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Abstract

Sunscreens are currently considered cosmetic assets and their use has
considerably increased since consumers have become greatly aware of the
damages induced by ultraviolet (UV) radiation on the skin, such as premature
aging and cancer. However, concerns have arisen over the percutaneous
absorption of UV filters. In order to ensure both efficacy and safety, sunscreens
need to remain in the outermost layers of the stratum corneum, because
their penetration into the dermis can cause systemic effects. Herein, a
review was conducted of specialized literature published between 2000 to
2020, clustering studies focused on the skin penetration of UV filters. In this
context, different in vitro and in vivo methodologies employed to assess the
penetration of such compounds are highlighted, such as those based on tape
stripping and diffusion cells. When combined with analytical methods, such
as high-performance liquid chromatography, it is possible to trace a profile
of the penetration of UV filters and elucidate factors that interfere with this
phenomenon. Moreover, studies have been carried out on dissemination
strategies that aim to encapsulate the molecules of UV filters, and/or change
their physicochemical characteristics, in effort to increase the efficacy and
safety of these formulations.

Resumo

Protetores solares sdao cosméticos amplamente usados atualmente, visto que
a populacdo tem se conscientizado cada vez mais dos danos que a radiacao
ultravioleta causa na pele, como envelhecimento precoce e cancer de pele.
Porém os filtros solares podem ser téxicos ao organismo quando penetram
na pele. Para que sejam eficazes, os filtros solares precisam se depositar nas
camadas mais externas do estrato corneo, pois sua penetracdo até a derme
pode proporcionar efeitos sistémicos. O objetivo deste estudo foi realizar uma
revisao de publicacdes no periodo dos anos 2000 a 2020, agrupando estudos
de penetracdo de filtros solares. Neste contexto, destaca-se o uso de métodos
in vitro e in vivo que avaliaram a penetracdo destes, como a técnica de tape
stripping e o sistema de difusdo de célula de Franz, que combinadas a métodos
analiticos como cromatografia liquida de alta eficiéncia e espectrofotometria,
permitiram tracar um perfil da penetracdo dessas substancias e elucidar fatores
que interferem na sua penetracao. Ademais, estudos vém sendo realizados
com estratégias de veiculacdo que visam encapsular as moléculas de filtros
solares, e/ou alterar suas caracteristicas fisico-quimicas, visando aumento da
eficacia e seguranca do usudrio.
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Introduction

The skin is the largest human organ in dimension and
of relevance for the application of pharmacological
and cosmetic substances.In this context, studieson the
behavior of chemical actives when applied on the skin
and on the mechanisms regulating their penetration
through the stratum corneum (SC) are clearly
important. SC acts on the skin as a diffusion barrier
and, thus, several physicochemical characteristics of
the components of the applied formulation should be
considered for this analysis (1).

Sunscreens are among the most commonly used
formulations for the skin, especially as exposure to
ultraviolet radiation (UVR) is associated with various
harmful effects such as skin cancer, erythema and
premature skin aging (2). Sunscreens are defined by
regulatory agencies as substances with the exclusive
and/or main purpose of protecting the skin against UVR
by absorbing, dispersing or reflecting radiation (3,4).

UV filters can be classified according to their
mechanism of action as chemical (or organic) or as
physical (or inorganic). To be effective, chemical filters
need to accumulate in the SC layers, as they act by
absorbing the UVR. The physical filters, in turn, must
remain on the SC surface, forming a film reflecting the
UVR (5).

When these molecules penetrate the stratum corneum,
they can permeate through the remaining skin layers,
leading to systemic circulation. The SC is the primary
barrier to the penetration of substances, and can also
act as a reservoir of these substances that are applied
to the skin (6).

The penetration mechanism involves the entry of the
sunscreen molecule into the most superficial layer of
the skin but does not require the passage of it from
one layer to another as occurs in the permeation
movement (7). As it influences the partition from
the formulation and its diffusion in the skin, the
lipophilicity of the active molecules is one of the most
significant mechanisms facilitating this permeation,
and it is an important property to be studied to
understand the penetration of sunscreens in the SC

(8).

Penetration is the first step for filters to reach the
vascularized layers of the skin, which can trigger toxic
effects (9). Moreover, the permeation of the filters
can lead to the loss of photoprotection, because,
as mentioned above, the photoprotective action
depends on the molecules remaining in the most
superficial layers of the SC (10,11).

Organic UV filter assessment methods
Meétodos de avaliagao dos filtros orgdnicos de UV

Introducao

A pele é o maior érgao humano em extensao
e de relevancia para aplicacao de substancias
farmacoldgicas e cosméticas. Neste contexto, enfatiza-
se a importancia de estudos do comportamento de
ativos quimicos quando aplicados sobre a pele e, seu
mecanismo de penetracdo pelo estrato cérneo (EC). O
EC atua na pele, como uma barreira de difusao e por
isso, uma série de caracteristicas fisico-quimicas da
formulacao aplicada deve ser levada em conta para
esta andlise (1).

Os protetores solares estdo entre as formulacdes mais
comuns utilizadas sobre a pele, especialmente porque
aexposicaoaradiacdo ultravioleta (RUV) estaassociada
a varios efeitos nocivos como cancer de pele, eritema
e envelhecimento precoce da pele (2). Os filtros
solares sdo definidos pelos 6rgaos regulamentadores
como substancias com a finalidade exclusiva e/ou
principal de proteger a pele contra RUV absorvendo,
dispersando ou refletindo a radiacao (3,4).

Osfiltros solares podem ser classificados quanto ao seu
mecanismo de acao em filtros quimicos (ou organicos)
e em filtros fisicos (ou inorganicos). Para serem eficazes
os filtros quimicos precisam se acumular no EC, pois
agem absorvendo a RUV. Os filtros fisicos por sua vez,
devem permanecem na superficie da pele, formando
um filme, refletindo a RUV (5).

Os filtros solares ao penetrarem no estrato cérneo
podem permear através da pele até a circulacao
sistémica. O EC é a barreira primaria para a penetracao
de substancias, podendo atuar também como
reservatorio dessas substancias que sdao aplicadas
sobre a pele (6).

O mecanismo de penetracdo envolve a entrada da
molécula do filtro solar na camada mais superficial da
pele, mas nao requer a passagem dela de uma camada
para outra como ocorre no movimento de permeacdo
(7). Uma vez que influencia a particao da formulacao
e a sua difusao na pele, a lipofilicidade das moléculas
activas é um dos mecanismos mais significativos
que facilitam esta permeacdo, e é uma propriedade
importante a ser estudada para compreender a
penetracao dos protectores solares na SC (8).

A penetracdo é o primeiro passo para que os filtros
alcancem as camadas vascularizadas da pele, o que
pode desencadear efeitos téxicos (9). Ademais, a
permeacao dos filtros pode acarretar na perda da
fotoprotecao, pelo fato de sua acdo fotoprotetora
depender das moléculas permanecerem nas camadas
mais superficiais do EC (10,11).

107



Débora Quintas Balla et al.

In this framework, several methodologies for the
evaluation of the penetration and permeation of
substances in SC have been developed. Thus, the
objective of this work was to conduct a review of
the literature regarding the different in vitro and in
vivo methodologies employed in the study of the
penetration of chemical UV filters in the skin, as well
as the factors that can influence the penetration
profile of sunscreens in the skin.

Material and Methods

The bases used for search were Google Scholar,
Scielo, Pubmed, Scopus and CAPES Journals. The
keywords used for the research were "sunscreen" and
"penetration”. The publication period selected for the
research comprised publications from the years 2000
to 2020, finding a total of 20,277 results. Based on the
results found, a selection was made by title, where
398 results were selected. The exclusion criteria of the
titles used were the absence of the searched terms,
the absence of methods that assess the penetration
of filters, absence of chemical filters and, finally,
review papers. The Mendeley Desktop platform was
used to perform the selection, reading of abstracts
and exclude duplicates. After reading the abstracts,
122 articles were selected. The same exclusion criteria
were used after reading the articles, resulting in the
selection of 61 articles for this review.

Results and Discussion

The articles were analyzed in relation to the
methodology used to evaluate the penetration and/
or permeation of sunscreens on the skin, regarding
the substrate used as a model for analysis and for the
results presented.

To unify the UV filter nomenclature the international
nomenclature of cosmetic ingredients (INCI)
was used, other synonyms and details can be
found in the Supplementary Table. Among
the most cited filters found in this review were
butyl methoxydibenzoylmethane, ethylhexyl
methoxycinnamate, and benzophenone-3 (Tables
1, 2 and 3, respectively). Table 4 details the list of UV
filters found in isolation, whereas Table 5 contains
filters in association, as well as the vehicles used, the
methodology employed and the substrate that was
used as a study model.

Diversos métodos para a avaliacao da penetracao e
permeacao de substancias no EC tem sido aplicada,
assim, o objetivo deste trabalho foi realizar uma
revisao da literatura a respeito dos diferentes
métodos in vitro e in vivo utilizados para o estudo de
penetracao de filtros solares quimicos na pele, assim
como, os fatores que podem influenciar no perfil de
penetracao dos mesmos na pele.

Material e Métodos

As bases utilizadas para busca foram: Google
Académico, Scielo, Pubmed, Scopus e Periddicos
CAPES. As palavras-chave utilizadas para a
pesquisa foram “sunscreen” e “penetration”. O
periodo de publicacdo selecionado para a pesquisa
compreendeu publicagbes dos anos 2000 a 2020,
encontrando no total 20.277 resultados. A partir dos
resultados encontrados, realizou-se a selecao por
titulo onde foram selecionados 398 resultados. Os
critérios de exclusdo dos titulos utilizados foram: a
nao presenca dos termos buscados, a nao utilizacao
de métodos que avaliem a penetracdo dos filtros,
auséncia de filtros quimicos e estudos de revisao.
Foi utilizada a plataforma Mendeley Desktop para
realizacdo da selecao, leitura dos resumos e exclusao
das duplicatas. Apos a leitura dos resumos foram
selecionados 122 artigos. Os mesmos critérios de
exclusao foram utilizados apos a leitura dos artigos,
resultando na selecao de 61 artigos para esta revisao.

Resultados e Discussao

Os artigos foram analisados em relacdo a
metodologia utilizada para avaliacao da penetracao
e/ou permeacao dos filtros solares na pele, quanto
ao substrato utilizado como modelo para analise e
quanto aos resultados apresentados.

Para unificar a nomenclatura dos filtros solares foi
utilizadaanomenclaturainternacionaldeingredientes
cosméticos (INCI), outros sinbnimos e detalhes
podem ser encontrados na Tabela Suplementar.
Entre os filtros UV mais encontrados nessa revisao
destacaram-se  butyl methoxydibenzoylmethane,
ethylhexyl methoxycinnamate, e benzophenone-3
(Tabelas 1,2 e 3respectivamente). NaTabela 4 detalha-
se lista filtros solares encontrados isoladamente, e
na Tabela 5, em associacao, assim como os veiculos
utilizados, a metodologia empregada e o substrato
que foi utilizado como modelo de estudo.
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Métodos de avaliagdo dos filtros orgdnicos de UV

Table 1 - List of articles for UV filter butyl methoxydibenzoylmethane.
Tabela 1 - Lista de artigos para o filtro solar butyl methoxydibenzoylmethane.

Vehl’cle/vectorl.z at".m / Methodology / Metodologia Substrate / Substrato Refer(inc?/
Veiculo/vetorizagao Referéncia
Microcapsules/Cyclodextrins / Tape Stripping and HPLC/ .
Microcapsulas/Ciclodextrinas Tape Stripping e CLAE Human skin / Pele humana (46)
Cyclodextrins / Ciclodextrinas Franz cell and HPLC/ Human skin / Pele humana (60)

Célula de Franz e CLAE

Franz cell and HPLC /

Célula de Franz e CLAE

Rat skin / Pele de ratos

(61)

Legend: HPLC - high-performance liquid chromatography / Legenda: CLAE - cromatografia liquida de alta eficiéncia

Table 2 - List of articles for UV filter ethylhexyl methoxycinnamate.
Tabela 2 - Lista de artigos para o filtro solar ethylhexyl methoxycinnamate.

Vehicle/vectorization /
Veiculo/vetorizacao

Methodology / Metodologia

Substrate / Substrato

Reference /
Referéncia

Poly nanoparticles /
Poly nanoparticulas

Tape stripping, HPLC and Confocal laser
microscopy /
Tape stripping, CLAE e Microscopia de
Varredura Confocal a Laser

Swine skin / Pele suina

(12)

Lipid nanoparticles /
Nanoparticulas lipidicas

Franz cell; tape stripping and HPLC /
Célula de Franz, tape stripping e CLAE

Human skin / Pele humana

Nanocapsules; nanoemulsion;
emulsion /
Nanocapsulas; nanoemulsao;
emulsdo

Human skin / Pele humana

Nanoemulsion /Nanoemulsao

Franz cell and HPLC /
Célula de Franz e CLAE

Swine skin / Pele suina

Nanocapsules / Nanocapsulas

Franz cell and HPLC /
Célula de Franz e CLAE

Swine skin / Pele suina

Nanocapsules;liposomes;
cyclodextrins /
Nanocapsulas; lipossomos;
ciclodextrinas

Franz cell and HPLC /
Célula de Franz e CLAE

Swine skin / Pele suina

(10

Liposomes / Lipossomos

Tape stripping and HPLC/
Tape stripping e CLAE

Human skin / Pele humana

(65)

Polymeric nanocapsules /
Nanocdapsulas poliméricas

Tape stripping and HPLC/
Tape stripping e CLAE

Human skin / Pele humana

(41)

Liquid Crystal systems /
Sistema de Cristais Liquidos

Franz cell, tape stripping and UPLC /
Célula de Franz, tape stripping e UPLC

Swine skin / Pele suina

(40)

Microcapsules; Cyclodextrins /
Microcapsulas; Ciclodextrinas

Tape stripping and HPLC/
Tape Stripping e CLAE

Human skin / Pele humana

(47)

Legend: HPLC - high-performance liquid chromatography ; UPLC - ultra high performance liquid chromatography /
Legenda: CLAE - cromatografia liquida de altaeficiéncia; UPLC - cromatografia liquida de ultra eficiéncia
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Table 3 - List of articles for UV filter benzophenone-3.
Tabela 3 - Lista de artigos para o filtro solar benzofenona-3.

. o Substances added
Vehicle/vectorization / A s / Methodology / Substrate / Reference /
. o Substancias . A .
Veiculo/vetorizacao . . Metodologia Substrato Referéncia
adicionadas
Hydroxypropyl cylodextrin
complex/ . Photoacoustic spectroscopy / Rabbit skin / (15)
Complexo de beta- Espectroscopia Fotoacustica Pele de coelhos
hidroxipropil ciclodextrinas
O/W emulsion; Starch
microsponge / . Franz cell and HPLC / Rat skin / (13)
Emulsdo O/A ; Microesponjas Célula de Franz e CLAE Pele de ratos
de amido
) } Franz cell and HPLC / Rat skin / 62)
Célula de Franz e CLAE Pele de ratos
O/W emulsion / . ) Human skin / (36)
Emulsao O/A Pele humana
Coconut oil;
O/W emulsion; Submicron Propylepeglycgl; capic Franz cell, tape stripping Human skin;
. caprylictriglyceride acids / . .
emulsion / < and HPLC / Swine skin /
< < Oleo de coco; . . (6)
Emulsédo O/A ; Emulséo . . Célula de Franz, tape stripping Pele human;
. propilenoglicol; .
submicro S L e CLAE Pele suina
triglicerideos de acido
capri-caprilicos
Franz cell and HPLC / Swine skin /
) DEET Célula de Franz e CLAE Pele suina (53)
Franz cell and HPLC / Swine skin /
) DEET Célula de Franz e CLAE Pele suina (54,56)
Franz cell and HPLC/ Swine skin /
) DEET Célula de Franz e CLAE Pele suina (56)
Franz cell and HPLC / Swine skin /

) DEET Célula de Franz e CLAE Pele suina ®
Mesoporous silica / . Franz cell and FTIR / 63)
Silicas mesoporosas Célula de Franz e FTIR

Franz cell, tape stripping
Polymeric nanoparticles / ) and HPLC/ Human skin / (44)
Nanoparticulas poliméricas Célula de Franz, tape stripping Pele humana
e CLAE
Franz cell, tape stripping
Lipid microparticles / . and HPLC/ Swine skin / (43)
Microparticulas lipidicas Célula de Franz, tape stripping Pele suina
e CLAE
Lipid microparticles / ) Franz cell and HPLC / Swine skin / 42)
Microparticulas lipidicas Célula de Franz e CLAE Pele suina
- Franz cell and HPLC/ Swine skin /
) Retinoides Célula de Franz e CLAE Pele suina (25)
Franz cell, tape stripping
Polymeric nanocapsules / and HPLC/ Swine skin /
. NS - . _— P (45)
Nanocdapsulas poliméricas Célula de Franz, tape stripping Pele suina
e CLAE
Lipid nanoparticles; O/W Franz cell, tape stripping Cellulose acetate
emulsion / ) and HPLC/ membrane / (14)
Nanoparticulas Célula de Franz, tape stripping Membrana de
lipidicas;Emulsao O/A e CLAE acetato celulose

Legend: HPLC - high-performance liquid chromatography; O/W - oil/water; W/O - water/oil; DEET - N, N-diethyl-m-toluamide /
Legenda: CLAE - cromatografia liquida de alta eficiéncia; O/A - 6leo/agua; A/O - dgua/bleo; DEET - N,N-Dietil-m-toluamida
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Table 4 - List of articles by UV filter used alone.
Tabela 4 - Lista de artigos por filtro solar encontrado isoladamente.

Organic UV filter assessment methods
Meétodos de avaliagao dos filtros orgdnicos de UV

. Substances added
UV filter / Vehicle / A / Methodology / Substrate / | Reference /
X . Substancias . A .
Filtro solar Veiculo . . Metodologia Substrato | Referéncia
adicionadas
Methylene bis-ben- Tape Stripping and Raman .
. spectroscopy / Human skin /
zotriazolyl tetrameth- - - o (16)
Ibutylphenol Tape stripping e Pele humana
y Microscopia de Raman
Pullulan
) polysaccharides / . Franz cell and UV/VIS / Rat skin /
Benzophenone-8 Polissacarideo de Célula de Franz e UV/VIS | Pele de ratos (58)
Pullulan
4-Methylbenzylidene ) Cyclodextrins / Tape Stripping and HPLC / | Human skin / 2
Camphor Ciclodextrinas Tape Stripping e CLAE Pele humana
4-Methylbenzylidene ) ) Tape Stripping and HPLC / | Human skin / 22)
Camphor Tape Stripping e CLAE Pele humana

Legend: HPLC - high-performance liquid chromatography / Legenda: CLAE - cromatografia liquida de alta eficiéncia

Part of the studies selected in this review were
conducted on formulations that could increase the
retention of filters in the SC, avoiding their permeation
to the dermis and hypodermis by encapsulation with
the use of nano and microparticles, for example, and
will be highlighted below.

The tape stripping technique and the study of
diffusion using Franz diffusion cells were the most
common approaches found among the studies. Some
authors chose to use both methodologies in the same
study in order to evaluate penetration in vivo and in
vitro. Nevertheless, other methodologies were found,
such as those based on photoacoustic microscopic
mapping using Raman and electron microscopy (12-
17).

The substrate used as a model membrane also varied,
such as rat skin (18), rabbit (15), pig (19), and human
skin (20), when performing the in vitro study.

Tape stripping

The evaluation of the penetration of UV filters in
the skin is relevant for determining the safety of
those used in sunscreen formulations. Studies
have been developed to improve techniques that
make it possible to trace the penetration profile of
these substances, among them, the tape stripping
technique has been widely used, being one of
the most common methods for evaluating the
penetration of substances in the SC.

Partedosestudosencontradosdedicava-seaencontrar
formulagdes que pudessem auxiliar na retencdo dos
filtros no EC, evitando a permeacdo dos filtros até
a derme e hipoderme por meio de encapsulagdo
dos filtros, com o uso de nano e microparticulas por
exemplo e serao destacados a seguir.

A técnica de tape stripping e a utilizacdo de difusao
por meio de células de Franz foram os achados mais
comuns entre os estudos. Alguns autores optaram
por utilizar os dois métodos no mesmo estudo, a
fim de avaliar a penetracdo de filtros in vivo e in vitro.
Outros métodos também foram utilizados pelos
investigadores, como espectroscopia fotoacustica,
mapeamento microscédpico de Ramam e microscopia
eletrénica (12-17).

O substrato utilizado como modelo de estudo
também apresentou variacbes, como o de pele de
ratos (18), coelhos (15), porcos (19) e pele humana
(20), quando realizado o estudo in vitro.

Tape stripping

A avaliacdo da penetracdo dos filtros UV na pele é
relevante para determinar a seguranca dos utilizados
em formulagdes de protetores solares. Estudos foram
desenvolvidos para aprimoramento de técnicas que
tornassem possivel tracar o perfil de penetracao
dessas substancias, entre elas, a técnica de tape
stripping tem sido muito empregada, sendo um dos
métodos mais comuns para avaliacao da penetracao
de substancias no EC.
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Table 5 - List of articles for UV filters in association (continued next page).

Tabela 5 - Lista de artigos para filtros solares em associacdo (continua na pdgina seguinte).

Substances
UV filter (INCI name)/ Vehicle/
. ( ) o Added / Methodology / | Substrate/| Reference/
Filtro UV vectorization / N ; -
. ~ , . Substancias Metodologia Substrato | Referéncia
(Designacao INCI) Veiculo/vetorizagao . .
adicionadas
Benzophenone-3; Butyl
methoxydibenzoylmethane; e
Ethylhexyl Methoxycinnamate; - - S?;Zﬁ:g:)giﬁ Tég - (52)
Ethylhexyl Salicylate; Homo-
salate; Octocrylene
. ] . Franz cell, tape strip-
Benzophepone 3; Ethylhexyl Gel cream; petroleum ping and HPLC /Célula | Human skin /
methoxycinnamate; Homo- jelly / - S (38)
. de Franz, tape stripping | Pele humana
salate Creme gel; Vaselina
e CLAE
Benzophenone-3; ) ) } Human skin / 28)
Benzophenone-4 Pele humana
Butyl methoxydibenzoylmeth- Silica microparticles / ) Tape stFr_lrr:sl/ng and Swine skin / (66)
ane; Octocrylene Microparticulas de silica L Pele suina
Tape stripping e FTIR
Benzophenone-3; Butyl Franz cell and UPLC
P o4 Mesoporous silica / MS/MS / Swine skin /
methoxydibenzoylmethane; - - ) . (67)
) Silica mesoporosas Célula de Franz e UPLC Pele suina
Ethylhexyl methoxycinnamate
MS/MS
Bis-ethylhexyloxyphenol
methoxyphenyl triazine; Dieth-
ylamino hydroxybenzoyl hexyl O/W emulsion / Human skin /
benzoate; Ethylhexyl meth- < - - (31)
- Emulsao O/A Pele humana
oxycinnamate; Methylene
bis-benzotriazolyl tetrameth-
ylbutylphenol
Bis-ethylhexyloxyphenol
n’:::i(:;yﬁhjg(l tg::zr;e;lli‘ls)t(hl- Betacarotene and Franz cell, tape strip-
y y Y y Y transresveratrol / | ping and HPLC/ Célula | Swine skin /
benzoate; Ethylhexyl meth- - S . (57)
- Betacaroteno e de Franz, tape stripping Pele suina
oxycinnamate; Methylene
. . transresveratrol e CLAE
bis-benzotriazolyl tetrameth-
ylbutylphenol
Methylene bis-benzotriazolyl Franz cell; HPLC; UV/ . .
tetramethylbutylphenol; ) ) VIS spectroscopy / Swine skin / 29)
Octocrvlene ' Célula de Franz; CLAE e Pele suina
y Espectroscopia UV/VIS
Benzophenone-3; Ethylhexyl ® Franz cell and HPLC / Rat skin /
methoxycinnamate Transcutol CG Célula de Franz e CLAE | Pele de ratos G1)
Bis-ethylhexyloxyphenol Franz cell, tape
methoxyphenyl triazine; Dieth- O/W emulsion / ) stripping and HPLC / Swine skin / (30)
ylamino hydroxybenzoyl hexyl Emulséo O/A Célula de Franz, tape Pele suina
benzoate stripping e CLAE
Benzophenone-3; Butyl Franz cell, tape strip-
methoxydibenzoylmethane; O/W emulsion / ) ping and HPLC / Human skin / 68)
Octocrylene; Ethylhexyl dime- Emulsédo O/A Célula de Franz, tape | Pele humana
thyl PABA stripping e CLAE
Franz cell and
Fluorescence
Benzophenone-3; Butyl meth- ) microscopy / Rat skin / 69)

oxydibenzoylmethane;

Célula de Franze
Microscopia de
Fluorescéncia

Pele de ratos

Legend: HPLC - high-performance liquid chromatography ; UPLC - ultra high performance liquid chromatography /
Legenda: CLAE - cromatografia liquida de altaeficiéncia; UPLC - cromatografia liquida de ultra eficiéncia
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Table 5 - Continued / Tabela 5 - Continuagéo

UV filter (INCI name)/
Filtro UV
(Designacao INCI)

Vehicle/vectorization /
Veiculo/vetorizacao

Substances added
/ Substancias
adicionadas

Methodology /
Metodologia

Reference /
Referéncia

Substrate /
Substrato

Ethylhexyl methoxycinna-
mate; Ethylhexyl Salicylate;
Ethylhexyl dimethyl PABA

Fluorescence
emission /
Emissao por
Fluorescencia

HaCats cell cul-

ture / Cultura
de células
HaCats

Benzophenone-3; Butyl
methoxydibenzoylmethane

Mesoporous silica /
Silicas mesoporosas

Franz cell and HPLC /
Célula de Franz e CLAE

Rat skin; Swine

skin/
Pele de ratos;
Pele suina

Benzophenone-3; Ben-
zophenone-5; Ethylhexyl
methoxycinnamate; Homo-
salate; Ethylhexyl dimethyl
PABA

2,4 diclorophenoxy-
acetic acid

Franz cell and HPLC /
Célula de Franz e CLAE

Rat skin; Hu-
man skin /
Pele de ratos;
Pele humana

Benzophenone-3; Ben-
zophenone-5; Ethylhexyl
methoxycinnamate; Homo-
salate; Ethylhexyl dimethyl
PABA

O/W emulsion;
Emulsao O/A

Franz cell, tape strip-
ping and HPLC /
Célula de Franz, tape
stripping e CLAE

Human skin /

Pele humana (24)

Bis-ethylhexyloxyphenol
methoxyphenyl triazine;

Butyl methoxydibenzoyl-
methane; Diethylamino
hydroxybenzoyl hexyl

benzoate; Ethylhexyl meth-
oxycinnamate; Ethylhexyl
triazone

Lipid nanostructures;
Nanoemulsion /
Nanoestruturas lipidicas;
Nanoemulséo

Betacarotene and
transresveratro /
Betacaroteno e trans
resveratrol

Franz cell and HPLC /
Célula de Franz e CLAE

Human skin /
Pele humana

Benzophenone-3; Ethyl-
hexyl methoxycinnamate;
Ethylhexyl Salicylate

Gel-cream; petroleum jelly
/Creme gel; vaselina

Tape stripping; HPLC

and Fickian diffusion /

Tape stripping; CLAE e
Difusao de Fick

Human skin /

Pele humana (71)

Benzophenone-3; Ethyl-
hexyl methoxycinnamate;
Homosalate; Octocrylene

Human skin /
Pele humana

Butyl methoxydibenzoyl-
methane; Ethylhexyl meth-
oxycinnamate; Ethylhexyl
triazone

Lipid microparticles; O/W
Emulsion /
Microparticulas lipidicas;
Emulsdo O/A

Tape Stripping e
HPLC/
Tape Stripping and
CLAE

Human skin /
Pele humana

Bis-ethylhexyloxyphenol
methoxyphenyl triazine; Di-
ethylamino hydroxybenzoyl

hexyl benzoate; Ethylhexyl
triazone; Methylene bis-
benzotriazolyl tetrameth-
ylbutylphenol

O/W Emulsion /
Emulsao O/A

Franz cell, tape strip-
ping and HPLC /
Célula de Franz, tape
stripping e CLAE

Swine skin/
Pele suina

Ethylhexyl salicylate;
Octocrylene

Raman Spectroscopy /
Espectroscopia
Confocal de Raman

Human skin /

Pele humana (73)

Butyl methoxydibenzo-
ylmethane; Ethylhexyl
methoxycinnamate

AL-PDA nanoparticles /
Nanoparticulas de AL-PDA

Franz cell and HPLC /
Célula de Franz e CLAE

Swine skin /
Pele suina

Legend: HPLC - high-performance liquid chromatography ; UPLC - ultra high performance liquid chromatography /
Legenda: CLAE - cromatografia liquida de altaeficiéncia; UPLC - cromatografia liquida de ultra eficiéncia

113




Débora Quintas Balla et al.

This methodology is performed by applying and
removing adhesive tapes successively in an area of
the skin, which needs to be clean and free of hair.
If these tapes are applied successively in the same
skin site, they can contain an entire layer of SC, with
the first tape containing the most superficial layer of
cells and the other tapes corresponding to deeper
layers (21).

The aggregates of corneocytes along with the
substances that have been topically applied are
transferred to the tapes, after which they areanalyzed
by quantitative spectrophotometric methods. One
of the most commonly employed methods is UV/
VIS spectrophotometry (22). Figure 1 shows the step
by step application of the method on a volunteer's
forearm.

One benefit of the tape stripping technique is
that it is non-invasive and can be employed in
vivo studies (6,16), which makes the study more
realistic simulating the conditions of use of the
formulation (23).

This methodology can also be applied in vitro,
when used in conjunction with Franz cell, in which
the SC of the biological model being studied is
removed with adhesive tapes, making it possible
to trace the penetration profile in the SC and the
permeation profile of the substances at the same
time. The membrane models used in these cases can
be human skin discarded after plastic surgeries or
animal models such as pig skin (24,25).

Some studies which used this methodology to
evaluate the penetration of filters have shown
that most of the filters applied to the skin could
be recovered in the first tapes. This means that
they penetrated only the most superficial layers
of the SC, without evidence that deep penetration
can be considered to the point of finding systemic
circulation. It was also found that this penetration
depends on the level of lipophilicity of the molecule,
presenting greater affinity for SC, as is the case of
benzophenone-3 (24,26).

Another benefit of using tape stripping is that it can
evaluate penetration in a short period of time and
with a small amount of filter applied to the skin (27).
However, Couteau et al. (2001) demonstrated that
when evaluating penetration over a longer period
of time, the recovery content of the filters decreases,
leading to the conclusion that the longer the filters
remain on the skin, the greater their penetration (28).

Essa metodologia é realizada por meio da aplicacao
e remocao de fitas adesivas sucessivamente em uma
area da pele, que precisa estar limpa e livre de pelos.
Essas fitas que sao aplicadas no mesmo local de pele,
quando retiradas sucessivamente podem conter uma
camada inteira de EC, sendo a primeira fita com a
camada mais superficial de células e as demais fitas
com camadas mais profundas (21).

Osagregados de cornedcitos junto com as substancias
que foram aplicadas topicamente sao transferidos
para as fitas, depois sdo analisadas por métodos
espectrométricos para quantificar as mesmas na
camada de estrato cérneo retirada com as fitas. Um
dos métodos utilizados é a espectrofotometria UV/VIS
que permite determinar a quantidade de substancias
no EC removido em cada uma das fitas, podendo
assim determinar se o EC foi retirado de forma
homogénea (22). A Figura 1 mostra o passo a passo
da aplicacdo do método no braco de um voluntario.

Uma beneficio da técnica de tape stripping é que ela
pode ser empregada para estudos in vivo, utilizando
voluntarios para a aplicacdo das substancias (6,16);
0 que torna o estudo mais realista simulando as
condicdes de uso da formulacao (23).

Essa metodologia também pode ser aplicada in vitro,
quando utilizada em conjunto com a célula de Franz,
no qual o EC do modelo biolégico que estd sendo
estudado é retirado com fitas adesivas, tornando
possivel tracar o perfil de penetracao no EC e o perfil
de permeacao das substancias ao mesmo tempo,
os modelos usados nesses casos podem ser pele
humana, advinda de cirurgias plasticas ou outros
modelos como a pele de porco (24,25).

Alguns estudos, que utilizaram essa metodologia para
avaliar a penetracdo de filtros, demonstraram que a
maior parte dos filtros aplicados na pele, péde ser
recuperada nas primeiras fitas, ou seja, penetrando
apenas nas camadas mais superficiais do EC sem
evidéncia de que possa se considerar uma penetracdo
profunda a ponto de encontrar a circulacdo sistémica,
mas que essa penetracdo depende do quanto a
molécula é lipofilica, apresentando maior afinidade
pelo EC, como é o caso da benzofenona-3 (24,26).

Outro beneficio de se utilizar tape stripping é que
0 método pode avaliar a penetracdo em um curto
periodo de tempo e com uma pequena quantidade
do filtro aplicada sobre a pele (27). No entanto,
Couteau et al. (2001) demonstraram que ao avaliar a
penetracdo em um periodo maior de tempo, o teor
de recuperacao dos filtros diminui, levando a concluir
que quanto maior o tempo que os filtros permanecem
sobre a pele, maior é a sua penetragao (28).
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1)

Figure 1 - Representation of the tape stripping method: 1) The area is demarcated and specific quantity
of the product is applied, and after a set time the tapes are applied and removed successively from the
same location; 2) Representation of skin layers and superficial layers of the stratum corneum removed by
the tapes; 3) Photographs demonstrating the procedure before and after the removal of the tapes at the
place of application.

Figura 1 - Representacdo do método de tape stripping: 1) A drea é demarcada e quantidade especifica
do produto é aplicado, e apds tempo determinado as fitas sdo aplicadas e retiradas sucessivamente do
mesmo local; 2) Representacao das camadas da pele e camadas superficiais do estrato cérneo retirado
pelas fitas; 3) Fotografias demonstrando o procedimento antes e apds a retirada das fitas no local de
aplicacao.
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When making a comparison between the techniques
used to evaluate the penetration of sunscreens on
the skin, tape stripping for an in vivo study and Franz
cell for an in vitro analysis, researchers realized that
both techniques, when used together, could help in
the creation of new formulations of sunscreens, since
the in vivo study model provides information on the
penetration of filters in SCand the in vitro study model
can help in the screening of new molecules that can
act as sunscreens and new vehicles for formulations
(14).

The tape stripping technique can also be combined
with other analytical methods such as Raman
confocal microscopy, that allows visualization of the
contents of the tapes obtaining a three-dimensional
view of the distribution of filters in the SC (16). It was
also used in conjunction with spectrometric methods,
such as photoacoustic spectroscopy, which enables
evaluating the depth of the penetration profile of
the filters through the length of thermal diffusion
(15). Gebauer et al. (2012) demonstrated that this
technique tied to tape stripping is useful in the analysis
of the homogeneity of the UV filter distribution in the
SC (29). However, Haque et al. (2016) observed that
some excipients used in the formulation may interfere
with the adhesive strip (30).

Regarding the results found on the recovery of filters
in studies that used the tape stripping technique,
it is noted that most have a recovery content of
about 90%, as demonstrated for methylene bis-
benzotriazolyl tetramethylbutylphenol - 91.1%,
ethylhexyl methoxycinnamate - 103.5%, for
diethylamino hydroxybenzoyl hexyl benzoate -
101.1%; for bis-ethylhexyloxyphenol methoxyphenyl
triazine - 90.6% (16,31).

Franz diffusion cells

This procedure is very often employed in the study of
the skin permeation of topically applied substances.
A Franz diffusion cell consists of two compartments,
a recipient and a donor. The filter to be studied is
deposited in the donor compartment, while in the
receiving compartment there is a medium into
which the compound diffuses, with a magnetic stirrer
maintaining its homogeneity (32).

The two compartments are separated by a model
membrane. Diverse tissues can be used, such as
human skin or relevant animal models such as
pigs, rats or rabbits (31-33). The dermis side of the
cutaneous model is positioned next to the receptor

Ao fazer uma comparacdao entre as técnicas
empregadas para avaliar a penetracdao dos filtros
solares na pele, tape stripping para um estudo in
vivo e célula de Franz para uma analise in vitro, os
investigadores perceberam que ambas as técnicas,
quando utilizadas em conjunto poderiam auxiliar na
criacao de novas formulagdes de protetores solares,
visto que o modelo de estudo in vivo traz informacdes
sobre a penetracao dos filtros nos EC e o modelo
de estudo in vitro pode ajudar na triagem de novas
moléculas que podem atuar como filtros solares e
novos veiculos para as formulacoes (14).

A técnica de tape stripping também pode ser
empregada junto com outros métodos analiticos
como a microscopia confocal de Raman que permite
a visualizacdo do contetdo das fitas obtendo uma
visdo tridimensional da distribuicdo dos filtros no
EC (16). Também foi utilizada em conjunto com
métodos espectrométricos, como a espectroscopia
fotoacustica, que permite avaliar a profundidade
do perfil de penetracdo dos filtros através do
comprimento de difusdo térmica (15). Gebauer et al.
(2012) demonstraram que essa técnica atrelada ao
tape stripping é util na andlise da homogeneidade
que o filtro UV estd distribuido no EC (29). No entanto,
Haque et al. (2016) observou que alguns excipientes
utilizados na formulacdo podem interferir na adesédo
das fitas (30).

Em relacao aos resultados encontrados, sobre a
recuperacao dos filtros em estudos que utilizaram
a técnica de tape stripping, nota-se que a maioria
dos filtros possui teor de recuperacdo em cerca
de 90%, como demonstrado para o methylene bis-
benzotriazolyl tetramethylbutylphenol - 91,1%, para
o ethylhexyl methoxycinnamate — 103.5%, para o
diethylamino hydroxybenzoyl hexyl benzoate — 101,1%;
para o bis-ethylhexyloxyphenol methoxyphenyl triazine
-90,6% (16,31).

Célula de Franz

Esse procedimento permite avaliar a permeacao de
substancias topicamente aplicadas no EC. Ela consiste
em duas células, uma receptora e uma doadora. Na
célula doadora é depositado o filtro a ser estudado e
na célula receptora ha uma solucdo onde o composto
se difunde. As duas células sao separadas por uma
membrana, equipadas com uma barra magnética
para manter a solucao de difusdao homogénea (32).

Como membrana, diversos tecidos podem ser
utilizados como por exemplo pele humana, ou
modelos advindos de animais como porcos, ratos ou
coelhos (31-33). O lado da derme do modelo cutaneo
é posicionado junto a célula receptora, e a lado de
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compartment and the SC side faces the donor, as
shown in Figure 2. With Franz diffusion cells, it is
possible to predict whether there will be systemic
permeation of the filters, but the model membrane
used should be considered in order to avoid bias,
since it has been found that pig skin has greater
permeability than human skin (30).

Many of the studies found in this review used the Franz
cell as a research source for substance permeation
in the skin in combination with the tape stripping
technique, using analytical methods to quantify the
penetration and permeation of substances with an in
vivo and in vitro research model (6).

Study model membranes

As observed in the previous section, it is possible to
perform penetration and permeation studies with
several model membranes. In this review, synthetic
membranes as well as human, pig, rats and rabbits
skin were found (Tables 1-5).

The use of human skin is the most indicated for
the study of sunscreen penetration because that is
where the product is intended. The studies can be
performed in vivo when performed on volunteers, or

receptor chamber!
ceélula receptora

stirring bar/barra magnética
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EC junto a célula doadora conforme Figura 2. Com
a célula de Franz é possivel avaliar se hd permeacao
transdérmica dos filtros, mas o modelo utilizado deve
ser observado, pois a pele suina que possui maior
permeabilidade que a pele humana, e isto deve ser
considerado nos estudos que utilizam essa técnica a
fim de evitar vieses (30).

Muitos dos estudos encontrados nesta revisdo
utilizaram a célula de Franz como fonte de pesquisa
para a permeacdao de substancia na pele em
combinacdo com a técnica de tape stripping, usando
métodos analiticos para quantificar a penetracao
e permeacao das substancias com um modelo de
pesquisa in vivo e in vitro (6).

Modelos de estudo

E possivel realizar estudo de penetracdo e permeacio
com varios modelos de estudo, sendo os encontrados
nessa revisdo, membranas artificiais, pele humana,
suina, ratos e de coelhos. Nesta revisdo, diferentes
tipos de pele como humanas, de porco, ratos e
coelhos foram encontradas (Tabela 1-5).

A utilizacao de pele humana é a mais indicada para
o estudo de penetracdo de filtros solares pois é a
ela que o produto se destina. Os estudos podem ser
realizados in vivo quando realizada em voluntarios,

Figure 2 - Representation of the Franz cell diffusion system: A) Parts of the cell; B) Cell arranged

for use; C and D) Cells in a 37°C water bath.

Figura 2 - Representacdo do sistema de difusao Célula de Franz: A) Partes da célula; B) Célula

montada; C e D) Células em banho maria 37°C.
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in vitro using skin removed from plastic surgeries,
usually from the abdominal region or breast
region (20).

When pig skin is used, many researchers prefer to
use that removed from the ear, being considered an
adequate study model since it is very similar to human
skin (34). However, it has been found that when using
the tape stripping method, it is possible to remove
greater amounts of SC when this membrane is
employed (30).

Factors that determine the diffusion of sunscreens on
the skin

Among the factors that determine the diffusion
of sunscreens in the skin are: physicochemical
characteristics, vehicle used in the formulation,
concentration of molecules and skin status (31). The
first two of these factors will be highlighted below.

An important feature to be observed is the
lipophilicity of the molecule. Lipophilic filters such as
benzophenone-3, ethylhexyl methoxycinnamate, or
2-ethylhexyl salicylate are easier to penetrate the SC
(27,35). The skin has both hydrophilic and lipophilic
areas, and the partition coefficient (expressed as
log P) can be used to predict the penetration of
these molecules. If the partition coefficient is too
low, the molecules are more water soluble and will
have difficulties crossing the hydrophobic barrier
of the stratum corneum (the lipophilic part of the
skin). On the other hand, if lipophilicity increases
too much, the molecules will remain in the SC and
will have a low partition into the viable epidermis
which is hydrophilic. The previous study showed
the percutaneous penetration presented predicted
behaviors according to log P, considering ideal log P
1(31).

Vehicle and vectorization

There are several ways to modulate the penetration
of sunscreens, such as changing the physical and
chemical properties of the formulation, including
increasing the viscosity of the formulation (26,36).

It is consensually considered that the vehicle used
can influence percutaneous absorption, either
increasing or blocking the passage of the UV filters
(26). Therefore, the composition of the formulation
should be carefully chosen to prevent the penetration
of sunscreens into the skin (37).

A study by Chatelain et al. (2003) demonstrated
that filter penetration is dependent on the vehicle
used in the formulation. In that study, the filters

ou in vitro quando é feito o uso de pele retirada de
cirurgias plasticas geralmente da regido abdominal
ou da regido dos seios (20).

Quando é utilizada a pele suina, muitos pesquisadores
preferem utilizar a pele retirada da orelha, sendo
considerada um modelo de estudo por ser muito
similar a pele humana (34). No entanto, quando
comparada a pele humana, utilizando o método de
tapestripping, é possivel retirar uma maior quantidade
EC na pele suina (30).

Fatores que determinam a difuséo dos filtros solares na
pele

Dentre os fatores que determinam a difusdo dos filtros
solares na pele estdo: caracteristicas fisico-quimicas,
veiculo utilizado na formulacdo, concentracdo das
moléculas e o estado da pele (31). Serao destacados
a seqguir dois desses fatores: as caracteristicas fisico-
quimicas e o veiculo das formulagdes.

Uma caracteristica importante a ser observada é o
quanto a molécula é lipofilica. Filtros lipofilicos como
a benzophenone-3, ethylhexyl methoxycinnamate,
2-ethylhexyl salicylate possuem mais facilidade de
penetrar no EC (27,35). No entanto, a pele apresenta
sitios hidrofilicos e lipofilicos, e o coeficiente de
particao (log P n-octanol/dgua) pode ser usado
para estudo da penetracdao dessas moléculas. Se o
coeficiente de particdo for muito baixo, as moléculas
sdao mais hidrossollveis e ndo passam a barreira do
estrato cérneo, por outro lado se for muito alto a
lipoficilidade aumenta e as moléculas sdo tao soluveis
que permanecem dissolvidas no EC. Estudo anterior
mostrou que a penetragdao percutanea apresentou
comportamentos preditivos de acordo com log P,
considerado o log P 1 como ideal para penetracao
percutanea (31).

Veiculo e vetorizagdo

Ha diversas formas de alterar a penetracdo dos filtros
solares, como por exemplo alterar as propriedades
fisicas e quimicas da formulacdo, entre elas, o
aumento da viscosidade da formulacéo (26,36).

O veiculo utilizado é muito importante na formulacao,
pois ele pode influenciar na absorcao cutanea,
aumentando ou bloqueando a passagem do filtro
UV na pele (26). Portanto, deve ser cuidadosamente
escolhido para evitar a penetracdo dos filtros solares
na pele (37).

Foi demonstrado por Chatelain et al. (2003) que de
fato, a penetracao dos filtros é dependente do veiculo
usado na formulacdo pois nesse estudo os filtros
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benzophenone-3, ethylhexyl methoxycinnamate,
2-ethylhexyl salicylate, homosalate and butyl
methoxydibenzoylmethane had higher recovery
rates when in formulations that had a gel cream
as a vehicle rather than in petroleum jelly (38). In
addition, the Sun Protection Factor (SPF) remained
higher when the vehicle consisted of a gel cream,
demonstrating that the filters remained in the
most superficial layers of the SC. In another work,
O/W emulsions have been shown to improve the
penetration of benzophenone-4 (28).

Encapsulating the active molecules of the sunscreen
has been shown to be a useful formulation strategy
to increase the stability and efficacy of products
containing UV filters (33). It has been shown that
nanoemulsions can also assist in maintaining filters in
the uppermost layers of SC (39).

Other studies have revealed that the use of liquid
crystal systems may decrease the permeability of
ethylhexyl methoxycinnamate in the skin (40). The
use of nanocapsules can reduce the penetration of
ethylhexyl methoxycinnamate forming a film on the
surface and reducing penetration into the SC (19,33)
. On the other hand, the size of these nanoparticles
should be taken into account, because particles
larger than 10 um remain on the surface of the skin,
whereas particles smaller than 3 um are distributed
by the hair follicles and the SC (41).

The use of solid lipid microspheres caused a decrease
in the penetration of ethylhexyl triazone and
benzophenone-3, and was suggested by Mestres
et al. (2010) as the ideal vehicle for formulations
containing these filters (23,42). Martins et al. (2014)
also suggested the formulation of these microspheres
with natural waxes, such as bee wax and carnauba
(43). On the other hand, the use of polymeric
nanostructures and starch microsponges reduced
the permeation of benzophenone-3 in the skin, even
leading to an increase in the SPF (13,44).

Siqueira et al. (2011) observed that nanocapsules
containing chitosan enabled maintaining
benzophenone-3 in the most superficial layers of
SC, and that vehicles containing these nanocapsules
can prevent systemic distribution (45). Other studies
have shown that the use of beta cyclodextrin
microcapsules,aswellasthe use of lipid microparticles
incorporated with ethylhexyl methoxycinnamate
and butyl methoxydibenzoylmethane filters,
were able to reduce the penetration of butyl
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benzophenone-3, ethylhexyl —methoxycinnamate,
2-ethylhexyl  salicylate, —homosalate e  butyl
methoxydibenzoylmethane tiveram maiores taxas de
recuperacao quando em formulacdes que tinham
como veiculo um creme gel em vez de um veiculo
de vaselina (38). O Fator de Protecdao Solar (FPS)
se manteve mais elevado quando o veiculo era
constituido de um creme gel, demonstrando que
os filtros mantiveram nas camadas mais superficiais
do EC. No entanto, emulsées O/A demonstraram ser
potencializadoras da penetracdo da benzofenona-4
(28).

Encapsularas moléculasdofiltrosolartem semostrado
uma estratégia de formulacdo para aumentar a
estabilidade e a eficacia de produtos contendo filtros
solares (33). Foi demonstrado que nanoemulsdes
também podem auxiliar na manutencao dos filtros
nas camadas mais superficiais do EC (39).

Outros estudos revelaram que a utilizagao de sistemas
de cristais liquidos podem diminuir a permeabilidade
do ethylhexyl methoxycinnamate na pele (40) , assim
como o uso hanocapsulas como veiculo pode reduzir
a penetracao do ethylhexyl methoxycinnamate,
formando um filme na superficie e diminuindo a
penetracao no EC (19,33) . Por outro lado, o tamanho
dessas nanoparticulas deve ser levado em conta,
pois particulas com tamanho maior que 10 um
permanecem na superficie da pele e particulas
menores que 3 um distribuem-se pelos foliculos
capilares e pelo EC (41).

O uso de microsferas lipidicas sélidas como veiculo
apresentou uma diminuicdo na penetracao de
ethylhexyl triazone e de benzophenone-3, sendo
sugerido pelos autores Mestres et al. (2010) como o
veiculo ideal para formulacdes contendo esses filtros
(23,42). Os autores Martins et al. (2014) sugerem
também a formulacao dessas microesferas com ceras
naturais como as de abelha e de carnauba (43). Por
outro lado, a utilizacdo de nanoestruturas poliméricas
e microesponjas de amido se mostraram eficientes
em reduzir a permeacao da benzophenone-3 na pele e
até mesmo levar a um aumento do fator de protecao
solar (13,44).

Siqueira et al. (2011) demonstraram também que
nanocdpsulas contendo quitosana apresentam
eficiéncia em manter a benzophenone-3 nas camadas
mais superficiais do EC, e que férmulas contendo essas
nanocdpsulas podem evitar a distribuicao sistémica
da mesma (45). Outros estudos demonstram que a
utilizacdo de microcapsulas de beta ciclodextrina, bem
como o uso de microparticulas lipidicas incorporadas
aos filtros ethylhexyl methoxycinnamate e butyl
methoxydibenzoylmethane, foram capazes de reduzir
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methoxydibenzoylmethane  through SC, an
important effect to ensure protection to UV rays and
also limit potential toxic reactions by these filters (46—
48).

In a study conducted by Calderilla-Fajardo et al.
(2006), when ethylhexyl methoxycinnamate was
loaded in nanocapsules and nanoemulsions, in
addition to altering the penetration and the retention
of the filters in the SC, the SPF of the formulation was
increased (49, 50).

A study conducted by Wissing & Miiller (2002)
showed that solid lipid nanoparticles enabled
benzophenone-3 to remain longer on the skin
surface, maintaining its sun protection function (14).

Influence of other ingredients

The use of adjuvants in formulations may or may not
help the penetration of filters into the skin. Fernandez
et al. (2000) showed that using coconut oil and
triglycerides of capric and caprylic acid as solvents for
UV filters limited skin permeation (6).

Another study showed that adding Transcutol
CG (diethylene glycol monoethyl ether) to
transdermal bases facilitated the accumulation of
benzophenone-3 and ethylhexyl methoxycinnamate
filters in SC (51).

Some sunscreens can act as penetration enhancers
of other substances. Studies show that in six out of
nine tested products [ethylhexyl methoxycinnamate,
2-ethylhexyl salicylate, benzophenone-3,
benzophenone-4, ethylhexyl dimethyl PABA
and homosalate] increased the penetration of
dichlorophenoxyacetic acid (2.4-D), a herbicide used
by farm workers (52,53).

Since there are formulations on the market that
combine repellent and sun protection functions,
some studies show that sunscreens can penetrate
more into the skin when applied together with the
use of biocides, such as benzophenone-3 which can
penetrate about 89% more, when a repellent, DEET
(N,N-diethyl-m-toluamide), is applied onit, presenting
a synergistic effect (54-56). In other publications
it was observed that the addition of antioxidants,
such as trans-resveratrol and beta carotene, can also
improve the performance of UV filters, increasing
their SPF and decreasing their penetration into the
SC (57).

a penetracao da butyl methoxydibenzoylmethane
através do EC, efeito importante para garantir a
protecao aos raios UV e também limitar potenciais
reacoes toxicas por parte desses filtros (46-48).

Estudo conduzido por Calderilla-Fajardo et al. (2006)
com o filtro solar ethylhexyl methoxycinnamate
demonstrou que o uso de nanocdpsulas e de
nanoemulsdées além de alterar a diminuir a
penetracao dos filtros aumentando a retencdo dos
filtros no estrato corneo, foi capaz de aumentar seu
fator de protecdo solar (49,50).

Estudo conduzido por Wissing & Miiller (2002)
mostrou que, nanoparticulas lipidicas sélidas
foram capazes de fazer com que a benzophenone-3
permanecesse por mais tempo na superficie da pele,
mantendo sua funcao de protecao solar (14).

Influéncias de outras substdncias

O uso de adjuvantes nas formulacdes pode auxiliar
ou nao na penetracao dos filtros na pele. Fernandez
et al. (2000) mostraram que o 6leo de coco e de
trigliceriideos de acido caprico e caprilico como
solventes para os filtros UV possuem o papel de
limitar a permeacao cutanea (6).

Outro estudo, demonstrou que, o Transcutol’ CG
(diethylene glycol monoethyl ether) adicionando a
bases transdérmicas, facilitou o acimulo dos filtros
benzophenone-3 e ethylhexyl methoxycinnamate no
EC(51).

Alguns filtros solares podem atuar como potencializa-
dores da penetracdo de outras substancias. Estudos
demonstram que seis de nove produtos testados
[ethylhexyl methoxycinnamate, 2-ethylhexyl salicy-
late, benzophenone-3, benzophenone-4, ethylhexyl
dimethyl PABA e homosalate] podem aumentar a
penetracao do acido diclorofenoxiacético (2,4-D)
um herbicida usado por trabalhadores rurais (52,53).

Visto que ha no mercado formulagcdes que possuem
funcao repelente e de protecao solar, alguns estudos
demonstram que filtros solares podem penetrar
mais na pele quando aplicados junto com o uso
de repelentes, como a benzofenona-3 que pode
penetrar cerca de 89% mais, quando um repelente,
DEET (N,N-diethyl-m-toluamide), é aplicado sobre
ela, apresentando um efeito sinérgico (54-56). No
entanto, ha publicacdes que demonstram que a
adicdo de antioxidantes como o trans-resveratrol
e o betacaroteno também podem mudar o perfil
de penetracao dos filtros, aumentando seu FPS e
diminuindo sua penetracao no EC (57).
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Some sunscreens need to be stabilized in the
formulation, such as 4-methylbenzilidene camphor,
a filter that is currently in disuse. One of the forms
of stabilization used is through  cyclodextrin
complexes, but Scalia et al. (2007) observed that
these complexes do not influence the penetration
profile of 4-methylbenzilidene camphor (2). Heo
et al. (2018) added polysaccharides of pullulan into
benzophenone-8 showing that this conjugated can
increase the time that the filter is retained on the skin
(58).

Finally, in a work observing the impact of caffeine in
sunscreen formulations, an increase of approximately
25% in the anti-UVB protection was obtained,
combined with good skin compatibility (59).

Conclusion

Through the review of the articles in this study it
is possible to conclude that the use of only one
methodology can be considered for the evaluation of
the penetration of sunscreens, but the combination
of techniques such as Franz diffusion cells and
tape stripping can reveal the complete profile of
permeation and penetration of sunscreens in the skin.

The tape stripping technique reveals the penetration
profile of filters associated with analytical methods
such as high-performance liquid chromatography
and spectrophotometric methods. It is observed that
the penetration of the filters into the SC does not
necessarily imply that the filters had a transdermal
passage. For this reason, the recovery content of the
filters should be taken into account, and researchers
should observe in which layers of the SC this content
is higher, since a higher recovery content in the first
tapes suggests the non-permeation of the UV filter.

To evaluate whether there is transdermal permeation,
the method based in Franz diffusion cells is suitable,
because it evaluates the passage of these substances
through all the skin layers, both epidermis and dermis,
being possible to evaluate whether the sunscreens
could be available to reach blood circulation and act
systemically.

Several factors can influence the penetration
of sunscreens, such as the substrate used, the
physicochemical characteristics, such as the partition
coefficient and lipophilicity of the molecule, the
vehicles used, interactions with other substances and
the vectorization thereof.
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Determinados  filtros  solares  precisam  ser
estabilizados na formulacdo, como é o caso da
4-methylbenzilidene camphor, um filtro que se
encontra atualmente em desuso. Uma das formas
de estabilizacao utilizada é por meio de complexos
de ciclodextrinas, porém Scalia et al. (2007) (2)
observaram que esses complexos nao influenciam no
perfil de penetracdo da 4-methylbenzilidene camphor.
Heo et al. (2018) adicionaram polissacarideos de
pullulan a benzophenone-8, um polissacarideo
natural, demonstrando que a formacdao desse
conjugado pode aumentar o tempo que o filtro fica
retido na pele (58).

Finalmente, um estudo observou a influéncia
da cafeina em aumentar cerca de 25% a acdo
fotoprotetora UVB associada a boa compatibilidade
cutanea (59).

Conclusao

Através da revisao dos artigos nesse estudo é possivel
concluir que o uso de apenas uma metodologia pode
ser considerada para a avaliacdo da penetracdo de
filtros solares, porém a combinacao de técnicas como
a célula de Franz e tape stripping pode revelar o perfil
completo de permeacdo e penetracdo dos filtros
solares na pele.

Atécnicadetapestrippingrevelao perfilde penetracdo
dos filtros associado a métodos analiticos como a
cromatografia liquida de alta eficiéncia e métodos
espectrométricos. Observa-se que a penetracao dos
filtros no EC nao significa que os filtros tiveram uma
passagem transdérmica, por essa razao deve se levar
em conta o teor de recuperacéo dos filtros e observar
em quais camadas do EC este teor foi maior, visto
que um maior teor de recuperacao nas primeiras fitas
sugere a ndo permeacao do filtro.

Para avaliar se hd permeacao transdérmica o método
de difusdo por célula de Franz, é o mais indicado,
porque este avalia a passagem dessas substancias
em todas as camadas da pele, incluindo epiderme
e derme, sendo possivel avaliar se os filtros solares
analisados poderiam estar disponiveis para alcancar
a circulacao sanguinea e atuar sistemicamente.

Varios fatores podem influenciar os resultados de
penetracao dos filtros solares, como o substrato
utilizado, as caracteristicas fisico-quimicas como o
coeficiente de particao e a lipofilicidade da molécula,
os veiculos utilizados, a adicdo de outras substancias
e a vetorizacdo destes.
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It is noted that the use of these methodologies is
important to ensure the safety and efficacy of these
products, since filters such as benzophenone-3,
ethylhexyl methoxycinnamate and butyl
methoxydibenzoylmethane, for example, present
several reports that suggest penetration into the skin,
and are still widely used in various formulations of
sunscreens.
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