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A therapeutic plants potential is based on the pharmacological effects due to their phytochemical profile. Today, scientific
interest in botanicals is increasing as a result of recent research that looks at the prospect of using these raw materials for the
cosmetic industry as a means to protect the skin from the harmful effects of UV rays.

The aim of the study was to evaluate a potential of plant-based UV-filters in modern concept view of skin photoprotection.
Materials and methods. A systematic literature search was carried out using the electronic information arrays PubMed,
Scopus, Google Scholar, eLibrary. The search depth was 10 years (the period from 2010 to 2021). The search was carried out
by the following keywords: antioxidants, cosmetics, photoprotection, chemical composition, pharmacological action.
Results. In the paper, modern principles of skin photoprotection based on the use of chemical or physical UV-filters are
considered and scientifically substantiated A trend for the use of plant-based materials and their components in the
formulation of photoprotectors was notified. That is associated with a wide activity spectrum, the absence of a xenobiotic
effect, and a high bioavailability of organic plant compounds.

Conclusion. The data analysis from scientific publications demonstrated a potential photoprotective activity of plant-based
biologically active substances due to antioxidant, anti-inflammatory and anti-radical effects. The results of the study are a
theoretical basis for a further comprehensive experimental study of plant objects in order to obtain a pool of evidence in the
field of photoprotection in in vivo experiments.

Keywords: plant-based UV filters; photoprotection; concept of modern skin photoprotection

Abbreviations: IPD — Immediate Pigment Darkening; IPF — Immune Protection Factor; NADH — nicotinamide adenine
dinucleotide; NADPH — nicotinamide adenine dinucleotide phosphate; PPD — Persistent Pigment Darkening; SPF — Sun
Protection Factor; UVA — ultraviolet A rays; UVB — ultraviolet B rays; UVC — ultraviolet C rays; ROS — reactive oxygen species;
BASs — biologically active substances; WHO — World Health Organization; DNA — deoxyribonucleic acid; UV rays — ultraviolet
rays.

OUEHKA NOTEHUWUAINA PACTUTEJIbHbIX UV-®UJIBTPOB
B CBETE COBPEMEHHOW KOHUENUUKX
®OTO3ALWNUTBI KOXU

0.4. HemaTtbix!, U.U. TepHuHko'?, A.C. Caburtos?, A.WU. Nawko?, 3.56. Cakunosa®

ldepepanbHoe rocyfapcTeeHHoe bloaKeTHoe 0bpasoBaTebHOE yupexKaeHue Bbiclero o6pasoBaHus
«CaHKT-lMeTepbyprcknin rocyaapcTBeHHbIN XMMUKO-PapMaLLeBTUYECKUI YHUBEPCUTET»

MuHucTepcTBa 3apaBooxpaHeHua Poccuinickon depepaumm,

197376, Poccus, r. CaHKT-leTepbypr, ya. MNpod. Monos.a, 4. 14, nut. A

For citation: O.D. Nemyatykh, L.I. Terninko, A.S. Sabitov, A.l. Lyashko, Z.B. Sakipova. Evaluation of plant-based UV filters potential in modern
concept view of skin photoprotection. Pharmacy & Pharmacology. 2022;10(4): 308-319. DOI: 10.19163/2307-9266-2022-10-4-308-319

© 0.4. Hemameix, N.N. TepHuHKo, A.C. Cabumos, A.U. /lawko, 3.5. Cakunosa, 2022

Ana uutuposanua: O.[. Hemsatbix, U.N. TepHuHko, A.C. Cabutos, A.U. Nsawko, 3.6. Cakunosa. OueHKa nOTEHLManNa pPacTUTEbHbIX
UV-dunbTpoB B CBETe COBPEMEHHOM KoHuenuuu ¢oTo3awmTbl KoK, @Papmayus u papmakonoaus. 2022;10(4):308-319. DOI:
10.19163/2307-9266-2022-10-4-308-319

308 Volume X, Issue 4, 2022


https://crossmark.crossref.org/dialog/?doi=10.19163/2307-9266-2022-10-4-308-319&domain=pdf&date_stamp=2022-10-31

Hay4HO-npakTu4eckuin xypHan

OAPMALIA U
OAPMAKOSIOMS

OBb30PbI, TEKUNN
DOI: 10.19163/2307-9266-2022-10-4-308-319

2McnbiTaTenbHan nabopatopus (LLeHTp KOHTPOAA KayecTBa IeKapCTBEHHbIX CPEACTB)

benepanbHOro rocysapcTBeHHOro 610AKETHOrO 06Pa30BaTENIbHOIO YUpPEKAEHMA BbiCLLEro 06pa3oBaHuUsA
«CaHKT-lMeTepbyprcknin rocyaapcTBeHHbIN XMMUKO-PapMaLLEBTUYECKUI YHUBEPCUTET»

MuHucTepcTBa 34paBooxpaHeHua Poccuinickon depepaumm,

197376, Poccus, r. CaHKT-leTepbypr, ya. MNpod. Monos.a, 4. 14, nut. A

3 Ka3axcKni HauMoHaNbHbIM MEeANUMHCKUIA YyHUBepcuTeT umeHn C.A. AcheHamaposa,

050000, Pecnybnuka KasaxctaH, r. Anmatsbl, yn. Tone bu, 4. 88, Kopn. 4

E-mail: oksana.nemyatyh@pharminnotech.com

MNonyyeHa 04.05.2022 MNocne peueHsnposaHua 20.07.2022 MpuHATa K nevatn 25.08.2022

TepaneBTUYECKUI NOTEHLMAN PACTEHU I OCHOBAH Ha dapMaKkonornyecknx adpdektax, 06ycnoBaeHHbIX UX GUTOXMMUYECKUM
npodunem. CerogHA Hay4HbI UHTEPEC K PacTUTeNbHbIM O6bEKTaM BO3PACTAeT B pe3y/ibTaTe NoC/ieAHUX UCCNEef0BaHNUN, B
KOTOPbIX PAacCMaTPUBaAETCA NepCneKkTMBa NPUMEHeHUA 4aHHOTO CbiPbA AJ/19 KOCMETUYECKOM OTPACN B KaUecTBe CpeacTB A
3aLWMUTbl KOXKM OT NarybHoro Bo3genctama Yo-nyyei.

Lienb. OueHKa noTeHumMana pactutesnbHbix UV-GUabTpoB B CBETE COBPEMEHHOM KOHLEMLMM GOTO3aLLUTbI KOXKMU.
Martepuanbl U metogbl. CUCTEMATUYECKUI MOUCK INTEPATYPbI NPOBOAMICA C NMOMOLLbIO 3NEKTPOHHbIX MHHOPMALMOHHbIX
maccuBoB PubMed, Scopus, Google Scholar, elibrary. nybuHa noucka coctasuia 10 net (nepuog ¢ 2010 no 2021 rr.).
MoncK NPOBOAMAM MO KAOYEBLIM C/IOBAM: aHTMOKCUMAAHTbI, KOCMETUYecKne cpeactsa, GpoTosallmTa, XMMUYECKUI CoCTas,
dapmakoiormyeckoe gencteme.

Pe3ynbratbl. B paboTte paccMoTpeHbl M Hay4HO 060CHOBaHbI COBPeMEHHbIe MPUHLUMbLI GOTO3aLLMTbI KOXKM, basupytoLmeca
Ha MNPUMEHEHUN XUMUYECKUX Uan dusmyecknx UV-dunbtpoB. OTmMeyeHa TeHAEHLMA WMCNO/b30BaHMA PACTUTE/IbHOro
CbIpbA W €ro KOMMOHEHTOB B peLenType GOTONPOTEKTOPOB, YTO CBA3AHO C LUMPOKUM CNEKTPOM aKTUBHOCTM, OTCYTCTBMEM
KCeHOBbUOTUYECKOro addeKTa 1 BbICOKOW BUOLOCTYNHOCTbIO OPraHUYECKUX PACTUTE/IbHbBIX COeAUHEHUA.

3aKknoueHue. AHanM3  AaHHbIX HAyyHbIX MNy6AMKAUMA  MNPOAEMOHCTPUPOBAN MNOTEHLMANAbHYIO (OTOMPOTEKTOPHYHO
AKTUBHOCTb BMONOrMYECKU aKTUBHbIX BELLECTB pacTeHui, 06yCI0BNEHHYO aHTUOKCUAAHTHBIM, MPOTUBOBOCMANIUTE/IbHBIM
WU aHTMpaAuKanbHbiM 3ddeKrTamun. Pesynbratbl MCCNefOBaHUA ABAAIOTCA TEOPETUYEecKMm 6Hasncom Ans AasbHenwero
BCECTOPOHHEr0 3KCNEePUMEHTAZIbHOTO U3YYEHUA PACTUTE/IbHBIX OO BEKTOB C LLe/IbIo MOYYeHUsA Myaa AOKa3aTeNbHbIX AAHHbIX
B 06n1acTn GoToNpoTEKLUN B OMbITAX in Vivo.

KntoueBble cnoBa: pactutenbHble UV-dunbtpbl; GOTONPOTEKLMA; KOHLLENLUA COBPEMEHHOW (OTO3ALLUUTBI KOXKM

CnucoK coKpawieHwmit: IPD — 6bicTpoe NUrmeHTaumoHHoe notemHeHue; IPF — dakTop 3awmtbl MmmyHuteTa; NADH —
HUKOTUHAMUAAAEHUHONHYKNeOTUa, BocCTaHoBNeHHbIWM; NADPH — HWKOTUHamupazeHuHauHykneotuadocdat; PPD —
NOCTOAAHHOE MUFMEHTALMOHHOe noTemHeHue; SPF — conHue3awmTHbIn daktop; UVA — ynbTpaduronetosbie nyun A; UVB —
yneTpaduonetosble nyun B; UVC — ynbrpadmonetosble nyun C; AOK — akTMBHAA popma Kucnopoaa; BAB — 6uonormyeckm
aKTUBHble BelecTBa; BO3 — BcemunpHaa opraHu3auumsa 3apaBooxpaHeHus; AHK — ne3oKcMpuboHyKNenHoBas KWUCNOTa;

Y®-nyuu — yneTpadronetoBbie Nyun.

INTRODUCTION

Despite the fact that sunlight is an initiator and
catalyst of most metabolic processes, ultraviolet
radiation, as one of the fragments of the sunlight
spectrum, provokes photoaging with multiple exposures
to the skin, and also contributes to the development of
a number of pathologies, incl. photocarcinogenesis [1].

The effects of harmful UV exposure highlight the
need for the skin protection across the full sunlight
spectrum. A modern concept of human skin
photoprotection involves the use of broad-spectrum
cosmetics, which leads to the search for new natural
multifunctional ingredients, including those with a
photoprotective activity. Components of the plant
origin, which, due to the multicomponent chemical
composition, have a multi-vector biological effect, are
of considerable interest. This factor is primarily due

to the presence of active centers of biologically active
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substances (hydroxo groups of polyphenolic compounds,
keto-enol tautomeric groups of ascorbic acid, systems of
conjugated bonds, etc.) and contributes to the realization
of natural photoprotective properties [2].

The [3-5]
the ability of a number of representatives of various

literature contains information on
botanical classification groups, from algae and lichens
to dicotyledonous plants, to exert antioxidant, anti-
inflammatory, and immunomodulatory effects in
the experiment. In combination, they implement a
photoprotection mechanism. Thus, a number of authors
[6-10] report the active components ability of Silybum
marianum L., Gracilariopsis longissimi (S.G. Gmelin) M.
Steentoft, Elaeagnus angustifolia L., Moringa oleifera
Lam., Vitis vinifera L., Ruta graveolens L., Ginkgo
biloba L., Dirmophandra mollis Benth., to exhibit their
photoprotective properties. The literature also presents

the results of studying the chemical composition
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[11-14] and experimentally proven photoprotective
properties [15—-17] of rosehip raw materials; the data
on a high bioavailability of rosehip oil biomolecules
have been generalized [18-21]. Given a low toxicity,
the absence of a xenobiotic effect, a relative availability
of phytosubstances, a study and evaluation of plant
components as potential photoprotectors, are of
scientific and practical importance [22].

The results of this study are based on a systematic
analysis of the latest data from scientific publications
and can contribute to the formation of logical-structural
interrelations of this kind: “phytochemical composition —
spectrum of pharmacological activity — prospects for
using a plant to develop original cosmetic products with
a photoprotective effect.”

THE AIM of the study was to evaluate the potential
of plant-based UV-filters in modern concept view of skin
photoprotection.

MATERIALS AND METHODS

The study was carried out by the methods of the
content analysis and data aggregation. A systematic
literature search was carried out using the electronic
information databases PubMed, Scopus, Google Scholar,
elibrary. The search depth was 10 years (the period from
2010t0 2021). The reference (key) words for the targeted
search were in Russian: photoprotection, antioxidants,
cosmetics, chemical composition, pharmacological
action. To search for foreign sources, similar queries
were used but only in English.

RESULTS AND DISCUSSION

UV characteristics

To date, it seems undeniable that a human body
is affected by two spectra of UV rays: medium-waves
(UVB) with a wavelength range of 280-320 nm,
constituting 5% of ultraviolet, and long-waves (UVA)
with a wavelength range of 320-400 nm covering 95%
of the UV spectrum. In recognition of the importance
of the ultraviolet radiation dose affecting human skin,
the World Health Organization (WHO) introduced the
UV indey, i.e., the index of a daily assessment of the UV
rays intensity near the Earth’s surface, depending on
the weather conditions in a particular area. It should
be notified that the intensity of the UVB radiation
depends on the angle of the sun above the horizon and
increases by 4-10% every 300 meters up and by 3% for
every degree of latitude southward. Unlike the UVB, the
effect of UVA rays is not softened by the ozone layer,
they have a significant penetrating power, pass through
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clouds, glass, and are emitted constantly throughout the
daylight hours [1, 23].

Effect of UV radiation

on human skin

Attention is drawn to the fact that human skin
perceives the entire spectrum of electromagnetic
waves, but reacts to them in different ways. In this
case, the interaction of electromagnetic waves with skin
structures depends on the energy of its photon, which is
inversely proportional to the wavelength. This process is
characterized by the parameters of reflection/scattering,
absorption, and waves penetration depth. Visualization
of the UV rays impact on the skin according to various
authors is presented in Fig. 1.

In relation to visible light, the skin is an optically
semitranslucent formation. Reflection, scattering, and
absorption of waves occur insignificantly on its surface
and massively in its thickness. The index of the intralayer
reflection is one of the indicators of youthfulness of the
skin, because getting older, the proportion of reflected
light decreases (Fig. 2) [1, 23].

The studies by Russian and foreign authors have
shown that the shorter the wavelength (the greater
its frequency and energy), the more tightly it interacts
with tissue and cellular formations due to the intense
absorption by skin chromophores. As a consequence,
such waves realize predominantly a surface action. In the
stratum corneum, an important and massive absorbing
agent is keratin, which absorbs predominantly UVB rays
and, to a lesser extent, interacts with the UVA spectrum
[23—-25]. Along with keratin, keratinocytes, melanocytes,
fibroblasts, Langerhans and endotheliocytes
are also involved in the process of absorption of UV-

cells

wave energy. The biological effect of this interaction is
accompanied by the production of biological markers,
primarily reactive oxygen species (ROS), as well as
nitrogen and carbon, including both free radicals and
nonradical substances (Table 1) [1, 23].

It is important to note that ultraviolet radiation has
a cumulative damaging effect on the skin, i.e. small daily
doses accumulate into monthly/yearly ones. In this case,
it is not the doses of UV rays that accumulate, but the
consequences of their exposure, mainly represented
by the oxidative damage to cells and the extracellular
matrix. To date, a number of studies have shown that
up to 80% of facial skin aging signs are associated with
an exposure to UV rays [24-26]. Thus, an increase in the
time of the daily skin exposure to sunlight, from 1-2 to
5 hours a day, leads to a loss of moisture in the skin, a

Volume X, Issue 4, 2022
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violation of the capillary tone and an increase in the
formation of fine wrinkles by 4.8 times. A daily use of a
cosmetic product with a sun protection filter (SPF) 4-10
can reduce the cumulative UV dose by 50% [23].

Considering that there are absorbers for all types
of waves in the cells and the extracellular matrix, the
biological consequences are multi-vector. The studies of
the etiology and pathogenesis of malignant skin diseases
testify to the adverse effects of UV rays on the skin. The
rays of UVA and UVB spectra lead to the oxidation of
lysine, proline and arginine, often found in proteins in
cells and matrix. That triggers an irreversible glycation
process with the formation of products of completed
glycolysis, cross-links of protein fibers inside and outside
cells. The latter circumstance leads to pronounced
melanogenesis in the epidermis and thinning of the
dermis [23, 25]. It is worth emphasizing that the use of
cosmetics with SPF 15 in children reduces the risk of skin
cancer later in life by 78% [23].

Attention is drawn to the fact that UVB-waves realize
their effect exclusively at the level of the epidermis,
in which primary lesions are formed. Biologically, the
most important absorber of UVB rays is the DNA of
keratinocytes of the germ layer of the epidermis, and the
target is the adjacent pyrimidine bases of thymine and
cytosine, between which pathological covalent bonds
arise under the conditions of a UVB photon absorption.
As a result of the interaction, two photoproducts are
formed: cyclobutane—pyrimidine dimer and a 6-4
photoproduct (Fig. 3) [1, 23]. It should be notified that
the formed photoproducts with altered spatial geometry
lead to a nucleotide substitution in the newly synthesized
chain, and lead to UVB mutations, which occur during
UVB irradiation in 85% of cases. In addition, as a result of
a massive DNA damage in the epidermis, the first “burn”
cells with a characteristic morphology are formed.
Thus, pyrimidine dimers and “burn” cells are an early,
accurate and informative indicator of the UVB exposure
intensity. Immune Langerhans cells, which are extremely
sensitive to the effects of UVB rays, are also a marker
of the exposure intensity to UVB radiation, since they
lose their processes and migrate to regional lymphatic
nodes [23].

Despite the fact that UVB-rays practically do
not penetrate the dermis, dermal reactions are also
indicators of the UVB damage degree, incl. activation
of dermal MMP-1, which destroys collagen, reddening
the skin and elastolysis, which increases due to the
accumulation of a large amount of immature elastin in
the papillary dermis [1].

Tom 10, Beinyck 4, 2022

Herewith, the cumulative effect of UVA rays on
the human body is manifested by more pronounced
destructive changes than UVB radiation. Despite the
fact that the UVB rays energy is 1000 times as much
as the UVA rays energy, 90% of UVB rays are blocked
by the epidermis stratum corneum, while 50-60% of
UVA rays are able to penetrate deep into the dermis.
It is worth notifying that it is UVA irradiation in via the
avalanche-like production of a free radicals pool that
damage the cells and extracellular structures of the
dermis, which determines the manifestation of the skin
photoaging picture through the elasticity loss and the
wrinkles formation. An indicator of DNA damage during
UVA irradiation is the oxidation of DNA in the region of
the purine base of guanine with the accumulation of
8-hydroxyguanine. Along with this, an excess of ROS leads
to rapid ligand-independent activation of membrane cell
receptors for numerous growth factors and interleukins,
distortion of gene activity, including AP-1 and NF-kB.
These factors ultimately cause inhibition of procollagen
synthesis processes, synthesis of products glycation
and activation of metalloproteinases MMP-1, -3, and
-9, which determine the destruction of dermal matrix
structures (Fig. 4, Table 2) [1, 22, 23].

Physiological mechanisms of the body’s protection
from UV/UVB rays are represented by the epidermis
stratum corneum, able of compactionundertheinfluence
of UV/UVB rays, melanin (from Greek the “melanos” —
“black”), which delays up to 90% of photons, as well as
urocaninic acid. When irradiated, the acid transform
goes over into a cis form, and in the absence of the UV
radiation exposure, the reverse reaction occurs (Fig. 5)
[23, 27].

Thus, a multi-vector nature and depth of
morphological and functional changes in the skin
exposed to the entire spectrum of UV rays, emphasize
the importance of photoprotection of the largest organ
of the human body.

Characteristics and mechanism

of UV protective filters effect

UV filters have a protective effect on UV rays.
These are the substances designed to protect the skin
from the penetration of UV radiation by absorption,
reflection or scattering. The effectiveness of UV filters is
measured by the Sun Protection Factor (SPF) and is the
ratio of the minimum dose of UV radiation that causes
redness of the protected skin to the minimum dose of
UV radiation that causes redness of the unprotected
skin.

311


https://www.multitran.com/m.exe?s=in+via&l1=1&l2=2

REVIEWS, LECTURES Scientific and Practical Journal

PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

UVC rays UVA rays
UVB rays
Stratosphere
Ozone
Skin surface
Dermis
Figure 1 — Scheme of UV rays exposure Figure 2 — Propagation of a light wave inside
on human skin? the skin
o o
R R
HN NH
)\ /k
o N
o | T e
o 5 3
HN R R cyclobutene-
I HN UvB pyrimidine
o N )\ | dimer (CPD)
| o N
5 I
3
pyrimidine

bases

pyrimidine-
pyrimidine
photoproduct (6_4PP)

Figure 3 — Transformation of thymine T and cytosine C when absorbing a UVB-wave photon
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Figure 4 — Skin exposure to UVA rays

1 Here and below, the figures represent the author’s interpretation of references comprehensive analysis on certain aspects of the consideration
problem.
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Table 1 — Generation of toxic ROS when interacting with different sunlight spectra

Skin chromophores Absorption peak, nm ROS

Bilirubin 400-600 H,0,
Collagen/elastin 320-400 H,0,

Collagen AGE (pentosidine) 320-400 *0,” H,0, *OH
Melanin 230-600 H,O,
Copper/cytochrome C complex IV (mitochondrion) 770-1400 *0,” HO, *OH
NADH, NADPH 290-405 +0, 0,
2-thioracil/4-thiouridine 290-405 °0,” 'O,
Porphyrins 290-700 °0,” HO, 'O,
Tryptophan 300-400 *0,” HO, 'O,
Riboflavin 290-465 0, 'O,
Urocaninic acid 310 '0

2

Note: e O,”—superoxide anion radical; ¢ OH — hydroxyl radical; 'O, - singlet oxygen; ROS — reactive oxygen species; NADH — nicotinamide adenine
dinucleotide; NADPH — nicotinamide adenine dinucleotide phosphate.

Table 2 — Depth of penetration and UVA/UVB rays effect on the skin

Depth of rays penetration

Type of rays

Result of exposure to the skin

Epidermis — keratinocyte lesion nopakeHvne menaHounToB
UVA+UVB — melanocyte lesion
— migration of Langerhans cells
Dermis — generation of free radicals (including DNA, proteins and lipids,
membranes and mitochondria are affected)
UVA — decrease in synthetic activity of fibroblasts, disruption of their cell cycle
and ability to migrate
— violation of the synthesis and destruction of collagen and elastin
— infiltration of the circulatory matrix by shaped blood elements
Hypodermis — adipocyte damage, including impaired lipid synthesis and decreased
UVA triglyceride content

reduction of adiponectin synthesis

Table 3 — Characteristics of photoprotectors with different SPF values

Degree of photoprotection SPF value Transmission Absorption (%)
Low 6 0.167 83.3
Medium 10 0.100 90.0
15 0.067 93.3
High 20 0.050 95.0
25 0.040 96.0
30 0.033 96.7
Very high 50 0.020 98.0
60 (50+) 0.017 98.3

The solar protection index, e.g. 50, means that a 50
times more UV dose is required to produce erythema
with protection than without protection (Fig. 6) [1, 23,
27].

To date, it has been proven that the transmission
(transmittance without changing a direction) of UV
rays under the conditions of using a photoprotector is
inversely related to the absorption value. At the same
time, a significant increase in the values of the SPF factor
is realized only by a slight increase in the values of the
absorption index (Table 3) [1, 27].

314

The level of photoprotection required by the skin
is strictly individual and is determined by the age and
characteristics of the body, the type and condition
of the skin, the predicted duration of exposure to
the sun, and the UV index (0-12) of the region, taking
into account cloud coverage. Since UVB rays are more
intense, the number on the sunscreen label indicates
protection against this type of wave. Weaker UVA rays
do not require a very high degree of protection, so
protection from them is 1/3 of type B rays. For example,
marking SPF 30 means that there will be protection

Volume X, Issue 4, 2022
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Table 4 - Classification and nomenclature of UV filters
Criterium Physical UV filters Chemical UV filters

Chemical nature

Inorganic compounds (used in micronized,
ultra-micronized, finely dispersed and
nanoparticle forms)

Organic compounds

Mechanism of
action

They are mineral screens that scatter and
reflect sun rays.

they absorb ultraviolet light and undergo
isomerization under quantum of light action

Effect localization

Surface of epidermis stratum corneum

epidermis

high level of safety, inertness in relation to

ability to create combinations with minimal "working"

UV rays
— UVA/UVB - photoprotection
— price affordability

Advantages

concentrations and a wide protective spectrum
— compatibility with other recipe components

— physical particles are removed during
the day due to glands activity and other

factors

Disadvantages — "whitewash effect"

— rather high "working" concentrations
— difficulties when combined with other

recipe components

— likelihood of developing allergic reactions
— potential phototoxicity (incl. provocation of photo-
contact dermatitis formulation)

— zinc dioxide, titanium dioxide

Names of filters
present in European
and Russian
cosmetic markets

— UVB: p-aminobenzoic acid (PABA) and its derivatives
(padimate 0), salicylates (homomentyl salicylate,
octisalate, trolamine salicylate), cinnamates
(octinoxate), camphor derivatives, methoxycinnamic
acid derivatives

— UVA: avobenzone, mexoril, neo heliopan
UVA/UVB: octocrylene, benzophenone-3,4,5,8,
phenylbenzotriazole sulfonic acid (ensulizol),
dioxybenzone, triazines and triazones (tinosorb,
juvinul)

30 from UVB, and from UVA, it will be 1/3, i.e,
102 [26].

Several tests are used to accurately determine
the level of UVA protection. All of them are based on
transmission/absorption measurements (Fig. 7). In vivo
methods such as Immediate Pigment Darkening (IPD)
and Persistent Pigment Darkening (PPD) are based
on determining the skin response to UVA irradiation
(pigmentation and erythema) and then calculating the
UVA protective factor, similar to the SPF calculation.
Besides, additional tests have now been introduced to
assess not only the protective effect against erythema,
but also the protection against immunological and
mutational effects caused by ultraviolet radiation?.

The composition of sunscreen preparations includes
filters that trap the sun rays (Table 4), the principle of
operation of which is based on physical or chemical
interaction. Chemical filters capture UV rays and convert
them into thermal energy. Physical filters, such as
mineral compounds of titanium or zinc, remain on the
surface of the skin and block solar radiation by reflecting

2 Regulation (Ec) No. 1223/2009 Of The European Parliament And Of
The Council of 30.11.2009 on cosmetic products. Official Journal of the
European Union. 2009; L.342:59-209.

3 Commission Recommendation of 22 September 2006 on the efficacy
of sunscreen products and the claims made relating thereto. Official
Journal of the European Union. 2006; L265:P. 39-42.
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the rays. Physical filters almost always whiten the skin
and are washed off worse, they are suitable for sensitive
skin; chemical filters are transparent and invisible on
the face, and can have an irritating effect. The list of
UV filters approved for use in the European Union is
provided in Regulation (EU) 1223/200% The document
contains 28 positions of the International Nomenclature
of Cosmetic Ingredients (INCI) indicating the absorption
area and the maximum allowable concentration. In
Russia, the corresponding list is regulated by Technical
regulation Commission of the Customs Union, Annex 5
009/2011°, which also determines the conditions for the
use of photoprotectors and the warnings, information
about which should be brought to the consumer.

In the light of discussions about the properties of
photoprotectors, it is worth notifying photostability,
i.e. the ability to maintain its structure and properties
under the influence of radiation, as well as the extinction
coefficient, which shows how actively the drug absorbs
the energy. It is important to emphasize that some

4 Regulation (EC) No 1223/2009 Of The European Parliament And Of
The Council of 30.11.2009 on cosmetic products, 2009.

5 Decision of the Customs Union Commission dated September 23,
2011 No. 799 “On the adoption of the technical regulation of the
Customs Union “On the safety of perfumery and cosmetic products”
(together with “TR TS 009/2011. Technical regulation of the Customs
Union. On the safety of perfumery and cosmetic products”). Russian
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chemical filters undergo photolysis to a large extent. For
example, 15 minutes after the exposure to the sunlight,
a decrease in the activity is notified: avobenzone — up to
36%, octyl-p-methoxycinnamate — by 4.5%. The values
greater than 20 (butylmethoxydibenzoylmethane —31.0,
octyldemethyl p-aminobenzoic acid — 28.4, ethylhexyl-
p-methoxycinnamate — 24.2) are considered effective
values of the quenching coefficient [27].

Thus, the features of the chemical structure,
mechanism of action, the need to maintain stability,
efficiency and safety of use determine the range of
requirements for a modern photoprotector. They are:
the ability to absorb rays in a wide range; photo, thermal
and water resistance; low penetrating ability in relation
to the epidermis stratum corneum; acceptable safety
profile (lack of toxicity, as well as carcinogenic, sensitizing
effects); the ability to effectively prevent visible (sunburn)
and invisible (photoaging, carcinogenesis) effects of UV
radiation [28, 29].

Photoprotective properties

of plant-based biologically

active substances

A high level of innovation and dynamism in the
pharmaceutical and cosmetics industries is reflected
in the active search for new multifunctional natural
ingredients. Currently, special attention is drawn to
the trend of using plant-based materials and their
components in the formulation of sunscreens, which
is due to a wide spectrum of activity, the absence of a
xenobiotic effect, and a high bioavailability of organic
plant compounds® [30, 31].

Today, it seems undeniable that plants adapt to
environmental changes [32-35], incl. the damaging effect
of sunlight through the implementation of protective
mechanisms, comprising production or activation of
the biosynthesis processes of antioxidant molecules
[36—-38]. Moreover, in a number of studies [22, 24, 26,
30], hypotheses about the potential photoprotective
activity of plant compounds have been scientifically
substantiated.

At the same time, in a number of works [39, 40], it
is notified that plant extracts exhibit a synergistic effect
with chemical and physical UV filters, thereby increasing
the SPF factor of herbal cosmetic compositions.
Moreover, the mechanism of the photoprotective
action is different: from its own absorption of UV rays
up to antioxidant and anti-inflammatory effects, which
indirectly implement photoprotection, leveling the
negative effect of the sun.

© Ibid.
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In the series of biologically active substances in
plants, researchers attach the greatest photoprotective
significance to various classes of phenolic compounds.
So, Acevedo A. and his colleagues report that after
the introduction of verbascoside and linarin into the
composition of a photoprotective cosmetic product,
its SPF factor was 24. These compounds are glycosides
of caffeic acid and acacetin, which once again confirms
the thesis about the pronounced antiradical activity of
polyphenolic compounds [41]. Polyphenolic compounds

exhibit a wide range of biological properties:
antioxidant,  anti-inflammatory,  hepatoprotective,
vasoactive, antithrombotic, antitumor, antibacterial

and antiprotozoal. In the work by Velasco M.V.R.
et al., the structure similarity of polyphenolic
compounds with organic UV filters, for example,
ethylhexylmethoxycinnamate and, as a result, the
similarity of photoprotective properties, is notified [42].

Photoprotective properties have been studied for
many plant phenolic complexes. Thus, the positive effect
of polyphenolic compounds of the plantain lanceolate
dry extract, was demonstrated in the work of Brazilian
scientists [43]. It was shown that the addition of 7% dry
extract to the phytocomposition increased the UVA/UVB
ratio from 0.49 to 0.52. Silymarin, a complex of Silybum
marianum L. flavolignan compounds, demonstrates
optimal photoprotective properties, which, when added
to cosmetic photoprotective agents, provides SPF 13-14
[44]. High photoprotective properties (SPF = 9.9) are
also characteristic of the seaweeds phenolic complex
[45]. The photoprotective properties of anthocyanins,
a separate group of the flavonoid nature compounds,
which provide red-violet shades of the aerial parts
color (mainly flowers and fruits) of plants, are reported.
Cefali L.C. et al showed that oil extracts of raspberry
and blueberry anthocyanins exhibit SPF 37 and 54,
respectively [46].

Despite the predominant focus on the evidence of
the phenolic compounds photoprotective properties,
other groups of plant-based biologically active
substances are also characterized by a protective action
from the sunlight negative effects. The authors [47-49]
note a high photoprotective activity of lignin due to
its ability to neutralize free radicals. The incorporation
of lignin into cosmetic lotions has been notified to
increase the UVA/UVB ratio in the range of 0.69-0.72.
Publications [50, 51] provide the data on the study of the
caffeine photoprotective activity — catechol, chlorogenic
and 3,4,5-tricofeylquinic acids isolated from coffee
beans. Their effectiveness in the protection of skin aging
caused by the exposure to UV rays and a positive effect
on damaged DNA has been shown.
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The literature provides an evidence base and
shows the possibility of using vegetable oils as natural
UV filters: avocado (SPF 4-15), coconut (SPF 2-8),
macadamia (SPF 6), shea (SPF 3—-6), jojoba (SPF 4). This
is due to the presence of residues of polyunsaturated
(mainly linoleic and linolenic) acids and their ability to
neutralize free radicals, providing antioxidant protection.
Plant extracts, e.g., aloe, chamomile, skullcap, grapes,
etc., can be considered as complex phytocompositions
without individualization of the marker component of
the photoprotective action [31, 32].

It should be notified that Russian and foreign
authors have studied and experimentally established the
photoprotective potential expressed by the antioxidant
activity of the wild rose biologically active substances
[11-14]. Potential possibilities of using the oil of nuts
(fruits) in the development of sunscreens due to the
components of the oil — carotenoids, vitamins E and F,
triglycerides of polyunsaturated (linoleic and linolenic)
acids, which contribute to protection from UV radiation,
have been identified. The literature [18, 19] summarizes
the data on the high bioavailability of rosehip oil
biomolecules, which is determined by its composition
similar to the lipid layer of human skin.

The possibility of using secondary plant metabolites—
phenolic compounds (including flavonoids,
hydroxycinnamic acids, lignans), vitamins, terpenes —
can be confirmed by a wide use of the latter in
the formulation of photoprotective cosmetics and
nutraceutical products [1, 22, 23]. Since the formation
of an evidence base for the clinical effectiveness in the
field of photoprotection of plant-based sunscreens,
which represent a whole complex of biomolecules with
antioxidant, anti-inflammatory and anti-radical effects,
is complicated by a high labour intensity of isolating and
developing the optimal amount of biologically active
substances. There are no such positions on the market
of cosmetic ingredients today [24].

CONCLUSION

The data analysis from scientific publications
demonstrates a potential photoprotective activity
of biologically active substances in plants due to
antioxidant, anti-inflammatory and anti-radical effects.
The results of the study form a theoretical basis for a
further comprehensive experimental study of plant
objects in order to obtain a pool of evidence in the field
of photoprotection in vivo.
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