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ABSTRACT

We investigated the cytotoxic and genotoxic effects of the organic UVA filter avobenzone (AVB), and
the UVB filter octocrylene (OCT), found alone or in combination in different sunscreen formulations,
on normal human skin fibroblast cells (CCD-1118Sk). To achieve this purpose, we used XTT viabil-
ity assay, single cell gel electrophoresis (comet) assay and reactive oxygen species (ROS) assay. For
cytotoxicity, CCD-1118Sk cells were exposed to various concentrations of AVB (32-800 uM), and OCT
(130-6500 1M). The ICs50 values were 100.2 and 1390.95 uM for AVB and OCT, respectively.C13 5, 1C5
and ICso concentrations were chosen for genotoxicity testing. The comet assay revealed DNA dam-
age at the two highest concentrations of AVB and all OCT concentrations. The rate of DNA damage
was significantly higher than in the control groups. Co-treatment with AVB and OCT increased the
level of DNA damage and intracellular oxidative stress compared with AVB and OCT treatment alone.
Finally, our study showed that the UVA filter AVB, with the UVB filter OCT, may induce cytotoxic and
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genotoxic effects on human skin fibroblast cells.

Highlights

e Avobenzone and octocrylene are UV filters used in sunscreen products.
Healthy human skin fibroblast cell line CCD-1118Sk was used for cytotoxic and genotoxic assays.
Cotreatment with avobenzone and octocrylene caused more severe DNA damage than their

treatment alone.

e Our findings will contribute to the limited number of cytotoxicity and genotoxicity studies and
lead to more detailed studies on the use of these two chemicals.

Introduction

In recent years, sunscreens have become the most
popular means of global protection against ultraviolet
radiation (UVR). The increasing use of artificial tan-
ning devices, development of holiday habits, as well
as tanning for cosmetic purposes through sunbathing,
have led to an increase in daily exposure of the skin
to UV light. Because UVR (UVA and UVB) levels
rise with a declining ozone layer, skin cancer rates are
expected to increase worldwide (Barnes et al. 2022).
Sunscreen precautions include the frequent use
of sunscreens, especially during outdoor recreation,
sports, or water activities (Gilaberte et al. 2022). The
active ingredients in sunscreen products decrease UV

rays impacting the skin through absorbing, reflect-
ing, and scattering the radiation, while some pro-
tect the skin and avoid UV-induced oxidative dam-
age (Nohynek and Schaefer 2001). As both UVA
(320-400 nm) and UVB (290-320 nm) radiation con-
tribute to sunlight-induced skin damage, combina-
tions of UVA and UVB filters are used in the formula-
tion of preparations to block UVA (Armeni et al. 2004;
de la Coba et al. 2019). Another important parameter
for the efficacy of sunscreen products is a high photo-
stability because their light-induced degradation leads
to a reduction in their blocking capacity through sun
exposure and degraded products can generate reac-
tive oxygen species in the skin (CEC 2006; Dondi
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et al. 2006; Herzog et al. 2009; Gonzalez et al. 2022).
There are two main types of UV protectors: organic
and inorganic. Octocrylene (OCT) (2-ethylhexyl-
2-cyano-3, 3-diphenylacrylate), phenylbenzimidazole
sulfonic acid (PBSA), homosalate, 2-ethoxyethyl p-
methoxycinnamate, 2-ethylhexyl salicylate, 2-ethyl-
hexyl-4-trimethoxy cinnamate (EHMC), and butyl
methoxydibenzoylmethane, (BMDM - avobenzone)
are widely-used organic filters in sunscreens and per-
sonal products (Brooke et al. 2008). Individual organic
filters have a narrow absorption spectrum. Thus, they
are usually combined with other UV filters for protec-
tion against the UVR spectrum (Grabicova et al. 2013;
Abou-Dahech et al. 2022).

Avobenzone (AVB) is a UVA filter exhibiting max-
imum absorption at 360 nm long wavelengths (DeLeo
et al. 2009). However, the protection capacity of AVB
was shown to weaken by 60% to 50% in one hour after
sunlight exposure. In addition to the decrease in pro-
tection capacity, the decomposition of AVB facilitates
the formation of free radicals in the skin: this results
in DNA strand breaks and oxidative damage in the
cells (Damiani et al. 1999; Armeni et al. 2004). OCT
is also commonly used as a UVB filter in sunscreens
and cosmetics, and as a photostabilizing agent of AVB
(Manova et al. 2013). There are no cyto/genotoxicity
studies previously conducted with these two filters
(UVA and UVB). Therefore, we aimed to determine
the cytotoxic and genotoxic effects of AVB and OCT
either alone or in combination on CCD-1118Sk cells.

Materials and methods

In this study, we investigated the cytotoxic and geno-
toxic effects of AVB and OCT included in several
sunscreen formulations single or in combination, and
their ability to produce intracellular reactive oxygen
species (ROS) using CCD-1118Sk (ATCC CRL-2466)
human healthy skin fibroblast cells. We used XTT for-
mazan dye viability assay, comet assay and intracellular
ROS assay for cytotoxicity and genotoxicity.

Chemicals

The chemicals and their sources were as follows: AVB
(crystal) and OCT (dense liquid) were purchased from
FLUKA (Fluka Chemie GmbH, Buchs, Switzerland).
DMEM (Dulbecco’s Modified Eagle’s Medium), DPBS
(Dulbecco’s phosphate buffered saline), 1-glutamine,

low melting point agarose, normal melting point
agarose, EDTA, Triton X-100, ethidium bromide
(EB), and tris-(hydroxymethyl)aminomethane-HCI
were purchased from Sigma (Steinheim, Germany).
Fetal calf serum was purchased from Biochrom
(Berlin, Germany); penicillin-streptomycin from PAN
Biotech (Aidenbach, Germany); and XTT cell pro-
liferation assay kit from Biological Industries (Beit-
Haemek, Israel).

Cell culture

Normal human skin fibroblast cell line (CCD-1118Sk)
obtained from American type culture collection
(ATCC - CRL2466™, Manassas, United States) was
kindly provided by Dr. E. Ulukaya (University of
Uludag, Turkey). Cells were maintained at 37°C and
5% CO2/ 95% air in DMEM supplemented with
non-essential aminoacids (1%), 2mM I-glutamine,
penicillin-streptomycin (50 U/ml-50 pg/ml) and 10%
(v/v) fetal bovine serum and cultured as adherent
monolayers, routinely split 1:4 every 3-4 days and used
for each experiment at the third passage.

Cytotoxicity assay (XTT)

The viability of human skin fibroblasts exposed to AVB
and OCT was measured by XTT assay. The concen-
trations of avobenzone were 32, 65, 130, 200, 400 and
800 uM respectively. OCT also was given as the con-
centrations of 130, 260, 750, 1300, 1950, 2600, 3900,
5200 and 6500 uM. DMSO (maximum final concen-
tration 1.24% (v/v)) and dH,O (maximum final con-
centration 1.5% (v/v)) were used as solvent controls for
AVB and OCT because of AVB dissolved in DMSO and
OCT diluted in dH,0. H,0, (500 uM) was used as a
positive control.

Cells were seeded in sterile 96-well flat-bottomed
plates in triplicate at 5 x 10° cells/well. After 24 h incu-
bation at 37°C with 5% CO, and 95% relative humidity,
cells were treated with AVB or OCT with the differ-
ent concentrations mentioned above. After 24 h expo-
sure, wells were washed with PBS and 100 uL of fresh
culture medium was added to each well. The acti-
vated XTT solution (50 uL per well) was applied and
incubated for 4 h. Absorbance was measured using a
microplate reader (BioTek ELx800, Vermont, USA) at
a wavelength of 450 nm, and cell proliferation curve
was drawn. After blank subtraction, percent growth



inhibition of cells was calculated as follows, and the
cell proliferation curve was drawn using the percent
cell viability (Gi-100).

1 — Aexp group

Growth inhibition(%) (Gi) = x 100

A control

Then, IC50 values were calculated using the prolifera-
tion curve formed from the values obtained from the
experiment repetitions. The IC50 values were deter-
mined by the X axis values obtained by giving 50 to
the Y axis value in the function formula of the lin-
ear graphs determined by choosing at least four points
with linear regression in the proliferation curve.

Comet assay

CCD-11188k cells were seeded in T25 tissue culture
flasks at a density of 54 x 103 cells/flask and allowed
to grow for 48 h. Cells were washed with DPBS. Cells
were exposed to ICj, 5, ICy5 and ICs values of AVB
and OCT determined by XTT assay, for 24 h. Further-
more, because AVB and OCT are present together in
the UV filter formulations, we also used two different
combined concentrations of AVB and OCT consid-
ering their lower cytotoxic concentrations from XTT
assay (ICj25 and ICy5). For the comet assay we used
DMSO (maximum final concentration 1.24% (v/v))
and dH,O (maximum final concentration 1.5% (v/v))
as solvent control groups. H,O; (150 uM) was used as
a positive control.

After treatments, the alkaline comet assay was per-
formed according to previous studies (Singh et al.
1988), with some modifications (Costa et al. 2008).
CCD-11188k cells were harvested following incuba-
tion with 0.25% trypsin-EDTA solution for 5-8 min,
collected with complete growth medium, and after
being twice washed with PBS cells, embedded in 0.8%
low melting agarose on slides pre-coated with normal
melting point agarose. Slides were then placed in pre-
cooled lysis solution (2.5 M NaCl, 0.1 MEDTA, 10 mM
Tris base, pH 10) with 1% Triton X for 1 h at 4°C. DNA
from cells was then denatured in alkaline buffer (0.3 M
NaOH, 1 mM EDTA) for 30 min in the dark at room
temperature. Electrophoresis was performed at 25V
and 300 mA for 20 min. The slides were immersed
in neutralization buffer (0.5 M Tris-HCI, pH 7.5) for
10 min followed by dehydration in 70% ethanol. The
slides were air dried and stained with 100 ml ethidium
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bromide (20 mg/ml). Slides and comets were exam-
ined under Nikon epifluorescence microscope (Eclipse
I-80) equipped with a digital camera (Kameram 21™,
Istanbul, Tiirkiye) using an image processing soft-
ware (ARGENIT Comet Assay Software™, Istanbul,
Tiirkiye). The comet parameters used to measure DNA
damage were tail length (um), % tail DNA and Olive
tail moment (OTM).

Intracellular ROS assay

In this study, we used 2’ 7'- dichlorodihydrofluo-
rescein diacetate (DCFH-DA) to determine intracel-
lular ROS levels. DCFH-DA is not fluorescent by
itself diffused into cells, and is hydrolyzed to 2’
7'- dichlorodihydrofluorescein (DCFH) by cellular
esterase. DCFH is oxidized to the highly fluorescent 2’
7'- dichlorodihydrofluorescein (DCF) by intracellular
ROS. Cells were seeded in sterile 96-well microplates
for fluorescence-based assays in triplicate at 5 x 103
cells/well and 24 h incubation at 37°C with 5% CO,
and 95% relative humidity. Then cells pre-incubated
with DCFH-DA for 2 h. Cells were washed with DPBS.
DCFH-DA loaded cells were treated with AVB (IC;, 5,
ICy5 and ICsq concentrations), OCT (IC;25, ICys
and ICsg concentrations) and combined AVB + OCT
(IC12.5+1ICy25, ICy5 4+ 1Cy5) for 12h. DMSO, dH,0
were used as solvent control and H,0O, as positive
control. The DCF fluorescence intensity of each well
was measured with a fluorescence plate reader (Ther-
moscientific Fluoroskan Ascent FL) in 480 nm (Exci-
tation)/ 530 nm (Emission). The ROS contents were
determined using relative fluorescent units (RFU).

Statistical analysis

The data are represented as means =+ SE. Statistical
analyses were performed using SPSS Statistics for Win-
dows 22.0 software (IBM Corp. Armonk, NY., USA).
Statistical significance was determined by the Kol-
mogorov-Smirnov test and the Mann-Whitney U test.
Significance was ascribed at P < 0.05.

Results
Cell viability

The cytotoxic effects of AVB and OCT was eval-
uated by performing the XTT assay. The ICs
value was 100.20 uM (R? = 0.9521) for AVB and
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Figure 1. Cytotoxicity of AVB on human skin fibroblast cell line CCD-1118Sk. GC; untreated control, SC; solvent control (DMSO: 1.24%
v/v), PC; positive control (500 uM H;05;). *: 0,05, ***P < 0.001 compared with SC.

1390.95uM (R? = 0.9986) for OCT: the ICj5, ICs
and ICsg concentrations were used for the comet and
intracellular ROS assay. IC;55 and ICy5 values were
25.05and 50.10 pM for AVB and 347.74 and 695.48 uM
for OCT, respectively. Data show the rate of cell via-
bility decreasing significantly (P < 0.001) with higher
concentrations of two UV filters, vs. the control group
(Figures 1 and 2).

Damaging effects of AVB and OCT on DNA

We used comet assay to determine the damaging
effects on DNA from AVB, OCT, and combined treat-
ments; we also measured tail length, % tail DNA, and
OTM parameters.

Tail length, the percent of tail DNA and OTM values
significantly increased at ICy5 and ICsy doses of AVB
compared to the DMSO control (P < 0.01). But all
OCT concentrations (IC;; 5, IC25 and ICsp; P < 0.01)
had significantly elevated comet tail parameters com-
pared to solvent controls (dH,0O).

Moreover, tail length values increased significantly
with two UV filter combinations for ICj25+ICiy5

concentrations, compared to single AVB treatment at
the same concentration (P < 0.01), but not with single
OCT treatment. Tail lengths were significantly elevated
in AVB + OCT (IC,5 concentrations) combinations,
compared to AVB only (IC;5) and OCT only (ICy5)
(P < 0.01) (Table 1 and Figure 3).

The percent of tail DNA and OTM data (Table 1 and
Figure 3) was significantly elevated in the ICsy con-
centration of AVB, compared to the DMSO control
(P < 0.01). As such, the % tail DNA and OTM sig-
nificantly increased in all OCT concentrations (IC;3 s,
ICys5, ICs50; P < 0.01) compared to the dH,O con-
trol group. Significant elevations were observed in the
% tail DNA and OTM values for AVB + OCT com-
binations (ICy35+ ICj25 and ICy5+ IC;y5) compared
to ICy25 and ICy5 concentrations of AVB only, as
well as ICj,5 and ICy5 concentrations of OCT only
(P < 0.01).

Intracellular ROS

The oxidative stress inducing potentials of AVB, OCT
and their combinations were assessed by measuring
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Figure 2. Cytotoxicity of OCT on human skin fibroblast cell line CCD-1118Sk. GC; untreated control, SC; solvent control (dH,0:1.5% v/v),
PC; positive control (500 uM H,0,). *P < 0.05, **P < 0.01, ***P < 0.001 compared with SC.

Table 1. Comet values in DNA damage assay.

Tail Length (um) £SD Tail DNA % +SD OTM £ SD
GC 6.616+0.916 4.157 £0.987 1.027 £0.439
SC(DMSO) 7.2334+0.7 6.716 £0.581 1.27 £0.175
SC (dH,0) 5.048 +0.81 2.712+£0.442 0.578 £0.249
PC (H20;) 20.321£3.109 11.542 £1.956 5.405 4 1.261
1C12.5(A) 9.706 +1.312 7.291£1.41 1.913£0.575
1C25 (A) 10.076 £ 1.631 4.821+£0.753 1.448 £0.395
IC50 (A) 16.464 + 2.862** 11.602 4 2.158** 4712 £1.275**
1C12.5(0) 13.288 4 1.904** 9.264 4+ 1.367** 3.002 £+ 0.601**
1C25(0) 18.962 4 3.071** 10.337 £ 1.823** 4,946 £ 1.35**
1C50(0) 22443 £3.22** 17.356 4 2.691** 7.551£1.573**
IC12.5(A)+1C12.5(0) 14.183 £2.186 ## 15.01£2.789 ## 478 £1.179 ##

1C25(A)+1C25(0) 26.257 +1.996 ++

22.927 £2.106 ++ 7.107 £0.821 ++

Note: OTM: Olive tail moment; GC: untreated control; SC: solvent control; PC: positive control (150 uM H,0;); A: avobenzone; O: octocrylene. **P < 0.01 compared
with SC (DMSO for A, dH,0 for O) ##: P < 0.01 compared with 1C;,5 A for tail length, compare with 1C;;5 A and O for tail DNA % and OTM. ++P < 0.01

compared with IC35 A and O.

the intracellular ROS levels in human skin fibroblast
cells.

AVB at IC,5 and ICs(y concentrations elevated the
ROS level compared to the DMSO control (P < 0.01).
Three OCT concentrations (IC;;5; ICy5 and ICsg)
significantly increased the intracellular ROS level
compared to the solvent control (dH,O; P < 0.01).
AVB-ICi,5+ OCT-IC;,5 and AVB-ICy5 + OCT-ICy5
concentrations combinations affected the ROS level
compared to each of the AVB-ICj;5, ICy; and

OCT-ICy3 5, and ICy5 single concentrations (P < 0.01)
(Figure 4).

Discussion

UVR from sunlight affects all skin to a certain extent,
but the skin’s response varies from person to per-
son (D’Orazio et al. 2013). The harmful effects of UV
light depend on the duration and frequency of UV
exposure, skin color, and phototype (Al-Jamal et al.
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2014). In addition to the direct effect of UVR on cel-
lular DNA, the formation of photoaging in the skin,
the indirect effect of free radicals and ROS, caused
by UVA and UVB, are also responsible (Markiewicz
and Idowu 2019). In this way, both natural and chem-
ical filters are widely used as sunscreen. Organic UV
filters such as AVB and OCT used to prefer in sun-
screen formulas are known for absorbing UVA and
UVB radiation (Jesus et al. 2022). The combination of
UV filters elicits synergistic interactions for both pro-
tection and stabilization (Nunes et al. 2018). Prolonged
sunscreen use on the skin, along with its high chemi-
cal content, may cause cytotoxic and genotoxic effects
(Ruszkiewicz et al. 2017). The main goal of our study is
to examine cytotoxic effects and abilities to cause DNA
damage of sunscreen filters AVB and OCT in the CCD-
1118Sk human healthy skin fibroblast cell line. Thus,
the ICsy concentration and that below the two con-
centrations were selected for each chemical, both used
alone and in combination with each other. When the
UVA filter AVB and the UVB filter OCT are applied
together, they significantly increased the formation of
cytotoxic, genotoxic, and oxidative damage in human
skin fibroblast cells, compared to those created alone.

AVB produce cytotoxic effects in collagen-secreting
fibroblast cells (human skin fibroblast cell line) in the
dermis layer of the skin and we found the ICsy con-
centration of AVB to be 100.2 pM. Although the other
filter OCT is a UVB filter, it is always used as a pho-
tostability enhancing agent of AVB in sunscreen for-
mulations. Without OCT, AVB is degraded by 50%
upon 1h of UV exposure, rendering the sunscreen
less effective (Mori and Wang 2021). As a result of the
XTT viability test performed with OCT, the ICsy con-
centration was determined to be 1390.95 uM. Accord-
ing to this result, OCT produced low cytotoxicity in
CCD-1118Sk skin fibroblast cells.

Alkaline comet is a well-known genotoxicity test-
ing method to determine single and double- strand
DNA breaks as a result of chemical and physical expo-
sure (Tice et al. 2000; Cordelli et al. 2021). We deter-
mined that AVB significantly increased tail length, %
tail DNA, and OTM percentages in the alkaline comet
test, as compared to the solvent control in ICy5 and
ICs¢ concentrations. Also all concentrations of OCT
increased DNA damage significantly in tail length,
% tail DNA, and the OTM ratio compared to con-
trol. When AVB and OCT are used in combination
for comet assay they both exhibited remarkable DNA
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damage. Although fibroblast cells are located in the
dermis layer, it is suspected that AVB is absorbed in
the lower layers of the skin after topical application
(Scalia et al. 2011; Ruskiewicz et al. 2017). It is claimed
that oil soluble UV filters, such as AVB, are better
absorbed by upper layers of the epidermis after being
applied, but their potential can also reach the lower lay-
ers of the skin due to concentration levels (Lazar et al.
1996; Egambaram et al. 2020). OCT has an oily vis-
cous structure and can penetrate the lower layers of the
epidermis (Tampucci et al. 2018).

Our findings with the comet test seem compatible
with how AVB may cause oxidative damage, due to its
transformation into a triplet radical form on contact
with UVA radiation, because we also found that AVB
induced high levels of intracellular ROS in human
skin fibroblasts. Photodegradation products, benzyl
and aryl glyoxal, are formed after AVB is exposed to
UV light, as these products have shown cytotoxic and
skin sensitizing activity (Manova et al. 2013). Indeed,
possible genotoxic effects of AVB such as plasmid DNA
breaks and oxidative damage on albumin have been
shown (Paris et al. 2009).

In our study, three concentrations of OCT increased
the ROS level against the control group in human skin
fibroblasts. We suggest that the increase of genotoxic
damage by OCT can be caused by ROS formation in
epidermal cells. UV filters may induce genotoxicity
without direct contact with DNA and may exhibit an
indirect effect on DNA through their ability to produce
intracellular ROS (Ruszkiewicz et al. 2017). One signif-
icant aspect of the study is that when AVB and OCT
are used in combination for comet and ROS assays,
the rate of DNA damage and intracellular ROS lev-
els were higher compared to the ones induced alone.
The ICs0 4 IC59 combination group were not included
in these tests, since it would be too cytotoxic. Greater
damage ratios and ROS levels were observed in the
single OCT group, while single AVB creates less DNA
damage and ROS, vs. OCT and combination groups.
Thus, we suggest that OCT shows a synergistic effect
with AVB in combination applications, causing an
excessive increase in genotoxic and oxidative damage.

The concentration of AVB varies between 1.5% and
2% in sunscreen formulations. The ICsy concentra-
tion we determined, 100 uM, can be converted into
31 ug/ml. This is close to the 2% AVB concentra-
tion (40 pg) in 2 mg/cm 2 cream formulations, recom-
mended for each topical application. In this case, we
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assume that AVB is cytotoxic in human skin cells and
that the safe use of UVA filter in sunscreen creams
must be reassessed.

It is recommended that OCT be used at 10% in
sunscreen creams and lotions. In this study, the ICs
value of OCT, which we found as 1390.95uM, can
be expressed as 534 ug/ml. When we consider that
5g of OCT is in 50g cream, this ICsp concentra-
tion does not seem cytotoxic. In our study, how-
ever, OCT elevated DNA damage ratios and ROS lev-
els at concentration of 534 pg/ml as well as below
in the comet test. Thus, although OCT does not
appear to be cytotoxic, it should be approached
cautiously, given its DNA damage even at low
concentrations.

Consequently, OCT has a low cytotoxic effect, but
was found to increase the genotoxic effect and oxida-
tive damage if used with AVB, with its synergistic
effect. The other compound, AVB, showed cytotoxic,
genotoxic, and increased ROS effects in human skin
fibroblast cells. Care should be taken with sunscreen
creams that use both compounds. In general, although
it is difficult for consumers to understand detailed
product content lists, we think that consumers should
generally realize which UV filter is available and read
the product content lists in detail in order to make
informed decisions (Manova et al. 2013). Further,
it would be appropriate to conduct cytotoxicity and
genotoxicity studies on in vivo animal models with
two UV filters, along with mechanism determination
studies to illuminate these effects.
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