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Skin oxidation can impair physiological functions and induce skin diseases, such as photoaging and
cancer. L-ascorbic acid (L-AA), or vitamin C, is commonly used in cosmetics because it is a potent
antioxidant, inhibits melanogenesis, and promotes collagen and elastin synthesis in the skin. This study
developed strategies to improve the stability of L-AA in its pure form with or without caffeic acid (CA)
and evaluated its clinical efficacy using an ex vivo method. Oil/water emulsions were prepared with
antioxidants and normal stability tests were conducted (various temperatures for 360 days). Antioxidant
activity was assessed using a DPPH assay, and L-AA content was quantified by high-performance liquid
chromatography. The thiobarbituric acid reactive substances method characterized the inhibition of lipid
peroxides in the stratum corneum ex vivo. The formulation F1 (base + 10.0% L-AA) exhibited better
L-AA stability over 360 days. The formulations F1 and F2 (base + 10.0% L-AA + 0.2% CA) increased
the production of lipid peroxides when applied to the stratum corneum ex vivo and irradiated; however,
when not irradiated, they inhibited the production of reactive oxygen species. For greater clinical
efficacy of vitamin C on the skin, nighttime use is suggested as well as storage at low temperatures.

Keywords: Ascorbic acid. Caffeic acid. Lipid peroxidation. Cosmetic stability. Tiobarbituric acid.
Antioxidants.

INTRODUCTION

Skin aging is classified as either intrinsic/chronological
or extrinsic (Ramos et al., 2013). Intrinsic is inevitable and
occurs naturally throughout the body, whereas extrinsic
involves the exposure of the skin to free radicals, including
environmental factors (pollution), lifestyle (tobacco,
alcohol, poor diet, and sedentary lifestyle), and exposure
to ultraviolet (UV) radiation, which consequently results
in redox imbalance. This imbalance can affect the skin’s
barrier function, which under normal conditions protects
against moisture loss as well as chemical, physical, and
mechanical injuries (Niki, 2015).
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UV radiation produces reactive oxygen species
(ROS), which damages lipid-rich membranes and causes
epidermal hyperplasia, decreased collagen production,
dermal matrix degradation, and erythema (Fonseca, 2010).
Chronic exposure can predispose individuals to both
photocarcinogenesis and photoaging of the skin because of
the accumulation of oxidation products, including proteins,
DNA, and lipids generated by free radicals (Niki, 2015).
Approximately 80% of visible signs of aging are caused by
exposure to UV rays (Peres, 2015; Oliveira et al., 2018).
Antioxidants are the primary defense mechanism induced
when the skin is exposed to free radicals (Fries, Frasson,
2010). Thus, the topical application of antioxidants has
been routinely prescribed in dermatological clinics and
desired in cosmetic formulations.

L-ascorbic acid (L-AA) is the chemically active
form of vitamin C and is considered the least toxic and
most potent among natural antioxidants. It functions
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by neutralizing and removing oxidants produced by
skin interactions with environmental pollutants or after
exposure to UV light, especially in the epidermis, where
vitamin C is the most concentrated (Oliveira et al., 2018;
Susana, Pisano, 2023). As a multifunctional agent, it has
been incorporated into cosmetics to promote skin health
by inhibiting and preventing the formation of wrinkles
because of its high regenerative power and it functions
as a biological protector in the synthesis of collagen
and elastin. Furthermore, it has depigmenting and skin-
lightening properties via tyrosinase enzyme inhibition
and anti-inflammatory activities in reducing erythema
(Stamford, 2012; Wang et al., 2018).

The bioavailability of AA in most topical formulations
is low, and the ineffective distribution of active substances
into the deeper layers of the epidermis or dermis is
challenging and may produce poor results (Jarros-Sajda,
Budzisz, Erkiert-Polguj, 2024). Scientists have reported
that the permeability of vitamin C can be improved
by increasing its concentration (Wang et al., 2022). In
most cases, for a product to have biological importance,
it requires a concentration greater than 8%. Reputable
products that are currently available are in the range
of 10 to 20% (Al-Niaimi, Chiang, 2017); however,
concentrations above these values have been known to
irritate sensitive skin and do not provide an increase in
activity (Lazar et al., 2023).

The main challenge when developing a formulation
is to ensure the stability of the topical preparation, as
ascorbic acid in its pure form is chemically active and
unstable in an aqueous medium. The presence of oxygen
and other oxidizing agents, high pH or temperature, and
the amount of metal ions increase the rate of degradation
or decomposition of AA, making its penetration into
the skin weak because of the hydrophobic nature of
the stratum corneum. For effective penetration of the
epidermal barrier, aqueous AA formulations must have a
pH (2.0-3.5) lower than the pKa (4.2) (Stamford, 2012;
Ravetti et al., 2019; Susana, Pisano, 2023).

For these reasons, current strategies adopted by the
cosmetic industry consist of the encapsulation of AA
(water-soluble), including spray drying, spray cooling,
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fluidized bed coating, liposomes, and extrusion to maintain
its stability and improve its delivery to the target site
(Susana, Pisano, 2023). In addition, they also include a low
pH and the inclusion of derivatives such as magnesium
ascorbyl phosphate (MAP), sodium ascorbyl phosphate,
ascorbyl 2-glucoside, 3-O-ethyl ascorbate (EAC), and
tetrahexyldecyl ascorbate (THDA) (Sheraz et al., 2014;
Ravetti et al., 2019). These derivatives are more stable and
easier to formulate; however, they do not have the same
biological activity as AA, and although all products may
be marketed for the same use, their effects can be greatly
altered by the addition of compounds in the formula, as
well by increasing the formulation cost (Sheraz et al.,
2014; Lazar et al., 2023). Furthermore, AA is the most
biologically active and effective form, as it does not
need to be converted or released to function, unlike its
derivatives (Al-Niaimi, Chiang, 2017; Lazar et al., 2023).

Studies on the topical application of L-AA
demonstrated a 20 times greater efficacy (15.0%) at pH
3.2 when compared to the application of MAP (12.0%)
and ascorbyl-6-palmitate (10.0%) to the skin (Pinnell e?
al., 2001). According to Stamford (2012), although the
stability of ascorbyl phosphate salts is considerably greater
than that of AA, they are not antioxidant agents. Previous
studies have shown that sodium ascorbyl phosphate was
poorly absorbed into the epidermis and that MAP did not
improve skin barrier function in vivo, which suggests
a difference in skin penetration rate compared to AA.
Moreover, there is no data suggesting that ascorbyl-
6-palmitate inhibits melanogenesis through tyrosine
inhibition (Stamford, 2012; Lazar et al., 2023), whereas
AA indirectly inhibits tyrosinase activity because of its
antioxidant capacity, thereby reducing melanogenesis
(Wang et al., 2018).

Caffeic acid (3,4-dihydroxycinnamic acid) (CA) is
another potent antioxidant (Spagnol ef al., 2017). It is
superior to p-coumaric, sinapic, and ferulic acids, can
inhibit the oxidation of 2-deoxyribose (2-DR), and chelates
pro-oxidant metal ions, mainly Fe (II). Furthermore, CA
has antimicrobial activity and has shown promise in the
treatment of dermal diseases (Magnani et al., 2014).
Topical application thereof reduces erythema caused
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by UVB radiation and prevents premature skin aging
(Hallan et al., 2021).

As the cutaneous antioxidant system is complex
and not fully elucidated, this study aimed to contribute
to the dermatological field, which constantly pursues
the development of stable topical antioxidants for the
prevention and treatment of various skin conditions (short-
and long-term), mainly caused by UV radiation exposure.
Here, we also discuss clinical treatment strategies on
how to correctly apply vitamin C, which have become
of interest medical, chemist and pharmacist.

MATERIAL AND METHODS

Material

Reagents: 1.1.3.3-Tetramethoxypropane (Sigma-
Aldrich); 2.2-difenil-2-picrilhidrazila (Sigma-Aldrich);
acetonitrile (Merck); metaphosphoric acid (Dindmica);
and methanol (Merck).

TABLE I - Qualitative and quantitative composition of the preparations

Secondary reference standard: 6-hydroxyl-2,5,7,8-
tetramethylchromane-2-carboxylic acid (97% purity);
L-AA (99% purity); and CA (99% purity) (Sigma-Aldrich).

Formulations

Oil-in-water (O/W) emulsions were formulated
according to Table I. The aqueous and oil phase components
were heated to 75.0°C, followed by mechanical stirring at
1,000 rpm during the cooling step. The other components
were added at 35°C. Only AA was dispersed in propylene
glycol and sodium metabisulfite after 24 h and added to
the emulsified system. The pH value was corrected to
3.5 with citric acid.

Sufficient quantities were packaged to perform tests
for 360 days. The formulations were named as F1 = base
+10.0% (w/w) L-AA; F2 =base + 10.0% L-AA +0.2%
(w/w) CA; and F3 = base + 0.2% (w/w) CA.

% wiw
Ingredients*/Function
F1 F2 F3
QOily phase
Cetearyl Alcohol (and) PEG-150 Stearate (and) 3.0 8.0 3.0
Polysorbate 60 (and) Steareth-20/Emulsifying Wax ' ' ’
Decyl Qleate/ Emollient and secondary moisturizer 25 25 25
(Occlusion)
Glycerin/ humectant 3.0 3.0 3.0
Aqueous phase
Methyl Gluceth-20/ Humectant 3.0 3.0 3.0
Disodium EDTA/ Chelator 0.2 0.2 0.2
Acqua*/Vehicle q.s.p. 30.0 30.0 30.0
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% wiw
Ingredients*/Function
F1 F2 F3
Other components

Cyclopentasiloxane/ Emollient, humectant, viscosity
. . . . 2.0 2.0 2.0
increasing, lubricating and volatile
Phenoxyethanol / 2-Methyl-2HlIsothiazolin-3-One/

. 0.5 0.5 0.5
Preservative
Sodium Hyaluronate/ Moisturizer 3.0 3.0 3.0
Caffeic acid / Antioxidant/Active ingredient - 0.2 0.2
Essence/ odor corrector qg.s. qg.s. q.s.
Ascorbic acid/ Antioxidant/Active ingredient 10.0 10.0 -
Sodium Metabisulfite/ Antioxidant/Preservative 0.25 0.25 -
Propyleneglycol/ Solubilizer q.S. q.s. -

Legend: *q.s.p.: sufficient quantity to; q.s.: sufficient quantity; *INCI Name: International Nomenclature of Cosmetic Ingredient; - : not
added; F1: base + 10.0% (w/w) L-AA; F2: base + 0.2% CA + 10.0% (w/w) L-AA; F3: base + 0.2% (w/w) CA.

Normal stability test

Determination of organoleptic characteristics

The F1, F2, and F3 samples were stored in a
refrigerator (5.0 + 2.0°C), at room temperature (25.0
+ 2.0°C) protected from light, and in an oven (45.0 £
2.0°C) (Brazil, 2004). They were evaluated at t0 (48 h
after preparation) and then on days 7, 15, 30, 60, 90, 120,
and 360. The formulation bottles, stored under stated
conditions and not previously analyzed, were opened
on their respective days to avoid contamination. The
parameters evaluated included changes in aspect, color,
and odor.

pH

The samples were diluted in reverse osmosis water
(1:10), and the pH was measured in triplicate using a
pH meter and a combined direct immersion electrode.
The initial pH of the formulations (t0) was equal to 3.5
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and was monitored for 360 days. A variation of <10.0%
was acceptable.

Determination of antioxidants by DPPH radical
scavenging assay

The antioxidant potential of the formulations was
evaluated by removing the free radicals generated by
2,2-diphenyl-1-picrylhydrazyl (DPPH). A 100 uM DPPH
solution in methanol was prepared, and 250.0 mg of each
formulation was weighed for each storage condition,
which was diluted to 48 pg/mL of L-AA. Thereafter, 2.5
mL of 100 uM DPPH solution was added to the 0.5 mL
aliquots in triplicate, incubated at 22.0 + 2.0°C for 30 min
in the dark, and absorbance at 517 nm was measured using
a spectrophotometer. The decay of sample absorbance
(O,) was measured relative to the control (O,), resulting
in the percentage of free radical scavenging (% SRL,,)
(Al-Niaimi, Chiang, 2017; Dario, 2016), according to
Equation 1:
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Equation 1 - % SRL,, = (0, —0,)/0,x 100

where O, is the absorbance of the negative control and O, is the
absorbance of the test solution.

Chromatographic conditions and analytical
validation method

In vitro test: chemical stability of AA in proposed
formulations

Equivalent concentrations of 7.5 pg/mL of L-AA in
each formulation were analyzed in triplicate using high-
performance liquid chromatography (HPLC)—Shimadzu®
LC-20AD/T. The mobile phase was composed of 2.0%
metaphosphoric acid in water, methanol, and acetonitrile
(90:8:2), 20 pL of the sample as injected, a flow rate of
1 mL/min, detection at 254 nm, a run time of 6 min, and
retention for 3.47 £ 0.24 min. All analytical data were
previously validated by Oliveira (2021).

Malondialdehyde quantification and analytical
validation

Ex vivo test: calibration curve

Quantification of the lipid peroxides generated in
the skin was performed using the thiobarbituric acid
reactive substances (TBARS) assay, which measures
malondialdehyde (MDA), a product derived from an
endoperoxide of unsaturated fatty acids as a result of
lipid substrate oxidation (Kumar et al., 2018). MDA was
obtained by reacting 22 pL of 1,1,3,3-tetramethoxypropane
in 10 mL of solution with 1.0% sulfuric acid. This
methodology associated with Tape stripping is innovative
in the available scientific literature for the evaluation of
AA (vitamin C) as an ex vivo model.

Methodology data: C-18 reverse column (4.6 mm
x 25.0 cm); 35:65 mobile phase (methanol:potassium
phosphate buffer, pH 7.0); flow rate 1.0 mL/min; 532 nm
for detection of the MDA-TBA adduct formed at 30.0 +
1.0°C; and a run time of 10 min.
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Tape stripping and TBARS

A novel Tape stripping methodology was proposed
for the ex vivo, non-invasive evaluation of the influence
of AA on lipid peroxidation. This method aimed to extract
the outermost layers of the stratum corneum of the middle
volar forearm (from 10 volunteers) using transparent Tape
Scotch® 3M adhesive tape. The skin was cleaned with
purified water from three areas (2.0 x 5.0 cm?) demarcated
on the right and left forearms of the volunteers.

Formulations F1 and F2 were applied to the determined
areas (2.5 mg/cm?) and the third area (control) had no
emulsion applied (Gongalves, 2019; Oliveira, 2021; Peres,
2015). After 2 h of contact, four consecutive samples were
collected from the volunteers’ right forearm and irradiated
for 2 h in a solar simulator chamber (Suntest® CPS+) at
2,753 KJ/m2. Samples collected from the left arm were
not irradiated, but they were diluted in methanol and
subjected to an ultrasonic bath—Unique® UltraCleaner
1600A—for 10 min to extract the lipids. After mixing in a
vortex 3 Tka® and filtering, 1 mL of each sample was added
to 144 pL of 0.2% butylated hydroxytoluene (BHT) and
400 pL of H,PO, (0.44 M). Thereafter, 600 pL of 0.6%
thiobarbituric acid (TBA) solution in H,PO, was added,
stirred for 1 min, and transferred to a water bath at 90°C
for 45 min. After cooling to room temperature, 600 pL
of n-butanol was added and centrifuged at 3,000 rpm for
10 min. The pink chromogens (TBARS) generated by the
MDA-TBA reaction and heated in an acid solution were
filtered, transferred to amber vials, and analyzed by HPLC.

Study population and general approach

The participants in this research were provided with
the necessary information and clarification regarding
the trial through oral and written informed consent.
This project was reviewed and approved by the Ethics
Committee of the Faculty of Pharmaceutical Sciences
(FCF) of the University of Sao Paulo (USP) (number:
11101219.2.0000.0067). Participants included 10 women,
aged 50 to 70 years old, with healthy skin and phototype
II-1II (Fitzpatrick classification). The studies were
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conducted in the Cosmetology laboratory at FCF/USP.
Participants were instructed not to apply cosmetic products
to the area to be tested for 24 h before the experiment.

Statistical analysis

The software Minitab®19 was used to perform all
statistical analyses in this study, and analysis of variance
(ANOVA, a = 0.05) was used to determine statistical
significance.

RESULTS AND DISCUSSION

Organoleptic characteristics, pH, and antioxidant
activity

Normal Stability Studies aim to guide the development
of cosmetic preparations, as well as estimate their duration
of viability and produce information on the product’s
reliability and safety, even after exposure to extreme
conditions (Ferreira, 2012).

Figure 1 shows the degradation of L-AA stored in
a refrigerator (5.0 = 2.0°C), room temperature (25.0 £
2.0°C), and oven (45.0 = 2.0°C) in closed containers.

FIGURE 1 - Organoleptic characteristics of emulsions with L-ascorbic acid (L-AA) and caffeic acid (CA).

Legend: OVE (oven): 45.0 £ 2.0°C; REF (refrigerator): 5.0 £2.0°C; and R.T (room temperature): 25.0 £ 2.0°C; F1: base + 10.0% (w/w)
L-AA; F2: base + 0.2% CA + 10.0% (w/w) L-AA; F3: base + 0.2% (w/w) CA; and T: Time.
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At low temperatures (5.0 = 2.0°C), sample F1 (base
+10.0% L-AA) did not change in aspect, color, or odor.
The pH (3.47 + 0.03) and antioxidant activity (95.29
+ 0.33 SRL,,) were maintained for 360 days. At room
temperature, the pH (3.57 £0.01) and antioxidant activity
(94.59 +0.38% SRL,,) remained stable without significant
statistical differences, with only a slight change in color
after reaching 360 days.

In studies by Santos et al. (2019), changes occurred
in formulations with L-A A that were maintained at room
temperature after 60 days. Furthermore, formulations
evaluated by Aquino, Felipe (2014) showed changes
in color, odor, and appearance when stored at room
temperature after 90 days.

Formulations containing AA at pH 3.5 have been
shown to provide greater skin permeation and greater
stability (Al-Niaimi, Chiang, 2017). This supports the good
performance achieved by the F1 formulation. According
to Ahmad er al. (2011), in emulsions containing L-AA,
maximum photostability was maintained up to pH 4.0;
however, above this value, there was an increase in the
redox potential of L-AA, which enhanced the possibility
of oxidation and decomposition of the molecule, thereby
reducing the clinical efficacy.

Human cells are exposed to more than 100 oxidative
events a day from hydroxyl radicals and other reactive
species (Brudzynska et al., 2022). The antioxidant activity
present in the formulation can contribute to strengthening
the endogenous antioxidant capacity of the skin and
supporting the neutralization of the ROS formation
process under the influence of external and internal factors.

In the formulations stored in the oven, there was a
change in color (slightly yellowish) and odor after 60
days, a 62% reduction (36.98 +2.33 SRL, ) in antioxidant
activity after 120 days, and an increase in pH by = 13%
(3.95 £ 0.03) after 360 days.

F2 (base + 10.0% L-AA + 0.2% CA), stored in the
refrigerator, showed no changes in aspect, color, odor, pH,
or antioxidant activity. However, at room temperature,
upon reaching 360 days, it underwent changes in color
(Figure 1) and odor, showed a 12% increase in pH (3.92
+0.02), and an 8% decrease (89.97 + 0.08) in antioxidant
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activity. In the oven, there were exacerbated changes in
color (brown), a characteristic sulfur odor, an increase in
pH 0f 22.0% (4.28 + 0.00), and a 71% decrease (28,459
+1.25% SRL,,) in antioxidant activity after 120 days.

In F3 (base + 0.2% CA), the antioxidant activity was
limited in all tested conditions within 7 days; specifically,
it reduced the antioxidant activity by 65% (33.12 +0.19
SRL,,) in the refrigerator, by 67% (31.31+0.35% SRL,))
atroom temperature, and by 69% (29.40 + 0.09% SRL,,)
in the oven. The pH was increased by +20.0% in all stored
conditions (360 days), as well as presenting with greater
fluidity, a slightly pearly appearance, and a reduction in
odor intensity, thus demonstrating the high instability
of the emulsion in the presence of CA in all studied
conditions.

Formulations F2 and F3 had limited effects. The
results showed that the addition of CA accelerated the
degradation of AA. Synergism between these antioxidants
was desired to maintain the antioxidant activity of the
product for longer periods because weak activity does not
provide greater effectiveness when applied to the skin.
Therefore, it may be necessary to develop an oil/water/
oil (O/W/O) emulsion, add it to a phosphate buffer, or
encapsulate the CA to provide better results, especially
when incorporating the active ingredient into L-AA (Yin
etal., 2022).

Determination of L-AA content in HPLC
preparations

This study reports the methodology developed
and validated to quantify the concentration of L-AA
in emulsions during the stability study, as described by
Oliveira (2021), which exhibited simple, fast, accurate,
reproducible, and reliable characteristics.

The standard curve revealed a good linear relationship
(R2=0.9998), detection, and quantification limit of 0.075
ug/mL, which corresponds with 10% w/w of L-AA in the
emulsions evaluated. Recoveries were 97.51-98.12% with
arelative standard deviation of 0.21-2.70%. There were
no interference peaks between L-AA and CA, indicating
that the method is suitable for vitamin C stability studies.
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We emphasize the high specificity of this evaluation
method, as shown in Figure 2.

FIGURE 2 - Chromatographic profile of cosmetic formulation increases.

Legend: ascorbic acid (L-AA) as a secondary reference standard at 10 pg/mL; F1: base + 10.0% (w/w) L-AA; F2: base + 0.2% caffeic acid

(CA) + 10.0% (w/w) L-AA; and F3: base + 0.2% (w/w) CA.

The initial concentration of L-AA in the formulations
was 100.62 £ 0.06 pg/mL under all storage conditions.
The F1 emulsion stored at 5.0 +2.0°C (refrigerator) had a
10.0% reduction in L-A A content compared to the initial
concentration after twelve months (Figure 3A). This
value is within the pharmacopeial standards of the US
Pharmacopoeia (90—110%) (USP 41, 2018). Storage at
room temperature (25.0 £ 2.0°C) exhibited a 15 and 18%
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decline, after 6 and 12 months, respectively. In a study
conducted by Krambeck (2011), at the same temperature,
a40% reduction of AA was observed after 90 days, a 23%
degradation was observed after 7 days in a study by Yin
et al. (2022), and a 14% reduction after 4 months in a
study reported by Carita ef al. (2021).
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FIGURE 3 - L-ascorbic acid (L-AA) content during the Normal Stability Test.

Legend: A: refrigerator; B: room temperature; C: oven; F1: base + 10.0% w/w L-AA; and F2: base + 10.0% L-AA + 0.2% w/w caffeic acid
(CA). Statistical analysis was performed using analysis of variance (ANOVA). Values are presented as the mean + standard deviation of

measurements performed in triplicate (n = 3).

When stored in an oven, faster degradation occurred,
where 80% of the AA concentration (20.0 pg/mL)
was degraded within 120 days, thus confirming that
the increase in temperature is a determining factor in
the AA degradation process (Caritéd et al., 2021). This
degradation changed the color of the formulation, possibly
forming CO,, which gives the product an airy appearance,
corroborating the results obtained in the previous item.
Continued monitoring of this storage condition at further
time points was discontinued because of the drastic
reduction in the concentration of the active ingredient.

The decomposition rate of AA was faster in F2
compared to F1, which was reduced by 16% in the
refrigerator and 40% at room temperature (Figure 3B)
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after 360 days. In the oven, a much greater decomposition
rate of 82% occurred after 120 days (Figure 3C). It is
possible that the formed degradation products may or
may not be toxic, thus reducing the expected viable
duration of the formulation and making it unsuitable for
use (Sheraz et al., 2014).

The addition of CA accelerated the degradation of
L-AA. This was unexpected because CA acts as a primary
and secondary (mixed) antioxidant, which occasionally
has synergistic action and stimulates the inactivation
and/or removal of free radicals through the donation of
a hydrogen atom from a hydroxyl group of its aromatic
structure (Magnani et al., 2014; Espindola et al., 2019).
CA can support the unpaired electron by moving it
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throughout the electron system of the molecule and, in
some cases, it can chelate transition metals (Cu'* and Fe?*)
at the beginning and also during the propagation of the
oxidative process (Espindola et al., 2019).

Therefore, to further extend the viable duration
of vitamin C, we must assess new antioxidant assets.
However, the results show the great effect of the O/W
emulsion in the F1 formulation, because common
formulations with this active ingredient do not always
achieve long periods of stability. The emulsion minimized
the degradation of the active ingredient, maintaining its
stability under the various storage conditions studied.
The careful selection of excipients in the development
of the cosmetic base appears to be promising. According
to Ahmad et al. (2011), the higher the viscosity of the
medium, the lower the degradation of L-AA; therefore,
we added glycerin, which increased the viscosity in
addition to its humectant action. Furthermore, EDTA
(chelating agent) was added to the formulation in synergy
with sodium metabisulfite (preservative) because, in
other studies, their combination exhibited good results in
preventing L-AA degradation (Sheraz ef al., 2014; Carita
etal., 2021; Yin et al., 2022).

Finally, the results suggest that F1 is a good cosmetic
formulation for maintaining skin health, being indicated
in medical prescriptions for dermocosmetics because of
its antioxidant and antiaging effects. In compounding
pharmacies, the maximum recommended stability
is almost always around four months; however, this
formulation allows for a higher stability of around twelve
months.

Lipid peroxidation in ex vivo

MDA is a secondary product of lipid peroxidation
and is used as a marker of oxidative stress to estimate the
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damage caused by ROS (Grotto et al., 2009). The TBARS
assay is the most commonly used method to evaluate the
production of MDA (Siddique et al., 2012).

To prevent the harmful action of ROS generated
by UV radiation on the epidermis (stratum corneum as
the first barrier) and dermis, the topical application of
antioxidant(s) must penetrate the skin (Sauce, 2020).
However, the difficulties in obtaining human skin samples
and the worldwide ban on testing cosmetics on animals
have led researchers to develop alternatives to evaluate
skin penetration and permeation, such as the Tape stripping
technique (Candido et al., 2018). This is considered ex
Vivo, as it is based on the removal of the stratum corneum
using adhesive tape, and the collected samples can be
applied to multiple types of tests, such as irradiation or
chemical reactions (Sauce, 2020).

In this study, the Tape stripping technique and the
TBARS assay were used to evaluate the ability of the
developed formulations to inhibit lipid peroxidation in
the skin (stratum corneum) of volunteers under the action
of UV radiation. The advantage of combining these two
methodologies is that it allows for a non-invasive and
effective evaluation of the effect of peroxidation on
human skin.

The analytical curve presented a linear regression
equation of y =917637x + 1842 and a linear correlation
coefficient (R?) = 0.9998 for MDA-TBA estimation.

Non-irradiated skin was used as a control group and
it was observed that the lower the level of MDA formed,
the greater the antioxidant activity. Figure 4 reveals the
evident increase in MDA production after all samples
were exposed to the photostability chamber and irradiated
at 2,753 KJ/m?. The irradiated skin (57%) and F1 (55%)
samples were considered statistically equal.
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FIGURE 4 - MDA-TBA concentrations were obtained using the ex vivo TBARS method.

Legend: MDA: malonaldehyde; TBA: thiobarbituric acid; MDA-TBA: lipid peroxidation marker; F1: base + 10.0% (w/w) L-ascorbic
acid (L-AA); and F2: base + 10.0% L-AA + 0.2% (w/w) caffeic acid (CA). Different letters for the same parameter indicate statistically
significant differences between samples as determined using one-way analysis of variance.

The skin samples treated with F2 and then irradiated
showed a significant increase in the production of lipid
peroxides, with an approximate increase of 97%. These
results demonstrate that ROS were generated even under
the application of an antioxidant formulation. It is well
established that antioxidants inhibit the oxidation process;
however, the application of AA and CA was not sufficient
to inhibit lipid peroxidation under irradiation exposure,
even with high antioxidant activity, as they were applied to
the skin of volunteers one day after being formulated and
at t0, where the antioxidant activity for F1 was 95.23%
and F2 was 97.17%.

In a study by Alonso et al. (2009), when a topical
formulation (vitamin A (0.1%), vitamin E (1%), and
vitamin C (5%)) was subjected to an irradiation intensity
of 182.7 J/em?, lipid peroxidation was inhibited; however,
when the UV irradiation intensity was 365.4 J/cm?, it

Braz. J. Pharm. Sci. 2025; 61: €24274

promoted the high formation of lipid peroxides in the
corneal extract. It appears that the antioxidant formulation
had a less protective effect against lipid peroxidation
when high UV irradiation was used. However, we receive
1,361/1,400 J/s/m? (1 Watt = 1 J/s) from the sun (Platnick,
2016). As observed by Sauce (2020), when they tested
sunscreen with and without ferulic acid on irradiated
skin, there was a significant increase in lipoperoxidation,
which was different from samples that were not irradiated.
According to the author, “It was expected that ferulic
acid, as an antioxidant, could act to neutralize lipid
peroxidation, thus reducing its value in comparison to
sunscreen without it.”

In vivo evidence of the effects of the topical
application of vitamin C against lipid peroxidation is
scarce. In vitro methods do not reflect the actual biological
processes in skin cells, and results obtained using cell
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lines, although similar, should be interpreted with caution.
Therefore, the methodology applied in this study can be
used to successfully evaluate other antioxidants and their
behavior when exposed to UV radiation.

When comparing non-irradiated F1 and F2 samples
with the control group (non-irradiated skin), there was
an evident decrease in MDA levels after the formulation
application, with an approximate reduction of 10 and
13% in the concentration of lipid peroxides, respectively.
This demonstrates the efficacy and importance of its
application in protecting the skin. These results and
data interpretation are important for formulators and the
dermatological medical profession, as they guide the
prescription, optimal application time, and response of
the skin to the application of the product. In addition to
understanding whether the same product can improve
or worsen the skin condition and inhibit or enhance the
production of free radicals, the result is dependent on
the mode of use.

Through this study, it was also possible to verify that
there was no presence of erythema after stripping the skin
with adhesive tape for F1 and F2, which suggests possible
protection via the antioxidant action of AA. However,
erythema was observed in the control demarcations (skin,
without the addition of emulsions) on the forearms of
all volunteers, which further suggests the possible anti-
erythematosus protection by AA.

CONCLUSIONS

The evaluations performed in this research revealed
that the formulations follow different behaviors. The
cosmetic base was balanced and allowed for successful
harmonization of the ingredients to incorporate pure
L-AA. The F1 (base + 10.0% L-AA) formulation
exhibited greater stability and potential to be prescribed
and manipulated, unlike the F2 (base + 10.0% L-AA +
0.2% CA) and F3 (base + 0.2% CA) formulations, which
showed limited stability.

When lipid peroxides generated in the stratum
corneum were quantified using the TBARS method in
an ex vivo model, it was observed that the F1 and F2
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formulations had antioxidant potential when the samples
were not irradiated, resulting in a 10 and 13% reduction
of lipid peroxides, respectively. However, when the same
formulations were exposed to UV radiation, the effect was
the opposite; they became pro-oxidants, with a significant
increase in lipoperoxidation because of MDA production
compared to the control group (non-irradiated skin), with
an increase of 55% and 97%, respectively. This study
recommends the prescription and topical use of vitamin
C or AA at night to optimize the antiaging action and
inhibit the pro-oxidant effects that UV radiation can cause.
How to correctly apply vitamin C is of interest to many
dermatologists and formulators, considering that these
results showed that the antioxidant effects depend on
how the formulations are used, and information from ex
vivo studies is scarce in the available scientific literature.

In addition, these results suggest storing the
formulations under cool conditions or at most at room
temperature (approximately 22°C), for greater stability
and dermatological efficacy.
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