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Resumo

Modificacdes nas caracteristicas da pele no periodo do envelhecimento séo inevitaveis, sendo influenciadas por fatores
intrinsecos, conhecidos como ‘envelhecimento natural’, e fatores extrinsecos, causados por fatores ambientais, como a
radiacdo solar. No presente estudo, foram desenvolvidas formulages semissélidas fotoprotetoras com os ativos
antienvelhecimento (Adenin®, Biolumen®Firm e Lipossomas de Coenzima Q10®). Foi determinado o fator de protecdo
solar in vitro e avaliada a estabilidade das diferentes formulagdes. As emulsdes contendo os filtros metoxicinamato de
octila associado a benzofenona3 obtiveram FPS de 27,45, e com os ativos antienvelhecimento Adenin®,
Biolumen®Firm e Lipossomas de Coenzima Q10%®,24,31, 24,90 e 33,17, respectivamente. Ao produzir as formulagdes
contendo o filtro solar hidrossolivel UVA-UVB, o resultado na determinagao do FPS foi de 12,48. Na presenca dos
ativos antienvelhecimento, os resultados apresentaram um decréscimo. No estudo de estabilidade prévia, as
formulagBes contendo os filtros metoxicinamato de octila e benzofenona3, juntamente com os ativos
antienvelhecimento, mostraram-se mais estaveis quando comparadas as formulag6es com o filtro solar hidrossoltvel
UVA-UVB na presenca dos ativos antienvelhecimento. Sendo assim, os filtros metoxicinamato de octila e
benzofenona3 podem ser associados a estes ativos antienvelhecimento sem causar alteracdes significativas em seu FPS
e sua estabilidade.

Palavras-chave: Ativos Antienvelhecimento; Envelhecimento Extrinseco; Fator de Protecdo Solar in vitro;
Filtro Solar.

Abstract

Modifications in skin characteristics during aging are inevitable, and are influenced by intrinsic factors, known as
‘natural aging’,and extrinsicfactors, caused by environmental factors, such as solar radiation.In the present study,
semisolid formulations containing photoprotectors were developed with different aging actives (Adenin®,
Biolumen®Firm,and Coenzyme Q10®Liposomes). The solar protection factor was determined in vitro, and the stability
of the different formulations was evaluated. The emulsions containing the filters octylmethoxycinnamate and
benzophenone-3 had an FPS of 27.45, while those including the anti-aging actives Adenin®, Biolumen®Firm, and
Coenzyme Q10® Liposomes presented FPS of 24.31, 24.90, and 33.17, respectively. When producing the formulations
containing the hydrosoluble UVA-UVB sunscreen, the obtained FPS determination was of 12.48. In the presence of
the anti-aging actives, the results revealed a decrease. Meanwhile, when analyzing primary stability, the formulations
including the filters octylmethoxycinnamate and benzophenone-3, as well as the anti-aging actives, showed to be more
stable when compared with those containing hydrosolubleUVA-UVB sunscreen in the presence of the anti-aging
actives. Thus, the filters octylmethoxycinnamate and benzophenone-3 can be associated with these anti-aging actives
without significant differences in SPF and stability.

Keywords: Anti-Aging Active; Extrinsic Aging; Sun Protection Factor in vitro; Sunscreen.
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Introduction

Aging constitutes a natural process
caused by intrinsic and extrinsic factors.
Intrinsic aging is considered inevitable since,
over time, the skin changes, reducing collagen
and estrogen fibers, becoming more flaccid,
thin, and sensitive. It also becomes more prone
to the appearance of wrinkles and spots.
Extrinsic aging, in turn, depends on the
relationship between sun exposure and skin
phototype, characterized by photoaging.'-2

UVA and UVB rays present in solar
radiation can cause premature aging and loss
of hyperpigmentation. UVA rays originate
photodermatoses, which favor skin aging and
the appearance of spots. UVB rays, in turn, are
those that stimulate tanning and cause
sunburn.®

In this context, photoprotection plays a
considerably significant role. Preventing the
appearance of skin damage, such as aging,
deep  wrinkling, skin cancer, and
photodermatoses, are attitudes that can be
carried outhy the use of topical sunscreen, for

example.* The efficiency of sunscreen is
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measured by the sun protection factor, which
can be determined in vitro and in vivo.

The purpose of using sunscreen is
decrease the intensity of radiation before it
penetrates the skin through photoprotection
effects. Sunscreen are divided into two types:
organic, such as benzophenone-3,
octylmethoxycinnamate, and water-soluble
UVA and UVB filters, and inorganic,
including titanium dioxide and zinc oxide.
Organic ~ sunscreen  present  aromatic
compounds with carboxylic groups that
preserve the skin by absorbing high-energy
ultraviolet radiation, transforming it into
harmless energy (not prejudicial to humans).
There are several types of organic sunscreen,
each one has specific physical and chemical
characteristics. Benzophenone-3 (2-hydroxy-4-
methoxy-benzophenone) provides good UVB
and UVA protection, excellent chemical
stability, and its concentration for topical
application is up to 5.0%.3

Octylmethoxycinnamate (2-ethylhexyl
4-methoxycinnamate), whose concentration
can be used up to 8.5%, absorbs UVB radiation
well, but little UVA radiation. When
associated  with

benzophenone-3, its

photoprotective effect increases.



The UVA and UVB water-soluble
filter (2-phenylbenzimidazole-5-sulfonic acid,
2-hydroxy-4-methoxybenzophenone-5-sulfonic
acid, propandiol-1,2, and water) retains
excellent compatibility with any skin type. It is
easily produced and handledand can be used in
concentrations up to 20%.°

Inorganic sunscreen contains metal
oxides in their formulation. They are
composed of particles that present the size of
the radiation to be dispersed, and their
effectiveness is determined by the order which
the particles are found. This type of filter is
substantially safe and effective due its low
irritability potential and is mainly used in
individuals with more sensitive skin.’

These products are widely offered in
the current market, either in the form of gels,
lotions, sticks, or aerosols. Their formulation
may include, in addition to sunscreen, agents
with secondary functions such as antioxidants,
anti-aging actives, oil control agents, and
pigments, among others.*

The demand for anti-aging gents in
sunscreen has increased considerably, allowing
people to age healthily, postponing changes
caused by time on the skin.” In this context,

several products may be associated with
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sunscreen, such as Adenin®, Biolumen®Firm,
and Coenzyme Q10®Liposomes.®

Adenin®, can be used in concentrations
up to 0.1%, is a synthetic plant hormone that,
when in contact with human skin, delays or
reverses age-related cellular alterations.®

Biolumen® Firm has in composition
amino acids derived from yeast and
polyphenols coated with a tricalcium
phosphate substrate. This anti-aging treatment
utilizes photodynamic therapy through the use
of UV light, which stimulates the activity of
fibroblasts, promoting the reduction of
wrinkles and cell repair, as well as increasing
skin elasticity. It can be used in concentrations
up to 5%.%°

Coenzyme Q10®liposomes have high
skinpenetration capacity and elevated moisture
retention and are indicated in the improvement
of skin resistance. These actives contain
antioxidant molecules in their formula that
decrease the concentration of free radicals and
their action on cells. Additionally, they may be
used at concentrations of 0.5% to 5%.*

The incorporation of anti-aging actives
in photoprotective formulations may alter the
value of the sun protection factor of the

Polawax® nonionic base emulsion. Therefore,



tests were performed to ensure the value of the
product’s sun protection. In the present study,
photoprotective ~ semi-solid ~ formulations
containing different anti-aging actives were
developed in order to determine the sun
protection factor in vitro, as well as predict

their stability.

Methods

This study was developed in the
Laboratory of Pharmacotechnics in University
of Parand (UNIPAR), located at the Francisco
Beltrdo University Unit, in Parana, Brazil.
consisted  of:

The used materials

benzophenone-3  (Galena-lot:  1508018201),
octylmethoxycinnamate (Fagron - lot: 328976),

water-soluble UVA-UVB filter (Mapric - lot:

PROD018028),  Adenin®(Galena - lot:
14060113),  Biolumen®Firm  (Galena -
lot:1504020201), and Coenzyme

Q10®Liposomes (Mapric - lot: PROD018520).

EMULSION DEVELOPMENT

Formulations development, a nonionic
base was selected, which is an improved
combination of plant-based stabilizers and

emulsifiers used for skincare lotions and
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creams. The utilized formula is described in
Table 1.

Table 1. Description of the components of the

nonionic base (Polawax®).

Phase Raw materials Quantity
Polawax® 12.0g
Cetoestearilic 1.59
A alcohol
Mineral Oil 5.0mL
Propylparaben 0.1g
Propylene 5.0mL
glycol
EDTA 0.1g
B Methylparaben 0.1g
QPS distilled 100mL
water

g = Grams, mL= Milliliters

The emulsions were prepared by
heating the components of the oil phase and the
aqueous phase on 752A magnetic heating
agitator  (Fisatom). The components of
eachphase were separated into beakers for
heating, after which the two were removed as
soon as they reached temperatures of 70°C.
Next, aqueous phase was poured over the oil
phase and kept under constant stirring until
reaching 40°C, after which the nonionic base
was reserved.

Following complete cooling, the
nonionic base was divided into two parts. In the
first part, 5.0% of benzophenone-3 was added,
together with 8.5% octylmethoxycinnamate. In

the second part, 17% of water-soluble UVA-

UVB filter was added. Afterward, the two



emulsions were again divided into two parts. In
one part of each emulsion, the sun protection
factor (SPF) was determined, and in the other,
three divisions were carried out. Since three
anti-aging actives were tested (Adenin®,
Coenzyme Q10®Liposomes, and
Biolumen®Firm), they were incorporated into
each part of the division, totaling eight
formulations, that were separated in triplicate,
each weighing 10 grams. The formulations

were then packaged in plastic tubes and

underwent SPF determination.

SUN PROTECTION FACTOR

DETERMINATION

In order to determine the sun
protection factor (SPF) of the emulsions, in
vitro spectrophotometric method described by
Mansur et al. (1986)? and cited by Alves et al.
(2010)*® was employed.

From each emulsion, 0.5 grams was
weighed and diluted in 96°GL ethyl alcohol,
then transferred to 25 mL volumetric flask,
followed by the addition of sufficient ethyl
alcohol to complete the volume. A total of 0.1
mL was removed from previous dilution, and

the volume was filled with ethyl alcohol to 25
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mL in another volumetric flask, obtaining a
concentration of 0.2uL/mL. Subsequently, the
absorbances were read on a UV-1601
spectrophotometer (Shimadzu) at wavelengths
of 290 to 320 nm at 5nm intervals. After
emulsion reading, the SPF of each one was

calculated following Equation 1.

Equation 1. SPF = CF.%3:20.EE (A). Abs ()

In this equation, CF is the correction factor
equal to 10; EE (A) constitutes the
erythematogenic effect of solar radiation at
each wavelength X; i (A) comprises the
intensity of light at wavelength X, and Abs ()
is the spectrophotometric reading of the sample
absorbance in each wavelength. The control
used in the analyses was 96°GL ethyl alcohol,
and the EE (A) x I (A) values for each

wavelength are shown in Table 2.

Table 2. Values employed in the SPF

determination calculation.

X (nm) EE (W) x1 (%)
290 0.0150
295 0.0817
300 0.2874
305 0.3278
310 0.1864
315 0.0839
320 0.0180

A = Wavelength — nm; EE (1) = Erythematogenic effect; | (A) =
Absorbance



PRIMARY EMULSION STABILITY

ASSESSMENT

After determining the SPF of
formulations, they were submitted to primary
stability analysis (ice-thaw cycle). In this
present study, the emulsions were stored for 24
hours in freezer at -5 £ 2°Cand 24 hours in an
oven at 45 + 2°C for 15 days, aiming to
accelerate possible reactions between the
emulsion components. Organoleptic
characteristics, mechanical stress, pH, and

spreadability were analyzed, and all tests were

performed in triplicate.!

ORGANOLEPTIC CHARACTERISTICS

The organoleptic characteristics, aspect,
color, and odor were visually analyzed in order
to monitor and observe the homogeneity of the
formulations, thus enabling to verify possible

instabilities.?

MECHANICAL STRESS

Approximately 2g of each formulation
was placed in test tubes and centrifuged in

Centrifuga Baby® I centrifuge for 15 minutes at
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3000 rpm. The purpose of the test was to check
if they presented sedimentation or phase

separation.®®

PH DETERMINATION

Prior to start the test, Tec 3-MP pH
meter was calibrated with pH 7.0 and pH 4.0
buffer solutions. Next, 10% solution of each

emulsion was prepared and read.®

SPREADABILITY

A circular glass mold plague with a
hole in the center was superimposed to glass
support plaque that contained a sheet of graph
paper in its interior. A small amount of sample
was placed in the plaque’s hole, while the
surface was leveled with a spatula.
Subsequently, the circular plague was removed.
A Petri dish was placed on the sample and, after
one minute, the encompassed surface was
calculated by  two-position diameter,

horizontally and vertically.}” Spreadability was

calculated using Equation 2.

Equation 2. 5i = dz.f



In this equation, Si constitutes the
spreadability of the sample for weight (i), and

(d) is the mean diameter (mm) squared.

Results

SOLAR PROTECTION FACTOR

DETERMINATION

The SPF was initially determined only
regarding the base emulsion to establish value.
After the addition of anti-aging actives, the SPF
was again quantitated to see if they would
enhance or decrease value. Tables 3 and 4
shows the results of the SPF determination in

analyzed formulations.

Table 3. Results of the in vitro SPF
determinations of the emulsions containing
benzophenone-3 and octylmethoxycinnamate,

and after the addition of the anti-aging actives.
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Table 4. Results of in vitro SPF determinations
of the emulsions containing water-soluble

sunscreen, and after addition of the anti-aging

actives.
Sunscreen SPF
Water-sol. Filter 12.48 + 0.42
Water-sol. Filter + 6.69 + 0.17
Adenin®
Water-sol. Filter + 9.71 +0.56
Coenyme Q10® L.
Water-sol. Filter + 7.17 +0.39

Biolumen® Firm

Sunscreen SPF
BZ3 + OMC 27.45+0.31
BZ3 + OMC + Adenin® 24.31 +0.67
BZ3 + OMC + 33.17+1.21
Coenzyme Q10® L.
BZ3 + MCO + 24,90 +1.22

Biolumen® Firm

BZ3 = Benzophenone-3; OMC = Octylmethoxycinnamate; SPF =
Sun protection fator
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SPF = Sun protection fator
According to Table 3, nonionic

emulsion containing benzophenone-3,

associated  with  octylmethoxycinnamate,
obtained an SPF of 27.45, near SPF 30.
However, a reduction in the results was
observed after addition of the anti-aging actives
Adenin® (24.31) and Biolumen® Firm (24.90).
On the other hand, the Coenzyme
Q10®Liposomeactive enhanced the SPF value

of the nonionic base emulsion, with SPF of

33.17.

PRIMARY EMULSION STABILITY

ASSESSMENT

All tests were performed in triplicate
and at time zero (24 hours) after 15 days. The

results obtained in primary stability assessment
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of the different formulations are described in Tables 5 and 6.

Table 5. Characteristics of the formulations containing benzophenone-3 + octylmethoxycinnamate and

the anti-aging actives.

Formulations

 Parameters Adenin® Biolumen® Firm Coenzyme Q10® L. +
‘ + BZ3 + OMC +BZ3 + OMC BZ3 + OMC
to 154 to 154 to 154
Color CO/OP CO/0P CO/OP CO/OP CO/oP CO/oP
Odor C C C C C C
Homogeneity C C C C C C
Brightness Cc Cc C C C C
pH 5.69 6.02 7.60 7.88 5.92 5.60
Sp(:ﬁ?:f)lblllty 1.499 08 2.30+1.88 1.5617.38 2 146.44 1.45+1.98 147978
U772 105015 g0 TO8786 g55qp, 126413
Homog(_anelty afte c c c c c c
mechanical stress
Consistency C C C C C C

BZ3=Benzophenone-3; OMC=0ctylmethoxycinnamate;CO/OP=Control/Opaque; C=In conformity

Table 6. Characteristics of the formulations containing water-soluble UVA-UVB sunscreen and anti-aging

actives.
Formulations
Adenin® Biolumen® Firm Coenzyme Q10%® L.
Parameters + BZ3 + OMC + BZ3 + OMC +BZ3 + OMC
1o 154 1o 154 to 154
Color CO/OP CO/OP CO/OP CO/OP CO/OP CO/OP
Odor C C C C C C
Homogeneity C C C C Cc Cc
Brightness C C C C C C
pH 7.12 6.98 7.16 7.97 6.96 7.86
Spreadability 149908 2787.13 147684 339902 0232 363036
2 — =
(mm2) +117.72 +107.23  +13025  +11004 o 87 16
Homogeneity
after c c c c c c
mechanical
stress
Consistency C C C NC C NC
CO/OP=Control/Opaque; conformity; NC=Not in conformity.
8
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Discussion

The results obtained demonstrated a
reduction of the sun protection factor in the
nonionic emulsion containing benzophenone 3
associated with octyl methoxycinnamate after
the addition of the anti-aging actives Adenin®
(24,31) and Biolumen® Firm (24,90), possibly
due to interactions between filter components
and the anti-aging actives.

Regarding the results of the
determination  of  emulsions  containing
benzophenone-3 and octyl methoxycinnamate
after the addition of anti-aging actives, it can be
observed that the SPF had a low value,
contrasting with what was expected due to its
high concentration in the emulsion. Considering
the anti-aging actives present in the nonionic
emulsion containing the water-soluble UVA-
UVB filter, the SPF decreased even more,
implicating the occurrence of an interaction
between the actives and the sunscreen. The use
of this filter, associated with the analyzed
actives, to obtain effective sun protection, is not
recommended.

These results are similar to those

obtained by Alves et al. (2010).® In their

study, the in vitro variation of SPF in the tested
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emulsions was not significant after adding the
anti-aging actives.

Alves et al. (2010)® highlighted that it
is necessary to consider the oily, aqueous, or
emulsive character of the bases in which
sunscreen are incorporated since theypresent
different solubilities, causing interference in
their absorptive properties. Therefore, the
association of these filters with anti-aging
actives should be done with caution, as
reductions inthe SPF may occur.

Taking into account the characteristics
of formulations containing benzophenone-3 +
octylmethoxycinnamate and anti-aging actives,
it was observed that the formulations presented
satisfactory organoleptic characteristics,
without phase separation, inferring stability of
the emulsions. ThepH wvalues in the
formulations containing the anti-aging actives
Adenin® and Coenzyme Q10® Liposomes
showed a slight increase after 15 days,
althoughthe values obtained were close to those
of the base emulsion (control). The emulsion
containing Biolumen® Firm, in turn, showed a
higher increment in pH value since the

beginning of the study, with a slight increase at

the end of 15 days. These differences in pH are



probably related to the characteristics of the
actives and the sunscreen.

The tests performed with the water-
soluble UVA-UVB filter and the anti-aging
actives showed several alterations after 15 days
of testing, as described in Table 6. The pH
values were increased in the formulations
containing the actives Biolumen® Firm and
Coenzyme Q10® Liposomes, indicating possible
formulationinstability.

Changes in consistency were observed
in two actives, Biolumen® Firm and Coenzyme
Q10® Liposomes, possibly due to the
interferences of the sunscreen with the anti-
aging actives and, probably, by the absorption
of moisture by the emulsion. The remaining
sensory tests continued stable throughout the
time in which they were performed.

The spreadability results of the
formulations in both tables demonstrated a
significant increase. This is probably due to
sudden changes in temperature to which the
emulsions were submitted and also an
indication that the packaging was not the most
appropriate, as moisture absorption was present.

According to Moraes and Canuto

(2011),%® some emulsion stability tests appear
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increased due to the incompatibility of the base
raw materials with the actives used in their
preparation, or to the packaging material, which
allows light and oxygen to pass through.
Intrinsic factors may also be related to emulsion
instability, such as changes in pH.

Meanwhile, according to Silva (2000),%°
emulsions comprise more or less stable
systems, especially when they are subjected to
high temperatures, because the mean Kkinetic
energy, rheological properties, and viscosity
increase, also resulting in the chemical and
physical instability of the emulsions.

Considering the study by Pinho et al.
(2014),%° in which the in vitro SPF of gel-based
magistral products containing the water-soluble
UVA-UVB sunscreen was determined, the filter
was effective when incorporated in emulsions
with pH 7.2 and 7.5. When below that, the filter
may modify itself to acid form and, as a

consequence, may no longer be water-soluble.

Conclusion

Under the experimental conditions of
the present study, it was possible to observe that
sunscreen  for the

the most suitable

10



incorporation of anti-aging actives were
benzophenone-3 and octylmethoxycinnamate
since they obtained satisfactory results. This
association in  photoprotective  cosmetic
formulations is of substantial value, given both
have contributed to and complement each other
in protection against UV radiation damage and
skin changes caused by extrinsic aging.
Nevertheless, when analyzing their

incorporation in  water-soluble  sunscreen
emulsions, it was noted that, even at high
concentrations, they were not able to determine
a high SPF, suggesting their association with
other filters.

Therefore, it is necessary that future
studies determine the SPF of several
formulations containing different anti-aging

actives in order to verify if the product is able

to guarantee its action.
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