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Abstract

Exposure to the sun can have health benefits, however, excess exposure can cause skin damage, such as skin cancer.
Photoprotection can be used as a preventive method against the harmful effects of the ultraviolet (UV) radiation and
Brazilian biodiversity is a fertile field for research in this area. Therefore, the aim of this study was the development
of sunscreens containing quercetin (bioactive compound) and inorganic filters (titanium dioxide and zinc oxide)
with further characterization of the formulae and evaluation of stability. Formulations containing the bioactive
compound, isolated or in association with the inorganic filters, presented: pH values biocompatible with the skin;
apparent viscosity between 10550 and 23600 cP; sun protection factor (SPF) between 2.1 and 22.5; and broad
spectrum protection, with critical wavelengths above 379 nm. It was found that the association of quercetin with
inorganic filters was not adequate due to the negative interactions that occurred between the bioactive compound and
the metals, which were only identified during the stability study. However, considering the in vitro estimated
efficacy ofthe isolated flavonoid, its use can still be explored as an alternative substitute to classic UV filters.
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Resumo

A exposigao ao sol traz beneficios a saude, no entanto, o excesso pode ocasionar danos cutaneos dentre os quais se destacam as
neoplasias. A fotoprotegio € um método para a prevencao dos efeitos danosos da radia¢do ultravioleta (UV) e a biodiversidade
Brasileira ¢ campo fértil para pesquisas nesta area. Dessa forma, os objetivos deste estudo envolveram o desenvolvimento de
formulagdes fotoprotetoras contendo quercetina (composto bioativo) e filtros solares fisicos (didxido de titanio e dxido de zinco),
com posterior caracterizagdo das formulagdes e avaliagdo da sua estabilidade. As formulagdes contendo o composto bioativo,
isolado ou em associa¢@o com os filtros fisicos, possuiram valores de pH biocompativeis com a pele, intervalo de viscosidade
aparente entre 10550 e 23600 cP; fator de protecao solar (FPS) estimado entre 2.1 e 22.5; e amplo espectro de protegdo, com
comprimentos de onda critico acima de 379 nm. Constatou-se que nao foi adequado utilizar a quercetina associada aos filtros
solares fisicos devido as interagdes negativas que ocorreram entre 0 composto e os metais, somente identificadas ao longo do
estudo de estabilidade. No entanto, em func@o da eficacia estimada in vitro apresentada pelo flavonoide, seu uso ainda pode ser
explorado como substituto alternativo aos filtros solares cléssicos.
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Introduction

The sunlight that reaches the Earth's surface is composed
of electromagnetic radiation, divided in three intervals
according to its wavelength: ultraviolet (UV) (100-400
nm), visible (Vis) (400-800 nm), and infrared (IR)
(above 800 nm) "

Photoprotection is a method for preventing the harmful
effects of UV radiation and involves the use of
sunscreens containing inorganic (physical) and organic
(chemical) filters **.

Sunscreens contribute to the reduction of skin cancer
incidence and photoaging signs. However, nowadays the
history of adverse events caused by the topical use of UV
chemical filters has led the market to develop
formulations containing low concentrations of chemical
filters, whilst maintaining the broad spectrum protection
against UVA and UVB radiation "

In spite of the different classes of UV filters and natural
substances available, the market did not present
photoprotective formulations composed of an
association of UV filters and isolated flavonoids. In
accordance with this prospect, the present study
proposed the development of bioactive photoprotective
formulations, without chemical filters, and aims to
evaluate the quercetin flavonoid as a UV filter. The
stability of the formulations containing quercetin,
associated or not with the inorganic filters titanium
dioxide and zinc oxide, was also evaluated by this study.

Material and Methods

Formulations

Quercetin and inorganic filters (titanium dioxide and
zinc oxide) were incorporated in an oil-in-water (O/W)
emulsion, according to the qualitative and quantitative
(% w/w) composition described in Table 1.

Formulations characterization

pH value determination

The pH value was determined by pHmeter Quimis”, using
a 10% w/V dispersion of the formulations. The readings
were performed at room temperature (22.0 +2.0°C) .

Apparent viscosity (cP)

Apparent viscosity (cP) was determined by the
ViscoStar” viscosimeter. Samples of approximately 10.0
g of each formulation were transferred to the
viscosimeter compartment of reduced samples, and the
analyses were performed at room temperature (22.0 +
2.0°C), at 30 rpm, using the TR spindle. Measurements
were made after three minutes of rotation.
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Introducio

A luz solar incidente sobre a superficie terrestre ¢ composta
por radiagdo eletromagnética, dividida em trés intervalos
majoritarios de acordo com seu comprimento de onda:
ultravioleta (UV) (100-400 nm), visivel (Vis) (400-800 nm),
e infravermelho (IV) (acima de 800 nm) ",

A fotoprote¢do ¢ um método para a prevencdo dos efeitos
danosos da radiagdo UV, abordagem realizada por meio do
uso de fotoprotetores contendo filtros inorganicos (fisicos) e
organicos (quimicos) "***.

Os protetores solares atuam como adjuvantes na reducdo da
incidéncia de cancer de pele e dos sinais de envelhecimento,
porém, atualmente, devido ao histérico dos eventos adversos
ocasionados pelo uso topico de grandes concentragdes de
filtros quimicos, a tendéncia no mercado de fotoprotetores €
o desenvolvimento de formulagdes contendo reduzida
concentracdo de filtros quimicos, mas com manutenc¢do da
ampla protegdo frente s radiacdes UVAe UVB 7.

Apesar da disponibilidade de diferentes classes de filtros
solares e substancias naturais isoladas, o mercado néo dispde
de formulagdes fotoprotetoras possuindo associagdes de
filtros solares com flavonoides isolados. Em concordéncia
com este panorama, o presente trabalho envolveu o
desenvolvimento de formulagdes fotoprotetoras bioativas
ausentes de filtros solares quimicos, com o objetivo de
avaliar o uso do flavonoide quercetina como filtro solar. Este
trabalho avaliou, também, a estabilidade das formulagoes
contendo quercetina, associada ou ndo aos filtros fisicos
diéxido de titAnio e 6xido de zinco.

Materiais e Métodos

Formulacoes

A quercetina e os filtros fisicos (dioxido de titanio e
oxido de zinco) foram incorporados em emulsdo o6leo-
em-agua (O/A) de acordo com a composi¢do qualitativa
e quantitativa (% p/p) descritana Tabela 1.

Caracterizacido das Formulagdes

Determinacio do valor de pH

O valor de pH foi determinado pela dispersdo a 10% p/v
das preparagdes analisadas a temperatura ambiente (22.0

+£2.0°C), em peagdmetro Quimis” *”.

Viscosidade aparente (cP)

A viscosidade aparente (cP) foi determinada em
viscosimetro ViscoStar®. Aliquotas de 10.0 g das
amostras foram transferidas para o compartimento de
amostra reduzida. As medi¢des foram realizadas a
temperatura ambiente (22.0 + 2.0 °C), utilizando-se
agulha TR9 e velocidade de rotagdo de 30 rpm. O
registro do valor de viscosidade aparente foi realizado
apos 3 minutos de rotacao.



Sunscreens containing inorganic filters and quercetin
fotoprotetores contendo filtros inorgdnicos e quercetina

Table 1 - Formulations qualitative and quantitative (% w/w) composition
Tabela 1 - Composigao qualitativa e quantitativa (% p/p) das formulagdes

Proportion (% w/w)
Composition Proporgdo (% p/p)
Composicao
F1 F2 F3 F4 F5 Fo
Cetearyl Alcohol (and) Glyceryl Stearate
(and) PEG-2 Stearate (and) Stearic Acid
(and) Ceteth-10 (and) Polysorbate 60 (and)
Theobroma grandiflorum seed butter (and) 100 100 100 100 100 100
Helianthus annuus seed oil (and) Cetyl
Palmitate
BHT 0.1 0.1 0.1 0.1 0.1 0.1
Glycerin 4.0 4.0 4.0 4.0 4.0 4.0
Sorbitol 4.0 4.0 4.0 4.0 4.0 4.0
Disodium EDTA 0.5 0.5 0.5 0.5 0.5 0.5
Cyclopentasiloxane (and) Dimethicone 20 20 20 20 20 20
Crosspolymer
Mineral Oil (and) Lanolin Alcohol (and)
Oleyl Alcohol 2.0 2.0 2.0 2.0 2.0 2.0
Cyclopentasiloxane 2.0 2.0 2.0 2.0 2.0 2.0
Imidazolidinyl Ureia 0.5 0.5 0.5 0.5 0.5 0.5
Butilparaben (and) Ethylparaben (and)
Methylparaben (and) Phenoxyethanol (and) 0.5 0.5 0.5 0.5 0.5 0.5
Propylparaben
Quercetin - 2.5 - 2.5 2.5 2.5
Zinc oxide - 5.0 5.0 - 5.0 -
Titanium dioxide - 5.0 5.0 5.0 - -
Aqua qsp™ 100.0 100.0 100.0 100.0 100.0 100.0

Legend:(-): raw material not incorporated.

* Qualitative composition described according to INCI (International Nomenclature of Cosmetic Ingredients)

Legenda:(-): matéria-prima nao adicionada.

* Composi¢do qualitativa descrita segundo nomenclatura INCI (International Nomenclature of Cosmetic Ingredients)

Invitro photoprotective efficacy

The in vitro photoprotective efficacy of the
formulations was measured by spectral transmittance
using an integrating sphere (Labsphere” UV-20008).
The following parameters were obtained: estimated sun
protection factor (SPF) and critical wavelength (A..).
Commercial plates of polymethyl methacrylate
(PMMA HD6, Helioplate®) were used as a synthetic
substrate. Aliquots of 50.0 mg of the samples were
uniformly applied on the substrate, as a thin layer, in
circular movements, over the plate's surface.

The spectrophotometric absorbance values were
registered for the wavelength interval of 250 to 450 nm,
with a rate progression of 1 nm. The plates were

Eficacia fotoprotetora in vitro

Determinou-se a eficacia in vitro das preparacdes em
espectrofotometro de refletdncia difusa com esfera de
integragdo (Labsphere” UV2000-S) por meio da
obtencdo dos pardmetros a seguir: fator de protegao
solar estimado (FPS) e comprimento de onda critico
(Ao). Utilizaram-se, como substrato sintético, placas
comerciais de polimetilmetacrilato (PMMA HD®6),
Helioplate”. Aliquotas de 50.0 mg das amostras foram
aplicadas uniformemente sobre o substrato, na forma
de filme fino, em movimentos circulares sobre a
superficie da placa. Os registros dos valores
espectrofotométricos da transmitancia foram
realizados em intervalo de comprimento de onda entre
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prepared in replicates of two and nine different points
per plate were measured for each sample "*'""*"". The
samples' estimated functionality values were calculated
by the equipment software (Labsphere” UV-2000
Application Version: 1.1.1.0)

Stability test

Samples of approximately 20.0 g were stored in
polypropylene wide-mouth bottles, occupying 2/3 of the
total declared volume of the bottle, for evaluation of
possible gas exchanges. Samples were stored under the
following conditions: (i) 40.0°C £ 2.0°C (incubator), (ii)
22.0°C +£ 2.0°C (room temperature), and (iii) 5.0°C £
2.0°C (refrigerator). Organoleptic characteristics, pH
value, apparent viscosity and in vitro photoprotective
efficacy were evaluated at the 1%, 30", 60", 90" and 120"
day "

Results

Formulations were stable after the preparation (initial
condition), according to the data presented in Table 2.
Homogeneous emulsions were obtained with color
varying between white and yellow, and pH and apparent
viscosity values were compatible with the skin and the
proposed use of the product. The SPF values varied from
1.1 £ 0.0 (base emulsion, represented by the formulation
F1) and 22.5 £ 7.2 (formulation F2, containing 2.5% w/w
of quercetin, 5.0% w/w of titanium dioxide and 5.0% w/w
of zinc oxide). All formulations presented high values of
critical wavelength (A.), above 379 nm, illustrating the
formulations absorption on the UVA radiation spectrum.

250 e 450 nm, na taxa de progressdao de 1 nm. Leituras
em duplicata foram empregadas com repetigdes de nove
leituras por réplica'""""*", Os valores de funcionalidade
estimada das amostras foram calculados pelo software
do equipamento (Labsphere” UV-2000 Application
Versdo: 1.1.1.0).

Teste de estabilidade

Amostras de, aproximadamente, 20.0 g foram
acondicionadas em potes de polipropileno, boca larga,
ocupando cerca de 2/3 do volume total declarado do
frasco para avaliagdo de possiveis trocas gasosas. As
amostras foram submetidas as seguintes condigdes: (i)
40.0°C + 2.0°C (estufa), (ii) a temperatura ambiente a
22.0°C £ 2.0°C e (iii) 5.0°C = 2.0°C (refrigerador). As
caracteristicas organolépticas (odor, cor e aspecto), valor
de pH, viscosidade aparente e eficacia fotoprotetora in
vitro foram avaliados no 1°, 30°, 60°, 90° ¢ 120° dias """\

Resultados

As preparagdes apresentaram-se estaveis apos a etapa de
manipulagdo (condi¢do inicial), conforme pardmetros
apresentados na Tabela 2. Foram obtidas emulsoes
homogeéneas, com coloragio variando de branco a amarelado, e
valores de pH e viscosidade aparente compativeis com a pele e
0 uso proposto do produto. Os valores de FPS variaram entre
1.1 £ 0.0 (emulsdo base, representada pela formulacdo F1) e
22.5 + 7.2 (formulagdo F2, contendo 2.5% p/p de quercetina,
5.0% p/p de dioxido de titanio e 5.0% p/p de oxido de zinco).
Todas as formulagdes apresentaram valores de comprimento de
onda critico (A.) elevados, acima de 379 nm, caracterizando o
perfil de absorgdo das formulagdes no espectro de radiagdo
UVA.

Table 2 - Formulations physical and physical-chemical characterization after preparation (initial condition)
Tabela 2 - Caracterizacdo fisica e fisico-quimica das formula¢des ap6s a manipulagio (condicao inicial)

Evaluated Formulations
parameter Formulagdes
Parametro avaliado F1 F2 F3 F4 F5 F6
White Yellow White Yellow Yellow Yellow
Aspect emulsion emulsion emulsion emulsion emulsion emulsion
Aspecto Emulsao Emulsao Emulsao Emulsao Emulsdo Emulsao
Branca amarela branca amarela amarela amarela
e 1100 225472 113415 123421 74409 21402
i: 386 385 379 388 389 391
pH value
Valor de pH 4.73 6.97 7.16 543 7.26 4.81
Apparent viscosity
Viscosidade 10550 12400 23600 23600 16000 20200
aparente

Legend: SPF: Sun Protection Factor (média + desvio padrao)
Ac: Critical wavelenght

Legenda: FPS: Fator de Protegao Solar (average + standard deviation)

Ac: Comprimento de onda critico
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Formulation F1 did not present active compounds, since
it was used during the stability test as a control for the
base emulsion behavior evaluation. According to the
data presented in Table 3, formulation F1 presented
adequate stability, with maintenance of its homogeneous
aspect and without alteration of its organoleptic
characteristics. The pH value was stable, without
variation above 15% when compared to the initial values
obtained for all the storage conditions studied. The
apparent viscosity in room (22.0 + 2.0°C) and high
temperatures (40.0 = 2.0°C) storage showed an
increasing tendency when compared to the initial
condition. Although the apparent viscosity presented
variations, this characteristic did not influence the
product application on the skin. Under low temperature
storage (5.0 = 2.0°C), apparent viscosity were stable,
with a decreasing tendency in the 120" day of analysis.

Table 3 -
characterization.

Stability evaluation of formulations F1, F3 e F6:

Sunscreens containing inorganic filters and quercetin
Jfotoprotetores contendo filtros inorganicos e quercetina

A formulacdo F1 ndo possuiu compostos ativos
incorporados, tendo sido utilizada, durante o periodo do
teste de estabilidade, como parametro controle para
avaliar o comportamento da emulsdo base. De acordo
com os dados da Tabela 3, verificou-se que a formulagdo
F1 apresentou estabilidade adequada, com manutengao
do seu aspecto homogéneo, sem alteracdes das
caracteristicas organolépticas (aspecto, cor e odor). O
valor de pH se manteve estavel, ndo ocorrendo variagao
superior a 15% em relag@o ao valor inicial em nenhuma
das condi¢des estudadas. O wvalor de viscosidade
aparente apresentou tendéncia de aumento em relago ao
valor inicial nas condi¢des de temperatura ambiente
(22.0 £ 2.0°C) e temperatura elevada (40.0 £ 2.0°C).
Apesar do valor da viscosidade aparente ter apreciado
variagdes, esta caracteristica ndo influenciou no perfil de
aplicagdo do produto sobre a pele. Em condigao de baixa
temperatura, a viscosidade aparente se manteve estavel,
com tendéncia de quedano 120° dia de analise.

pH value, apparent viscosity (cP) and in vitro functional

Tabela 3 - Avaliacdo da estabilidade das formulagdes F1, F3 e F6: valor de pH, viscosidade aparente (cP) e caracterizagao

funcional in vitro.

Storage condition
Evaluated Condic¢do de armazenamento
Formulation parameter Room temperature Low temperature High temperature
Formulagao Parametro Temperatura ambiente Temperatura baixa Temperatura elevada
avaliado (22.0 +2.0 °C) (5.0 £2.0 °C) (40.0 £ 2.0 °C)
T30 T60 T90 T120 T30 T60 T90 T120 T30 T60 T90 T120
SPF 1.1+ 1.1+ 1.1+ 1.1+ 1.1+ 1.1+ 1.1+ 1.1+ 1.1+ 1.1+
FPS 1.0£0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1100 0.0 0.0 01
A 359 373 362 370 375 378 377 378 376 376 371 377
pH value
Fl Valor de pH 4.48 4.90 4.83 4.87 4.54 4.84 4.57 4.87 4.63 4.56 4.74 4.84
Apparent :
VIESIELy 17300 21100 = 19800 21650 : 10700 10400 = 10250 8600 21100 24050 21 1 25050
Viscosidade 0
aparente
SPF 11.942. | 12542, |+ 11.942. | 12.3+£2. © 12243, 12.7+#1. | 12.8+1. 1272, 11.8 | 12.6+£2
FPS 1.1+3.0 1 4 3 5 1 7 7 12120 8 116 | 2
Ac 376 371 378 378 378 377 379 378 378 378 379 378
pH value
F3 Valor de pH 7.64 6.95 7.13 7.81 7.45 7.38 7.17 7.76 7.62 7.55 7.23 775 B
Apparent
VI Ty 32300 35350 34800 32600 16100 17350 16700 16200 38350 38100 4015 39100
Viscosidade 0
aparente
SPF 23+ 2.4+ 23+ 22+ 2.0+ 23+ 2.0+ 2.4+ 22+ 2.4+
FPS 2402 0.3 0.4 0.2 0.3 0.3 0.4 0.2 2302 0.2 0.2 0.2
Ac 390 390 390 390 390 390 390 390 390 390 390 390
pH value
Fé6 Valor de pH 4.69 4.77 4.79 4.84 4.61 4.65 4.72 4.84 4.41 4.56 4.61 4.73
Apparent
viscosity 21500 20100 24200 25100 11500 11300 13500 6100 31000 27400 2750 26200
Viscosidade 0
aparente

Legend: SPF: Sun Protection Factor (media + desvio padrao)

Ac: Critical wavelenght

Legenda: FPS: Fator de Protecdo Solar (average + standard deviation)

Ac: Comprimento de onda critico
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Base emulsion SPF was approximately 1.0. Analyzing
the absorbance spectrum of the formulation F1 (Figure
1), values close to zero were verified along the whole
ultraviolet spectrum (290 to 400 nm), indicating an
insignificant radiation absorption / reflection and,
consequently, the absence of a photoprotective profile
for the base emulsion.

O FPS da emulsao base foi, aproximadamente, 1.0. Ao
avaliar o espectro da absorbancia da formulagdo F1
(Figura 1), verificou-se valor proximo a zero ao longo
do espectro ultravioleta (290 a 400 nm), ou seja, ndo
houve absor¢ao/reflexdo significativa da radiacao e,
consequentemente, a emulsdo base ndo apresentou
perfil fotoprotetor.

09 1

0.8 4

0.7

06 1

05 A

04 4

Absorbancia (%)

03 1
0.2 4

041y

0,0

Comprimento de onda (nm)

Figure 1- Formulation F1 absorption profile (initial condition)
Figura 1 - Perfil de absorbancia da formulagio F1 (condi¢do inicial)

Formulations containing titanium dioxide associated
with zinc oxide (F3) and quercetin alone (F6) were
stable during the stability test, according to data
presented in Table 3. The emulsions presented a
homogeneous aspect, without alterations in color or
odor. In addition, the formulations did not present
variation in the SPF, critical wavelength and pH values
when compared to the initial condition, demonstrating
physical and chemical stability. Apparent viscosity
presented the same pattern obtained for the base
emulsion (F1).

With reference to the absorbance spectrum of the
formulation F3 (Figure 2), a satisfactory absorption
profile in the UVA region (from 320 to 400 nm) was
observed, as well as a more effective absorption in the
UVB region (from 280 to 320 nm). Formulation F6
presented a good absorbance profile along the whole
UV radiation spectrum (UVB and UVA), even in low
concentrations of the bioactive compound (Figure 3).
The critical wavelength values of this formulation
indicate that quercetin is suitable for the development
of formulations with broad spectrum protection "
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As preparagdes contendo dioxido de titdnio associado
ao 6xido de zinco (F3) e quercetina isolada (F6)
apresentaram-se estaveis ao longo do teste de
estabilidade, conforme parametros apresentados na
Tabela 3. O aspecto se manteve homogéneo, sem
alteracdes de cor e odor. Além disso, as formulagoes
ndo apresentaram variagdes dos valores médios de
FPS, comprimento de onda critico e pH em relacdo ao
inicial, demonstrando estabilidade fisica e quimica. A
viscosidade aparente apresentou perfil com o mesmo
padrio de resposta da emulsdo base (F1).

A partir do espectro de absor¢do da formulagdo F3
(Figura 2), observou-se que houve perfil de absorcao
satisfatério na regido do UVA (de 320 a 400 nm) e
absor¢do mais efetiva na regido do UVB (de 280 a 320
nm). A formulacdo F6 apresentou bom perfil de
absorg¢do ao longo de todo o espectro de radiacdo UV
(UVB e UVA), mesmo em baixa concentragdo do
composto bioativo (Figura 3). Os valores de
comprimento de onda critico dessa formulagdo
indicam que a quercetina ¢ adequada para o
desenvolvimento de formulagdes com amplo espectro

de protecao .
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Figure 2 - Formulation F3 absorption profile (initial condition).
Figura 2 - Perfil de absorbancia da formulagdo F3 (condi¢ao inicial).
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Figure 3 - Formulation F6 absorption profile (initial condition)
Figura 3 - Perfil de absorbancia da formulagao F6 (condicao inicial)

Formulation F2, which contained an association of all
the active compounds (quercetin, titanium dioxide and
zinc oxide), developed an aspect considered
inadequate. After preparation, the formulation
presented an intense yellow color and during the
stability test, an intense darkening was observed. This
was perceptible, in all the storage conditions after the
30" day of analysis..

The darkened aspect of the formulation F2 interfered in
its functional characterization, for the film formation
over the substrate was irregular and prevented the
adequate passage of the UV radiation beam generated

A formulacdo F2, contendo associagdes de todos os
compostos ativos (quercetina, didxido de titdnio e
oxido de zinco), desenvolveu aspectos considerados
inadequados. Ap6s a manipulacdo, a formulagdo
apresentou intensa coloracdo amarelada. Durante o
periodo do teste de estabilidade, observou-se seu
intenso escurecimento. Tal fato ocorreu,
perceptivelmente, logo apds o 30° dia de analise, em
todas as condigdes.

O aspecto escurecido da formulacdo F2 dificultou a
caracterizacao funcional, pois a formacdo do filme
sobre o substrato foi irregular, o que impediu a
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by the equipment. The samples were considered
inadequate due to their modification in aspect and the
in vitro photoprotective efficacy values were not
registered. Figure 4 illustrates the formulation F2
absorbance profile in the initial condition and after 30
days in the high temperature storage. A modification in
the general absorbance profile could be noticed.

25

adequada passagem do feixe da radiacdo UV gerada
pelo equipamento. Diante disso, em fungdo da
modificacdo do aspecto, as amostras foram
consideradas inaptas, assim, ndo se registrando os
valores dos pardmetros da eficacia fotoprotetora in
vitro. AFigura4 ilustra a absorbancia da formulagao F2
nas condi¢Oes inicial e ap6s 30 dias em temperatura
elevada. Verificou-se que houve modificacao do perfil
geral de absorg¢ao.
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350
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Figure 4 - Formulation F2 absorption profiles under initial condition and after 30 days in

high temperature (40.0+2.0 °C)

Figura 4 - Perfis de absorbancia da formulagdo F2 nas condigdes inicial ¢ apos 30 dias em

temperatura elevada (40.0+2.0 °C)

For the formulations F4 (association of 2.5% w/w of
quercetin and 5.0% w/w of titanium dioxide) and F5
(association of 2.5% w/w of quercetin and 5.0% w/w of
zinc oxide) a slight color modification (darkening) for
the high temperature storage condition was observed.
In addition, the presence of the flavonoid could have
formed agglomerates that hampered the spreading of
the formulations over the PMMA substrate. Therefore,
it was inferred that quercetin developed a characteristic
that could not provide a good spreading profile of the
formulations in the course of its shelf life. Considering
the same criteria used for the formulation F2, the
photoprotective efficacy values were not considered
for the samples presenting aspect modifications.
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Para as formulagdes F4 (associagdo de 2.5% p/p de
quercetina e 5.0% p/p de dioxido de titdnio) e F5
(associagdo de 2.5% p/p de quercetina e 5.0% p/p de
oxido de zinco) foi possivel observar leve modificagdo
da coloragdo (escurecimento) na condi¢do de
temperatura elevada. Ainda, a presenga do flavonoide
pode ter formado aglomerados que dificultaram o
espalhamento das formula¢des sobre o substrato de
PMMA. Infere-se, segundo o exposto, que a quercetina
desenvolveu caracteristica que dificultou o perfil de
espalhamento das prepara¢gdes durante o
envelhecimento. Considerando o mesmo critério
utilizado para a formulagdo F2, os valores de eficacia
fotoprotetora ndo foram considerados para as amostras
que apresentaram modificacdo no aspecto.



Discussion

The results obtained for formulations F1, F3 and F6
showed that the method used for the photoprotective
efficacy determination was satisfactory, since it
provided reproducible data. Limitations identified
during the study were due to aspect alterations of some
samples, a fact that did not compromise the
methodology applied in the photoprotective efficacy
estimation.

Metallic ions, such as titanium and zinc, can promote
the flavonoids' oxidation through the formation of
oxygen reactive species, while the darkening can occur
due to oxidation, complexation reactions and/or metal-
polyfenol interactions. Considering the results and
experimental conditions, it can be suggested that
formulations containing quercetin associated with the
inorganic filters titanium dioxide and zinc oxide, and in
the proportions employed, presented instability, or
even incompatibility, demonstrated only in the stability
evaluation. It is also important to mention that the
stability profile can also be compromised by the
vehicle (raw materials and its quantitative
proportions), storage condition and packaging
material, among other factors.

The active compounds studied (titanium dioxide, zinc
oxide and quercetin) are safe for use in sunscreen
formulations, since chemical reactions or other
interactions did not alter the original characteristics.
Quercetin complexation and oxidation reactions
promote an increase in absorbance, of approximately
420 nm (visible radiation), corroborating the spectral
profiles and color modification of the products .
Velasco and co-workers (2008) had studied the
association of flavonoids with inorganic UV filters,
and obtained satisfactory synergic results without
noticing signs of incompatibility between the
compounds throughout the study. However, the
flavonoid concentration, rutin, was only 0.1% w/w and
the compound was dissolved on the emulsified system
[13]. Choquenet and co-workers (2008) studied the
photoprotective efficacy of rutin and quercetin in high
concentrations, associated with the filters titanium
dioxide and zinc oxide, and also obtained formulations
with broad spectrum and high values of SPF. However,
stability tests as a function of time were not mentioned
in order to evaluate the existence of possible
interactions between the compounds that could
provoke modifications similar to the ones observed for
this study [16].

Sunscreens containing inorganic filters and quercetin
fotoprotetores contendo filtros inorgdnicos e quercetina

Discussao

A avaliagdo dos resultados para as formulagdes F1, F3
e F6 providenciou evidéncias de que o método
empregado para a determinacdo da eficacia
fotoprotetora foi satisfatorio, pois forneceu dados
considerados reprodutiveis. Portanto, as limitagdes
identificadas no estudo se relacionaram com as
amostras nas quais houveram modificagdes de aspecto
e se deveram, exclusivamente, a natureza dessas, ndo
comprometendo a metodologia aplicada na estimativa
da eficécia fotoprotetora.

fons metalicos, como o titdnio ¢ o zinco, podem
promover a oxidagdo dos flavonoides pela formacao de
espécies reativas de oxigénio, enquanto o
escurecimento pode ocorrer devido a oxidagdo,
reagdes de complexagdo e/ou interagdes metal-
polifenol. Em fungdo dos resultados e condic¢des
experimentais, permite-se sugerir que as formulagdes
contendo quercetina associada aos filtros dioxido de
titanio e 6xido de zinco, nas propor¢des empregadas,
apresentaram instabilidade, ou mesmo
incompatibilidade, somente constatada no decorrer da
avaliacdo da estabilidade. Ressalta-se que tal perfil de
estabilidade também pode ter sido comprometido pelo
veiculo (adjuvantes farmacotécnicos € suas proporgoes
quantitativas), condi¢do de armazenamento ¢ material
de acondicionamento, entre outros fatores.

Os compostos ativos utilizados (didéxido de titanio,
6xido de zinco e quercetina) sdo seguros para uso em
formulagdes cosméticas fotoprotetoras desde que ndo
haja reacdes quimicas ou interagdes de outra natureza
que alterem suas caracteristicas originais. As reagdes
de complexagdo e oxidacdo da quercetina provocam
aumento na absorbancia em, aproximadamente, 420
nm (radiagdo visivel), o que corroboraria com as
modificagdes da cor dos produtos e de seus perfis
espectrais .

Velasco e colaboradores (2008) haviam estudado a
associa¢do de flavonoides com filtros solares
inorganicos, obtendo resultados sinérgicos
satisfatorios e ndo tendo observado, ao longo do
estudo, sinais de incompatibilidade entre estes filtros.
No entanto, a concentragao do flavonoide, rutina, foi de
apenas 0.1% p/p e esta estava dissolvida no sistema
emulsionado . Choquenet e colaboradores (2008)
estudaram a eficacia fotoprotetora da rutina e
quercetina em concentragdes elevadas, associadas aos
filtros didxido de titdnio e 6xido de zinco, também
obtendo formulagdes com amplo espectro e elevado
valor de FPS. No entanto, testes de estabilidade em
fungdo do tempo ndo foram relatados para avaliar a
existéncia de interacdes entre os compostos que
pudessem provocar modificagdes semelhantes as
observadas no presente estudo "*
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Conclusion

It was shown that the association of quercetin with
inorganic filters traditionally used in the Cosmetic
Industry (titanium dioxide and zinc oxide) was not
suitable due to the negative interactions that occurred
between the bioactive compound and the metals, only
identified during the course of the stability study. This
highlights the importance of monitoring the functional
stability of photoprotective formulations. However,
considering the in vitro estimated photoprotective
efficacy of the isolated flavonoid, its use can still be
explored as an alternative substitute to classic UV
filters, in addition to its antioxidant properties.
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