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Abstract

Natural antioxidants have attracted attention for their therapeutic use as photochemopreventive agents. Inga edulis leaves
extract and its purified fraction have high polyphenolic content and high antioxidant capacity. In addition, they presented
UV photostability and low citotoxicity in fibroblast cells. In this context, this study first aimed at development of topi-
cal formulation containing purified fraction of I. edulis extract and the evaluation of skin penetration of the compounds.
Moreover, the photoprotective/photochemopreventive potential of the formulation containing . edulis purified fraction were
investigated in vitro and in vivo. The topical formulation containing 1% of the purified fraction of I. edulis increased the
endogenous antioxidant potential of the skin, and vicenin-2 and myricetin compounds were able to penetrate the epidermis
and dermis. Additionally, the purified fraction (25 and 50 mg/mL) showed a photoprotective effect against UVA and UVB
radiation in L929 fibroblast cells. In vivo studies have shown that the formulation added with purified fraction provided an
anti-inflammatory effect on the skin of animals after UVB exposure, since it was observed a reduction in MPO activity, IL-1
and TNF-a cytokines, and CXCL1/KC chemokine concentrations. In conclusion, the purified fraction of 1. edulis, rich in
phenolic compounds, when incorporated in topical formulation, appears as an alternative to prevent skin damages induced
by UV radiation, due to its antioxidant and anti-inflammatory properties.
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1 Introduction

Human skin is the largest organ in the body and is a bar-
rier between the internal and external environment. It plays
a significant role in physiological functions of sensation,
protection, thermoregulation, defense system, and metabolic

Extended author information available on the last page of the article

mechanisms to help in maintaining innate defense system
[1]. However, it is directly exposed to the harmful effects of
ultraviolet radiation (UVR), toxic chemicals and pathogens
[2].

Solar radiation is the main source of human exposure to
UVR, which is divided in UVC (200-280 nm), UVB (280-
320 nm) and UVA (320-400 nm). UVC radiation is a potent
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mutagenic agent, but it practically does not reach the earth's
surface since it is absorbed by the ozone layer. On the other
hand, UVB radiation (5%) and especially UVA (95%) are
capable of reaching the earth causing skin damage [3-5].

UVB, because it is highly energetic, is able to penetrate
the epidermis causing direct damage to deoxyribonucleic
acid (DNA), inflammation (erythema or sunburn), immuno-
suppression, melanogenesis, photoaging and skin cancer, as
well as indirect damage caused by the production of reactive
oxygen species (ROS). UVA radiation, less energetic than
UVB, penetrates more into the skin reaching the dermis,
indirectly causing biological damage through ROS that are
generated by endogenous photosensitization. These ROS, in
turn, affect biomolecules such as lipids, proteins and DNA,
inducing oxidative stress and inflammation through activa-
tion of mitogen-activated protein kinases (MAPK), induc-
tion of constitutive expression of cyclooxygenase 2 (COX-2)
and expression of pro-inflammatory proteins tumor necrosis
factor-alpha (TNF-a), interleukin 6 (IL-6), inducible nitric
oxide synthase (iNOS) that mainly trigger photocarcinogen-
esis and photoaging [4, 6, 7].

Natural antioxidants have attracted attention for their
therapeutic use as photochemopreventive agents, since they
have been shown to be associated with a reduced incidence
of ROS-mediated photocarcinogenesis and photoaging [6,
8, 9.

Inga edulis (I. edulis) is a fruit tree native from Central
and South America that have demonstrated high polyphe-
nolic content and high antioxidant capacity. Several phenolic
compounds have been identified in I. edulis leaves such as
5,7,3",4'-tetrahydroxy-3-methoxyflavone; 6,3',4'-trihy-
droxyaurone; and 5,7,4'-trihydroxy-6,8-dimethylflavonone;
epicatechin; apigenin C-di-hexoside; myricetin-O-hexose-
deoxyhexose; myricetin-O-deoxyhexose and vicenin-2 [10,
11]. Being demonstrated the high polyphenol and flavonoid
contents, photostability in response to UVA and UVB radia-
tions and the low cytotoxicity in L929 fibroblast cells, 1.
edulis leaves extract and purified fraction are potential can-
didates to be safely incorporated in topical photochemopre-
ventive formulations [10].

In this context, this study first aimed at development of
topical formulation containing purified fraction of 1. edulis
leaves extract and the evaluation of skin penetration of the
compounds. Moreover, the photoprotective/photochemopre-
ventive potential of the formulation containing /. edulis puri-
fied fraction were investigated in vitro and in vivo aiming
the photochemoprevention of skin.
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2 Materials and methods

2.1 Invitro evaluation of the antioxidant
capacity of the /. edulis purified fraction
by the dichlorofluorescein assay

2.1.1 The cell culture

The L.929 fibroblast cells were purchased from the Cell
Bank of Rio de Janeiro (BCRJ). They were routinely
grown in 150 cm? tissue culture flasks in Dulbecco's modi-
fied Eagle’s medium (DMEM) (Gibco®, Mandaluyong,
Philippines), supplemented with 10% fetal bovine serum
(FBS) (Gibco®, Mandaluyong, Philippines), and a 1.0%
antibiotic/antimycotic solution (10,000 U of penicillin,
10 mg of streptomycin and 25 pg amphotericin in 1 mL)
(Sigma-Aldrich, Saint Louis, USA). The cells were grown
at 37°C in a humidified incubator with 5% carbon diox-
ide (CO,) and were subcultured every 2-3 days by 0.25%
trypsin-treatment after confluency was achieved [10].

2.1.2 The dichlorofluorescein assay

Solutions of different concentrations of the purified frac-
tion of 1. edulis leaves extract (2, 5, 10, 20, 40, 60, 80 and
100 pg/mL) were prepared from a stock solution (1 mg/
mL) solubilized in phosphate-buffered saline (PBS) (pH
7.4). The concentrations of the solutions added into the
wells were chosen since they are not cytotoxic (100% of
cell viability at 156 ug/mL), according to results of previ-
ous studies performed with this fraction in L929 fibroblast
cells using neutral red as a marker of cell [10].

To carry out the assay, the cells were cultured in
96-well microplates at a confluence of 0.5 x 10° cells/
well and incubated at 37°C with 5% CO,. Twenty-four
hours later, the culture medium was discarded and 100
uL of a 2',7'-dichlorodihydrofluorescein diacetate (DCFH-
DA) solution (5 uM) was added to each well. After 30
minutes of incubation, the solution was discarded, and a
solution of PBS was added to each well. Subsequently,
samples from the purified fraction (20 uL/well) at different
concentrations were added, with the exception of control
wells, remaining for 30 minutes in the incubator at 37 C
with 5% CO,.

After this time, part of the microplates was subjected
to 20 J/cm? of UVA radiation. This dose was defined by a
previous study performed in the same laboratory [12]. The
dose corresponds to the average UVA radiation emitted by
the sun on two days in October between 11 am and 2:30
pm (38 °C), in the city of Ribeirdo Preto, SP, Brazil. The
same radiometer was used in both studies. Figueiredo et al.
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[12] demonstrated that 20 J/cm? of UVA corresponds to
100% of cell viability. The other part of the microplates
was added with 20 uL of a solution of hydrogen perox-
ide (H,0,) (100 mM), except the negative controls, which
remained in the incubator for 1 hour at 37 ‘C with 5% CO,.
H,0, generates intracellular ROS and plays a central role
in oxidative stress-mediated cellular toxicity. However, the
toxic effect of H,0, and its role in redox signaling, now
known, are dependent on the physicochemical properties
of biomembranes, since their hydrophilicity can impair
their passage across the cell membrane [13]. After cellu-
lar uptake the fluorogenic DCFH-DA dye is deacetylated
and oxidized by esterase and ROS, respectively, into 2'-7'
dichlorofluorescein (DCF), a fluorescent compound [14].
This assay was used to evaluate the antioxidant capacity
of the components of the purified fraction of I. edulis. The
sequestration of ROS by these components decreases the
oxidation of the deacetylated DCFH, consequently, with
the decrease of the fluorescence of DCF. All microplates,
irradiated and treated with hydrogen peroxide, were read
in a fluorimeter (BioTek Synergy 2, USA), using excitation
and emission wavelengths of 488 and 525 nm, respectively
[15].

2.2 The topical formulation containing purified
fraction of I. edulis leaves extract

The topical formulation was prepared using 6% of a self-
emulsifying base (Hostacerin® SAF); 5% of propylene gly-
col; 0.05% of chloromethylisothiazolinone/methylisothia-
zolinone (Nipaguard® CG) preservatives; 1% of the I. edulis
purified fraction and purified water. The purified fraction
was previously solubilized in a solution of propylene glycol
and water at a ratio of 1:1 (w/w). Then, the purified fraction
was incorporated into the formulation (aqueous phase) dur-
ing its cold preparation (room temperature 25 + 2°C), under
agitation at 300 rpm in a mechanical shaker (Fisatom, model
713D) for approximately 15 minutes. The choice of formula-
tion and the concentration of the incorporated purified frac-
tion (1%) was based on previous studies of stability which
showed that this formulation presented physical stability and
maintenance of antioxidant activity [16]. A placebo formula-
tion was also prepared, which consists of the same formula
without the purified fraction. The formulations were kept in
opaque plastic pots.

2.3 The in vivo skin penetration

The in vivo skin penetration studies were performed on
3-month-old hairless mice (lineage HRS/J Jackon Labora-
tory—BarlHarbor), male or female, weighing approximately
30 g. The animals were housed in a temperature-controlled
room with access to water and food ad libitum until use. They

were housed in cages with a 12-h light and 12-h dark cycle. All
experiments were conducted in accordance with the National
Institutes of Health guidelines for the welfare of experimen-
tal animals and with the approval of the Ethics Committee
of the Faculty of Pharmaceutical Science of Ribeirdo Preto
(University of Sao Paulo, Ribeirdo Preto, SP, Brazil—Process
n° 13.1.525.53.1).

The animals were divided into three groups (n = 3 each
group): a group treated with a formulation containing the
purified fraction of I. edulis, a group treated with a placebo
formulation, and a non-treated group (control). Three hun-
dred milligrams of the formulations were applied to the back
of the animals. One hour after application, time necessary
to allow the compounds to penetrate the skin, the animals
were sacrificed by inhalation of CO,. The treated area of skin
was removed (1.77 cm?) and subjected to tape stripping, in
which the skin was stripped with 15 pieces of adhesive tape to
remove the stratum corneum [17].

The remaining epidermis and dermis were cut into small
pieces, sonicated for 30 min in 2.5 mL of methanol/water
(80:20 v/v), vortex mixed for 1 min, and centrifuged for 15
min at 15,000 rpm. The supernatant was transferred to a 5-mL
volumetric flask. The remaining precipitate was added to 2.5
mL of methanol/water (80:20 v/v) and the extraction proce-
dure was repeated. The supernatant of the second extraction
was added to that of the first in a volumetric flask, and the
volume was adjusted with the same solvent [17]. To verify the
amount of antioxidant compounds that penetrated the skin, the
samples were dried in air flow, resuspended in ethanol/water
(50:50 v/v) solution, and submitted to chemiluminescence
analysis (xanthine/xanthine oxidase/luminol system), and
high-performance liquid chromatography (HPLC) analysis.

2.3.1 The xanthine/xanthine oxidase/luminol assay

To determine the antioxidant capacity of the samples the xan-
thine/xanthine oxidase/luminol system was used. Into each test
tube were added 400 pL of a solution of ethylenediamine tetra
acetic acid (EDTA) (1 mM) in glycine buffer (0.1 M) pH 9.4,
150 pL xanthine (6 mM), 10 pL sample and 10 pL luminol
solution (0.6 mM). The reaction was started with the addi-
tion of 100 pL of freshly prepared xanthine oxidase solution
(20 mU/mL) (kept cooled on ice). The chemiluminescence
measurement was performed in an Autolumat LB953 lumi-
nometer (EG&G Berthold) for 5 minutes at 25 ‘C [18]. The
percentage of inhibition of chemiluminescence was calculated
by measuring the area under the curve (AUC), using the fol-
lowing formula:

AUCsample

%inhibition = 100 —
ciibtion AUCpositivecontrol

100
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The reaction medium without the solution of the 1. edulis
purified fraction was considered as a positive control [19].

2.3.2 The chromatographic analysis

The chromatographic analysis was performed on a Shi-
madzu HPLC system (model LC-10AT), coupled with a
UV/VIS detector (SPD-10A), an integrator (C-R6A) and a
Rheodyne® injector (7725i) with a 20 uL loop. The quan-
tification of compounds from the 1. edulis purified fraction
penetrated in the skin was performed using a Hypersil Gold®
C18 column (Thermo SCIENTIFIC, 250 X 4.6 mm, particle
size 3.0 um), coupled to a pre-column (10 X 4 mm) with the
same stationary phase. For the elution of the compounds,
a gradient was used (Table 1) in which the mobile phases
consisted of ultrapure water with 0.1% formic acid (A) and
acetonitrile with 0.1% formic acid (B), with a flow rate of 0.8
mL/minute. The detection was performed at a wavelength of
280 nm and chromatographic peaks were identified by com-
paring the retention times of authentic standards: vicenin-2
(HWI Analytik GMBH® pharma solutions) and myricitrin
(Sigma Aldrich®). Standards and samples were prepared in
50% ethanol [10].

2.4 Evaluation of the in vitro photoprotective/
photochemopreventive potential of the purified
fraction of . edulis and of the formulation

2.4.1 Samples

In this assay, the photoprotective/photochemopreventive
potential of the purified fraction of I. edulis and of the for-
mulation containing the purified fraction were tested. For
this, solutions of the purified fraction at concentrations of
25 and 50 mg/mL (propylene glycol and water 1:1, v/v);
the formulation containing 1% of the purified fraction of I.
edulis, and placebo formulation were tested. To compare the

Table 1 Gradient condition of

. . Time (min) Phase B (%)
the chromatographic analysis
by HPLC 0
6
12 9
17 10
21 11
26 12
30 13
43 15
83 28
90 5
91 Stop
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results, two commercial sunscreen formulations of the same
brand with a sun protection factor (SPF) of 15 and 30 were
also tested. Each sample was applied in triplicate.

2.4.2 Evaluation of the oxidative stress in cells exposed
to UVA radiation

The L1929 fibroblast cells were cultivated as described in
item 2.1.1, seeded in 6-well plates with an initial density
of 8 x 10° cells/well and incubated at 37 ‘C with 5% CO,
for 24h. After that, the culture medium was discarded, the
plates were washed with 0.9% saline solution and a 5 uM
DCFH-DA solution (2 mL/well) was added. The plates
were incubated for 30 minutes, under the same conditions
described above. After 30 minutes, the DCFH-DA solu-
tion was replaced with Hank’s buffer (2 mL/well) and the
6-well plates were covered with a quartz plate where the
samples were applied at a concentration of 2 mg/cm?, as
recommended by the European Cosmetics and Perfumery
Association (COLIPA). Then, the set (6-well plate/quartz
plate) was placed into the solar simulator (Vilber Lourmat,
Mame-La-Vallée, France) where it was exposed to a dose of
20 J/cm? of UVA radiation. This dose can induce the maxi-
mum formation of ROS, according to the previous study per-
formed by Figueiredo et al. [12]. At the end of irradiation,
the 6-well plates were read in a fluorimeter (BioTek Synergy
2, USA) at 485 nm excitation and 528 nm emission [7, 20,
21]. The photoprotective effect was evaluated by the amount
of ROS that were reduced. The values obtained for the group
of cells exposed to radiation without any type of protection
(irradiated control), corresponds to 100% of ROS formation.

2.4.3 Assessment of the cell viability after UVB exposure

The 1929 fibroblast cells were cultivated and seeded as
described in item 2.4.2. After 24 hours of the cells were
seeded, the culture medium was replaced by Hank’s buffer
(2 mL/well). Hank's buffer was used to keep the cells viable
during the short period of irradiation without stimulating
their proliferation [22]. Then, the 6-well plates were cov-
ered by a quartz plate where the samples were applied at a
concentration of 2 mg/cm?, as recommended by COLIPA.
The set (6-well plate/quartz plate) was placed into the solar
simulator in which it was exposed to a dose of 0.180 J/cm?
of UVB radiation. The selected dose was able to reduce cell
viability by 50% in preliminary experiments performed in
the present study (unpublished data).

At the end of the radiation, the Hank’s buffer contained in
the 6-well plates was removed and replaced by DMEM cell
culture medium supplemented with 2% Fetal Bovine Serum
(FBS). Then, the plates were incubated at 37 ‘C with 5% CO,
for 48 hours [7, 20, 21].



Photochemical & Photobiological Sciences (2023) 22:2105-2120

2109

After 48 hours, the DMEM was discarded, and the cells
were washed with saline solution (0.9%). Subsequently, 2
mL of a resazurin solution (0.0001% w/v, diluted in supple-
mented DMEM) were added to each well. The plates were
incubated for 4 hours under the same conditions described
above. After 4 hours, the plates were read in fluorimeter at
excitation of 485 nm and emission of 528 nm [7]. The pho-
toprotective effect was evaluated by cell viability. The results
obtained for the non-irradiated control group corresponded
to 100% of cell viability.

2.5 The in vivo photoprotective/
photochemopreventive potential
of the formulation containing /. edulis purified
fraction

The hairless mice were divided into six groups (n = 5
each group): untreated and non-irradiated control (NIC);
untreated and irradiated control (IC); non-irradiated treated
with placebo formulation (NIP); irradiated treated with pla-
cebo (IP); non-irradiated treated with formulation containing
L edulis purified fraction (NIF) and irradiated treated with
formulation containing /. edulis purified fraction (IF). The
treatment consisted of the topical application of 300 mg of
formulations on the back of each animal, 2 hours before
irradiation. The amount of formulation added (300 mg) was
selected to cover the entire back of the animal.

The groups exposed to UVB radiation were placed inside
a wooden enclosure containing the ultraviolet fluorescent
lamp PHILIPS TL40W/12 (Medical, Netherlands) and were
irradiated for approximately 45 minutes, which corresponds
to a total dose of 2.87 J/cm? of UVB radiation. Previous
studies performed in the same laboratory showed that this
dose was able to induce an inflammatory process, which
was confirmed by an approximately fivefold increase in
interleukin-1beta (IL-1f) concentration in comparison with
non-irradiated control mice. The animals could move freely
in the box, with the dorsal region of each one being directly
exposed to UVB radiation. After 3h post-irradiation the mice
were sacrificed by inhalation of carbon dioxide. The skin
tissue on the animals' back was collected, cleaned with a
0.9% (w/v) sodium chloride (NaCl) solution, and stored at
—80 °C [23-25].

2.5.1 Evaluation of the myeloperoxidase (MPO) activity

The skin samples taken 3 h post-irradiation were thawed,
minced, and placed in 50 mM dibasic potassium phosphate
(K,HPO,) buffer (pH 6.0) containing 0.5% hexadecyltri-
methylammonium bromide (HTAB) at the concentration
of 50 mg/mL. The skin was homogenized in Turrax® and
centrifuged for 10 minutes at 12,000 rpm at 4 “C. The super-
natant from each sample (60 pL) was transferred to a 96-well

plate and mixed with 200 puL of phosphate buffer (50 mM,
pH 6.0) containing o-dianisidine dihydrochloride (52.64
mM) and H,0, (0.05%). The spectrophotometer reading was
performed after 15 minutes at 450 nm. The enzyme activity
was calculated considering that a unit of MPO activity is
capable of degrading one pmol of H,0, per minute which
corresponds to 0.0113 units of absorbance [26, 27].

2.5.2 IL-1B, TNF-a and CXCL1/KC measurements

IL-1p and TNF-a cytokines and C-X-C
motif chemokine ligand-1/keratinocyte-derived chemokine
(CXCL1/KC) were quantified by enzyme-linked immuno-
sorbent assay (ELISA) using skin samples taken 3 h post-
irradiation (stored at —80 “C). The samples were processed
and homogenized in the Polytron® PT 3100 equipment,
with PBS buffer containing 0.2% Tween 20 and protease
inhibitors, with subsequent centrifugation at 12,000 rpm
for 10 minutes at 4 “C. The supernatant obtained from the
centrifugation was collected and tissue levels of IL-1,
TNF-a and CXCL1/KC were quantified by colorimetric
assay according to the manufacturer’s instructions (R&D
System; Quantikine® Elisa Mouse IL-1p; TNF-a; CXCL1/
KC Immunoassay).

2.6 Statistical analysis

Data were statistically analyzed using GraphPad Prism®
(version 5.01, 2007). Results were expressed by means +
standard error of the mean (SEM). Statistical analysis was
performed by one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s test of multiple comparisons, and the level
of significance was set to p < 0.05.

3 Results and discussion

3.1 The purified fraction of I. edulis reduces
oxidative stress induced by H,0, and UVA
irradiation

Inga species show high content of polyphenolic compounds
and, consequently, high antioxidant capacity. In the leaves of
the 1. edulis, epicatechin, apigenin C-di-hexoside, myricetin-
O-hexose-deoxyhexose, myricetin-O-deoxyhexose and vice-
nin-2 were identified [10, 11]. The purified fraction of the
leaves extract obtained using macroporous resin also exhib-
ited high polyphenol and flavonoid contents. HPLC analysis
revealed the majority compounds as myricitrin (myricetin
3-rhamnoside) and vicentin-2 in the purified fraction of I.
edulis leaves extract [10].

The results showed that different concentrations of the
purified fraction (2 to 10 ug/mL) were able to promote a
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Fig.1 In vitro antioxidant potential evaluation of the purified frac-
tion of 1. edulis by the dichlorodihydrofluorescein assay in cell cul-
ture and using the addition of H,0, as oxidant. A Measurement of the
fluorescence intensity generated by DCFH in cultured L929 fibroblast
cells treated or not with different concentrations of solutions of the
purified fraction. B Decrease in fluorescence intensity (%) generated
by DCFH in L929 fibroblast cells in the presence of solutions of the

dose-dependent reduction in the fluorescence produced by
DCF (Fig. 1A). The 2 pg/mL concentration of the fraction
decreased the fluorescence intensity of the probe in the intra-
cellular medium by 60.5%, while at the 10 pg/mL concen-
tration the decrease in intensity was 79.86%, relative to the
positive control group (Fig. 1B). Starting at the 20 ug/mL
concentration, the observed reduction in DCFH probe oxi-
dation was statistically similar to the negative control (cells
without H,0, and not treated with the purified fraction, NC)
(Fig. 1A). The obtained results suggest that the components
of the purified fraction penetrating inside the cells are able
to scavenging ROS generated by H,O,. Furthermore, by the
design of the experimental procedure, hydrogen peroxide
could be sequestered by the components of the purified frac-
tion outside the cells, decreasing the amount of H,O, inside
the cell, which could provide the decrease of DCF probe
fluorescence.

These results were consistent with that found by Zou et al.
[28]. The polyphenols (mostly flavan-3-ols) presented in per-
simmon vinegar, obtained from fermented persimmon fruit,
reduced H,0,-induced ROS production in a dose-dependent
manner. However, they used concentrations ranging from
25 to 100 pg/mL. Majority flavonols from I. edulis showed
similar antioxidant potential at much lower concentration.

The decrease in fluorescence may have occurred due to
sequestration of the oxidizing agent by the antioxidant com-
pounds present in the purified fraction of I. edulis. In stud-
ies performed by Domitrovic¢ et al. [29], myricitrin showed
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Concentration of the purified fraction of
Inga edulis in the reaction medium (pg/mL)

purified fraction at different concentrations, compared to the positive
control (PC). Results represent the mean of 6 determinations + SD,
with p < 0.05, using one-way ANOVA, followed by Tukey’s multiple
comparisons test. “>9The same letters are not significantly differ-
ent. H,0, hydrogen peroxide, DCFH Dichlorodihydrofluorescein, SD
standard deviation, NC Negative control, /Cs, mean inhibitory con-
centration

H,0, sequestering activity in in vitro assays with a method
of quantifying the oxidizing agent at 230 nm. The IC,,
value was 28.46+0.67 pg of myricitrin per mL of reaction
medium. Thus, these data indicate that the myricitrin present
in the purified fraction may have sequestered the H,0,, since
the amount of 20 pg of purified fraction, which contains
2.92 pg of myricitrin in the reaction medium, provided the
decrease of 81.2% of fluorescence. The calculated ICs, value
for the inhibition of this oxidizing agent by the purified frac-
tion in cell culture was 0.849 pg per mL of reaction medium.

The antioxidant effect of the purified fraction of . edulis
was also evaluated in culture of L929 fibroblast cells, using
UVA radiation as an oxidizing agent. When the cells were
irradiated with a dose of 20 J/cm? (PC), it was observed that
there was a 4717-fold increase in DCF fluorescence com-
pared to the negative control group (non-irradiated cells,
NC), indicating the oxidation of DCFH by ROS or oxidizing
substances generated in the cells by the radiation (Fig. 2A).
However, when the cells were treated with solutions of the
purified fraction at different concentrations, a decrease in
the fluorescence generated by DCFH was observed. At the
concentration of 2 pg/mL, a 47.2% reduction in the fluores-
cence intensity of the probe was observed when compared
to the positive control group. The other concentrations of
the purified fraction (5—100 ug/mL) presented reduction of
approximately 78% (Fig. 2B).

Petruk et al. [30] showed that the pre-treatment of
BALB/3T3 fibroblasts with acgai extract (containing
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Fluorescence intensity

Fig. 2 In vitro antioxidant potential evaluation of the purified fraction
of 1. edulis by the dichlorodihydrofluorescein assay in cell culture and
using UVA radiation (20 J/cm?) as an oxidant. A Measurement of the
fluorescence intensity generated by DCFH in cultured 1929 fibroblast
cells treated or not with different concentrations of solutions of the
purified fraction. B Decrease in fluorescence intensity (%) generated
by DCFH in L929 fibroblast cell culture in the presence of solutions

malvidin and cyanidin derivatives as the most active mole-
cules) was able to protect cells from UVA induced oxidative
stress by reducing ROS production, as well as decreasing
intracellular glutathione (GSH) and lipid peroxidation levels.
This shows that phenolic compounds can act on different
pathways of oxidative stress.

RySava et al. [31] demonstrated the increase of ROS,
especially the superoxide radical, inside human fibroblasts
under UVA radiation. The generated ROS can oxidize
DCFH to fluorescent DCF. However, the decrease in DCF
fluorescence in cells previously treated with the solutions
of purified fraction of I. edulis suggests that the fraction
components can have scavenge the free radicals generated
by UVA. By experimental procedure, cells were treated with
the solutions of the purified fraction of I. edulis 30 min-
utes before being irradiated with UVA. Thus, the possibility
of the absorption of UVA radiation by the components of
the purified fraction cannot be ruled out. This is supported
by previous studies that demonstrated that UVR is able to
increase the fluidity of lipids and lead to a disorganization
of the cell membrane, impairing the barrier function and
increasing the penetration of compounds into the cell [32,
33].

The ICs, value obtained for UVA radiation (ICs, = 2.3
ug/mL) was 2.7 times higher than the ICy, value obtained for
H,0, (ICs, = 0.849 ug/mL). These data suggest that direct
contact of the compounds in the purified fraction with H,O,
facilitated the sequestration of the radical. In addition, the

_ B

<

< 1004

=

S 80 o ° —e O °
E

%]

S 60-

3

£ a0 ICso = 2.3 pg/mL
=

£ 20-

%)

z

‘C: 0 1 1 ] ] |}
g 0 20 40 60 80 100

Concentration of the purified fraction of
Inga edulis in the reaction medium ( pg/mL)

of the purified fraction at different concentrations, compared to the
positive control. Results represent the mean of 6 determinations + SD
with p < 0.05, using one-way ANOVA, followed by Tukey’s multiple
comparisons test. *>4The same letters are not significantly different.
DCFH Dichlorodihydrofluorescein, SD standard deviation, /Cs5, mean
inhibitory concentration

compounds in the purified fraction may be more efficient in
scavenging H,0, than in scavenging radicals generated by
UVA radiation. However, for this reduction to occur in the
experiment performed with UVA radiation, there was a need
for penetration of the antioxidant compounds of the fraction
into the cell, and this may not be as effective, requiring a
larger amount of fraction to reduce by 50% the oxidation of
DCFH and, consequently, the fluorescence.

3.2 Antioxidant compounds of the purified fraction
of I. edulis penetrated the skin

The ability of the topical formulation to provide the penetra-
tion of compounds from the purified fraction of 1. edulis into
the epidermis/dermis was evaluated in vivo on the hairless
mice. The in vivo skin penetration, using the animal’s organ-
ism as a whole, makes it possible to observe the influence
of various parameters on the absorption of the active sub-
stances, such as skin metabolism and the presence of blood
circulation [34].

A topical formulation must provide the penetration and
retention of the antioxidant compounds in the skin to exert
a photochemoprotective effect. These compounds must be
released from the vehicle, penetrated through the stratum
corneum and retained in the epidermis and dermis [35].
Thus, cutaneous penetration and retention studies are impor-
tant for the choice of formulation capable of allowing the
highest bioavailability of the actives in the skin [36].
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Due to the antioxidant potential that the I. edulis purified
fraction showed in the in vitro studies, the 1% concentra-
tion was incorporated into a formulation. The formulation
corresponds to a hydrophilic polymer stabilized emulsion.
It is a moisturizing base constituted by the association of
viscosity donors, emulsifiers and emollients, which give the
emulsion an anionic character. The phosphoric ester compo-
nent present in the formulation (ethoxylated lauryl alcohol
phosphoric triester), by presenting great affinity for the skin
phospholipids, could facilitate the penetration of the active
agents. Being cold-prepared, this formulation allowed the
purified fraction of 1. edulis to be incorporated into the
aqueous phase, providing security in the homogeneity of its
hydrophilic compounds.

A study carried out by Silva [16] demonstrated that the
formulation used in this study presented physical stability
after the centrifugation test (cycles of 24 hours at 40+2 C
and 24 hours at 4+2 C for 12 days), and maintenance of
antioxidant stability measured by DPPH® radical scaveng-
ing test and the chemiluminescence inhibition test (xanthine/
xanthine oxidase/luminol system). This formulation, among
others evaluated, was the one that allowed the highest pen-
etration of antioxidant compounds of the purified fraction
of I. edulis in pig ear skin, being vicenin-2 one of these
compounds [16]. Therefore, these results justify the choice
of this formulation for in vivo studies.
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Fig. 3 Quantification of the chemiluminescence generated by the xan-
thine/xanthine oxidase/luminol system obtained in the in vivo pene-
tration study with the formulation added to 1% of the purified fraction
of 1. edulis after 1 hour of application. A Reduction in chemilumines-
cence (area under the curve) and B reduction in chemiluminescence
(%) relative to blank (100% chemiluminescence). Control Group:
animals not treated with formulation. Placebo Group: animals treated
with the formulation free of the purified fraction. Formulation Group:
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The data obtained using xanthine/xanthine oxidase/lumi-
nol system showed that the skin of the animals in the control
group reduced by 22.7% the total chemiluminescence gener-
ated in the system, represented by the blank of the reaction
in which the skin sample was replaced by buffer (Fig. 3B).
This suggests that the skin of hairless mice is provided with
an endogenous antioxidant system. The chemiluminescence
of the skin treated with the placebo formulation showed no
statistically significant difference (p < 0.05) when compared
to the control group (Fig. 3). It was observed that the com-
ponents of the base formulation (placebo) were not able to
interfere in the enzymatic and chemical reactions involved
in this assay. Skin samples treated for 1 hour with the for-
mulation added to the purified fraction showed a reduction
in chemiluminescence of 37.8% (Fig. 3B), 15% higher than
the value found in the control group (22.7%). This proves
that the formulation allowed the penetration of antioxidant
compounds from the purified fraction into the animals’ skin.
The penetrated compounds contributed to the increase of the
endogenous antioxidant potential of the skin by their ability
to sequester the superoxide anion formed in the reaction or
to reduce the oxidized luminol, thus decreasing the chemi-
luminescence generated by luminol.

The amount of purified fraction penetrated into the epi-
dermis/dermis was 3.4 pg/cm? of skin, calculated based on
the calibration curve of chemiluminescence inhibition (%)
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animals treated with the formulation added to 1% of the purified frac-
tion. The percentage of chemiluminescence reduction for each group
was calculated taking into account the total chemiluminescence gen-
erated in the system, represented by the blank. Results represent the
mean of 3 animals per group + SD, with p < 0.05, using one-way
ANOVA, followed by Tukey’s multiple comparisons test. **“The
same letters are not significantly different. SD standard deviation
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versus mass of purified fraction in the reaction medium (ug)
(v = 1325x + 7.066, R* = 0.990).

The majority compounds of the purified fraction of 1.
edulis that penetrated the skin of the animals were quanti-
fied by the HPLC technique. The substances that penetrated
and were extracted from the skin of the mice treated with
the placebo formulation are represented in chromatogram A
(Fig. 4A) and with the formulation added the purified frac-
tion of 1. edulis are mentioned in chromatogram B (Fig. 4B).
In chromatographic profile B, the compounds identified were
the polyphenols vicenin-2 (retention time of 31.7 minutes)
and myricitrin (retention time of 45.87 minutes). According
to [10], these two substances were found to be majority in
the purified fraction of I. edulis. The amounts of vicenin-2
and myricitrin penetrated were 0.05 and 0.5 pg/cm? of skin,
respectively, calculated based on the calibration curves of
the standards of these polyphenols [10].

3.3 The purified fraction of /. edulis presents in vitro
photoprotective/photochemopreventive
potential

The methanol/water extract of I. edulis leaves consists
of some flavonoids, from the flavonols class, which are
involved in several physiological functions in higher plants
[11, 37]. Some lines of evidence suggest a photoprotective
role of these compounds against damages induced by exces-
sive exposure to UV and visible radiation [38]. Merzlyak
et al. [39] showed the sunlight reflectance ability in the UV
range of 300 to 400 nm of flavonols from anthocyanin-free
plants. Thus, the purified fraction of 1. edulis may have a
photoprotective effect due to its flavonol content, and a
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photochemoprotective effect due to the antioxidant and free
radical scavenging potential of its polyphenolic compounds.

The photoprotective potential of the purified fraction of
1. edulis in solution and incorporated in the formulation was
evaluated in vitro, using cell culture in which 1.929 fibroblast
cells were exposed to UVA (20 J/cm?) and UVB (0.180 J/
cm?) radiations.

The results were expressed considering that the maxi-
mum production of ROS (100%) occurred in the group of
cells exposed to UVA radiation without any type of pro-
tection (irradiated control group, IC) (Fig. SA). The cells
treated with commercial sunscreens with SPF 15 and SPF
30 (applied on the quartz plate during radiation) showed a
reduction of 58% (using SPF 15) and 75% (using SPF 30)
of the ROS formed in comparison to the IC group (Fig. 5A).
The commercial products were able to absorb or reflect UVA
radiation.

In the cells protected by solutions of the purified fraction
at concentrations of 25 and 50 mg/mL during radiation, this
photoprotective effect was 26.5 and 33%, respectively, in
relation to the IC, which were not significant statistically
(p < 0.05). These results suggest that there are compounds
that absorb UVA radiation in the purified fraction. However,
when it was used the formulation added with 1% of the puri-
fied fraction the photoprotective effect was similar to that of
the placebo formulation.

On the other hand, in the photoprotection assays per-
formed with UVB radiation at a dose of 0.180 J/cm?, the
results were expressed as a function of cell viability after
exposure to this radiation, because UVB rays have more
energy per photon than UVA rays, therefore, are able to react
directly with DNA, ribonucleic acid (RNA) and proteins [40,

B 280 nm
[ ’; n
'
I
i
‘ 1
1
| I
Il
{ |
— I
2 1Ll
£ \M \
u‘ |
L
| | ‘ MRT
T ! 5
4 ‘\ i VCN w
\ A 2 = .
‘ s Sy /Am,\ e F ES
) J Pk =
r VA o /\\‘
LA,
0 10 20 30 40 50 60
Retention time (minutes)

Fig.4 Chromatographic profiles obtained by the HPLC technique of
the skin samples of the animals treated with the placebo formulation
(A) and with the formulation added with 1% of the purified fraction

of I edulis, after 2 hours of the application and identification of the
penetrated myricitrin (MRT) and vicenin-2 (VCN) compounds (B)
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Fig.5 Evaluation of the photoprotective/photochemoprotective
potential in vitro of purified fraction from /. edulis and the formu-
lation. A Quantification of ROS formed in L1929 fibroblast cells,
exposed or not to 10 J/cm? of UVA radiation. B Determination of the
viability of 1929 fibroblast cells exposed or not exposed to 0.180 J/
cm? of UVB radiation. NIC (non-irradiated control) = cells not
exposed to radiation; IC (irradiated control) = cells not treated and
exposed to radiation; SPF 15 and SPF 30 = cells treated with SPF
15 and SPF 30 commercial sunscreens and exposed to radiation; 25

41]. Therefore, UVB radiation is more cytotoxic and muta-
genic than UVA.

L.929 fibroblast cells exposed to UVB (IC) showed a
47.6% reduction in viability when compared to unexposed
cells (NIC) (Fig. 5B). On the other hand, the same cells
exposed to UVB radiation and protected by commercial sun-
screens of SPF 15 and SPF 30, exhibited no loss of viabil-
ity, suggesting that the commercial products were able to
prevent cell death. The solutions of the purified fraction at
concentrations of 25 and 50 mg/mL maintained cell viability
by 68.5% and 88.3%, respectively, in relation to NIC. These
data indicate that the viability of the irradiated cells under
protection of the purified fraction solutions was increased
by 30 and 68%, respectively, in comparison to IC, suggest-
ing that the purified fraction possesses compounds capable
of absorbing UVB radiation. When the formulation added
with 1% of the purified fraction and the placebo formulation
were applied to the 9.6 cm? area of the quartz plate (well
diameter), there was no statistically significant difference
(p < 0.05) between the placebo (67%), formulation added
the fraction (56%) and IC (52.4%). This fact suggests that
the concentration of UVB-absorbing compounds present in
the formulation was low, which did not allow visualization
of cell protection.
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mg/mL and 50 mg/mL = cells treated with solutions of the purified
I. edulis fraction at concentrations of 25 and 50 mg/mL and exposed
to radiation; Placebo = cells treated with the placebo formulation and
exposed to radiation; Formulation = cells treated with the formu-
lation added to 1% of the purified I edulis fraction and exposed to
radiation. Results represent the mean of 3 determinations per group
+ SEM, with p < 0.05, using one-way ANOVA, following Tukey’s
multiple comparisons test. “>“4The same letters are not significantly
different. ROS Reactive oxygen species, SPF Sun protection factor

Parameters, such as, cell viability and oxidative stress
measured after UVA and UVB radiations contribute to the
evaluation of the photoprotective potential of substances and
plant extracts. These data corroborate the validation per-
formed by Figueiredo et al. [12] during the evaluation of
the photoprotective potential of natural products with dif-
ferent UV absorption profiles such as Garcinia brasiliensis
extract (UVB absorber) and astaxanthin (UVA absorber).
This validation shows that cell viability and ROS genera-
tion are models that allow researchers to evaluate the photo-
protective ability of compounds when exposed to UVB and
UVA radiation, respectively.

3.4 The formulation containing I. edulis
purified fraction presents photoprotective/
photochemopreventive potential in vivo

The in vivo evaluation of the photoprotective/photochemo-
protective potential of the formulation containing the puri-
fied fraction was performed on hairless mice skin. Skin
samples were subjected to myeloperoxidase enzyme activity
assays and quantification of the cytokines IL-1f, TNF-a and
the chemokine CXCL1/KC.
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3.4.1 The formulation reduces MPO activity induced
by UVB radiation

The initiation and maintenance of the acute inflammatory
response is associated with the activation and recruitment
of neutrophils to the injured tissue. The migration of neutro-
phils from the vascular lumen to the inflamed area involves
a complex and dynamic process. The neutrophil needs to
recognize the appropriate adhesion molecules on the surface
of the activated endothelium, penetrate the endothelial cell
monolayer and basement membrane, and follow chemotactic
signals to the injured tissue [42]. Recent evidence suggests
that the enzyme MPO, a heme peroxidase, whose expression
occurs in neutrophils and monocytes, is a critical determi-
nant of the inflammatory process. MPO enzyme catalyzes
H,0, oxidation of halide to hypohalite, e.g., chloride (C17)
oxidation to hypochlorite (OCI"), resulting in the production
of highly reactive intermediates that can induce damages to
the inflamed tissue [43].

Exposure of the cells to 2.87 J/cm? of UVB radiation
resulted in a significant (p < 0.05) increase of 247% and
195% in MPO activity in the skin of animals in the irradiated
control (IC) and irradiated placebo (IP) groups, respectively,
by comparison with non-irradiated animals (NIC). There
was no significant difference (p < 0.05) between the MPO
activity found in the IC and IP groups (Fig. 6). These results
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Fig.6 Quantification of myeloperoxidase enzyme activity in hairless
mice skin exposed or not exposed to 2.87 J/cm? of UVB radiation.
NIC = non-irradiated control (animals not treated with formulation
and not irradiated), NIP = non-irradiated placebo (animals treated
with placebo formulation and not irradiated), NIF = non-irradiated
formulation (animals treated with formulation added of purified frac-
tion and not irradiated), IC = irradiated control (animals not treated
with formulation and irradiated), IP = irradiated placebo (animals
treated with placebo formulation and irradiated), IF = irradiated for-
mulation (animals treated with formulation added of purified fraction
and irradiated). Results represent the mean of 5 animals per group +
SD. *p < 0.05 significant difference compared to non-irradiated con-
trol (NIC) using one-way ANOVA, following Tukey’s multiple com-
parisons test. *>“The same letters are not significantly different. MPO
myeloperoxidase, SD standard deviation

corroborate the study of Divya et al. [6] whose MPO activity
also had a significant increase after exposure of the skin of
animals to UVB radiation compared to the non-irradiated
control group.

On the other hand, the skin of animals treated with the
formulation containing the purified fraction (IF) for two
hours, followed by UVB irradiation, showed a 48% reduc-
tion in MPO activity compared to the group of untreated
and irradiated animals (IC). As for the non-irradiated groups
(NIC, NIP, and NIF), there was no statistically significant
difference (p < 0.05) between them.

The decrease in MPO activity in the group of animals
treated with the formulation containing the purified frac-
tion and exposed to UVB radiation can be explained by the
inhibition of neutrophil migration to the irradiated area, or
by the inhibition of the activity of this enzyme by the com-
pounds of the purified fraction that penetrated the skin.

Lee et al. [44] showed that vicenin-2 significantly reduced
neutrophil infiltration when measuring MPO levels in rat
kidney tissues. According to Zhang et al. [45], myricitrin
is also able to reduce inflammatory cell infiltration in the
colon tissue. This suggests that the decrease in MPO activity
in the group of animals treated with the formulation con-
taining the purified fraction and exposed to UVB radiation
may be related to the action of the flavonoids vicenin-2 and
myricitrin, the main compounds of the purified fraction.
These compounds might be responsible for reducing the
activity of the synthesized MPO by neutrophils.

3.4.2 The formulation reduces cytokines IL-1B, TNF-a
and the chemokine CXCL1/KC induced by UVB

Solar UV radiation disrupts the oxidant/antioxidant balance
in the skin, leading to oxidative stress, which is accompanied
by the progression of inflammatory disorders. Both UVA
and UVB radiations induce the expression of COX-2 and
nitric oxide synthase (NOS). The nitric oxide (NO) produced
by NOS, acts as a secondary messenger, modulating the for-
mation of endogenous ROS, which together prostaglandin
E2 (PGE2), synthesized by the action of COX-2, with the
released pro-inflammatory cytokines (IL-1p and TNF-a)
and chemokines, orchestrate the inflammatory response. In
addition, direct UVB radiation and the ROS generated by
this radiation and by UVA radiation activate some signaling
cascades that lead to the activation of nuclear factor kappa 3
(NF-kp) and MAPK that mediate the expression of inflam-
matory cytokines (TNF-a, IL-1p, IL-6, Interleukin (IL-8))
[41].

Studies have shown that the major cytokines released by
skin cells after an exposure to solar UV radiation include
IL-1 and IL-6, TNF-a, and the chemokine IL-8 [46]. IL-8
differs from all other chemokines in its ability to mediate
chemotaxis of neutrophils which are its primary target.
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However, neutrophils are not only targets, but also synthesiz-
ers of this chemokine. Two receptors for IL-8 are expressed
on the surface of neutrophils, C-X-C motif chemokine
receptor 1 (CXCR1) and C-X-C motif chemokine receptor
2 (CXCR2) [47, 48]. Once recruited to the inflammatory
focus, neutrophils exhibit an altered ability (usually up-reg-
ulated) for chemokine expression/production, thus contribut-
ing to the regulation of leukocyte accumulation [49].

In this study, UVB radiation exposure (IC group) pro-
vided an increase of approximately 532% in the level of
IL-1B when compared with the NIC group. The other non-
irradiated groups (placebo and formulation) showed no
statistically significant difference compared to NIC. The
animals exposed to UVB radiation and treated with the
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formulation containing the purified fraction of 1. edulis were
able to reduce approximately 37% the amount of the pro-
inflammatory cytokine IL-1p (Fig. 7A).

Animals untreated and exposed to UVB demonstrated
a 26% increase in the pro-inflammatory cytokine TNF-o
compared to the NIC group (Fig. 7B). Taking into account
the average of the results of the NIP and NIF groups
(2.067 pg/mg of skin), the increase in TNF-a provided
by UVB radiation was 134.64%. The skin of the animals
exposed and treated with the formulation added with the
purified fraction of /. edulis showed a TNF-a content 32%
lower than the IC group. The TNF-«a level of the animals
irradiated and treated with the placebo formulation was

Q
Q

TNF- o (pg/mg skin)

Fig. 7 Quantification of the cytokines IL-1p (A) and TNF-a (B) and
of the chemokine CXCLI/KC (C) in skin of hairless mice unex-
posed or exposed to 2.87 J/cm? of UVB radiation. NIC = non-irra-
diated control (animals not treated with formulation and not irradi-
ated), NIP = non-irradiated placebo (animals treated with placebo
formulation and not irradiated), NIF = non-irradiated formulation
(animals treated with formulation added of purified fraction and not
irradiated), IC = irradiated control (animals not treated with formu-
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lation and irradiated), IP = irradiated placebo (animals treated with
placebo formulation and irradiated), IF = irradiated formulation
(animals treated with formulation added of purified fraction and irra-
diated). Results represent the mean of 5 animals per group + SEM
with p < 0.05, using one-way ANOVA, following Tukey’s multiple
comparisons test. *>°The same letters are not significantly different.
IL interleukin, TNF-a tumor necrosis factor-alpha, CXCL1/KC C-X-C
Motif Chemokine Ligand 1/keratinocyte-derived chemokine
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statistically similar to the IC, which shows the non-inter-
ference of the formulation vehicle.

The data in Fig. 7C show a 52% reduction in the amount
of the chemokine CXCL1/KC (corresponding to IL-8 in
humans) in the skin of irradiated hairless mice treated with
the formulation added 1% of the purified fraction.

Thus, it is suggested that IL-1p, TNF-a and CXCL1/KC
levels were reduced by the compounds in the purified frac-
tion incorporated into the formulation.

The deleterious effects of UVA and UVB radiations on
human skin are mainly caused by ROS. These ROS induce
oxidative stress and inflammation through activation of
MAPK, induction of expression of constitutive COX-2, and
expression of pro-inflammatory proteins such as TNF-a,
IL-6 and iNOS. Cells activated by inflammatory mediators
promote the activation of NF-kf, which dissociates from
Ikp and translocate to the nucleus, where it induces the
expression of several pro-inflammatory genes (TNF-a, IL-6,
IL-1p). Overexpression of these cytokines further enhances
NF-«p activation forming a feedback loop. NF-«kf} and AP-1
induce expression of iNOS and COX-2 [44, 50].

Lee et al. [44] and Yin et al. [50] showed that vicenin-2
was able to reduce the levels of TNF-«, IL-6, iNOS and NO
in mice renal damage induced by cecal ligation and puncture
(CLP), and in the colon tissues of mice with dextran sulfate
sodium (DSS)-induced colitis, respectively. The reduction of
levels of inflammatory mediators was mediated by inhibition
of the NF-«kp signaling pathway which is associated with
increased antioxidant defenses and decreased lipid peroxida-
tion. Myricitrin was able to inhibit the phosphorylation of
kinases in vivo (mouse model) and to promote the reduction
of iNOS mRNA and protein levels. Both actions resulted in
the decrease of inflammatory markers such as PKC, COX-
2, NOS, CXCL-1/KC, IL-6 and TNF-«a in the colon tissue
[29, 45].

Another research demonstrated that myricetin, the agly-
con of myricitrin, downregulates the production of inflam-
matory factors such as TNF-a, IL-6 and IL-1f triggered by
lipopolysaccharide, thereby reducing inflammation. This
regulation was attributed to the inhibition of the AKT/IKK/
NF-kf and TLR4-MyD88 -NF-kf} signaling pathway. The
study was performed on models of mastitis and pulmonary
inflammation [51-53]. Myricetin also reduces the upregula-
tion of COX-2 by inhibiting Ixkp/NF«f, Akt and mTOR sign-
aling, reduces the expression of cytokines and chemokines
in keratinocytes inhibiting skin inflammation induced by
TNF-a and ultraviolet light [53-55].

These data corroborate the results of the present study,
which showed that the formulation containing the purified
fraction of 1. edulis, rich in vicenin-2 and myricitrin, may
act as blockers of inflammatory mediators contributing to
photoprotection and photochemoprevention of the skin.

4 Conclusion

The purified fraction of the 1. edulis leaves extract presents
high polyphenol and flavonoid contents, the major com-
pounds being myricitrin (myricetin 3-rhamnoside) and
vicentin-2. First, the in vitro studies showed that the purified
fraction was able to protect L929 fibroblast cells against the
oxidative stress induced by H,0, and UVA radiation. Addi-
tionally, the purified fraction also showed a photoprotective
effect against UVA and UVB radiation in L.929 fibroblast
cells.

Furthermore, the in vivo skin penetration studies have
shown that myricitrin and vicentin-2 were able to pen-
etrate the skin when incorporated into a topical formula-
tion increasing the endogenous antioxidant potential of the
skin. Finally, the formulation containing the purified fraction
provided an anti-inflammatory effect on the skin of animals
after exposure to UVB radiation, since it was observed a
reduction in MPO activity, IL-1p and TNF-a cytokines,
and CXCL1/KC chemokine. Therefore, the present study
demonstrated that the purified fraction of I. edulis appears
as an alternative to prevent skin damages induced by UVR,
due to its antioxidant and anti-inflammatory properties, and
deserves to be further investigated regarding the mechanisms
involved with these effects.
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