
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.
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STRESZCZENIE

Nanotechnologia jest prężnie rozwijającą się dziedziną wie-
dzy, która znajduje zastosowanie w wielu obszarach życia co-
dziennego – od kosmetologii, medycyny, przez przemysł spo-
żywczy, na ochronie środowiska kończąc. 

Celem pracy było przedstawienie nanocząstek nieorga-
nicznych, jak również samej nanotechnologii z  ogranicze-
niem do jej zastosowań kosmetycznych i zwrócenie uwagi na 
aspekt bezpieczeństwa.

Choć nanotechnologię cechuje ogromny potencjał i szerokie 
spektrum możliwości jej zastosowania, to nadal istnieje wiele 
aspektów jej wykorzystania, które budzą niepokój. Brak badań 
nad długofalowym wpływem nanocząstek na organizm czło-
wieka jest jednym z nich. Mimo to, nanocząstki są powszech-
nie obecne w środowisku i coraz częściej wykorzystywane. 

Słowa kluczowe: nanocząstki, nanozłoto, nanosrebro, 
formulacje kosmetyczne, kosmetyka, formy nano
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Inorganic nanoparticles and their 
applications in cosmetology

Nanocząstki nieorganiczne i ich zastosowanie w kosmetologii

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 ‘nano’ translated from Greek means dwarf. 
A  nanometre, in turn, is a  unit of length equivalent to one 
billionth of a mera, 1 nanometre (nm) = 10-9 m. This quantity 
defines the concept of nanotechnology, as in classical terms 
it will be all methods and techniques for creating objects in 

which at least one of the controlled dimensions is defined on 
the nanoscale, i.e. 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 
atoms relative 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 
a macro 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 as leaving 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 

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 
databases was 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 8.5 billion and is expected to grow 
at a CAGR of approximately 13.1 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, 

•	 layer by layer (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, 
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•	 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]. 
A nanoemulsion is a type 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 ‘reservoir’ 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 
an improvement 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 (TiO2), zinc oxide (ZnO), gold (Au) 
and copper (Cu) [2, 9]. 
•	 For many years, nanoparticulate titanium dioxide (IV) has 

been used in the production of radioprotective 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 TiO2 
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, and this reduces the product’s radiation 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 TiO2 nanoparticles provides 
materials with greater protection against, for example, the 
adverse effects of ultraviolet radiation. TiO2 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 TiO2 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 
TiO2 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 parameters used. The colloidal form of nanosilver 
is recommended 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 or laminates. 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 
of the particle dimensions does not exceed several nanometres 

(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 
can increase shelf life 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 (TiO2-NPs, ZnO-NPs), 
mascaras (carbon black), lipsticks (SiO2) 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 (0.1% 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 
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(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 5,000 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 ‘nano’ 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]. It 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 TiO2 - based sunscreens. Data showed that TiO2 
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 is induced 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 accumulate 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 
their use 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. 

REFERENCES  / LITERATURA
1. 	 Langauer-Lewowicka H, Pawlas K. Nanocząstki, nanotechnologia – po-

tencjalne zagrożenia środowiskowe i zawodowe. Med Srod. 2014;17(2):7-14.
2. 	 Dębek P, Feliczak-Guzik A, Nowak I. Nanostructures: General informa-

tion. The use of nanoobjects in medicine and cosmetology. Postepy Hig 
Med Dosw. 2017;71:1055-1062. https://doi.org/10.5604/01.3001.0010.7137

3. 	 Runowski M. Nanotechnologia – nanomateriały, nanocząstki i wielofunk-
cyjne nanostruktury typu rdzeń/powłoka. Chemik. 2014;68(9):766-775.

4. 	 Radoń A, Włodarczyk A, Sieroń Ł, et al. Influence of the modifiers in 
polyol method on magnetically induced hyperthermia and biocom-
patibility of ultrafine magnetite nanoparticles. Sci Rep. 2023;13(1):1-18.  
https://doi.org/10.1038/s41598-023-34738-z

5. 	 Bursy D, Stas M, Milinski M, et al. Nanogold as a  component of active 
drugs and diagnostic agents. International Journal of Applied Pharma-
ceutics. 2023;15(4):52-59. https://doi.org/10.22159/IJAP.2023V15I4.47401

6. 	 Balwierz R, Bursy D, Biernat P, et al. Nano‐Silica Carriers Coated by 
Chloramphenicol: Synthesis, Characterization, and Grinding Trial as 
a  Way to Improve the Release Profile. Pharmaceuticals. 2022;15(6):703.  
https://doi.org/10.3390/PH15060703/S1

7. 	 Bursy D, Balwierz R, Groch P, et al. Nanoparticles coated by chloram-
phenicol in hydrogels as a  useful tool to increase the antibiotic rele-
ase and antibacterial activity in dermal drug delivery. Pharmacol Rep. 
2023;75(3):657-670. https://doi.org/10.1007/S43440-023-00482-4

8. 	 Arif T, Adil M. Nanotechnology – Dermatological Perspective. Int J Nano-
med Nanosurg. 2016;2(2):1-4. https://doi.org/10.16966/2470-3206.112

9. 	 Jung A. Nanocząstki w  zastosowaniach medycznych – kierunek przy-
szłości? Pediatr Med Rodz. 2015;10(2):104-110.

	 https://doi.org/10.15557/PIMR.2014.0015
10. 	Cegłowski M, Schroeder G. Toksykologia nanomateriałów. In: Schroeder 

G, ed. Kosmetyki – Bioaktywne Składniki. 1st ed. Wydawnictwo Cursiva; 
2012:7-24.

11. 	Kosmala K, Szymańska R. Nanocząstki tlenku tytanu (IV). Otrzymywanie, 
właściwości i zastosowanie. Kosmos. 2016;65(2):235-245. https://kosmos.
ptpk.org/index.php/Kosmos/article/view/1609. Accessed 13.11.2023.

12. 	Saruchi, Kumar V, Kumar H, Bhatt D. Green and Sustainable Future with 
Consumer Nanoproducts. In: Handbook of Consumer Nanoproducts. 
Singapore: Springer; 2021:1-17. 

	 https://doi.org/10.1007/978-981-15-6453-6_84-1
13. 	Raj S, Jose S, Sumod US, Sabitha M. Nanotechnology in cosmetics: 

Opportunities and challenges. J Pharm Bioallied Sci. 2012;4(3):186.
	 https://doi.org/10.4103/0975-7406.99016
14. 	Gupta V, Mohapatra S, Mishra H, et al. Nanotechnology in Cosme-

tics and Cosmeceuticals – A  Review of Latest Advancements. Gels. 
2022;8(3):1-31. https://doi.org/10.3390/GELS8030173

15. 	Szczepańska E. Nanotechnologia w  kosmetyce. Chemia w  Szkole. 
2018;1:14-17.

16. 	Manikanika, Kumar J, Jaswal S. Role of nanotechnology in the world of 
cosmetology: A review. Mater Today Proc. 2021;45:3302-3306.

	 https://doi.org/10.1016/J.MATPR.2020.12.638
17. 	Kozioł A. Przeciwstarzeniowe substancje czynne oraz metody aplikacji 

oparte na nanotechnologii. Kosmetologia Estetyczna. 2020;9(2):213-218.
18. 	Schafer N, Balwierz R, Biernat P, et al. Natural Ingredients of Transder-

mal Drug Delivery Systems as Permeation Enhancers of Active Sub-
stances through the Stratum Corneum. Mol Pharm. 2023;20(7):3278-
3297. https://doi.org/10.1021/acs.molpharmaceut.3c00126

19. 	Yukuyama MN, Ghisleni DDM, Pinto TJA, Bou-Chacra NA. Nanoemul-
sion: process selection and application in cosmetics – a review. Int J Co-
smet Sci. 2016;38(1):13-24. https://doi.org/10.1111/ICS.12260

20.	Szlecht A, Schroeder G. Zastosowanie nanotechnologii w kosmetologii. 
In: Schroeder G, ed. Nanotechnologia, Kosmetyki, Chemia Supramoleku-
larna. 1st ed. Kostrzyn: Cursiva; 2010:7-33.

21. 	Rodewald D, Foltynowicz Z. Nanokosmetyki jako nowy trend w przemy-
śle kosmetycznym. Świat Przemysłu Kosmetycznego. 2011;4:25-27.

22. 	Snopczyński T, Góralczyk K, Czaja K, et al. Nanotechnology – possibi-
lities and hazards. Rocz Panstw Zakl Hig. 2009;60(2):101-111.

23. 	Dhanjal DS, Mehra P, Bhardwaj S, et al. Mycology-Nanotechnology In-
terface: Applications in Medicine and Cosmetology. Int J Nanomedicine. 
2022;17:2505-2533. https://doi.org/10.2147/IJN.S363282

24. 	Sierko E, Wojtukiewicz M. Podstawy skojarzenia leczenia antyangiogen-
nego z radioterapią. Onkologia w Praktyce Klinicznej. 2009;5(Supl. A):A-
62-A68.

25. 	Cen J, Huang Y, Liu J, Liu Y. Thermo-responsive palladium–ruthenium 
nanozyme synergistic photodynamic therapy for metastatic breast can-
cer management. J Mater Chem B. 2022;10(48):10027-10041.

	 https://doi.org/10.1039/D2TB01481E
26. 	Katalog składników kosmetycznych - European Observatory for Na-

nomaterials. https://euon.echa.europa.eu/pl/catalogue-of-cosmetic-in-
gredients. Accessed 01.12.2023.

Aesthetic Cosmetology and Medicine
6 / 2023 / vol. 12234



27.	Łopacka J. Nanocząstki wykorzystywane w celu poprawy właściwości fi-
zycznych kompozytów polimerowych stosowanych jako materiały opa-
kowaniowe do żywności. Polimery. 2013;58(11-12):864-868.

28.	Włodarczyk R, Kwarciak-Kozłowska A. Nanoparticles from the Cosme-
tics and Medical Industries in Legal and Environmental Aspects. Susta-
inability. 2021;13(11):5805. https://doi.org/10.3390/SU13115805

29. 	Dreszer D, Szewczyk G, Szubka M, et al. Uncovering nanotoxicity of 
a water-soluble and red-fluorescent [70] fullerene nanomaterial. Scien-
ce of The Total Environment. 2023;879:163052. 

	 https://doi.org/10.1016/J.SCITOTENV.2023.163052
30.	Kwon JT, Hwang SK, Jin H, et al. Body distribution of inhaled fluorescent 

magnetic nanoparticles in the mice. J  Occup Health. 2008;50(1):1-6.  
https://doi.org/10.1539/JOH.50.1

31. 	Balwierz R, Biernat P, Jasińska-Balwierz A, et al. Potential Carcinogens 
in Makeup Cosmetics. Int J  Environ Res Public Health. 2023;20(6):4780.  
https://doi.org/10.3390/IJERPH20064780

32. Rozporządzenie Parlamentu Europejskiego i  Rady (WE) nr 1223/2009 
z dnia 30 listopada 2009 r. dotyczące produktów kosmetycznych. 

	 https://eur-lex.europa.eu/eli/reg/2009/1223/oj. Accessed 01.12.2023.
33. 	Balwierz R, Biernat P, Jasińska-Balwierz A, et al. Reply to Chaudhuri et al. 

Comment on “Balwierz et al. Potential Carcinogens in Makeup Cosme-
tics. Int. J. Environ. Res. Public Health. 2023;20:4780.” Int J Environ Res. Pu-
blic Health. 2023;20(19):6902. https://doi.org/10.3390/IJERPH20196902

34. Donaldson K, Poland C. Inhaled nanoparticles and lung cancer - what 
we can learn from conventional particle toxicology. Swiss Med Wkly. Pu-
blished online June 19, 2012. https://doi.org/10.4414/smw.2012.13547

35. 	Pilch J. Nanocząstki w chemioterapii: charakterystyka, strategie projekto-
wania, mechanizm wnikania oraz degradacja wewnątrzkomórkowa. Po-
stepy Biochem. 2022;68(2):196-208. https://doi.org/10.18388/pb.2021_441

36.	Świdwińska-Gajewska AM, Czerczak S. Nanocząstki ditlenku tytanu – 
działanie biologiczne. Med Pr. 2015;65(5):651-663. 

	 https://doi.org/10.13075/MP.5893.00096

otrzymano / received: 05.12.2023  |  poprawiono / corrected: 11.12.2023  |  zaakceptowano / accepted: 19.12.2023

Aesthetic Cosmetology and Medicine
6 / 2023 / vol. 12 235


