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ABSTRACT

Background: Unprotected chronic exposure to ultraviolet (UV) radiation generates many harmful effects to
human skin and sunscreens are essential to health, however, traditional products do not provide enough pro-
tection against cutaneous oxidative stress, a process amplified by UV radiation. Therefore, the development of
multifunctional photoprotective formulations seems to be a more efficacious approach, since these enable the
absorption/reflection of UV radiation and maintain the cutaneous homeostasis.

Objectives: In the present study, ferulic acid (FA), a well-known antioxidant, has been combined with two UV
filters, bemotrizinol and ethylhexyl triazone, and the safety and efficacy of this formulation has been assessed
combining ex vivo and in vivo methods.

Methods: Skin permeation assays were performed by applying the formulation in the volar forearm of partici-
pants, after which consecutive samples of the stratum corneum were collected by tape stripping, and the
quantification of FA, bemotrizinol and ethylhexyl triazone was performed by high-performance liquid chro-
matography (HPLC). Also, the FA anti-inflammatory action in combination with the UV filters was probed
through a method employing Laser Doppler flowmetry to measure the vasodilatory response to methyl nicotinate
topical application.

Results: Skin permeation assay was able to characterize the penetration depth of each substance. It should also
be noted that a specific HPLC analytical method was developed in this study to enable the rapid simultaneous
quantification of the three substances. Results from Laser Doppler flowmetry showed that the FA was able to
mitigate the vasodilatory response.

Conclusions: FA proved to be a valuable resource in a multifunction sunscreen, not only providing an increase in
the SPF of sunscreens, previously published, but also decreasing the extent of inflammation.

1. Introduction

UVB radiation promotes direct photochemical damage to skin DNA,
causing genetic mutations, while UVA radiation has indirect effects on

Overexposure to sunlight causes adverse effects on our skin, being
the development of cancer its most harmful effect, melanoma being one
of the most prevalent types of cancers diagnosed worldwide IARC 2012,
American Cancer, 2016). Ultraviolet (UV) radiation covers the wave-
length range of 100 to 400 nm and is divided into UVC (100 to 290 nm),
UVB (290 to 320 nm), UVA II (320 to 340 nm) and UVA I (340 to 400
nm) (Diffey et al., 2000). Since UVC rays are absorbed by the ozone
layer in the atmosphere, they do not reach the Earth's surface, while ~
5% of UVB rays and ~ 95% of UVA rays surpass this layer, inevitably
reaching human skin at different depths and types of reactions
(Lautenschlager et al., 2007; Young, 2009; de Oliveira et al., 2015).
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DNA, mainly through the generation of reactive oxygen species
(Lautenschlager et al., 2007). Both types of UV radiation can disrupt
collagen and elastin fibers, accelerate skin aging, and increase the risk
of skin cancer (Mead, 2008). Despite this, the human body has en-
dogenous mechanisms of protection against UV, such as skin chromo-
phores, such as melanin, tryptophan, tyrosine, nitrogen purine and
pyrimidine bases (Jansen et al., 2013). In addition, other defense me-
chanisms like inhibition of free radicals by endogenous antioxidants,
horny layer thickening, sweat, sebum and hair, also contribute to the
UV-damage prevention (Jansen et al., 2013; Cestari et al., 2012).
However, the endogenous protection is not sufficient to maintain
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cutaneous homeostasis at stressful conditions, and additional strategies
are advised, such as protective clothes, promotion of educational habits
regarding outdoor exposure, and use of photoprotective formulations
(Cestari et al., 2012). Sunscreens contain substances that act on the skin
surface, involving mainly two mechanisms: absorption (organic or
chemical filters) or/ and reflection (inorganic or physical filters) of the
UV radiation (Cestari et al., 2012).

Oxidative stress is amplified by UV radiation, being a biological
condition responsible for several damages to the body caused by free
radicals (Carocho and Ferreira, 2013). Free radicals that can be harmful
to our organism are mainly classified as reactive nitrogen species (RNS)
and reactive oxygen species (ROS) (Phaniendra et al., 2015). However,
ROS/RNS can also provide beneficial effects; at moderate/low levels
they can be involved in immune function, mitogenic response, redox
regulation and cellular signaling pathways (Valko et al., 2007;
Nordberg and Arnér, 2001). Nevertheless, in excessive levels, they can
lead to the disruption of the integrity of many biomolecules, like DNA,
proteins and lipids (Craft et al., 2012; Lii et al., 2010). The examples of
ROS can include superoxide (0,®), oxygen radical (0,®®), hydroxyl
(OH®) and peroxyl radical (ROO®); and, for NOS, nitric oxide (NO®)
and nitrogen dioxide (NO,®) (Halliwell, 2015).

Although traditional UV filters are the main form of protection
against UV radiation in sunscreens, they are not completely adequate as
a single source of prevention against oxidative stress (Zhang, 2010).
Experiments conducted by Haywood et al. (2003), using electron spin
spectroscopy to detect free radicals in human skin, have shown that
sunscreens reduced free radical formation by only 55% after exposure
to artificial UV radiation (Haywood et al., 2003). Consequently, there is
a need for innovation and better elaboration of photoprotective for-
mulations in order to contemplate a greater spectrum of protection,
including aggregated benefits.

Ferulic acid (FA) (4-hydroxy-3-methoxy cinnamic acid), a natural
phenolic compound, belongs to the class of hydroxycinnamic acids,
being found mainly in rice, citrus fruits, wheat, corn, roasted coffee and
several other vegetables (Gerin et al., 2016; Graf, 1992;
Srinivasan et al., 2005). It is known that phenolic compounds have
benefits to human health, mainly because of their antioxidant potential
(Gerin et al., 2016). In addition to its antioxidant properties, the spe-
cialized literature has demonstrated that FA also has anti-inflammatory,
hepatoprotective, anticarcinogenic, antimutagenic and neuroprotective
potentials (Graf, 1992; Srinivasan et al., 2005; Murakami et al., 2002;
Jin et al., 2005; Baskaran et al., 2010). The FA antioxidant activity
occurs by the suppression of hydroxyl and superoxide radicals, nitric
oxide and peroxynitrite (Graf, 1992). FA has cis-trans isomerism, being
the trans form the most commonly found in nature. The cis form is
presented as a yellowish oil with maximum UV absorption at 316 nm,
whereas the trans form is presented as a crystal with two maximum
absorption peaks in water, at 284 and 307 nm (Graf, 1992;
Almeida et al., 2018). Topical administration is an efficacious strategy
to increase the concentration of antioxidants in the skin and prevent
endogenous molecules degradation, which increases their half-life and,
at the same time, protects cells from negative effects caused by UV
radiation (Chen et al., 2012). Therefore, FA is an excellent candidate for
multifunction photoprotective formulations (Zdunska et al., 2018). It
should also be highlighted that this antioxidant has good biocompat-
ibility. Additionally, studies conducted by Peres et al., 2018, evaluated
its photoprotection potential, and an increase was observed in the sun
protection factor (SPF) by 37% and in the UVA protection factor (FP-
UVA) by 26% when FA was combined with an UV filter system
(Peres et al., 2018).

In this research, we further assessed the efficacy of a multifunctional
sunscreen formulation containing ferulic acid (trans) and two UV filters
(ethylhexyl triazone, bemotrizinol) using ex vivo and in vivo assays.
The evaluation of the skin penetration of these molecules was de-
termined by tape stripping using a developed high-performance liquid
chromatography (HPLC) method. The antioxidant/anti-inflammatory
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activity of the photoprotective formulations was probed in vivo by a
method that measures the response to the topical application of a va-
sodilator by Laser Doppler flowmetry, thus, the efficacy assessment is
based on the ability of the samples to decrease the extent of an er-
ythema-induced response.

2. Experimental
2.1. Chemicals, reagents and instrumentation

Trans-ferulic acid was purchased from Sino Lion (USA), and ethyl-
hexyl triazone and bis-ethylhexyloxyphenol methoxyphenyl triazine
(bemotrizinol) were purchased from BASF (Brazil). C;»-C;5 alkyl
benzoate and butilenoglicol cocoate were obtained from Brasquim
(Brazil). Disodium EDTA, isopropyl miristate, phenoxyethanol (and)
methylparaben (and) ethylparaben (and) propylparaben (and) bu-
tylparaben and cyclomethicone were bought from PharmaSpecial
(Brazil). Cyclomethicone (and) dimethicone crosspolymer, glycerin and
acrylates / Cio-30 alkyl acrylate crosspolymer were purchased from
Fagron (Brazil). Hydroxyethyl acrylate / sodium acryloyldimethyl
taurate copolymer (and) isohexadecane (and) polysorbate 60 and trie-
thanolamine were from, respectively, Seppic (Brazil) and Volp (Brazil).
Sodium acetate buffer and methyl nicotinate were purchased from
Sigma-Aldrich (St. Louis, USA). 1,4-Dioxane was purchased from Merck
(Darmstadt, Germany). All reagents were of HPLC or analytical grade
and were used as received, without any further purification. Purified
water was used for all experiments, using Merck Millipore® Mili-Q®
Simplicity UV.

Adhesive tapes were Tape Scotch® 3M Transparent 750 poly-
propylene; syringe filter was 0.22 pm, Millipore®, and the occlusive
patch was Hill Top® Chamber occlusive patch (Hill Top® Research,
Cincinnati, Ohio).

HPLC was Shimadzu® Prominence (Kyoto, Japan) composed of SPD-
M20A diode array spectrophotometric detector and CTO-20A column
oven. The column C18 (250 X 4.6 mm, 5 mm particle size, Shimadzu,
Japan) was preceded by a pre-column (10 X 4.6 mm). Laser Doppler
flowmetry equipment was PeriFlux® System 5000 (Perimed®, Sweden).
Mechanical stirrer (IKA® RW 20n), analytical balance (Shimadzu® AUY
220), semi-analytical balances (Gehaka® BG 4000 and Ohaus® ARD
110), thermostatic bath (New Ethics® N480), ultrasonic bath (Unique®
UltraCleaner 1600A), centrifuge (Hitachi® RX2) and single-channel
micropipettes (Eppendorf® 100-1000 pL and 1.0-10.0 mL) were used.

2.2. Formulations

Emulsified oil-in-water (O/W) systems containing ethylhexyl tria-
zone and bemotrizinol with or without ferulic acid were prepared ac-
cording to Peres et al., 2018. The qualitative and quantitative compo-
sition (% w/w) of the samples is described in Table 1.

2.3. Ethical issues

The participants in this research were provided with the necessary
information and clarification regarding the trial through oral and
written informed consent. The study was developed in accordance with
the principles in the Helsinki Declaration. The project was approved by
the Ethics Committee by the Faculty of Pharmaceutical Sciences of USP,
number CAAE: 31583814.0.0000.0067, protocol number 735.493.
Participants (18-70 years old) with healthy skin participated in the
study, with skin phototype II-V according to the Fitzpatrick classifica-
tion. Participants were instructed not to apply cosmetic products for 24
hours before the study in the area to be tested.
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Table 1
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Qualitative and quantitative composition (% w/w) of photoprotective formulations with or without ferulic acid (F1 and F2) according to Peres et al. (2018).

Ingredients (function)

Concentration (% w/w)

F1 F2

Oil phase Ethylhexyl triazone (UVB filter) 5.00 5.00
Bis-ethylhexyloxyphenol methoxyphenyl triazine (broad spectrum filter) 10.00 10.00
C12-C15 alkyl benzoate (emollient) 9.00 9.00
Butylene glycol cocoate (emollient and stabilizer) 6.75 6.75
Isopropyl myristate (emollient) 6.75 6.75
Cyclomethicone (emollient and film-former) 1.75 1.75
Cyclomethicone (and) dimethicone Crosspolymer (thickening agent and film-former) 1.25 1.25
Hydroxyethyl acrylate (and) sodium acryloyldimethyl taurate copolymer (and) isohexadecane (and) polysorbate 60 (self-emulsifying 4.00 4.00
agent)

Water phase  Glycerin (humectant) 5.00 5.00
Phenoxyethanol (and) methylparaben (and) ethylparaben (and) butylparaben (and) propylparaben (and) isobutylparaben (preservative)  0.75 0.75
Disodium EDTA (chelating agent) 0.30 0.30
Acrylates (and) C10-30 alkyl acrylate crosspolymer (film-former, thickening agent and co-emulsifier) 0.10 0.10
Ferulic acid (antioxidant bioactive compound) -

Purified water
Triethanolamine (pH value corrector)

1.00

3. Ex vivo test
3.1. Chromatographic conditions and analytical validation method

A single method was used to quantify the three bioactive com-
pounds by HPLC, modified from Modi and Vukkum (2014). The mobile
phase was composed in isocratic mode of sodium acetate buffer pH 4.2:
1,4-dioxane (20%: 80%) filtered through syringe filter, with a flow rate
of 1.5 mL.min "~ ! for 25 minutes at 50°C, with 10 L of sample injection
amount. The diode detector was set at 311 nm for sample detection.

3.2. Ex vivo penetration assay

The study was conducted in the middle volar forearm of the 12
participants. The skin was cleansed with purified water, after which
formulation F2 containing FA was applied (2.0 mg.cm’z) ina2.25 cm?
site. After 2 hours, 20 consecutive samples of stratum corneum were
collected by the tape stripping technique (de Oliveira et al., 2015;
Benfeldt et al., 2007; Alonso et al., 2009; Peres, 2015).

The adhesive tapes collected were analyzed as an aggregate of three
regions: Region 1: composed by the first tape extracted, which re-
presents the uppermost layer of the stratum corneum; Region 2: com-
posed by tapes 2-10, representing intermediate layers of stratum cor-
neum; and Region 3: composed by tapes 11 - 20, which represents the
innermost layers of the stratum corneum. The tapes were transferred to
a glass beaker and the stratum corneum was extracted by the addition
of 10 mL sodium acetate buffer pH 4.2:1,4-dioxane (20:80%), in an
ultrasonic bath for 15 minutes (Alonso et al., 2009; Peres, 2015). After
mix in a vortex and filtration through a syringe filter, the samples were
quantified by HPLC.

3.3. In vivo anti-inflammatory/ antioxidant assay

This study was conducted in 13 participants. Three areas of 2.25
cm? each were marked in the volar forearm of each of the participants.
The determination of which forearm was selected (left or right) and the
order of the sites were randomized (Gallin et al., 2017).One site was
used as a negative control (purified water) and the other two sites were
treated with the photoprotective formulation with (F2) or without FA
(F1), using an occlusive patch. After 2 hours, the patches were removed
and any formulation remaining on the skin was wiped with soft paper.
Thirty minutes after patch removal, an erythema was induced in each
site by the application for 60 s of a filter paper saturated with an
aqueous solution of methyl nicotinate (0.5% w/v). Measurements of the
cutaneous microcirculation in the individual test sites were then re-
corded continuously for fifteen minutes with a Laser Doppler flowmeter

(de Oliveira et al., 2015). The mean perfusion unit values, maximum
perfusion unit value, area under the curve, angular coefficient and
onset time were obtained using the Laser Doppler flowmetry equipment
and analyzed through PeriSoft® software, version 2.5.5.

3.4. Statistical treatment

Results were evaluated using t-test followed by Wilcoxon's test to
make comparisons among the different parameters with the help of
GraphPad Prism® software version 5.0 (GraphPad® Software, Inc.).

4. Results and discussion
4.1. Formulations

Sunscreens (products used mainly to prevent cutaneous erythema
formation from outdoor exposure) are complex formulations containing
several ingredients (adjuvants and actives) that must guarantee, besides
safety and efficacy, physicochemical, functional and microbiological
stability, some level of water resistance, low environmental risk and
emolliency. Other cosmetic attributes can be achieved, such as moist-
urizing, antioxidant action and anti-aging prevention, enabling multi-
aggregate benefits for the consumer. When these properties are com-
bined in a single product it can be characterized as a multifunctional
sunscreen (Balogh et al., 2011; Velasco et al., 2008;de Oliveira et al.,
2015 ). The relevance of the most adequate selection of adjuvants is as
important as the choice of the actives, among them, the UV filters.

Our samples were emulsified O/W systems, a less unctuous vehicle
in comparison with other oil-based solutions or gels, W/O emulsions or
wax-based matrixes. The sensorial properties of O/W emulsions are not
only cosmetically acceptable, but also pleasurable, increasing the
compliance for multiple re-applications, that are indispensable to keep
sunscreen efficacy during outdoor exposure (Sarruf et al., 2020;
Sarruf et al., 2020; Yap et al., 2017). The sunscreen vehicle was com-
posed of emollients, film-formers, consistency/thickening agents, hu-
mectant, preservative, chelating agent, co-emulsifier, purified water
and pH value correctors. Those substances were combined to obtain a
stable topical product, with enough consistency to be adequately spread
on the skin and to form a homogeneous film with water resistance,
providing good sensorial properties and able to deliver the actives that
protect against the harmful effects of UV radiation to the external layers
of the epidermis.

4.2. Ex vivo penetration test

The surface of the human body is covered entirely by our biggest
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organ, the skin, providing protection against the external environment,
and being directly exposed to UV solar radiation (Di Domenico et al.,
2009). Understanding the skin penetration of topically applied sub-
stances is crucial to optimize the safety and efficacy of cosmetics,
especially sunscreens (Weigmann et al., 2005; Roussel et al., 2015). It is
recommended that UV filters remain on the epidermal surface, pre-
ferably in the stratum corneum, thus avoiding a possible systemic ab-
sorption. However, studies on the penetration and permeation of
sunscreens in/across the skin suggest that some ingredients can over-
come the cutaneous barrier, reaching the systemic -circulation
(Hayden et al., 1997).

An ideal UV filter should be efficacious without penetrating the
viable epidermis, dermis or appendages (Tampucci et al., 2018), since
its mechanism of action is based in creating a “shield” that prevents the
UV radiation from reaching the deeper layers of the skin. In contrast, a
suitable topical antioxidant must penetrate the stratum corneum in
order to prevent the deleterious action of the ROS/ RNS generated by
UV radiation in the viable epidermis and dermis (Abla and
Banga, 2013).

Several HPLC studies have been developed for the simultaneous
analysis of UV filters, but these are usually applied for the quantifica-
tion of ingredients in formulations and not in biological samples, like
those obtained in this investigation (Chang et al., 2015; Wharton et al.,
2011; Durand et al., 2009; Davies et al., 2017). Percutaneous studies
can be conducted in vivo, in vitro and ex vivo (Monti et al., 2011).
However, difficulties in obtaining human skin samples, as well as the
increasing ban on animal testing of cosmetics around the world have
steered researchers to develop new models for the evaluation of skin
penetration/permeation, such as the tape stripping technique
(Candido et al., 2018).

The tape stripping technique can be used to investigate the dis-
tribution of UV filters in the skin layers by using analytical methods,
such as HPLC, UV absorption spectroscopy, gas chromatography and
mass spectrometry (Klinubol et al., 2008). This approach allows the
noninvasive sampling of human skin (stratum corneum), increasing the
precision and relevance of the experiment without causing discomfort
to the participants. The technique is considered ex vivo, as it is based in
the topical interaction of the sample with the volunteers” skin, with
subsequent removal of the stratum corneum by adhesive tapes, and the
collected samples are also applicable in multiple types of tests (e.g. ir-
radiation or chemical reactions) (Alonso et al., 2009).

The physicochemical properties are the main conditionings of the
transcutaneous penetration and permeation behavior of UV filters
(Tampucci et al., 2018), in particular their molecular weight and par-
tition coefficient (log P) (Tampucci et al., 2018; Souza and Maia
Campos, 2017).

Molecules that exhibit moderate hydrophilic and lipophilic prop-
erties are normally better candidates to permeate the skin
(Tampucci et al., 2018). It is known that log P values between 1 and 3
may allow passive diffusion of the molecule into the skin; lower par-
tition coefficients mean that the molecule is very soluble in water, thus,
penetration across the stratum corneum will be more difficult. How-
ever, if the log P is too high, the molecule may be able to accumulate
and form reservoirs within the stratum corneum lipid phases, and
partition to the viable epidermis would be less favored (Tampucci et al.,
2018; Durand et al., 2009). The log P values of the UV filters used in the
present study, bemotrizinol and ethylhexyl triazone, are very high,
therefore, these molecules tend to accumulate in the stratum corneum
(Table. 2).

Another strategy to reduce the cutaneous absorption of sunscreen
components is the use of molecules of high molecular weight, which is
also the case of bemotrizinol or ethylhexyl triazone (Table. 3). It is well
established that most chemical compounds with molecular weight
above 500 Da do not penetrate the skin in a high extent
(Essendoubi et al., 2016). Thus, since both selected filters have mole-
cular weights greater than 500 Da and are highly lipophilic, their
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Table 2
Physicochemical parameters of bemotrizinol, ethylhexyl triazone and ferulic
acid (Zhang, 2010, Lifeng KYHTYKKJSLHPA-LK. 2014).

Ingredients (actives) Molecular weight (DA) Log P
Bemotrizinol 627.81 12.93
Ethylhexyl triazoneTRIAZONE 823.07 16.13
Ferulic acid 194.18 1.67

Table 3
Penetration test of ferulic acid, ethylhexyl triazone and bemotrizinol performed
by removal of stratum corneum ex vivo.

Ferulic acid Concentration (ug/ Recovery (%)  Total recovery

mL) (%)

Region 1 3.43 £0.13 17.17 55.74

Region 2 6.34 = 1.32 31.69

Region 3 1.38 £ 2.56 6.88

Ethylhexyl triazone  Concentration (ug/ Recovery (%) Total recovery
mL) (%)

Region 1 27.49 £ 0.13 27.49 56.34

Region 2 20.61 * 0.42 20.61

Region 3 8.24 = 0.56 8.24

Bemotrizinol Concentration (ug/ Recovery (%)  Total recovery
mL) (%)

Region 1 49.75 = 0.09 24.88 46.84

Region 2 29.57 = 0.83 14.79

Region 3 14.35 = 1.53 7.17

penetration into/across the stratum corneum was expected to be irre-
levant. Souza; Maia Campos, 2017, analyzed the penetration potential
of bemotrizinol and ethylhexyl triazone, using porcine ear skin in a
vertical diffusion cell during 24 hours, with analysis of the receptor
fluid by HPLC. They used 16 adhesive tapes (tape stripping technique)
in order to quantify the retained compounds in the epidermis. None of
the UV filters was detected in the receptor fluid, thus remaining re-
tained in the skin. More than 90% of these UV filters were detected in
the stratum corneum (Souza and Maia Campos, 2017). Potard et al.,
2000, applied a formulation with ethylhexyl triazone on excised human
skin mounted in a diffusion cell, and removed the respective stratum
corneum by tape stripping after 30 minutes and 16 hours of exposure,
being the active quantified by HPLC. Ninety six percent of ethylhexyl
triazone was found to be retained in the stratum corneum and the re-
mainder penetrated into the viable epidermis without permeation to the
dermis (diffusion cell receptor fluid) (Potard et al., 2000). Durand et al.,
2009, also performed penetration experiments of bemotrizinol (aerosol
formulation) in excised human skin through vertical diffusion cells, and
were unable to find the UV filter in the receptor fluid after 24 hours
(Durand et al., 2009). Thus, the results in the present work are in
agreement with these in vitro studies, but, since the penetration of UV
filters in the epidermis removed by ex vivo assay was investigated and
quantified by a validated HPLC method, we further established the
safety and reliability of the use of bemotrizinol and ethylhexyl triazone.

It is known that FA is soluble in hot water, being insoluble in oil
(Souto et al., 2005). Zhang et al., 2010, through in vitro permeation
tests in Franz cells (pig skin as membrane model), observed low FA
deposition on the skin, possibly being insufficient to induce its anti-
oxidant activity (Zhang, 2010). Peres, 2015, analyzed the antioxidant
activity of the molecule in the corneous layers of the epidermis by a
tape stripping technique, not observing differences among the adhesive
tapes obtained, which was justified by the low degree of FA penetration
in/across the skin, that was found mainly on the stratum corneum
surface (Peres, 2015).

In the current study, tape stripping was used as an efficient method
to investigate the penetration of cosmetic active ingredients
(Lademann et al., 2009). In this method, stratum corneum cell layers
are successively removed by adhesive films from the same skin area
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Table 4

European Journal of Pharmaceutical Sciences 156 (2021) 105578

Laser Doppler flowmetry analysis of control, sunscreen and sunscreen with ferulic acid regions.

Parameters

Control (water)

Sunscreen Sunscreen with ferulic acid

PERFUSION UNIT VALUES (PU)

MAXIMUM PERFUSION UNIT VALUE (PU)

AREA UNDER THE CURVE (UNIT.SECONDS)

ANGULAR COEFFICIENT

ONSET TIME OF PERFUSION UNIT INCREASE (UNIT.SECONDS(1)

94.45" + 48.72
176.2° + 68.11
84490° + 43340
0.5670° + 0.3003
116.0° + 155.0

76.84" + 23.47
139.3% + 34.42
68650€ + 21220
0.2861F + 0.09646
123.3" + 145.6

73.75" + 23.44
138.5% + 28.38
66280 + 21060
0.3567% + 0.1177
136.3" + 143.3

after topical application of the samples (Lademann et al., 2009). The
adhesive tapes contain amounts of corneocytes and corresponding
amounts of the penetrated ingredients, which can be quantified by
analytical methods (Lademann et al., 2009). The stratum corneum
thickness of the human skin is considered to be between 10-30 pm,
having at least 16 layers of cells with a diameter of around 1 pm each
(Bohling et al., 2014; Ya-Xian et al., 1999). Lademann et al., 2009,
measured the amount of stratum corneum removed by the tape strip-
ping technique and found that 5 tapes could remove about 3 pm of this
layer. The first adhesive tapes removed contained a high concentration
of corneocytes, whereas when increasing the consequential number of
tapes, its concentration decreased significantly (Lademann et al., 2009).
So, 20 adhesive tapes, as we used in the present research work, should
not exceed 10 um of thickness. The quantification by HPLC of the active
compounds obtained in the ex vivo assay is shown in Table. 4

The formulation applied on the volar forearm of the participants
had 20 pg/mL of FA, 100 pg/mL of ethylhexyl triazone and 200 pg/mL
of bemotrizinol. FA showed to be more concentrated on Region 2,
where its recovery was 31.69%, suggesting that this compound can
penetrate easier than the UV filters, whereas ethylhexyl triazone and
bemotrizinol were more concentrated on Region 1, with recoveries of
27.49 and 24.88%, respectively. However, only 55.74% of FA, 56.34%
of ethylhexyl triazone and 46.84% of bemotrizinol were found in the
removed stratum corneum of the ex vivo assay. It seems unlikely that
the UV filters, with high molecular weight and logP could have a sig-
nificant percutaneous penetration. On the other hand, as mentioned
previously, despite having more favorable physicochemical properties,
FA has been reported to have low permeation rates (Peres et al., 2018,
Peres, 2015). Considering that the stratum corneum can have up to 30
pum thickness and the adhesive tapes used would not exceed 10 um of
removal, it is suggested that the remaining quantities of the active
compounds could be in the deeper layers of the stratum corneum, and
that none of these compounds would be reaching the viable epidermis
in significant amounts. The lower amounts of actives found in Region 3
seem to corroborate this hypothesis.

Nevertheless, further studies should be conducted to further estab-
lish the epidermal and dermal penetration of FA, since even though
only approximately 50% was found in the tape stripped stratum cor-
neum of the participants, evidence of its efficacy was observed, not only
in the current research work, that will be discussed further, but also in
the study by Peres et al., 2018, that showed that FA enhanced in vivo
UV protection.

4.3. In vivo anti-inflammatory/ antioxidant assay

Laser Doppler flowmetry has been used to non-invasively assess skin
blood flow in clinical and experimental studies and measure tissue
perfusion (Vertuani et al., 2003). This equipment offers an excellent
temporal resolution of local skin blood flow changes caused by diverse
variables (Petersen, 2013). Its functioning is based in emitted light
(formed by a Helion-Neon laser) which is dispersed and partially ab-
sorbed by the moving blood cells, suffering changes in the wavelength
(Doppler shift), while the light that reaches the static objects is not
altered (Fullerton et al., 2002). The magnitude and frequency dis-
tribution of these changes in wavelength are directly related to the
number and velocity of blood cells in the sample volume. The

information is captured by a feedback fiber, converted into an elec-
tronic signal and analyzed by a software, where blood perfusion is
shown in real time throughout the procedure, expressed in arbitrary
perfusion units (PU). The physiological response from inflammatory
mediators can be quantitatively measured by blood flow instruments,
non-invasively and in real time (Henricson et al., 2007;
Cracowski et al., 2006).

In the present study, three sites were analyzed on the forearm of
participants: two were treated for 2 hours with sunscreens with and
without FA, and the remainder was a control region (purified water).
After this period, a solution containing 0.5% of methyl nicotinate was
applied to the skin, to stimulate a vasodilatory reaction, after which
blood perfusion measurements were recorded continuously for 15
minutes. The topical application of methyl nicotinate stimulates a fast
vasodilatation of the peripheral blood capillaries of the connective
tissue bellow the epidermis (Jumbelic et al., 2006; Elsner and
Maibach, 1991). Five parameters were considered in this study: (1)
mean perfusion unit values; (2) maximum perfusion unit value; (3) area
under the curve; (4) angular coefficient; and (5) onset time of perfusion
increase. The comparison among the three regions can be seen in Table

The angular coefficient of both formulations had a significantly
decreased value compared to that observed in the negative control site.
It is known that water can be a penetration enhancer to the skin, and
raising the stratum corneum hydration is a strategy that can potentiate
drugs locally applied to the cutaneous tissue (Bond and Barry, 1988;
Lundborg et al., 2018; Merwe and Ackermann, 1987). Thus, the higher
angular coefficient of the control (purified water) region could be ex-
plained by its permeation enhancement. In other words, the vasodila-
tory effect of the methyl nicotinate solution applied on the skin was
amplified. It should also be noted that, although no significant differ-
ences were found, the onset time was quicker in the control and the
remaining parameters were also higher. To minimize the effect of inter-
individual variability, which is a well-known conditioning of in vivo
studies, results were also analysed as the ratio between the values ob-
tained at each sample site and the respective control values. Significant
differences in the angular coefficient were established between for-
mulations F1 and F2, as seen in

Fig. 1, that can be attributed to the FA presence.

The results obtained in this study showed that the presence of FA
decreased the intensity of the erythema caused by methyl nicotinate
when compared to the formulation that contained only the ethylhexyl
triazone and bemotrizinol. This is an original result in the literature,
being reported for the first time the FA influence with a method em-
ploying Laser Doppler flowmetry in research and development applied
to sunscreens. It is well established that methyl nicotinate raises pros-
taglandin synthesis in skin cells, acting in the peripheral blood capil-
laries to cause vasodilatation (Katzman et al., 2003; Wilkin et al.,
1985). The prostaglandin synthesis is a subproduct of COX enzymes in
our body, which are responsible for the formation of important biolo-
gical mediators, called prostanoids (like prostaglandins, prostacyclin
and thromboxane) (Resler et al., 2014). Studies indicated that the FA
could inhibit the COX-2 enzyme activity, which triggers a pro-in-
flammatory activity (Nile et al., 2016;Jayaprakasam et al., 2006 ;
Hosoda et al., 2002). As seen in

Fig. 2 if the COX pathway is blocked, the synthesis of prostaglandins
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Fig. 1. Angular coefficient of sunscreens with or without ferulic acid analyzed
by the Laser Doppler flowmetry equipment. The parameters were examined by
Mann-Whitney U test (*p<0.05, n=13). Different letters mean statistical dif-
ference found.
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Fig. 2. Inflammatory pathway adapted from Resler et al. (2014), Martel-
Pelletier et al. (2003).

is reduced, consequently affecting inflammatory responses. Therefore,
it could be hypothesized that the formulation with FA had an anti-in-
flammatory effect detected by this in vivo assay due to its potential to
decrease the COX-2 enzyme. Considering that an inflammation re-
sponse can occur after UV exposure and can cause tissue damage
(Lin et al., 2017), modulating this phenomenon, to maintain skin
homeostasis, using a bioactive compound with efficacy at a low con-
centration of 1.0% can be considered a valuable strategy to develop
new sunscreens with multi-aggregate benefits.

Peres et al., 2018, in earlier in vivo studies from our research group,
found that FA, in a sunscreen formulation, amplified the SPF in about
37% and UVA-PF in 26% (Peres et al., 2018). The in vivo SPF evalua-
tion is measured by the UVB energy required to produce a minimal
erythemal dose (MED) on the protected skin of participants, divided by
the UVB energy required to produce a MED on unprotected skin. Sub-
stances that delay the formation of erythema on the skin, like anti-in-
flammatory or antioxidant molecules, could significantly improve UV
photoprotection, acting by a non-sunscreen mechanism. In this study,
The results from the present investigation provided further insights into
the mechanism of action of FA, establishing its anti-inflammatory ac-
tivity in vivo, which seems to indicate that this is a promising molecule
to be added to multifunctional sunscreen formulations.
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5. Conclusions

The evaluation of skin penetration of ferulic acid, ethylhexyl tria-
zone and bemotrizinol by an ex vivo tape stripping method was per-
formed with an original HPLC method. Almost 50% of all active com-
pounds were found in the sampled adhesive tapes, suggesting that the
remaining amounts penetrated deeper into the stratum corneum. Using
a method employing Laser Doppler flowmetry to measure the vasodi-
latory response to the topical application of methyl nicotinate, ferulic
acid was shown to behave as an anti-inflammatory substance, providing
a superior performance when compared to the sunscreen formulation
without this compound. This is an interesting result, as this anti-in-
flammatory activity may explain the previously reported increase in the
in vivo SPF of a formulation combining ferulic acid and UV filters.
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