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Abstract

The use of functional bioactive ingredients and the property of water resistance are differentials in the choice of more
effective and safer sunscreens. Water-resistance tests are expensive, time-consuming, and usually performed on subjects
that expose them to irradiation and long immersion times. Thus, the study of in vitro water resistance using different film/
barrier-forming agents is relevant for obtaining sunscreen resistant to rinsing. We aimed to evaluate the water resistance
of a rutin-based bioactive sunscreen containing distinct film/barrier-forming agents by an in vitro method. The in vitro
water resistance assessment (% WRR) was carried out in a water bath. /n vitro sun protection factor (SPF), critical A
(nm), UVA/UVB ratio, and UVA protection factor (UVA-PF(0)) were evaluated before and after rinsing using a diffuse
reflectance spectrophotometer with integration sphere. The formulation with dimethicone showed higher values of SPF
after rinsing and achieved the requirement of % WRR greater than 50%. All formulations showed similar variations for
all other parameters. The results highlighted the property of water resistance provided by the dimethicone, indicating that
this emollient is an interesting ingredient choice for sunscreens.
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Resumo

O uso de ingredientes bioativos multifuncionais e a propriedade de resisténcia a agua sdo diferenciais na escolha
de protetores solares mais seguros e eficazes. Os testes de resisténcia a dgua sdo caros, demorados e sdo realizados
geralmente em sujeitos, que os expdem as irradiagdes e longos tempos de imersdo. Assim, o estudo de resisténcia a
agua in vitro, empregando agentes formadores de filme/barreira distintos, mostra-se relevante para a obtencdo de
fotoprotetores resistentes a lavagem. O presente trabalho teve como objetivo avaliar a resisténcia a agua, por método in
vitro, de protetores solares bioativos contendo agentes formadores de filme/barreira. A avaliagdo da resisténcia a agua in
vitro (%WRR) foi realizada em banho maria. Foram avaliados: FPS in vitro, A critico, razio UVA/UVB e FP-UVA (0),
antes e apos a lavagem, por meio de espectrofotometro de reflectancia difusa com esfera de integragdo. A formulacéo
com dimeticone apresentou maiores valores de FPS pos-enxague e atendeu ao requisito de %WRR maior que 50%.
Todas as formulagoes apresentaram variagdes similares nos demais pardmetros avaliados. Os resultados evidenciaram
a propriedade de resisténcia a dgua proporcionada pelo dimeticone ao fotoprotetor, o que ndo ocorreu com os demais
formadores de filme/barreira.
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Introduction

Exposure to ultraviolet (UV) radiation without the
sunscreens can produce inflammation, DNA damage,
histological changes in the epidermis, premature aging,
and carcinogenesis (1). Although the use of traditional
sunscreens is the primary means used to protect against
UV radiation, it is insufficient to protect against damage
caused by free radicals (2). Thus, there is an increasing
trend in the development of sunscreens based on
two aspects: first, the use of oral formulations as a
complementary form of sun protection, and, second,
the addition of new ingredients of natural origin in the
sunscreens to increase their sun protection factor (SPF)

().

The antioxidant compounds used in sunscreens allow
the development of multifunctional formulations: while
the UV filters act on the skin surface, absorbing and/
or reflecting UV, the antioxidants act on the surface
(absorbing UV radiation) and/or in the deeper layers of
the skin to neutralize oxidative effects (4,5).

Flavonoids are phenolic compounds known for
anti-inflammatory and antioxidant activities and
their capability to absorb some UV radiation (6).
Rutin is among the flavonoids studied in sunscreen
formulations. Several studies have demonstrated
that, due to its antioxidant power, rutin is capable
of increasing the photoprotective performance
of formulations when associated with UV filters
(5,7,8).

Important aspects of sunscreen are effectiveness,
safety, photostability, and resistance to water
removal from the skin surface (9). Water resistance
indicates how much a product is capable of
maintaining its SPF after immersion in a bath for a
certain period of time (10).

Generally, in order to obtain sunscreens with
resistance to rinsing, it is necessary to add
ingredients that guarantee the good adhesion of
the formulation over the skin during immersion in
water (11), i.e., ingredients that have substantivity
to skin surfaces. These compounds can be
hydrophobic substances and/or film-forming agents
(12-14). Table 1 shows examples of substances
used to increase the water resistance of sunscreens
according to their mechanism of action.
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Introducao

A exposicdo prolongada a radiagdo UV sem uso
de fotoprotetores pode provocar inflamagdo, danos
ao DNA, alteragdes histologicas na epiderme,
envelhecimento precoce e carcinogénese (1). Apesar do
uso de fotoprotetores tradicionais ser o principal meio
utilizado na protegao contra os raios UV, este se mostra
insuficiente na prote¢do contra os danos causados pelos
radicais livres (2). Assim, cada vez mais ha tendéncia
no desenvolvimento de fotoprotecdo baseando-se em
dois aspectos: em primeiro lugar, o uso de formulagdes
orais como forma complementar da prote¢do solar e,
em segundo lugar, a adi¢do de novos ingredientes de
origem natural nos fotoprotetores para incremento de
FPS (3).

A combinagdo de compostos antioxidantes com filtros
solares demonstra-se promissora no desenvolvimento
de fotoprotetores multifuncionais, uma vez que
ambos agem sinergicamente por mecanismos
diferentes: enquanto os filtros agem na superficie
cutinea, absorvendo e/ou refletindo as radiacdes UV,
os antioxidantes agem na superficie (absorvendo a
radiagdo UV) e/ou nas camadas mais profundas da pele
(neutralizando os efeitos oxidativos) (4, 5).

Os compostos fenolicos, como os flavonoides sdo
conhecidos pelas suas atividades anti-inflamatorias,
antioxidantes e capacidade de absorver radiagdo
UV (6). Dentre os flavonoides muito utilizados em
formulagdes fotoprotetoras tem-se a rutina, varios
trabalhos demonstram que, a rutina, devido ao seu
poder antioxidante, ¢ capaz de aumentar o desempenho
fotoprotetor de formulagdes quando associada a filtros
UV (5,7,8).

Dentre os fatores determinantes para alcancar a eficacia
de um fotoprotetor estdo a absor¢do da radiacdo UV,
fotoestabilidade e resisténcia a remogdo por agua
da superficie cutanea (9). A resisténcia a agua indica
0 quanto um produto é capaz de manter seu fator de
protecdo solar (FPS) apo6s imersdo em banho por
determinado periodo de tempo (10).

Geralmente, para obtengdo de fotoprotetores resistentes
a lavagem ¢ necessaria a adi¢do de ingredientes que
garantem a boa adesdo da formulacao na pele durante
a imersao em agua (11). Esses compostos podem ser
substancias hidrofobicas e/ou agentes filmogenos/
formadores de filme (12, 13,14). A Tabela 1 apresenta
exemplos de substincias utilizadas para aumentar a
resisténcia a agua dos protetores solares de acordo com
o0 modo de ac¢do.
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Table 1 - Ingredients that provide water resistance according to literature. PVP = polyvinylpyrrolidone /
Tabela 1 - Compostos que conferem resisténcia a agua de acordo com a literatura. PVP = polivinilpirrolidona

Film-forming / Formadores de filme

Hydrophobic barrier / Barreira hidrofébica

Hexadecene PVP copolymer (14) /
Copolimero PVP hexadeceno (14)

Cetil dimethicona (13)/
Cetil dimeticona (13)

Eicosane PVP copolymer (14) /
Copolimero PVP eicosano (14)

Lanolin (10) /
Lanolina (10)

Triacontanyl PVP copolymer (12,14) /
Copolimero PVP tricotanil (12,14)

Silicone oils (12,17,28)/
Oleo de Silicone(12,17,28)

Acrylates C,,_,, alkylmethacrylate copolymers (12) /
Copolimeros acrilatos C;,_,, alquilmetacrilato (12)

Mineral oil (17) /
Oleo mineral (17)

Polyethylene and C,_4palcohols (18)/
Polietileno e alcoois Cy(_40(18)

Isopropyl myristate (17) /
Miristato de isopropila (17)

Silicones (12,28)/
Silicones (12,28)

The mechanism of action of film-forming agents in
water-resistant sunscreens occurs by maintaining
the filters on the skin for a longer time, preventing
its removal by water alone (14). The presence of
filters inside the film can also reduce the degree of
transdermal penetration of these active ingredients,
a factor that allows longer-lasting protection
compared to traditional sunscreens, in addition to
reducing the risks of exposure and the accumulation
of these compounds in the body (12,15,16).

Hydrophobic substances are able of forming
occlusive barriers, as they are over and/or
interspersed among the corneocytes, forming
a diffuse and hydrophobic impermeable (or
nearly impermeable) surface (17). An efficiently
formed hydrophobic barrier guarantees good
water resistance and can increase the SPF. Due
to this property, fewer active ingredients that
can be irritating to the skin might be used in the
formulation (18).

The water resistance test indicates how much
a product is able of maintaining its SPF after
immersing the subject in a bath (using baths, pools,
spa-pools, or Jacuzzi®) with water circulation for
a predetermined time followed by a drying period
without the use of towels. The number of immersion
and drying cycles is repeated depending on the
claim of water resistance required by the product,
which can be considered as “water resistant” (40
minutes) or “very water resistant” (80 minutes).
The percentage of water resistance retention (%
WRR) is determined by measuring the SPF before
and after immersion (10,12,19).

Silicones (12,28)/
Silicones (12,28)

O mecanismo de agdo dos agentes filmogenos em
fotoprotetores resistentes a agua ocorre pela fixagdo
dos filtros na pele, impedindo sua remogdo pela agua
(14). A presenga de filtros no interior do filme diminui
o grau de penetragdo transdérmica de filtros, fator que
permite prote¢do mais duradoura em comparagdo aos
fotoprotetores tradicionais, além de diminuir os riscos
de exposig¢do e acimulo desses compostos no organismo
(12,15,16).

As substancias hidrofobas sdo capazes de formar
barreiras oclusivas, pois se intercalam entre os
cornedcitos, formando uma superficie impermeével
difusa e hidrofobica (17). A barreira hidrofobica,
formada de maneira eficiente, garante boa resisténcia
a agua e aumento de FPS. Devido a essa propriedade,
pode-se empregar menor quantidade de ingredientes
ativos na formulagdo que podem ser irritantes a pele

(18).

O teste de resisténcia a agua indica o quanto um produto
¢ capaz de manter o seu fator de fotoprotecao solar (FPS)
apos imersao do sujeito em banho (utilizando banheiras,
piscinas, spa-pool ou Jacuzzi®) com circulagdo de
agua, durante um periodo de tempo pré-determinado,
seguido por um periodo de secagem, sem a utilizagao
de toalhas. O numero de ciclo de imersdo e secagem
se repete dependendo da alegacdo de resisténcia a agua
requerida pelo produto, que pode ser considerado como
“resistente a agua” (40 minutos) ou “muito resistente
a agua” (80 minutos). A porcentagem de retencdo de
resisténcia a agua (%WRR) ¢ determinada pela medicao
do FPS antes e depois da imersao (10, 12,19).
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Although in vivo methods allow simulating
conditions closer to reality, they are expensive and
require more time for analysis and monitoring.
Furthermore, they are in vivo methods performed on
healthy subjects. Ethical issues are often discussed,
as the volunteers are submitted to conditions of
high stress (exposure to UV radiation and long
immersion times in baths) (20-23). In contrast,
in vitro methods have proven to be interesting
alternatives because the cost and time required are
lower, the techniques are simple, and they avoid the
exposure of healthy volunteers to stress conditions
(exposure to UV radiation and long immersion
times) (20-25).

Hence, the interest in the development of predictive
and validated in vitro methods has been growing.
In addition to the benefits previously mentioned,
these methods allow for new explorations, as they
eliminate the ethical factor of involvement of
healthy individuals, and allow for new explorations,
such as information on critical wavelength,
photostability, and removal of certain ingredients
after rinsing. With the in vitro methods, conditions
can be conveniently changed, such as water salinity,
turbulence, and bath temperature. In addition, an
in vitro method allows for rapid comparison of the
product profile in the development phase, which
cannot yet be applied to humans (20-24). The present
work aimed to evaluate the water resistance, by the in
vitro method, of a bioactive sunscreen composed of
UVA (avobenzone) and UVB (octyl methoxycinnamate)
filters, rutin and distinct film/barrier-forming agents
(mineral oil, isopropyl myristate and dimethicone),
regarding the parameters SPF, critical A and UVA/UVB
ratio before/after rinsing, UVA-PF (0).

Material and Methods

The raw materials and the equipment used in this
investigation are described in Table 2 and Table 3,
respectively.
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Apesar dos métodos in vivo permitirem simular
condi¢des mais proximas da realidade, sdo de alto custo
e requerem mais tempo para analise e monitoramento.
Ademais, como sdo métodos in vivo realizados em
sujeitos saudaveis, a questdo ética é muito discutida,
uma vez que os voluntarios sdo submetidos a condi¢des
de alto estresse (exposi¢dao a radiagdes UV e longos
tempos de imersdo em banhos) (20-23). Frente a isso,
métodos in vitro mostram-se alternativas interessantes,
pois além do custo e tempo requeridos serem inferiores,
as técnicas sdo mais simples, e evita a exposi¢ao de
individuos saudaveis a condi¢des de estresse (exposi¢ao
aradiacdes UV e longos tempos de imersado) (20-25).

Diante desse cendrio, o interesse no desenvolvimento
de métodos in vitro preditivos e validados vem sendo
cada vez mais crescente. Além dos beneficios descritos
anteriormente, o método elimina o fator ético de
envolvimento de individuos saudaveis, e permite novas
exploragdes, como informagdes sobre comprimento de
onda critico, fotoestabilidade e remogao de determinados
ingredientes apds a lavagem. Com o método in vitro, as
condi¢des podem ser convenientemente alteradas, como
salinidade da agua, turbuléncia e temperatura do banho.
Ademais, o método in vitro permite rapida comparacdo
do perfil de produtos em fase de desenvolvimento, que
ainda ndo podem ser aplicados em seres humanos (20-
24).

Os estudos apresentados constataram que cada vez
mais, a abordagem in vitro vem se tornando alternativa
interessante e promissora para a substitui¢do dos
ensaios in vivo. Em geral, os resultados obtidos a partir
de diversas condig¢des estabelecidas foram satisfatorios
e as técnicas foram capazes de reproduzir os ensaios
in vivo. Assim sendo, mais estudos de avaliacdo de
resisténcia a 4gua de fotoprotetores por técnicas in vitro
tornam-se fundamentais para consolidar a validade
e confiabilidade do método. O presente trabalho teve
como objetivo avaliar a resisténcia a dgua, por método
in vitro, de protetores solares compostos por filtros UVA
(avobenzona), UVB (metoxicinamato de octila), rutina
e distintos agentes formadores de filme/barreira (6leo
mineral, miristato de isopropila e dimeticone), quanto
aos parametros FPS, A critico e razdo UVA/UVB antes/
depois da lavagem, FP-UVA (0).

Materiais e Métods

As matérias-primas ¢ os equipamentos utilizados
neste estudo estdo descritos na Tabela 2 e na Tabela 3,
respectivamente.



Table 2 - Raw materials
Tabela 2 - Matérias-primas

In vitro water resistance of a bioactive sunscreen
Resistencia a dagua in vitro de fotoprotetor bioativo

Commercial name / Supplier / Country /
. INCI .
Nome comercial Fornecedor Pais
Citric acid 10% solution / o .
Acido citrico solugdo a 10% Citric acid IHS Chemical England / Inglaterra
Milli-Q ultrapure water / e United States /
Agua ultrapura Milli-Q Aqua Merck Milipore Estados Unidos
Butyl . .
Avobenzone / Avobenzona Methoxydibenzoylmethane Volp® Brazil / Brasil
Cetearyl alcohol (and) dicetyl phosphate (and)
ethoxylated cetyl alcohol phosphate (10 OE) Cetearyl Alcohol (and)
(Crodafos ™ CES) / Alcool cetearilico (e) fosfato Dicetyl Phosphate (and) Croda® United Kingdom /
de dicetila (e) fosfato de alcool cetilico etoxilado Ceteth-10 Phosphate Reino Unido
(10 OE) (Crodafos™ CES)
Co-polymer of sulfonic acid acryloyl-
dimethyltaurate and neutralized vinylpyrrolidone .
. Ammonium
(Aristoflex® AVC) / Acryloyldimethyltaurate/VP Clariant® Switzerland / Suica
Co-polimero do acido sulfénico acriloil- Loy Copol );n or ariant
dimetiltaurato e vinilpirrolidona POy
neutralizado (Aristoflex® AVC)
200/350 DC silicone / Dimethi - United States /
Silicone DC 200/350 wmetnicone Dow Corning Estados Unidos
Phenoxythenol &
Phenoxyethanol (and) methylparaben (and) Methylparaben & .
. o United States /
ethylparaben (and) butylparaben / Fenoxietanol (¢) Ethylparaben & Biovital® Estados Unidos
metilparabeno (e) etilparabeno (¢) butilparabeno Butylparaben &
Propylparaben
Octila methoxycinnamate / ) 9 o . .
Metoxicinamato de Octila Octyl Methoxycinnamate ~ PharmaSpecial® Brazil / Brasil
Isopropyl myristate / Miristato de Isopropila Isopropyl Myristate PharmaSpecial® Brazil / Brasil
Mineral oil / Oleo Mineral Paraffinum Liquidum Volp® Brazil / Brasil
Propylene glycol / Propilenoglicol Propylene Glycol All Chemistry® Brazil / Brasil
Rutin/ Rutina Rutin Fagron® Netherlands/ Holanda
. . . . . . United States /
Triethanolamine / Trietanolamina Triethanolamine Merck® Estados Unidos
Capric and caprylic acid triglycerides / . . Lo United Kingdom /
Triglicérides de acido caprico e caprilico Caprylic/Capric Trygliceride Croda® Reino Unido
Table 3 - Equipment and other
Tabela 3 - Equipamentos e afins
. . Brands and models / ,
Equipment / Equipamentos Marcas e Modelos Country/ Pais
Mechanical shaker / Agitador mecanico Fisatom® 713D Brazil /Brasil
Analytical balance / Balanga analitica Adventurer OHAUS® Brazil / Brasil

Heating plate / Chapa de aquecimento

Diffuse reflectance spectrophotometer with
integration sphere / Espectrofotometro de
reflectancia difusa com esfera de integragao

Refrigerator / Refrigerador

pH meter and combined direct immersion electrode
/ pHmetro e eletrodo combinado de imersao direta

Polymethylmethacrylate (PMMA) plates / Placas
de polimetilmetacrilato (PMMA)

Milli-Q Simplicity UV water purifier system /
Sistema purificador de agua Milli-Q Simplicity UV

Digital thermometer / Termometro digital

Ika® C-MAG HS7 Germany / Alemanha

Labsphere® UV2000S Ultraviolet

Transmittance Analyzer United States / Estados Unidos

Consul® Frost Free60 Brazil / Brasil

B
Digimed® DM-22 Brazil / Brasil

. PR
HelioScreen® Helioplate HD6 United States / Estados Unidos

Merck Millipore® Mili-Q® Simplicity
uv

Incoterm® 6132

United States / Estados Unidos
Brazil / Brasil
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Preparation of photoprotective formulations

Three O/W emulsions, each containing different film-
forming agents, and a blank emulsion were prepared.
The qualitative and quantitative compositions are
described in Table 4. The film/barrier agents selected
for the water resistance analysis were dimethicone,
isopropyl myristate, and mineral oil. The blank
formulation corresponded to that which presented
the same composition of the three test formulations,
without containing a hydrophobic film/barrier agent.
The preparation followed the steps described below:

Phase A: The rutin was added to a mixture of water and
propylene glycol. The Aristoflex® AVC was hydrated
in the resulting mixture using a mechanical stirrer
for 10 minutes under agitation of 1000 rpm. The pH
value was subsequently adjusted to 9.0 £ 0.5 (with
triethanolamine), and the system was heated to 70-75
°C on a heating plate.

Phase B: Cetearyl alcohol, dicetyl phosphate,
ethoxylated cetyl alcohol phosphate (10 OE), capric
and caprylic acid triglycerides, UV filters (avobenzone
and octyl methoxycinnamate), and the corresponding
film-forming agent / barrier of each formulation were
weighed in a beaker and heated to 75 °C.

Maturation process: Phase B was slowly and continously
poured into Phase A under 1000 rpm agitation using a
mechanical stirrer. Afterwards, the speed was gradually
increased to 1500 rpm and maintained for 2 minutes.
The preservative was added during stirring. The pH
value of the formulation was adjusted to 6.0 + 0.5 with
triethanolamine and/or 10% w/w citric acid solution.
The formulations were cooled to room temperature
and placed in glass jars with a capacity of 200 g. The
formulations were left at room temperature, in the dark,
to rest for 48 hours to complete the maturation process
and guarantee macroscopic stability.

In vitro SPF efficacy of the formulations

Three formulations were prepared as O/W emulsions.
Qualitative and quantitative compositions of the
formulations are shown in Table 4. Formulation
samples (1.3 mg/cm?) were applied on plates of
polymethylmethacrylate (PMMA). Plates were
prepared in triplicate to form a uniform film, and dried
at room temperature (22 °C £+ 1.0) for 30 minutes in
the dark. The absorption spectrum, measured between
250 - 450 nm, was obtained using a diffuse reflectance
spectrophotometer with integration sphere. A glycerin
plate was used as blank (26,27). Results were obtained
as transmittance versus wavelength curves and
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Preparo dos fotoprotetores

Foram preparadas trés emulsdes A/O, cada uma
contendo agentes formadores de filme diferentes, e uma
emulsdo branco. A composi¢ao qualitativa e quantitativa
de ¢ apresentada na Tabela 4. Os formadores de filme/
barreira selecionados para a andlise de resisténcia
a agua foram: dimeticone, miristato de isopropila
e Oleo mineral. A formulagdo branco correspondeu
aquela que apresentou as mesmas composicdes das
trés formulagdes teste, sem conter agente formador de
filme/barreira hidrofoba. A preparagao das formulagdes
seguiu as etapas descritas a seguir:

Fase A: A rutina foi adicionada a 4agua e ao
propilenoglicol e, em seguida, o Aristoflex” AVC foi
hidratado no sistema sob agitacdo de 1000rpm, em
agitador mecanico (hélice tipo centrifuga), por 10
minutos. Apos, ajustou-se o valor de pH para 9,0 + 0,5
(trietanolamina) e o sistema foi aquecido a 70-75°C, em
chapa de aquecimento.

Fase B: O Crodafos® CES, triglicérides de acido
caprico e caprilico, os filtros quimicos (avobenzona
e metoxicinamato de octila), ¢ o agente formador de
filme/barreira correspondente de cada formulagdo
foram pesados em béquer e aquecidos a temperatura de
75°C, em chapa de aquecimento.

Processo de maturacdo: A fase B foi vertida lenta e
constantemente na fase A, sob agitagdo de 1000rpm,
em agitador mecanico com hélice tipo dentada. Apos,
a velocidade foi aumentada gradualmente até 1500rpm
e mantida por 2 min. O conservante foi adicionado
durante a agitacdo. O valor de pH da formulagdo
foi ajustado para 6,0 = 0,5 com trietanolamina e/
ou acido citrico a 10% p/p, quando necessario. As
formulagdes foram resfriadas a temperatura ambiente
e acondicionadas em potes de vidro com capacidade de
200g. As formulagdes foram deixadas em repouso por
48 horas, para a finalizagao do processo de maturagdo e
garantia de estabilidade macroscopica.

Determinagdo da eficdcia in vitro das formulagoes

Foram preparadas trés formulagdes na forma de
emulsdes O/A, cuja composicdo qualitativa e
quantitativa é apresentada na Tabela 4. As formulagdes
foram aplicadas em placas de PMMA 1,3 mg/cm?
(triplicata) e secas a temperatura ambiente (22°C + 1,0)
por 30 minutos no escuro. O espectro de absorcao, foi
obtido utilizando o espectrofotometro de reflectancia
difusa com esfera de integragdo, entre 250 - 450 nm.
Foi utilizada uma placa de glicerina como referéncia
(branco), que representa 100% de transmissdo da luz,
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Table 4 - Qualitative and quantitative composition (%w/w) of bioactive sunscreens
Tabela 4 - Composicao qualitativa e quantitativa (%p/p) das formulag¢des fotoprotetoras.

Components (INCI nomenclature) /

Components (Nome INCI) F1 F2 F3
Caprylic/Capric triglyceride 3.5 3.5 3.5
Propylene glycol 2.0 2.0 2.0
Cetearyl Alcohol (and) Dicetyl Phosphate (and) 6.0 6.0 6.0
Ceteth-10 Phosphate

Ammonium Acryloyldimethyltaurate/VP Copolymer 0.5 0.5 0.5
Phenoxyethanol and methylparaben and 0.8 08 08
ethylparaben, propylparaben and butylparaben

Butyl metoxydibenzoylmethane 5.0 5.0 5.0
Octyl methoxycinnamate 10.0 10.0 10.0
Rutin 0.1 0.1 0.1
Mineral oil/ Paraffinum Liquidum - - 3.0
Isopropyl myristate - 3.0 -
200/350 DC silicone/ Dimethicone 3.0 - -
Purified water g.s.p.* 100 100 100

* quantity necessary to reach 100%; (-) raw material not added /
* quantidade suficiente para 100%; (-) matéria-prima ndo adicionada

represented the average of the nine points transmittance
curves of the PMMA plates. With the measurement,
values of SPF, critical A, UVA/UVB ratio, and UVA-
PF(0) were obtained (27).

In vitro water resistance assessment of the bioactive
formulations

Bioactive formulations were subjected to an in vitro
water resistance test, based on the test recommended by
COLIPA (27), and adapted from the method validated
by Ahn and collaborators (20). After absorption profile
determination, the plates (triplicate) were immersed
in a water bath, held in clips, at 42.0 = 1.0 °C. After
agitation at 150 rpm for 60 minutes, the plates were
removed and freely dried at room temperature (23.0 +
2.0 ° C) for 30 minutes, protected from light (20).

Determination of percent water resistance retention

Water resistance capacity of the sunscreens, in
percentage of Water Resistance Retention (% WRR),
was calculated according to Equation 1 (10).

(SPF. o
in vitro after ‘water immersion

(SPF -1)

in vitro before immersion

% WRR =

x 100 Eq.1

antes da leitura (26, 27). Os resultados de absorc¢ao
foram obtidos em forma de curvas de transmitincia
versus comprimento de onda e representaram a média
das curvas de transmitancia de nove pontos das placas
de PMMA. Com a medigdo, foram obtidos valores de
FPS, A critico, razdo UVA/UVB e FP-UVA (0) (27).

Avaliagdo de resisténcia a adgua in vitro das formulagoes
bioativas

As formulacdes fotoprotetoras foram submetidas ao
teste de resisténcia a agua in vitro, baseado no teste
preconizado pela COLIPA (27), e adaptado do método
validado por Ahn e colaboradores (20). Apos a medi¢ao
do perfil de absorc¢do, as placas (triplicata) foram
mergulhadas em banho com clips, sob agitagao de 150
rpm a uma temperatura controlada de 42°C + 1,0. Apos
um periodo de lavagem de 60 minutos, as placas foram
retiradas e secas a temperatura ambiente (23,0 = 2,0°C)
por 30 minutos, protegidas da luz (20).

Determinag¢do de porcentagem de Retengdo de
Resisténcia a Agua

Para a avaliagdo de capacidade de resisténcia ao
enxague de um fotoprotetor, realizou-se o calculo
da porcentagem de Retengdio de Resisténcia a Agua
(%WRR) de acordo com a Equagédo 1 (10).

(FPS 1)

in vitro ap6s a imersao em aqua

% WRR = x 100 Eq.1

(FPS

in vitro antes da imersao
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The % WRR must be greater than 50% for a sun product
to be considered water resistant after a certain water
immersion time (10).

Statistical analysis

The results were performed using IBM® SPSS®
Statistics 22 (IBM Corp., Armonk, NY, USA) program.
Statistical differences were verified for the mean values
(n=23) of the efficacy parameters (FPS, critical A, UVA-
PF (0) and UVA/UVB ratio) and % WRR. The ANOVA
was used, followed by post hoc testing, when necessary.

Results

After the resting period (48 hours), all formulations
presented physical stability, as no phase separation was
observed. In vitro SPF values of each formulation were
obtained before and after rinsing with water (Figure 1A).
Samples containing mineral oil and isopropyl myristate
showed lower in vitro SPF values than the formulation
with dimethicone. A difference between the SPF values
before and after rinsing in the samples (p=0.001) was
observed. The sample with dimethicone showed higher
SPF after rinsing when compared with isopropyl
myristate and mineral oil (p=0.001). The last two
samples did not show differences concerning the SPF
variation after rinsing with water, both demonstrating a
similar performance for the SPF maintenance in a water
resistance test. Two-way ANOVA interaction analysis
(water immersion/formulation) demonstrated that there
was a difference between the formulations (p=0.003).

O produto fotoprotetor, para ser considerado resistente
a agua, deve apresentar seu %WRR a 50%, apos
determinado tempo de lavagem (10).

Analise estatistica

A andlise estatistica dos resultados foi realizada no
programa IBM® SPSS® Statistics 22 (IPM Corp.,
Armonk, NY, USA). Para verificar as diferencas
estatisticas dos valores médios (n=3) das analises de
eficacia (FPS, A critico, FP-UVA (0) e razdo UVA/
UVB) e %WRR. ANOVA foi utilizada, seguida de teste
de post hoc, quando necessario.

Resultados

Apbés o periodo de repouso (48 horas), todas as
formulagdes apresentaram estabilidade fisica, ndo
sendo observada separagdo de fases. Foram obtidos
os valores de FPS in vitro de cada formulacdo antes e
apos a lavagem com agua (Figura 1A). As formulagdes
contendo o6leo mineral e miristato de isopropila
apresentaram valores de FPS in vitro inicial menores
que a formula¢do com dimeticone. Observou-se que,
houve diferenga entre os valores de FPS antes ¢ apos
lavagem nas formulagdes (p=0,001). A formulagdo com
dimeticone apresentou FPS maior pés-lavagem quando
comparada a amostra com miristato de isopropila e com
6leo mineral (p=0,001). As duas tltimas formulagdes
ndo demonstraram diferencas entre si em relagdo a
variagdo de FPS apds a lavagem com agua, tendo
ambas desempenho similar para a manutencdo de FPS
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Figure 1 - Sun protection factor (SPF) before and after rinsing with water (A). Different letters over the
columns show differences among the samples. Water Resistance Retention Percentage (% WRR) according

to film / barrier formers after rinsing with water (B).

Figura 1 - Fator de prote¢do solar (FPS) antes ¢ apo6s a lavagem com agua (A). Letras diferentes sobre
as colunas demonstram diferencas entre as formulagdes. Porcentagem de Retencdo de Resisténcia a Agua
(%WRR) de acordo com os formadores de filme/barreira apos a lavagem com agua (B).
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In vitro water resistance of a bioactive sunscreen
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Figure 2 - Critical wavelength (Ac) (A) and UVA / UVB ratio (B) according to the film / barrier formers,

before and after rinsing with water.

Figura 2 - Comprimento de onda critico (Ac) (A) e Razdo UVA/UVB (B) de acordo com os formadores de

filme/barreira, antes e apds a lavagem com agua.

The mean % WRR values (Equation 1) are illustrated
in Figure 1B. Only the dimethicone sample obtained
the requirement (to be considered water resistant) of %
WRR greater than 50% (10).

The average values of Ac are shown in Figure 2A.
The formulations showed similar values regarding the
variation of this parameter after the water resistance
test. The average values of the UVA/UVB ratio are
illustrated in Figure 2B. The difference was observed
before and after rinsing with water in the formulations
(p <0.01). However, the samples were similar in
terms of the variation of this parameter after the water
resistance test (p = 0.155). By ANOVA analysis (water
immersion and formulation), there were no differences
among samples (p = 0.256).

The UVA protection was also evaluated before water
immersion by mean values of UVA-PF(0) (Figure 3).
No significant difference in this parameter was observed
among the samples studied (p = 0.083) concerning the
UVA-PF(0) attribution.

em ensaio de resisténcia a agua. A analise de interagdo
por ANOVA de dois fatores (enxague/formulagdo)
demonstrou que houve diferenca entre as formulagdes
(»p=0,003).

A partir dos valores de FPS in vitro, foi realizado o
calculo de %WRR para cada formulacao utilizando a
Equagdo 1. Os valores médios de %WRR sao ilustrados
na Figura 1B. Ao comparar o FPS in vitro em seus
valores brutos, observou-se que a unica formulacao
que atendeu ao requisito de %WRR maior que 50%,
foi o dimeticone, portanto, considerada formulagdo
resistente a agua (10).

Os valores médios de Ac sdo apresentados na Figura
2A. As formulagdes apresentaram valores similares
quanto a variagao desse parametro antes e apds 0 ensaio
de resisténcia a agua (p = 0,117). Os valores médios
de razdo UVA/UVB sao ilustrados na Figura 2B. Foi
observada diferenca antes e apos a lavagem com agua
nas formulagdes (p<0,01). No entanto, os fotoprotetores
foram similares quanto a variagao desse parametro apos
o ensaio de resisténcia a agua (p = 0,155). Na analise
por ANOVA de dois fatores (tempo e formulacdo) nao
houve diferenga entre as amostras (p = 0,256).

O fator de protecdo contra UVA foi avaliado antes
da imersdo pela média de FP-UVA (0) (Figura 3).
Observou-se que ndo houve diferenca neste parametro
entre as amostras (p = 0.083) com relagdo ao fator de
protecdo UVA antes da imersdo.
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Figure 3 - UVA protection factor before rinsing (FP-UVA (0)), according to the film / barrier formers.
Figura 3 - Fator de protecdo UVA antes da immersdo (FP-UVA (0)), de acordo com os formadores de filme/

barreira.

Discussion

Thebioactive sunscreen sample used in this investigation
used rutin as an efficacy booster, providing the product
with not only a better SPF profile but also antioxidant
properties (4,5). Investigations regarding the use and
development of in vitro water resistance tests have
been proposed. Ahn et al. (20) developed an in vitro
method by changing test parameters (immersion time
and number of revolutions per minute). The best
responses were obtained under the conditions of 140
rpm / 75 min and 150 rpm / 60 min, the latter being
selected for validation, due to the shorter time. The in
vitro results of % WRR showed a lower coefficient of
variation (14.1%) compared to in vivo tests (28.0%).
In addition, the in vitro test was able to reflect changes
in the concentration of water-resistant ingredients, thus
being a method capable of reproducing the results of in
vivo tests.

In order to develop in vitro test methods for water
resistance of photoprotectors, Choquenet et al. (21)
carried out tests based on the conditions determined
from in vivo assays. A pre-test was performed in three
different conditions: stagnant distilled water bath,
agitated distilled water bath and agitated saline water
bath. The results showed that the second condition
presented a more critical result, but with results
consistent with the parameters considered acceptable
for water resistance.

Pissavini et al. (24) proposed rinsing resistance tests
with different water quality (tap water, saline water, and
distilled water) and increasing immersion times (5, 20,
and 40 minutes). According to the study, distilled water
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Discussao

O fotoprotetor bioativo usado nesta pesquisa empregou
a rutina como substancia para elevar a eficacia das
amostras, doando ao produto ndao apenas melhor
FPS, como, também, propriedade antioxidante (4,5).
Investigagdes diversas foram propostas para o uso e
desenvolvimento de testes in vitro de resisténcia a agua.
Ahn e colaboradores (20) desenvolveram um método
in vitro por meio de alteragdo de pardmetros de ensaio
(tempo de imersdo e numero de revolugdes por minuto).
As melhores repostas foram obtidas nas condigdes de
140rpm/75min e 150rpm/60min. Os resultados in vitro
de %WRR apresentaram coeficiente de variagdo menor
(14,1%) comparado aos testes in vivo (28,0%). Ainda,
o teste in vitro foi capaz de refletir as mudangas de
concentracdo de ingredientes resistentes a agua, sendo
assim um método capaz de reproduzir os resultados dos
testes in vivo.

Choquenet e colaboradores (21), com o intuito de
desenvolver métodos de teste in vitro de resisténcia a
adgua de fotoprotetores, realizaram ensaios baseados
nas condicdes determinados em ensaios in vivo. Pré-
ensaio foi realizado em trés condicdes diferentes:
banho de 4gua destilada estagnada, banho de agua
destilada com agitacdo e banho de 4gua salina com
agitacdo. Os resultados apontaram que a segunda
condi¢ao apresentou resultado mais critico, porém com
resultados coerentes com os pardmetros considerados
aceitaveis de resisténcia a dgua.

Pissavini e colaboradores (24) propuseram testes de
resisténcia ao enxague com qualidade de agua diferentes
(dgua de torneira, agua salina e agua destilada) e tempos



showed the best results for resistance to rinsing. The
conductivity of this is one of the factors that influences
the water resistance capacity of a product, and this
relationship occurs in an inverse way. In this study, ten
photoprotective products were evaluated, in increasing
immersion times, to obtain visualization of the decay
kinetics of % WRR over time. The % WRR of in
vitro assays were correlated to in vivo assays, and the
results showed significant (R) regression value (0.92,
0.83, and 0.78 for 5, 20, and 40 minutes of immersion,
respectively) and slopes near to 1 (1.28, 1.19 and 1.12
for 5, 20 and 40 minutes of immersion), which indicated
a good correlation between the two methodologies.

Stokes and collaborators (22) utilized a different
approach for in vitro evaluation of water resistance.
In contrast to the previously mentioned studies,
which used PMMA plates as a substrate, excisions of
human epidermis were used. Aliquot of 2.0 mg/cm? of
formulation was applied to the excisions, which were
immersed in a water bath in two series of 20 minutes
each under constant agitation and a temperature of 25 +
2 ° C. The SPF was obtained before and after immersion
in a bath. The technique, previously validated, showed
that the SPFs of the formulations obtained before and
after immersion in water showed no differences in
relation to the SPFs obtained in vivo. The results were
considered promising for the development of reliable
and reproducible in vitro methods.

Components capable of forming films are added for
a sunscreen to enable water resistance. Film-formers
include oils, polymers, and copolymers, esters, and
silicones. Their characteristics provide resistance to
rinsing, which increases the ability to photoprotect
against UV radiation. Likewise, some compounds can
provide positive effects on the sensory behavior of the
formulation, a property known mainly in silicones.
(11,28).

Figure la demonstrates that the formulation containing
dimethicone showed a higher SPF before and after
rinsing when compared to samples of mineral oil and
isopropyl myristate, suggesting an effect of greater
water resistance. Furthermore, it was observed that the
dimethicone sample met the requirement of % WRR
greater than 50% (Equation 1 and Figure 1b); therefore,
it can be considered a water-resistant formulation (10).

Dimethicone, a type of silicone, demonstrated a water-
resistant formulation, and this result converges with
the property of silicones forming water-resistant films.
Silicones are able of forming homogeneous polymeric
films, this ensuring the substantivity (adhesion, water

In vitro water resistance of a bioactive sunscreen
Resistencia a dagua in vitro de fotoprotetor bioativo

de imersdo crescentes (5, 20 e 40 minutos). Segundo
o estudo, a agua destilada apresentou os melhores
resultados de resisténcia a lavagem. A condutividade
desta ¢ um dos fatores que influencia na capacidade
de resisténcia a agua de um produto, sendo que essa
relacdo ocorre de maneira inversa. Nesse estudo, dez
produtos fotoprotetores foram avaliados, em tempos de
imersdo crescentes, para obter visualizacdo da cinética
de decaimento do %WRR com o tempo. As %WRR dos
ensaios in vitro foram correlacionadas aos ensaios in
vivo, e os resultados demonstraram valor de regressao
(R) significativo (0,92, 0,83 e 0,78 para 5, 20 e 40
minutos de imersao) e slope proximos a 1 (1,28, 1,19 ¢
1,12 para 5, 20 e 40 minutos de imersdo), o que indicou
boa correlagdo entre as duas metodologias.

Stokes e colaboradores (22) realizaram abordagem
diferente para avaliacdo in vitro de resisténcia a agua.
Em contrate aos estudos previamente citados, que
utilizaram placas de PMMA como substrato, foram
utilizadas excisOes de epidermes humanas. Aliquota de
2,0 mg/cm? de formulagdo foi aplicada nas excisdes,
que foram imersas em banho de agua em duas séries
de 20 minutos, sob agitacdo constante e temperatura de
25 + 2°C. O FPS foi obtido antes ¢ apos a imersdo em
banho. A técnica, previamente validada, demonstrou
que os FPS’s das formulagdes obtidos antes e apds a
imersdo em 4agua ndo apresentaram diferencas em
relagdo aos FPS’s obtidos in vivo. Os resultados foram
considerados promissores para o desenvolvimento de
métodos in vitro confiaveis e reprodutiveis (24).

Para um protetor solar adquirir a propriedade de
resisténcia a agua, sdo adicionados componentes
capazes de formar filmes. Os formadores de filme
incluem oleos, polimeros e copolimeros, ésteres e
silicones, e sua caracteristica confere resisténcia
a lavagem o que aumenta a sua capacidade de
fotoprote¢do contra radiacdo UV. Ademais, alguns
compostos podem proporcionar efeitos positivos no
comportamento sensorial da formulagdo, propriedade
conhecida principalmente nos silicones (11,28).

Conforme observado na Figura la, a formulagdo
contendo dimeticone apresentou um FPS maior antes
e apos lavagem quando comparado com as amostras de
6leo mineral e miristato de isopropila, sugerindo um
efeito de maior resisténcia a agua. Ademais, observou-
se que a Unica formulagcdo que atendeu ao requisito
de %WRR maior que 50% (Equacdo 1 e Figura 1b),
foi o dimeticone, portanto, considerada formulagdo
resistente a agua (10). Tal resultado pode ser resultante
da propriedade de silicones formarem filmes resistentes
a agua. Os silicones s3o capazes de formar filmes
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resistance) of the sunscreens on the skin. Additionally,
its hydrophobic property prevents water from contacting
the filters, minimizing their removal during rinsing
(26,28).

Although mineral oil and isopropyl myristate can
form occlusive and hydrophobic barriers, due to their
emollient properties, they were not efficient enough
compared to the dimethicone. In addition, the silicone
materials could show the property of skin adhesion,
which could favor water resistance (28).

The sunscreen water resistance uses to consider only
the photoprotective activity against UVB, thus, the
evaluation of protection against UVA is important to
ensure that water resistant sunscreens offer protection
across the UV spectrum (21). The evaluation regarding
protection against UVA was determined from the
following parameters: Ac, UVA/UVB ratio, and UVA-
PF(0) before rinsing.

The Ac values did not show any difference among the
samples and after rinsing. This result demonstrated
that none of the samples interfered with this parameter,
which considers that a photoprotector must have a
value of Ac greater than 370 nm (Figure 2a) in order to
be indicated as providing adequate protection against
UVA damage (19, 27). However, a difference was
observed in the UVA/UVB ratio of the samples before
and after rinsing with water (p < 0.001). Furthermore,
the samples showed similar results after water rinsing
(p=0.256). It was observed that there was no difference
in UVA-PF(0) parameter among the samples studied
before immersion (Figure 3), indicating that the film/
barrier agents did not show differences (p = 0.083)
concerning the UVA-PF(0).

Conclusion

The presence of dimethicone provided less variation
in the in vitro SPF value after water immersion when
compared to isopropyl myristate and mineral oil. The
determination of the percentage of water resistance
demonstrated that the sample with dimethicone was
considered water resistant, while myristate of isopropyl
and mineral oil showed similar average values of water
resistance, but lower than recommended values. The
analysis of Ac, UVA/UVB ratio, and UVA-PF(0) among
the formulations indicated that the film/barrier agents
showed the same performance in maintaining these
parameters.
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homogéneos, garantindo substantividade (adesao,
resisténcia a agua) dos filtros na pele. Ademais, sua
propriedade hidrofoba impede o contato da agua com
os filtros, minimizando a remocdo destes durante a
lavagem (26,28).

Apesardo 6leo mineral e do miristato de isopropila serem
capazes de formar barreiras oclusivas, e hidrofobicas,
por suas propriedades emolientes, as mesmas nao
foram suficientemente eficientes, provavelmente, pela
auséncia de filme, cuja propriedade “wash-off” ¢ bem
estabelecida para silicones. Ademais, os silicones
apresentam propriedades de adesdo a pele, o que reforca
esse efeito (28).

A propriedade de resisténcia a agua, usualmente, ¢
definida pela medi¢do da atividade fotoprotetora contra
UVB. Sendo assim, a avaliagdo da prote¢do contra
UVA demonstra-se importante para garantir que o
protetor solar resistente a dgua ofereca protecdo em
todo o espectro UV (21). A avaliagdo contra radiacao
UVA foi determinada pelos seguintes parametros: Ac,
razdo UVA/UVB e FP-UVA(0) antes do banho.

Valores de Ac ndo apresentaram diferencas entre as
amostras e apos o enxague. Tal resultado indicou
que nenhuma das amostras sofreu interferéncia neste
parametro, que considera que o fotoprotetor necessita
ter valor de Ac superior a 370 nm (Figura 2a) para ser
considerado de protecdo de amplo espectro e contra
danos provocados pelo UVA. No entanto, diferenca foi
observada na razdo UVA/UVB das amostras antes e
depois do banho (p =0,001), porém, os resultados foram
considerados similares apés o enxague (p =0,256).
Os valores médios de FP-UVA (0) sao ilustrados na
Figura 3. Observou-se que nao houve diferenga desse
parametro entre as formulagdes estudadas, indicando
que os formadores de filme/barreira ndo apresentaram
diferengas (p =0,083) com relacdo a atribuigao de fator
de protecao UVA antes da irradiacao.

Conclusao

A presenca do dimeticone proporcionou menor variagao
de FPS apos a lavagem com agua, quando comparado ao
miristato de isopropila e ao 6leo mineral A determinacao
da porcentagem de resisténcia a 4gua demonstrou que a
formulagao com dimeticone foi considerada resistente a
agua, enquanto o miristato de isopropila e 6leo mineral
apresentaram valores médios de resisténcia a agua
proximos entre si, mas inferiores ao preconizado como
“resistente a agua.” As analises de Ac, razao UVA/UVB,
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