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ABSTRACT

Nanotechnology entered the field of cosmetics amdwmer health products nearly 40 years ago witlstmozing
creams that used liposome, a vesicle of phospldolgjers with an agqueous core. Nanomaterials inneetscs
include nanoemulsions, nanosomes and nanopigmenimonly used in sunscreens, barrier skin creamsosald
hygiene products. Nanotechnologically manufacturederials (so-called biocomposites) in toothpastanmote the
natural tooth repair mechanism of saliva. In healtte products, nanocapsules protect and transpativa
ingredients and enhance their effect. Nanoemulsiom®smetics can increase the nutritious oil cant&f products
such as high performance moisturisers, which mapl@emtiny pocket-like structures called nanosomehelp
protect fragile ingredients from degrading. Thesm@emulsions and nanosomes are soluble and break dpon
application to the skin. However, nanotoxicologicegearch expressed concern about the impact ofifaaturing
and use of nanomaterials on human health and enmiemt with silver nanoparticles used in socks ttupe foot
odour are being released in the wash water causesraction of natural ecosystem. Therefore, nanenss
require a health risk assessment, which shoulddséopmed on a case-by-case basis, using pertindotrnation.
Europe has already passed new laws that will rezjuitost nano-ingredients in sunscreens, cosmetitactonew
safety testing and mandatory labeling.

Key words. anticoagulant, bacteriostatic, biocomposites, narex, nanoemulsions, nanosomes, nanomaterials.

INTRODUCTION

Over 4000 years ago, prehistoric Egyptians, GregiksRoman researchers were making use of nanotegyrio
hair dye preparations. [1] From 1959 onwards, thecept of nanotechnology came into existence fiemdint fields
of sciences like biology, physics, chemistry, andieeering. [2] Also it has been entered in théfigf cosmetics
for instance; dermal preparations and other hgalbucts with moisturising creams prepared by usipmsomes
nearly existed 40 years ago. The prefix “Nano” fraanotechnology is a Greek word: “Nanos” — whichanse
“little old man or dwarf”. Nanotechnology is a poitg new technology in which a material is reconsted or
engineered at an atomic and molecular level. Omemater (nm) is one billionth, or T0of a meter. According to
the definition of National Nanotechnology Initiativn the US, the scale range of nanomaterial s 100 nm.[3].
As nanoparticles are smaller in size, so, they kekHdifferent physiochemical properties[4]. Sevetgpes of
cosmetics, sunscreens and personal care produdth wbntain engineered nanomaterials are commbyrcial
available right now [5] in the global market. Macgsmetic formulations incorporate special nanoglagithat may
be coated or may not be coated, provides sunscteetile, light scattering and matte effects foe thiearer[6].
Compared to their respective bulk materials, theonzaterials may produce better self-cleaning oiadbkesive
properties on a surface, increase the toughneagafticular material, improve resistance to foiot& improve the
quality of textiles, etc. There are also increasgucerns about the impact of these nanomateridleienvironment
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and their possible impact on human health. Thetopresf what is meant by nanotechnologies and naterials
[7] especially in food and cosmetics, remains ohdhe key issues in the debate between public aititm
industry, scientists, consumers, environmental ggoand the media. The debate about what constitates
nanomaterial has major implications for the entis& governance cycle, including problem-framirtgg issessment
of risks and concerns, risk-benefit managemenioapti As the design, development and productionldevkself
engineered nanomaterials will no doubt increaseitethsify over the coming years, the questionheirt possible
effects on health is of immediate concern.

NEED OF NANOMETERIALSIN COSMETICS

The increased usage of nanomaterials in cosmetidupts is indicative of the huge potential nanotetbgy

represents for the cosmetics industry and its aoessl because of their advantages(as shown in Figriymber of
nanomaterial types are already in use, includimgamulsions, and nanopatrticles of minerals pregeotir natural
environment, such as titanium dioxide (}jOzinc oxide (ZnO), alumina, silver, silicon dide, calcium fluoride
and copper. The rationale for the use of nanon@dsein cosmetic products is, of course, that thigsr@dded value
in terms of product performance. The unique prépend behaviour of nanomaterials mean that nahotéogies
could profoundly transform industry and everyddg.lin formulation of cosmetics, Titanium dioxid€i@,) and

Zinc Oxide (ZnO) nanopigments are the main compsuwmekd as highly efficient UV-filters, able to et and
scatter the visible part of solar radiation whibsarbing UV light. Given these properties, they extensively used
in sunscreens. Other examples of nanocosmetic pt®dn the market include body firming lotion, kzen

exfoliant scrub, eye liner, and styling gel, to rabut a few.
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Fig.1 various advantages linked with nanocosmetics

The nanomaterials found its next use as encapsdutateier for topical delivery of photolabile ankirs sensitizing
compounds. Liposomes and Niosomes are used ito8raetic industry as delivery vehicles to improve;

» Direct interaction of sensitive agents with skin.

» The delayed release of sensitizing agents.

» Reduction in the amount of agents and additives.

* Increased lifespan and hence greater product bt

Nanocrystals, microemulsions, nanoemulsions, Fedles and dendrimers are also being explored in mode
cosmetic and beauty care applications. Nanopignmemetsustom built to stay on the surface of the skid are a
major component of some sunscreens. Nanoemulsiensiband water droplets often protecting fragiletive
ingredients (like vitamins). Unstable Vitamins che suspended in nanoemulsions. The industry chést
nanocapsules, liposomes, lyphazones, etc. and martgiens release the entrapped load upon contélettiag skin
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on application. The next class of cosmetics inctufidlerenes or fullersomes that are used as chuyeactive
ingredients. Some fullerenes, specifically carbasda, might be hazardous when inhaled and theyoxize
some cells.[8-10]

DIFFERENT TYPESNANOMATERIALSUSED IN COSMETICS
In this section we have discussed various type®materials that used in cosmetics. Figure 2. Sheavious
structures available in nanoscale.

1.Liposomes:

Liposomes are vesicular structures with an aqueous surrounded by a hydrophobic lipid bilayer,ateel by the
extrusion of phospholipids. They are most widelpwn cosmetic delivery systems. Liposomes can varsiie,
from 15 nm up to several pum and can have eithergheslayer (unilamellar) or multilayer (multilaniat) structure.
The first liposomal cosmetic product to appear dre tmarket was the anti-ageing cream ‘Capture
launched by Dior in 1986. Phosphatidylcholine, ofi¢he main ingredients of liposomes, has been lyidsed in
skin care products and shampoos due to its sofjeanid conditioning properties [11].
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Figure2. Showsvarious structures available in nanoscale.

Liposomes have been formed that facilitate the inaous supply of agents
into the cells over a sustained period of time, imgkhem an ideal candidate for the delivery oritns and other
molecules to regenerate the epidermis. They hase béen used in the treatment of hair loss. Mirihxa
vasodilator, is in the active ingredient in produltte Regaine that claim to prevent or slow hagsl The skin care
preparations with empty or moisture loaded liposaeruce the transdermal water loss and are suifabléhe
treatment of dry skin. They also enhance the supplipids and water to stratum corneum [12, 13hl€al- Some
of the liposomal cosmetic formulations currenthaable in the market [14, 15, 16, 17, 18, 19]

2.Nanoemulsions:

Nanoemulsions can be defined as “ultrafine emutSibkecause of the formation of droplets in the sigbom range.
The average droplet size of nanoemulsions has faeming from 50 to 1000 nm. They have attractedsictanable
attention in recent years for application in pesarare products as potential vehicles for therotlet delivery of
cosmetics. Nanoemulsions are transparent due tarbmets tiny size and they also remain stableafdonger
period of time [20]. They are mostly used in de@ads, sunscreens, shampoos, and skin and haipratects. The
nanoemulsions are easilyvalued in skin care becafigbeir good sensorial properties i.e. rapid peti@n,

merging textures and their biophysical propertsgzeeially, hydrating power. A significant improvemén dry hair
aspect (after several shampoos) is obtained wittolanged effect after a cationic nanoemulsion tetr becomes
more fluid and shiny, less brittle and non-greaxly, P2].
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Table 1- Some of the liposomal cosmetic for mulations currently availablein the mar ket
[14,15, 16, 17, 18, 19)]

Product | Manufacturer Liposomes and key ingredients
Capture effect du Soleill  Cristian Diar L'Or’eal lapomes in gel Training agents in Liposomes
Formulae Liposome Ge| Payot(Fredinand Muehlens) ni¥dwn, hyaluronic acid
Future Perfect Skin Gel|  Estee Lauder TMF. VitamiiABpalamitate cerebrosideceramide phospholipid
Symphatic 2000 Biopharm Gmbh Thymus extract, viteanpalamitate
Natipide Il Nattermann PL Liposomal gel for do dwyrself cosmetics
Flawless finish Elizebath Arden Liquid make-up
Inovota Pharm/Apotheke Thymus extract, hyalurowid,avitamin E
Eye Perfector Avon Soothing cream to reduce ey@tion

3.Microemulsions:

Hoar and Schulman introduced the term microemulgidi®43. Microemulsion is currently defined as mansized
emulsion of water oil and amphiphile, an opticalptropic and thermodynamically stable liquid, @ning

particles with diameters of 100nm and less. In maosgmetic applications such as skin care produets,products
etc., emulsions are widely used with water as tir@icuous phase [23]. Cosmetic microemulsions lafagie oils,
produced by emulsion polymerization are not therynadhically stable products because of low solubitf

silicone oil in the surfactants. Eli Lilly and Coeapy had been assigned a patent for their stablenidmemulsion
i.e., non-irritating moisturizing composition whiethen applied to skin promoted the penetration ofstarizers
into the skin and leave little residue on the stefaf the skin [24].

4.Nanocapsules:

Nanocapsules are submicroscopic particles thata@e of a polymeric capsule surrounding an aqueously
core. It has been found that the use of nanocapsidereases the penetration of UV filter octyl rogylcinnamate
in pig skin when compared with conventional emuisif25].

5.Solid lipid nanoparticles:

They are oily droplets of lipids which are solidbatdy temperature and stabilized by surfactanteyTdan protect
the encapsulated ingredients from degradation, faretthe controlled delivery of cosmetic agentsroagrolonged
period of time and have been found to improve theepration of active compounds into the straturmeom. In
vivo studies have shown that an SLNcontaining fdation is more efficient in skin hydration than lagebo. They
have also been found to show UVresistant propertidsch were enhanced when a molecular sunscreen
incorporated and tested. Enhanced UV blocking b4, 3-trimethoxybenzoylchitin (a good UV absorbegs seen
when incorporated into SLNs [25, 26].

6.Nanocrystals:

Nanocrystals are crystals having size less than. Iftray are aggregates comprising several hundradn® of
thousands of atoms that combine into a "clusteypidal sizes of these aggregates are between 10v0D[R7].
Nanocrystals of poorly soluble drugs can also beoriporated in cosmetic products where they providgh
penetration power through dermal application. Tiret Eosmetic products appeared on the market tigcdovena
in 2007 (rutin) and La Prairie in 2008 (hesperidiRutin and hesperidin are two, poorly solublenplglycoside
antioxidants that could not previously be used @diynOnce formulated as nanocrystals, they becderenally
available as measured by antioxidant effect. Thmaystals can be added to any cosmetic topicaldtation, e. g.
creams, lotions and liposomal dispersions [28].

7.Nanosilver and Nanogold:

Cosmetic manufacturers are harnessing the enhamtibécterial properties of nanosilver in a ranfepplications.
Some manufacturers are already producing under@mdatants with claims that the silver in the prddwdl
provide up to 24-hour antibacterial protection. baized gold, like nanosilver, is claimed to behygeffective in
disinfecting the bacteria in the mouth and has bé&sn added to toothpaste [29, 30].

8.Dendrimers:

Dendrimers are unimolecular, monodisperse, micelrostructures, around 20 nm in size, with a deflred,
regularly branched symmetrical structure and a digihsity of functional end groups at their perighér dendrimer
is typically symmetric around the core, and oftdpgis a spherical three-dimensional morphology. @frtee very
first dendrimers, the new kome dendrimer, was s3gitted in 1985 [31]. Dendrimers have also beenidered for
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use in the cosmetic industry. Several patents baea filed for the application of dendrimers inrtre, skin care
and nail care products. Dendrimers have been reghadat provide controlled release from the inneecétowever,
drugs are incorporated both in the interior as veasll attached on the surface. Due to their vertyatitioth

hydrophilic and hydrophobic drugs can be incorpetanto dendrimers [32].

9.Cubosomes:

Cubosomes are discrete, sub-micron, nanostrucpagitles of bi-continuous cubic liquid crystallipbase. It is
formed by the self assembly of liquid crystallinartcles of certain surfactants when mixed with evaénd a
microstructure at a certain ratio [33]. Cubosomiésr@ large surface area, low viscosity and castet almost any
dilution level. They have high heat stability armé @apable of carrying hydrophilic and hydrophofriolecules.
Combined with the low cost of the raw materials #mal potential for controlled release through fioralization,

they are an attractive choice for cosmetic appboatas well as for drug delivery [34].

10.Hydrogels:

They are 3D hydrophilic polymer networks that svielivater or biological fluids without dissolving @ result of
chemical or physical cross-links. They can preflittire changes and change their property accorgitogprevent
the damage [35].

11.Buckyballs:

Buckminster fullerene, C60, is perhaps the mosticoanomaterial and is approximately 1 nm in digenf36]. It
has found its way into some very expensive facamee The motivation is to capitalize on its capattbehave as
a potent scavenger of free radicals [37].

12.Niosomes:

Niosomes are vesicles composed of nonionic surigetdhe niosomes have been mainly studied beaafubeir

advantages compared with the liposomes: higher iddadlgn stability of surfactant than phospholipig&quire no
special conditions for preparation and storagey tiese no purity problems and the manufacturingscase low
[38]. The advantages of using niosomes in cosnagtit skin care applications include their abilityinorease the
stability of entrapped drugs, improved bioavail@pibf poorly absorbed ingredients and enhanced pkinetration
[39].

13.Transfer somes:

In the 1990s, transfersomes, i.e., lipid vesicla#taining large fractions of fatty acids, were acluced by Cevc and
coworkers. Transfersomes are vesicles composecaspholipids as their main ingredient with 10-25cpat

surfactant and 3-10 percent ethanol. In consequehei bilayers are much more elastic than thdsigposomes

and thus well suited for the skin penetration. Sfarsomes consist of phospholipids, cholesterol aafditional

surfactant molecules such as sodium cholate. Thentors claim that transfersomes are ultradeforenavid

squeeze through pores less than one-tenth ofdlaireter. Therefore 200 to 300nmsized transfersa@reeslaimed

to penetrate intact skin [40-42].

14.Lipid Nanoparticle:

The first generation of solid lipid nanoparticleSLN) was developed at the beginning of the ninetiesan
alternative carrier system to emulsions, liposoares polymeric nanoparticles. Solid lipid nanop#esoSLNs) are
nanometre sized particles with a solid lipid matrbhey are oily droplets of lipids which are sobd body
temperature and stabilized by surfactants [43]thie second generation technology of the nanostegttlipid
carriers (NLC), the particles are produced by usirtgend of a solid lipid with a liquid lipid, thislend also being
solid at body temperature. SLNs have occlusive gntigs making them ideal for potential use in degams. NLC
were developed to overcome some potential limitatiassociated with SLN. Compared to SLN, NLC show a
higher loading capacity for a number of active coomuls, a lower water content of the particle susjpenand
minimize potential expulsion of active compoundsinly storage. Solid lipid nanoparticles (SLNs) amaho-
structured lipid carriers (NLC) are novel colloiddélivery systems with many cosmetic and dermatoddg
features; such as skin adhesive properties wheledpp the skin resulting in occlusion, enhanckit $iydration,
whitening effects, protection against degradataisorption increasing effects, active penetratitmaacement, and
controlled release properties [44, 45].
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PRESENT STATUS & FUTURE PROSPECTS

Nanotechnology is the fastest developing area eéareh involved in resolving science based solstitor
innovative therapeutics and cosmetics. In futurés going to become a big prospect for cosmeties @nsumer
care product manufacturers. As this area of tedgyois still relatively new, researchers have tklinto solubility
and bio-persistence of the nanometerials veryfallyeThe most commonly used nanopigments in cdgrmeare
titanium dioxide, zinc oxide and aluminium oxidéNano-aluminium oxide is used in concealers and ralne
foundations because it diffuses light, giving aftdocus’ effect that disguises wrinkles. Nano+titam dioxide is
used to give protection from UV rays of sun. Asugér particle, titanium dioxide is white and opaquBut in nano
size, titanium dioxide becomes transparent. Nartimpes of iron oxide are used as pigments. Nandsiz&,
particles stay on the outer surface or stratumexom of the skin and do not penetrate through thiadiskin.
Production of free radicals by nanoparticles usestinscreens and cosmetics is greater when expm$éd light.
Nano-sized titanium dioxide sometimes penetratesstin and therefore be of prime concern for peaoyté
healthy skin. Fullerenes have been also used asmaterials in anti-aging cosmetic products but uage about
their potential toxicity as well as scepticism abtheir anti-aging claims. Some cosmetics developesate an idea
about silver nanopatrticles, they want to use Wy tof nanoparticles in toothpaste. Nowadays, Gealdoparticles
are included in facial masks, being used in beealitjcs and saloons. It is believed to work by imying the blood
circulation, skin elasticity, and reducing the fation of wrinkles & they do not produce toxicity human skin
[47-49].

The most common product in cosmetics that usesteamaology is sunscreens. The particles used iscseans are
zinc oxide and titanium dioxide. The use of thearaparticles makes the sunscreen transparent ssdrieasy.
There are other cosmetics such as skin moisturiaatswrinkle products, skin cleansers, and headpcts that
benefits from nanotechnology[46](as shown in Fig.3)
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Figure 3.Cosmetics such as skin moisturizers, anti-wrinkle products, skin cleansers, and hair products from nanotechnology. (a)
http://tinaounds2016.blogspot.in, and (b)https://www.nanotechia.org

RISK ASSESSMENT TECHNIQUES

Making of nanomaterials attractive to the cosmetiod personal care industries have to alter ctlansparency,
solubility and chemical reactivity [49] Currentlgere are few social issues about the impact of pemticles used
extensively in sunscreens like Titanium dioxiden&Zoxide, on environment, health and safety. Narerizds used
in sunscreens, an assessment of phototoxicologgdsssary to determine if hanoparticles/nanomédenave the
capacity to generate free radicals in the presehcinlight and if the addition of antioxidantsthe formulation
could eliminate any free-radical damage. Recens@@ens contain insoluble nanopatrticles (colourlekstanium
dioxide (TiQ,) or zinc oxide (ZnO), which reflect / disperseraltolet more effectively than bigger particles.eTh
nano-sized particles are used in sunscreens asbstitste to existing chemical UV absorbers, suchpas
aminobenzoic acid and benzophenones, which care carsitivity reactions individuals. The Nationadtitute for
Occupational Safety and Health (NIOSH) has pubtisheeport in 2005 with conclusion that little centrations of
inhaled TiQ were an unlikely cause of cancer in humans. Algioother nanoparticles like carbon nanotubes,
fullerene derivatives and quantum dots may hav@ees that require safety assessment on casast® basis
prior to human use.[50-51] Fullerenes in cosmetidkenhance human exposure through product utibrg and
like other chemicals found in personal care proslucan potentially be released into the environnadter being
rinsed “down the drain”. [52] Such evaluations muse validated analytical techniques like high-perfance
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liquid chromatography (HPLC) for fullerene deteatim complex matrices like cosmetics. Satisfactggessment
of the environmental and human health impacts nbparticles (e.g., C60) in consumer products wbeadaluable
information for decision- making, and could therefbelp prevent public distrust. [53]

OPPORTUNITIES INTHE COSMETIC INDUSTRY

» TiO2 and ZnO are widely used in cosmetic formulagicdHowever, there is a need for an in-depth toxstudy
these materials as the studies so far have brouigled results.

» Liposomes and nanoemulsions do not disturb theiityeof the skin lipid bilayers and are not washed while
cleansing the skin. So, these formulations areset to have a great future in the cosmetic science

» Acceptability of microemulsions, however, woulddmverned by the use of safer surfactants, whichaio
appreciably change the permeability of membrane mmeated use.

» Encapsulation techniques and trigger-release méxharhave been developed for the active delivery of
cosmetic molecules. However, there is a need fiahile, cost effective triggers for controlled rase.

* Improvements in the drug loading efficiency of tiggased nanoparticles (SLNs and NLCs) and nanolespare
required.

» Better understanding of how lipid nanoparticles ifyodrug penetration into the skin, how they affdw drug
penetration and how they interact with lipids of gtratum corneum is required.

* Fundamental conditions for the formation of SLNd &.Cs and the effect of surfactants used for mcalifons
need to be studied further.

» Further in vivo studies on the effect of cosmetitst contain nanomaterials.

CONCLUSION

Growth of cosmeceutical industry is increasing tdgyday as the cosmeceuticals market is highly dified, with
products coming from major and small manufactuaes local

companies around the world. Nanotechnology reptegbe key technologies of the twenty-first cenfwifering

excellent opportunities for both research and lssnThe rapid spread and commercialization of teehaology
in cosmeceuticals have given rise to great techaiod economic aspirations but also question atimiemerging
risks to health and safety of consumers. Thus, ecsatical products based on nanotechnology shaulitebigned
and sold in a way that fully respects the healtbasfsumers and the environment.
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