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Abstract

Objectives: The aim of this study was to evaluate cellular indicators, which change with exposure to
ultraviolet (UV) radiation and can be used as parameters for measuring sunscreens efficiency. Methods:
Commercial strains of L929 and HaCaT cells (skin dermis and epidermis, respectively), from the cell bank
of Rio de Janeiro, were exposed to different doses of UVA (350 nm) and UVB (309 nm) radiation. The
evaluation of the photoprotective potential of sunscreens was analyzed with cell viability, lipid
peroxidation and ROS generation tests. Samples of sunscreen with SPF values ranging from 15 to 60 were
applied to a quartz plate superimposed on the top of a microplate containing the cell culture, and then
the system was irradiated. Results: The viability and lipid peroxidation of the two cell lines remained
unchanged after exposure to UVA radiation. When exposed to UVB radiation, the reduction in viability and
the increase in lipid peroxides were dose-dependent, that is, they varied from 3.15% to 95.4%, and from
1.2 to 42.7 nM MDA/pg protein, respectively, both for the L929 strain. The dose of 0.5 J/cm? reduced by
41.4%21.67 the number of viable cells, and the dose of 30 J/cm? promoted the oxidation of 42.7 nM of
MDA/pg protein. These doses were selected to evaluate the photoprotective effectiveness of commerecial
sunscreens. Sunscreens exposed to UVB rays could prevent the loss of cell viability (viability remained
around 100% for higher SPF) and the formation of lipid peroxides (30 to 80% reduction of peroxide levels).
None of the two cell strains, submitted to UVB radiation, formed amounts of intracellular ROS in a dose-
dependent manner. Under exposure to UVA radiation, only the HaCaT cell line produced the largest
amounts of ROS in a dose-dependent manner. After treating these cells with photoprotective
formulations (20 J/cm?), the researchers observed a reduction in the amount of ROS formed. Conclusions:
The parameters of cell viability and lipid peroxidation were promising to evaluate the photoprotective
capacity of sunscreens against UVB radiation. The generation of ROS expressed in the HaCaT strain can
discriminate the photoprotective potential of formulations against UVA radiation, as sunscreens reduced
the formation of ROS. These results suggest that in vitro tests that evaluate the damage caused to cells can
predict cellular indicators of the photoprotective effectiveness of sunscreens and contribute to minimize
these tests in the initial phase of product research and development.
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Evaluation of cell biomarkers as in vitro photoprotective assays for sunscreen formulations

1. INTRODUCTION

Given the importance of photoprotection in public health, sunscreens have been used as
one of the main preventive measures against the harmful effects of ultraviolet (UV)
radiation’2, 90% of nonmelanoma skin cancers and 86% of melanomas are caused by
exposure to the sun and ultraviolet rays?, but the regular use of photoprotective formulations
in the early stages of life (up to 18 years old) can reduce the incidence of skin cancer by 78%*.
In this sense, the application of sunscreen is strongly recommended by the World Health
Organization and the scientific community>®.

In general, sunscreen products are a combination of organic and inorganic filters. Organic
filters absorb UV radiation and convert it to a harmless radiation to the skin (heat or light)*”#,
and inorganic filters reduce UV radiation through physical mechanisms of reflection and
dispersion*7:219,

The protective efficiency of sunscreens has been mainly assessed in vivo using non-invasive
methods, including UVB/UVA-2-induced erythema or sunburn, which is expressed as sun
protection factor (SPF) and skin pigmentation, that is, immediate pigment darkening (IPD) and
persistent pigment darkening (PPD)""""4,

However, studies have shown that considering only the in vivo erythema and pigment
darkening responses to UV irradiation cannot adequately predict the deleterious effects
of radiation on biological structures, immunosuppression, photoaging and
carcinogenesis"1517,

To address these issues, this study evaluates some biological indicators that change
with exposure to UV radiation and the photoprotective efficacy of sunscreen formulations
to establish a complementary procedure to be used during product research and
development.

We emphasize that the proposed use of these in vitro assays is not to replace the tests in
humans but rather to optimize product development, guide the screening of the formulations
and thereby reduce the number of formulations to be tested in vivo.

2. METHODS

2.1 Sunscreen products

For the in vitro assays, we selected commercial sunscreen products from two companies
(A and B), from a local Brazilian market, which consist of a mixture of organic and inorganic
filters. Brand A products were available with SPF values of 15, 30 and 60 in lotion form
(Table 1). The labels claimed UVA + UVB protection, but the UVA protection was not expressed
in PPD values.

According to the product labels, brand B sunscreen formulations had SPF values of
30, 40 and 60, and they differed from brand A formulations by also providing PPD values
(15, 25 and 41, respectively) (Table 1). The formulations with SPF/PPD 40/25 and 60/41
were also presented as lotions, while the product with SPF/PPD 30/15 was a cream
formulation.

The presence of organic filters in sunscreen formulations of brands A and B was confirmed
by high-performance liquid chromatography (HPLC). The extraction process consisted in using
commercial samples sunscreens (20 mg) and a solvent mixture: 40 mL of methanol:water
(1:1 v/v) and 40 mL of dichloromethane for brand A products, and 40 mL of methanol:water
(1:1 v/v) and 80 mL of dichloromethane for brand B formulations. After manual dispersion of
the mixtures and ultrasonic water bath for 20 minutes, the organic (dichloromethane) and
aqueous (methanol and water) phases were obtained and subjected to chromatographic
analysis. The recovery of these extraction processes were performed with the standard
addition technique (organic filter Sigma-Aldrich, USA). 20 pL of organic filters standards
(Sigma-Aldrich, USA) and sample solutions were injected into the chromatographic system
with the column and precolumn C18 Hypersil Gold (Thermo Fisher Scientific, USA). The elution
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was conducted with 0.8 mL min™' flow rate at 22°C, with the following gradient program: (A)
ethanol and (B) water with 1% formic acid - 0-5 min (55:45), 5-15 min (60:40), 15-20 min (80:20),
20-35 min (100:0), 35-40 min (80:20), 40-45 min (60:40), 45-50 min (55:45) and 50-51 min (9).
Finally, monitoring was carried out at 313 nm (Chisvert et al.”® with modifications).

Table 1. Summary of organic and inorganic filters contained in commercial sunscreens (A and B) and
their corresponding sun protective factor values.

SUNSCREENS - BRAND A SUNSCREENS - BRAND B

SPF Organitfl inorganic UV absc_)rption SPF/PPD . Orga?nic/ UV absorption region
Filters region inorganic filters
EHT UVB, UVA-2 EHT UVB, UVA-2
oct uvB ocT uvB
TiO* UVB, UVA-2 TiO* UVB, UVA-2
BEMT UVB, UVA-1/UVA-2 BEMT UVB, UVA-1/UVA-2 UVB
15 30/15 EHS UVA-1, UVA-2
AVO uvB
HMS UVB, UVA-1/UVA-2 UVA-1, UVA-2
DTS
TDSA
EHT UVB, UVA-2 EHT UVB, UVA-2
ocT uvB ocT uvB
TiO* UVB, UVA-2 TiO* UVB, UVA-2
UVB, UVA-1/UVA-2
30 BEMT UVA-1, UVA2 40/25 BEMT UVB, UVA-1/UVA-2 UVA-1, UVA-2
AVO AVO UVB, UVA-1/UVA-2 UVA-1, UVA-2
DTS
TDSA
EHT UVB, UVA-2 EHT UVB, UVA-2
ocT uvB ocT uvB
TiO* UVB, UVA-2 TiO* UVB, UVA-2
60 BEMT UVE, U\L/J?/_;/UVA_Z 60/41 BEMT UVB, UVA-1/UVA-2 UVA-1, UVA-2
EHS UVA-1, UVA-2 AVO UVB, UVA-1/UVA-2 UVA-1, UVA-2
AVO DTS
TDSA

SPF: Sun Protection Factor; PPD: Persistent Pigment Darkening. EHT: Ethylhexyl triazone; OCT: Octocrylene; TiO2*:
Titanium dioxide; BEMT: Bis-ethylhexyloxyphenol methoxyphenyl triazone; EHS: Ethylhexyl salicylate; AVO:
Avobenzone; HMS: Homosalate; DTS: Drometrizole trisiloxane; TDSA: Terephthalydene dicamphor sulfonic acid.
*Inorganic filter

2.2 Development of in vitro assays for assessing the photoprotective potential of
sunscreen formulations

2.2.1 Cell culture and irradiation

Cell lines L929 (fibroblast cells) and HaCaT (keratinocytes cells) were acquired from the Rio
de Janeiro Cell Bank (RJCB). These are cells types present in the human skin layers, and
considered a basic in vitro model for assessing biological effects induced by UV in skin'. The
cells were grown in DMEM (Dulbecco’s modified Eagle’s medium, Gibco® Mandaluyong,
Philippines), supplemented with a fetal bovine serum (10%) solution (FBS, Gibco®,
Mandaluyong, Philippines), penicillin (100 U/mL, Sigma-Aldrich, Saint Louis, USA),
streptomycin (0.10 mg/mL, Sigma-Aldrich, Saint Louis, USA) and amphotericin B (0.25 mg/mL,
Sigma-Aldrich, Saint Louis, USA). The cultures were maintained in an incubator at 37°Cin a 5%
CO, atmosphere?,
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For irradiation, L929 or HaCaT cells were seeded into 6-well microplates at a confluence
of 8x10° cells/well and maintained in the incubator for 12 hours. After incubation, the
culture medium was replaced with 2 mL of Hank's balanced salt solution (HBSS). The
microplates were covered with a quartz slide, under which 2 mg/cm? of the sunscreens
samples were applied and submitted to UV radiation’2. The Bio-Espectra-3 system (Vilber
Lourmat, Marne-La-Vallée, France) was used as a radiation source, with UVA lamps
(maximum peak at 350 nm) and UVB lamps (maximum peak at 309 nm). This irradiation
system includes a silicon photoelectric sensor for monitoring the emitted dose, the
scheduled irradiation time/dose and an internal ventilation system to prevent overheating
- the temperature did not exceed 30°C.

2.2.2 Cell viability

Cell viability was evaluated in L929 and HaCaT cells, exposing them to different doses of
UVA (25 J/cm? or 30 J/cm?) and UVB (0.05 J/cm? or 20.00 J/cm?) radiation. After this process,
carried out according to procedure 2.2.1, the Hank's buffer was removed and replaced with
2 mL of DMEM (containing 2% FBS). The microplates were then put again in a incubator at
37°C with 5% CO,?'. After 48 hours, the cells were washed with saline, and 200 yL of an
aqueous solution of 0.01% resazurin was added to 2 mL of the culture medium
supplemented with 10% FBS. The microplates were then incubated at 37°C for 4 hours.
Thereafter, the fluorescence was measured in fluorimeter plates (BioTek Synergy 2, BioTek
Instruments Inc., USA) with an excitation wavelength of 540 nm and emission of 590 nm?22,
The percent viability of the protected and irradiated cells was determined considering a
100% viability of the non-irradiated/not protected cells (control group). The experiments
were conducted in triplicate on different days (n=9).

2.2.3 Lipid peroxidation

Lipid peroxidation was assessed by exposing L929 and HaCaT cells to different doses
of UVA (1 to 80 J/cm?) and UVB (1 to 40 J/cm?) radiation. After UV exposure, the cells
culture irradiated in Hank's buffer were detached by scraping the microplate with a
plastic support (cell scraper, TPP®), thereby yielding a cell suspension, which was frozen
at —20°C. On the day of the experiment, the suspension was thawed at 40°C and lysed
in three cycles of freezing in liquid nitrogen and thawing at 40°C. A portion of the lysed
cell suspension was stored for protein determination with the Bradford method?3.
Samples of 900 pL of each lysed cell suspension were transferred to test tubes, and we
added 1 mL of a 0.375% TBA solution (w/v) in 0.250 M hydrochloric acid containing 15%
trichloroacetic acid (w/v). The mixture was then heated at 80°C for 15 min and cooled
on ice. Then, 2 mL of n-butanol was added to the mixture to extract the MDA-TBA
complex formed. After agitation and centrifugation of the mixture, the organic phase
was collected and subjected to fluorescence spectrophotometry at an excitation
wavelength of 515 nm and emission wavelength of 550 nm (BioTek Synergy 2 - Multi-
mode microplate reader, BioTek Instruments Inc., USA)4.

The results are expressed as the percentage of MDA/TBA produced, and a standard curve
was prepared using tetraethoxypropane, which quantitatively releases the thiobarbituric acid-
malondialdehyde adducts under experimental conditions®’. Each determination was
performed on three different days in triplicate (n=9).

2.2.4 Cellular oxidant stress

L929 and HaCaT cells were exposed to UVB (0.1 to 20.0 J/cm?) and UVA (0.25 to 40.00 J/cm?)
radiation, and the fluorescence signal generated by DCFH,-DA (Sigma-Aldrich, Saint Louis,
USA) was measured.

Before being irradiated, the cell cultures were incubated with Hank's buffer solution
containing 5 pM DCFH,-DA (2',7'-dichlorodihydrofluorescein diacetate, Sigma-Aldrich, Saint
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Louis, USA) for 30 minutes?®. Then the cells were washed with a saline solution followed by
the addition of 2 mL of Hank’s buffer solution and subjected to UVB and UVA radiation. After
irradiation, the intensity of fluorescence was measured using a BioTek Synergy 2 multi-mode
microplate reader (BioTek Instruments Inc., USA) at an excitation wavelength of 485 nm and
emission wavelength of 528 nm?®, The experiments were conducted in triplicate on three
different days (n=9).

2.2.5 Validation of the in vitro assays

The validation of in vitro assays was based on selectivity and inter-day precision parameters
according to the standards of the International Conference on Harmonization (ICH) for
certification of analytical procedures?.

The selectivity parameter was applied to analyze whether the cell viability and cell oxidative
stress tests could be used to evaluate the photoprotective efficacy of products exposed to
UVB and UVA radiation, respectively. For this, two compounds were tested: UVB radiation
absorber (Garcinia brasiliensis extract) in concentrations of 2%, 5% and 10%, and UVA radiation
absorber (astaxanthin) in concentrations of 2% and 5%.

The ethanolic extract of Garcinia brasiliensis was supplied by PhD Marcelo Henrique dos
Santos from Federal University of Vicosa (MG, Brazil), and the natural product astaxanthin was
kindly provided by Galena®.

The inter-day precision of the photoprotective efficacy assays (cell viability, lipid
peroxidation and cell oxidative stress) was expressed as the percentage of relative standard
deviation (DPR, %). The measurements were made in triplicate for three consecutive days,
using cell cultures with different passages in the cell growth cycle (between the 3rd and 8th
passages).

2.2.6 Statistical analysis

Data analysis was performed using OriginPro 7.0 software (OriginLab Corporation, USA).
To analyze the in vitro assays results, the one-way ANOVA statistical test was applied followed
by the Tukey's comparison test. P values <0.05 showed statistical difference among the
treatments (sunscreens) and controls (NIC - negative control, and IC - positive control) at the
95% confidence interval.

3. RESULTS AND DISCUSSION

3.1 HPLC analysis of organic filters

The procedure for the extraction of organic filters in the sunscreens was validated by the
recovery method through standard addition. The results showed that the percent recovery
ranged from 93.05% to 101.55% for brand A and 73.85% to 93.20% for brand B. These are
acceptable values, according to Sabater-Tobella and Vilumara-Torrallardona?®,

Qualitative analysis of the sunscreens using HPLC confirmed the composition of all
organic filters indicated on their labels (Figure 1A and 1B). These filters were identified by
comparing the retention times of standards and chromatographic data obtained by
Chisvert et al.”® and Moreta and Tena?°. We detected no chromatographic peaks in the
aqueous phase from the extraction procedure for brand A, suggesting that these products
do not contain water-soluble organic filters. On the other hand, in the aqueous phase
obtained from the extraction of brand B products, the TDSA filter was detected, confirming
the presence of the single water-soluble UV filter indicated on the packaging of these
sunscreens.

Rev Ciénc Farm Basica Apl. 2021;42:e713

5/15



Evaluation of cell biomarkers as in vitro photoprotective assays for sunscreen formulations

SPF-15 SPF-30 SPF-60

E}‘IT EOT EHTi
— ‘ _ BEMT
= | 3 =
% l g &
3 o H o9 r
2 = = BEMT|
£ | g oct HE
I ‘BE\IT @ - & |
. gl . ‘ £ ocr
H ocr \ g| * avo 5 | F] t
| (. o il - ;
< l \.‘Avu .W < I ] ] pvo i

I i i u [
LN | EH
e | 71JL; R ‘J ,Ju.gJ\_ 4,.‘L\ M J\
I
510 15 20 25 30 35 40 45 510 15 20 25 30 35 40 45 S 10 15 20 25 30 35 40 45
Retention time (min.) Retention time (min.) Retention time (min.)
SPF-30/PPD-15 SPF-40/PPD-25 SPF-60/PPD-41
P Bev BEMT
EHT) | BED OCT EUTggyr

HMS
EHS

EHT

|
‘A\"O

Chromatographic signal

Chromatographic signal
Chromatographic signal

"l
[

. OjJ'.Jh,«_ui i ( Lﬂ b \

SR A B !

510 15 20 25 30 35 40 45 S 10015 20 25 30 35 40 45 510 15 20 25 30 35 40 45
Retention time (min.) Retention time (min.) Retention time (min.)

Figure 1. Chromatographic profiles of organic UV filters present in commercial sunscreens obtained from the
qualitative analysis by HPLC. (A) Brand A with sun protection factors (SPF) of 15, 30 and 60 and (B) Brand B with
SPF of 30, 40 and 60 and Persistent Pigment Darkening (PPD) of 15, 25 and 41. OTC = Octocrylene; AVO =
Avobenzone; EHT = Ethylhexyl triazone; BEMT = bis-ethylhexyloxyphenol methoxyphenyl triazone; HMS =
Homosalate; EHS = Ethylhexyl salicylate; DTS = Drometrizole trisiloxane.

3.1 Cell culture and irradiation

UV radiation causes cellular and molecular damage to nucleic acids, proteins and lipids and
also changes in cell functions. This exposure to UV rays involves two skin compartments
(epidermis and dermis)®®3'. UVB rays are the most energetic UV wavelengths and can directly
induced DNA lesions resulting in the activation of mechanisms of cell death. UVA radiations
are less energetic than UVB, but have higher penetration properties. Their major mode of
action is the generation of reactive oxygen species (ROS)”*. Thus, the tests of cell viability,
lipid peroxidation and cell oxidative stress in vitro were selected for reflecting these changes
and can be easily performed in the laboratory.

The biological responses using in vitro assays based on cell culture were first assessed using
various levels of UV radiation exposure to establish the best model. Secondly, these assays
were assessed using two brands of sunscreen (A and B) that differed in the composition of
organic UV filters and excipients/vehicles. Finally, the selectivity and precision of the culture
model were validated.

To select the irradiation dose of the cells, a dose versus response curve was constructed for
each cell type and for each biological parameter tested. The selected dose was the one that
induced a response difference of approximately 50% between the irradiated and non-
irradiated cells.

3.2 Cell viability

Exposing the skin to certain substances causes morphological, structural, and functional
changes, and even the death of cells. Therefore, cell viability tests allow researchers to
quantify and monitor the harmful effects of such exposure®.

Among the doses of UVA radiation tested, no dose reduced the cell viability of L929 and
HaCaT skin lines.
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Although UVB radiation is absorbed predominantly by cells of the upper layer of skin
(epidermis), in our study L929 cell line showed a stronger response after UVB exposure than
HaCaT keratinocyte cells®. Gegotek et al.3* also found a greater response in fibroblasts than
in keratinocytes. According to Battie et al.® and Zeng et al.?®, approximately 10 to 30% of UVB
radiation can penetrate the epidermis to reach the upper layers of the dermis, thus harming
the fibroblasts and generating severe oxidative stress.

The selected UVB radiation dose (0.5 J/cm?) induced a 41.40 + 1.67% reduction in cell
viability. According to Figueiredo et al.17, a dose of UVB radiation that reduces the number of
viable cells by approximately 50% is appropriate for the evaluation of the photoprotective
potential of plant extracts.

The results showed that both brand A and brand B sunscreens could protect L929 cells
against the loss of viability induced by UVB radiation (Figure 2). Brand B sunscreens offered
greater protection against cell viability loss induced by UVB radiation than brand A products.
The brand B product with an SPF/PPD of 30/15 improved the cell viability by 28.9 + 5.6% in
relation to the irradiated control (IC), and the viability of the cells treated with the products
with SPFs/PPDs of 40/25 and 60/41 was statistically similar to non-irradiated control (NIC)
(Figure 2).

120+
100 2 b
T
=
S “ T
£
2 60
g
= 401
[
U 20-
0 T T

NiC I'C 15 3I0 60 30 40 o0
SPF SPF
Brand A Brand B

Figure 2. Measurement of the viability of L929 cells exposed or not to UVB radiation (0.5 J/cm?) under
sunscreen protection or not. The brand A sunscreens with SPF-15, SPF-30 and SPF-60 and brand B
sunscreens with SPF-30/PPD-15, SPF-40/PPD-25 and SPF-60/PPD-41. NIC = Non-irradiated control and
IC = irradiated control. The results represent the average of three independent experiments with n=9.
Different letters indicate that there was a statistically significant difference after analysis by the one-
way ANOVA test followed by the Tukey test for multiple comparisons (p < 0.05).

This test allowed the observation of different protection levels provided by sunscreens with
the same and different SPFs. Although sunscreens of both brands have SPF-30, brand B has
more filters that absorb wavelengths of the UVB region (EHS, HMS and DTS) than brand A,
resulting in greater photoprotective efficiency. SPF-40 and SPF-60 of brand B products were
more efficient than the those of brand A, with SPF-30 and SPF-60. Brand B sunscreens have
an additional UVB absorber filter in their composition (DTS). The literature shows that high
SPF and wide spectrum protectors, as is the case of brand B, can protect against multiple
damage in cell-level biomarkers®.

3.3 Lipid peroxidation

Lipid peroxidation begins with the capture of electrons from unsaturated fatty acids of cell
membrane phospholipids by reactive oxygen species (ROS). Chain reactions lead to lipid
degradation and the formation of aldehyde products, such as malondialdehyde (MDA).
Approximately 40% of the cellular membrane is lipid and the composition of lipids differs in
the membranes present in the cell. The concentrations of sterols and sphingolipids increase
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from endoplasmic reticulum to the cell surface33’. Therefore, to assess the ability of
sunscreens to photoprotect cell membranes from lipid peroxidation induced by ultraviolet
radiation, we selected L929 and HaCaT cells as a source of lipids.

The reaction of MDA with thiobarbituric acid (TBA) to produce a pink colored dimeric
compound was used to measure lipid peroxidation due to the ease of the reaction combined
with the simplicity of using fluorescence spectrophotometry to quantify the pink adduct.

Both cells lines were exposed to various doses of UVA and UVB radiation. The results
showed that under the tested doses of UVA radiation, the MDA/TBA production obtained
negative values after normalization with cellular protein content. These results differ from
those published in the literature. This may be due to the source of UVA radiation used.
Currently, metal-doped, fluorescent and xenon lamps have been used in laboratory tests.
They provide variable results due to the spectral differences of each lamp and the interaction
with the spectral qualities of the sunscreens tested?.

On the other hand, doses of UVB radiation ranging from 1 to 40 J/cm? induced lipid
peroxidation in both cell lines, with the greatest amount of MDA/TBA being detected in L929
cells (Figure 3A and 3B). This higher amount of MDA/TBA production may be related to higher
ROS generation (Figure 3D). Thus, excessive exposure to UVB radiation leads to oxidative
stress that increases the generation of reactive oxygen species (ROS), resulting in damages to
lipid peroxidation of cell membranes®.

nM MDA/pg protein
NIV VLUA/PE protein

d L cd
o | B = c
25 5 75 10 15 20 25 NIC 10 15 20 25 30 35 40
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— 800
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f\i w -E b b
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= =]
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= : = ==
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SPF SPF 2
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Figure 3. Lipid peroxidation measured based on the formation of malondialdehyde- thiobarbituric acid
(MDA/TBA) complexes after UVB radiation. A) Curve dose-response of the HaCaT strain. B) Curve dose-
response of the L929 strain. C) Treatment of the L929 cells with commercial brand A sunscreens with
SPF-15, SPF-30 and SPF-60 and brand B with SPF-30/PPD-15, SPF-40/PPD-25 and SPF-60/PPD-41 under
30 J/cm? UVB radiation. D) Curve dose-response of quantification of ROS formed in L929 cells as
measured with the fluorescence probe DCFH,-DA after UVB radiation. NIC = Non-irradiated control, and
IC = irradiated control. The results represent the average of three independent determinations with
n=9. Different letters indicate that there was a statistically significant difference after analysis by the
one-way ANOVA test followed by the Tukey test for multiple comparisons (p < 0.05).

An increase in the amount of MDA/TBA was observed up to a dose of 30 J/cm? UVB,
although at higher doses, decreases in the amount of aldehyde were detected (Figure 3B).
This result may be due to the formation of various mutagenic adducts between MDA and DNA.
The most prominent adduct results from the reaction with guanine residues and is considered

Rev Ciénc Farm Basica Apl. 2021;42:e713

8/15



Evaluation of cell biomarkers as in vitro photoprotective assays for sunscreen formulations

to be the most mutagenic to cells underoxidative stress conditions. MDA can also bind to
lysine residues of proteins and to a lesser extent to histidine, tyrosine, arginine and
methionine residues*®-4,

30 J/cm? of UVB radiation allowed to visualize differences in the MDA/TBA production
between brand A and B sunscreens. Therefore, the lipids from L929 cell line exposed at a dose
of 30 J/cm? of UVB was used to evaluate the efficacy of commercial sunscreens against lipid
peroxidation. Karthikeyan et al.** also showed a significant induction of lipid peroxidation in
fibroblast cells.

The results clearly showed that in vitro lipid peroxidation was a very interesting parameter
for the evaluation of the sunscreens efficacy with various SPF values against UVB radiation.
We found a significant increase in the MDA/TBA production after exposure of the untreated
cells to UVB radiation compared to the non-irradiated group (Figure 3C).

In addition, the results showed that treatment of the cells with the commercial sunscreens
of brands A and B can protect the cells against lipid peroxidation. Interestingly, for both
brands, there was a relationship between the SPF values and the protection provided, as
demonstrated by the greater protection conferred by the higher SPF (Figure 3C).

The brand B sunscreen, with SPF-30 and PPD-15, was the only product among all those
analyzed that did not protect the cells against the lipid peroxidation induced by UVB radiation.
UV filters can be unstable after UV radiation absorption*. Therefore, the concept of
photostability is very important for evaluating solar protection. Couteau et al.** analyzed the
photostability of various photoprotectors agents incorporated into cream formulations and
they observed the photodegradation of UV filters, such as HMS, BEMT and EHT. The
photoprotective product with SPF-30 and PPD-15 also has in its composition those UV filters,
and it was a cream form, whereas all of the others anti-solar products were lotions. The
variability of excipients also may have affected the quality and functionality of the product®.

Based on the photoprotection results obtained in relation to the rapidity, ease and
reproducibility of the assay, the measurement of percentage decrease in the amount of MDA
generated by L929 cells could be used to choose UV filters, the combinations between
different UV filters and the most suitable vehicle during the development of new
photoprotective formulations, prior to testing in humans, in order to determine SPF.

3.4 Cellular oxidant stress

UV radiation induces oxidative stress and stimulates the production of ROS, which cause
damage to DNA, proteins and cell organelles, inducing changes in cellular structures and
functions, in addition to lipid peroxidation and apoptosis*-°. Intracellular ROS can be
determined using probes capable of responding to the presence of these species in a
quantifiable manner. The mechanism of interaction between ROS and the probes may involve
oxidation-reduction reactions®. Techniques using fluorescent probes are very sensitive - the
most commonly employed probes are fluorescein and dichlorofluorescein, due to their
stability and low reactivity*”=°.

The 2'7'-dichorodihydrofluorescein assay was used as a measurement method for
fluorescent cellular oxidant stress in cell cultures exposed to UV rays>'. L929 and HaCaT cells
were treated with the DCFH,-DA solution (fluorescent probe) and exposed to various doses of
UVB radiation (0.1 to 20.0 J/cm?). However, the radiation dose required to generate the
fluorescence (> 5 J/cm?) reduced cell viability. Therefore, the photoprotective efficacy of
sunscreens against DCFH,-DA oxidation by UVB radiation was not evaluated.

Both cell lines were also tested under various doses of UVA (0.25 to 20.00 J/cm?). HaCaT cell
line was chosen for having generated a greater amount of fluorescence due to the dose-
dependent oxidation of the DCFH,-DA probe (Figure 4A). The radiation dose of 20 J/cm? of UVA
was selected since it could oxidize the DCFH,-DA probe and did not induce viability loss of
HaCaT cells. The dose is related to the one obtained by the solar spectrum in a 3h30min-
period. We calculated it after measuring the average UVA radiation emitted by the sun on two
days of October between 11 am and 2:30 pm in the city of Ribeirdo Preto, SP, Brazil, using the
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same radiometer used in the studies. The temperature on these days reached 38° C.
Marionnet et al.26 observed and quantified the induction of ROS in reconstructed skin treated
with the DCFH,-DA probe followed by exposure to UVA-1 (10 J/cm? - 40 J/cm?).

The oxidation of the probe within HaCaT cells by UVA radiation led to increased
fluorescence compared to non-irradiated cells. When the cells were protected against UVA
radiation by the commercial sunscreens A and B, the fluorescence generated by the oxidation
of the probe was lower than that generated by unprotected irradiated cells. All sunscreen
products effectively protected HaCaT cells againstDCFH,-DA oxidation (Figure 4B).

The efficiency of the brand B products was directly proportional to PPD: lower values of
PPD resulted in lower photoprotective efficiency, and higher values of fluorescence resulted
in higher photoprotective efficiency (Figure 4B). This correlation was not observed for brand
A products. In this case, no significant difference in the emitted fluorescence between the cells
protected with SPF-15 and SPF-30 products was observed, which indicated the same
photoprotective efficacy (Figure 4B).
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Figure 4. Quantification of ROS as measured with the fluorescence probe DCFH,-DA after UVA
radiation (20 J/cm?). A) Curve dose-response of the HaCaT strain. B) The HaCaT cells were treated with
commercial brand A sunscreens with SPF-15, SPF-30 and SPF-60 and brand B with SPF-30/PPD-15, SPF-

40/PPD-25 and SPF-60/PPD-41. NIC = Non-irradiated control, and IC = irradiated control. The results
represent the average of three independent determinations with n=9. Different letters indicate that
there was a statistically significant difference after analysis by the one-way ANOVA test followed by the
Tukey test for multiple comparisons (p < 0.05).

This assay confirmed that products with UVA-1 and UVA-2 absorbed filters can provide
protection against oxidative stress such as ROS generation, which shows the need to evaluate
new biomarkers related to the deleterious effects of UVA radiation on the skin. This assay
proved to be a biological marker that can complement the tests carried out during the
development phase of new products acting as screening in the selection of combinations of
UV filters to be incorporated in sunscreens.

3.5 Validation of in vitro assays

All concentrations (2%, 5% and 10%) of the Garcinia brasiliensis extract, a UVB absorber, could
prevent the reduction in the cell viability of L929 fibroblast cells exposed to 0.5 J/cm? of UVB
radiation in a concentration-dependent manner (Figure 4A). On the other hand, astaxanthin,
which does not absorb in the UVB region, could not prevent the cell viability loss of L929 cells
exposed to UVB radiation in the tested concentrations of 0.06% and 0.15% (Figure 5A).

Under UVA radiation, none of the concentrations of G. brasiliensis extract, which did not
absorb this radiation, prevented the formation of ROS by HaCaT cells. Astaxanthin showed a
tendency to protect the cell against the formation of ROS induced by UVA radiation (Figure 5B).
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Figure 5. Evaluation of selectivity of in vitro assays: (A) Determination of cell viability as measured by
the resazurin dye assay after exposure of L929 fibroblasts cells to 0.5 J/cm? of UVB radiation. (B)
Quantification of the formation of reactive oxygen species (ROS) in HaCaT keratinocyte cells measured
using the DCFH,-DA fluorescent probe after exposure to 20.0 J/cm? of UVA radiation. Both cell types
(L929 and HaCaT) were protected with the extract of Garcinia brasiliensis at concentrations of 2%, 5%
and 10% and with astaxanthin at the 0.06% and 0.15% concentrations. NIC corresponds to the non-
irradiated control (cells not exposed to UV radiation and not protected with extracts of Garcinia
brasiliensis and astaxanthin). IC = irradiated control (cells exposed to UV radiation and not protected
with extracts of Garcinia brasiliensis and astaxanthin). Different letters indicate that there was a
statistically significant difference after analysis by the one-way ANOVA test followed by the Tukey test
for multiple comparisons (p < 0.05).

This validation shows that cell viability and ROS generation are models that allow
researchers to evaluate the photoprotective ability of compounds when exposed to UVB and
UVA radiation, respectively.

The inter-day precision was established based on the repeatability of the evaluations of cell
viability, lipid peroxidation and ROS formation, using sunscreens brands A and B over 3 days.
The novel in vitro assays were considered precise on the basis that the ranges of the
coefficients of variation were between 1.7% to 8.4%.

Therefore, our data showed that cell parameters, such as cell viability and lipid
peroxidation, undergo dose-dependent changes only when exposed to UVB rays (reduction
from 3.15 to 95.4% in the number of viable cells, and increase of 1.2 to 42.7 nM MDA/pg of
lipid peroxide protein). After treating the L929 strain with sunscreens, these tests helped us
to verify the distinction of efficacy of products with different protection factors and brands.
The oxidative stress parameter (ROS formation) is dose-dependent only for UVA rays and,
therefore, allowed to evaluate the effectiveness of photoprotective formulations (with
different protection factors and brands) exposed to UVA radiation.

The assays described in this study helped us to predict the photoprotective potential of
anti-solar and natural products contributing as in vitro alternatives to be applied in the
research and development of new products. Thus, the establishment of these in vitro tests
represents an important step for public health due to the importance of developing effective
and safe sunscreens.
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