OINIAN

VIIK 616.5-001.15-084-085
DO http://doi.org/10.30978/UJDVK2022-1-2-47

ISSN 1727-5741 (Print), ISSN 2522-1035 (Online)

C. Diehl

Universita Degli Studi Guglielmo Marconi, Rome, Italy

Photoprotection: new concepts,
controversies and trends in 2022

Photoprotection appeared, on technical if not scientific bases, in the 1930s.

It was created for permitting tanning without burn. This concept lasted until the 1980’s and then evaoluted, due to both
scientific advances permitting to reach higher SPF’s, but also more and more concern of the population about the nocious
effects of sun exposure on the occurrence of skin cancers. At that time, it was demonstrated that sun radiation was not only
able to favour the development of carcinomas and melanomas, but also to speed up the visible signs of skin aging. This made
that nowadays, photoprotection turns to be a responsible act and a daily routine.

This paper intends to update the current knowledge about photoprotection. We lastly discovered that not only UVA/UVB
but also visible light and infrared radiation, i.e. the complete sun spectrum, is negatively impacting the skin, hence the
necessity of creating a full spectrum photoprotection. Dark cyclobutane pyrimidine dimers formation following sun
exposure is becoming an urgent concern, and photolyases are probably a solution to reduce the formation of these
compounds and repair the damages they are susceptible to cause in the skin. Other concerns are also the levels of vitamin D
in the organism, which could be impacted by the regular use of high SPF photoprotection, the frequent use of mineral
nanoparticles as sunscreens, the possible impact of certain sunscreens on the human health and also the potential
environmental damage they may cause. Finally, an evolution of sunscreens toward more elegant, pleasant and easy to use

formulations is certainly the guarantee of a better compliance of the patients with photoprotection.
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1. Introduction

Along years, it was discovered that the solar radia-
tion was paying a critical role in various phenome-
na. In 1798, Robert Willan was the first to describe
a photodermatosis: solar eczema [1]. In 1896, Unna
reports for the first time an association between sun
exposure and occurrence of skin cancers [2]. Finally,
Albert Kligman first suggested in 1969 that apart
from intrinsic aging factors, sun exposure causes
skin damage and aging [3].

During the second half of 20% century and
beginning of 21, lots of investigations showed that
UV-A (320—400 nm) penetrate into the dermis and
damages DNA by producing reactive oxygen spe-
cies. UV-A favour the production of cyclobutane
pyrimidine and pyrimidine dimers, responsible for
skin-aging and carcinogenesis [4]. They are consi-
dered as being the major contributor to photoaging
[5]. UV-B (290—320 nm), in contrast, is respon-
sible for sunburns and directly damages DNA by
the formation of 6-4 cyclobutane pyrimidine dimers
(CPDs) and pyrimidine (6-4) pyrimidone photo-
products [6]. Both UV-A and UV-B exposure

increase the risk of basal cell carcinoma, squamous
cell carcinoma, and melanoma. According to the
Skin Cancer Foundation, 90 % of nonmelanoma
skin cancers and 86 % of melanomas are related to
sun exposure and UVR [6]. Obviously, photopro-
tection is one of the most important preventative
health strategies, ranging from behavioural modifi-
cations, such as seeking shade when outdoors and
wearing protective clothing, wide-brimmed hats,
and sunglasses to the use of topical sunscreens to
prevent or counteract the damaging effects of UVR.

2. History of sun protection

Since around 3100 BC the ancient Egyptians used
methods of sun protection for cosmetic reasons,
considering that lighter skin was more desirable
than darker one. Among the ingredients used: rice
bran, jasmine and lupine. Amazingly, it was recent-
ly discovered that rice bran absorbs ultraviolet
[UV] light, jasmine helps repair DNA, and lupine
lightens skin [7]. Later, the ancient Greeks and
Romans used olive oil to protect their skin from the
sun and for care after sun exposure, a custom still
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alive among the populations neighbouring the
Mediterranean Sea. Recently, Kaur et al. were dem-
onstrating that olive oil had a SPF rating close to 8
[8]. During the early 20t century there were attempts
to develop topical sunscreens: we can mention Unna
in 1910 (Zeozon and Ultrazeozon), and later E. Schii-
ler, the founder of 'Oréal («Ambre Solaire» — 1935)
and Greiter («Piz Buin» — 1938) [9].

Inthe 70’s the US Food and Drug Administration
(FDA) begins to regulate the booming sunscreen
market, helped by its homologs in Australia and
Europe which introduced the notion of SPF.

In parallel, the population’s behaviour was also
changing. Whilst in previous centuries there was a
search for lighter skin, in order to assess social supe-
riority, Coco Chanel popularizes from 1920 onward
the idea of tanning. This trend was amplified by the
occurrence of paid vacations in Western European
countries by 1930’s, leading the workers to go to the
seaside and tanning there. The use of sunscreens
was already popular, with the unique concern of
avoiding sunburns. The cult of tanning had its peak
in the 1970’s, especially with the French actress
Brigitte Bardot as its muse. Later, from 1980’s
onward the SPF values of sunscreens were steadily
growing to 15, 30, 50 and even 100 before SPFs
higher than 50+ were banned by Health Authorities.
Today, in 2022, the use of sunscreens turned from
occasional (summer holidays, outdoor activities) to
a daily routine.

3. The growing importance of visible light

Until recently, the focus of photoprotection were
UV-A and UV-B. The visible light (VL) spectrum,
which includes the wavelengths between 400 and
700 nm was traditionally left aside. However, VL
was found to induce skin pigmentation in subjects
with skin types IV to VI [10]. In addition, visible
light-induced pigmentation was observed up to
2 weeks after the irradiation. Contrarily, these pig-
mentation effects were not observed in lighter skin
patients of skin type II. Visible light-induced
migration of melanin from the basal layer to the
upper layers in the epidermis was observed by his-
tology. Furthermore, exposure to a light source
emitting visible light and a small amount of UV-A1
(0.5 %) resulted in more intense pigmentation com-
pared with exposure to pure visible light [11].
Obviously, these findings demonstrate that visible
light irradiation could have a negative outcome in
conditions aggravated by sun exposure such are
melasma, lentigo or post-inflammatory hyperpig-
mentation. Hence the need of an effective protec-
tion against visible light. The fact is that the current
topical photoprotectors usually do not offer
VL-protection, as the chemical filters and mineral

sunscreens commonly used in their formulation are
not effective in the VL-spectrum. A good alterna-
tive are photoprotectors containing melanin, espe-
cially synthetic, fragmented melanin in their for-
mula. Melanin was shown to be able to absorb
VL-wavelengths and the products are cosmetically
acceptable by the patients.

4. Infrared radiation must be taken
into account

In the same manner as visible light, during a long
time infrared (IR) wavelengths were not submitted
to any investigation regarding their eventual no-
cious effects on the skin.

Obviously, IR irradiation has as a consequence
skin heating, leading to the degradation of lycopene
and carotenoids which have antioxidant functions
in the skin [12]. It was also shown that IRs cause
the formation of ROS in the skin [13]. IRs are asso-
ciated with accelerated growth of more aggressive
tumours and a higher number of malignant tumours
in the skin [14]. Further it was reported that IRs
increase the expression of MMP-1, whose increase
is the base of the formation of wrinkles [15] and
repeated exposure to IRs was shown to be the cause
of the occurrence of deep wrinkles in mice [16].
Heat produced by IRs was also associated with
inflammation, elastosis and rupture of collagen
fibres [17]. As a conclusion, IRs appear to have a
major role in the premature skin-aging [18].
Although non-micronized form of zinc oxide or
titanium dioxide would physically block IR trans-
mission, this would only be with high concentra-
tions, and the chalky white appearance of these
agents would make them aesthetically not accept-
able to users. Similar to exposure to UVR or visible
light, IR-exposure generates reactive oxygen spe-
cies; therefore, it is possible that antioxidants could
play a role in decreasing the skin alterations caused
by IR-irradiation.

5. Dark cyclobutane pyrimidine dimers
formation

Melanin has traditionally been thought to be pro-
tective against UVR-induced DNA damage and
skin cancer development [5]. However, Premi et al.
have recently reported that melanin may also be
carcinogenic by contributing to the formation of
cyclobutane pyrimidine dimers (CPDs), even after
the completion of UV-A radiation [19]. It was fur-
ther shown that pheomelanin was a more potent
generator of dark CPD formation than eumelanin.
One of the benefits of the delayed formation of
CPDs for up to 3 hours after UV exposure, should
this occur in humans as it does in rodents, is the
opportunity for intervention during this time [5].
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Topical application or intake of antioxidants would
probably be helpful at this stage.

6. Photolyases in sunscreens

Photolyases are enzymes that have the property of
repairing CPDs. Naturally occurring in bacteria,
plants, and animals that experience high UV expo-
sure, they are absent in humans.

Both in vitro and in vivo studies have supported
the beneficial properties of photolyases in preven-
ting photodamage [20]. In a study, it was found that
the combined presence of topical antioxidants and
photolyases resulted in the greatest reduction in
CPDs and free radical-induced protein damage
compared with the sunscreen that contained either
ingredient alone, suggesting that antioxidants and
photolyases might have a synergistic effects [21].
The use of this kind of combination would cer-
tainly open new ways in photoprotection.

7. The concern about vitamin D

UV-B s responsible for the conversion of epidermal
7-dehydrocholesterol into active vitamin Ds (cho-
lecalciferol). In vitro and animal studies have prov-
en that vitamin D enhances antimicrobial respons-
es, suppresses proinflammatory mediators, and
diminishes inflammation after skin injury [22]. Due
to the importance of adequate levels of vitamin D
in the human organism, global concern about vita-
min D deficiency has fuelled debates on photopro-
tection and the importance of solar exposure to
meet vitamin D requirements [23].

The results of a meeting gathering an interna-
tional panel of 13 experts in endocrinology, derma-
tology, photobiology, epidemiology and biological
anthropology were that a serum level of > 50 nmol /L
25(OH)D was a target for all individuals [23].
Further, it was agreed on that broad-spectrum sun-
screens that prevent erythema are unlikely to com-
promise vitamin D status in healthy populations.
Screening and supplementation in vitamin D are
only advised for the group of patients at risk of hypo-
vitaminosis, such as patients with photosensitivity
disorders. The conclusion of this panel was that
sunscreen use for daily and recreational photopro-
tection does not compromise vitamin D synthesis,
even when applied under optimal conditions [23].

8. Oral photoprotection

Oral forms of photoprotection are gaining interest
recently.

They could be an alternative to current topical
photoprotection, which is not protecting against the
negative effects of visible light and infrared radiation.

Polypodiumleucotomos is a plant native in Latin
America with antioxidant and anti-inflammatory

properties. Human studies have shown that P
leucotomos extract increases the UV dose required
for immediate pigment darkening, minimal ery-
thema dose, and minimal phototoxic dose [24]. It
was also reported that it could be beneficial in pre-
venting photodermatoses such as solar urticaria or
polymorphous light eruption [25].

Nicotinamide (vitamin Ds) is also of interest as
it is essential in DNA repair in the skin [26].

In human keratinocytes, nicotinamide was
shown to block the inhibitory effect of UV on
adenosine triphosphate production, enhance DNA
repair and decrease the formation of CPDs [27]. In
two clinical trials, subjects with sun-damaged skin
taking 500 mg once or twice daily had 29 % and
35 %, respectively, fewer actinic keratoses at
4 months [28], 23 % lower rates of new nonmela-
noma skin cancers and 11 % fewer actinic keratosis
compared with placebo at 12 months [29].

Other vitamin derivatives with antioxidant
properties may also be valuable candidates for oral
photoprotection, for instance carotenoids, which
are pigments existing in a wide variety of vegetables
and fruits. Lycopene is the predominant carotenoid
present in tomatoes and other vegetables and red
fruits. Other carotenoids, e.g., lutein, astaxanthin,
and zeaxanthin, have all been shown to prevent
photodamage induced by sunlight [30].

Vitamin E and vitamin C also feature good can-
didates.

Omega-3 polyunsaturated fatty acids have also
been considered to treat skin conditions related to
UVR exposure.

The role of probiotics in photoprotection is
promising, but it is necessary to carry out more
extensive clinical trials before making a definitive
recommendation on the use of probiotics as oral
photoprotective agents [31].

Various botanicals have also been mentioned,
such are Green Tea polyphenols, Cocoa extract, also
rich in polyphenols, isoflavones including genistein,
silymarin, quercetin [32].

9. The concern of nanoparticles in sunscreens

As mineral sunscreens, TiO, (titanium dioxide) and
ZnO (zinc oxide) are commonly used. When for-
mulated in non-micronized form, they are leaving a
chalky appearance on the skin which is cosmetically
unpleasant and not accepted by the consumers. For
this reason, formulators of sunscreens are using
more likely micronized forms of both TiO, and ZnO.

Both were under scrutiny. First, a wave of in
vitro investigations with nanoparticles of TiO,
(TiO,-NPs) was published, rising concern. It was
demonstrated in human keratinocytes that TiO,-NPs
accumulate at the cell surface and are taken up by
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endocytosis. Following, the level of ROS is increa-
sed and mitochondrial damage occurs [33]. Still in
human keratinocytes, under UV-A irradiation, the
stress induced by TiO,-NPs triggers the apoptosis
and induces cell-death [34]. In human endothelial
cells in vitro, it was also assessed that aggregates of
TiO,-NPs of 300 nm or smaller strongly inhibited
cell proliferation and induced apoptosis and cell
necrotic death [35]. Further, the genotoxicity of
TiO,-NPs from a sunscreen composition was dem-
onstrated on strains of Salmonella typhimurium
[36]. The question which was rapidly raised was
whether or not nanoparticles were able to penetrate
human skin. In previous animal studies in intact
skin of hairless rats, TiOo-NPs of 50 nm did not
penetrate intact skin [37] whilst TiOs-NPs of
20 nm penetrated the intact skin after 60 days der-
mal exposure, reaching different tissues and induc-
ing pathological lesions in various organs (skin,
liver) [38]. In intact pig skin ZnO-NPs and TiO»-NPs
of 50 nm and 35 nm do not penetrate porcine stra-
tum corneum [39]. After 30-days application on
porcine skin, TiO,-NPs (4 and 60 nm) can pene-
trate through horny layer and be located in deeper
layers of epidermis [40].

In both rats and pigs, NPs are widely distributed
into the groove and hair follicles after topical appli-
cation of commercial sunscreens but do not perme-
ate into intact skin [41].

In rats, barrier perturbation by tape stripping
does not cause penetration, but abrasion allowed
NPs to penetrate deeper into the dermal layers [42].
Now what’s about human skin?

It was shown by tomography that ZnO-NPs
after one application penetrate only in the outer-
most layers of stratum corneum, furrows and hair
follicles, but do not reach viable dermis [43]. In
voluntaries applying sunscreen with ZnO-NPs
(two groups, 20 nm and 100 nm) during 5 days,
followed by sun exposure on the beach, penetration
of ZnO-NPs beyond the dermis was demonstrated
in both groups [44]. In 2012, COLIPA has con-
cluded that «the use of ZnO and TiO, nanopartic-
les, at a concentration up to 25 % as a UV-filter in
sunscreens, can be considered not to pose a risk of
adverse effects in humans after dermal application»
[45, 46].

10. UV blocked vs. Transmitted

A well-known concept, SPF, means the effective-
ness of a sunscreen in protecting against erythema-
induced radiation (EIR). SPF is representing a
percent of EIR absorbed and not percent of EIR
transmitted, which can be misleading. Many people
believe for instance that SPFs beyond 30 provide
only minimal additional protection [47]. It should

be more appropriate considering photons that are
transmitted and absorbed by the skin, with bio-
logic effects, than photons absorbed by the sun-
screen. For example, when comparing percent ab-
sorbed of SPF-30 with SPF-60, it is 96.7 % EIR
absorbed compared with 98.3 % EIR absorbed.
However, if comparing the number of photons
transmitted when exposed to 60 photons, SPF-30
allows 2 photons to be transmitted, and SPF-60
only 1 photon [5]. This means that, as sunscreen
SPF is presented as percent of EIR absorbed com-
pared with percent transmitted, dermatologists
may underestimate the increased protection pro-
vided by the higher SPF sunscreen [48].

11. Safety of sunscreens

Recently, there is growing concern about the effects
of photoprotection on human health.

A study [49] published in September 2020 inves-
tigated the effects of UV filters on human health.
Results found that current evidence was not suffi-
cient to support the causal relationship between the
elevated systemic level of oxybenzone or octinoxate
and adverse health outcomes. The major concern is
about the suspicion that various sunscreens com-
monly used in photoprotectors could possess endo-
crine-disrupting properties. Endocrine disruptors
are chemicals that disrupt the normal functioning of
the endocrine system, leading to a variety of health
problems, including reproductive problems, defi-
ciencies, and female and male cancers [50]. Expo-
sure to endocrine disruptors begins in the womb and
never stops throughout life, as these chemicals are
present in a variety of everyday products, including
food, bottled water, and cosmetics [50]. Some of the
ingredients in sun cosmetics show potential endo-
crine disrupting properties [51]. Oxybenzone (ben-
zophenone-3 BP) exhibits anti-estrogenic and anti-
androgenic activity in vivo in fish [52]. In humans,
a reduction in birth weight in girls and an increase
in boys may also be associated with maternal expo-
sure to oxybenzone [53] which has also been detect-
ed in breast milk. Benzophenone-1 also has estro-
genic and antiandrogenic properties demonstrated
in fish and rats [54]. Endometriosis in women, an
estrogen-dependent disease, is associated with
exposure to benzophenone compounds and espe-
cially with exposure to BP1 [55]. Octylmetho-
xycinnamate has known endocrine disrupting prop-
erties [51], exhibiting anti-estrogenic and andro-
genic/antiandrogenic activity but no estrogenic
activity. It would also have a possible impact on the
function of the hypothalamus-pituitary-thyroid axis
[56]. Its presence in human milk leads to exposure
of neonates, a particular concern. 4-Methyl ben-
zylidine camphor and 3-benzylidine camphor dis-
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rupt normal endocrine function in rats, fish, aquatic
molluscs, and insects [57]. All the currently allowed
sunscreens should be revisited according to these
toxicological aspects and based on the results, the
current listing should be updated.

12. Environmental impact of suncreens

There are consistent environmental and health
impacts associated with photoprotection.

In a critical review [58] investigators reviewed all
of the published photoprotection studies up to June
2020, 32 in total. They identified 14 various organic
UV filters found in seawater near coral reefs in the
nanograms per liter range. Also, the review found
9 papers that reported toxicological findings in the
micrograms per liter to milligrams per liter range.

When compared with concentrations in seawa-
ter, toxic effects of UV filters were found at 1000 to
1 million-fold higher concentrations. The review
concluded that there is currently limited evidence
suggesting coral reefs are adversely affected by
exposure to UV filters, however, the authors noted
major data gaps that should be immediately ad-
dressed with high-quality monitoring, fate, and
toxicity studies [58]. However, BP-3, octinoxate,
OCTO and sulisobenzone have been considered
threats to coral reefs around the world and an esti-
mated 14,000 tons of sunscreen, some containing up
to 10 % BP-3, are washed into areas of coral reefs
annually [59]. Apart from corals, the mentioned
sunscreens have a detrimental effect on planktonic
crustaceans, amphipod crustaceans, molluscs, algae,
bacteria, sea urchins, zebrafish, fathead minnows
and rainbow trout [60]. Many organic filters are
also lipophilic and have been found to accumulate
in the fat of many freshwater and marine species,
making them theoretically capable of bioaccumu-
lating up the food chain [60].

13. Increased importance of skin aging
in patients’ behaviour

Since Kligman’s publication in 1969 [2] it is unani-
mously accepted that sun exposure causes photoag-
ing. This is obviously known by all dermatologists,
but also by a large part of the public. Skin aging
consists in epidermal thickness, increases in pig-
ment heterogeneity and dermal elastosis, degrada-
tion of collagen in the dermis, development of
ectatic vessels, and increases in mutagenesis of
keratinocytes and melanocytes in the skin [61].
Visible symptoms include an increase in rhytides,
telangiectasias, dyspigmentation including lentigi-
nes and ephelides, volume loss, and cutaneous
malignancies [61]. In today’s society, the value
placed on a youthful appearance is reflected in the
multibillion-dollar industry centered around anti-

aging products [62]. Therefore, despite the empha-
sis of the market on the reversal of skin aging, the
best defence against cutaneous age-related changes
is through prevention with rigorous photoprotec-
tion. Thanks to this growing awareness of the
population associating sun exposure with photoag-
ing and, hence, more and more extended use of
photoprotectors, the second benefit is also in a bet-
ter protection against the occurrence of carcinomas
and melanomas, with decreasing numbers as regards
their incidence. Step by step, our patients are con-
sidering photoprotection as a daily routine, espe-
cially among the young and middle-aged age ranges.

14. A need for cosmetically elegant sunscreens

Given the necessity of this daily routine, a key chal-
lenge for sunscreens of the future is to ensure com-
pliance and a general good adherence to photopro-
tection. Factors like easy-to-use formats including
ultra-light textures, convenient sprays and non-
greasy formulations are key to encourage the regu-
lar use of sunscreens [63]. Good ocular safety for a
facial sunscreen is also important as stinging eyes is
one of the main cited reasons for not using sun-
screens while engaging in outdoor activities [64].
Sunscreens must also be compatible with the use of
coloured cosmetics and makeup. Compact cream
sunscreens can be a good option for persons wearing
makeup to reapply sunscreen over the make-up
throughout the day if needed [65]. Light and eva-
nescent textures should be preferred to heavier
ones. The case of patients with acne is also impor-
tant to consider, guaranteeing that the sunscreen
would not be comedogenic. Skin of colour patients
must also find photoprotectors adapted to their
needs. Some companies have created sunscreen
products with marked cosmetic acceptability, even
on darker skin tones. While micronized inorganic
ingredients may be more cosmetically appealing, it
still may not be sufficiently cosmetically appealing
for individuals with very dark skin tones [66].

15. Photoprotection in special populations

In addition to the general recommendations, it is
important to tailor these to the individual, in terms
of both behavioural modifications and appropriate
sunscreen products. Depending on their specific
situation and health status, certain factors should
be taken into consideration because health beliefs
and behaviours are complex and may relate to per-
ceived risks and benefits [67]. Special population
groups can broadly be categorised into five groups:

1. Those undertaking recreational, acute, and
intermittent high-to-extreme UV exposure (e.g., at
the beach or skiing) where the user principally
wants to be protected from sunburn.
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Let’s remember that UVB is the main causative
agent for solar erythema and SPF is the most rele-
vant indicator because it is directly indicative of
sunburn protection. High protection must be pro-
vided in these extreme conditions.

2. Photoprotection in patients with photodermato-
ses. Polymorphic light eruption and lupus erythe-
matosus are triggered by UVA and UVB; thus, in
addition to protection with clothing, exposed areas
require a broad-spectrum sunscreen with high SPF
and high UVA protection [68]. In subjects with
pigmentary disorders such as melasma and post-
inflammatory hyperpigmentation we must keep in
mind the important role of visible light and prefer
sunscreens protecting not only from UVA/UVB
but also from visible light.

3. Immunocompromised patients. Organ trans-
plant recipients represent a high-risk group for skin
cancers as a result of their posttransplant immuno-
suppressive therapy. This is also the case of patients
receiving immunosuppressive therapies for other
diseases. Strict sun avoidance and use of very high
SPF products are essential; consequently, vitamin
D supplementation may be required.

4. Children because of a physiologically imma-
ture immune system, and also because they gener-
ally spend a greater amount of time outdoors, are
therefore requiring a careful approach to photopro-
tection and reliance on adults toenforce it.

5. Outdoor workers are exposed to UVR for the
majority of their working life and need permanent
and high photoprotection, at least SPF 50+.

16. Regulatory advances

In September 2021, USFDA recently updated its
sunscreen regulations, in response to new scientific
information or safety issues. USFDA proposed
changes to sunscreen regulations that «would have
severely restricted the options for sunscreen acti-
ves», by removing all of the organic filters, making
zinc oxide and titanium dioxide the only options
left. It also proposes to raise the maximum proposed
SPF value on sunscreen labels from SPF 50+ to
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K. AiA

Ynieepcumem Iynvenomo Maproni, Pum, Imanis

DOTO30XMCT — HOBI KOHLENLU;ji, cynepedkun Ta TeHaeHLUji 2022 p.

[TuranHs npo HeoOXiAHICTh CTBOPEHHS (DOTO3aXMCTY BUHUKJIO HA TEXHIYHUX, SKIIO He HAyKOBUX 3acajiax, e y 30-X pokax
MUHYJIOTO CTOJITTS.

dotoszaxucT 6yB MpusHavYeHMii 1151 HaGyTTs 3acMaru 6e3 omikis. I1g koHIentis npoicaysaa 10 80-X pokis, a motim ii 6y1o
JIOOTIPAIIbOBAHO 3aB/ISIKM HAYKOBUM JIOCSTHEHHSIM, SIKi I/l 3MOTY JOCSTTH Olibil Bucokux 3uadenb SPF, a takoxk uepes
yce GiTbITy 3aHEMOKOEHICTh HACEIEHHST MO0 TIKITMBUX HACJI/IKIB BITMBY COHIT HA BUHUKHEHHS paky mikipu. Tomi ik
GyJI0 BCTAHOBJIEHO, 110 COHSTYHE BUIIPOMIHIOBAHHSI 3[IaTHE HE TIIbKU CIIPHYMHATH PO3BUTOK KapIIMHOMM i MEJIAHOMH, a ii
MPUCKOPIOBATH BUINMI O3HAKK cTapinus mikipu. [le mpusBesio 0 TOro, 1Mo cboroHi GoTO3axXUCT MEPETBOPIOETHCS Ha Bijl-
MOBIIAJIbHY JIi10 1 IIO/ICHHY PYTUHY.

[leit mokymMeHT Ma€ Ha MeTi OHOBUTH CydyacHi 3HaHHs 1po (orozaxuct. Mu filinim BucHoBKy, 1o He suie UVA/UVB, a
il BUAKMMeE CBITJIO Ta iH(ppauyepBOHe BUIIPOMIHIOBAaHHSI, TOOTO BECh COHSAYHMIA CIIEKTP, HEraTHBHO BIIMBAE Ha IIKIPY, OTKE,
HEeOOXITHO CTBOPHUTHU ITIOBHUII CHEKTP (DOTO3aXUCTY. YTBOPEHHSI TEMHHX AMMEPIB [UKI00YTAHOBOTO IHiPUMIAMHY IiCJIs
nepeOyBaHHS HA COHIL CTAE AKTYaJIbHUM [TUTAHHSM, i GOTOJa3K, IMOBIPHO, € PIllICHHSIM [IJIs1 3MEHIIECHHST YTBOPEHHSI [I1X
CHOJIYK 1 YCYHEHHS MOUIKO/KEHb, sIKI BOHU MOKYTb CIPUYMHUTH HA MIKipi. [HITUMN BaXXJIMBUMU NMUTAHHSMU € TAKOX
piBenb Bitaminy D B opraniami, Ha sikuii MO’Ke BILTUHYTH peryJisapHe 3actocyBanis SPF i3 Bucokum ¢goroszaxucuum gak-
TOPOM, YacTe BUKOPUCTAHHSI MiHEPAIbHUX HAHOYACTHHOK SIK COHIIE3aXUCHUX 3aC001B, MOKIMBIN BIUIUB JIESIKUX COHIIE3a-
XHMCHUX KPEMiB Ha 37I0POB’SI JIIOJIMHMY, 2 TAKOK TTIOTEHI[iIIHA IITKO/1a HABKOJIMIITHHOMY CEPEOBUIILY, SIKY BOHU MOKYTb 3aBJ1a-
tu. HapemTi, eBoJIoIisl COHIE3aXMCHNX KPEMIB 10 OLIbII eJIeraHTHUX, TTIPUEMHKX I TIPOCTUX Yy BUKOPHUCTAHHI XIMIYHUX
CKJIA/IB € 6E3YMOBHOK TAPAHTIE KPAIIOTO (POTO3AXUCTY IS MAIIEHTIB.

Kimouogi cioBa: orosaxuct, UVA, UVB, SPF-dakrop, Bitamin D.
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