanoparticles (SLNs), which are
submicron-sized particles (50-1000 nm). Surfactants like sodium cholate, lecithin, or
polysorbate 80 stabilize them. They are made up of solid lipids that, at body and room
temperature, do not change their solid state.l*®!

They were created to address issues with previous delivery methods such liposomes,
polymeric nanoparticles, and nanoemulsions.% Concerns regarding possible toxicity from
synthetic polymers were frequently raised by polymeric nanoparticles.%! The crystalline solid
lipid matrix that SLNs offer shields the active chemicals from oxidation, photodegradation,
and hydrolysis.[*Yy This makes them ideal for sensitive actives like vitamins and retinoids,
which are frequently employed in dermatological and cosmetic applications.[*) Nowadays,
SLNs are frequently found in a wide range of cosmetic formulations, such as sunscreens,
moisturizers, anti-aging creams, and acne remedies.!** Their usefulness is further expanded
by their capacity to encapsulate both lipophilic and somewhat hydrophilic compounds.t**!

2). Chitosan nanoparticles

The natural polymer chitosan, which is produced by deacetylating the chitin present in
crustacean shells, is the source of chitosan nanoparticles (CSNPs), which are organic,
biodegradable, and biocompatible nanocarriers.[**! Chitosan has polycationic qualities in
acidic conditions because it is made up of N-acetyl-D-glucosamine and (-(1—4)-linked D-
glucosamine units.*®! Chitosan's positively charged amino groups enable it to interact
strongly with biological membranes that are negatively charged.”” This enhances the
mucoadhesive and permeation-enhancing properties of chitosan nanoparticles for topical and
transdermal delivery."*® This improves the chitosan nanoparticles’ mucoadhesive and
permeation-enhancing qualities for topical and transdermal administration.!*®! Usually, ionic
gelation, emulsion-based techniques, or polyelectrolyte complexation are used to create
chitosan nanoparticles.®” Chitosan nanoparticles are frequently used in cosmetics to deliver
active substances including vitamins, antioxidants, and anti-aging chemicals in a controlled
manner.”Y Additionally, they function as film-forming agents, which increase skin hydration
and decrease trans epidermal water loss by covering the skin with a protective layer.’?
Because of their antibacterial and antifungal properties, CSNPs are used in acne treatment

and dandruff-control haircare products.®® All things considered, chitosan nanoparticles are
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becoming more and more adaptable and sustainable nanocarriers for formulations of the next

generation of cosmetics.>¥

3). Polymeric nanoparticles

Submicron carriers (10-1000 nm) made of biodegradable or biocompatible polymers
including PLA, PCL, and PLGA are known as polymeric nanoparticles. Both lipophilic and
hydrophilic cosmetic actives can be encapsulated by these particles, increasing their stability
and bioavailability. Because of their microscopic size, they can penetrate the skin more
deeply, improving the delivery of antioxidants and anti-aging substances like retinol,
resveratrol, and vitamin C. Additionally, polymeric nanoparticles prolong the shelf life and
effectiveness of active substances by protecting them from environmental deterioration such
as oxidation or photodegradation. They are therefore perfect for sunscreens, skin-lightening
products, and anti-aging lotions.”™ By providing a sustained and regulated release of active
ingredients, these nanoparticles lower the daily treatment requirements and improve patient
compliance. They avoid discomfort brought on by abrupt increases in active concentration by
gradually preserving medication concentration within therapeutic ranges. For instance,
encapsulated glycolic acid or salicylic acid, which are used to treat acne, are kinder to the
skin than their free counterparts. Furthermore, their regulated release profile improves the
functionality of therapeutic substances and lessens negative effects. Additionally, they
enhance the targeting of chemicals to particular layers of the skin, maximizing potency with a
low dosage. Because of their adjustable characteristics, polymeric nanoparticles are perfect
for cosmetics. Charge, rate of breakdown, and hydrophobicity can all be altered in the
polymer matrix. Their use in a variety of cosmetic forms, including gels, emulsions, sprays,
and serums, is made possible by this modification. They improve the way that sunscreens
distribute UV filters, whitening agents, and antioxidants. By creating a protective layer on the
skin, these nanosystems guarantee sustained active ingredient contact and stop transepidermal
water loss. Furthermore, the use of naturally occurring polymers such as chitosan and
alginate is consistent with the cosmetics industry's growing trend toward sustainable and eco-

friendly formulations.®

4). Cubosomes
Because of its small particle size (~100-300 nm) and structural resemblance to biological
membranes, cubosomes improve skin penetration. Through the slow diffusion of active

substances through the layers of the skin, their cubic phase enables continuous release. By
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momentarily upsetting the lipid layers of the stratum corneum, they can enhance medication
diffusion and retention without irritating the skin. For the delivery of active ingredients like
niacinamide, kojic acid, and vitamin E in brightening and anti-aging formulas, this feature is
quite beneficial. They are appropriate for a variety of skin types and climates due to their

ability to stay stable under changing pH and temperature conditions.®”

Even in the absence of refrigeration, cubosomes have superior colloidal and thermodynamic
stability in contrast to conventional emulsions or liposomes. They are ideal for skincare
products with a long shelf life because of their interior structure, which resists aggregation,
phase separation, and deterioration over time. Cubosomes can also be reconstituted and
freeze-dried without losing their functioning, giving producers more formulation options.
This guarantees that lotions, gels, and creams stay effective from the point of packaging until
the point of use. Because of their durability, they are perfect for adding delicate or volatile
substances like UV filters, herbal extracts, and essential oils."®!

5). Nanoemulsions

Nanoemulsions are colloidal dispersions of water and oil that are thermodynamically
kinetically stable and stabilized by surfactants or surfactant—cosurfactant combinations. They
produce transparent or translucent formulations with droplet sizes ranging from 20 to 200 nm.
Their large surface area enhances skin penetration and absorption by improving the
solubilization of hydrophobic cosmetic actives (such as vitamin E and plant oils). These
technologies extend shelf life and shield delicate substances from deterioration. In skincare,
nanoemulsions provide hydration while enhancing the transport of peptides and botanical
extracts. They also allow for the efficacy of UV-protective, anti-aging, and brightening

solutions with less irritation.%

Depending on the sensitivity of the ingredients, nanoemulsions are made utilizing both low-
energy (phase inversion temperature/composition) and high-energy (high-pressure
homogenization, ultrasonication) approaches. Consistent delivery and penetration into deeper
skin layers and hair follicles are made possible by their homogenous droplet size. They
improve the transport of antioxidants or collagenase-inhibiting agents and increase hydration
by producing a lipid film that decreases transepidermal water loss. When plant-based
nanoemulsions, such Passiflora quadrangularis oil, were clinically evaluated on volunteers,

they significantly reduced wrinkles and hydrated their skin without causing any irritation.[*"
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Because of their mild surfactant systems and regulated release, nanoemulsions are known for
their exceptional skin tolerability and low irritancy. By reducing irritation, they can
consistently enhance the effectiveness of strong actives like peptides or AHAs.
Nanoemulsions with botanical or peptide actives showed anti-sebum benefits and improved
skin texture in cosmeceutical tests, particularly in those with oily or acne-prone skin. An
important benefit of these carriers in commercial skincare products is their long-term
colloidal stability, which prevents phase separation, creaming, and coalescence during

storage.'®Y

6). Dendrimers

Dendrimers are artificial, monodisperse, highly branched macromolecules with a central core,
repeating branching units, and surface functional groups. They are usually less than 15 nm in
length. They are adaptable for delivering vitamins, peptides, and botanical extracts in
cosmetic compositions since they can contain both hydrophilic and hydrophobic actives.
Their variable surface charge and multivalency (amine-terminated PAMAM, for example)
promote bio adhesion and skin penetration. Their penetration through epidermal layers is
influenced by variables such generation size, surface charge, and hydrophobic modifications
(like oleic acid conjugation). Controlled release is still difficult, despite its effectiveness. For
safer, more accurate cosmetic administration, research is still being done on ligand-targeted

or stimuli-responsive systems.!®?

7). Liposomes

Liposomes are spherical phospholipid vesicles that range in size from around 50 to 300 nm.
They can contain both hydrophilic and hydrophobic active ingredients, including sunscreens,
vitamins, peptides, and plant extracts. Because of their structural resemblance to skin cell
membranes, the encapsulated chemicals can penetrate more easily and release gradually.
Liposomal compositions reduce irritation and oxidative degradation of sensitive chemicals
while enhancing skin hydration and barrier restoration. To further enhance cutaneous
delivery, advanced vesicle forms such as ethosomes, transfersomes, and invasomes have been
developed. Because liposomes may localize active ingredients in particular skin layers, they

can also be utilized to treat pigmentation issues, acne, and hair follicles.!*®

8). Niosomes
Similar to liposomes but more stable and less expensive, niosomes are self-assembled
vesicles made of cholesterol and non-ionic surfactants. Both hydrophilic and lipophilic
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cosmetic actives can be encapsulated by them, improving controlled release and skin

penetration. Niosomes enhance solubilization, shield delicate substances (such as peptides or

antioxidants) from deterioration, and offer prolonged delivery in topical applications. They

are perfect for formulations containing botanical extracts, sunscreens, and anti-aging creams

because they are easier to sterilize and more physically stable than liposomes. %

Table 1: Nanoparticles with advantages disadvantages and applications.

Type of Nanoparticle Advantages

Disadvantages

Applications in
Cosmetics

Transparent UV protection,

Titanium dioxide (TiO3) stable, no whitening

May penetrate damaged
skin, inhalation hazard

Sunscreens, UV creams

Broad UV protection,

Zinc oxide (ZnO) antibacterial

Possible ROS
generation, penetration
concerns

Sunscreens,
antibacterial creams

Anti-aging, anti-inflammatory,

Gold (AuNPs) skin brightening

Possible irritation,
unclear long-term safety

Anti-aging creams,
facial masks

Strong antimicrobial, extends

Silver (AgNPs) shelf life

Possible toxicity,
environmental impact

Deodorants,
antibacterial creams

Silica (SiOy) Improves texture, low cost

Inhalation hazard, long-
term safety unclear

Lipsticks, foundations

Carbon black Deep black pigment

Cytotoxicity, irritation
risk

Mascaras, eyeliners

. Better delivery of actives,
Liposomes

Stability issues, limited

Moisturizers, serums

moisturizes loading
Solid lipid nanoparticles | Protect actives, enhance Sunscreens,
(SLN/NLC) hydration General safety concerns moisturizers
Nano-hydroxyapatite Ereaﬂggrahzes teeth, safe for Limited to oral care Toothpaste, mouthwash

PREPARATION OF NANOPARTICLES
Preparation methods®®

Solvent Evaporation Method.

lon exchange method.

Emulsion Diffusion Method.

High-Pressure Homogenization.
Ultra sonication.

Spray Drying.

Supercritical Fluid Technology.

© o N o gk~ wDhPF

Sol-gel method.
10. Vacuum Deposition Method.
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1). Solvent Evaporation Method

The solvent evaporation method is a widely adopted technique for fabricating polymeric
nanoparticles, especially for drug delivery applications. This method involves dissolving a
biodegradable polymer—such as PLGA—along with the target drug in a volatile organic
solvent like dichloromethane or ethyl acetate, forming the organic phase. This solution is then
emulsified into an aqueous phase containing a stabilizer such as polyvinyl alcohol (PVA),
using high-speed homogenization or ultra-sonication to form an oil-in-water (O/W) emulsion.
The organic solvent is subsequently removed by continuous stirring at room or slightly
elevated temperatures, or under reduced pressure, causing the polymer to precipitate and
harden around the drug molecules. This process results in the formation of solid
nanoparticles. These are typically collected by centrifugation, washed to remove residual
surfactants and solvents, and then dried, often via freeze-drying. The technique is known for
its simplicity, scalability, and effectiveness in encapsulating hydrophobic drugs. However,
precise control over parameters like solvent type, polymer concentration, emulsifier content,
and processing conditions is essential to achieve uniform particle size, high drug loading, and
reproducibility. Recent studies have continued to refine this method to improve encapsulation
efficiency and optimize drug release profiles, making it a reliable and adaptable approach in

pharmaceutical research.®®

Nanoparticle Synthesis via Solvent Evaporation

Solvent
Evaporation
Dissolving polymer
and drug in organic Evaporating solvent

solvent to form
nanoparticles Washing
nanoparticles to
remove residues

e
> ,
0do | Q.

Emulsification

Creating a fine oil-in-
water emulsion

Collecting
nanoparticles by Drying nanoparticles
centrifugation to obtain stable
powder

Fig. 2: Solvent Evaporation Method.

2). lon exchange method
The ion exchange method is a versatile and widely used technique for synthesizing drug-

loaded nanoparticles and controlled release formulations. It works on the principle of
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exchanging ions between a solution and an ion exchange resin or material. In pharmaceutical
applications, drugs are often loaded onto ion exchange resins through electrostatic
interactions, where the drug ions replace counter-ions initially present on the resin. This
technique allows for a controlled and sustained release of drugs, as the exchange process is
gradual and can be influenced by the surrounding pH, ionic strength, or the presence of
competing ions. The method is especially useful for improving the stability of sensitive drugs
and reducing their dosing frequency. It’s also considered safe and efficient since it often
avoids the use of harmful solvents or high temperatures. Researchers value the ion exchange
method for its simplicity, scalability, and ability to fine-tune drug release profiles for specific

therapeutic needs.®”

lon Exchange Method

Selection of lon Exchange Resin @_

¢

Choose resin based on drug
charge

Pre-treat resin for desired ionic
form

Mix drug solution with prepared
resin

Remove unbound or excess drug

Dry resin-drug complex for stable
formulation

Process into nanoparticles if
required

Assess drug loading, release,
stability, and size

Fig. 3: lon Exchange Method.

3). Emulsion Diffusion Method

The emulsion diffusion method is a widely used technique for preparing polymeric
nanoparticles, particularly for drug delivery applications. This method starts by dissolving a
polymer and the drug in a partially water-miscible organic solvent such as ethyl acetate. This
solution is then emulsified into an aqueous phase containing a stabilizer (like polyvinyl
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alcohol), forming an oil-in-water (O/W) emulsion. Once the emulsion is formed, water is
added to the system to promote solvent diffusion from the organic droplets into the external
aqueous phase. As the solvent diffuses out, the polymer precipitates and forms solid
nanoparticles encapsulating the drug. The final product is typically collected by
centrifugation or filtration. This method offers good control over particle size and drug
encapsulation efficiency, and it's especially valuable for loading hydrophobic drugs. Since it
avoids high temperatures and harsh conditions, it's suitable for encapsulating sensitive

compounds like peptides or vaccines.*®!

Emulsion Diffusion Method for Nanoparticle Formation

Dissolve polymer and drug in

Preparation of Organic Phase organic solvent

Add organic phase to aqueous

phase with stabilizer Emulsification

= = Add water to diffuse solvent
< il: Solvent Diffusion from droplets

Polymer precipitates to form - - ‘e\({'l,
nanoparticles Nanoparticle Formation X;—T?

= - Collect nanoparticles by
< Qf’l Collection centrifugation or filtration

Wash nanoparticles to remove : i
residuals Washing @

E{L D - Dry nanoparticles to obtain
= rying stable powder

Fig. 4: Emulsion diffusion method.

4). Nano precipitation Method

The Nano precipitation method, also known as the solvent displacement technique, is a
widely used and straightforward approach for preparing polymeric nanoparticles. In this
method, a polymer and drug are first dissolved in a water-miscible organic solvent like
acetone or ethanol. This organic solution is then slowly added to an aqueous phase containing
a stabilizer, such as polyvinyl alcohol (PVA), under gentle stirring. Once mixed, the rapid
diffusion of the organic solvent into the water causes the polymer to precipitate and form

nanoparticles, with the drug often encapsulated inside. No high-energy equipment is required,
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making this method especially useful for heat-sensitive drugs. The nanoparticles are then
separated, typically by centrifugation, and washed to remove any excess solvent or surfactant.
This method is appreciated for its simplicity, reproducibility, and ability to produce small-
sized nanoparticles with narrow size distribution. It is especially suitable for encapsulating

lipophilic drugs and is commonly used in pharmaceutical formulations.

Nanoparticle Synthesis by

Nanoprecipitation
Preparation of Dissolve polymer and drug in organic
Organic Phase solvent

Slowly add organic solution to aqueous
phase

Rapid diffusion and precipitation

Diffuse and evaporate organic solvent

Collect nanoparticles by centrifugation

Wash nanoparticles to remove residuals

&— Dry nanoparticles to obtain stable powder
Fig. 5: Nano Precipitation Method.

5). High pressure homogenization

High-pressure homogenization (HPH) is a robust and scalable technique used to produce
nanoparticles, especially lipid-based systems like solid lipid nanoparticles (SLNs) and
nanostructured lipid carriers (NLCs). In this method, a lipid phase (which may contain the
drug) is first melted and mixed with an aqueous surfactant solution to form a coarse pre-
emulsion. This mixture is then forced through a narrow homogenization gap at very high
pressures, often ranging from 100 to 1500 bar. The intense shear forces, turbulence, and
cavitation break down the droplets into nanometer-sized particles. The process can be done
using hot HPH (above the lipid’s melting point) or cold HPH (for temperature-sensitive
drugs). The resulting nanoparticles typically have uniform size distribution and good physical
stability. HPH is widely used in the pharmaceutical industry due to its reproducibility, lack of

harmful solvents, and suitability for large-scale production./”™
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High-Pressure Homogenization Process
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Fig. 6: High Pressure Homogenization Method.

6). Ultrasonication

The ultra-sonication method uses high-frequency sound waves to gently yet effectively
convert larger droplets or particles into nanoscale forms. In practice, a drug is mixed with a
polymer or lipid in an appropriate solvent and emulsified into an aqueous medium. The
emulsion is then treated with ultrasonic energy—typically via a probe sonicator—to generate
tiny vapor-filled cavities (cavitation bubbles). As they collapse, intense micro-jets and shear
forces fragment the droplets down to nanometer size, often producing uniform nanoparticles
in the 20200 nm range. This method avoids harsh heating and harsh chemicals, making it
ideal for temperature-sensitive drugs. By adjusting sonication time, amplitude, and setup
(bath vs. probe), we can fine-tune particle size and distribution. After processing, the
nanoparticles are recovered by centrifugation and washed to remove excess surfactant or
solvent. Ultrasonication is popular for making nano-emulsions, lipid nanoparticles, and
polymeric nanocarriers because it’s scalable, controllable, and relatively easy to set up in the

lab or pilot plants.[’!
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Ultrasonication
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Wash particles with
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Fig. 7: Ultrasonication Method.

7). Spray drying

Spray drying transforms liquid formulations into dry powders by atomizing a solution or
suspension into a heated chamber. When adapted for nanoparticle production—sometimes
called nano spray drying—it enables the gentle formation of particles in the sub-micron
range. First, your drug or nanoparticle suspension is infused with excipients or polymers and
fed via a fine nozzle into a stream of controlled hot drying gas. The droplets instantly lose
solvent and become solid particles. Key advancements in nano spray drying include vibrating
mesh nozzles that produce uniform droplets, laminar dryer airflow to avoid particle damage,
and electrostatic collectors that capture ultrafine particles—often down to ~300 nm—with
high efficiency. Because the process is fast and scalable, it’s ideal for formulating inhalable
powders or stabilizing sensitive biological molecules. By tweaking parameters such as inlet
temperature, feed concentration, spray mesh size, and excipient choice, you can carefully
control particle morphology, size distribution, drug loading, and release behavior. This
method is widely used to develop dry powders for inhalation, oral delivery, and other routes

where nanostructured particles offer advantages in bioavailability and stability.!"?
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Steps to Nano Spray Drying

Fig. 8: Spray Drying Method.

8). Supercritical Fluid Technology

Supercritical Fluid Technology follows a carefully controlled process that takes advantage of
the unique properties of certain fluids—most often carbon dioxide (CO,)—when they are
brought above their critical temperature and pressure. At this supercritical state, CO, behaves
like both a gas and a liquid, giving it the ability to deeply penetrate materials and dissolve
specific compounds. The process typically starts by placing the raw material, such as a plant
extract or drug substance, into a specially designed extraction chamber. Carbon dioxide is
then pressurized and heated beyond 31.1°C and 73.8 bar to reach its supercritical form. Once
it becomes supercritical, it flows through the extraction vessel, selectively pulling out the

desired components due to its unique solvent properties.

After the extraction is complete, the CO, carrying the dissolved compounds is transferred to a
separator unit. In this next stage, the pressure and temperature are carefully lowered, causing
the extracted substances to drop out of the CO, stream as it loses its ability to hold them in

solution. These precipitated compounds are collected, and the CO,—now back to its gaseous
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form—is either vented or reused in the system. In cases where SCFT is used for particle
formation, such as in pharmaceutical formulations, methods like RESS (Rapid Expansion of
Supercritical Solution) or SAS (Supercritical Anti-Solvent) are employed. These help in
producing ultra-fine drug particles with controlled size and enhanced solubility. Overall, the
procedure is clean, efficient, and particularly suited for heat-sensitive compounds, making it

highly valuable in pharmaceutical, food, and cosmetic applications.!™

Supercritical Fluid Technology Process

Preparation of
Raw Material

Supercritical CO,,
Generation

Loading drug, plant Compressing and heating
extract, or compound into CO, above critical point

extraction chamber

l

Drying and
Storage

Collecting, drying, and
storing the final product

Fig. 9: Super Critical Fluid Technology.

9). Sol gel method

The sol—gel method is a versatile and low-temperature technique widely used for synthesizing
nanoparticles, especially metal oxides like TiO,, ZnO, and SiO,. The process begins by
dissolving a metal precursor—usually a metal alkoxide or salt—into an alcohol-based
solvent. Upon the addition of water under acidic or basic conditions, hydrolysis and

polycondensation reactions initiate, gradually transforming the clear solution (sol) into a wet
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three-dimensional gel. This gel is then aged, dried, and thermally treated to remove organic
content and crystallize the final nanoparticles. By adjusting parameters such as pH,
temperature, precursor concentration, and aging time, scientists can precisely control particle
size, porosity, and surface area. The method is especially valuable for applications in
catalysis, drug delivery, and biosensors, thanks to its ability to produce high-purity,
homogeneous, and stable nanostructures. Its eco-friendly nature and scalability make sol—gel

synthesis an ideal option for both lab and industrial nanoparticle production.™

The sol gel method of preparation
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== \
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< @ High-purity metal oxide
\Jw nanoparticles with
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Fig. 10: Sol Gel Method.

10). Vacuum Deposition Method

The vacuum deposition method is a widely adopted technique in the fabrication of nanoscale
coatings and thin films, especially in the fields of electronics, optics, and drug delivery. This
method involves the deposition of a material onto a substrate in a vacuum environment,

which helps prevent contamination and ensures a high-purity, uniform film.

There are two main types: physical vapor deposition (PVD) and chemical vapor deposition
(CVD). In PVD, the material to be deposited is first vaporized using thermal energy, electron
beam, or sputtering, and then condensed onto the target surface. In contrast, CVD involves

the use of chemical reactions in the gas phase that result in the formation of a solid film on
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the substrate. The high vacuum environment not only supports better film adhesion but also
improves control over film thickness and morphology, making the process suitable for
precision applications, such as microelectronics and biomedical implants. This method is
particularly useful in drug delivery systems for preparing biocompatible and functional
coatings on nanoparticles, which enhance their stability, targeting efficiency, and release

profiles.[’™!

Vacuum Deposition Process
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Fig. 11: Vacuum Deposition Method.

CHARACTERIZATION OF NANOPARTICLES

For ensuring safety, stability, and efficacy in cosmetic and cosmeceutical formulations,
nanoparticle characterization is crucial. Important factors include morphology, which impacts
how the product spreads on the skin; zeta potential, which indicates colloidal stability; and
particle size, which affects skin penetration. The structural integrity and chemical
compatibility of the active substances within nanoparticles are confirmed by further crucial
investigations such as FTIR, DSC, and TEM/SEM. Together; these tests verify that the
formulation will function as planned over time without causing irritation or deterioration.
Additionally, accurate characterization increases consumer confidence in skincare products

based on nanotechnology and conforms to regulatory criteria.[’®

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 323



Prajwal et al. World Journal of Pharmaceutical Research

Particle size

One of the most important factors in creating cosmetic formulas based on nanoparticles is
particle size. It influences a product's stability, look, and texture in addition to determining
how well it penetrates the skin. Smaller particles (less than 200 nm) can more readily
penetrate the skin's deeper layers, increasing the effectiveness of active substances like
vitamin C or retinol. Dynamic Light Scattering (DLS), which employs laser light to quantify
how quickly particles move in a solution, is the most widely used technique for measuring
particle size. This aids in figuring out the nanoparticles' average size and dispersion within a
composition. Consistency in particle size in cosmetics prevents clumping or rough textures
and guarantees even application. Therefore, keeping a product at its ideal size improves user

experience and product performance.t’”!

Zeta potential

Nanoparticles' colloidal stability is mostly determined by their zeta potential, which is a
measurement of the electrical charge on their surface. Put more simply, it indicates whether
particles will cluster together (which could destroy the formulation) or repel one another
(which is excellent). The particles are more likely to remain evenly distributed without
settling or aggregating if the zeta potential is large, whether it is positive or negative. This is
particularly significant in cosmetics where physical stability is essential, such as in lotions,
gels, or nanoemulsions. Electrophoretic light scattering, which is frequently incorporated into
DLS devices, is the most widely used technique for detecting zeta potential. Zeta potential is
a crucial component for targeted distribution since it also affects how nanoparticles interact
with the skin.[”®!

Fourier Transform Infrared Spectroscopy (FTIR) and Differential Scanning
Calorimetry (DSC)

Fourier Transform Infrared Spectroscopy (FTIR) and Differential Scanning Calorimetry
(DSC) are analytical methods for determining the chemical integrity and compatibility of
constituents in nanoformulations. Functional groups and interactions between actives (such as
retinol or niacinamide) and carriers (such as lipids or polymers) are detected by FTIR. It
attests to the successful encapsulation of the active ingredient and ensures that it is neither
broken down or chemically changed. DSC, on the other hand, examines thermal
characteristics including crystallinity and melting points. It contributes to the stability of the

nanoparticle system throughout manufacturing and storage. When creating long-lasting
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cosmetics, where the active ingredients need to maintain their potency over time, these

methods are especially helpful.[’

Morphological analysis

Morphological analysis allows scientists to better understand the form and surface structure
of nanoparticles, which determines how they distribute on the skin and how stable they are in
a product. For instance, spherical particles typically provide better skin compatibility and a
smoother application. Transmission electron microscopy (TEM) and scanning electron
microscopy (SEM) are the most often used instruments for this investigation. While TEM
uses extremely high magnification to reveal inside structures, SEM offers detailed surface
images. To verify the homogeneity of nanoparticles such as liposomes or solid lipid
nanoparticles utilized in anti-aging serums and sunscreens, these instruments are crucial in
cosmetic research. Consistent function and appearance are guaranteed by an even and

predictable morphology, which is essential for customer satisfaction.®”

Thermal stability

For cosmetics that are shipped or stored in several climates, thermal stability is essential. The
product may break down, separate, or lose its efficacy if the nanoparticles lose their structure
at high temperatures. To examine how nanoparticles react to heat, methods such as
Differential Scanning Calorimetry (DSC) and Thermo gravimetric Analysis (TGA) are
employed. Weight loss as temperature rises is measured by TGA, which shows component
evaporation or breakdown. To detect variations in melting or crystallization, DSC monitors
heat flow. These techniques aid in ensuring that nanoformulations, like moisturizer gels or
sunscreens, are stable without oxidizing, separating, or prematurely releasing active
ingredients. This guarantees that the product will function well for the duration of its shelf
life.18H

ADVANTAGES OF NANOPARTICLES IN COSMETICS AND COSMECEUTICLES
e Enhanced Skin Penetration & Improved Absorption
Nanoparticles (1-100 nm) can penetrate skin layers more effectively, improving delivery of

actives like vitamins and antioxidants.

e Controlled and Targeted Delivery

Nanocarriers enable sustained release and targeting.®®?
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e Greater Stability & Shelf Life

Nanoparticles enhance formulation stability and shelf life.*!

e Improved Texture, Appearance & Feel
[84]

Nanocosmetics provide smoother texture and improved finish.
e Transparent UV Protection (No White Cast)
TiO, and ZnO NPs act as transparent UV filters.

e High Surface-Area Enhances Reactivity

Increased surface-to-volume ratio improves reactivity and interaction.

e Better Suspension & Stability
[85]

Nanoemulsions resist settling and improve stability.
e Hydration & Moisturizing Benefits

Nanoemulsions improve occlusion and skin hydration.

e Strong Anti-aging Potential

Gold NPs, for example, offer anti-inflammatory and anti-aging benefits.!®®!

DISADVANTAGES OF NANOPARTICLES IN COSMETICS AND

COSMECEUTICLES

e Oxidative stress & DNA damage — High surface reactivity can generate reactive oxygen
species (ROS), causing cellular damage and inflammation.

e Deep tissue penetration — Nanoparticles can cross the skin barrier, reach systemic
circulation, and accumulate in vital organs.

¢ Inhalation hazards — Spray-based products may allow nanoparticles to enter the lungs,
leading to irritation or increased carcinogenic risk.

e Environmental impact — Wastewater release can harm aquatic life, disrupt ecosystems,
and cause bioaccumulation in the food chain.

e Toxicological concerns — Evidence from laboratory studies indicates potential genotoxic,
neurotoxic, and reproductive effects.

e Regulatory gaps — Limited specific regulations and insufficient long-term safety data

increase uncertainty about chronic exposure.
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e Occupational risks — Workers in manufacturing and handling processes face potential

health hazards from prolonged exposure.™

APPLICATIONS OF NANOPARTCLES IN COSMETICS AND COSMECEUTICALS
In cosmetic and cosmeceutical formulations, nanoparticles are frequently employed to
improve the effectiveness and distribution of active chemicals. They provide better
moisturization, anti-aging, and photoprotection because of their nanoscale size, which allows
them to reach deeper layers of the skin. Common nanoparticle systems that offer stable and
regulated release of delicate substances, such vitamins and UV filters, include liposomes,
nanoemulsions, and solid lipid nanoparticles. Their use decreases the frequency of
application and improves skin absorption. To evaluate their long-term safety and any
toxicological effects, more research is necessary.®"!

List of Applications of Nanoparticles in Cosmetic and Cosmeceutical Preparations
Sunscreens.

Moisturizers.

Skin Whitening Products.

Hair Care Products (Shampoos, Conditioners, Serums).

Perfumes & Fragrance Gels.

Face Masks and Serums.

Anti-Aging Creams.

Acne Treatment Gels/Creams.

© o N o gk~ wDh -

Makeup Products (Foundations, Creams).

[ERY
o

. Eye Creams & Serums.

1. Sunscreens
Titanium dioxide and zinc oxide nanoparticles in sunscreens provide invisible, broad-
spectrum UV protection. Their nanoscale size ensures even skin coverage without leaving a

white cast, while offering long-lasting stability under sunlight.®®

2. Moisturizers
In moisturizers, lipid-based nanoparticles enhance hydration by forming an occlusive layer
that reduces water loss while delivering vitamins and antioxidants deep into the skin. This

improves skin smoothness, elasticity, and long-lasting moisturization without greasiness.
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3. Whitening products
Nano encapsulated arbutin in whitening creams ensures controlled release, deeper
penetration, and prolonged brightening effects, reducing hyperpigmentation effectively

without skin irritation.®%

4. Hair care products
Hair Serum:-Silica nanoparticles in hair serums improve shine, reduce frizz, and protect hair
from heat damage by forming a smooth, invisible coating on each strand, enhancing hair

texture.[”

Anti-dandruff Shampoo:-Zinc oxide nanoparticles in anti-dandruff shampoos enhance
antifungal action against Malassezia, providing longer-lasting scalp protection while

improving hair feel and cleanliness.[*"

5. Perfumes & Fragrance Gels
Polymer-based nanoparticles encapsulate aromatic molecules, protecting them from oxidation
and enabling controlled, sustained release. This technology prolongs fragrance longevity,

reduces volatility, and ensures a consistent scent profile throughout wear.?

6. Face Masks and Serums

In face masks and serums, nanoparticles act like tiny delivery agents, carrying vitamins,
antioxidants, and hydrating ingredients deep into the skin. They boost absorption, enhance
glow, and provide longer-lasting hydration, leaving skin refreshed, smooth, and revitalized
after each use.®®

7. Anti-Aging Creams

In anti-aging creams, nanoparticles deliver peptides, antioxidants, and retinoids deep into the
skin, where they can boost collagen, smooth wrinkles, and improve elasticity. Their tiny size
ensures better absorption, giving skin a firmer, more youthful appearance over time without
feeling heavy.[*!

8. Acne Treatment Gels/Creams

In acne treatment gels and creams, nanoparticles—especially silver or zinc oxide—act like
tiny warriors, targeting acne-causing bacteria deep within pores. They help calm
inflammation, speed up healing, and reduce redness, all while being gentle on the skin and

preventing further breakouts.™
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9. Makeup Products (Foundations, Creams)

In foundations and creams, ultra-fine nanoparticles work like a beauty filter for your skin.
They scatter light to blur pores and fine lines, making your complexion look smooth and
even. Some also double up as sun protectors, giving you a radiant, lightweight finish that

lasts.!"]

10. Eye Creams & Serums

In eye creams and serums, tiny lipid or polymer-based nanoparticles act like microscopic
carriers, delivering antioxidants, vitamins, and peptides right where they’re needed. They
gently target the delicate under-eye skin, helping to smooth fine lines, fade dark circles, and

reduce puffiness—without causing irritation.!

CONCLUSION

Nanotechnology is bringing big changes to cosmetics and skincare by making products more
effective and enjoyable to use. Tiny nano-sized carriers help important ingredients reach
deeper layers of the skin, leading to better hydration, stronger sun protection, anti-aging
benefits, and improved acne care. They also give creams and lotions a smoother texture and
lighter feel, which people appreciate. At the same time, there are concerns about safety, since
nanoparticles can sometimes go too deep into the body, build up over time, or affect the
environment. This is why proper safety checks and clear rules are so important. In the future,
scientists are focusing on creating safe, eco-friendly materials so that nanotechnology can be

trusted and used responsibly in beauty products.

REFERENCE

1. Raj S, Jose S, Sumod US, Sabitha M. Nanotechnology in cosmetics: Opportunities and
challenges. J Pharm Bioall Sci., 2012 Jul-Sep; 4(3): 186-193.

2. Mihranyan A, Ferraz N, Streamme M. Current status and future prospects of
nanotechnology in cosmetics. Prog Mater Sci., 2012 Jun; 57(5): 875-910.

3. Kaul S, Gulati N, Verma D, Mukherjee S, Nagaich U. Role of nanotechnology in
cosmeceuticals: A review of recent advances. J Pharm., 2018; 2018(1): Article 1D
3420204.

4. Ajazzuddin M., Jeswani G, Jha A. Nanocosmetics: Past, Present and Future Trends.
Recent Patents Nanomed., 2015; 5: 3-11.

5. Gupta V, Mohapatra S, Mishra H, Farooq U, Kumar K, et al. Nanotechnology in
cosmetics and cosmeceuticals—A review of latest advancements. Gels., 2022; 8(3): 173.

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 329



Prajwal et al. World Journal of Pharmaceutical Research

6. Kaul S, Gulati N, Verma D, Mukherjee S, Nagaich U. Role of Nanotechnology in
Cosmeceuticals: A Review of Recent Advances. J Pharm (Cairo)., 2018; 2018: 3420204.

7. Lohani A, Verma A, Joshi H, Yadav N, Karki N. Nanotechnology-based cosmeceuticals.
ISRN Dermatol., 2014 May 22; 2014: 843687.

8. Das RP, Pradhan AK. An introduction to different methods of nanoparticles synthesis. In:
Arakha M, editor. Bio-Nano Interface. Singapore: Springer Nature Singapore, 2021;
21-34.

9. Mohanraj VJ, Chen Y. Nanoparticles — a review. Trop J Pharm Res., 2006; 5(1):
561-573.

10. Biswas P, Wu CY. Nanoparticles and the environment. J Air Waste Manag Assoc., 2005
Jun; 55(6): 708—746.

11. Fytianos, G.; Rahdar, A.; Kyzas, G.Z. Nanomaterials in cosmetics: Recent updates.
Nanomaterials, 2020; 10: 979.

12. Danaei M, Dehghankhold M, Ataei S, Hasanzadeh Davarani F, Javanmard R, Dokhani A,
et al. Impact of particle size and polydispersity index on the clinical applications of
lipidic nanocarrier systems. Pharmaceutics., 2018; 10(2): 57.

13. Dolez, P. 1. “Nanomaterials definitions, classifications, and applications”, in
Nanoengineering Global Approaches to Health and Safety Issues, ed. P. I. Dolez
(Amsterdam: Elsevier). 2015; 1-33.

14.Joudeh N, Linke D. Nanoparticle classification, physicochemical properties,
characterization, and applications: a comprehensive review for biologists. J
Nanobiotechnol., 2022; 20: 262.

15. Kumari S, Sarkar LH. A review on nanoparticles: Structure, classification, synthesis &
applications. J Sci Res., 2021; 65(8): 42—46.

16. Pandey, P. Dahiya, M. A Brief Review on Inorganic Nanoparticles. J. Crit. Rev., 2016; 3:
18-26.

17. Harish KK, Venkatesh N, Bhowmik H, Kuila A. Metallic Nanoparticle: A Review.
Biomed J Sci & Tech Res., 2018; 4(2): 3765-3775.

18. Kantorova, V., Loula, M., Kana, A.et al. Determination of silver nanoparticles in
cosmetics using single particle ICP-MS. Chem. Pap., 2021; 75: 5895-5905.

19. Kim KJ, Sung WS, Moon SK, Choi JS, Kim JG, Lee DG. Antifungal effect of silver
nanoparticles on dermatophytes. J Microbiol Biotechnol., 2008; 18(8): 1482-4.

20. Gajbhiye S, Sakharwade S. Silver nanoparticles in cosmetics. Journal of Cosmetics,
Dermatological Sciences and Applications., 2016 Jan 4; 6(1): 48-53.

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 330



Prajwal et al. World Journal of Pharmaceutical Research

21. Van Der Pols JC, Williams GM, Pandeya N, Logan V, Green AC. Prolonged prevention of
squamous cell carcinoma of the skin by regular sunscreen use. Cancer Epidemiology
Biomarkers & Prevention., 2006 Dec 1; 15(12): 2546-8.

22. Fytianos G, Rahdar A, Kyzas GZ. Nanomaterials in cosmetics: Recent updates.
Nanomaterials., 2020; 10(5): 979.

23. Azmi M, Shad K. Role of nanostructure molecules in enhancing the bioavailability of oral
drugs. In: Grumezescu DFA, editor. Nanostructures for novel therapy. 1st ed. Amsterdam:
Elsevier, 2017; 375-407.

24. Labrador-Rached C J, Browning R T, Braydich-Stolle L K, Comfort K K. Toxicological
Implications of Platinum Nanoparticle Exposure: Stimulation of Intracellular Stress,
Inflammatory Response, and Akt Signaling in vitro. J Toxicol., 2018; 2018: 136780.

25. Konieczny P, Goralczyk AG, Szmyd R, Skalniak L, Koziel J, et al. Effects triggered by
platinum nanoparticles on primary keratinocytes. International Journal of Nanomedicine.,
2013; 8: 3963-3975.

26. Sengul AB, Asmatulu E. Toxicity of metal and metal oxide nanoparticles: a review.
Environ Chem Lett., 2020; 18(5): 1659-1683.

27. Zadehnazari A. Chemical synthesis strategies for metal oxide nanoparticles: a
comprehensive review. Inorg Nano-Met Chem., 2024; 1: 1-40.

28. Fernandez-Garcia M, Rodriguez JA. Metal oxide nanoparticles. New York: Brookhaven
National Laboratory, 2007.

29. Czyzowska A, Barbasz A. A review: zinc oxide nanoparticles — friends or enemies? Int J
Environ Health Res., 2022 Apr; 32(4): 885-901.

30. Solano R, Patifio-Ruiz D, Tejeda-Benitez L, et al. Metal- and metal/oxide-based
engineered nanoparticles and nanostructures: a review on the applications,
nanotoxicological effects, and risk control strategies. Environmental Science and
Pollution Research, 2021; 28: 16962—16981.

31. Shi H, Magaye R, Castranova V, Zhao J. Titanium dioxide nanoparticles: a review of
current toxicological data. Part Fibre Toxicol., 2013; 10: 15.

32. Congreve RC, Quezada CP, Kokkarachedu V. Aluminum Oxide Nanoparticles: Properties
and Applications Overview. In: Nanotechnology in the Life Sciences: Nanoparticles in
Modern Antimicrobial and Antiviral Applications. Part F2344. Springer Science and
Business Media B.V., 2024; 265-288.

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 331



Prajwal et al. World Journal of Pharmaceutical Research

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Idrees H, Zaidi SZJ, Sabir A, Khan RU, Zhang X, Hassan S-u. A Review of
Biodegradable Natural Polymer-Based Nanoparticles for Drug Delivery Applications.
Nanomaterials (Basel)., 2020; 10(10): 1970.

Geys J, Nemmar A, Verbeken E, Smolders E, Ratoi M, Hoylaerts MF, et al. Acute toxicity
and prothrombotic effects of quantum dots: impact of surface charge. Environmental
Health Perspectives., 2008; 116(12): 1607-1613.

Nikam R, Sharma Y. Formulation and Evaluation of Ciprofloxacin Loaded Emulgel for
Topical Delivery. Journal of Biomedical and Pharmaceutical Sciences., 2023; 13(1): 001.
Younis NS, Ghoneim MM, Shaik RA, Algahtani A, Alquadeib BT, Basudan OA, et al.
Novel solid self-nanoemulsifying drug delivery system (S-SNEDDS) for oral delivery of
olmesartan medoxomil: optimization, characterization, and pharmacokinetic assessment.
Pharmaceutics., 2021; 13(9): 1408.

Yadav AR, Mohite SK. Applications of Nanotechnology in Cosmeceuticals. Res J Topical
Cosmet Sci., 2020; 11(2): 83-88.

Samy AM, Hassan MA, Tous SS, Rhodes CT. Improvement of availability of allopurinol
from pharmaceutical dosage forms. I: Suppositories. Eur J Pharm Biopharm., 2000 Mar;
49(2): 119-127.

Sahay G, Alakhova DY, Kabanov AV. Endocytosis of nanomedicines. Adv Drug Deliv
Rev., 2010 Aug 30; 62(6): 592—-605.

Thommes M, Kleinebudde P. Use of k-carrageenan as alternative pelletisation aid to
microcrystalline cellulose in extrusion/spheronisation. Eur J Pharm Biopharm., 2005 Dec;
63(1): 68-75.

Seremeta KP, Chiappetta DA, Sosnik A. Poly(e-caprolactone), Eudragit® RS 100 and
poly(e-caprolactone)/Eudragit® RS 100 blend submicron particles for the sustained
release of the antiretroviral efavirenz. Colloids Surf B Biointerfaces., 2012 Sep; 95:
212-221.

Singh S, Sharma PK, Malviya R. Ecofriendly biosynthesis of colloidal chitosan
nanoparticles for efficient cosmetic and therapeutic applications. J Drug Deliv Sci
Technol., 2019; 53: 101369.

Elbi S, Nair PD. Chitosan nanoparticles in drug delivery: Perspectives and applications.
Int J Biol Macromol., 2013; 62: 20-28.

Patravale VB, Date AA, Kulkarni RM. Nanosuspensions: a promising drug delivery
strategy. Int J Pharm., 2004; 272(1-2): 1-2.

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 332



Prajwal et al. World Journal of Pharmaceutical Research

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

S7.

Miller R, Petersen R, Hommoss A, Pardeike J. Nanostructured lipid carriers (NLC) in
cosmetic dermal products. Adv Drug Deliv Rev., 2007; 59: 522-530.

Jawaid M, Abdul Khalil HPS. Cellulosic/synthetic fibre reinforced polymer hybrid
composites: a review. Carbohydr Polym., 2011 Aug; 86(1): 1-18.

Soppimath KS, Aminabhavi TM, Kulkarni AR, Rudzinski WE. Biodegradable polymeric
nanoparticles as drug delivery devices. J Control Release., 2001; 70(1-2): 1-20.

Couvreur P. Nanoparticles in drug delivery: Past, present and future. Adv Drug Deliv
Rev., 2004; 58(12-13): 1217-1219.

Souto EB, Ziclinska A, Luis M, Carbone C, Martins-Gomes C, Silva AM, et al. Polymeric
nanoparticles for skin drug delivery: Methods of preparation and characterization.
Colloids Surf B Biointerfaces., 2015; 136: 146-1509.

Paliwal R, Palakurthi S. Polymeric nanoparticles for topical delivery of poorly soluble
drugs: A review. Carbohydr Polym., 2020; 245: 116021.

Jomhori M, Khazaei M, Rezayat SM, Abnous K, Alibolandi M. Polymeric nanoparticles
for skin cancer therapy and diagnosis: Recent advances and future perspectives.
Molecules., 2020; 25(16): 3714.

Souto EB, Ribeiro A, Ferreira MI, Teixeira MC, Shimojo AA, Soriano JL, et al. New
frontiers in the design of nanostructured lipid carriers for drug delivery. Biomimetics.,
2022; 7(3): 57.

Puljula E, Walton G, Woodward MJ, Karonen M. Antimicrobial activities of ellagitannins
against Clostridiales perfringens, Escherichia coli, Lactobacillus plantarum and
Staphylococcus aureus. Molecules., 2020; 25(16): 3714.

Danaei M, Dehghankhold M, Ataei S, Hasanzadeh Davarani F, Javanmard R, Dokhani A,
et al. Impact of particle size and polydispersity index on the clinical applications of lipidic
nanocarrier systems. J Control Release., 2018; 284: 1-10.

Khan |, Saeed K, Khan |. Nanoparticles: Properties, applications and toxicities.
Biomimetics., 2022; 7(3): 57.

Brumbach JH, Lee YW, Kim SW, Yockman JW. Functional properties and biodistribution
of poly (triethylenetetramine/cystamine bisacrylamide) and
poly(triethylenetetramine/cystamine  bisacrylamide)-poly(ethylene glycol) mixtures
formed with nucleic acid. Journal of Controlled Release., 2012; 159(1): 111-119.

Kong H, Li Y, Zhang X, Wang J. Effect of hydrophobic/hydrophilic characteristics of
magnetic microspheres on the immobilization of bovine serum albumin. Colloids Surf B
Biointerfaces, 2010; 79(2): 217-25.

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 333



Prajwal et al. World Journal of Pharmaceutical Research

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Spicer PT. Cubosome processing industrial nanoparticle technology development. Int J
Pharm., 2005; 284(1-2): 41-45.

Magrode N, Poomanee W, Kiattisin K, Ampasavate C. Microemulsions and
Nanoemulsions for Topical Delivery of Tripeptide-3: From Design of Experiment to
Anti-Sebum Efficacy on Facial Skin. Pharmaceutics., 2024; 16(4): 554.

Ashaolu TJ. Nanoemulsions for health, food, and cosmetics: a review. Environmental
Chemistry Letters., 2021; 19: 3381-3395.

Magrode N, Poomanee W, Kiattisin K, Ampasavate C. Microemulsions and
Nanoemulsions for Topical Delivery of Tripeptide-3: From Design of Experiment to
Anti-Sebum Efficacy on Facial Skin. Pharmaceutics., 2024; 16(4): 554.

Venuganti VVK, Sahdev P, Hildreth M, Guan X, Perumal O. Structure—skin permeability
relationship of dendrimers. Pharm Res., 2011; 28(9): 2246-2260.

Rahimpour Y, Hamishehkar H. Liposomes in cosmeceutics. Expert Opin Drug Deliv.,
2012; 9(4): 443-455.

Chen S, Hanning S, Falconer J, Locke M, Wen J. Recent advances in non-ionic surfactant
vesicles (niosomes): Fabrication, characterization, pharmaceutical and cosmetic
applications. Eur J Pharm Biopharm., 2019; 144: 18-39.

Mohanraj VJ, Chen Y. Nanoparticles — A Review. Trop J Pharm Res., 2006; 5(1):
561-573.

Sharma V, Singh M, Vashishtha TK, Hussain Z, Verma N. Preparation and
characterization of ciprofloxacin-loaded nanoparticles using the solvent evaporation
technique: a factorial design. Biotech Res Asia., 2024; 21(2): 599-616.

Wang Y, Zhang C, Chen J, Wang M, Zhang L, Ma S, et al. lon-exchange resin-based oral
drug delivery systems: Advances and perspectives. Int J Pharm., 2021; 606: 120924.
Guney G, Kutlu HB, Saglam O. Emulsion diffusion method for nanoparticle preparation:
Influence of formulation variables and modeling with artificial neural networks. J Drug
Deliv Sci Technol., 2020; 60: 102069.

Fessi H, Puisieux F, Devissaguet JP, Ammoury N, Benita S. Nanocapsule formation by
interfacial polymer deposition following solvent displacement. Int J Pharm., 1989; 55(1):
R1-R4.

Mehnert W, Méder K. Solid lipid nanoparticles: Production, characterization and
applications. Adv Drug Deliv Rev., 2001; 47(2-3): 165-96.

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 334



Prajwal et al. World Journal of Pharmaceutical Research

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Jiao H, Mao Q, Razzag N, Ankri R, etral. Ultrasound technology-assisted colloidal
nanocrystal synthesis and biomedical applications. Ultrasonics Sonochemistry., 2024;
103: 106798.

Arpagaus C, Collenberg A, Ritti D, Assadpour E, Jafari SM. Nano spray drying for drug
delivery applications: principles and process optimization. Int J Pharm., 2018; 546(1-2):
194-214.

Islam T, Ragib A, Ferdosh S, Uddin ABM H, Akand MJH, Mia MAR, Yunus K, Sarkar
MZI. Development of nanoparticles for pharmaceutical preparations using supercritical
techniques. Chem Eng Commun., 2022; 209(12): 1642-63.

Cheng C, Rad S, Gan L, Li Z, Dai J, Shahab A. Review of the sol-gel method in
preparing nano TiO, for advanced oxidation process. Nanotechnol Rev., 2023; 12(1).
Wang Y, Li X, LiJ, Xu J, Yin Z, Luo J, et al. Recent advances in vacuum deposition
technologies for functional nanomaterials. Mater Today Adv., 2023; 19: 100336.

Patel AR, Vavia PR. Preparation and evaluation of liposomal gel for topical delivery of
tretinoin. Drug Dev Ind Pharm., 2024; 50(3): 247-55.

Niziol M, Wojciak M, Makuch E, et al. The use of nanoparticles in cosmetic
formulations: trends and safety aspects. Nanomaterials., 2023; 13(11): 1802.

Alomrani AH, et al. Improved topical delivery of coenzyme Q10 using nanostructured
lipid carriers. Colloids Surf B Biointerfaces., 2024; 224: 113267.

Yadav D, Sandeep K, Dutta RK. Cosmeceutical application of phytochemicals using
nanotechnology: recent advances. J Drug Deliv Sci Technol., 2024; 84: 104545.

Yadav D, Sandeep K, Dutta RK. Cosmeceutical application of phytochemicals using
nanotechnology: recent advances. J Drug Deliv Sci Technol., 2024; 84: 104545.

Singh R, et al. Development of resveratrol-loaded lipid nanoparticles for topical delivery.
J Microencapsul., 2024; 41(1): 19-28.

Park JH, et al. Design of thermally stable nanoemulsion for dermal delivery of
niacinamide. Int J Pharm., 2024; 638: 122968.

Zen Y, et al. Nanoparticles for topical application in the treatment of skin: mechanisms of
permeation enhancement and targeting. Int J Mol Sci., 2022; 23(24): 15980.

Rathnasinghe NL, Kaushani KG, Rajapakshe PS, De Silva A, Jayasinghe RA, et al.
Current Trends on Unique Features and Role of Nanomaterials in Personal Care Products.
Cosmetics., 2024; 11(5): 152.

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 335



Prajwal et al.

85

86.

87.

88.

89.

90.

91.

92.

93.

94.

World Journal of Pharmaceutical Research

. Pandey AS, Bawiskar D, Wagh V. Nanocosmetics and Skin Health: a comprehensive
review of nanomaterials in cosmetic formulations. Cureus., 2024 Jan 22; 16(1): e52754.
Souto EB, Zielinska A, Souto SB, Durazzo A, Lucarini M, et al. Microemulsions and
nanoemulsions in skin drug delivery. Bioengineering (Basel)., 2022; 9(4): 158.

Naveed M, Javed T, Zawar MD, Shafgat U, Taj MB, et al. Applications of heavy metal-
based nanoparticles in cosmetics: a comprehensive review. Cutan Ocul Toxicol., 2025;
44(1): 3-16.

Labouta HI, Schneider M. Interaction of inorganic nanoparticles with the skin barrier:
current status and critical review. Nanomedicine., 2013; 9(1): 39-54.

Popov AP, Priezzhev AV, Lademann J, Myllyld R. TiO, and ZnO nanoparticles as UV-
blockers: properties and possible applications. J Biomed Opt., 2005; 10(6): 064037.
Pardeike J, Hommoss A, Miller RH. Lipid nanoparticles (SLN, NLC) in cosmetic and
pharmaceutical dermal products. Int J Pharm., 2009; 366(1-2): 170-84.

Nohynek GJ, Lademann J, Ribaud C, Roberts MS. Grey goo on the skin?
Nanotechnology, cosmetic and sunscreen safety. Crit Rev Toxicol., 2007; 37(3): 251-77.
Duran N, Durdn M, de Jesus MB, Seabra AB, Favaro WJ, Nakazato G. Silver
nanoparticles: A new view on mechanistic aspects on antimicrobial activity.
Nanomedicine., 2016; 12(3): 789-99.

Vilela C, Pinto RJ, Pinto S, Marques P, Silvestre AJ, et al. Nanocellulose-based materials
as encapsulating systems of fragrance: Evaluation of release behavior. Carbohydr Polym.,
2019; 218: 342-351.

Chen J, Wang H, Long W, Shen X, Wu D, Song SS, et al. Applications of nanotechnology
for skin delivery. J Control Release., 2016; 242: 44-60.

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 336



