
ABSTRACT

An ultrafiolet filter is defined as a  substance, mixture, or 
material that blocks or absorbs radiation in the UV range, and 
its key purpose is to protect the skin from the harmful effects 
of radiation. Consumer concern is mainly regarding organic 
filters and the frequent problems with their low photo-
stability, which is highly undesirable in terms of safety.

The aim of this work was to discuss the term “photo
stability” and to assess the safety of the three most popular 
compounds classified as ultraviolet filters. Cited studies 
and issued opinions by Scientific Committees on Customer 
Safety confirm the safety for human health of Avobenzone, 
Oxybenzone and Octinoxate in strictly defined maximum 
concentrations. 

Side effects of these filters, like accumulation in the 
bloodstream, may occur after prolonged use. In order to 
improve the level of photostability of Avobenzone and 
Octinoxate the following methods are used: the use of photo
stabilizers and excited state quenchers, encapsulation of the 
molecule in micelles or the addition of antioxidants such as 
vitamin C. Although these compounds do not pose a serious 
threat to human health, two of them (Oxybenzone and 
Octinoxate) have a negative impact on aquatic ecosystems.

Keywords: UV filters, organic filters, Avobenzone, 
Oxybenzone, Octinoxate

STRESZCZENIE

Filtr ultrafioletowy definiowany jest jako substancja, miesza
nina lub materiał, który blokuje lub absorbuje promieniowa
nie w  zakresie UV, a  jego głównym zadaniem jest ochrona 
skóry przed szkodliwym działaniem promieniowania. Obawę 
konsumentów przed niepełną ochroną budzą głównie filtry 
organiczne i ich niska fotostabilność, która jest wielce niepo
żądana w kwestii bezpieczeństwa użytkowania.

Celem pracy było odpowiednie zdefiniowanie terminu fo
tostabilność oraz ocena bezpieczeństwa stosowania 3 naj
popularniejszych związków klasyfikowanych jako filtry ultra
fioletowe. Przytoczone badania oraz opinie wydane przez 
Scientific Committee on Customer Safety potwierdzają bez
pieczeństwo stosowania dla zdrowia człowieka Avobenzo
ne, Oxybenzone i Octinoxate w ściśle określonych stężeniach 
maksymalnych. 

Skutki uboczne stosowania tych filtrów, np. akumulacja 
w krwiobiegu, mogą się pojawić po dłuższym czasie stosowa
nia. Aby poprawić poziom fotostabilności Avobenzone oraz 
Octinoxate, stosuje się następujące zabiegi: stosowanie foto
stabilizatorów oraz wygaszaczy stanów wzbudzonych, zamy
kanie cząsteczki w micelach czy dodatek antyoksydantów np. 
witaminy C. Mimo że związki te nie stanowią poważnego za
grożenia dla zdrowia człowieka, dwa z nich (Oxybenzone i Oc
tinoxate) mają negatywny wpływ na ekosystemy wodne.

Słowa kluczowe: filtry ultrafioletowe, UV, filtry organiczne, 
Avobenzone, Oxybenzone, Octinoxate
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INTRODUCTION
The main task of UVprotective substances used in cosmetics 
is to protect the skin against the negative effects of ultraviolet 
radiation (UV), alleviate the photoaging processes, limit the 
formation of wrinkles and discolorations, and to reduce collagen 
loss [1]. Efficient products should protect against both UVA and 
UVB (UVA to UVB protection ratio not smaller than 1:3), which 
means the filter mixture should cover the entire spectrum of 
ultraviolet radiation. The effectiveness depends on the range 
of blocked/absorbed radiation, a  level of the sun protective 
factor (SPF) and UVA (PPD, persistent pigment darkening). The 
recommended amount of sunscreen is 2 mg/cm2 of the skin 
surface [2].

There are two types of filters that differ in their mechanism 
of action: physical filters (also known as inorganic filters), and 
chemical filters, ( so-called organic filters). Inorganic filters 
reflect from the surface of the skin and scatter UV photons, 
protecting against UVA, UVB, and some parts of visible radiation. 
Organic filters are responsible for absorbing radiation and 
converting absorbed energy into heat, but they do not equally 
absorb radiation from both UVA and UVB ranges.

The aim of the study was to present the most important 
information about the structures, physicochemical properties, 
and photostability of selected organic UV filters, as well as to 
discuss the safety problems with their usage.

TYPES OF RADIATION AND THEIR EFFECTS  
ON THE SKIN
There are three types of electromagnetic radiation: ultraviolet, 
visible, and infrared [3]. Ultraviolet radiation covers the 
wavelength in the range of 100400 nm. It consists of UVA, 
UVB and UVC radiation depending on wavelength and degree 
of absorption by the Earth’s ozonosphere. 

UVA radiation
The wavelength of UVA is 315400 nm and almost entirely 
reach the surface of the Earth [4]. For this reason, exposure to 
its negative effects is the same throughout the year. Moreover, 
it passes through windowpanes. Since this type of radiation 
penetrates the deepest layers of the skin, it causes an immediate 
tan effect. In addition, it significantly affects the skin aging 
processes and accelerates wrinkles formation, by reducing 
the skin’s ability to bind water and release collagenase from 
fibroblasts, which is an enzyme that causes the breakdown of 
collagen fibres UVA also affects the development of skin cancers 
because it intensifies the process of uncontrolled cell division 
and the formation of free radicals, which are one of the causes 
of cell DNA damage [2, 5]. In addition, this type of UV radiation 
affects immunocompetent cells and vascular endothelium [1].

UVB radiation
UVB is radiation in the range of 280315 nm. It is partially 
absorbed by the ozone layer and does not penetrate through 

windowpanes or clouds. It is biologically active, although it 
does not pass beyond the surface of the skin. Since no more 
than 10% of this radiation reaches the surface of the Earth, 
the tan and burns are formed with a  delay. Despite this, it 
intensifies the aging process and the development of skin 
cancer [1, 3, 5].

UVC radiation
UVC, radiation in the range of 100280 nm, is completely 
blocked by the ozone layer in the atmosphere, therefore 
the only sources of UVC are artificial and man-made (e.g. 
bactericidal fluorescent lamps). UVC radiation is deadly for 
living organisms, but it is also characterized by a  very low 
degree of penetration and practically does not penetrate 
the epidermis. Due to the above, it is not considered when 
developing UVprotective cosmetics.

MECHANISMS OF UV RADIATION SUPPRESSION
There are two ways of interacting electromagnetic radiation 
with matter – absorption and scattering. In sunscreens 
(especially in inorganic filters), both mechanisms are equally 
important [6].

When the photon is absorbed by an organic filter molecule, 
electrons from the HOMO, the highest occupied molecular 
orbital, are transferred to the lowest unoccupied molecular 
orbital (LUMO) (Fig. 1). The excited state can be deactivated in 
several different ways. Then the deactivation is a result of the 
photoreactions (involving the production of free radicals or 
other photoproducts), and irreversible or reversible structural 
changes occur. Irreversible structural changes lead to 
molecular decomposition, which means that the UV absorbent 
is not characterized by good photostability [7]. A molecular 
mechanism of action of inorganic filters, like titanium dioxide 
and zinc oxide (TiO2 and ZnO), is the UV radiation absorption, 
which in turn is overlaid with some scattering. Inorganic 
particles are characterized by a high energy gap between the 
valence and conduction bands (380420 nm) [6].

An ideal sunscreen, in addition to strong radiation 
absorption, should dissipate excess energy by the appropriate 
routes. Molecules with more efficient mechanisms causing 
their return to their ground state without chemical changes 
are characterized by a lower risk of undesirable decomposition 
processes. The most desirable absorbents are compounds 
with a high rate of deactivation processes [6-8].

Photostability depends on degradation of UV filters. To put 
it simply, the reduction of UV radiation is carried out by the 
absorption of photons by the chromophore, i.e., the UV filter, 
which causes its excitation. An absorbing molecule dissipates 
energy in the form of heat or light, usually in a very short time. 
This may result also in the fluorescence or phosphorescence 
processes, which cause the return to the ground state. 
Isomerization, fragmentation, reactivity with other molecules, 
or the production of free radicals, reduce or eliminate the 
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chromophore’s ability to absorb energy, and, as a result, the 
UV filter is degraded. 

In the photoprotective products based on organic filters, 
mixtures of several compounds are usually used, because no 
single compound provides an adequate protection against 
UVA and UVB radiation in their acceptable concentrations. 
It is very common to combine chemical and physical filters, 
although this requires prior research to avoid affecting the 
decomposition of organic filters with the production of toxic 
photoproducts [9].

CLASSIFICATION OF SUNSCREENS ACCORDING 
TO THE TYPE AND PROTECTION LEVEL
The Polish Act on Cosmetic Products of 4 October 2018 (Ustawa 
o Produktach Kosmetycznych z dnia 4 października 2018 r.) [10] 
defines a UV-protective substance as a substance that protects 
the skin against the harmful effects of ultraviolet radiation. 
A  sunscreen product is any preparation intended solely or 
primarily to protect from UV radiation by radiation absorbing, 
scattering, or reflecting [10, 11]. Such compounds are expected 
to be waterproof, photostable, as well as to have a small ability 
to penetrate deep into the skin, no further than to the stratum 
corneum. Additional requirements are not to induce allergic 
reactions, to be nontoxic, and safe for the skin [1].

Physical filters are compounds of mineral origin. They 
reflect radiation from the entire wavelength range. They form 
a protective layer on the surface of the skin against UV rays, 
so that they do not penetrate to the deeper layers of the skin 
[12]. These compounds exhibit a wider spectrum of protection, 
lower sensitizing properties, and greater photostability 
compared to organic filters [1, 13].

 TiO2 and ZnO protect against UVA and UVB radiation, but 
the scope of their protection is low in comparison to organic 
UV filters. The pigment particles are often coated with 
silicones, alumina, or fatty acids to reduce their accumulation, 
to facilitate their distribution on the surface of the skin [1], 
but above all to block their contact with water to inhibit the 
formation of free radicals.

Chemical filters are of single or multiple aromatic struc
tures, sometimes coupled to carboncarbon double bonds or 

carbonyl groupings [14]. These compounds absorb some of 
the radiation, while reflecting the radiation with a wavelength 
higher than 380 nm, visible or infrared (IR). Organic filters 
are insoluble in water; therefore, they remain on the surface 
of the skin. They are also characterized by a large molecular 
weight which limits the penetration to the skin cells. Due to 
the above they do not pass through the stratum corneum [12].

Before any substance is approved for use as a sunscreen, it 
must undergo several tests confirming its action and safety.. 
Only 2 inorganic and 74 organic compounds are approved for 
use in the European Union. Organic filters are benzophenones 
or derivatives of camphor, benzoylmethanes or paraaminoben
zoic, salicylic, cinnamon, and anthranilic acids [11].

Of all the approved compounds, the 3 most controversial 
chemical filters, were selected for this study and their 
structures, properties, photostability and safety of use were 
analysed.

AVOBENZONE

Physicochemical properties 
Avobenzone (AVO) is the common name for 4tertbutyl
4’methoxydibenzoylmethane (Fig. 2). According to the 
INCI, (International Nomenclature Cosmetic Ingredient) 
– the nomenclature used for naming of ingredients of 
cosmetic products, the name of Avobenzone is Butyl 
Methoxydibenoylomethane. This compound is a whitish or 
yellowish crystalline powder with a  faint odor. It dissolves 
well in oils, and does not dissolve in water [15]. The maximum 
absorption of UV radiation is shown for the wavelengths 
around 355 nm [16].

Fig. 2 Structure of Avobenzone Source: Own study

Fig. 1 Absorption mechanism in organic and inorganic filters Source: Own study
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Photostability
Avobenzone exists as two tautomers: enol and diketone. Due 
to the asymmetry of this compound, there are two forms of 
enols (Fig. 3). 

Keto-enol isomerization is associated with a decrease in 
absorption in the UVA range (320-400 nm) and a simultaneous 
increase in absorption in the UVC range (260280 nm). Upon 
the radiation, the enol form is photoisomerized into a diketone 
form. This process depends on the presence of oxygen.

The photostability of Avobenzone depends on the type of 
solvent [17]. It is photostable in polar proteolytic solvents, 
whereas in  polar aprotic solvents is unstable. The best solvent 
used in the photoprotection industry is mineral oil and/or 
isopropyl myristate [18]. In the absorption spectra of dissolved 
Avobenzone, two main bands are observed – the first one of 
maximum absorption at 350 nm and is attributed to the enol 
form, the second, much weaker band, with a  maximum at 
270 nm is considered to belong to the diketone form. With 

increasing time of exposure to light, the intensity of the first 
band decreases, and the second band increases, which is 
associated with tautomerization, i.e., the mutual transition 
of the enol and diketone forms into each other under the 
influence of a  certain factor (in this case light photons) or 
as a  result of a  spontaneous intramolecular reaction. The 
transformation of enol into diketone form may result from 
the transfer of a proton to an adjacent double bond. These 
isomers present the absorption bands as transition from 
bonding to anti-bonding molecular orbitals [19]. The π-π* 
transition bands move towards higher wavelengths as the 
solvent polarity increases. The maximum absorption of the 
enol form in polar solvents is located at higher wavelengths in 
relation to the maximum position in non-polar solvents. Due 
to the formation of the aggregates in water, a typical scattering 
profile is observed on the spectra for a colloidal suspension 
with a tail extending over longer wavelengths [20].

Fig. 3 Avobenzone in keto-enol equilibrium Source: Own study based on [17]
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As aforementioned, the photodegradation leads to 
irreversible decomposition of Avobenzone and the formation 
of reactive oxygen species (ROS, e.g., singlet oxygen), therefore 
in the cosmetic products, this compound must be additionally 
stabilized. One of the methods of stabilization is the 
introduction of antioxidants. Their action is associated with 
the presence of free electrons, which can be given to unpaired 
electrons of free radicals. This extinguishes the reactive forms. 
The most popular compounds acting as stabilizers include 
vitamin C and vitamin E, as well as ubiquinone (coenzyme Q10). 
The stabilization effect depends on the concentration of 
antioxidants. A decrease in absorption in the UVA range is 
observed under the influence of radiation, i.e., a  decrease 
in the effectiveness of photoprotection, however, it is lower 
than in the case of a pure compound. It must be pointed out 
that ubiquinone and vitamin E  are promising options for 
increasing filter stability as well as SPF values without the 
need for additional substances [21].

Another stabilizing factor is the encapsulation of the 
molecule in the micelles. It is proved that the formation of 
micelles leads to disaggregation of Avobenzone. This form of 
stabilization does not fully prevent the diketonization process, 
but depending on the surfactant chosen, it can reach a level of 
stabilization comparable to pure methanol. It is concluded that 
the insertion in micelles provides access to water molecules, 
which facilitate the restoration of enol form after photon 
absorption and relaxation [21].

To ensure maximum efficiency of the filter and thus 
directly control its photostability, various photostabilizers 
are combined (e.g. Octocrylene (INCI) with excited state 
quenchers (e.g. Ethylhexyl Methoxycrylene (INCI) [22].

Safety
Studies on the safety of Avobenzone in sunscreen cosmetics 
have been ongoing since it was proven that the compound 
decomposes under the influence of UV radiation. There 
are reports of phototoxic potential, which may result from 
photoproducts formed by exposure to UV radiation [22]. 
Two main classes of photoproducts are specified: benzils 
(aromatic diketones) and arylglyoxals (aromatic derivatives 
of oxalic aldehyde), which are strong sensitizing agents [23]. 
In Avobenzone photodegradation process different classes of 
photoproducts of high sensitizing potential are created, which 
was confirmed by studies using photo-patch tests [24, 25]. The 
phototoxic potential was detected by one of the tests for the 
isolated compound, as well as in combination with other filters. 
Surprisingly, no similar results were observed during tests on 
a model of human skin. Acceptable photostability of cosmetic 
products containing this filter is, therefore, suggested [26].

Avobenzone is included in the list of substances approved 
for use in cosmetic products. Its maximum concentration in 
cosmetics is specified in Regulation 1223/2009 on cosmetic 

products and is 5% [11]. SCCS (Scientific Committee on 
Customer Safety) confirmed the absence of estrogenic effects, 
potentially harmful to human health – this means that this 
substance does not affect the same receptors as the hormone 
and does not cause similar effects in the human body.

OXYBENZONE

Physicochemical properties and applications
Oxybenzone (BP3, INCI: Benzophenone3) (Fig. 4), or actually 
(2-Hydroxy-4-methoxyphenyl) (phenyl)methanone is poorly 
soluble in water but well in most organic solvents. It is found 
in the form of a white or yellow powder. It absorbs UV radiation 
in the UVA and UVB range [27].

This substance is used in many cosmetics, not only as 
a sunscreen. It can also be found in personal hygiene products 
(for example in shampoos and hair conditioners, antiwrinkle 
creams, soaps, and bath oils), perfumes or color cosmetics 
(e.g., powders, mascaras) [28]. Its function is to absorb UV 
rays to prevent a decrease in the quality of cosmetic products. 

Fig. 4 Structure of Oxybenzone Source: Own study

Photostability
BP3 is characterized by high photostability, both in relation to 
UV and solar radiation, and significant absorption properties. 
On the absorption spectra of the compound there are 3 bands, 
with maxima at 241 nm, 288 nm, and 324 nm. The first two 
bands are the result of the presence of two benzene rings 
in the structure, while the third represents a keto-phenolic 
group in the molecule. Within 9 hours of exposure, the 
loss of absorption of this compound is less than 5%, and its 
photostability is not affected by the presence of a quencher, 
e.g. methionine. This filter has an effective mechanism of 
returning to the ground state after the transition into the 
excited state formed upon energy absorption by the enol 
form. After the energy is transferred to the molecule in the 
excited state, this state is quenched by internal conversion to 
the ketone form, and the energy is transferred again to the 
molecule in the ground state [19].

The pH of the environment strongly affects the stability 
of this sunscreen. Unlike anionic forms, neutral molecules 
prevailing in the aqueous solutions do not undergo 
photodegradation even after a  long exposure time. During 
research on the deprotonated form of the filter, a significantly 
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reduced level of ray absorption in the range of 370330 nm 
relative to the spectra of the neutral system was observed [29].

Based on studies of the influence of humic acid on the 
degradation of BP-3 under the influence of artificial sunlight, 
it was concluded that the degradation of BP3 increases in the 
presence of this acid and is compared to direct photolysis in 
water. This phenomenon can be explained by the photosensitivity 
of the acid, which absorbs solar energy and generates radicals, 
which in turn can attack chemical compounds in water. The 
half-life of BP-3 in a pure aqueous solution is 433 days [30].

Safety for human health and the environment
Consumer concerns about BP3 in sunscreen products are 
about by the size of the molecule – it is small enough to 
penetrate the skin, and then enter the bloodstream. It was 
already shown that this compound can be carried by plasma 
carrier proteins, interact with human serum albumin, 
and displace drugs or other substances, which can cause 
disruptions in the proper functioning of the human organism. 
BP3 is excreted from the body mainly in the urine, after 
binding to glucuronic acid [28]. The halflife of BP3 in the 
organism is long, and it accumulates in the plasma [31].

There is an increasing number of reports of BP3 toxicity, 
which were supported by studies on two living organisms – 
zebrafish (Danio rerio) and Chinese crucian carp (Carassius 
auratus). In both cases, changes related to the activity and 
structure of antioxidant enzymes were confirmed, as well as 
changes in glutathione concentration in Carassius auratus 
and increased concentration of free radicals in Danio rerio 
[32, 33]. An increase in lipid peroxidation processes and 
a  decrease in antioxidant activity in the frontal cortex and 
hippocampus were also observed in female rats treated with 
BP-3 at a concentration of 100 mg/kg of body weight, which 
corresponds to the concentration in human plasma when 
using sunscreens containing the tested filter [34]. It shows 
that BP3 can accumulate in the organism and generate 
oxidative stress. 

BP-3 may also exhibit a negative impact on the functioning 
of tissues and organs, i.e. skin, kidneys, brain, endocrine 
and haematological systems, reproductive organs, as well 
as on the development of the fetus during pregnancy. The 
detectable levels were found in the urine and milk of nursing 
women and altered the morphology of the mammary gland 
was observed [28, 35]. According to the North American 
Contact Dermatitis Group, this filter is ranked among the 
three most common allergens in this group of cosmetic 
products [36]. All benzophenones are endocrine disrupting 
chemicals due to their affinity for steroid receptors, which 
can cause disturbances in the functioning of the gonads. In 
addition, these compounds are antagonists to androgen and 
progesterone receptors and may be inhibitors or stimulators 
in the production or metabolism of hormones [28].

According to the latest SCCS reports, BP3 accumulates 
in large part in the liver of rats, where it can be converted 
to 2,4dihydroxybenzophenone (BP1) and possibly to 
(2hydroxy4methoxyphenyl) (2hydroxyphenyl)methanone 
(BP-8) as a  result of enzymatic reactions, and BP-1 is 
a  major metabolite also in humans [35]. The permissible 
concentration of BP3 in sunscreen products is 2%, while in 
other cosmetics the maximum concentration is 0.5% [11]. 
In the NTP (National Toxicology Program, USA) studies, no 
changes in estrogenresponsive genes or adverse clinical 
signs were observed before or after childbirth [37]. In vitro 
and in vivo studies confirmed the absence of photomutagenic 
and photogenotoxic properties, as well as the fact that the 
compound is not phototoxic. It was observed that BP3 does 
not stimulate the proliferation of breast cancer cells, but 
the long-term contact with a product of a sufficiently high 
concentration, increased migratory and invasive properties 
of two breast cancer cell lines. It is, therefore, suggested 
that it poses a risk of developing this type of cancer through 
endoplasmic transcriptional activation of genes conditioned 
by the reticulum. In addition, the compound does not affect 
the level of thyroid hormones and is not able to disturb their 
homeostasis. The substance is not corrosive or irritating to 
the skin or eyes.

The use of BP-3 has been prohibited in Hawaii, the U.S. 
Virgin Islands, and Palau since it poses a great threat to coral 
reefs. Corals exposed to BP3 are bleached. This phenomenon 
is associated with a loss of membrane integrity and, as 
a consequence, a damage of pigments in zooxanthella [38], 
which remain in a symbiotic relationship with the coral. 
Moreover, it was also proved that this compound plays an 
important role in damage to coral larvae [39].

OCTINOXATE

Physicochemical properties
Octinoxate (OMC, INCI: ethylhexyl methoxycinnamate) is an 
ester of cinnamic acid (Fig. 5). It is a viscous, water-insoluble 
liquid, can be colorless or have a  light yellowish color [40]. 
It absorbs UVB radiation in the wave range of 280320 nm, 
although the lowenergy tail of the absorption spectrum extends 
to the range corresponding to UVA, i.e., 320400 nm [41].

Photostability
OMC can be transformed from a  trans into a  cis isomer 
upon the radiation – which is the main pathway of the 
photochemical reactions of this compound (Fig. 6). The Z 
form is characterized by a lower absorption capacity under 
the influence of UV radiation. The absorption spectrum of the 
trans isomer depends on the polarity of the solvent used, in 
contrary to the cis form, in which no similar relationship was 
observed. 
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In the absorption spectrum of diluted solutions of OMC, 
a band shift depending on the solvent is observed – the trans 
isomer shows maximum absorption at a wavelength of 291 
nm in cyclohexane, while in methanol and ethanol the band 
maximum shifts to approx. 310 nm. Interestingly, the polarity 
of the solvent is relevant only in the case of the E-isomer, 
while in the Z- isomer the maximum is 305 nm, although the 
spectra between the solvents differ in half-width (the band is 
narrower in cyclohexane). Upon UVA and UVB, the range of 
absorbed radiation by the trans form in a non-polar solvent 
decreases dramatically, until the stationary state is reached. 
In this state, the absorption intensity is higher in a non-polar 
solvent than in a polar one. This suggests that in an organic 
solvent, photoisomerization is the predominant reaction, 
although additional photodegradation processes may occur. 

Aggregation of OMC results in the formation of a  long 
tail in the red range of the absorption spectrum, caused by 
a scattering of light by suspended particles. Aggregation of the 
trans molecules leads to an increase in polarizability. Upon 
radiation, 3 narrow bands with maxima at characteristic 
wavelengths appear on the spectrum, which indicates the 
formation of photoproducts, not only cis forms. Additional 
products, such as 4methylbenzaldehyde and 2ethylhexanol, 
are characterized by the absorption of higher energy values 
and, as consequence, reduced ability to absorb UVB radiation. 
This is due to the loss of conjugation - the phenomenon of 
overlapping one π  orbital to another through the adjacent 
σ bond. As a result of photodegradation, transient products 

may also be formed, the absorption of which is shifted towards 
the UVA region, which suggests the formation of compounds 
with greater conjugation. In summary, aggregation leads to 
rapid, irreversible degradation and the formation of a complex 
mixture of photoproducts. 

The unfavourable reactions following the particles 
aggregation can be prevented by including antioxidants or 
excite state quenchers in the formula [41].

Safety for human health and the environment
It was shown that OMC affects the endocrine system of 
humans and other organisms [42]. This compound has 
a similar endocrine effect as Oxybenzone. The negative effects 
are associated with a decrease in T4 levels, which is caused 
by the inhibition of 5’deiodinase, an enzyme that catalyzes 
the conversion of T4 to T3 [43]. Also, OMC can exhibit mild 
photoallergic properties [44] and is detectable in urine, 
serum, and breast milk [45]. However, according to SCCS, 
this compound is safe to use, because it is characterized by 
a low level of acute toxicity, and is not irritating or sensitizing, 
although in some cases it may be responsible for allergic 
dermatitis. The substance is not photomutagenic and its 
teratogenic dose is more than 500 mg/kg body weight per 
day [46].

Like Oxybenzone, OMC is not approved for use in some 
regions in the world, mainly in places with coral reefs. It 
contribute to their disappearance according to the mechanism 
that was presented earlier [37, 38].

SUMMARY
Due to the growing awareness of the harmful effects of UV 
radiation, sunscreens have become a  popular research 
object. The main aspects discussed include physicochemical 
properties, photostability, and safety of use. 

All photoprotective compounds approved for use by the 
FDA (Food & Drug Administration) and the European Union 
meet all safety considerations but differ mainly in the level of 
photostability. SCCS provides more and more new, extensive 
opinions confirming all these aspects. To improve the level of 
photostability of cosmetic products, mixtures of mechanical 
filters, the additions of physical filters to organic compounds, 
or an increase in the number of UV filters are used. In the case 
of popular Avobenzone, an interesting approach is the use of 
photostabilizers and excitedstate quenchers.

Some compounds may have a negative effect on the human 
endocrine system or show photosensitizing effects upon long-
term use, due to their accumulation in the bloodstream. Their 
potential impact on other systems, internal organs, or fetal 
development during pregnancy is largely still a  matter of 
speculation and requires more research. In addition, these 
compounds can have a  detrimental effect on the aquatic 
environment and coral reefs. While in the case of Oxybenzone 

Fig. 6 Structure of the Octinoxate trans and cis isomers Source: Own study

Fig. 5 Structure of Octinoxate (asterisk indicates the centre of chirality) Source: Own study
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and Octinoxate this is well documented, Avobenzone seems 
to be rather safe. Unfortunately, recent preliminary studies 
on this compound [47, 48] suggest that it may affect the 
environment and aquatic organisms in a fairly similar way.
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