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The incorporation of antioxidants into sunscreens may provide additional skin photoprotection
against the harmful photobiological effects of ultraviolet radiation. The present study evaluated
the applicability of a screening approach to the assessment of the antioxidant and photoprotective
properties of vitamin C, vitamin E, and coenzyme Q10 and then determined the performance
of the most effective antioxidant in a sunscreen formulation. Antioxidant activity was assessed
by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, 2,2"-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) assay, and oxygen radical absorbance capacity (ORAC) assay, and the
photoprotective potential was investigated by the yeast photoprotection assay. The antioxidant
with the best effect was incorporated into sunscreen formulations which were evaluated
for 120 days regarding their in vitro photoprotective parameters. Vitamin C showed high
antioxidant capacity as well as a photoprotective potential against simulated solar irradiation
applied for times longer than 1 h. Although the Sun Protection Factor, UVA/UVB ratio and
critical wavelength did not differed significantly (p < 0.05) between the formulation blank and
the formulations containing 0.5% or 1% vitamin C, formulations with vitamin C kept their
photostability for 6 months. Consequently, the proposed screening approach seems to be
promising for the development of an antisolar photostable formulation containing vitamin C as
an antioxidant.

Keywords: Vitamin C. Vitamin E. Coenzyme Q10. Photoprotection. Emulsion.

INTRODUCTION

The skin is constantly exposed to environmental
factors such as solar radiation, pollution, heat, and
photo pollution, and such factors are associated with
its aging (Krutmann et al., 2017). The effect of solar
radiation on the skin has been the external aggression
most extensively studied to date; however, some recent
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studies have demonstrated a synergistic effect between
pollution and ultraviolet (UV) radiation, called photo
pollution. Photo pollution can cause increased lipid
peroxidation, increased inflammatory mediators, depletion
of endogenous antioxidants, and intensified premature
skin aging (Krutmann et al., 2017; Marrot, 2019).

A strategy to prevent the damage caused by photo
pollution is the use of broad-spectrum sunscreens
containing antioxidants with a sun protection factor (SPF)
of 30 due to their high protection against UV B radiation.
Moderate sun exposure, use of clothing and accessories
with an SPF, reduction of direct exposure to pollution such
as cigarette smoke, and use of topical antioxidants are
also recommended (Krutmann et al., 2017; Marrot, 2019).
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Thus, the combination of skin’s endogenous antioxidants
such as vitamin C, vitamin E, and coenzyme Q10 in
photoprotective products is a promising alternative for
the improvement of sunscreen formulations (Afonso ef
al., 2014; Addor, 2017) since these agents can neutralize
the free radicals generated by sun exposure and pollution,
restoring or maintaining a healthy skin barrier (Chen,
Damian, Halliday, 2014).

Several studies have been reported in the literature
highlighting the use of photoprotective formulations with
active antioxidant agents of natural or synthetic origin
(He et al., 2021; Ruvolo et al., 2022; Valverde et al.,
2023). According to Jesus et al. (2023), most sunscreen
formulations sold in Portuguese pharmacies contain
antioxidants, and vitamin E and its derivatives are the
agents most frequently used in these formulations (Jesus
et al., 2023).

Vitamin C (Vit. C) is a hydrophilic molecule known
for its high antioxidant potential, collagen production
regulation, and improvement of the changes induced by
UV radiation in the skin’s structure. Vit. C neutralizes
oxidative stress by electron transfer or donation and has
been reported to protect against photoaging, U V-induced
immunosuppression, and photocarcinogenesis, besides
having an anti-aging effect and an anti-pigmentary effect
(Al-Niaimi, Chiang, Yi, 2017; Carita et al., 2020).

Vitamin E (Vit. E) is a lipophilic antioxidant which
has been in use for more than 50 years in dermatology
(Thiele, Hsieh, Ekanayake-Mudiyanselage, 2005). It
has a primary role in protecting cell membranes against
oxidative stress and maintaining the collagen network
of the skin. It is a free radical scavenger, and it can
reduce DNA damage and keratinocyte death caused
by the deleterious effects of solar radiation. Also, it can
enhance stratum corneum hydration and reduce skin
roughness, also exhibiting photoprotective properties
(Keen, Hassan, 2016).

Coenzyme Q10 (Cql0O) is an endogenously
synthesized fat-soluble antioxidant. Endogenous levels
of Cql0 in the skin decrease with age and are significantly
reduced under the influence of external factors such
as UV radiation and pollution (Barcelos, Haas, 2019).
Topical treatment with Cql0 can replenish its levels in
the skin and have antioxidant effects (Knott et al., 2015).
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Grether-Beck et al. (2014) studied the effect of
incorporating antioxidants such as grape seed extract, Vit.
E, Cql0, and Vit. C in a sunscreen formulation with SPF
30. These associations were found to be more effective
in protecting the skin against the formation of matrix
metalloproteinase (MMP-1), which is responsible for
collagen degradation. Thus, the combination of photo
protectors and antioxidants makes a formulation more
effective (Grether-Beck et al., 2014).

The development of new cosmetic formulations must
involve extensive screening of components in the search
for the most promising and efficient ones. Additionally,
due to the current recommendation of methodologies
that replace animal use in cosmetic efficacy and safety
assessment, alternative and simplified approaches should
be encouraged (Paiva et al., 2020).

The objective of the present study was to evaluate
the use of a rational 3-step approach to the development of
a photoprotective formulation with antioxidant potential.
To test the applicability of the approach proposed in
this work, three well-established antioxidants were
used in an initial screening step of their antioxidant and
photoprotective performance using different in vitro
tests. After selecting the most promising antioxidant,
a formulation combining the selected antioxidant with
organic UV filters was developed and characterized for
photoprotective parameters and photostability.

MATERIAL AND METHODS

Chemicals

Vit. C, Vit. E, and Cql0 were purchased from
Henrifarma (Brazil), Sinochem Jiangs (China), and
Fagron (Brazil), respectively. The chemical UV
filters octylmethoxycinnamate (OMC), Diethylamino
hydroxybenzoyl hexyl benzoate (DHHB), Octocrylene
(OCT), and Bis-Ethylhexyloxyphenol Methoxyphenyl
Triazine (BEMT) were provided by Galena (Brazil),
Fagron (Brazil), BASF (Brazil) and Valdequimica
(Brazil), respectively. Carboxy polymethylene
was purchased from Pharma Special (Brazil),
Aminomethylpropanol 95% from Pharma Nostra
(Brazil), Aluminium Starch Octenylsuccinate (Dry-
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flo® pure) from Sarfam (Brazil), Caprylic/caprylic
triglycerides from Infinity Pharma (Brazil), cetostearyl
alcohol ethoxylates from Sarfam (Brazil), Stearic
acid from Pharma Special (Brazil), Isoctyl stearate
from Pharma Special (Brazil), methylisothiazolinone/
phenoxyethanol solution (Conserve NovaMit MFTM)
from Biovital (Brazil); Glyceryl monostearate from
Pharma Nostra (Brazil), polysorbate 80 (TweenTM80)
from Farmos (Brazil), glycerin from Fagron (Brazil),
and propylene glycol from Pharma Nostra (Brazil).
2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2-azino-
bis (ethylbenzthiazoline-6-sulfonic acid) (ABTS) and
6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid (Trolox™) from Sigma-Aldrich. Methanol was

purchased from Vetec Quimica Fina (Brazil).
Antioxidant activity
DPPH Assay

The DPPH assay, based on 2,2-diphenyl-1-picryl-
hydrazyl-hydrate, is an easy and rapid method for
evaluating the antioxidant activity of a compound
based on its electron-transfer capacity using
spectrophotometry (Garcia et al., 2012). The radical
scavenger activity of the antioxidants Vit. C, Vit. E,
and Cql0 was determined by the DPPH method and
expressed as the requirement needed to obtain 50% of
the antioxidant effect (EC, ).

A 0.1 mM DPPH solution using methanol was mixed
with one volume of each sample solution. Absorbance
at 515 nm was measured by spectrophotometry (V-630,
Jasco, Pfungstadt, Germany) against a blank after 30
min using a quartz cuvette. This test was performed in
triplicate, and the antioxidant activity was determined
as shown in Equation 1:

Ac—At
Ac x 100

}Activity (%) = Equation 1

Where: At is the absorbance of the samples and Ac the
absorbance of the methanolic DPPH solution. All tests
were carried out in triplicate and the results are reported
as means =+ standard deviation.
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ABTS Assay

The ABTS assay evaluates the ability of substances
to sequester the 2,2’-azino-bis (ethylbenzthiazolin-6-
sulfonic acid) cation and was carried out as described
by Re et al. (1999) and Arias (2012).

Initially, a 7 mM ABTS stock solution was mixed
with 2.45 mM potassium persulfate in acetate buffer, pH
4.5, and left to stand in the dark at 7 °C for 24 hours. For
the measurements the ABTS solution was diluted with
ethanol to an absorbance of 0.70 = 0.20 at 734 nm. The
photometric assay was performed with 190 pL of ABTS
solution and 10 pL of each sample mixed for 2 min at 25
°C. Absorbance at 750 nm was measured after 60 min and
Trolox® was used as a standard. Trolox® is a water- and
ethanol-soluble substance derived from vitamin E, used
as a standard antioxidant. The antioxidant activity of the
samples was calculated by determining the decrease in
absorbance at different concentrations using Equation 2:

ABTS value (nmol) = cxV x t/m Equation 2

Where: ¢ is the Trolox® concentration (umol/ml) of the
corresponding standard curve of the diluted sample, V
is the sample volume (ml), t is the dilution factor, and m
is the weight of the sample (g)

The determinations were made using a Turner
Biosystems Inc. microplate reader, Modulus ™ I1
Microplate Multimode Reader, (Sunnavale, CA,
USA) with 96-well poly (styrene) microplates and an
absorbance module. Each measurement was performed
in triplicate, and the results are expressed as mean =+
standard deviation.

ORAC Assay

Oxygen radical absorbing capacity (ORAC) was
determined according to Ou et al. (2001) and Huang
et al. (2005). Antioxidant activity was measured as the
difference between the areas under the curve (AUC) of
each sample compared to the standard. A 150 pL amount
of fluorescein (FL) (8.16 x 10° mM) was added to the
samples in phosphate buffer, pH 7.4, the mixture was
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incubated at 37°C for 18 min, and 25 pL of 2,2’-azobis(2-
amidinopropane) dihydrochloride (AAPH) (153 mM)
were added.

The decrease in fluorescence was recorded for 80
min at wavelengths A = 490 nm for excitation and A =510
nm, for emission. The amount of Trolox® (umol), used
as a standard, was calculated using a standard curve.

The measurements were made in triplicate using
a Modulus™ II Multimode Microplate Reader (Turner
Biosystems Inc., Sunnavale, CA, USA) with 96-well
microplates and a fluorescence module. Results were
expressed as mean + standard deviation.

Assessment of in vitro photoprotective efficacy
using Saccharomyces cerevisiae

Yeast Strain, Media, and Growth Conditions

The CD138 mutant (oggl..TRPI) strain used in
this work was from our laboratory stock. Yeast cultures
were grown at 28°C in Yeast Peptone Dextrose (YPD)
liquid medium (1% yeast extract, 1% bactopeptone, and
2% glucose). YPD solid medium (1% yeast extract, 1%
bactopeptone, 2% glucose, and 2% agar) was used for
photoprotection assessment after the treatments (Diniz
et al., 2019).

Simulated Solar Light (SSL)

SSL irradiation was performed using a solar
simulator (Oriel Model 91192—-1000, Newport Corp.,
USA) emitting 21.7 J/m?*/s UVA and 1.58 J/m?/s UVB.
The atmospheric attenuators AMO and 87066 were used,
resulting in a final UVB/UVA ratio emission of 1/16
(93.21% UVA and 6.79% UVB), which corresponds to
the mean measurements for summer in Rio de Janeiro,
Brazil (-22.9 latitude and longitude -43.17) (Diniz et al.,
2019). Dosimetry at 1000 W/m? was measured using a
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VLX-3-W dosimeter (Vilber Lourmat, Marne-la-Vallée,
France) with appropriate photocells for UVA (CX-365)
and for UVB (CX-312). The dose rates adopted for UVA
and UVB irradiation upon SSL were 20 J/m?%/s and 1.2
J/m?/s, respectively. The SSL irradiation was conducted
using different irradiation times and doses as described
by Diniz et al. (2019).

Assessment of the in vitro photoprotective efficacy of Vit. C,
Vit. Eand Cq10 using the CD138 (oggl) yeast strain

Yeast cultures (10 ml) of the CD138 strain (ogg/)
were grown to a cell density of 1x10® cells/ml at 28°C
with agitation for 48 h (stationary phase). After this
pre-cultivation, cells were harvested by centrifugation,
washed twice, and resuspended in distilled and
deionized sterile water. The cell suspension was
adjusted to 1x107 cells/ml and transferred to 5.0 cm
diameter glass Petri dishes with a final volume of 12 ml.
The yeast suspension was exposed to increasing SSL
doses under agitation in the presence or absence of 100
ng/ml of either Vit. C, Vit. E or Cql0, a dose established
as the maximal nontoxic antioxidant concentration
when yeast cells were incubated under agitation in the
dark (data not shown).

After each dose and irradiation time, aliquots were
taken, properly diluted in sterile water, plated on YPD
medium, and incubated at 28°C for 3 days. Surviving
colonies were counted and plotted on a survival graph.
All survival experiments were independently performed
at least four times and are expressed as mean =+ standard
deviation (Silva et al., 2019; Diniz et al., 2019)

Topical sunscreen formulation
Three emulsions formulations were used:

formulation 1 or blank, without Vit. C; formulation 2
with 0.5% Vit. C; formulation 3 with 1% Vit. C (Table I).
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TABLE I - Composition of the formulations developed

Components (INCI name) F(;r(r:;lvlvz:;i)())n F(;r(:lvl/lvl;z;m F(;r(r:l/l:;,z;m
Phase A

Glycerin 5% 5% 5%

95% Aminomethyl propanol 1% 1% 1%

Carboxy polymethylene 0.2% 0.2% 0.2%

Water q.s 100.0 g.s 100.0 g.s 100.0
Phase B

Polysorbate 80 0.6% 0.6% 0.6%

Octyl methoxycinnamate 8% 8% 8%

Octocrylene 8% 8% 8%

Diethylamino Hydroxybenzoyl Hexyl Benzoate 4% 4% 4%

Bis-Ethylhexyloxyphenol Methoxyphenyl Triazine 3% 3% 3%
Phase C

Propylene glycol 10% 10% 10%

Aluminum Starch Octenylsuccinate 5% 5% 5%
Phase D

Caprylic/caprylic acid triglycerides 3% 3% 3%

Ethoxylate-cetostearyl acid 5% 5% 5%

Stearic acid 4% 4% 4%

Isoctyl stearate 7% 7% 7%

Glyceryl monostearate 2% 2% 2%

Methylisothiazolinone/phenoxyethanol solution 0.3% 0.3% 0.3%
Phase E

Vitamin C - 0.5% 1%

Legend: w/w%: weight by weight proportion; q.s: quantum satis (the amount which is enough)

The formulations (Table 1) were prepared as an
emulsion, an oil-in-water disperse system. Phase A
consisted of glycerin, 95% aminomethyl propanol,
carboxy polymethylene, and distilled water. Phase B
consisted of polysorbate 80, octyl methoxycinnamate,
octocrylene, diethylamino hydroxybenzoyl hexyl
benzoate, and bis-ethylhexyloxyphenol methoxyphenyl
triazine. Phase C consisted of propylene glycol and

Braz. J. Pharm. Sci. 2023;59: 23228

aluminum starch octenylsuccinate. Phase D consisted of
caprylic/caprylic acid triglycerides, ethoxylate-cetostearyl
acid, stearic acid, isoctyl stearate, glyceryl monostearate,
and methylisothiazolinone/phenoxyethanol solution.
Phase E consisted of ascorbic acid.

In phase A, carboxy polymethylene was dispersed
in water under continuous stirring with a mechanical
stirrer (Fisaton, 713 D) at 25°C and 1,000 rpm.
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Glycerin and 95% aminomethyl propanol were then
added to the system under continuous stirring. All the
components of phase B were heated to 70°C + 2 °C
and homogenized. In phase C, the dry-flo was added
gradually to the glycerin under stirring. Phase D was
also heated to 60°C = 2 °C with constant agitation at 60
rpm for homogenization. Phase A was added to phase
B, phase C was added next, and phase D was the last
one added to the system. All phases were homogenized
with a mechanical stirrer at 40 rpm until the system
reached room temperature (25°C).

Phase E consists of the incorporation of Vit. C in
the emulsion. After the development of the emulsion,
Vit. C was incorporated at two concentrations, i.e.,
0.5% w/w and 1% w/w, into the final system to complete
100 g of formulation, and its influence on the in vitro
photoprotective efficacy and photostability of the
preparation was determined. Vit. C concentrations
were chosen according to Afonso et al. (2014), who
observed that higher concentrations of antioxidants
did not increase the photostabilization effect (Afonso
et al., 2014).

Characterization of the emulsions

The macroscopic characteristics of the emulsions
such as color, aspect, or instabilities (creaming,
coalescence, or separation of phases) were evaluated by
visual inspection after 30, 60, 90, and 120 days. Creaming
is defined as oil droplets in the layer at the top of the
emulsions; coalescence as emulsified droplets joining
to form larger droplets that will eventually be separated
from the external phase; separation of phases is defined
as the complete separation of the aqueous and oily phases
of the emulsion (Alves et al., 2020).

The mean droplet diameter and polydispersity index
(PDI) of the emulsions were measured with a dynamic
light scattering (DLS) instrument (Zetasizer Nano ZS,
Malvern Instruments, Malvern, UK) at 25°C, with the
laser incidence angle about the sample being 173°, using
a 5-ml quartz cuvette. The emulsions were diluted 1:10 in
distilled water before the analysis. All values are reported
as mean + standard deviation (SD) of three measurements
for each formulation.
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The viscosity of the emulsions was analyzed using
a rotary digital viscometer (DV-II model, Brookfield®,
USA), with spindle number 94 and varying the rotation
speed from 0.3 to 6 rpm, at 25°C. The rheogram was
constructed by the correlation of viscosity versus speed.

Assessment of the photoprotective parameters of
the formulations

The in vitro photoprotective parameters of the
formulations, such as SPF, critical wavelength (Ac), and
UVA/UVB ratio were evaluated with a UV transmittance
analyzer (Labsphere® UV-2000S). Fifty mg (2 mg/cm?)
of the formulations were deposited and homogeneously
spread on Quartz plates of 25 cm? with a rough surface
covered with Transpore™ tapes until a uniform layer was
obtained. Three quartz plates were used for each sample.
Glycerin was used as a reference for 100% transmission.
All analyses were performed in triplicate and nine points
were measured per plate (Silva et al., 2019; Coutinho et
al., 2015).

To determine the stability of the photoprotective
parameters, all emulsions were stored for 3 months at
25°C + 2, with SPF, UVA/U VB ratio, and Ac values being
measured at 0, 30, 60, 90, and 120 days.

Photostability Assay

The SPF, UVA/UVB ratio, and Ac values of
the emulsions were evaluated after exposure to SSL
irradiation using a solar simulator (Oriel Model
91192—-1000, Newport Corp., USA) according to the
following procedure: a 50 mg (2 mg/cm?) amount of
each formulation was homogeneously distributed on
quartz plates with a 25 cm? area; the plates were then
exposed to an SSL simulator and SPF, UVA/UVB ratio
and Ac were determined at nine points on the plates by
Integration Sphere Transmittance Spectrophotometry
(Labsphere UV-2000S). Irradiation conditions were as
previously described, but with a 2 h exposure, following
the recommendation to reapply sunscreen products
every two hours (Coutinho et al., 2015; FDA, 2012;
Teixeira et al., 2019).
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Statistical analysis

Data are reported as mean + standard deviation.
The non-parametric Mann-Whitney test and Kruskal-
Wallis test followed by Dunn’s multiple comparisons
test were used to determine the photoprotective effect
on the S. cerevisiae formulations using GraphPad Prism
software (La Jolla California USA), with the level of

1 ) Antioxidant screening (Vit C. Vit E. Cq10)

DPPH assay ABTS assay
-8 -8
ORAC assay Yeast photoprotection assay

5-8-8 ‘9

significance set at p < 0.05. In vitro photoprotective
efficacy data were analyzed by one-way Analysis of
Variance (ANOVA) using GraphPad Prism version
6.00 for Windows, with the level of significance set
at p <0.05.

An illustrative scheme of the rational 3-step approach
for the development of a photoprotective formulation with
antioxidant potential is presented in Figure 1.

Assessment of
photoprotective
parameters

2 Formulation 3
development

J SPF in vitro
—_—

Best
antioxidant

and

Sunscreen
formulations with
best antioxidant
activity

Photostability

FIGURE 1 - Scheme of the rational 3-step approach for the development of a photoprotective formulation with antioxidant
potential. The first step consisted of evaluating the in vitro antioxidant and photoprotective performance of the three antioxidants
Vit. C (Vitamin C), Vit. E (Vitamin E) and Cql0 (Coenzyme Q10) by the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay, ABTS
(2,2"-azino-bis (ethylbenzthiazoline-6-sulfonic acid)) assay, ORAC (oxygen radical absorbance capacity) assay with azo-radical
initiator AAPH (2,2’-azobis(2-amidinopropane) dihydrochloride), and by the yeast photoprotection assay. The second step
consisted of the formulation of photoprotective emulsions containing organic UV filters and the most promising antioxidant
selected by the previous step. The last step consisted of characterizing and assessing the photoprotective parameters including
in vitro assessment of SPS and of the photostability of the developed formulations.
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RESULTS AND DISCUSSION

Antioxidant Activity

Table II shows the results of the DPPH, ABTS, and ORAC tests for Vit. C, Vit. E, and Cql0.

TABLE Il - Antioxidant activities of vitamin C, vitamin E, and coenzyme Q10 obtained in the DPPH, ABTS and ORAC tests

Sample EC,, (ug/ml) - DPPH ”m"lz]g‘%‘;"@/ g~ ”m"lglg‘i"c"@/ g~
Vitamin C 35401 9,000 = 103 4,000 + 54
Vitamin E 742.5 1.7 910 + 8 550 + 3
Coenzyme Q10 N.D N.D 720 + 10

Legend: EC, : 50% ofthe antioxidanteffect; DPPH: 2,2-diphenyl-1-picryl-hydrazyl-hydrate assay; ABTS: 2,2’-azino-bis (ethylbenzthiazolin-
6-sulfonic acid) cation assay; ORAC: Oxygen radical absorbing capacity assay; N.D: not determined. There was a statistically significant
difference in antioxidant activity between vitamin E and vitamin C, vitamin E and Coenzyme Q10, vitamin C and Coenzyme Q10,
according to the DPPH method (p < 0.05). Also, there was a significant difference in antioxidant activity between vitamin C and vitamin
E, vitamin C and Coenzyme QI10, vitamin E and Coenzyme Q10, according to the ABTS method (p < 0.05) and between vitamin C and

vitamin E, and vitamin C and Coenzyme Q10, according to ORAC method (p < 0.05).

The DPPH assay is an easy, fast, simple, and
economical method for the assessment of the antioxidant
capacity of a DP substance, where the free DP with an
absorption band at 515 nm is reduced by an antioxidant
agent and loses this absorption band (Ou, Hampsch, Prior,
2001). The DPPH assay showed that Vit. C had an EC
of 3.5+ 0.1 ug/mL and Vit. E had an EC, of 742.5 + 1.7.
It was not possible to quantify the EC, of Cql0.

Coutinho et al. (2015) also used ascorbic acid as
a positive control, with an EC, of 5.64 + 0.09 pg/mL.

The ABTS assay measures the ability of antioxidants
to scavenge the ABTS generated in the aqueous phase, as
compared to a Trolox (water-soluble Vit. E analog) standard.
ABTS is generated by the reaction of strong oxidizing
agents (potassium permanganate or potassium persulfate)
with the ABTS salt. The reduction of blue green ABTS
radical-colored solution by hydrogen-donating antioxidants
is measured by the suppression of its characteristic long
wave (734 nm) absorption spectra (Shalaby, Shanab, 2013).
Vit. C and Vit. E showed 9,000 + 103 pmol Trolox®/g and
910 + 8 pumol Trolox®/g, respectively (Table II).
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Cql0 did not show antioxidant activity in the DPPH
and ABTS tests. This was expected since the formation of
the reduced species ubiquinol-10, QH2, in a non-aqueous
solution (methanol) requires the presence of a strong
reducing agent such as sodium borohydride, and the
reduction of Cql0 cannot be achieved by any component
of the assay (Cervellati, Greco, 2016).

The ORAC assay measures the antioxidant activity
of substances based on their peroxyl radical scavenging
capacity since it evaluates the mechanism of hydrogen
atom transfer (Rafiq et al., 2012). Trolox was used as
a standard, and the ORAC value was expressed as
micromoles of Trolox per gram of sample (umol TE/g).
Vit. C, Vit. E, and Cql0 showed 4,000 + 54 umol
Trolox®/g, 550 = 3 pumol Trolox®/g, and 720 £ 10 umol
Trolox®/g, respectively (Table IT).

Vit. C showed high antioxidant capacity as evaluated
by the DPPH, ORAC, and ABTS methods; thus, it is
possible to infer that Vit. C is more sensitive to reaction
through hydrogen atom transfer (ORAC mechanism) and
non-electron transfer (ABTS mechanism).

Braz. J. Pharm. Sci. 2023;59: €23228



In vitro approaches to antioxidant screening for the development of a sunscreen formulation

In vitro photoprotective potential of Vit. C, Vit. E
and Cq10 for the CD138 (0ogg1) strain against SSL
irradiation-induced cytotoxicity

The photoprotection potential of Vit. C, Vit. E,
and Cql0 against SSL irradiation-induced cytotoxicity
was evaluated in the CD138 (oggl) strain. The yeast
model was used to assess the indirect photoprotection of
antioxidant activity of the compounds in rescuing cells
from UV-induced cytotoxicity. Figure 2 displays the
cell survival of the CD138 (0oggl) strain in the absence
(control) and in the presence of Vit. C, Vit. E, or Cql0
(100 pg/ml).

Vit. C was able to protect the CD138 (oggl/) strain
cells against the highest SSL irradiation exposure (1 h 9’
257, 1 h 44’ 9” and 2 h 18’ 52””) compared to control (p
< 0.05). Vit. E and Cql0 did not significantly (p > 0.05)
alter the survival of CD138 (ogg!) cells (Figure 2).

100

10 1

0.1 1

Survival (%)

-e- CD138 (ogg?)

-0- CD138 (ogg?) + Vit. C

0.014 = CD138 (ogg?) + Vit. E
-+ CD138 (0ogg?) + Cq10

0.001 T T T T T T 1
0 20 40 60 80 100 120 140

SSL irradiation (min)

FIGURE 2 - Survival (%) of the CD138 mutant (ogg/) strain
(e) to different SSL (Solar Simulated Light) irradiation times
in minutes (min) in the presence of Vit. C (vitamin C) (0),
Vit. E (vitamin E) (A) or Cql0 (coenzyme Q10) (). Data are
reported as means + SD (standard deviation). * Significantly
different (p<0.05) from control (CD138 strain plus SSL)
as determined by the non-parametric Mann-Whitney test
and the Kruskal-Wallis test followed by Dunn’s multiple
comparisons test).

Photoprotective assessment based on yeast assays is
a promising tool in photo safety testing since S. cerevisiae
is an interesting model for in vitro photobiological studies.
Besides being a eukaryotic microorganism with repair
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genes orthologous and homologous to those of human
cells, yeast strains are sufficiently resistant to support all
UVA and UVB ranges, allowing irradiation protocols
with UV doses and exposure times comparable to
environmental sunlight (Paiva et al., 2020). Previous
studies have reported the use of the CD138 (ogg!) strain
for the efficacy and safety assessment of UV filters.
Notably, the inactivation of Oggl repair makes the CD138
(oggl) strain a promising bioindicator model of oxidative
events, allowing evaluation of the contribution of the
antioxidant potential of compounds to photoprotection
enhancement (Silva et al., 2019; Diniz et al., 2019).

In the present study, the CD138 (ogg!) strain model
indicated that the high antioxidant activity of Vit. C
evaluated by the DPPH, ORAC, and ABTS methods
may be decisive to grant photoprotection against
SSL irradiation-induced cytotoxicity by an indirect
mechanism. In contrast, the level of antioxidant activity
of Vit. E and Cql0 did not seem to have been sufficient
to rescue cell survival from lethal oxidative cytotoxic
lesions. In this screening phase, this result, taken together
with those from the previously described techniques,
highlighted that, Vit. C showed the best performance in
terms of antioxidant activity.

Characterization of the emulsions

Vit. C was the best antioxidant, also showing a
photoprotective potential, and therefore it was used
to develop the emulsions. However, this substance is
very unstable in an aqueous solution in the presence of
oxygen and metal ions (Carita et al., 2020; Khalid et al.,
2013). Therefore, it was used in emulsions containing
humectants such as glycerin and propylene glycol in
order to enhance its photostability, as recommended by
Ahmad et al. (2011).

Moreover, higher viscosity formulations offer greater
protection against the oxidation of Vit. C (10). This study
used carboxy polymethylene as a rheology modifier,
aluminum starch octenyl succinate as a thickening
agent, and caprylic/caprylic acid triglyceride, which
is an emollient and can also function as a thickener in
emulsions (Rowe, Sheskey, Quinn, 2009).
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All the emulsions were homogenous and white
systems with the same characteristics, which were
maintained after 120 days, without instability.

The droplet size and PDI of the emulsions were
also characterized. The droplet size of the emulsion
blank, emulsion with 0.5% w/w of Vit. C, and emulsion
with 1 % w/w of Vit. C had an average size of 840 +
17 nm, 788 + 21 nm, and 769 + 16 nm, respectively.
According to the mean diameter of the droplets, all
the emulsions can be classified as macroemulsions
since the size of the droplets was more than 400 nm
(Callender et al., 2017).

There was a significant difference in droplet size
between the emulsion blank and the emulsion with
0.5% w/w of Vit. C and between the emulsion blank
and the emulsion with 1 % w/w of Vit. C (p < 0.05),
whereas there was no significant difference between
the emulsion with 0.5% w/w of Vit. C and the emulsion
with 1% w/w of Vit. C. Thus, emulsions with Vit. C
had a lower droplet size that was not influenced by an
increase in this vitamin.

The PDI values of the emulsion blank, the emulsion
with 0.5% w/w of Vit. C and the emulsion with 1 % w/w
of Vit. C were 0.4 £ 0.05, 0.42 + 0.08, and 0.40 + 0.09,
respectively, with no significant difference among them
(p > 0.05). PDI is a measure that evaluates the droplet
size distribution, ranging from 0 to 1. All emulsions
showed values around 0.4, indicating a polydispersion
distribution over time (Ardani et al., 2017) which could
be attributed to the production method that employed
mechanical homogenization.

Viscosity analysis

The apparent viscosity values obtained for all
emulsions are shown in Figure 3. All formulations
exhibited a non-newtonian, pseudo-plastic behavior since
viscosity decreases as velocity or shear rate increases
(Saez et al., 2019).
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FIGURE 3 - Rheograms of the emulsion blank, emulsion with
0.5% w/w of Vit. C (vitamin C), and emulsion with 1% w/w of
Vit. C (vitamin C). Data are reported as means & SD (standard
deviation). One-way Analysis of Variance (ANOVA) was
used to demonstrate statistical differences (p < 0.05).

Lower viscosity values were observed in all ranges
for the emulsions with Vit. C compared to the emulsion
blank (p < 0.05). This can be explained by the fact that
carboxy polymethylene, which is the gelling agent of
the aqueous phase, needs to have the charges of its
surface neutralized in order to acquire greater viscosity.
With the incorporation of Vit. C, which is an acid,
there was a reversal of the neutralization process and
a reduction in the system’s viscosity (Rowe, Sheskey,
Quinn, 2009).

The lower viscosity of emulsions with Vit. C may
have facilitated the dispersal of the oil phase droplets
which caused these systems to have smaller droplet
sizes. Viscosity is one of the key fluid properties used
to investigate the droplet size of any emulsion since the
gradual increase of viscosity causes a slow increase in
the average droplet diameter of the emulsion (Khalid et
al., 2013).

Formulation efficacy: photoprotective parameters

The in vitro photoprotection tests have been
developed because they are rapid, less expensive, and do
not require the involvement of human volunteers. These
methods are based on the measurement of the spectral
transmittance of the sunscreen substance incorporated
into a formulation and applied to a synthetic support
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simulating the human skin (COLIPA, 2007) or on
the spectrophotometric analysis of dilute solutions of
sunscreen products (Dutra ef al., 2004).

The following photoprotective parameters
were evaluated: SPF, which is the indicator of the
photoprotective performance of sunscreens against
UVB radiation and consequently indicates the ability
of a sunscreen to reduce UV-induced erythema; the
UVA/UVB ratio which measures the level of protection
offered by the sunscreen in the UVA range and can be

classified by Boot's Star Rating System, and Ac which is
the wavelength at which the area under the integrated
optical density curve starting at 290 nm is equal to
90% of the integrated area between 290 and 400 nm
(FDA, 2012).

The in vitro SPF values, UVA/UVB ratio, and Ac
were obtained for the emulsion blank, the emulsion
with 0.5% Vit. C, and the emulsion with 1% of Vit. C,
at times 0, 30, 60, 90, and 120 days, and are shown in
Table II1.

TABLE Il - Sun protection factor (SPF), UVA/UVB ratio, and critical wavelength (Ac) of the emulsion blank, the emulsion

with 0.5 % vitamin C, and the emulsion with 1% vitamin C

Emulsion Blank

Emulsion with
1% vitamin C

Emulsion with
0.5% vitamin C

Time zero
SPF 31+ 1.5 30+ 1.6 31+3.6
UVA/UVB ratio 0.57 £ 0.03 0.84 £0.02 0.7 £0.17
Critical wavelength (A) 370 £0.57 376 £ 0.47 373 £3.78
30 days
SPF 32+2.08 32+ 1.24 33+1.5
UVA/UVB ratio 0.57 £ 0.03 0.53 £0.03 0.53 £0.03
Critical wavelength (A) 370 £ 0.57 370 £ 1.24 370 £ 1
60 days
SPF 32+1.52 31+14 32+29
UVA/UVB ratio 0.58 £0.05 0.55+0.02 0.55 +0.01
Critical wavelength (1)) 371 £0.01 371 £ 1.24 370 £0.6
90 days
SPF 33+2.51 31+1.24 32+13
UVA/UVB ratio 0.560 + 0.04 0.59 +0.04 0.58 +0.03
Critical wavelength (A) 370 + .15 372+2.1 370+ 1.2
120 days
SPF 32+34 31+4.1 32+21
UVA/UVB ratio 0,596 £ 0.02 0.569 +0.03 0.571+ 0.02
Critical wavelength (1)) 376 £ 0.6 374 £1.7 371+0.8

Legend: SPF: sun protection fator. The SPF values of all formulations at time zero and after 30, 60, 90, and 120 days did not show
statistically significant differences (p < 0.05). Also, the UVA/UVB ratio and critical wavelength (Ac) did not show statistically significant
differences (p < 0.05) for any formulation at times 0, 30, 60, 90, and 120 days. Statistical analyses were performed using One-way Analysis
of Variance (ANOVA), with the level of significance set at p < 0.05.
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The SPF values of all formulations did not show
a statistically significant difference (p < 0.05) at time
zero and after 30, 60, 90, and 120 days. Also, the UVA/
UVB ratio and Ac did not show a statistically significant
difference (p < 0.05) for any formulation at times O,
30, 60, 90, and 120 days. The SPF of all formulations
was around 30 and, according to the FDA (2012), the
formulations offered high protection against UVB
radiation.

The Boots Star Rating System classifies a product
according to the UVA/UVB ratio. The higher this ratio,
the better the product protects against UVA radiation.
All emulsions showed a UVA/UVB ratio higher than 0.5
according to the Boots Star Rating System, indicating
good UVA photoprotection (COLIPA, 2007).

According to COLIPA (2007) and FDA (2012), a
photoprotective product with a Ac of 370 nm or higher
is considered a broad-spectrum product that protects
against longer wavelengths of radiation, above 370 nm.
All formulations showed a Ac of 371 nm and thus can be
classified as broad-spectrum products protecting against
longer radiation, above 370 nm.

Indeed, OMC and OCT filters absorb mostly in the
UVB and UVA 1I wavelength range, while the DHHB
and BEMT filters are broad spectrum and UVA I filters
according to the absorption profile obtained with a
BASEF sunscreen simulator (Tovar-Sanchez et al., 2020).
Therefore a combination of these filters provides ample
protection against UVA and UVB radiation.

None of the formulations developed here showed
changes in photoprotective parameters (SPF values, UVA/
UVB ratio, and Ac) at any time point evaluated (p <
0.05). Consequently, the formulations maintained their
photoprotective action and remained photostable in the
absence of radiation.

This result agrees with data reported by Coutinho et
al. (2015), who developed an oil-in-water photoprotective
and antioxidant nanoemulsion (NE) and observed that
the mixture of sunscreens remained photostable in the
absence of radiation.

Vit. C did not influence the photoprotective
parameters of the formulations during a period of 120
days without radiation, with higher absorption values
in the UVC region and lower absorption values in the
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UVB and UVA regions (Burke, 2011; Galanakis, Tsatalas,
Galanakis, 2018). This explains why Vit. C was found to
have no effect on the photoprotective parameters when a
UV transmittance analyzer was used, since this method
correlates the sample absorption in the UVA and UVB
region with its photoprotection efficiency.

Photostability assay

The photostability of sunscreen formulations
measures the stability of UV filters against solar radiation
and is an important factor that should be considered
during the development of sunscreen formulations. The
present formulations were irradiated for 2 hours, which
is the period recommended for the reapplication of a
sunscreen (Teixeira et al., 2019).

After irradiation, the emulsion blank, the emulsion
with 0.5 % Vit. C, and the emulsion with 1% Vit. C
showed SPF, UVA/UVB ratio, and Ac of 22 + 1.2; 24 +
1.8;26.7 + 2.0, 0.6 = 0.004, 0.58 + 0.03, 0.58 £ 0.02, 370
+ (.58, 369 £ 0, and 370 £ 0.51, respectively.

There was a statistically significant difference in
SPF values between the emulsion blank and the emulsion
with 1% Vit. C (p < 0.05). Based on these results, it can
be suggested that Vit. C protects OMC, which is the
only photolabile UV absorber in the composition. On the
other hand, as expected, there were no changes in UVA
parameters, since the sunscreen formulations contained
only photostable UVA filters.

This result agrees with data reported by Damiani
et al. (2006), who found that the addition of antioxidants
increased sunscreen stability. Moreover, sunscreen
photodegradation can generate reactive oxygen
species (ROS) that can damage skin structures, and
an antioxidant such as Vit. C added to the formulation
could act by capturing these reactive species (Carita
et al., 2020).

Vit. C is used in the pharmaceutical and cosmetic
industries due to its bioactive properties such as acting
on collagen biosynthesis, and to its antioxidant action,
scavenging free radicals (Amina ef al., 2016). Therefore,
it can be used before sun exposure, minimizing the
damage induced by radiation and neutralizing the
ROS generated by sun exposure and environmental
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factors such as smoke and pollution (Carita et al., 2020).
Furthermore, Afonso et al. (2014) showed that Vit. C
increased the photostability of avobenzone and reduced
UV-induced skin damage.

Skin damage and skin aging are biological
processes which are significantly amplified by exposome
factors including chronic UV exposure, pollution,
and their association (photo pollution), mediated by
ROS generation. In this scenario, the incorporation
of antioxidant agents into cosmetic formulations such
as sunscreens seems particularly interesting. In fact,
several studies have pointed out the benefits of associating
antioxidants with photoprotective formulations, protecting
the skin against the formation of MMP-1, with a reduction
of lipid peroxidation by-products, a reduction of the pro-
inflammatory effect of nuclear factor kappa B, and the
preservation of collagen, among other parameters related
to the preservation of skin health (Grether-Beck et al.,
2014; Valacchi et al., 2016; Ferrara et al., 2020; Neves et
al., 2022). In this context, the present study contributed
to the development of new effective photoprotective
formulations containing antioxidants, capable of reducing
skin damage caused by exposomes.

The proposed screening approach highlighted
that Vit. C had a photoprotective potential against SSL
irradiation during exposure times of more than 1 h and
a high antioxidant potential, also increasing sunscreen
photostability. It can be used to protect the skin from
harmful UV radiation, preventing the damage caused
by the free radicals generated by solar irradiation and
photo pollution.

CONCLUSION

Vit. C showed high antioxidant capacity as evaluated
by the DPPH, ORAC, and ABTS methods; thus, it is
possible to infer that it is more sensitive to reaction
through hydrogen atom transfer (ORAC mechanism),
and non-electron transfer (ABTS mechanism). Its
photoprotective potential associated with antioxidant
activity was also investigated by an in vitro approach
using a S. cerevisiae strain model. The yeast test was
useful as a screening tool for selecting the best compound
to be part of a sunscreen formulation in the next step since

Braz. J. Pharm. Sci. 2023;59: 23228

the model indicated that the high antioxidant potential
of Vit. C assessed by DPPH, ORAC, and ABTS seemed
to contribute to the increase in photoprotection of the
strain tested. Consequently, Vit. C was chosen to be
incorporated into a photoprotective formulation and
evaluated as an in vitro sun protection factor. The SPF
values, UVA/UVB ratio, and Ac of the emulsion blank,
with 0.5 % w/w and 1% w/w of Vit. C at time zero and
after 30, 60, 90 and 120 days did not show a statistically
significant difference (p < 0.05), with the preparations
maintaining their photoprotective action. However, Vit.
C increased sunscreen photostability compared to the
emulsion blank after irradiation. Consequently, Vit.
C can be considered a good antioxidant for sunscreen
formulations to be used before and during sun exposure
and the proposed screening approach was suitable
for the development of new and improved sunscreen
formulations.
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