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Inorganic nanoparticles and their
applications in cosmetology

Nanoczastki nieorganiczne i ich zastosowanie w kosmetologii

ABSTRACT

Nanotechnology is a rapidly growing field of knowledge
that finds application in many areas of everyday life - from
cosmetology, medicine, the food industry, and environmental
protection.

This study aimed to present inorganic nanoparticles, as
well as nanotechnology itself, with a limitation to its cosmetic
applications and a focus on the safety aspect.

Despite the vast potential and wide range of prospective
uses, nanotechnology still raises numerous concerns
regarding its application. One of the issues is the insufficient
investigation of the enduring impacts of nanoparticles on the
human body. However, nanoparticles are commonly found in
the environment and their usage is expanding.

Keywords: nanoparticles, nano gold, nano silver, cosmetic
formulations, cosmetics, nano forms

STRESZCZENIE

Nanotechnologia jest preznie rozwijajaca sie dziedzing wie-
dzy, ktéra znajduje zastosowanie w wielu obszarach Zycia co-
dziennego - od kosmetologii, medycyny, przez przemyst spo-
zywczy, na ochronie srodowiska koniczac.

Celem pracy byto przedstawienie nanoczastek nieorga-
nicznych, jak réwniez samej nanotechnologii z ogranicze-
niem do jej zastosowan kosmetycznych i zwrocenie uwagi na
aspekt bezpieczenistwa.

Cho¢ nanotechnologie cechuje ogromny potencjati szerokie
spektrum mozliwosci jej zastosowania, to nadal istnieje wiele
aspektow jej wykorzystania, ktore budza niepokoj. Brak badan
nad dtugofalowym wptywem nanoczastek na organizm czto-
wieka jest jednym z nich. Mimo to, nanoczastki sa powszech-
nie obecne w srodowisku i coraz czesciej wykorzystywane.

Stowa kluczowe: nanoczastki, nanoztoto, nanosrebro,
formulacje kosmetyczne, kosmetyka, formy nano

INTRODUCTION

Nanoparticles are fragments of matter permanently present
in the Earth's biosphere, and their natural formation is
associated with processes such as erosion or oxidation. In
addition, nanoparticles can be formed by human activities [1].
To define the concept of nanoparticles, a key issue is their
size. The prefix mano’ translated from Greek means dwarf.
A nanometre, in turn, is a unit of length equivalent to one
billionth of a mera, 1 nanometre (nm) = 10° m. This quantity
defines the concept of nanotechnology, as in classical terms
it will be all methods and techniques for creating objects in
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which at least one of the controlled dimensions is defined on
the nanoscale, ie. between 1 and 100 nm [2]. Another of the
accepted definitions, points out that a nanomaterial exists only
when a macro product undergoes modifications that allow its
original size to be scaled up to nanometric dimensions [2, 3].

The origins of nanotechnology and nanoparticles can
be traced back to 1959, when Richard Feynman formulated
the question “Why can't we write the entire 24 volumes of the
Encyclopedia Britannica on the head of a pin?” at the congress
of the American Association of Physicists [1, 2].
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Currently, all chemical and technological processes using
high temperatures are the largest emitters of nanoparticles
[2]. Human fabrication of nanostructures follows two main
strategies: bottom-up or top-down. These involve either
the formation of new structures by reducing macroscopic
material to smaller particle sizes of 1 to 100 nm (top-down)
or nanoparticles can be obtained from single atoms using
chemical methods (bottom-up) [2, 4, 5]. The nanoparticles
produced undergo the so-called quantum effect, which
determines the change in their physicochemical or biological
properties and also affects their reactivity. Intentionally man-
made nanoparticles include fullerenes, carbon nanotubes,
quantum dots, nanospheres, nanowires and nanofibres with
a wide range of applications, including in controlled release
systems for active substances used in dermatology, among
others [6-9].

Nanomaterials can be classified in various ways. One of the
most classic approaches proposes a division into organic and
inorganic nanostructures. A division can also be made based
on the mode of construction, so a distinction can be made
between core/shell and yolk/shell (liquid core/shell) structures.
The difference between yolk/shell and core/shell structures is
related to the type of substance incorporated. In the core/shell
structure, the substance incorporated into the core is most
often in solid form and surrounded by another substance
to form the shell. The yolk/shell structure, on the other hand,
allows the substance to be encapsulated in liquid form (yolk),
which is inside a surrounding layer (shell). Both structures
allow controlled release or delivery of active substances [3].

The wide range of applications of nanoparticles is directly
related to their nanometric size, as the proportion of surface
atomsrelative to the volume of the material increases, allowing
new bonds to be formed (through both physical and chemical
interactions). Nanoparticles, in relation to the material on
amacro scale, have different optical as well as physicochemical
properties. They are often pH sensitive and undergo redox
processes relatively easily [3]. It is worth mentioning that
numerous ways of synthesising organic nanoparticles are
described in the literature, which allow not only to control the
size of nanoparticles, but also their shape [10, 11]. The unique
properties of nano-objects are not only their size or reactivity,
but also their ability to penetrate most barriers present in
the human body and their relatively high biocompatibility,
which leads to much controversy and debate in view of the
fact that they are becoming increasingly commercialised, as
well asleaving room for continued application work and safety
assessment [10]. Nanotechnology provides a new perspective
on the production of intermediates characterised by low
costs, energy savings, improved performance and reduced
environmental damage [12]. However, it is worth noting
that nanomaterial can accumulate in the cells of organisms
and initiate free radical reactions, which may contribute
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to the development of the tumourigenesis process [13, 14].
Identifying the sources and pathways for nanomaterials
to reach individual cells is essential to investigate the risk
assessment of the environmental impact of nanoparticles [14].
In view of the above, the aim of this study was to present the
applicability of inorganic nanoparticles with a focus on metal
nanoparticles and the field of cosmetology. The analysis of
literature data was based on a review of a Polish-language
journal indexed in Google Schoolar using the key phrase
“nanoparticles in cosmetology”, and then, to supplement
the data, literature indexed in PubMed, Medline and Scopus
databaseswas analysed using key words such as nanoparticles,
nanogold, nanosilver, nanocopper, cosmetology, skin, linking
them with the logical conjunction and.

NANOPARTICLES IN COSMETOLOGY
Up to date, a large number of ingredients contained in
cosmetic products have been known and described, ranging
from active substances to excipients and sorption promoters.
Nanomaterials can be one of these, provided that they are
appropriately identified on the label of the cosmetic product
by the use of the prefix nano. The use of nanomaterials
in cosmetic products is relatively well described in the
scientific literature. Trends indicating customer interest in
nanomaterials in cosmetic products are also discernible.
In 2019, the international market for nanomaterials was
estimated to be worth USD 85 billion and is expected to grow
at a CAGR of approximately 131 per cent between 2020 and
2027 [14]. In cosmetic products, metallic nanoparticles are
the most common, but also lipid nanocarriers and liposomes
of an appropriate size can be distinguished [15]. The size of
the particles often determines the properties of the material,
especially in terms of its potential use as a sorption promoter,
but also when the aim is to improve the kinetics of release of
the active substance, increase bioavailability, or influence the
aesthetics, ease of application and appearance of the product
itself. Several types of carriers can be distinguished, which are
currently used in cosmetics and therapeutics:

+ matrix-type nanocarriers - the substance is suspended in
a matrix material,

+ depo nanocarriers - based on a system of nanocapsules
with a suspended active substance,

- dendrimeric carriers, whose structure resembles a tree
and allows for both prolonged and protective action on the
active substance,

- layerbylayer(LBL), where the shell is made up of alternating
layers of opposing charges,

- solid lipid nanoparticles (SLN), whose core is made up of
solid lipids,

- lipid nanocarriers (NLCs) containing solid and liquid lipids,

- nanotubes - phospholipid vesicles, monolayers having
a lipid core,



- liposomes - small, spherical carriers composed of a lipid

bilayer [14, 15].

The first commercially used nanoparticles were lipid
nanoparticles (LNPs), which appeared as early as the 1980s
and were defined as submicron colloidal transporters, whose
size oscillates between 50-1000 nm [16]. They are often used
in the delivery of poorly water-soluble active substances [8].

The most common carriers in cosmetology and medicine
are metallic nanoparticles, lipid nanocarriers and liposomes
(however, their classification into nano structures can be
problematic due to particle size). The nanoparticles used in
cosmetics are characterised by different properties, such as
antimicrobial (e.g. silver nanoparticles), regenerative (e.g.
gold nanoparticles) or photoprotective (e.g. titanium dioxide
nanoparticles) [15].

Nanocosmetics are used externally in skin, hair, nail and lip
care products. In addition, products containing nanoparticles
may have lower preservative content and lower viscosity than
traditional cosmetics. Thermal stability is also an important
feature, making the product more durable even under
unfavourable conditions, such as exposure to sunlight [15].
Ananoemulsionisatype of emulsion with a uniform dispersion
of particles in the dispersing phase, in which the diameter of the
dispersed phase is less than 100 nm, making light completely
penetrate through it. The use of nanoemulsions in a cosmetic
product gives it a favourable appearance and a lightweight
formulation that is pleasant to apply [17].

Nanoparticles have two routes of entry into the skin -
through channels between corneocytes and through hair
follicles. This is possible because of the size of the structures
themselves. Nanoparticles do not require sorption promoters
or modification of the stratum corneum to enhance absorption
into the skin [18]. Nanoparticles can also act as a reservoir
for the active substance and act as a Teservoir’ for the active
substance that has been applied to the skin [19]. They form
microchannels that allow larger particles to enter the skin.
The ease of penetration through the skin is determined not
only by the properties of the active substance, but also by the
route of administration. For solid lipid nanoparticles and lipid
nanocarriers, size is the most important characteristic, while
their chemical composition and charge do not significantly
affect permeability [8,15]. Lipid nanoparticles have been shown
to influence the physiological state of the skin while being
a skin moisturiser and elasticiser. In vivo tests confirmed this
relationship for a cream with 4% SLN content (which showed
animprovement in skin hydration of 8% with respect to a cream
without SLN) [20]. In addition, lipid nanoparticles have also
been shown to have radioprotective functions [19, 20].

Inorganic nanoparticles
Inorganic nanoparticles are also used in the production of
cosmetic products. They are characterised by a stable and

balanced safety profile (i.e. based on analyses of available
toxicity, bioavailability, exposure reports, as well as taking
into account environmental impacts) compared to macro
forms. This requires a case-by-case assessment depending
on the nanomaterial used and is relevant for risk and
decision-making regarding the safe use of nanomaterials.

The model size of a metal nanoparticle ranges from 1.5 to

5.0 nm, at a concentration of 10 ppm [20]. Many inorganic

nanoparticles are found in products that are commercially

available in the cosmetic market, and these include silver

(Ag), titanium (IV) dioxide (TiO,), zinc oxide (ZnO), gold (Au)

and copper (Cu) [2, 9].

« For many years, nanoparticulate titanium dioxide (IV) has
beenusedinthe production ofradioprotective preparations
due to its ultraviolet radiation (UV) absorbing properties.
Titanium (IV) dioxide is a white, chemically inert and
extremely stable powder. The exact characteristics of TiO,
nanoparticles depend on their degree of fineness. Products
containing physical sunscreens (SPF, sun protection factor)
with a factor of 50 in their formulation often tend to bleach
the skin, which also translates into a higher susceptibility to
abrasion,andthisreducestheproduct’'sradiation protection
properties. Nano titanium dioxide, is a transparent
substance. This modification allows an improvement in the
structure of the product, including its functional qualities
without affecting its photoprotective properties [11, 21].
Furthermore, it has been suggested that nano titanium
dioxide used in lotions and radioprotective creams
additionally acts as an oxygen free radical neutraliser [20].
Titanium (IV) dioxide is often used as a pigment not only
in cosmetics, but also in the production of paints and in
the paint industry. The use of TiO, nanoparticles provides
materials with greater protection against, for example, the
adverse effects of ultraviolet radiation. TiO, is used not only
in the cosmetics industry, but also in medicine, where it is
used in preparations for the decontamination of surgical
instruments or surfaces, especially transparent ones, due
to its antibacterial properties. It also has a bactericidal
effect as a component of biocomposites in tissue
engineering, where it has been shown to be 100% effective
against Escherichia coli and Candida albicans. In dentistry,
on the other hand, titanium (IV) oxide nanoparticles are
used as additives for dental implants and prostheses. The
use of TiO, nanoparticles increases the biocompatibility
of the prosthesis, but also improves the durability of the
implant, while preventing infection and therefore also
accelerating wound healing [11]. Thus, these properties
may also translate into an expansion of the cosmetic use of
TiO, in nanoparticle form.

. Silver nanoparticles (AgNPs) have disinfectant, bactericidal
and antiseptic properties. The effectiveness of silver is
determined to be 99.9% against bacteria and fungi. Silver
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nanoparticles are increasingly being used in cosmetic
products such as antiperspirants, face and foot creams,
hair shampoos, toners and make-up remover wipes. The
size of the most commonly synthesised AgNPs oscillates
between 1-100 nm. During the synthesis process, silver
nanoparticles can take on a variety of shapes, from
spherical to the form of thin sheets, depending on the
synthesis parametersused. The colloidal form of nanosilver
isrecommended as a remedy for muscle and joint pain, but
also as a bactericide for skin conditions, including hard-to-
heal wounds, cuts, psoriasis, chicken pox or acne vulgaris.

« Copper also has very strong bactericidal and fungicidal
properties. It is used as a substance that reduces excessive
sweating and also has an effect on reducing the body’s
ageing processes by levelling free oxygen radicals. Silver
and copper nanoparticles (AgNPs and CuNPs) are used
as preservatives in cosmetics due to their antimicrobial
properties [15, 16, 20-22]. The literature also indicates the
anti-angiogenic potential of AgNPs [23, 24].

« Colloidal gold - nano-gold (AuNPs) can be characterised
by a variation of structural forms (nanosheets, nanostars,
nanorods and others). The main feature of nanogold
used in cosmetics is its ability to regenerate the skin,
especially in the course of active inflammation, sunburn
or hypersensitivity to other active ingredients. AuNPs is
most commonly found in cosmetics designed for mature
skin (creams, masks). It has regenerative properties and
stimulates collagen synthesis.

« Platinum, on the other hand, can have the effect of reducing
skin hyperpigmentation such as age spots and further
brighten the skin [14, 16, 20]. Ruthenium and palladium are
also used in nano form, but have no cosmetic application
and are used mainly in cancer therapy [25].

It is worth mentioning that in July 2017, The European
Commission has published a catalogue of all nanomaterials
used in cosmetic products in the EU. This database is
constantly being updated and some of the substances therein
are registered under the REACH (Registration, Evaluation,
Authorisation and Restriction of Chemicals) Regulation. The
list includes dyes, metals (gold, platinum, copper), UV filters,
fullerenes, silica and alumina [26].

Nanoparticles play an important role in the production of
packaging for food or cosmetics, characterised by increased
mechanical strength, hardness and resistance to temperature
changes. They are based on polymer nanocomposites, which
have found applications in the production of films, bottles,
containers orlaminates. Nanocomposites are defined as a two-
phase material where filler particles are evenly distributed in
the polymer envelope, where at least one particle dimension
does not exceed a few nanometres. Nanocomposites are
divided into three main groups: nanocomposites in which one
oftheparticle dimensions does not exceed several nanometres
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(e.g. layered silicates), nanocomposites with nanofiller
particles, and nanocomposites in which all three dimensions
reach several nanometres (e.g. precipitated silicon or titanium
dioxide). Substances used to form nanocomposites include
layered silicates, cellulose nanoparticles, carbon nanotubes,
silica nanoparticles, chitin nanoparticles and starch
nanocrystals [22, 27]. The use of nanocomposites creates
space for the development of new cosmetic packaging, which
canincrease shelflife and will be helpful in extending the shelf
life of a cosmetic product.

Nanoparticles used in cosmetic products

from selected companies

The versatility of nanomaterials encourages their use in
many everyday cosmetic products such as toothpastes
(nanohydroxyapatite), radiance creams (TiO,-NPs, ZnO-NPs),
mascaras (carbon black), lipsticks (SiO,) or moisturising face
creams (AuNPs and AgNPs) [14, 16].

Nanoparticles present in cosmetic products have been
the subject of quite intensive research and numerous
patents from the very beginning. Today, many leaders in
the cosmetics industry hold patents based on the use of
nanoparticles in their products. L'Oreal, Procter & Gamble,
Henkel, Unilever and Kao Corp are the five corporations with
the most nanotechnology patents. L'Oreal is the leader among
companies with the highest number of nanotechnology
patents in cosmetic products [13]. The patents developed
mainly concern the addition of nano-dyes to cosmetic
products such as lipsticks, hair dyes and eye shadows. An
example of a modern application of nanotechnology is nail
varnishes, which are colourless in the packaging and only
present the correct colour, which is dependent on the ambient
temperature, when applied to the nail surface. Lipsticks that
have silica nanoparticles provide homogeneous, smooth
pigment distribution and increased abrasion resistance
[8, 16, 20]. On the other hand, solid lipid nanoparticles (SNL)
used in the production of perfumes significantly improve
fragrance durability [16].

Some of the first preparations using lipid nanocarriers
appeared on the market in 2005. These were anti-wrinkle
creams from Dr. Rimpler GmbH, with coenzyme Q10 -
Cutanova NanorRepair Q10 Cream (0.5% Q10) and Intensive
NanoRepair Q10 Serum (01% Q10). A year later, Dr. Kurt
Richter GmbH presented a product containing a concentrate
of nanostructured lipid carriers (NLC) - NanoLipid Restore
CLR. Subsequently, new and innovative products containing
nanocarriers appeared on the market, such as Amore Pacific
with NLC and blackcurrant oil or Isabelle Lancray with
products with NLC and kukui oil [20].

According to The Nanotechnology Products Database (NPD),
there were 1011 cosmetic or cosmeceutical nanoproducts on
the market in November 2023. As many as 340 companies



(from 33 countries) have introduced formulations that use
nano technology - these include products for: skin care, make-
up, UV protection and hair care. Nanoparticles can be found
in make-up products from brands such as L'Oreal, Clinique,
Revlon, The Body Shop, Max Factor, Yves Saint Laurent and
Clarins [28].

SAFETY OF NANOTECHNOLOGY

Many indications and studies point to positive aspects of
the use of nanotechnology in various areas of life. Due to
their small size, nanoparticles are currently the subject of
scientific discussion mainly in terms of their adverse effects
on the human body. Nanoparticles are created not only
by human action, but also by many processes occurring
naturally in nature. A question that still remains relevant in
terms of safety is: does the method of obtaining and size of
nanoparticles affect their final properties? It has been shown
that the top-down method can be a potential hazard, both to
organisms and the environment due to the use of solvents,
reductants that can enter the environment unintentionally.
Humans are constantly exposed to nanoparticles present in
the atmosphere. The concentration of nanoparticles in the
air in an area with heavy traffic has been shown to be in the
range of 5000 to 3,000,000 particles per cubic centimetre.
Thus, it seems reasonable to say that a human inhales about
one million nanoparticles with the air in the course of one
hour, where at least half of them may end up in the lungs [22,
29]. In addition, nanoparticles can penetrate the human body
by oral, parenteral, but also through the skin. Considering the
inhalation route of administration, significantly more particles
reach the bronchi and lungs when breathing is through the
mouth rather than the nose [30]. Importantly, controversy
has been shown for several ingredients such as carbon black
or silica in nano form [31]. Particles between 10 and 50 nm
in size mainly enter the lungs, and this size of nanoparticles
allows distribution with the blood to almost any cell in the
body. A study conducted by Kwon et al. in mice determined
that nanoparticles delivered into the body can cross the blood-
brain barrier [30]. For the study, nanoparticles with a size of
50 nm were used. Mice were exposed to nanoparticles of and
particles per cubic centimetre for a period of four weeks.
Contact with the nanoparticles occurred for 4 hours per day,
5 days per week. After this period, it was confirmed that the
nanoparticles studied were found in the liver, spleen, lungs,
testes and brain. In addition, smaller amounts were also found
in the heart, kidneys and ovaries [22, 30].

The report of the Working Party on Nanotechnology
(WPN), published in 2007, indicates recommendations for
actions that can be taken in relation to the protection and
promotion of public health. A comprehensive description
of issues related to food products, medicines and cosmetics
highlights the need to improve knowledge of the interaction of

nanomaterials with the environment and the need to assess
the safety of products containing nanoparticles [28]. Referring
to EU Regulation 1223/2009, manufacturers of cosmetic
products must inform the consumer about nanomaterials
present in the preparations, the ingredient should be clearly
mentioned and the term mano’ should be visible on the label
of the cosmetic product [32].

The level of toxicity of nanoparticles depends mainly on
their chemical composition, but parameters such as size,
shape, solubility or surface charge also affect their impact on
the environment as well as the human body [22]. Snopczynski
et al. indicate that the appearance of nanoparticles in the
body correlates directly with increased amounts of reactive
oxygen species [22]. Tt is suggested that this is due to the fact
that nanoparticles take the form of quantum dots, which
can transfer their optical energy to nearby oxygen atoms,
resulting in the generation of peroxides and free radicals.
Constant exposure to nanoparticles and the continuous
induction of oxidative stress in the body can be associated
with an antioxidant response and the emergence of
inflammation and potential DNA damage, which can lead
to the initiation of tumourigenesis [22]. Any nano structures
entering the body can generate inflammation. The effects of
these interactions can be seen in the respiratory, phagocytic,
nervous and cardiovascular systems. In 2007, the thesis was
formulated that nanoparticles are so small that they are able
to penetrate cells and, at the same time, large enough to alter
the functionality of these cells [14]. It also seems reasonable
to avoid using products containing nanoparticles on damaged
skin [33].

There are data indicating that nanoparticles with low toxicity
and low solubility are unlikely to cause significant cancer
risk because they are not biologically active. In contrast,
nanoparticles with a more reactive surface can more easily
generate inflammation, which may be intense enough to
lead to secondary carcinogenesis via oxidants and mitogens
produced during the inflammatory process. Some metal
nanoparticles can generate oxygen free radicals, potentially
increasing the risk of tumourigenesis [34, 35].

Extensive study has been carried out about the ability of
nanoparticles to penetrate the skin, particularly in the context
of their use as TiO, - based sunscreens. Data showed that TiO,
nanoparticles only accumulate in the stratum corneum. When
tests were carried out on sunburn-damaged skin, a slight
increase in nanoparticle concentration in the epidermis was
observed, while there was no penetration into the deeper
layers of the skin. Swidwinska-Grajewska et al. report that
long-term exposure to titanium dioxide nanoparticles may
be associated with reduced collagen concentration in the
skin. This is related to the negative effect of oxidative stress,
which isinduced by too high a concentration of nanoparticles.
However, it should be noted that the advantages of using
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sunscreens outweigh the negative effects associated with the
use of titanium dioxide nanoparticles [36].

Nanoparticles seem to be part of everyone's everyday
life, as they are found in many products, both cosmetic and
everyday products such as packaging. The introduction of
nanomaterials into so many aspects of life is associated with
uncertainties regarding the absorption, permeation and
accumulation of nanoparticles. Thus, research is needed to
determine the toxicity to both consumers and those working in
the production of such products, as well as the environmental
impact of nanomaterials, in order to ensure the safe use of the
materials involved [14].

However, the lack of sufficient data on the harmfulness
of nanoparticles in cosmetics hinders a comprehensive
understanding of the issue. Existing research mostly focus on
the assessment of titanium dioxide (TiO) nanoparticles and
their possible impacts on human health.

SUMMARY

Although the concept of nanotechnology and its development
only began at the end of the 20th century, nanoparticles
themselves have been present in the environment since the
dawn of time, being formed through natural processes such
as combustion or oxidation.

Nanotechnology opens up a range of possibilities and
creates new perspectives for the use of well-known active
substances or excipients. The application of nanotechnology
makes it possible to improve the efficacy of antibiotics,
photoprotection or create food packaging that improves shelf
life and guarantees antimicrobial properties.

Undoubtedly, nanoparticles represent the future not only of
medicine, but also of cosmetology. Their presence in cosmetic
products has become a reality. Depending on the material
used, we are seeing completely new possibilities for both
application and care and medical applications.

Due to their potential to accurmulate in the body and their
possible carcinogenic effects (data in this area are scarce and
inconsistent, mainly related to the generation of free radicals
by metal nanoparticles), they are the subject of scientific
debate. However, in order to assess whether the benefits of
theiruse will outweigh the potential risks, the next few years of
research will be crucial. There will certainly be very intensive
developments in nanotechnology, as well as new data on their
potential toxicity. Currently, it is challenging to definitively
ascertain the desirability of nanoparticles in cosmetics.
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