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Excessive exposure to ultraviolet radiation stemmed from sunlight can cause harm to human skin. An
alternative to avoid and reduce the effects of ultraviolet radiation is the use of sunscreens. The sunscreen
octyl methoxycinnamate (OMC) is one of the most used filters globally. Still, studies have indicated sys-
temic absorption of this product and subsequent amendment and impaired functioning of the endocrine
system. Surfactant systems as liquid crystals systems are used to improve the delivery and efficacy of
active ingredients. The OMC incorporated into liquid crystals can have greater retention in the skin’s
outer layers and lower percutaneous absorption, avoiding their harmful systemic effects. This work
aimed to develop and characterize surfactant-based systems for OMC skin delivery and evaluate the
in vitro skin permeation and retention properties. Polarized light microscopy and SAXS showed that
the selected formulations presented cubic mesophases. The formulations presented pseudoplastic beha-
viour and the F1 and F1F formulations presented the highest viscosity of all formulations. The three for-
mulations presented controlled release over time, being the F2F and F3F presenting high release rates
when compared to F1F. The formulation F3F presented the higher stratum corneum retention and lower
epidermis and dermis retention when compared to F1F and F2F. The formultions manteined the sun pro-
tecting factor of OMC, being similar to the finds in the literature for this sunscreen. Thus, the bioadhesive
LCS developed in this work have great potential for OMC delivery to the skin.

� 2021 Published by Elsevier B.V.
1. Introduction

Excessive exposure of human skin to ultraviolet (UV) radiation
is a well-known risk factor for developing burns and skin cancer
[1]. Besides, it can cause rashes, eye diseases, DNA damage, prema-
ture aging of the skin, and immunosuppression [2,3]. To protect the
skin, sunscreens absorb UV radiation in a broad spectrum, physi-
cally cover and adhere well to the skin, and resist water removal.
Also, it should remain in the outer layer of the skin with minimal
permeation into the systemic circulation [4].

The octyl methoxycinnamate (OMC) is an organic UVB sun-
screen derived from cinnamic acid and developed in the 1950 s.
It is a transparent, oily, slightly yellow, and odorless liquid used
in various cosmetic products. Because of their poor water solubility
characteristic, it is primarily included in products that require
water resistance. In Brazil, Japan, and Europe, its maximum
allowed concentration is 10%, and the United States is 7.5% [4–6].

Some studies have shown the systemic distribution of OMC,
which can be found in blood, urine, and milk samples after sys-
temic and topical application, indicating systemic exposure and
possible endocrine disruption [7–11], is necessary the develop-
ment of sunscreen formulations with low skin permeation.

It is known that the performance of a sunscreen formulation
depends not only on the intrinsic properties of the filters but the
vehicle used. Thus, to increase the retention of sunscreen on the
skin, studies involving more suitable carriers to incorporate filters
have been performed. Some studies showed that OMC in delivery
systems has increased skin retention, decreases skin penetration,
reduced photobleaching, and increased photoprotection
[4,12–14]. These features have attracted significant attention
because of topical delivery advantages [1].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.molliq.2021.117450&domain=pdf
https://doi.org/10.1016/j.molliq.2021.117450
mailto:marlus.chorilli@unesp.br
https://doi.org/10.1016/j.molliq.2021.117450
http://www.sciencedirect.com/science/journal/01677322
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Among these systems, liquid crystalline systems (LCSs) and
microemulsions (MEs) for topical drug delivery can be used. The
surfactant in these systems could stabilize components with differ-
ent polarities and characteristics, being versatile systems [15–17].

The liquid crystalline systems (LCSs) have mechanical proper-
ties similar to liquids, featuring their fluidity and optical, electrical,
and magnetic properties similar to the solids, which characterize
their structure, orientation, and/or position. Therefore represent
an intermediate state between solid and liquid, called mesophases,
and is formed spontaneously in the oil and water interface [18–23].
Together these characteristics make these systems candidates with
the potential to improve the topical performance of sunscreens
such as the OMC.

They are divided into two classes: Thermotropic, where the
temperature is the essential parameter; and lyotropic, formed after
the addition of a solvent [19,24–27]. Certain surfactants may pro-
vide lyotropic liquid crystals in the water at a given temperature
and concentration. As the surfactant concentration increases, it
can be obtained in different SLC ways: lamellar, hexagonal, and
cubic [28].

The LCSs have applications that meet current expectations for
topical use [29,30]. Its use in cosmetics has the advantages of
increased stability and solubility, incorporation and controlled
delivery of active, since the liquid crystal protect sensitive active
substances against thermal degradation and photodegradation
and promote increased water retention in the stratum corneum,
providing more skin hydration [19,29,31,32]. In this way, this
study aimed to develop an OMC-loaded liquid crystal system for
skin delivery.

2. Materials and methods

2.1. Materials

PPG-5-CETETH-20 - Procetyl AWS� (Croda, Brazil); Polycar-
bophil – NOVEON� AA-1 (Lubrizol, USA), Silicone glycol copolymer
- DC� 193 (Dow Corning�, USA), Octyl methoxycinnamate – (Deg -
Brazil). Triethanolamine (Deg- Brazil). Purified water (Millipore
Milli-Q� Plus, Germany).

2.2. Ternary phase diagram (TFD)

TFD was constructed point by point by mixing different propor-
tions of silicone glycol copolymer - DC� 193, PPG-5-CETETH-20, a
dispersion of Noveon� AA-1 (polycarbophil) 0.5%, at room temper-
ature (25 ± 0.5C). Noveon� AA-1 dispersion had his pH adjusted to
7.0 with the aid of triethanolamine (Deg, Brazil). The obtained for-
mulations were characterized visually and by polarized light
microscopy.

3. Physical-chemical characterization of the selected
formulations

3.1. Polarized light microscopy (PLM)

The samples were analyzed in a polarized light microscope
(Olympus BX41) coupled with a QColor3 camera (Olympus Amer-
ica Inc) under a magnification of 20x at room temperature (25 ± 0.
5 �C).

3.2. Small-angle X-ray scattering (SAXS)

The selected formulations were characterized by small-angle
X-ray scattering (SAXS) performed on a Xeuss 1.0 (Xenocs) instru-
ment equipped with a microfocus Genix 3D system (Xenocs) and a
2

Pilatus detector (Dectris). The sample-to-detector distance
was � 667 mm, which provided an effective range of the modulus
of the transfer moment vector, q = [4p sin(h)]/k (where 2h is the
scattering angle and k = 1.5418 Å is the X-ray wavelength), exper-
imentally accessible from 0.01 to 0.47 Å�1. The samples were filled
into reusable quartz capillaries with 1.5 mm in diameter mounted
on stainless steel cases. All measurements were performed at room
temperature, RT = (22 ± 1) �C, and the data treatment, which
includes azimuthal integration, background subtraction, and abso-
lute scale normalization, was performed using phyton programs
developed by Complex Fluids Group of Institute of Physics -- São
Paulo University.

3.3. Rheological analysis

For rheological analyses, a controlled-stress AR 2000 Rheometer
(TA Instruments, New Castle, DE, USA) with cone-plate geometry
(diameter � 40 mm, 2-degree angle, gap � 52 um). The tests were
performed in triplicate at a temperature of 32 ± 0.5 �C, and the
study was conducted by Software Data Analysis.

3.3.1. Determination of flow properties
For this analysis, a small quantity of formulation was placed on

the rheometer’s bottom plate. The shear rate was 0–100 s�1 for the
ascending and 100–0 s�1 for the descending curve with 120 s in
each curve. Data points of ascending curves were fitted by Power
Law’s model using Eq. (1)

s ¼ kcn ð1Þ
Where s - shear rate, k consistency index, c - shear stress, and n

– flow behavior.

3.3.2. Oscillatory analyses
The stress sweep was carried out at a constant frequency

(0.6283 rad/s) over the stress range of 0–50 Pa. After determining
the tension of 1 Pa viscoelastic region, the rheometer was put in
the frequency sweep mode for performing the frequency scan test,
in order to determine the storage modulus G’ and G‘‘. The fre-
quency range from 0.6283 to 62.831 rad/sec and a pressure of
1 Pa were used for this test.

3.4. Texture profile analysis

The texture profile of selected systems was obtained in a tex-
ture analyzer TAXT plus (Stable Micro Systems, England). 7.5 g of
the formulations were centrifuged (717 RCF, 10 min) to remove
air bubbles and smooth the formulation surface, stored 24 h before
the test. Then, the sample tubes were placed under the texture
analyzer probe (10 mm diameter), programmed to compress the
sample at a speed of 0.5 mm/s until a pre-set depth of 10 mm
and return to the sample’s surface at the same speed. After 5 s of
rest, the program is repeated. The analyses were performed in trip-
licate at 32 ± 0.5� C.

3.5. In vitro evaluation of the bioadhesive force

A texture analyzer TAXT plus (Stable Micro Systems, England)
was used for this experiment. The pig ear skin used was der-
matomised as described in the In Vitro Skin Permeation and Reten-
tion Studies (section 3.6). The pig ear skin was attached to the
analytical probe and fixed with a rubber ring. The probe was low-
ering at a constant speed (1 mm�s�1) until the contact with the for-
mulations and kept in contact for 60 s and raised in 0.5 mm�s�1.
With the results obtained, a force curve versus distance was built,
where they have obtained values of the separation force, the
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contact time, the peak of force, traction, and work the system
deformation until rupture. Assays were performed in triplicate.
3.6. In vitro skin permeation and retention studies

Pig ear obtained from a local slaughterhouse was used in this
experiment. The ears were cleaned in freshwater, the excess hair
was removed with scissors, and the stratum (SC) corneum and epi-
dermis + dermis (ED) were isolated with a dermatometer (Nouvag
TCM 300, Goldach, Switzerland) [33]. The in vitro permeation test
was conducted using a vertical diffusion cell system (Franz cell).
The medium receptor volume is 7.0 mL, and the area available
for diffusion was 1.77 cm2. The receptor solution consisted of pH
7.4 phosphate buffer with polysorbate 80 2.0% (w/v), ensuring sink
conditions throughout the test. The samples were weighed
(400 mg) and transferred to the injector ring placed on pig ear skin.
The experiments were conducted at 32 ± 2 �C, and the receptor
solution was continuously stirred at 300 rpm. During the test,
2 mL aliquots were collected at 1, 2, 4, 6, 8, 10, and 12 h, filtered
through a membrane of 0.45 pore size and analyzed by ultra-
high performance liquid chromatography (UPLC) [34] to evaluate
the permeation of the OMC. After permeation, the skins were
removed from the equipment and placed on a glass plate to hold
skin retention. The first step was to hold the tape stripping tech-
nique. The SC was removed by consecutive adhesive tape (3 M
Scotch 720�) [35]. First, this excess formulation was removed from
the skin with absorbent paper, and the stratum corneum was
removed by using 15 tapes. The tapes were placed in test tubes
containing 3 mL of isopropanol solvent extractor, vortexed for
2 min, and sonicated for 30 min in an ultrasonic bath (at room tem-
perature). The supernatant was filtered and analyzed by UPLC to
quantify the OMC retained in the stratum corneum. After removing
the SC, the area in contact with the formulation was cut using sur-
gical scissors. The skin was transferred to test tubes containing
3 mL of isopropanol. The same procedure described above was per-
formed, but this time, after stirring for 2 min, the solution was trit-
urated for 1 min with high energy homogeinazation (Ultra-Turrax�

- IKA), sonicated for 30 min, and centrifuged for 7 min at 3000 rpm.
The supernatant was filtered and analyzed by UPLC to quantify the
OMC retained in the epidermis + dermis. This secondary test was
properly called dermal retention in this work. The data obtained
were statiscally analysed by ANOVA test in Graphpad Prism 9
software.
3.7. In vitro sun protection factor (SPF)

The SPF was determined by the absorption spectra of the for-
mulations in ethanol [36]. The samples were diluted to a final con-
centration of 0.2 mg/mL of OMC, and the studies were conducted in
the range of 290–320 nm, every 5 nm, and 3 determinations were
made at each point. Mansur equation (Eq. (2)) was applied for SPF
calculations [37]
SPF ¼ CF �
X320

290

E kð Þ � I kð Þ � A kð Þ½ � ð2Þ

Where CF is the correction factor of 10; E(k) is the erythema
effect of radiation at wavelength (k); I(k) is the sunlight intensity
at wavelength (k); Abs(k) is the absorbance value of the solution
at a wavelength (k). The E(k) and I(k) are constants determined
by Sayre et al [38]. The data obtained were statistically analyzed
by ANOVA test in Graphpad Prism 9 software.
3

4. Results and discussion

4.1. Ternary phase diagram construction and preparation of LCSs

The ternary phase diagram is represented by an equilateral tri-
angle where its sides are equivalent to the oil phase (O), aqueous
(A), and surfactant (S). Varying these three components’ concentra-
tion is possible to obtain a wide variety of formulations differing in
their physical–chemical behavior. Therefore, the ternary diagram’s
construction is an excellent design tool that provides an overview
indicating where liquid–crystal phase transitions occur [39]. The
ternary diagram obtained was characterized visually according to
the fluidity and translucency of the systems and classified as trans-
parent viscous system (TVS), translucent viscous system (TrVS),
transparent liquid system (TLS), and translucent liquid system
(TrLS). This classification resulted in the diagram shown in Fig. 1.
The increase in water concentration (up to 40%) leads to the tran-
sition of TLS to TrVS, similar to the results observed by our previ-
ous work [40], which can be related to the increase in the
amount of polycarbophil, dispersed in the aqueous phase. When
the aqueous phase is increased above 60%, and the concentration
of surfactant is below 30% TVS are obtained. The increase in the
water content can change the surfactant curvature, which can
change the LCS mesophases. Additionally, other reports indicate
that surfactants concentration ranging from 30 to 40% generates
translucent viscous systems similar to previous works of our
group, which can indicate the obtention of LCS in this surfactants
ratio [40,41]. The self-assembly characteristic of LCS can be
explained by the critical packing parameter of the surfactants
and depends on the concentration and shape of the surfactant used
[42,43]. The increase in water content led to more viscous and
organized formation, which can be critical to LCS development in
drug delivery [44]. Additionally, the ingredients used in these for-
mulations show higher biocompatibility and no toxicity [20,45,46].
4.2. Physical-chemical characterization of selected formulations

4.2.1. Polarized light microscopy (PLM)
Most systems presented a dark field, with one point (27) show-

ing striated structures, similar behavior found by Chorilli et al. [26].
Isotropic systems with a dark field in PLM are characteristics of liq-
uid crystalline cubic phase systems [47], which cannot deflect the
plane of polarized light. The points 22, 23, and 24 were renamed as
F1, F2, and F3 and selected to the following stages of this study
based on the visual characteristics and by previous results of our
group that showed that similar formulations presented excellent
properties as carriers for topical delivery of actives ingredients
[33,40,41,48]. After adding the OMC in the F1, F2, and F3 the dark
field characteristic did not change (Fig. 2-B) but visually, the for-
mulations presented as more opaque systems, as seen in Fig. 2-A.
The composition of each system used is showed in Table 1.
4.2.2. SAXS xxx
The cubic mesophase was confirmed by the SAXS analysis, as

can be seen in Fig. 3. Also, the introduction of OMC did not lead
to mesophase changing. Similar results were found by Brinon
et al. that when adding OMC in aWater–C12EO23–C12EO4 system,
the cubic mesophases did not present phase transition [13]. This
type of mesophase can be explored as a drug delivery system, con-
trolling the release of active ingredients from its structures [49]
and can be applied in the skin diminishing the transcutaneous
fluxes when compared to other mesophases, as lamellar liquid
crystals [13].

There is an increase in the lattice parameter with the introduc-
tion of the OMC. d ¼ 2p=q (d is inter-planar distance, which is



Fig. 1. Ternary phase diagram composed of PPG-5- CETETH-20 (Procetyl AWS�),
silicone glycol copolymer - DC� 193 (DC 193), and an aqueous dispersion of
Noveon� AA-1 (polycarbophil) 0.5% (PP 0.5%).
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proportional to lattice parameter). Which means, if q decreases, d
increases. The wider are the peaks, the larger is the structural dis-
order. Also, it is suggested from the spacing ratios that cubic
phases of phase D and P can be observed in the formulations
[50,51].

4.2.3. Rheological studies
4.2.3.1. Determination of flow properties. The flow rheograms of the
formulations are shown in Fig. 4. F1, F3, and F3F showed similar
Fig. 2. A – Visual appearance and B – Polarized light microscopy exhibiting d
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rheological behavior, with linear relationships between the shear
stress and shear rate values exhibiting Newtonian flow behavior.
F1F, F2, and F2F, it is possible to notice a non-newtonian behavior
since there is no linear relation between shear stress and shear rate
values [52]. The n-values obtained using Eq. (1) showed that for-
mulations exhibited pseudoplastic behavior, as the obtained n-
values were<1 as can be observed in Table 1. This behavior can
be explained by the complex internal structure and the intermolec-
ular bonds that are weakened after a shear rate leading to a disor-
ganization of these cubic systems [41,53,54]. The viscosity of
formulation F1 increased after the incorporation of OMC and in
the formulations F2 and F3 the OMC decreased the viscosity as
can be observed in the Table 2 from the consistency index (k).

Pseudoplasticity is a convenient property for topical formula-
tions because it confers to the formulations better flow after ten-
sion is applied, leading to uniform distribution of the
formulations on the skin. This is due to the polymer chains’ dein-
terlacing and subsequent thinning of the flow that will occur dur-
ing the product’s application to the skin, facilitating its use [39,55].
Formulations F1F, F2, and F2F exhibit thixotropic behavior; this
property occurs when the material requires time after applied
pressure to recover it’s initial internal organization.
4.2.3.2. Oscillatory analyses. The oscillatory analyses of F1, F1F, F2
F2F, F3, F3F are shown in Fig. 5. It is possible to verify that only
the F1F shows G’>G‘‘, corroborating the results found on the rheo-
logical flow analysis. For F2, F2F, F3, and F3F formulation, the G ” >
G ’ demonstrating a more predominant viscous behavior. This dif-
ference in the viscoelastic properties can be related to the amount
ark field of formulations F1, F1F, F2, F2F, F3 and F3F. Magnification 20x.



Table 1
Composition of the selected formulations in percentage (%) (w/w).

Formulations PPG-5-CETETH-20 DC 193 Aqueous phase OMC

F1 40 10 50 –
F1F 40 10 50 5
F2 40 20 40 –
F2F 40 20 40 5
F3 40 30 30 –
F3F 40 30 30 5

√√ √

√

√

Fig. 3. SAXS results of the F1, F2, F3, F1F, F2F, and F3F formulations.

Fig. 4. Flow rheograms of the F1, F2, F3, F1F, F2F, and F3F formulations. Notes: Filled sym
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of the polymer, which in the formulations with more aqueous
phase (F1 and F1F), higher amounts of polymer can led to the for-
mation of a more robust internal structure, resulting in the differ-
ences in the observed viscoelastic modulus [55]. The elastic
behavior is characteristic for cubic mesophases [53,54]
4.3. Texture profile analysis

The texture profile analysis (TPA) reveals the formulation’s
mechanical characteristics, such as compressibility, hardness,
adhesion, and cohesion [22,40,56]. For the formulations F2 and
F3, we did not performed the parameters of adhesiveness and
cohesiviness probably due to intrinsic characteristics of F2 and
F3 formulations, as described by Fonseca-Santos [41]. The param-
eters collected to F2 and F3 formulations did not show alterations
after the adittion of OMC (Table 3).

For formulation F1 and F1F a significat diference in TPA is
shown in Table 3 when compared to F2 and F3 formulations. This
differences can be explained by the polymer’s influence on the vis-
cosity indicating a more organized system, as observed in oscilla-
tory tests on viscoelasticity [55]. Besides, it is suggested that the
OMC influenced the systems’ structural organization since the rhe-
ological tests demonstrated that this sunscreen, under certain con-
bols indicate the ascending curves, and open symbols indicate descending curves.



Table 2
Flow behavior (n), consistency index (k) and R values of the LCS

Sample n K (Pa.s) R2

F1 0.904 0,939 0,999
F1F 0.345 19,9 0,959
F2 0.705 1,18 0,996
F2F 0.766 0,682 0,995
F3 0.987 0,153 0,999
F3F 0.986 0,100 0,999
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ditions, can increase the viscosity of the system, as can be observed
in the flow reology results in section 4.2.3.1, which may favor the
retention of the formulation at the site of application.

4.4. Ex vivo evaluation of the bioadhesive force

Bioadhesion refers to the formulation’s ability to attach to bio-
logical tissues. Bioadhesive formulations have some advantages
over non-bioadhesive ones, as such more excellent retention in
the skin, increased contact with the skin, lower application fre-
quency, and better acceptance by the user [39].

The adhesive materials incorporated in pharmaceutical formu-
lations can be hydrophilic molecules of natural or synthetic origin,
containing numerous organic functions capable of chemically
bonding to the biological surface [55]. Polycarbophil, a negatively
charged synthetic polymer derived from polyacrylic acid, has an
adhesive behavior due to physical–chemical interactions between
the material and the tissue, such as hydrophobic interactions,
hydrogen bonds, and van der Waals [58].

Table 4 shows the bioadhesion values for each formulation with
and without the sunscreen. From the analysis, it can be seen that
the formulation F1, with or without added OMC, presents greater
bioadhesive strength (mN) than the others, suggesting the influ-
ence of the polymer, which was incorporated in greater quantity
for F1 and F1F than the other formulations.
Fig. 5. Frequency sweep profiles of the F1, F1F, F2, F2F, F3, and F3F formulations. Note:
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Only the F1F formulation showed a greater difference when
compared to the other formulations. In this case, the bioadhesion
was relatively high, suggesting that the OMC sunscreen increase
the bioadhesion. The rheological properties of liquid-crystalline
systems can explain this. The increase in its viscosity and its elastic
characteristic contributed to the permanence time increment of
the formulation in the intended site of use [39,55]. On the other
hand, for the formulations F2, F2F, F3, and F3F, there was no signif-
icant increase in the bioadhesive strength. This may be related to
lower amounts of polycarbophil, which seems insufficient to pro-
mote a synergism capable of increasing the bioadhesion, as
observed in the F1 and F1F formulations. Previous works have
shown similar behavior [40,41].
4.5. Ex vivo skin permeation and retention

Skin permeation studies are important to optimize dermal and
transdermal release formulations [59]. For topical formulations, as
the sunscreens, retention in the skin with minimal permeation is
desired, whereas, for systemic formulations, the opposite is pre-
ferred [35].

In general, the LCS developed presented sustained release over
time, as shown in Fig. 6A. This behavior has already been observed
in other studies using cubic phase liquid crystals, demonstrating
the potential of this type of formulation as a controlled release
platform, increasing the retention of active ingredients in the skin
and reducing its systemic biodistribution [60]. The formulation
with the lowest cumulative release was the formulation F1F. The
formulations F2F and F3F were those with the highest cumulative
release rates over time. Although there is no statistical significance,
it is possible to observe that the F3F formulation presented a more
pronounced release rate at the initial times (1, 2, and 4 h). The
main reason the F1F formulation has released less OM may be
related to the greater amount of polymer in its composition, mak-
Filled symbols indicate the G’modulus, and open symbols indicate the G” modulus.



Table 3
Texture profile analysis of F1 and F1F formulations

Hardness
(N)

Compressibility
(N.s)

Adhesiveness
(N.s)

Cohesiveness

F1 0.002 ± 0.001 0.085 ± 0.055 0.001 ± 0.000 0.829 ± 0.239
F1F 0.306 ± 0.014 1.972 ± 0.266 0.013 ± 0.000 0.690 ± 0.086
F2 0.002 ± 0.0005 0.070 ± 0.001 * *
F2F 0.003 ± 0.0005 0.073 ± 0.001 * *
F3 0.003 ± 0.0005 0.071 ± 0.002 * *
F3F 0.004 ± 0.0005 0.076 ± 0.002 * *

*Data not collected.

Table 4
Bioadhesive strength (mN) of the F1, F1F, F2, F2F, F3, F3F formulations.

Samples (mN)

F1 28.0 ± 2.64
F1F 679.3 ± 95.01
F2 6.33 ± 2.51
F2F 3.67 ± 1.53
F3 4.67 ± 1.15
F3F 4.67 ± 1.15
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ing its structure more organized [61,62] and increasing its viscos-
ity, as observed in rheology analyses.

According to the SAXS data, it is suggested that the F3F formu-
lation has the highest degree of organization in its structure when
Fig. 6. A Release profile of OMC from F1F, F2F, F3F, B – Stratum corneum retenti
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compared to the F1F and F2F formulations because it has narrower
peaks, which may also be associated with the trend of higher
release rates found for this formulation.

Ideally, sunscreens are impregnated in the stratum corneum,
forming a barrier to UV rays without penetrating deeper tissue
[63]. As can be seen in Fig. 6 B and C the OMC from the F1F, F2F,
F3F showed higher SC than E + D retention values. The F1F formu-
lation showed a lower SC retention value that was a statistically
significant compared to the F3F formulation, which can be attribu-
ted to its lower cumulative release rates. In addition to presenting
good retention, its permeation was minimal, showing the benefits
of incorporating the OMC in the LCS. The amount of OMC from the
formulations retained in the skin may be related to its lipophilicity,
justifying the sunscreen’s affinity for the stratum corneum because
of the molecular characteristics of OMC, as the polarity of this
ingredient (MONTEIRO et al., 2012). The literature shows that the
on, and C – Epidermis and dermis retention. (ANOVA **** p-value < 0.0001).



Table 5
In vitro SPF determinations of the formulations containing OMC

Formulations SPF

Free OMC 44.14 ± 0.20a

F1F 37.11 ± 1.71b

F2F 37.69 ± 0.44b

F3F 37.72 ± 0.25b

Same letters in the columns indicate p < 0.001 between the means.
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use of nanotechnology in the delivery is an excellent strategy to
improve the safety of OMC by increase skin retention and decreas-
ing skin permeation [65,66]. Currently, commercially available for-
mulations present a high profile of permeation and systemic
biodistribution, representing a health risk for users [67]. The for-
mulations developed in this work demonstrated good skin perme-
ation and retention profiles in the superficial layers of the skin,
representing a safer alternative for the use of sunscreens.

4.6. In vitro sun protection factor estimation

In vitro SPF determination tests, such as that previously
described by Mansur et al. are important to demonstrate the
potential of formulations intended for use as a sunscreen, serving
as a tool for screening formulations with photoprotective activity
[36].

As can be observed in Table 5 compared to the free OMC, the
LCS tested in this study showed a slight decrease in SPF, which
may be related to incorporating the OMC in the formulations,
which presented sustained release over time. The literature shows
similar results to the results obtained in our study[64]. Prado et al.
found SPF around 40 in nanostructured lipid carriers with OMC
[68]. In other studies, liposomes containing OMC in a concentration
of 5.5% (w/w) presented SPF of 13.98 ± 0.66 [69], a value much
lower than the finds in our work in a similar amount of OMC (5
% w/w).

5. Conclusion

Motivated by the need to develop an efficient and safe photo-
protective formulation for topical use, we develop crystalline liq-
uid systems containing OMC. From the ternary phase diagram, it
was possible to obtain cubic mesophase systems, as confirmed
by PLM and SAXS analyses. The systems presented rheological
properties such as viscosity and elastic properties desirable for
for intended site of application.

Ex vivo studies using porcine skin showed that the formulations
presented a sustained release profile over time. In addition, the
systems presented low cutaneous permeability, as demonstrated
by permeation data, where the OMC demonstrated high retention
rates in the stratum corneum, a highly desirable characteristic for
this type of formulation, since high permeability and systemic
absorption are currently a problem, as highlighted in the literature.

The In vitro SPF assay demonstrated that after being incorpo-
rated into the LCS, OMCmaintained its ultraviolet absorption prop-
erties, demonstrating the potential of these formulations for the
delivery of sunscreens for topical application.
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