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Nanoparticles can transport active chemicals more effectively because of their
minuscule size, which usually ranges from 1 to 100 nanometres. This allows them to
pierce deeper into the skin's layers. By guaranteeing that active ingredients get to the
precise locations where they are most required, this technique allows for more targeted
treatment of a range of skin disorders, including Breakouts, Hyperpigmentation and
aging. To minimize adverse effects and reduce the frequency of application,
nanoparticles also provide enhanced stability and controlled release of skincare
chemicals. For instance, peptides, vitamins, and antioxidants can be delivered in a more
accessible form and kept from deteriorating by being Nano encapsulated. Additionally,
nanoparticles can be designed to release their payload in response to particular stimuli,
including pH shifts or UV light exposure, which increases their effectiveness in skincare
compositions. The application of nanoparticles in skincare products raises questions
over long-term impacts and safety, despite the apparent benefits. In order to assure the
safe deployment of nanoparticles in dermatology and to fully understand their
interactions with biological systems, ongoing study is needed. Nanoparticles have the
potential to completely transform skincare as the area develops by offering extremely
effective, tailored therapies that more precisely and effectively address a variety of skin
concerns than conventional techniques.

INTRODUCTION

themselves in smaller sizes back in the 1950s,

Physicist Richard Feynman may have envisioned  which is when nanotechnology first emerged.
the development of machines that could replicate  Eventually, it was discovered that matter has
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special characteristics at the nanoscale. The fact
that nanoparticles permeate the skin more easily
than their bulk counterparts is unique and can be
attributed to both deliberate engineering and size.
For the diagnosis and cure of cutaneous diseases
and maintaining Health of skin, nanotechnology is
predicted to increase at the quickest rate.(1) Many
of the conventional approaches have failed to
address these growing concerns, which frequently
involve irritation, pain, and a loss of aesthetics. By
supplying it with a variety of practical active
components and active solutions to worldwide
skin-related issues, nanoparticles utilized in skin
protection work to treat or prevent such skin
conditions. With the goal of realizing the dream of
skin protection, this paper thoroughly examines
the dynamic nature, modern approaches, and

prospects for nanoparticles in the field. (2) When
compared to their bulk counterparts, nanoparticles
have a variety of physicochemical features due to
their minuscule size, ranging from one to one
hundred nanometres. Great biocompatibility, low
cytotoxicity, and great stability are characteristics
of nanoparticles that have led to their recognition
in a variety of fields, including Nano
pharmaceuticals and Nano cosmeceuticals. The
human skin serves as the body's biggest organ and
first line of defence. The skin needs to be shielded
from harm due to the multitude of tasks it
performs. Exposure to harsh chemicals, physical
stress, or ageing itself can cause a range of skin
problems including dryness, aging, inflammation
reduced elasticity.(3)

Nanotechnology for Modern Medicine:
Next Steps Towards Clinical Translation

Figure:1

Nanoparticle’s role in specialized applications
and cosmetic formulations

Compounds having a minimum size of one
nanometer and unique physical and chemical
characteristics are known as nanoparticles. These
ingredients have been used extensively in the
cosmetics industry for a very long time. Cosmetics
based on nanoparticles are more advantageous
than microsized goods. These particles' large
surface areas allow for superior bio absorption,
effective dispersion via barriers, bioavailability,
and prolonged content effects. The therapeutic

N
(=
7

":;’g”/ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

7

concentration needs to be used carefully to avoid
any related toxicity.Cosmetic products containing
nanoparticles have produced cutting-edge items
with enhanced capabilities.(4)

Nano emulsion

Another area of nanotechnology is nanoemulsions,
also known as sub micron emulsions (SME) or tiny
emulsions. These emulsions are oil-in-water (o/w)
emulsions with typical droplet sizes of 100-500
nm and mean droplet diameters ranging from 50 to
1000 nm. Usually, the high-pressure
homogenization process is used to make these.
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ADVANTAGES OF

NANOPARTICLES

Figure:2

When emulsion particles come into contact with
skin, nano-emulsion produces a large surface-to-
volume ratio, which allows more active substances
to come into touch with the skin during the
surface-to-surface interaction. Small emulsion
particles will let water and air pass between the
pores without clogging them.(5)

Nanogels

By using inverse microemulsion polymerization,
nanoscale crosslinked particles known as
microgels are created. They can create stable
suspensions in water and have extremely narrow
size distributions. When the crosslinking density
rises, the microgel’s particle size falls. Microgels
are employed as drug delivery carriers because of
their huge surface areas and open network-like
structure. Microgels can be altered by adding

hydrophobic  groups;  negatively  charged
microgels contain carboxylic acid groups
integrated into their structure.

Aerosols

Nanoparticle aerosol science and technology
(NAST) is a new scientific field that studies the
creation, characteristics, and behaviour of
nanoparticles in gases. Motivated by its pragmatic
uses across numerous domains, NAST has been
evolving at a swift pace. The discipline’s
conceptual framework, complete with its own set
of fundamental ideas, experimental procedures,
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and computational strategies, is already taking
shape.

We then go over the characteristics and behaviour
of nanoparticle aerosols, focusing on the important
roles that particle morphology and size play. Like
fluid dynamics, NAST is an enabling discipline
since it has given rise to the ideas and techniques
required to establish numerous other sciences.
Three key areas are mentioned where nanoparticle
aerosol science and technology are being
applied:(6)

1) Aerosol synthesis mechanisms for nanoparticles
2) Nanoparticles in the atmosphere and the climate
worldwide

3) Inhaled Nanoparticle Dosimetry.

Eye Care products

Nanocarriers, like nanoparticles, have the potential
to transform the treatment of numerous eye
disorders by delivering ocular medications to
precise target areas. According to the results thus
far, ocular medicine stands to gain a great deal
from the application of this nanometric scale
technology. The existence of several barriers that
prohibit direct and orderly medication entry to the
accurate location of action is one of the most
serious limitations of the eye as a target organ for
medicine. Even in cases where the target tissues
are in the back of the eye, where intraocular
syringes are currently the most often used mode of
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administration, topical application is the
recommended method for most drugs. Any of
these two direct delivery methods have numerous
issues with drug bioavailability, such as adverse
effects and the need for numerous unpleasant
treatments in order to reach therapeutic drug
levels. When it comes to immune-related, vision-
threatening disorders, the use of nanoparticles
improves the topical transit of big, weakly water-
soluble compounds like cyclosporine or
glucocorticoids. (7)

Investigating the complementary functions of
Retinoids,  Peptides, Antioxidants, and
Hyaluronic Acid as nano transporters and
Skincare treatments for Glowing Skin
Cosmeceuticals are  cosmetic-pharmaceutical
hybrid products designed to enhance and preserve
attractiveness by utilizing substances that have
added health advantages. Cosmeceuticals thus
combine skin fill, therapeutic, disease-fighting, or
healing ability, as well as delivery mechanisms for
the compounds that are integrated.(8)

Retinoids

Vitamin A and its derivatives have long been
recognized for their beneficial effects on skin
health, leading to their incorporation into over-the-
counter (OTC) cosmeceutical products. These
products, which combine cosmetic and
pharmaceutical properties, have gained popularity
due to their accessibility and marketing claims that
resonate with consumer psychology. However, in
contrast to prescription retinoids, the efficacy of
retinol-containing cosmeceuticals is supported by
relatively limited scientific evidence. This review
aims to summarize the current state of research on
the use of retinols and retinoids in addressing
photoaging, dyspigmentation, and acne.(9) Topical
retinoids are among the most extensively
researched and widely wused cosmeceutical
ingredients. Clinical studies have consistently
demonstrated their ability to improve the
appearance of photoaged skin, reducing fine lines
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and wrinkles, hyperpigmentation, and skin
roughness. Dermatologists frequently recommend
retinoic acid (tretinoin) due to its well-documented
efficacy in treating aged skin, as supported by
numerous rigorous clinical trials. In contrast,
cosmeceutical retinoids are subject to less
stringent scientific scrutiny, as they are regulated
as cosmetics rather than pharmaceuticals. Not with
standing this distinction, research has been
conducted to compare the safety and efficacy of
cosmeceutical retinoids with tretinoin, verifying
their antiaging benefits.(9)

Peptides

Peptide cosmeceuticals are a novel and more
favoured approach to address aging skin.
Cosmeceuticals peptides fall into three primary
categories: carrier peptides, neurotransmitter-
affecting peptides, and signal peptides. The
evidence supporting their usage is increasing, even
though their advantages have not been thoroughly
studied as most FDA-regulated medications have
been up to this point. This article aims to cover the
many cosmeceutical peptides that are currently in
vogue, the research that has been published on
their potential use in dermatology, and their
theoretical effects. Skin-found peptides can serve
as nerve or epidermal growth factors,
neurotransmitters, or by a variety of other
methods. Owing to these compounds' wide range
of applications, bioactive peptide research is
expanding with the goal of determining how these
molecules might be used in cosmetics intended to
promote the production of collagen and elastin and
enhance skin healing. In order to learn more about
the uses of the most popular bioactive peptides in
cosmeceuticals, a literature search was conducted.
Appropriate reviews on this subject are scarce in
the scientific literature. There was a description of
nine peptides with distinct effects on facial and
bodily dysfunctions. While perusing scientific
literature, one may observe an overrepresentation
of studies looking into peptides that delay the
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aging process of the skin. This complicates the
hunt for peptides intended to treat different skin
disorders.(10)

Anti-Oxidants

Antioxidants have the ability to decrease skin
inflammation through the inhibition of reactive
oxygen species as well as the direct blocking of
intracellular inflammatory signalling pathways
being activated. Corticosteroids, non-steroidal
anti-inflammatories, and immunomodulators are
examples of anti-inflammatories. Over the past 25
years, there has been a noticeable increase in the
use of oral and topical antioxidants as treatments
for cancer as well as a means of preventing skin
aging and protecting against other illnesses. One
of the most significant lipid antioxidants found in
nature, vitamin E binds to membranes and
scavenges lipid peroxyl radicals to protect the lipid
environment. Common inflammatory  skin
illnesses include psoriasis, rosacea, atopic
dermatitis, and seborrheic dermatitis, as well as
more serious conditions include sporadic rashes
with skin irritation and redness. The in vivo
effectiveness of natural antioxidants has been
studied less than that of their prooxidant qualities.
In addition to having antioxidant qualities, plant
extracts high in vitamins, flavonoids, and phenolic
compounds have the ability to cause oxidative
stress through connections with different
biomolecules. It's unknown how well natural
antioxidants work to slow down aging because of
differences in their biological activity. The use of
natural antioxidants in skincare, potential
mechanisms for their intended impact, current
usage in skincare formulation, and associated
drawbacks are the main topics of this review
paper.(11)

Hyaluronic acid

Hyaluronic acid (HA) is a naturally occurring,
endogenous biomaterial that has been isolated and
characterized from various tissues and biological
fluids. Beyond its anti-inflammatory and
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antioxidant properties, HA's unique
physicochemical attributes enable it to participate
in a diverse array of biological processes, both
intracellularly and extracellularly. These processes
include, but are not limited to, wound healing,
joint lubrication, and skin hydration, underscoring
HA's multifaceted role in maintaining tissue
homeostasis and promoting overall physiological
well-being. Because of its hydration and antiaging
qualities  (hygroscopic,  rheological, and
viscoelastic), HA is a crucial component of
cosmeceuticals. Adjuvant to post-surgical and face
rejuvenation procedures, HA is well tolerated and
effective, according to several clinical trials. The
HA-filler serum extended the time that BONTA
reduced wrinkles in the RCT, one of the rare
studies to mix HA and BoNTA with a 6-month
follow-up. HA-based cosmeceuticals have been
shown in numerous trials to be a safe, non-invasive
way to enhance skin hydration.(12)

Herbal Nanotechnologies New Era

Natural resources have been used to treat a wide
range of illnesses since ancient times and are
considered the foundation of medicine. People all
throughout  the  world are  incredibly
knowledgeable about botany in addition to having
a unique awareness of the natural resources on
which they depend. Nearly 85% of people on the
planet have access to these traditional medications
for their medical requirements. Since ancient
times, herbal remedies have been utilized in India.
Today, their use is expanding globally and they are
leading the way in the pharmaceutical industry
because of their well-established therapeutic
effects and low side effects. For centuries,
medications have been made in "Ayurveda™ using
either herbal or herbomineral preparations
containing elements like zinc, silver, gold, and so
forth. But in order for the treatments to be
effective, standardized herbal formulations with
consistent quality and identifiable constituents are
needed. Polyherbal systems were long disregarded
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because of unsupported scientific evidence and
processing difficulties, such as the lack of any
standardized protocols, forceful extraction, and
difficulties in identifying particular medicinal
components. The scientific demands for herbal
medications are met by contemporary research,
which makes it possible to create novel
formulations in which plant chemicals can be
included as SLNs, nanoparticles, and other
forms.(13) The transportation of herbal
compounds via nano delivery systems is chosen
because of the unique size, higher loading
efficiency, high concentrations of drug delivered
to the target site, elimination of obstacles such as
pH variations, small size ensuring slower rate of
metabolism with extended drug circulation,
potential for combining nanomedicine, and
imaging techniques provided by nanoparticles.
Types of Herbal Nanoparticles

The following is a general classification of
nanoparticles based on their composition.
1.0rganic Nanoparticles

Nanoparticles made of polymers, lipids, proteins,
carbohydrates, and other organic materials fall
under this group. Among the most well-known
examples of this class are nanospheres,
dendrimers, liposomes, micelles, etc. These are
further divided into:

Polymeric nanoparticles: These particles can
have a wide range of possible shapes and
properties because they are composed of various
natural or synthesized polymers. Because of their
biocompatibility and simple  formulation
requirements, they can be formulated for efficient
delivery systems by adjusting several NP features.
The two most common forms of polymeric
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nanoparticles are nanospheres and nanocapsules,
which are made up of cavities encased in a
polymeric shell or membrane.

Lipid based Nanoparticles: The most of lipid-
based nanoparticles are circular globular
composed of a minimum of phospholipid bilayer
surrounding a minimum of one internal aqueous
compartment.

Carbon based Nanoparticles: "Carbon-based
NPs" are NPs that are only composed of carbon
atoms. Prominent members of this class include
quantum dots, carbon nanotubes, and fullerenes.
2. Inorganic Nanoparticles

This category includes NPs that are free of carbon
or organic components. Common examples of this
include semiconductor NPs, metal NPs, and
ceramic NPs. These are totally composed of metal
precursors and so can be monometallic, bimetallic,
or polymetallic. Inorganic minerals like gold, iron,
and silica have been used to create nanostructured
materials for medication delivery and imaging
purposes.(14)

Nanoparticles Synthesis

There are two main strategies that have been
around for a long time and involve different
preparation techniques. The initial strategy is
known as the ""top-down'* method, and it involves
using an external force to break solid materials into
tiny bits. This method uses a variety of thermal,
chemical, and physical processes to supply the
energy required to produce nanoparticles. The
"bottom-up™ strategy, which is the second
method, is centered on assembling and merging
atoms or molecules of gas or
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liquid. There are benefits and drawbacks to these
two strategies in comparison to one another. The
bottom-up strategy yields good results in
nanoparticle synthesis, but the up-down approach,
which is more expensive to apply, cannot produce
ideal plane and brim because of the potential for
cavities and roughness in nanoparticles.

Some of the methods are:-

1.Green synthesis(Biological method)

The biological method offers an environmentally
benign substitute for the chemical and physical
methods for producing nanoparticles. Moreover,
this procedure does not require expensive,
hazardous, or dangerous chemicals.
Biocompatible nanostructures are created using a
green synthesis approach that uses naturally
occurring substances found in the biological
organisms used. Gram positive, aerobic, stationary
bacteria are known as actinobacteria and they
produce secondary metabolites like antibiotics.
They are primarily filamentous in nature. Their
detoxifying ability makes them resistant to even
the most potentially toxic elements. Degradation
of soluble hazardous metal ions occurs either
intracellularly or extracellularly by reduction or
precipitation. Consequently, it is possible to create
nanoparticles with catalytic activity,
antimicrobial, antifungal, anticancer, antioxidant,
and anti-biocontamination properties. It is possible
to synthesize nanoparticles either intra- or
extracellularly using enzymes by using easily
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cultivated, quickly reproducing eukaryotic yeasts
and molds with simple biomass design. The size of
the nanoparticles produced is impacted by the
metallic ion solutions employed and the incubation
conditions. Certain molds cannot be used to
produce nanoparticles because they are harmful to
people.(15)

2.Chemical Method

It is a widely used approach since it can be
performed in both aqueous and organic solvents
and does not always require fine compounds, such
as the previously described carbonyls, as metal
precursors. In cases where the metal nanoparticles
are more vulnerable to oxidation, the last option is
better. A widely used method calls for combining
anappropriate lowering agent and a surface-active
agent with a metal precursor that has been
dissolved in a solvent in an agitated thoroughly
batch reactor that is in an inert atmosphere.(16)
3.5S0l Gel technique

The sol-gel method is a colloidal process
combining the terms "sol" and "gel." A sol is a
colloidal suspension of solid particles in a liquid
medium, whereas a gel is a macromolecular
network that dissolves in a liquid despite its solid
state.The sol-gel process is a widely employed
bottom-up approach for synthesizing
nanoparticles, owing to its simplicity and
versatility. This method involves the use of a
chemical  precursor  solution, commonly
comprising metal oxides or chlorides. To ensure
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uniform distribution, the precursor is subjected to
various mixing techniques, such as agitation,
sonication, or stirring.Subsequent separation
processes, including filtration, sedimentation, and
centrifugation, are employed to isolate the solid
phase containing the nanoparticles from the liquid
phase.(17)

4.Micro emulsion Method

Microemulsion techniques can be used to produce
homogenous and size-controlled silver
nanoparticles. The beginning separation of
compound into two immiscible phases serves as
the foundation for NP synthesis in water organic
solvent system. The rate of interaction between
initial metal compound and hydrogen donor is
proportional to the junction between the two
liquids and the magnitude of inter-phase transport,
which is conveyed by a tetrahedral alkyl-
ammonium salt. Metal aggregate formed at the
interconnection become stabilized as a result of
non-polar aqueous medium stabilizer molecules
coating them. The inter-phase transporter
subsequently transports the stabilized metal
clusters into the organic medium. One of the
biggest disadvantages is the use of extremely
Corrosive solvents.(18)

Organic Nanocarriers

Liposomes

Liposomes have received considerable interest as
effective delivery mechanisms in the cosmetic
sector, presenting unique benefits for skincare and
personal care products. These spherical structures,
created artificially and measuring between 25-
5000 nm in diameter, consist of one or more
phospholipid bilayers surrounding an aqueous
core. The distinctive design of liposomes allows
for the simultaneous encapsulation and
transportation  of  both  hydrophilic and
hydrophobic substances. Additionally, liposomes
promote the controlled release of active
ingredients, protecting them from breakdown and
enhancing their therapeutic impact.

2R

%::*%l;‘}' INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

A notable characteristic of liposomes is their
capability to carry both water-soluble and oil-
soluble agents without requiring surfactants or
emulsifiers, thus making cosmetic formulations
milder and safer for skin use. Phosphatidylcholine,
a key ingredient in liposomes, is frequently
utilized in skincare and haircare formulations for
its conditioning and softening benefits. Liposomes
can encapsulate active compounds such as
vitamins A, E, K, and antioxidants like carotenoids
and CoQ10, which improves their stability in
water-based formulations. By enclosing larger
molecules such as vitamin E and other bioactive
substances, liposomes increase the effectiveness of
products like moisturizers, sunscreens, anti-aging
creams, and deep moisturizers.(19) Being
biodegradable, non-toxic, and biocompatible
makes liposomes suitable for a variety of cosmetic
applications. For instance, Dior’s "Capture" anti-
aging cream employs liposomes to diminish signs
of aging. Moreover, there is ongoing development
of liposomes for the delivery of fragrances,
botanicals, and vitamins in items like deodorants,
body sprays, and lipsticks. Their increasing
prevalence in cosmetic formulations highlights
their adaptability and efficiency in enhancing
product performance.

Niosomes

Niosomes are structures formed from non-ionic
surfactants and bear similarities to phospholipid
vesicles, such as liposomes. These vesicles can
encapsulate liquid solutes and act as carriers for
both medicinal and cosmetic substances.
Niosomes are created via the self-assembly of non-
ionic surfactants in a water-based environment,
with diameters ranging from 100 nm to 2 um. They
effectively  deliver both  hydrophilic and
hydrophobic materials. Often found in beauty and
skincare products, niosomes improve the
absorption of active ingredients into the skin. They
accomplish this by temporarily lowering the
barrier resistance of the stratum corneum, allowing
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ingredients to penetrate deeper skin layers more
rapidly. Niosomes have been utilized for
delivering anti-inflammatory and anti-infective
agents, and they also enhance transdermal drug
delivery.(20) L'Oréal was responsible for the
development and patenting of niosomes during the
1970s and 1980s. The first product that featured
niosomes, known as "Niosome," was introduced
by Lancdme, a subsidiary of L'Oréal, in 1987.
Ethosomes

Ethosomes are a new type of highly adaptable
vesicles created by adding ethanol (20-45% w/w)
or edge activators, such as gentle surfactants, to a
liposomal formulation. This intentional alteration
enhances their flexibility, significantly improving
their ability to penetrate the skin barrier. The
development of ethosomal systems focuses on
optimizing the delivery of active substances.
Research has demonstrated that azelaic acid is
released more quickly from ethosomal systems
compared to traditional liposomal formulations.
The unique characteristics of ethosomal systems
make them a promising option for the topical
administration of therapeutic agents, with potential
uses in dermatology and other fields.(21)
Dendrimers

Dendrimers are nanostructured polymers typically
under 100 nm in size, consisting of a central core
encircled by multiple branching units. These
branches are arranged in layers surrounding the
core, influencing the size, growth, and internal
characteristics of the dendrimer. Composed of
numerous smaller units called dendrons,
dendrimers are frequently utilized as carriers in
drug delivery. In cosmetics, they are found in
items such as shampoos, sunscreens, and hair
styling products. Dendrimers interact with the
skin's bilayer, improving the absorption of active
ingredients, thus making them beneficial for the
distribution of cosmetic products. A patent for a
cosmetic formulation that includes carbosiloxane
dendrimers asserts that these structures enhance

/AU
Vet

{*8%") INTERNATIONAL JOURNAL OF PHARMACELITICAL SCIENCES

AN~
o

7

water and oil resistance, provide a shiny finish,
elevate tactile feel, and improve adhesion to hair
and skin.(22)

Cubosomes

Cubosomes are intricate nanostructured particles
defined by their distinct, self-assembled liquid
crystalline architecture at a submicron scale. Made
up of surfactants and water, these particles display
unique properties. They are formed through the
self-assembly of aqueous lipid and surfactant
systems in water at specific ratios. Cubosomes are
useful for stabilizing delicate compounds,
ensuring their effectiveness over the product's
shelf life. Initially used in skincare, their
applications have recently extended into hair care
and antiperspirants.  Notably,  well-known
cosmetic brands, including L'Oréal and Nivea, are
actively investigating the use of cubosome
particles as stabilizers in oil-in-water emulsions
and as absorbents for pollutants in cosmeceutical
products.(23)

Polymersomes

Polymersomes are instinctively constructed
vesicles comprising a concave waterless core,
formed through the tone- assembly of block
copolymer amphiphiles. These vesicles parade a
unique armature, featuring a hydrophilic inner
core and a lipophilic external subcaste, thereby
enabling the concurrent encapsulation of
hydrophilic and lipophilic remedial agents. The
hydrophobic core of polymersomes provides a
favorable terrain for protein encapsulation, while
their natural stability and versatility permit
malleable medicine encapsulation and release
biographies via the application of biodegradable or
stimulants-  responsive  block  copolymers.
likewise, polymersomes have been finagled to
retain multiple chambers, instanced by virosomes,
to greasetheco-delivery of multiple remedial
agents. Polymersomes demonstrate exceptional
capability in securing and recapitulating sensitive
biomolecules, including RNA, DNA, peptides,
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proteins, and colorful medicinals. Presently,
polymersomes are under violent disquisition
within ~ the  ornamental  assiduity,  with
multitudinous patents filed for their prospective
operation in enhancing skin cell activation and
pliantness. (24)

Nanospheres

Nanospheres are globular patches with a core-
shell structure, generally ranging from 10 to 200
nm in periphery. In these structures, medicines can
be entangled, dissolved, attached, or reprised
within a polymer matrix, offering protection
against chemical and enzymatic declination. The
medicine is unevenly distributed throughout the
polymer matrix. Nanospheres are classified into
two types biodegradable, similar as those made
from gelatin and albumin, and nonbiodegradable,
like those made from polylactic acid. In cosmetics,
nanospheres are used in skincare products to
deliver active constituents deep into the skin,
allowing for further targeted and effective
treatment of affected areas. (25)

Solid Lipid Nanoparticles

SLNs are solid at mortal physiological
temperature, generally measuring 50- 100 nm in
size. They're largely stable, offering protection
against medicine declination and enabling
controlled medicine release. Composed of
glyceride composites, purified triglycerides, and
waxes, SLNs have phospholipid hydrophobic
chains bedded within a lipid matrix. They're
extensively used in both cosmetics and medicinals
due to their small size, which allows them to nearly
interact with the skin's external subcaste( stratum
corneum) and enhance the prolixity of active
constituents. SLNs are generally use IN
sunscreens and deodorants, particularly those
containing vitamin E, and are stabilized with
surfactants. Their nanoscale figure, capability to
access deep skin layers, minimum toxin, and
enhanced targeting capacities make them largely
effective in skincare operations.(26)
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Nano Constructed Lipid Carriers
Nanostructured Lipid Carriers( NLC)
Nanostructured lipid carriers (NLCs) constitute
the alternate generation of lipid nanoparticles,
cooked to overcome the limitations essential to
solid lipid nanoparticles (SLNs). The fabrication
of NLCs involves the blending of solid lipids with
liquid lipids and inharmonious waterless lipids,
performing in the conformation of unformed solids
at specific rates, generally gauging 7030 to
99.90.1. The bracket of NLCs is grounded on a
comprehensive evaluation of their structural
configuration, compositional attributes, and
product parameters, yielding three distinct orders.
(27)

Nano emulsions

Nano emulsions are complex, biphasic systems
flaunting Kkinetic and thermodynamic stability,
comprising oil  painting, waterless, and
emulsifying factors. Characterized by drop sizes
gauging 20- 400 nm, these systems generally
borrow an oil painting- in- water (O/ W)
configuration. Distinct advantages of
nanoemulsions include enhanced skin
permeability, easing high- attention delivery of
salutary composites. specially, nano gold- invested
moisturizers have surfaced, purportedly flaunting
mending and antioxidant parcels. The unique
structural armature of nanoemulsions, featuring a
hydrophilic core enveloped by a monomolecular
phospholipid subcaste, enables effective delivery
of lipophilic composites. likewise, nanoemulsions
can be formulated into different product formats,
including lathers, creams, and sprays, while
flaunting bettered immersion biographies. In
discrepancy to conventional mixes,
nanoemulsions  parade  stability  against
sedimentation, coalescence, creaming, and
flocculation. generally transparent or translucent,
nanoemulsions are distinguished by low density,
high kinetic stability, extensive interfacial areas,
and stoked solubilization capacities(28).
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Inorganic Nanocarriers

Gold Nanocarriers

Nanogold, or gold nanoparticles, parade unique
parcels due to their variable sizes (5- 400 nm) and
relations. These patches boast stability, on-
toxicity, biocompatibility, and idleness, making
them suitable for colourful operations. In the
ornamental assiduity, gold nanoparticles work
their potent antifungal and antibacterial parcels to
enhance beauty products, similar as creams, face
masks, andante-aging treatments. Companies like
L'Oréal and L'Core Paris incorporate nanogold to
elevate product effectiveness. also, these
nanoparticles serve as antiseptics and contribute to
skin tightening. A groundbreaking study published
in ACS Nanoletters by Dr.Philippe Walter and his
platoon successfully synthesized fluorescent gold
nanoparticles within mortal hair. By soaking white
hair in a gold emulsion result, the experimenters
achieved a patient color change, attesting the
conformation of nanoparticles within the hair's
central core cortex. (29)

Carbon Nanotubes

Carbon nanotubes correspond of spherical
structures made up of benzene rings, and they're
employed as detectors for detecting DNA and
proteins in natural operations, as well as in
individual processes to separate between colorful
proteins, including transporters and
immunoglobulins in  serum samples. CNTSs
generally measure knockouts of microns in length
and have compasses ranging from roughly 0.7 to
50 nm. Characterized as rolled graphene with sp 2
hybridization, carbon nanotubes are flawless,
concave filaments formed by graphene walls
arranged in a hexagonal chassis, rolled at specific"
chiral* angles. Individual carbon nanotubes
naturally group together into" ropes" through n-
mounding relations. Due to their featherlight
nature, systematized structure, large face area,
high  mechanical strength, andsemi-metallic
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parcels, CNTs are well- suited as nanocarriers for
medicine transport.

Titanium Dioxide

Titanium dioxide(TiO 2) is a protean color famed
for its exceptional brilliance, luster, and resistance
to abrasion. While roughly 70 of global TiO -
product is devoted to makeup saturation, its
operations extend to colorful diligence, including
plastics, pottery, paper, fabrics, food, medicinals,
cosmetics, and oral care products. lately,
experimenters have explored the eventuality of
TiO . as a nanomaterial, particularly in skincare
operations. One study concentrated on developing
a nanogel to address hormonal enterprises
associated with traditional sunscreens. By
combining quercetin( Qu) and titanium dioxide(
TiO ), the experimenters created two optimized
phrasings of Qu nanocrystals with acclimatized
flyspeck sizes, zeta capabilities, and medicine
content. specially, the nanogels containing Qu
(0.12) and TiO 2 (15) demonstrated outstanding
medicine release and significantly enhanced skin
deposit, showcasing promising eventuality for
topical operations.

Zinc oxide nanocarriers

Zinc oxide( ZnO) nanocarriers, synthesized
through sol- gel and rush styles, demonstrate
exceptional capabilities as inorganic UV
pollutants. By effectively reflecting and scattering
UV- A and UV- B radiation, they give robust sun

protection. also, ZnO nanocarriers parade
antimicrobial and anticancer parcels, further
expanding their implicit operations. The

advantages of ZnO nanocarriers are multifaceted.
They're fairly affordable, biocompatible, and
parade lower toxin compared to other essence
oxide nanoparticles. The US FDA recognizes bulk
ZnO as a safe substance, and ZnO nanoparticles
larger than 100 nm are considered biocompatible,
supporting their use in medicine delivery.
specially, the essential anticancer and
antimicrobial parcels of ZnO nanoparticles confer
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a distinct advantage over traditional medicine
carriers, similar as lipid and polymeric
nanoparticles. (30)

Silica nanocarriers

Silica nanocarriers encompass a broad range of
products, primarily composed of unformed silica,

as listed in approved EU nanomaterials. They're
employed in both wash- off and leave- on
phrasings to enhance the texture of the composites
and give a matte(opaque) finish on the operation
area.(31)

Advances in skincare
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Recent advances regulations

The USFDA recently issued an import alert for 66-
38. Skincare products are labeled as anti-aging
creams. There are many skincare products on the
market that agents counteract, slow downas well
as manage the cellular senescence. As stated by the
United States food and drug administration, the
following statements are made: "The molecule
absorbs and expands, applying pressure upwards.
Reduce the appearance of fine lines' is a statement
of internal structural change, which generally
results in the product becoming a cure. The Food
and drug administration has declared that these
assertions are prohibited in the labelling of skin
care products.(32) The European Union's
Cosmetics Regulation 1223/2009 introduces
measures to address concerns surrounding
nanomaterials in cosmetic products. As of July 11,
2013, ingredients in nanomaterial form must be
labeled with the suffix "nano" on packaging,
distinguishing nanoparticles  from their
conventional counterparts, such as TiO2-
nano.Cosmetic products containing nanomaterials
must undergo a UV protection test and individual
security check. Additionally, manufacturers must
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electronically notify the commission six months
prior to market placement, providing detailed
information on identification, specifications,
quantity, toxicity profile, safety data, and expected
exposure conditions.(33)

Well-known brands of nano cosmetics

From different overviews, it has been found that
nearly all major corrective businesses utilize
nanotechnology in their different items. One case
is the well-known restorative producer Estee
Lauder, who has been detailed to enter the nano
market in the year 2006, with a wide run of items
that Figure: Analysis of the top ten cosmetics
companies based on the quantity of
nanotechnology patents they hold.  contain
nanoparticles. Another case is of L'Oreal, which is
the world's biggest makeup company which has
protected the utilization of handfuls of nano some
particles (34)

Future outlook

A perspective of nanotechnology for the future in
beauty care products holds indeed more energizing
prospects. Analysts are investigating the utilize of
nanoparticles for focused on sedate conveyance to
particular layers of the skin, permitting for more
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viable treatment of skin conditions and upgraded
skincare. Also, personalized skincare items based
on personal necessities may end up a reality, with
nanotechnology empowering the customization of
excellent items to meet particular needs. With
continuous investigate and headways,
nanotechnology is set to revolutionize the beauty
care products industry encourage. The conceivable
outcomes for imaginative definitions made strides
in adequacy, and economic arrangements are
perpetual. As we proceed to grasp the potential of
nanotechnology, we can expect a future where
magnificence items not as it were upgrade our
appearance but moreover prioritize security,
viability, and natural maintainability. (35)
Hazardous effect of nanoparticles

Toxic
Later, presence of a noticeable shift in recent times
a fast improvement within the realm of

nanotechnology because it has been proven to be a
blessing in the areas of cosmetics, nutrition, and
agriculture. They have moreover found out to be
an incredible effect within the pharmaceutical and
various businesses since they have physiochemical
and electrical qualities. They are presently broadly
utilized in forming rebellious considering
medicate conveyance counting frameworks for
monoclonal antibodies.

Sometimes recently applying the items, it is
necessary to conduct broad therapeutic evaluation,
indeed although numerous compounds within
skincare products are said to have no negative
consequences. Also, raw materials are not
associated with any adverse impacts. Broad
utilization of these materials may moreover cause
adverse impacts. Advanced diagnostic back has
been required for some time recently
nanotechnology continues to commercialization
and item advancement.(36)

In particular, absorption, skin penetration, and
inhalation are the 3 primary ways that
nanomaterials enter the body.
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According to the National Institute of
Occupational Health and Safety (NIOHS),
inhalation is the most well-known entry point for
airborne nanoparticles. For example, when
creating nano cosmeceutical products, experts
might be exposed and inhale nanoparticles.
Additionally, when using products that contain
nanomaterials, customers may inhale them. For
instance, nanoparticles from sunscreen showers
containing nanoscale TiO2 may be inhaled and
travel through the nasal nerves to the cerebrum
(brain) and tactile framework before entering the
bloodstream and various organs, where they may
have potentially fatal adverse effects. (37)
Additionally, nanoparticles can be accidentally
ingested through palms exchange or intentionally
ingested. Following ingestion, the body may
absorb a specific intensity of the nanomaterials
body tissues, transport them to vital leading to
adverse effects. However, there's a discussion
about the characteristics of nanoparticles that
influence their skin permeation. Different comes
about were gotten utilizing lipid nanoparticles,
which were credited to the diverse exploratory
conditions in terms of introduction time, site of
application, skin surface, skin sort, and connected
concentration. It is fundamental to get the skin
penetrability of lipid nanomaterials and their
conduct within the diverse skin layers. (38)

Risk of environment

In conjunction with the increment within the
generation and utilization of nanoparticles in our
everyday lives, their spread in water frameworks
is watched through the release of mechanical
sewage, metropolitan sewage treatment plants, or
surface runoff to the soil, among others. Their
discharge into the environment happens amid
generation, transport, utilization, and transfer.
Nanoparticles' innovative elemental composition
distinctive allow them to readily enter extremely
small spaces. By participating in reactions in
natural systems, they can produce physiochemical
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impedances.(38,39) Nanomaterials can cause cell
disabilities through a variety of mechanisms, such
as  autophagy, lysosomal dysfunctions,
metabolism stretch, Production of reactive oxygen
species arrangement, and biomagnification. The
way that nanomaterials are used in the workplace,
their ability to isolate themselves in a variety of
media (including root system, moisture, as well as
vapour), their portability, their consistency all
affect how they affect the environment.
Additionally, transportation and the introduction
of nanotechnology into the environment are the
key factors that determine the overall
environmental impact. Since nanoparticles are
essential  building  blocks  of  various
biogeochemical forms, any worldwide impact of
specific nanomaterials on natural loops ought to be
considered. Furthermore, the natural impact of
these particulate is dependent on a number of
factors that should also be considered, including
temperature, weight, oxidation / reduction
potential, chemical reactions, arrangement
science, and coating proximity. (40)

According to a study on carbon fullerenes, brain
damage can be caused in largemouth bass, a
species that regulatory bodies utilize as a model to
define ecotoxicological consequences. It has also
been discovered that fullerenes possess
antibacterial qualities and can eliminate water
fleas. The Centre for Biological and
Environmental ~ Nanotechnology at  Rice
University has noted that nanoparticles have a
propensity to attach to contaminants such as
petrochemicals and cadmium that are already
widely distributed in the environment. According
to this pattern, nanomaterials could be a means of
transporting pollutants from groundwater over
long distances and on a large scale. Some studies
have even suggested that nanoparticles have
biomagnification potential. Researchers from the
University of California, Santa Barbara who are
multidisciplinary, made groundbreaking
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observations on how nanoparticles can be
biomagnified in a simple microbial food
chain.(41)

Evaluation of nanoparticle safety

Impact of surface charge on the toxicity of
nanoparticles:

Because of the way it influences their mutual
interactions, a nanoparticle's surface charge plays
a significant role in determining its toxicity.
Pertaining to biological systems. A nanoparticle's
surface charge largely determines its properties,
especially its ability to attach. Plasma proteins,
which control permeability throughout the
membranes of cells and preserve the blood-brain
barrier's integrity many more factors. The toxicity
of positively charged nanoparticles is greater than
that of negatively or neutrally charged ones.
Positively charged particles exhibit a force of
electrostatic that is the primary cause of
nanoparticle attraction.(42) The negatively
charged glycoproteins and nanoparticles present
on the cell membrane. Mice that were given
treatment Lipid nanoparticles with a positive
charge demonstrated damage to the liver and
produced type | interferon reaction in many types
of leukemic cells. Moreover, the cytokine
activation leads to an inflammatory response.
Similar results were obtained with electrically
charged nanoparticles when positively charged
ones were utilized in place of neutral or negatively
charged ones. It has been shown that positive
nanoparticles tamper with plasma integrity.
Membranes, a greater amount of damage in

lysosomes and mitochondria, and more
autophagosomes  than  negatively  charged
nanoparticle.

Impact of aspect ratio on toxicity of

nanoparticles:

A nanoparticle's aspect ratio is defined as the
proportional relationship between its height and
breadth. It has been found that a nanoparticle's
toxicity increases with its aspect ratio. The toxicity
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exhibited by small asbestos fibres smaller than 5
nm and long asbestos fibres larger than or equal to
5 nm was examined by Boulangerite. Long
asbestos fibres were shown to be more hazardous
than short asbestos fibres. Additionally, the
research indicated that asbestos fibre toxicity rose
with length. High aspect ratio silicon nanowires
produced lung inflammations and fibrosis, which
in turn resulted in pulmonary toxicity.(43)
Aggregation and concentration’s effects on the
toxicity of nanoparticle:

Nanoparticle aggregation is typically determined
by their size, shape, structure, and chemical
makeup. It has been noted that the toxicity and
biological reactions that nanoparticles cause are
influenced by their ability to aggregate. Both in
vivo and in vitro, larger aggregates of titanium
dioxide nanoparticles cause greater degrees of
toxicity and biological response than smaller
aggregates. This demonstrates how aggregation
raises the toxicity of nanoparticles. Regarding
concentration and the toxicity of nanoparticles, it
has been found that the toxicity reduces at a much
greater concentration as the concentration rises.
The inhalation experiments carried out by Sung et
al. provide credence to this assertion. At the
greatest dose of silver nanoparticles used in the
study, rats showed no discernible changes. At
lesser dosages, the rats did, however, show
decreased lung function with granulomatosis and
alveolar inflammatory changes.(44)

Shape of nanoparticles and their impact on
toxicity:

The toxicity of nanoparticles is substantially
influenced by their morphological characteristics,
particularly their shape. Nanoparticles can exhibit
a diverse range of shapes, including spherical, rod-
like, cubic, ellipsoidal, sheet-like, and cylindrical
structures. The shape-dependent toxicity of
nanoparticles is a critical factor in determining
their potential impact on biological systems. The
way the phagocytosis or endocytosis membrane
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wrapping process proceeds in vivo is generally
influenced by the shape of the nanoparticle. The
impact of shape on the toxicity of gold
nanoparticles was noted by Adewale et al.
Nanorod-shaped gold nanoparticles were created.
nano prisms, nanospheres, and nanotriangles, in
that order. Compared to nanospheres, gold
nanorods were shown to be more harmful to cells
in culture. When compared to various forms of
nanoparticles, nanospheres were determined to be
the least hazardous.(45)

Impact of surface roughness and coating on the
toxicity of nanoparticles:

The toxicity of nanoparticles is influenced by their
surface characteristics, which also affect how the
particles interact with the surrounding cells. It can
also have an impact on the accretion, distribution,
and pharmacokinetics of nanoparticles, as well as
their optical, magnetic, and electric characteristics.
Iron Oxide may be used to demonstrate this
nanoparticle that produce reactive oxygen species
(ROS) and cause cytotoxicity and genotoxicity. Its
size and surface coating have the most effects on
the production of ROS.Evaluation research carried
out by Phenteral. The harmful effects of nanoscale
zerovalent iron were evaluated by observing and
analyzing neurons (N27) and cultured rodent
microglia (BV2). Surface modification of nano-
sized zerovalent iron (nZVI) particles has been
shown to mitigate their toxicity by reducing the
rate of settling. This modification slows down the
aggregation and sedimentation of nZVI particles,
thereby decreasing their potential to cause adverse
effects.There is less cell exposure. One of the main
causes of the harmful effects appears to be the
surface roughness. The nanoparticles were
illustrated by Sultana in their publications.
Nanoparticles with a foliar form were seen.
Compared to spherical gold nanoparticles, those
with a rough surface have higher harmful
conseqguences. Internalization of gold
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nanoparticles results in the formation of new
ones.(46)

Effect of solvent or medium on toxic effects of
nanoparticles:

The toxicity of nanoparticles is influenced by the
medium or solvent in which they are dispersed. Li
et al. investigated the toxicity of zinc oxide
nanoparticles to E. coli in various media, including
0.85% NaCl, minimum Davis medium, ultrapure
phosphate-buffered saline, and water.The results
showed that the toxicity of zinc oxide
nanoparticles varied significantly depending on
the medium, with the following order of toxicity
observed: ultrapure water > NaCl > Luria-Bertani
medium > phosphate-buffered saline. Notably,
ultrapure water was found to be the most toxic
medium, while phosphate-buffered saline was the
least toxic.The aggregation of nanoparticles in
different media also impacted their toxicity.
Drescher et al.'s study demonstrated the toxicity of
silica nanoparticles in 3T3 fibroblast cells. The
results showed that in all media containing silica
nanoparticles, small aggregates of particles
formed, leading to a decrease in toxicity
levels.These findings highlight the importance of
considering the medium or solvent in which
nanoparticles are dispersed, as it can significantly
impact  their  toxicity and  aggregation
behaviour.(47)

Chemical composition and crystal structure’s
impact on the toxicity of nanoparticles:
Nanoparticle toxicity can be affected by chemical
composition and crystal structure. Griffith et
alexperiment carried out in a study by Griffith
Frederick. Soluble versions of nano copper and
nano silver were harmful to all of the creatures that
were being studied. Zebrafish and Daphnids are
two algae. However, there were no harmful
impacts of titanium dioxide on the organisms
under Think about it. What makes a little object
toxic is its crystal structure. The harmful
consequences of 11 Jiang et al. looked into several

/AU
Vet

{*8%") INTERNATIONAL JOURNAL OF PHARMACELITICAL SCIENCES

AN~
o

7

titanium dioxide crystal phase combinations.
There were sizes that were examined. Reactive
oxygen production was maximum in the
amorphous phase. species and then anatase.
Anatase rutile phase mixtures appear. The least
amount of reactive oxygen Titanium dioxide rutile
samples were able to generate species.(48)
Impact of nanoparticle toxicity influenced by
size and surface area:

The dimensions and area of the nanoparticle affect
its functionality and interaction with the living
organism. Various methods available affect the
cells' uptake of nanoparticles. Its dimensions are
used. Cell barriers can be broken by tiny particles
smaller than 5 nm, while larger ones must be
broken by Micropinocytosis, phagocytosis, and
other specific and non-specific transport methods
are some of the methods used to transport cells.
Rewrite the passage using the same language, but
make sure you maintain the same number of
words.(49) There is a greater potential for harmful
effects due to greater cellular uptake and potential
for harmful effects. Lipid damage is one way that
the generation of reactive oxygen species (ROS)
damages the biological system. DNA damage and
oxidation. No matter the fundamental makeup,
cells can absorb nanoparticles up to their greatest
potential. Between 10 and 60 nanometres, surface
charge is seen. The surface area of nanoparticles is
an important consideration.in the negative
consequences that nanoparticles create. The
surface area of nanoparticles increases with their
size. resulting in an increase in the potential for
harm from these nanoparticles. Chen et al.
demonstrated that in J774 The As macrophages
engaged with the amorphous silica nanoparticles,
their cytotoxicity increased. Measurement of
surface nanoparticles.(50)

Present circumstances and Potential future
The benefits of these innovative nanoparticles
include Optimized skin uptake, Enhanced
stability, Precision targeting, regulated and
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prolonged drug release, and high entrapment
efficiency. However, because there is a chance that
nanoparticles will pierce skin and pose health
risks, studies on nanotoxicology have raised
concerns about the effects of expanding
nanoparticle use in cosmeceuticals. The several
innovative  carriers  utilized to  transmit
cosmeceuticals, their advantages and
disadvantages, commercial formulations, toxicity,
and laws governing nano cosmeceuticals are all
highlighted in this review of nanotechnology in
cosmeceuticals.
CONCLUSION
By furnishing lesser stability, targeted delivery,
and efficacity of active composites, the use of
nanoparticles in  skincare treatments s
transubstantiating the assiduity. Products that go
deeper into the skin and address problems like
aging, saturation, and dehumidification more
successfully are made possible by
nanotechnology.  likewise, by  delivering
substances precisely where they're needed and
minimizing dispensable exposure, nanoparticles
limit unwanted goods. Despite the enormous
eventuality of nanoparticles in skincare, it's
imperative to address safety enterprises and
guarantee thorough testing to reduce the hazards
involved in their use. The skincare sector is poised
for a revolutionary period as nanotechnology
exploration and invention continue to progress,
furnishing guests with more advanced and
customized, high- performing products.
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