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Abstract

New technologies that improve the physical as the sensory properties of sunscreens can help to increase its continued use and
impact on health. The use of nanoemulsions in the development of photoprotective vehicles is an advantage, since nanostructured
components may have superior properties regarding their performance when compared to conventional products. The
advantages of using nanobiotechnology in manufacture of cosmetic and dermatological formulations arise from the protection
of compounds from chemical or enzymatic degradation, from the control of their release, and also to the prolonged retention
time of cosmetic ingredients in the stratum corneum. Thus, this study aimed to evaluate the impact of stirring speed and of
glycerin and sodium chloride concentrations in the development and effectiveness of a nanoemulsion containing ethylhexyl
methoxycinnamate and benzophenone-3. The results of statistical analyses regarding the impact of the variables in the process
of nanoemulsion development showed that these parameters affect the phase inversion temperature (PIT). However, this did
not affect the particle size and the photoprotective efficacy in vitro.

Key-words: Nanoemulsion; Photoprotection; Ethylhexyl methoxycinnamate; Benzophenone-3

Resumo

Novas tecnologias que melhorem a aparéncia fisica e o sensorial de fotoprotetores podem ajudar a aumentar a continuidade
do uso ¢ o seu impacto em saude. A utilizagdo de nanoemulsdes como veiculos cosméticos para o desenvolvimento de
fotoprotetores, torna-se uma vantagem, pois componentes nanoestruturados podem apresentar propriedades superiores
quanto a sua performance em comparagdo a produtos convencionais. Do ponto de vista cientifico, as vantagens do uso da
nanobiotecnologia na producdo de nanocosméticos e formulagdes dermatologicas sdo concernentes a protecdo de compostos
quanto a degradagdo quimica ou enzimatica, ao controle de sua liberagdo e ao prolongamento do tempo de retencdo dos ativos
cosméticos no estrato corneo. Este estudo pretende avaliar a influéncia de diversas variaveis no processo de desenvolvimento e
avaliagdo da eficacia fotoprotetora in vitro de uma nanoemulsdo contendo p-metoxicinamato de octila e benzofenona-3, obtida
empregando o método da temperatura de inversao de fases (PIT). Os resultados demonstram que a velocidade de agitacado, a
concentragdo de glicerina e a do cloreto de sodio influenciam a temperatura em que a emulsdo inverte de A/O para O/A (PIT)
das formulagdes compostas de p-metoxicinamato de octila e benzofenona-3, entretanto, ndo influenciam o tamanho de particula
nem a eficacia fotoprotetora in vitro.
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Introduction

Moderate sun exposure is beneficial to humans, pro-
moting the physical and mental welfare and stimulating
the melanin production. However, solar radiation can
also cause damage to the human body M. The incidence
of skin cancer has steadily increased and the main cause
is excessive exposure to solar radiation. Thus, the wide-
spread use of sunscreens has been indicated by several
international institutions as the most appropriate meth-
od to reduce the damage caused by solar radiation, par-
ticularly skin cancer and premature aging 1.

Fluid and semi-solid emulsions have been widely used
in cosmetics as vehicles for active compounds [3]. Na-
noemulsions are preparations with particle size in the
nanometer scale, metastable, often fluid, with a bluish
gloss and appearance that can vary from translucent to
opaque, depending on the particle size .

The vast use of nanoemulsions in both cosmetics and
pharmaceutical industries, along with the growing con-
cern over the damages caused by excessive exposure to
solar radiation, justifies the selection of these vehicles
for pharmacotechnical studies. In agreement with this
scenario, this study involved the development of pho-
toprotective nanoemulsions employing a low energy
process. Furthermore, the particle size and the in vitro
effectiveness of the photoprotective systems was evalu-
ated, considering the possible influences of stirring
speed, glycerin and sodium chloride concentrations in
the development process (7],

Material and Methods

Formulations

A factorial experimental design (DoE, 33, Minitab®)
was defined, with the selection of three variables at
three different levels, as shown in Table 1. The quali-
tative and quantitative composition (in cg/g) of the na-
noemulsions is shown in Table 2.

Formulations Characterization

Phase Inversion Temperature (PIT) determination
The temperature of the hydrophilic-lipophilic balance

(HLB), also defined as the PIT, was determined by the
electrical conductivity method. Thus, all components
(Table 2) were weighed in a glass beaker and heated
gradually with mechanic stirring (at 400 rpm), while
the conductivity (in mS) was measured as a function
of temperature. The conductivity measurements were
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Introducao

A exposi¢do moderada ao sol traz beneficios ao ser
humano, como sensacdo de bem estar fisico, mental e
estimulo a produ¢@o de melanina. Porém, o excesso de
radiacdo solar também pode causar prejuizos ao organ-
ismo 1. A incidéncia de cancer de pele tém aumentado
continuamente ¢ a principal causa ¢ o excesso de ex-
posicdo a radiagdo solar. Desta forma, o uso em larga
escala de protetores solares tem sido indicado por di-
versas instituigdes internacionais como método apro-
priado para reduzir os danos causados pela radiagdo so-
lar, especialmente o cancer de pele ¢ o envelhecimento
precoce 21,

Emulsoes fluidas e semi-solidas vém sendo amplamente
usadas em cosméticos como veiculos para compostos
ativos B, Nanoemulsdes sdo preparagdes com tamanho
de particula em escala nanométrica, metaestaveis, ger-
almente fluidas, com brilho azulado e aspecto que pode
variar de transliicido a opaco, dependendo do tamanho
das particulas da fase interna ™!,

O amplo emprego das nanoemulsdes em industrias
cosméticas e farmacéuticas assim como a crescente
preocupacdo com os danos causados pelo excesso de
exposicao a radiagdo solar justificam sua escolha como
tema de estudos farmacotécnicos. Em concordéncia
com este panorama, o presente trabalho envolveu o
desenvolvimento de nanoemulsdes fotoprotetoras em-
pregando um método de baixa energia. Adicionalmente,
este trabalho avaliou o tamanho de particula e a eficacia
fotoprotetora in vitro dos sistemas obtidos, consideran-
do a possivel influéncia de trés variaveis (velocidade de
agitag¢do, concentragdo de glicerina ¢ concentragdo de
cloreto de s6dio) no processo de desenvolvimento da
formulagao ©7

Materiais e Métodos

Formulagoes

Com o objetivo de otimizar o processo de desenvolvi-
mento da nanoemulsao, foi elaborado um planejamento
experimental do tipo fatorial (DOE, 3°, Minitab®) sele-
cionando trés variaveis em trés diferentes niveis, con-
forme Tabela 1. A Tabela 2 apresenta a composicao
qualitativa e quantitativa (em cg/g) das nanoemulsodes
analisadas.

Caracterizacdo das Formulacoes

Determinacdo da Temperatura de Inversdo de Fases
PIT

A temperatura de equilibrio hidrofilico-lipofilico
(EHL), também definida com temperatura de inversao
de fases (PIT) foi determinada pelo método da condu-
tividade elétrica. Dessa forma, todos os componentes



recorded at room temperature, i.e. 22.0 + 2.0) °C, and
at 5.0 °C increments up to 80.0 °C. The PIT was de-
termined when a marked decrease in the conductivity
value was observed, which evidenced the emulsion in-

version from oil in water (O / W) to water in oil (W/O)
[8:9;10]

Particle size determination

The particle size and size distribution were measured
with an acoustic spectrometer (DT-1200, Dispersion
Technology Inc.). The nanoemulsions were prepared,
stored for 24 hours and transferred, without dilution,
to a specific compartment of the instrument. Analyses
were performed in triplicate, in the distance range of
0.325 mm to 20.000 mm between the transmitter and
the receiver, and in the ! MHz frequency range. The
sound attenuation was monitored over time 111314,

Production technology impact on nanoemulsions
Impacto da tecnologia de producdo nas nanoemulsoes

(Tabela 2) foram pesados em béquer de vidro e grad-
ualmente aquecidos sob agitacdo mecanica (400 rpm)
enquanto a condutividade (em mS) foi medida em fun-
¢do da temperatura. As leituras de condutividade foram
registradas a partir da temperatura ambiente i.e. 22,0 £
2,0 °C e a cada incremento de 5,0 °C até atingir 80,0
°C. A PIT foi determinada quando ocorreu diminui¢ao
acentuada no valor da condutividade, o que evidenciou
ainversao da emulsdo de 6leo em agua (O/A) para agua
em 0Oleo (A/O) [%%10],

Determinac@o do Tamanho de Particula
O tamanho de particula e a distribuicdo de tamanhos

foram medidas por espectrometro acustico (DT-1200,
Dispersion Technology Inc., Bedford Hills, NY). Para
determinacdo do tamanho de particula e da distribuicao
de tamanhos, uma amostra de nanoemulsdo foi pre-
parada, armazenada durante 24 horas e entdo transfer-
ida para o compartimento especifico do equipamento
DT-1200 sem dilui¢do. As analises foram realizadas
em triplicata, no intervalo de distancias [**2*:2) mm en-
tre transmissor e receptor e na faixa de frequéncias [3;
100] MHz. A atenuagido do som foi monitorada durante
0 tempO [11;12513; 14].

Table 1/ Tabela 1. Levels and Factors in the design of experiments 3° (DOE,
Minitab®) for the development of nanoemulsions
Planejamento fatorial 3° (DOE, Minitab™) para otimiza¢io do processo de
desenvolvimento da nanoemulsao

Factors/ Variavel

Level/ Nivel (-)

Level/ Nivel (0) Level/ Nivel (+)

Speed/ Velocidade de
agitacao (rpm)

Sodium chloride/ NaCl (cg/g)
Glycerin/ Glicerina (cg/g)

400

600 800
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Table 2. Qualitative and quantitative (cg/g) composition of the formulations

Components
Formulation Fixed Components Variable Components
Codes (calg)
Speed Glycerin Sodium chloride
(rpm) (cglg) (cglg)
01 800 15 2
02 800 10 3
03 400 10 2
04 400 5 2
05 800 15 1
BHT (0.1)
06 800 5 3
07 EDTA Na (0.1) 600 5 3
08 Phenoxyethanol (and) 400 15 2
09 methylparaben (and) 400 5 1
ethylparaben (and)
10 propylparaben (and) 600 10 1
11 butylparaben (and) 400 15 3
12 isobutylparaben (0.5) 600 5 2
13 Cetearyl alcohol (3.0) 800 10 2
14 Acqua (q.5.p.) 400 10 3
15 600 15 3
16 Ethylhexyl m(e7thSc;xycinnamate 800 10 1
17 600 15 1
18 Benzophenone-3 (2.0) 600 5 1
19 Caprylic/capric triglyceride 400 5 3
20 (5.0) 400 15 1
21 Oleth-3 (2.0) 800 5 2
22 600 15 2
Oleth-20 (10.0)
23 800 15 3
24 800 5 1
25 400 10 1
26 600 10 2
27 600 10 3

Qualitative composition described according to INCI (/nternational Nomenclature of Cosmetic Ingredients)
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Tabela 2. Composi¢cdo quali e quantitativa (cg/g) das amostras elaboradas no

Formulacdes

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Componentes Fixos
(cg/g)

BHT (0,1)

EDTA Na, (0,1)
Phenoxyethanol (and)
methylparaben (and)

ethylparaben (and) propylparaben
(and) butylparaben (and)
isobutylparaben (0,5)
Cetearyl alcohol (3,0)
Acqua (q.s.p.)

Ethylhexyl methoxycinnamate
(7.5)

Benzophenone-3 (2,0)
Caprylic/capric triglyceride (5,0)
Oleth-3 (2,0)

Oleth-20 (10,0)

Composicao

Agitacao
(rpm)

800
800
400
400
800
800
600
400
400
600
400
600
800
400
600
800
600
600
400
400
800
600
800
800
400
600
600

planejamento experimental do tipo fatorial, 3° (DOE, Minitab®), para
otimizagao do processo de desenvolvimento da nanoemulsao

Componentes Variaveis

Glicerina
(cg/®)
15
10
10

10

Cloreto de sodio
(cg/g)

2

3
2
2

N W W

[

N = = W NN = W= = =W W NN W

3

Composigao qualitativa descrita segundo nomenclatura INCI (/nternational Nomenclature of Cosmetic Ingredients
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Determination of Effectiveness photoprotection in vitro
The in vitro photoprotective effectiveness was determined by use of a diffuse reflectance spectrophotometer

equipped with an integrating sphere (Ultraviolet Transmittance Analyzer, UV-2000S, Labsphere). The nanoemul-
sions were prepared, stored for 24 hours and uniformly applied to the rough side of a PMMA plate (polymethy-
lacrylate - Helioplate® HD, HelioScreeen), with an application rate of 0.75 milligrams of nanoemulsion per square
centimetre. The film formed on the plate was allowed to dry under ambient room temperature conditions at (22.0 +
2.0) C for 30 minutes and the UV absorbance was measured at nine different points of the PMMA plate. The result-
ing absorbance was converted by the equipment’s software into in vitro sun protection factor (SPF) values !3!617),

Statistical Analysis

A factorial experimental design (DoFE 33, Minitab®) was employed to analyze the influence of stirring speed, glyc-
erin and sodium chloride concentrations in the nanoemulsions’ development process. The results obtained were
analyzed by a specific software (Minitab®, version 15), with a significance level of 0.05 (p < 0.05), for the deter-
mination of statistically significant results !'%1),

Table 3. PIT, particle size and in vitro sun protection factor obtained by the design of
experiments 3° for nanoemulsions

Formulation Speed Glycerin Sodium PIT . .
Codes (rpm) (cglg) chloride (°C) Sizet Size2 vri2ivrf SPF
(cg/g) (um) (um)

7 800 15 2 59,0

2 800 10 3 61,0 0,639 1,331 0,24 8
3 400 10 2 66,0 0,368 9,358 0,61 8
4 400 5 2 67,0 0,010 2,915 0,42 7
5 800 15 1 66,0 0,011 5,389 0,66 8
6 800 5 3 64,0 0,026 4,529 0,62 8
7 600 5 3 64,0 0,010 6,283 0,75 7
8 400 15 2 62,0 0,010 4,876 0,60 8
9 400 5 1 72,0 0,050 9,422 0,63 8
10 600 10 1 69,0 0,010 4,635 0,43 8
11 400 15 3 60,0 0,010 2,503 0,33 9
12 600 5 2 65,0 0,011 1,702 0,30 13
13 800 10 2 62,0 0,010 5,457 0,79 7
14 400 10 3 59,0 0,011 2,163 0,30 13
15 600 15 3 57,0 0,011 3,519 0,39 9
16 800 10 1 66,0 0,010 0,586 0,10 19
17 600 15 1 67,0 0,011 1,572 0,19 12
18 600 5 1 69,0 0,774 5,878 0,41 11
19 400 5 3 66,0 0,768 2,079 0,45 14
20 400 15 1 67,0 0,010 3,178 0,70 14
21 800 5 2 68,0 0,109 9,315 0,01 12
22 600 15 2 62,0 0,092 9,153 0,01 10
23 800 15 3 58,0 0,120 8,051 0,91 12
24 800 5 1 65,0 0,258 0,275 0,01 10
25 400 10 1 67,0 0,054 3,071 0,60 9
26 600 10 2 65,0 0,101 11,475 0,89 7
27 600 10 3 56,0 0,091 9,720 0,90 8

Qualitative composition described according to INCI (/nternational Nomenclature of Cosmetic Ingredients)
Legend — size 1: first mean size; size 2: second mean size (polydisperse sample); vrf2/vif: size 1/ size 2
FPS: Sun Protection Factor
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Determinacdo da Eficacia Fotoprotetora in vitro
A eficacia fotoprotetora in vitro foi determinada por espectrofotometria de refletdncia difusa equipado com esfera

de integracdo (Ultraviolet Transmittance Analyzer, UV-2000S, Labsphere, US). Uma amostra da emulséo foi pre-
parada, armazenada por 24 horas e entdo aliquotas de 0,75 mg/cm? de emulsao foram aplicadas uniformemente no
lado rugoso da placa de PMMA (Polimetilacrilato - HD Helioplate®, HelioScreeen, US) . O filme formado sobre
a placa foi deixado para secar sob condigdes ambientais a (22,0 + 2,0) °C, por 30 minutos. A absorbancia UV do
filme foi medida em nove pontos diferentes do substrato. A absorbancia resultante foi usada para determinar o fator
de protecdo solar (FPS) in vitro, através do software UV2000S [15:16:17],

Analise Estatistica dos Resultados

No presente estudo, foi realizado planejamento experimental do tipo fatorial, 33 (DOE, Minitab®), para analisar a
influéncia das variaveis no processo de desenvolvimento da nanoemulsdo. Os resultados obtidos foram analisados
por software especifico (Minitab®, versdo 15), com nivel de significancia de 5 % (p < 0,05) para a determinagéo de
resultados estatisticamente significativos 15 %1,

Tabela 3. Valores de PIT, tamanho de particula e eficacia fotoprotetora in vitro
determinados nas amostras do planejamento experimental do tipo fatorial

Variaveis
Formulacées Agitagio Glicerina Clm:(:it'o de (I: IC T) Tamanhoe 1 Tamanho 2
(rpm) (cg/g) sodio vri2/vrf FPS
(cgl2) (nm) (nm)

1 800 15 2 59,0
2 800 10 3 61,0 0,639 1,331 0,24 8
3 400 10 2 66,0 0,368 9,358 0,61 8
4 400 5 2 67,0 0,010 2,915 0,42 7
5 800 15 1 66,0 0,011 5,389 0,66 8
6 800 5 3 64,0 0,026 4,529 0,62 8
7 600 3 64,0 0,010 6,283 0,75 7
8 400 15 2 62,0 0,010 4,876 0,60 8
9 400 5 1 72,0 0,050 9,422 0,63 8
10 600 10 1 69,0 0,010 4,635 0,43 8
11 400 15 3 60,0 0,010 2,593 0,33 9
12 600 5 2 65,0 0,011 1,702 0,30 13
13 800 10 2 62,0 0,010 5,457 0,79 7
14 400 10 3 59,0 0,011 2,163 0,30 13
15 600 15 3 57,0 0,011 3,519 0,39 9
16 800 10 1 66,0 0,010 0,586 0,10 19
17 600 15 1 67,0 0,011 1,572 0,19 12
18 600 5 1 69,0 0,774 5,878 0,41 11
19 400 5 3 66,0 0,768 2,079 0,45 14
20 400 15 1 67,0 0,010 3,178 0,70 14
21 800 5 2 68,0 0,109 9,315 0,91 12
22 600 15 2 62,0 0,092 9,153 0,91 10
23 800 15 3 58,0 0,120 8,951 0,91 12
24 800 5 1 65,0 0,258 0,275 0,01 10
25 400 10 1 67,0 0,054 3,971 0,60 9
26 600 10 2 65,0 0,101 11,475 0,89 7
27 600 10 3 56,0 0,091 9,720 0,90 8

Composigao qualitativa descrita segundo nomenclatura INCI (/nternational Nomenclature of Cosmetic Ingredients)
Legenda — Tamanho 1: primeiro tamanho médio; Tamanho 2: segundo tamanho médio (amostra polidispersa); vrf2/vif:
fragdo do Tamanho 2 em relagdo ao Tamanho 1

FPS: Fator de Prote¢ao Solar
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Results and Discussion

In this study, we analyzed the impact of the following
parameters: stirring speed (A), glycerin concentration
(B) and sodium chloride concentration (C) in the PIT,
particle size and in vitro photoprotection effectiveness
of the developed nanoemulsions (Table 3).

Regarding the PIT, the results were organized in two
graphs: a Pareto chart of the standardized results (Fig-
ure 1) and the residual plots (Figure 2). As discussed
previously, the PIT is the temperature at which an emul-
sion inverts from W/O to O/W. When this occurs, the
emulsion passes through a point zero curvature and
promotes a minimum surface tension, which promotes
a decrease in the particle size and, consequently, the
formation of nanoemulsions. Both properties improve
the emulsion formation, and if the PIT is at least 20 °C
above the storage temperature, there is a trend for the
emulsion to be stable over time %2122,

The Pareto chart of the standardized results (Figure
1) demonstrates that the variables A (p = 0.041), B (p
<0.001) and C (p < 0.001) are significant for the PIT.
NaCl concentration (B) has the greatest impact, fol-
lowed by the glycerin concentration (C) and the stirring
speed (A). Nevertheless, the variables associations BC
(p = 0.054), ABC (p = 0.260), AB (p = 0.282) and AC
(p = 0.755) do not present statistical significance, thus
they have no impact on the PIT. This result is further
supported by the four residual plots (Figure 2), since
the regression model is adequate and does not show the
violation of the statistic assumptions '],

Resultados e Discussao

Neste estudo, foi analisada a influéncia das varidveis
(velocidade de agitagdo, concentragdo de glicerina e de
cloreto de sodio) na PIT, tamanho de particula e eficacia
fotoprotetora in vitro das nanoemulsdes desenvolvidas
(apresentadas na Tabela 2). A Tabela 3 apresenta a
PIT, determinacdo do tamanho de particula e eficacia
fotoprotetora in vitro das preparacdes.

Em relagdo a PIT, os resultados foram organizados em
dois graficos: um diagrama de Pareto dos efeitos padro-
nizados (Figura 1) e graficos de residuos (Figura 2).
O diagrama de Pareto dos efeitos padronizados (Figura 1)
demonstra que os fatores A (p =0,041), B (p <0,001) e C (p
< 0,001) sdo significantes em relagdo a PIT enquanto os fa-
tores BC (p = 0,054), ABC (p = 0,260), AB (p =0,282) e AC
(p = 0,755) ndo apresentam significancia estatistica. Por con-
seguinte, as variaveis isoladas analisadas influenciam a PIT:
a concentragdo de NaCl (B) tém maior influéncia, seguida
pela concentragdo de glicerina (C) e pela velocidade de agi-
tacdo (A). No entanto, a associagdo das varidveis (BC, ABC,
AB e AC) demonstra ndo influenciar a PIT. Adicionalmente,
tal resultado é corroborado pelos quatro graficos de residuos
(Figura 2), uma vez que, o modelo de regressdo ¢ adequado e
néo indica violagdo das suposigoes estatisticas 7.

A temperatura em que a emulsdo inverte de A/O para
O/A ¢é chamada de PIT. Quando isto acontece, o ten-
soativo passa por um ponto de curvatura zero e pro-
move a minima tensdo superficial, o que predispde a
diminui¢do do tamanho das particulas e consequente-
mente a formagdo de nanoemulsdes Y. Ambas proprie-
dades beneficiam a formagao de emulsédo e se a PIT for
ao menos 20 °C acima da temperatura de armazenagem,

Pareto Chart of the Standardized Effects
(response is PIT, Alpha = 0.05)

2.093
T

Factor Name

Agtscio
NaCl

0w

Glicerinz

o 1 2 3 4 s
Standardized Effect

T T T T
6 7 8 9

Figure 1/ Figura 1. Pareto chart of the standardized effects for PIT
Diagrama de Pareto dos efeitos padronizados para PIT
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Normal Probability Plot

Residual Plots for PIT

Versus Fits

Percent
8

Residual
.

Residual

Histogram

113 0 65 0
Fitted Value

Versus Order

Frequency
n
s

7
™
e
=

Residual

25

0.0

-4 -2 0 2
Residual

2 4 6 8 10 12 14 16 18 20 22 24 26
Observation Order

Figure 2/ Figura 2. Residual plots for PIT
Gréficos de residuos para a PIT

Regarding the particle size determination and the in vit-
ro photoprotective effectiveness, the statistical analysis
showed that the stirring speed and glycerin and sodium
chloride concentrations had no impact on both parame-
ters. The development of an effective sunscreen should
consider a uniform film formation on the skin, which
increases the sun protection factor. Accordingly, nanoe-
mulsions may present a superior effectiveness when
compared with conventional emulsions with regard to
absorption and scattering of UV radiation. However,
the particle size and the nanoparticulate system stability
are parameters that must be controlled. Recent studies
show that independent variables, such as a surfactant or
oily compounds concentration, affect the particle size
and zeta potential of nanoemulsions. Therefore, future
research should be conducted in order to optimize the
development of photoprotective nanoemulsions 2324,

Conclusion

The design of experiments (DoE) was successfully
used to evaluate the impact of independent variables
on the development of photoprotective nanoemulsions.
Statistical analysis data showed that stirring speed, as
well as glycerin and sodium chloride concentrations af-

ha tendéncia de que a emulsdo formada apresente esta-
bilidade. Jiang e colaboradores (2013) indicaram que
alguns eletrolitos podem diminuir a PIT de nanoe-
mulsodes. Tal propriedade ¢ atribuida a capacidade de
eletrolitos inorganicos interagirem com tensoativos e
estabilizarem a micela formadal®®2!-22-23],

Em relacdo a determinagdo do tamanho de particula e da
eficacia fotoprotetora in vitro a andlise estatistica indicou que
as variaveis analisadas (velocidade de agita¢do, concentragao
de glicerina e de cloreto de s6dio) ndo exerceram influéncia
sobre os referidos parametros. O desenvolvimento de uma
formulacdo fotoprotetora eficaz deve considerar a formagao
de uma pelicula uniforme sobre a pele, que potencialize o
fator de protecdo solar. Nesse sentido, a utilizagdo de nanoe-
mulsdes pode apresentar um perfil de eficacia superior ao das
emulsdes convencionais no que se refere a absorgdo e dis-
persdo da radiacao UV, uma vez que o tamanho reduzido das
particulas favorece a formac¢ao de um filme uniforme sobre o
relevo cutaneo. Entretanto, o tamanho de particula, bem como
a estabilidade do sistema nanoparticulado sdo parametros que
devem ser controlados. Estudos recentes ¥ indicaram que
variaveis independentes como a concentragdo de tensoativos e
a concentragdo de compostos oleosos na formulagdo exercem
influéncia em parametros com o tamanho de particula e poten-
cial zeta de nanoemulsdes. Por conseguinte, observa-se que
estudos futuros devem ser conduzidos com intuito de otimizar
o desenvolvimento de nanoemulsdes fotoprotetoras 421,

Conclusao

O design de experimentos (DOE) foi utilizado com suc-
esso na avaliagdo da influéncia das variaveis independ-
entes no desenvolvimento de nanoemulsdes fotoprote-
toras. Os resultados da andlise estatistica demonstrou
que as variaveis (velocidade de agitacdo, concentragao
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fect the PIT, but do not affect the particle size or the
in vitro photoprotective effectiveness of the nanoemul-
sions. Considering the PIT, the NaCl concentration (B)
showed the greatest impact, followed by the glycerin
concentration (C) and the stirring speed (A).
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de glicerina e de cloreto de so6dio) influenciaram a tem-
peratura em que a emulsdo inverte de A/O para O/A
(PIT) da formulagdo estudada, porém nao influenciar-
am o tamanho de particula nem a eficacia fotoprotetora
in vitro da nanoemulsao.
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