
ABSTRACT

The natural protective mechanisms of the skin indicate the 
harmful effects of sunlight, by the appearance of erythema 
and increased sweat secretion. The extremely unfavourable  
influence of solar radiation on the skin is the phenomenon of 
immunosuppression, which can lead to the formation of skin 
cancer foci. Effective sun protection delays skin photoaging, 
prevents sunburn and the formation of cancer. The available 
sun-protective preparations show increasing photostability.

The aim of the work was to present fundamental issues in 
the field of sun protection and to explain the essence of the 
natural protective mechanisms of human skin. The article 
also explains the classification of sunscreen filters, divided 
into mineral (physical) and chemical ones.
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STRESZCZENIE

Naturalne mechanizmy ochronne skóry sygnalizują o  szko-
dliwym działaniu promieni słonecznych poprzez wystąpie-
nie rumienia oraz wzmożonego wydzielania potu. Skraj-
nie niekorzystnym wpływem promieniowania słonecznego 
na skórę jest zjawisko immunosupresji, które może prowa-
dzić do powstawania ognisk nowotworowych skóry. Skutecz-
na ochrona przeciwsłoneczna opóźnia procesy fotostarzenia 
skóry, zapobiega poparzeniom słonecznym oraz tworzeniu 
się nowotworów. Dostępne preparaty ochronne wykazują co-
raz wyższą fotostabilność. 

Celem pracy było przedstawienie fundamentalnych zagad-
nień z zakresu ochrony przeciwsłonecznej oraz wyjaśnienie 
istoty naturalnych mechanizmów ochronnych ludzkiej skó-
ry. W  artykule wyjaśniona została również klasyfikacja fil-
trów promieniochronnych z podziałem na mineralne (fizycz-
ne) oraz chemiczne. 

Słowa kluczowe: ochrona przeciwsłoneczna, fotostarzenie, 
kosmetyki promieniochronne, kosmetyki z filtrem UV, filtry 
UV, współczynnik SPF
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Sunscreen cosmetics  
as basic protection  
against photoaging
Kosmetyka przeciwsłoneczna  

jako podstawowa ochrona przed fotostarzeniem

INTRODUCTION
Along with the increase in social awareness, there has been 
significant development of cosmetics commonly known as 
sunscreen. This sector of the cosmetics industry focuses 
on preventing the real effects of photoaging, such as 

discoloration, burns, loss of skin density, wrinkles, and even 
cancer [1-3]. Solar radiation in small doses has a beneficial 
effect on human health, stimulating the synthesis of vitamin 
D in the body. This effect can be achieved by exposing the body 
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to solar radiation for about 10-15 minutes a day (for people 
with fair skin). Extending the time without using effective 
sun protection can have negative effects on the condition of 
the skin [4-6]. From a biochemical point of view, the initial 
symptom of the harmful effects of sunlight on the skin is the 
release of histamine in the body, which causes the dilation 
of blood vessels and causes erythema, and is accompanied 
by increased sweat secretion [7]. Extremely unfavorable 
for health is damage to deoxyribonucleic acid (DNA) which 
plays an important role in immunosuppression, and results 
in a  reduction of the number of antigen cells. When the 
functioning of the cellular repair mechanism is disturbed, it 
may even lead to the formation of skin cancer foci [7, 8].

NATURAL SUN PROTECTION MECHANISM
The brown shade of the skin under the influence of ultraviolet 
radiation (UV) is caused by melanogenesis. This biochemical 
process involves the conversion of a colorless amino acid 
(tyrosine) in cells called melanoblasts into brown melanin. 
Melanoblasts are stem cells of melanocytes - pigment cells 
constituting the natural protective system of the epidermis. 
The task of melanocytes is to absorb UV radiation in the 
wavelength range of 1-380 nm of visible light, as well as 
infrared radiation [9]. The mechanism of this protection 
is related to the production of pigments by melanocytes - 
black-brown (eumelanin) and yellow-red (pheomelanin) 
- as a result of enzymatic transformations. Melanins have 
a  protective function for the skin, showing antioxidant 
features and their effectiveness is comparable to vitamin 
E (tocopherol) [2, 3, 9].

Another element of the skin’s natural defense system against 
the effects of UV is the thickening of the stratum corneum. 
This phenomenon results in scattered and absorbed radiation 
in the surface layer of the epidermis, and therefore does not 
reach the deeper layers of the skin [10]. Another important 
mechanism of the skin’s defense system is the production of 
urocanic acid. Its synthesis takes place by cleaving ammonia 
from histidine. Urokaninic acid is a  natural component of 
human sweat and has the ability to absorb UVB radiation, 
thus reducing its negative effects [7, 8]. The human body can, 
to some extent, independently prevent the formation of free 
radicals (both oxide -O, hydroxyl -OH, and peroxide -OOH) by 
directly destroying them or interrupting the reaction of their 
formation. The compounds responsible for this protective 
function of the skin are carotene, carotenoids, vitamin C, 
tocopherols; low-molecular compounds containing the amino 
acid histidine - anserine, carnosine, coenzyme Q10, lipoic and 
uric acids [11]. In the human body, there are also enzymatic 
processes for destroying free radicals, which are based on the 
activity of superoxide dismutase and catalase [11]. Superoxide 
dismutase converts the oxygen anion into hydrogen peroxide, 

while catalase decomposes hydrogen peroxide into oxygen 
and water according to the reaction [12]:

2H2O2 → 2H2O + O2

In addition to specific defense mechanisms, the skin also 
exhibits self-repair processes, which include [13]:
• DNA damage repair by enzymatic mechanisms,
• enzymatic regeneration of anti-free radical substances,
• regulation of lipid synthesis and replenishment of defi-

ciencies in the hydrolipid barrier of the skin.
However, the skin’s natural self-repair mechanisms may be 

insufficient in the case of excessive exposure to UV rays. Due 
to the above, it is so important to prevent the adverse effects 
of sun exposure by using preparations containing UVA and 
UVB filters.

TYPES OF SUN RADIATION AS A CRITERION  
FOR SUN PROTECTION IN COSMETICS
Solar radiation is electromagnetic radiation emitted by the 
sun with different wavelengths, and includes infrared (IR), 
visible light (VIS), and ultraviolet radiation (UV) (Fig. 1) [14].

From a technical point of view, there are two fundamental 
criteria for the division of UV filters: the raw material criterion 
and the sun protection criterion. Both of these criteria as 
characteristics of sunscreens are interdependent, because 
a  particular UV filter has its own protection efficiency. 
According to the raw material criterion, mineral (physical) 
and chemical filters can be distinguished. The main difference 
between them is the diverse mechanisms of sun protection. 
Mineral filters work by reflecting and then scattering the 
incident sunlight, while chemical filters absorb solar radiation. 
From a cosmetic point of view, this difference is significant 
because, according to many scientific reports, the process of 
absorbing sunlight on the surface of the skin by chemical filters 
is not indifferent to its health, as well as the health of the whole 
organism. However, from the usability point of view, mineral 
filters as solid particles leave a white protective film on the 
skin surface, which may be bothersome for some consumers. 
Increasingly, however, physical filters are in a micronized form 
or in the form of nanoparticles, which partially penetrate the 
epidermis, causing partial absorption of solar radiation, and at 
the same time its reflection and dispersion. In addition, oxide 
physical filters, like ZnO, TiO2 and CeO2, have catalytic and 
photocatalytic properties (acceleration of a chemical reaction 
or its initiation as a result of UV radiation) [15].

The criterion of sun protection is understood as protection 
against a  given type of radiation, i.e. UVA, UVB and UVC. 
Recently, there have been more and more ingredients on the 
cosmetics market that protect against IR radiation, and even 
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the so-called blue light emitted by the screens of electronic 
devices. These types of radiation differ in wavelength, and 
thus, in their effect on the skin. For example, skin sterols 
under the influence of UVB radiation with a wavelength of 
290-315 nm are transformed into vitamin D, beneficial for 
health. UV rays, affecting the nerve endings in the skin, make it 
better vascularized, more flexible, and resistant to infections. 
They also activate the improvement of the body’s mineral 
homeostasis (especially phosphorus and calcium), increase 
the level of hemoglobin, and the number of erythrocytes, and 
contribute to lowering blood pressure. Under the influence of 
sunlight, the level of metabolism also increases [5, 16].

UVC radiation as the most energetic is particularly 
dangerous for human skin. UVC rays, with a wavelength of 250-
270 nm, are highly effective in destroying microorganisms. 
The antimicrobial effect is based on the formation of 
peroxides and free radicals affecting bacterial cells. Bacteria 
and viruses are the most susceptible to UVC radiation, slightly 
less yeast and mold the least. In industries where maintaining 
microbiological purity is necessary (e.g. food, pharmaceutical 
production lines), new technologies of germicidal irradiation 
with LED UVC (light emitting diode) sources are used [1, 17].

UVB radiation induces the formation of immunosuppres-
sion. By weakening the immune reaction, it promotes the for-
mation of cancer. It also causes the release of melanin, which, 
together with the cells of the deeper layers of the  epidermis, mi-
grates to the surface of the skin, creating a relatively durable tan. 
Over time, cells and melanin molecules die off and the tan dis-
appears. UVB rays are also the cause of sunburn in the form of 
strong redness, known as photochemical erythema. It is due to 
the release of histamine, which causes blood vessels to dilate. 
The intensity of the erythema depends on:
• radiation wavelength,
• skin type and possible sensitivity,
• radiation emission intensity,
• skin areas exposed to solar radiation,
• time of exposure to solar radiation,
• distance of the irradiated object from the radiation source 

[7-9].
UVA radiation is the least energetic, which is why it is 

commonly used in solariums. It is now known that UVA 
radiation induces the formation of free radicals that penetrate 
deep into the skin layers, destroying DNA. It is therefore worth 
emphasizing that this radiation has the ability to penetrate 

Fig. 1 The wavelength range of solar radiation. Elaboration based on: [4, 7, 29].
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deeply into the skin, causing the destruction of collagen 
fibres due to the interaction of free radicals and reactive 
oxygen species. UVA radiation can cause the formation of 
symptoms of photoaging of the skin, as well as discoloration 
and cancerous changes. Under the influence of UVA rays, the 
first and fastest discoloration of the skin occurs due to the 
release of melanin into the epidermal cells [3, 9, 18].

SUN PROTECTION EFFECTIVENESS  
BY SUN PROTECTION FACTOR
UV filters are divided according to the mechanism of action 
furthermore physical (mineral), chemical and mixed filters are 
distinguished.

Mineral filters work by reflecting and then scattering 
the incident sunlight, while chemical filters absorb solar 
radiation. To determine the degree of protection against UVB 
radiation, the international sun protection factor (SPF) has 
been defined. This index relates to UVB radiation, as it is the 
sun’s radiation that causes erythema on the skin. The SPF 
value indicates how many times longer the skin protected 
with the tested preparation can be exposed to the sun, 
compared to unprotected skin, without the risk of causing 
an erythema reaction. At the same time, the European 
Commission issued recommendations stating that the 
degree of protection of a  cosmetic against UVA radiation 
should be at least 1/3 of the value of protection against 
UVB. An extremely important feature of UV filters is their 
photostability, thanks to which these preparations do not 
lose their properties under the influence of solar radiation. 
It is this parameter that determines the quality of sunscreen 
products with a specific SPF.

Sunscreens are designed to absorb over 90% of UVB rays. 
In addition, for a product to qualify as an effective sunscreen 
product, it should provide protection against both UVB and 
UVA radiation. The degree of protection against UVB should 
achieve a  minimum SPF of 6, and the minimum degree of 
protection against UVA should be UVA ≥1/3 SPF [19-21].

A widely used international indicator for determining 
the degree of protection against UVB radiation for cosmetic 
products is SPF. This factor is determined as the ratio of the 
amount of UVB radiation that causes reddening of the skin 
during sunbathing with the use of a filter to the amount of 
radiation resulting in the same reddening of the skin without 
the use of a filter. This relationship is as follows (Fig. 2).

SPF =

minimal UV dose causing erythema with the use of a filter 
(protected skin)

minimal UV dose causing erythema without filter  
(unprotected skin)

Fig. 2 The formula for the value of the SPF factor.
Source: [3, 19, 20]

The SPF value indicates how many times longer the skin 
protected with the tested preparation can be exposed to 
the sun, compared to unprotected skin, without the risk of 
causing an erythema reaction. Thus, for example, a person 
using a cream with an SPF15 filter is exposed to sunburn for 
15 times longer than if the cream was not used. The higher 
the concentration of the sunscreen filter in the cosmetic, the 
better the protection is, and thus the higher the SPF value [3, 
19, 22] (Table 1).

Since sunscreens do not provide complete and absolute 
sun protection, EU law does not allow the use of labels higher 
than SPF50+. In addition, sunscreen cosmetics, according to 
the recommendations of the European Commission, should 
be marked with one of the following word categories: „low 
protection”, „medium protection”, „high protection”, and „very 
high protection”. Moreover, the cosmetic packaging may 
contain a numerical marking informing about a specific SPF 
value. Although the SPF indicator refers only to protection 
against UVB radiation, the recommendation of the European 
Commission is that the degree of protection of a  cosmetic 
against UVA radiation should be at least 1/3 of protection 
against UVB radiation (Table 1) [22].

The US Food and Drug Administration (FDA) has divided sun 
protection categories into 3 levels [23]:
1. minimum degree of protection - SPF factor from 2 to 12,
2. medium degree of protection - SPF index from 12 to 30,
3. high degree of protection - SPF above 30.

Any product with an SPF greater than 30 can only be labeled 
as SPF30+.

As mentioned earlier, the SPF factor applies only to 
UVB radiation. For this reason, it is worth knowing that 

Table 1. Classification of the degree of sun protection according to the recommendations of 
the European Commission. 

category  
designation

designation of 
the protection 

factor (for UVB)

protection  
factor 

measurement 
(SPF)

recommended 
minimum UVA 

protection factor

low protection
6 6.0 - 9.9

minimum 1/3  
of the SPF stated  

on the label

10 10.0 -14.9

medium 
protection

15 15.0 -19.9

20 20.0 - 24.9

25 25.0 - 29.9

high 
protection

30 30.0 - 49.9

50 50.0 - 59.9

very high 
protection 50+ 60 and more

Source: [22]

Aesthetic Cosmetology and Medicine
6 / 2022 / vol. 11228



the effectiveness of sunscreens against UVA radiation 
is determined on the basis of many methods, including 
assessment of direct pigmentation (IPD, Immediate 
Pigmentation Darkening), assessment of permanent 
pigmentation (PPD, Persistent Pigmentation Darkening), 
which mean respectively: immediate and lasting tanning 
of the skin. The higher value of the IPD and PPD factors, the 
better degree of protection against UVA radiation. The degree 
of protection against UVA radiation is also determined using 
the five-point Boots scale (Boots Star Rating System). If a given 
preparation provides minimal protection, it is marked with 
one star, while if the product provides ultra-protection against 
UVA radiation, it is marked with five stars [24, 25].

LIST OF UV-PROTECTIVE SUBSTANCES  
IN COSMETIC PRODUCTS
Annex VI to Regulation 1223/2009/EC is a  list of sunscreen 
substances allowed for use in cosmetic products sold in 
the European Community [26]. There are also a number of 
natural or synthetic substances that are not included in the 
list, but they strengthen protection against the harmful effects 
of sunlight. These are ingredients with strong antioxidant 
properties, like vitamins A, C, E, melatonin (naturally present 
in radish), flavonoids (found in many fruits and vegetables) 
or catechins (present, for example, in green tea leaves). Sun 
protection is also enhanced by the so-called SPF boosters (UV 
protection boosters) that help formulators develop high SPF 
formulations with minimal UV filters. A good UV protection 
booster can significantly increase SPF, even by 50-200% 
depending on the base formulation and the type of sunscreens 
used. The level of use of SPF boosters in preparations is 1-3% in 
relation to active ingredients, and most of them work mainly 
by thickening the sunscreen film on the skin and increasing 
the degree of UV absorption. Some of these ingredients may 
also improve the ability of sunscreens to scatter UV radiation 
or their photostability [3, 27-30].

SUMMARY
Effective sun protection is the basis for preventing photoaging. 
Moreover, it prevents sunburn and the formation of skin 
cancer. The development of the sun protection cosmetics 
sector proves the growing awareness of consumers in the 
field of sun protection. In turn, the progress of science and 
technology enables the design of more and more stable 
sunscreen formulations. It is also important that cosmetics 
containing sunscreens should guarantee protection against 
both UVB and UVA radiation. In recent years, many ingredients 
have also appeared on the market that exhibit the ability to 
photostabilize photolabile sunscreens. Light stabilizers work 
by quenching excited states, returning the molecule to its 

ground state before it undergoes photochemical reactions. 
In addition, new sunscreen encapsulation technologies 
were developed to enhance their photostability. Separation 
of sunscreen substances from other ingredients of the 
formulation, which may intensify photodegradation over time, 
prevents the loss of photostability of the sunscreen formula.
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