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INTRODUCTION

Prolonged skin exposure to UV radiation causes 
deleterious effects on health and aesthetics, such as 
premature aging, pigmentation changes, inflammation, 
and carcinoma. An estimated 10% reduction in ozone 
layer levels would result in an additional 300,000 and 
4,500 cases of nonmelanoma and melanoma skin cancer, 
respectively (WHO, 2017). Furthermore, damage to the 
epidermal barrier caused by UV exposure alters tight 
junction protein expression and decreases covalently 
bound ceramides in stratum corneum thereby increasing 

its thickness and transepidermal water loss (TEWL) 
(Barresi et al., 2021).

Sunscreens need to be photo-stable to provide 
effective protection against UV rays. Without this ability, 
they can degrade and photo-allergic reactions can occur 
on human skin (Serpone, 2021). An association between 
the low photo-stability of organic filters and their ability to 
remain in the triplet energy state (three quantized states) 
is mentioned in the literature. Thus, it is necessary to 
return to the fundamental state for sunscreen to continue 
absorbing energy (Herzog, Giesinger, Settels, 2020)

Chemical filters such as avobenzone (butyl 
methoxydibenzoylmethane;  AVO) and octyl 
ρ-methoxycinnamate (ethylhexyl methoxycinnamate; 
OMC) are widely used in photo-protective formulations. 
The AVO filter was introduced into the market in the late 
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1980s and early 1990s and was the first to offer protection 
against UVA rays (315–400 nm). When exposed to 
UV radiation, AVO is substantially degraded through 
photo-tautomerization to its ketone form, which partially 
favors the loss of its ability to absorb in the UVA range 
(Berenbeim et al., 2020). The OMC filter was developed 
in the 1950s and is popular in the US and Europe. It 
absorbs UVB rays (280–315 nm), but upon exposure to 
UV radiation, trans–cis isomerization can occur, making 
it less effective (Herzog et al., 2019).

Although chemical filters have been used for 
decades, their safety, efficacy, and toxicological profiles 
remain unclear. There is growing concern regarding 
the potential harmful consequences of skin exposure 
to OMC, AVO, and other chemical filters, considering 
their cutaneous permeation, possibility of absorption, and 
interference with the human endocrine system. These 
behaviors can interfere with the photo-protective efficacy 
and safety of sunscreen (Jiménez et al., 2004; Klimová, 
Hojerová, Beránková, 2015).

The addition of photo-stabilizers is convenient 
to avoid reactions that decrease the photo-stability 
of the chemical filters. Studies regarding the use of 
antioxidants with natural origins have been conducted 
to determine effective and safe formulations. Ferulic 
acid (FA) and resveratrol (RES) have been reported as 
antioxidants with natural origins and may also have UV 
absorption properties, which justifies their incorporation 
in multifunctional sunscreens. In addition, there is the 
possibility of synergism with chemical filters, which 
may reduce the UV filter concentrations needed (Peres 
et al., 2018; Rojas, Londono, Ciro, 2016). This study 
aimed to evaluate the safety and efficacy of sunscreens 
associated with FA and RES, especially regarding their 
photo-stability and skin permeation.

MATERIAL AND METHODS

Chemicals

RES with 99.8% purity was obtained from Active 
Pharmaceutica (Brazil), FA with 98.6% purity was 
obtained from GAMMA (Brazil), AVO and OMC with 
98.2% and 98.6% purity, respectively, were obtained 

from Fagron (Brazil). Analytical standard dimetilsulfone 
was purchased from Sigma–Aldrich (USA). Monobasic 
sodium phosphate and sodium hydroxide were obtained 
from Synth. Tetramethysilane and dimethylsulfoxide-d6. 
(DMSO) with 99.8% purity were obtained from CIL 
(USA). Bovine serum albumin with 98.0% purity (bovine 
serum albumin [BSA], fraction V) was purchased from 
Inlab (Brazil) and ethyl acetate was purchased from 
Alpax (Brazil). Phenylethyl benzoate was purchased from 
ISP (Brazil). High-performance liquid chromatography 
(HPLC) grade methanol and chloroform-d6 with 99,8% 
purity were obtained from Merck (Germany).

Molecular stability of chemical filters

Exactly 240 mg AVO, 480 mg OMC, 30 mg FA or 
RES, and 60 mg dimethylsulfone (internal standard) were 
transferred to a 3.0 mL quartz cuvette, followed by the 
addition of DMSO-d6. Aliquots of 0.5 mL were transferred 
to analytical nuclear magnetic resonance (NMR) tubes 
before and after UV exposure (Batista et al., 2008).

UV irradiation was performed by using a Suntest® 
CPS+ solar simulator (Atlas, Germany), fitted with a 
Daylight filter, for 2, 4, and 6 h (maximum total UV dose 
1564 KJ.m−2) and irradiance of 72.4 W.m−2 (320–400 nm). 
Solutions comprised of chemical filters and antioxidants 
were exposed to UV radiation in quartz cuvettes with a 
1 cm optical path (Herzog et al., 2019).

The 1H NMR spectra for the quantitative 
determination of the filters were obtained in a Bruker 
(Rheinstetten/Karlsruhe, Germany), DPX300® 
Spectrometer with a 5 mm multinuclear probe at 
300.13 MHz (1H), high-performance digital Fourier 
Transform Nuclear Magnetic Resonance (FT-NMR). 
The following parameters were optimized for qNMR: 
30° pulse, preacquisition delay of 5 µs, relaxation 
delay of 10 s, and a total of 32 scans. The NMR probe 
temperature was maintained at 30°C and chemical shifts 
were referenced internally to tetramethylsilane (TMS = 
0.0). Data processing was performed using the Fourier 
transform with a 0.3Hz exponential filter. Phase and 
baseline corrections were manually adjusted, as well as 
the integration of signals, thereby avoiding the integration 
of the 13C satellite peaks (Pinto et al., 2021).
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Qualitative analysis of singlet energy state 
suppression

Suppression of the singlet energy state was qualitatively 
evaluated by observing the fluorescence of AVO and OMC 
in isolation or combination with the antioxidants (FA or 
RES) in methanol solution. Phenylethyl benzoate was 
used as the negative control. The solutions (10 µL) were 
transferred to a chromatosheet of silica gel containing a 
fluorescent indicator. The fluorescence was analyzed under 
365 nm excitation and the response was considered positive 
when the samples showed decreased fluorescence compared 
with the negative control (Bonda, 2009).

Photo-protective formulations

Oil-in-water (O/W) emulsions were formulated 
according to Table I. The concentration of the chemical 
filters was with the recommended limits of Agência 
Nacional de Vigilância Sanitária (ANVISA, Brazil) 
(Anvisa, 2022) and European Union Cosmetics Regulation 
1223/2009 (Union, 2009). The formulation components 
were heated at 75.0°C, followed by mechanical agitation 
at 1000 rpm during cooling step. The preservative 
(parabens) and antioxidants FA and RES were added 
at 40°C.

FIGURE 1 - Structural formulas of Avobenzone (AVO) and Octyl ρ-methoxycinnamate (OMC).

The equilibrium constants of the OMC isomers 
(trans/cis) and AVO tautomers (enol/keto) (Figure 1) were 
calculated according to Equation 1 (Holzgrabe et al., 2005).

K = % unmodified filter/% modified filter (Equation 1)
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Thermal stability evaluation

Photo-protective formulations were stored under 
different temperature conditions: 5.0 ± 2.0°C, 20.0 ± 
2.0°C, and 45.0 ± 2.0°C for 90 d. Formulations were 
analyzed at t0 (48 h after preparation) and t90 (at the 
end of the storage period) according to the following 
parameters: in vitro photo-protective efficacy (estimated 
SPF – sun protection factor), λcritical, and UVA/UVB 
ratio) and chemical filter concentrations. The photo-
protective efficacy was assessed using a diffuse 
ref lectance spectrophotometer equipped with an 
integrating sphere (Labsphere® UV-2000S Ultraviolet 
Transmittance Analyzer), and quantification of the 
chemical filters was performed by qNMR as described 
above.

In vitro photo-protective evaluation

The estimated SPF, λcritical, and UVA/UVB ratio 
were determined in a Labsphere® UV200S, between 
290 and 400 nm, and at every 1.0 nm the mean of 
three plate readings for each sample were considered, 

with 9 readings at the different points. Formulations 
were uniformly applied as a film on the surface of 
polymethylmethacrylate (PMMA) (Helioplate® HD6) 
at 1.3 mg.cm−2, in circular movements and dried for 30 
min at room temperature (25.0 ± 2.0°C). A PMMA plate 
with glycerin was used as the blank.

Chemical filter quantitative analysis by 1H-NMR

An aliquot of 0.8 g formulation was added to 1.0 mL 
CDCl3, vortexed for 5 min, and centrifuged for 15 min 
at 10,000 rpm to separate any insoluble material. The 
supernatant was discarded, the remaining solution was 
mixed with 20 mg of dimethylsulfone (internal standard), 
and the volume was made up to 1.0 mL with CDCl3. 
Solutions were transferred to NMR analytical tubes, and 
analyses were performed as described above. The amount 
of chemical filter was quantified according to Equation 
2 (Zhang et al., 2021).

(Equation 2)

TABLE I - Formulation composition

Ingredients (*INCI)
% w/w

BF BF + FA BF + RES

Ammonium acryloyl-dimethyltaurate/VP copolymer 1.0 1.0 1.0

Propyleneglycol 10.0 10.0 10.0

Cetearylalcohol (and) dicetylphosphate (and) ceteth-10 phosphate 10.0 10.0 10.0

Caprylic/capric acid triglyceride 10.0 10.0 10.0

Butyl methoxydibenzoylmethane 5.0 5.0 5.0

Ethylhexyl methoxycinnamate 10.0 10.0 10.0

Phenoxyethanol (and) methylparaben (and) ethylparaben (and) 
butylparaben (and) propylparaben (and) isobutylparaben 0.7 0.7 0.7

Resveratrol - - 3.0

Ferulic acid - 1.0 -

Aqua added to make up 100.0 100.0 100.0

Legend: INCI, International Nomenclature of Cosmetic Ingredient; BF, base formulation; FA, ferulic acid; RES, resveratrol.
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where: m(a) is the mass of the analyte; m(IS) is the mass 
of the internal standard; A(a) is the analyte signal area; 
A(IS) is the internal standard signal area; N(IS) is the 
number of hydrogen nuclei present in the signal of the 
internal standard; N(a) is the number of hydrogen nuclei 
present in the analyte signal; M(a) is the analyte molar 
mass; M(IS) is the internal standard molar mass, and (IS) 
is the internal standard purity (98.0%).

Photo-stability of photo-protective formulation

Formulations with an SPF ≥ 15 and λcritical ≥ 370 nm 
were irradiated in the Suntest® CPS+ solar simulator 
(Atlas, Germany). The emission was maintained at 47.6 
W.m−2 (320–400 nm), and the total dose of incident 
radiation was 85.68 kJ.m−2. The photo-protective efficacy 
parameters (in vitro SPF, λcritical, and UVA/UVB ratio) 
were determined according to the aforementioned 
methodology before and after exposure to UV radiation 
at time points t0 and t90 (during stability evaluation).

In vitro skin permeation

In vitro percutaneous permeation of the chemical 
filters was performed using jacketed Franz diffusion 
cells (Freitas et al., 2015). Porcine ear skin was used 
as a model for human skin permeability after approval 
was provided by the local Ethics Committee (Protocol 
n° 553 CEUA/FCF/USP). Before the study, the porcine 
ears subcutaneous cartilage was removed, and the skin 
was cleaned with water and a neutral detergent. The 
skin was maintained at −5.0°C until use. Aliquots of 
150 mg formulation were applied to a 1.77 cm2 diffused 
area on the skin surface and repeated in triplicate. The 
receptor fluid (phosphate buffered saline (PBS) pH 
7.4 with 4.0% BSA) was maintained at 37.0°C using a 
jacketed Franz’s cell and magnetic stirrer. Aliquots of 
receptor fluid were taken at 4 and 24 h, and the volume 
removed was replaced with an equivalent volume of 
fresh receptor fluid.

At the end of the permeation study, the excess 
formulation was gently removed from the skin surface 
with a swab. The skin was submitted to the tape stripping 
technique, and chemical filters were quantified at the 

tapes (stratum corneum) and epidermis plus dermis. 
The stratum corneum was removed by applying Scoth® 
3M magic transparent adhesive tape (1.5 × 1.0 cm) 15 
times over the skin area. The first tape was quantified 
separately due to the possibility of it containing remnant 
formulation. After removing the stratum corneum, the 
skin (epidermis plus dermis) was cut into small fragments 
and transferred to falcon tubes with 6 mL methanol. 
Samples were vortexed for 5 min and sonicated for 5 min 
to break the cells and extract the studied substances. After 
appropriate dilution, the samples were filtered through 
0.45 µm pore filters and analyzed by HPLC.

HPLC chromatographic conditions 

Organic filters were quantified in a Shimadzu® LC-
20AD/T chromatograph using a C18 column (150 × 4.6 
mm, 3 mm particle size) with a guard column (10 × 4.6 
mm), detector diode-array UV detector. The previously 
validated method consisted of ultrapure water:methanol 
(12:88) as the mobile phase, a flow rate of 0.8 mL/min, 
and a 10 µL injection. The detection was performed at 
325 nm and 25.0oC. All samples were filtered through 
0.45 µm pore filters before injection.

Statistical analysis

Results were statistically analyzed using one-
way analysis of variance followed by Tukey’s Multiple 
Comparison Test, t-test for two means or paired t-test 
using the Minitab® 17 1.0 software (α = 0.05).

RESULTS AND DISCUSSION

Photo-stability of the organic filter solutions

Sunscreen formulations must contain UVB and UVA 
filters to protect the skin from sun-induced disorders such 
as erythema, skin cancer, and photo-aging. However, 
these formulations should be photo-stable since they 
are constantly exposed to sun radiation. AVO is the 
most widely used UVA filter in cosmetic sunscreens, 
although this photo-excited molecule transforms into 
several transient tautomeric forms and the keto-tautomer 
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TABLE II - Quantification of molecular changes of AVO and OMC filters with or without the addition of FA or RES in DMSO-d6 
solution after exposure to UV radiation

Solution

UV dose radiation

Zero 521 KJ.cm−2 1042 KJ.cm−2 1564 KJ.cm−2

OMC
trans/cis

AVO
enol/keto

OMC
trans/cis

AVO
enol/keto

OMC
trans/cis

AVO
enol/keto

OMC
trans/cis

AVO
enol/keto

AVO + OMC 100.00 100.00 11.76 22.24 6.54 15.79 3.96 9.31

AVO + 
OMC + FA 100.00 100.00 40.67 8.90 14.75 6.45 7.71 6.19

AVO + OMC 
+ RES 100.00 8.62 100.00 7.58 44.66 6.91 30.65 6.38

Legend: AVO, avobenzone; OMC, octyl ρ-methoxycinnamate; FA, ferulic acid; RES, resveratrol

is responsible for its photo-degradation (Herzog, 
Giesinger, Settels, 2020). In the base state, AVO is mostly 
found in its enol form due to stabilizing intramolecular 
hydrogen bonds (Berenbeim et al., 2020). Thus, keto–
enol tautomerization and photo-degradation explain the 
reduction in UVA protection of AVO under irradiation 
conditions (Kojic, Petkovic, Etinski, 2016).

The solution containing OMC and AVO filters had 
lower trans/cis and enol/keto ratios, respectively, as the 
dose increased, thus denoting its loss of efficacy after 
irradiation (Table II). Under a 1564 kJ.m−2 irradiation 
dose, the trans/cis ratio for OMC was 3.96 and the enol/

keto ratio for AVO was 9.31. The nonconservation of the 
trans and enol forms for OMC and AVO, respectively, 
indicates the UV absorption efficiency of the chemical 
filters. The higher the ratio value, the greater the photo-
stability. The signals generated by the selected hydrogens 
were detected at 4.72 and 7.18 ppm for the ketone and 
enol forms of the AVO and at 5.83 and 6.44 for the cis 
and trans OMC, respectively. Murphy et al. (2020) 
obtained the AVO enol read at 7.23 in DMSO-d6. They 
also observed two major and minor peaks beyond two 
doublets for AVO in the aromatic region, which may 
indicate the ortho-resonances of the phenyl ring.

Even before irradiation, the simple mixture of filters 
and RES already presented part of the AVO filter in its 
ketone form. However, the addition of RES preserved 
the trans OMC compared to the mixture without RES 
(Table II). After UV irradiation for 6 h (~1564 kJ.cm−2), 
the OMC mixed with RES showed a trans/cis ratio of 
30.65 compared to 3.96 when no RES was added. Lower 
values were also observed when FA was added. Therefore, 
RES conserved more trans OMC in comparison to the 
FA, which suggests that RES can help photo-stabilize 
OMC, thereby ensuring its high absorption in the UVB 
wavelength range.

Suppression of singlet energy state

The absorption of photons by a chemical filter 
transforms them into a singlet excited state, with the electron 
spin remaining antiparallel. This absorbed energy may 
dissipate through several pathways, including intersystem 
crossing to the excited triplet state (parallel electron spin 
orientation) or vibrational relaxation (f luorescence). 
However, the triplet state induces the formation of singlet 
oxygen species on the skin surface, which causes extensive 
DNA damage. This is in addition to several intra- and 
inter-molecular photo-chemical reactions that produce 
molecules with the potential to cause photo-dermatosis, 
photo-toxicity, photo-irritation, and photo-allergic reactions. 
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The AVO fluorescence suppression occurred with 
the addition of RES in a concentration-dependent manner 
since the darkening was more evident when AVO was 
combined with RES at the ratio 2:2 compared to 2:1. The 
negative control was obtained by mixing the chemical 
filter and phenylethylbenzoate (Figure 2A-V and 2A-
VI) and showed greater fluorescence intensity when 
compared to the solutions comprised of the filters with 
added RES (Figure 2A-II and 2A-III). This result was 

attributed to the ability of RES to suppress the singlet 
excited state of AVO, thus maintaining the photo-stability 
of the AVO filter.

A subtle fluorescence inhibition effect was observed 
when both filters were added with RES (Figure 2C-I 
and 2C-III), although OMC did not emit fluorescence. 
FA did not inhibit the fluorescence of AVO, thus this 
antioxidant was not able to photo-stabilize AVO through 
singlet energy state suppression.

FIGURE 2 - Distribution of filter samples in methanol solution on chromatosheet for qualitative assessment of singlet energy 
state suppression by FA and RES antioxidants. (A) AVO/RES; (B) AVO/FA; (C) AVO/OMC/RES; (D) AVO/OMC/FA. (I) 
Chemical filter; (II) Chemical filter:Antioxidant (2:1); (III) Chemical filter:Antioxidant (2:2); (IV)  Chemical filter; (V) Chemical 
filter:phenylethylbenzoate (2:1); (VI) Chemical filter: phenylethylbenzoate (2:2).

These mechanisms are associated with reduced photo-
protection efficacy (Gadgil et al., 2023; Holt, Stavros, 2019).

For continued UV radiation absorption, filters must 
quickly return to their base state after being excited, 
which can be attained by inhibiting the singlet or triplet 
states. The singlet state inhibition can be qualitatively 

analyzed by evaluating the fluorescence emission of the 
chemical filters. Some molecules suppress the singlet 
state, stabilize sun filters, and decrease its fluorescence 
(Kitasaka, Yagi, Kikuchi, 2020). Figure 2 shows the 
AVO and OMC filter singlet state suppression capacity in 
isolation or combination with the antioxidants FA or RES.
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However, the photo-stability assay showed that UV 
radiation reduced the SPF of all formulations independent 
of their different previous storage conditions, indicating 
that adding FA or RES did not benefit the photo-stability 
of the sunscreen (Figure 3B).

The critical wavelength (λcritical) remained above 
370 nm for all formulations during the thermal stability 
and photo-stability tests, thereby maintaining this 
broad-spectrum characteristic (Galdi et al., 2022). 
However, after UV exposure, the λcritical parameter 
of all formulations was reduced (p ≤ 0.05), despite 

maintaining the minimum value of 370 nm. Thus, the 
addition of antioxidants did not substantially influence 
this parameter. The same pattern was observed for the 
UVA/UVB ratio since the addition of flavonoids was 
not able to protect the formulation. The decrease in both 
values suggests a reduction in UVA protection, which 
can be explained by the degradation of AVO (UVA filter) 
shown in Figure 4A. The UVA/UVB ratio decreased 
over 90 days; however, in this study it was considered 
adequate as it was between 0.6 and 0.95 (Galdi et al., 
2022; Moyal, 2012).

FIGURE 3 - In vitro Sun Protection Factor (SPF) of formulations in Thermal Stability Test (a) and Photostability Test (b). 
Legend: BF, base formulation; RES, resveratrol; FA, ferulic acid. t0 = 48h after preparing the formulations. Results that are statistically 
different by paired t-test were represented by one asterisk (α = 0.05).

Stability evaluation

Formulations without antioxidants showed a 
statistically significant SPF reduction of 50.40, 51.02, and 
63.80% when stored at 5.0, 20.0, and 45.0°C, respectively 
(Figure 3A). These findings were expected because 
higher temperatures tend to accelerate the instability 
and degradation processes of the formulation components 
(Freire et al., 2019). The degradation of the chemical 
filters, especially OMC (UVB filter), whose reduction 

in concentration was observed by qNMR, justifies these 
results (Figure 4B). Both antioxidants RES and FA helped 
maintain the SPF after 90 days of storage regardless of 
the storage temperature (5.0, 20.0, or 45.0°C) (Figure 
3A). Thus, RES and FA mainly protected OMC (UVB 
filter) from thermal degradation, which potentially could 
maintain SPF values after UV radiation exposure, as was 
observed for the flavonoid rutin when added to sunscreen 
(Pinto et al., 2021).
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TABLE III - Distribution of the UV filters after 24 h exposure of pig ear skin to sunscreens

Component of the
diffusion system

BF BF + RES BF + FA

AVO OMC AVO OMC AVO OMC

Surface (mg.cm−2) 3.73 ± 0.22 7.52 ± 0.32 3.40 ± 0.08 7.14 ± 0.11 3.99 ± 0.08 8.52 ± 0.19

Stratum corneum 
(mg.cm−2) 0.08 ± 0.00 0.03 ± 0.00 0.00 ± 0.00 0.03 ± 0.00 0.00 ± 0.00 0.03 ± 0.00

Epidermis + 
Dermis (mg.cm−2) 0.10 ± 0.00 0.06 ± 0.01 0.02 ± 0.00 0.10 ± 0.00 0.00 ± 0.00 0.05 ± 0.00

Receptor fluid 
(mg.cm−2) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

Recovery (%, w/w) 92.13 ± 5.25 89.64 ± 3.95 85.59 ± 2.17 85.71 ± 1.31 94.14 ± 1.94 101.59 ± 2.22

Legend: BF, base formulation; AVO, avobenzone; OMC, octyl ρ-methoxycinnamate; FA, ferulic acid; RES, resveratrol

Porcine ear skin penetration/permeation 
assessment

The receptor fluid was based on PBS pH 7.4 
containing 4.0% BSA, for its high ability to solubilize 
lipophilic molecules and to avoid false results due 
to insufficient UV filter solubility. It is known that 
the composition of the receptor fluid significantly 

affects the percutaneous permeation test (Klimová, 
Hojerová, Beránková, 2015). The addition of other 
compounds, such as 20% ethanol, was evaluated, but 
filter solubility was not improved (data not shown). 
Table III and Figure 5 show the chemical filter (AVO 
and OMC) concentrations on the skin surface and in 
each component (stratum corneum and epidermis plus 
dermis) beyond the receptor liquid.

FIGURE 4 - Quantitative Nuclear Magnetic Resonance (qNMR) of chemical filters in sunscreens formulations. 
Legend: BF, base formulation; RES, resveratrol; FA, ferulic acid; t0 = 48h after preparing the formulations.



Page 10/13	 Braz. J. Pharm. Sci. 2023;59: e23357

Thamires B. Freire, Claudinéia A. S. O. Pinto, Maria I. A. Gonçalves, Cristina H. R. Serra, Michelli F. Dario, André R. Baby, Maria V. R. Velasco

Sunscreens are expected to remain on the skin 
surface to protect it against the negative effects of 
the sun by absorbing, reflecting, or scattering UV 
radiation. In addition, their permeation must be avoided 
to decrease the risks of topical or systemic toxicity due 
to photo-allergic reactions or the endocrine disrupting 
properties of some UV filters, to cite a few examples of 
the potential harmful effects. This study showed that 
>95% of the UV filters applied to the pig ear skin did 
not penetrate but were retained on the skin surface. 
When incorporated into the base formulation, a small 
amount of AVO and OMC were able to penetrate 
the skin because they were quantified in the stratum 
corneum (2nd–14th tape) and the viable skin layers 
(epidermis plus dermis). Fick’s first law states that 
the permeation of a topically administered drug is 
correlated to the difference between the concentration 
of a drug in the vehicle and the skin (Iyer et al., 2021). 
However, the physicochemical properties of the drugs, 
such as lipophilicity (log P), molecular weight (MW), 
melting point (MP), and topological polar surface area 
(TPSA), in addition to the interactions between the drug 
and vehicle, also significantly affect the permeability 
coefficient (Neupane et al., 2020). According to Ates 
et al. (2016), compounds that meet these criteria are 

more likely to permeate the skin: MW <180 Da and/
or log P ≥ 0.3 and/or MP <100°C and/or TPSA <40 
Å2. However, MW is considered a stricter barrier for 
molecules that are >500 Da (Iyer et al., 2021).

Skin permeation may be achieved via three pathways: 
transcellular (chemicals diffuse through the intracellular 
spaces of corneocytes), intercellular (chemicals diffuse 
through the lipid-rich extracellular regions around the 
corneocytes), and transappendageal (chemicals enter via 
the hair follicles, sweat glands, and sebaceous glands). 
In both the transcellular and intercellular pathways, the 
drug must diffuse first into the intercellular lipid matrix 
in the stratum corneum, which is considered the major 
determinant of drug permeation by the skin.

Some physicochemical properties of OMC and AVO 
contribute to their transcellular/intercellular penetration, 
namely: MW, log P, MP, and TPSA (Table IV). The TPSA 
of AVO is the single criterion that is not completely met 
and impairs its transcellular/intercellular permeation. 
However, according to Munem et al. (2021), AVO is 
mainly transported via the appendageal route (specifically 
the follicular transport route with the sebaceous gland 
acting as the reservoir), which is considered of minor 
importance because these follicles account for about 0.1% 
of the total skin surface (Pereira et al., 2021).

FIGURE 5 - Permeation of the UV filters on the pig ear skin. 
Legend. BF, base formulation; RES, resveratrol; FA, ferulic acid; AVO, avobenzone; OMC, octyl ρ-methoxycinnamate. Asterisks identify 
statistically significant differences by ANOVA one way followed by the Tukey’s test (α = 0.05)
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Thus, although most physicochemical parameters 
contribute to the permeation of chemical filters, this 
occurs to a small extent due to the interaction between 
the compound and vehicle (an oil-in-water emulsion) 
and its high viscosity, which hinders its release from 
the formulation. Previous studies have shown low skin 
permeation in both human and porcine skin models 
(Freitas et al., 2015; Montenegro et al., 2018; Munem et 
al., 2021; Pafili et al., 2021), which is in agreement with 
our results.

The addition of RES and FA was accompanied by 
a reduction in AVO penetration/permeation; however, 
FA was more efficient than RES. Regarding the OMC 
filter, it was observed that RES caused an increase in its 
permeation while FA showed no impact. RES is poorly 
soluble in water (<0.05 mg/mL) but is highly soluble in 
OMC, as demonstrated by thermal analysis (Freire et 
al., 2022). Thus, the obtained results might be explained 
by the high chemical affinity between OMC and RES, 
which could reduce its release from the formulation 
and its chemical penetration into the stratum corneum 
(Delmas et al., 2011; Ellison et al., 2020).

After 24 h of the permeation study, the AVO and 
OMC chemical filters were not quantified in the receptor 
liquid, which indicates that all formulations could be 
considered safe because no systemic absorption is 
expected (Adamson, Shinkai, 2020). The total recovery of 
all the studied filters were within the range of 85–115% as 
recommended by the Scientific Committee on Consumer 
Safety (SCCS, 2021).

CONCLUSIONS

The addition of RES and FA induces positive 
changes in the efficacy and safety profiles of sunscreens, 
in addition to their antioxidant activity. Thus, further 
studies are required to establish the real cost–benefit 
ratio for their use in these formulations.
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