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Abstract. Pimenta pseudocaryophyllus is a Brazilian native plant that presents high concentrations of
flavonoids and other polyphenolic compounds. Herein, we evaluated: (1) the chemical properties of
P. pseudocaryophyllus ethanolic extract (PPE), (2) the in vitro antioxidant activity (AA) of PPE
and of two different topical formulations (F1 and F2) containing PPE, (3) physico-chemical and
functional stability, (4) in vitro release of PPE, and (5) in vivo capacity of formulations to prevent UV-B
irradiation-induced skin damage. Results show that the polyphenol and flavonoid contents in PPE were
199.33 and 28.32 mg/g, respectively, and HPLC results show the presence of eugenol, tannic acid, and rutin.
Evaluation of the in vitro AA of PPE demonstrated a dose-dependent effect and an 1Cs( of 4.75 png/mL in 2,2-
diphenyl-1-picrylhydrazyl (DPPH) and 3.0 pg/mL in 2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) assays. The ferric-reducing antioxidant power (FRAP assay) was 0.046 pmol/L trolox equivalent/
ng/mL of extract. Among the AA, only the capacity to scavenge DPPH radical of PPE was maintained in F1
and F2. In addition, both formulations satisfactorily released the extract. The evaluation of the functional
stability of F1 and F2 did not demonstrate loss of activity by storage at room temperature and at 4°C/6 months.
In irradiated mice, treatment with F1 and F2 added with PPE significantly increased the capacity to scavenge
ABTS radical and the FRAP of skin compared to vehicle-treated mice. In conclusion, the present results
suggest that formulations containing PPE may be a topical source of antioxidant compounds to decrease
oxidative damages of the skin.
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INTRODUCTION

Among all the cellular sources of reactive oxygen species
(ROS), ultraviolet (UV) radiation plays the most prominent
role in the induction of cutaneous oxidative stress. Acute
exposure to UV irradiation causes sunburn, DNA damage,
and connective tissue degradation. Accumulated damage
resulting from chronic sun exposure can cause skin cancer
and premature skin aging (photoaging) (1-3).
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Epidemiological studies indicate that the use of sun-
screens and sun blockers are not completely effective in
preventing UV irradiation-induced skin cancer (4-6), thus,
new targeted chemopreventive approaches need to be identi-
fied (7). Considering the deleterious effects of ROS in the
skin, many studies have focused on the establishment and
evaluation of antioxidants to enrich the endogenous cutane-
ous protection system, and to prevent and/or treat UV irradi-
ation-induced skin damage. In this context, much attention
has been paid to antioxidants from natural sources, especially
flavonoids and other phenolic compounds (8-10).

Pimenta pseudocaryophyllus is present in the Atlantic
forest and Brazilian Cerrado. Commonly, teas prepared with
its leaves are used as tranquilizers, digestive regulators, and
for the relief of cold symptoms (11). Despite being the only
species of the gender native to Brazil (12), there are still few
studies with this plant. The leaves of P. pseudocaryophyllus
present high concentrations of polyphenolic compounds such
as tannins and flavonoids (11,12), which suggests that it might
have the ability to act as an antioxidant. Corroborating, it was
reported that the antioxidant activity (AA) could be used to
evaluate the functional activity of topical functionalized
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formulations (13,14) and the release of antioxidant compo-
nents from these formulations (15,16).

Thus, the evaluation of topical formulations containing
plant extracts by in vitro AA and in vivo efficacy is a crucial issue
in the study of new pharmaceutical products for skin protection
against UV radiation-induced damage. Furthermore, there is no
evidence of in vivo use of topical formulation containing PPE to
prevent oxidative damages. In this context, the present study was
designed to evaluate the chemical composition of PPE, the AA
of PPE alone, and in different topical formulations, in addition to
the in vitro release of antioxidant compounds. Furthermore,
physico-chemical and functional stabilities were also assessed.
Finally, the in vivo protection of the formulations against oxida-
tive stress caused by UV-B irradiation in hairless mice was
evaluated.

MATERIAL AND METHODS

Chemicals

Quercetin dihydrate 99% (C;sH;0072H,O, Mw=338.26)
and quercetin-3-O-rutinoside (rutin) were purchased from
Acros Organics (New Jersey, USA). Folin-Ciocalteau was
obtained from Fluka Chemical Co. (Buchs, Switzerland) and
propylene glycol from Chemco LTDA. 2,2-diphenyl-1-
picrylhydrazyl (DPPH), 2,2’-azinobis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS), 2.,4,6-tris(2-pyridyl-s-triazine
(TPTZ), tannic acid, and gallic acid were obtained from
Sigma Chemical Co. (St. Louis, MO, USA). Nitrocellulose
membrane 0.45 pm, 47 mm, model HAWP04700, white
HAWP was obtained from Millipore (Sao Paulo, SP, Brazil).
Eugenol was obtained from Vetec (Rio de Janeiro, Brazil).
Raw materials for formulations were obtained from Galena
(Campinas, SP, Brazil). All other reagents used were of phar-
maceutical grade.

Plant Material and Extract Preparation

The leaves of P. pseudocaryophyllus were collected in
December 2007 at Sdo Jerdnimo da Serra (Parana, Brazil).
The plant specimens were identified by A.O.S. Vieira,
Departamento de Biologia Animal e Vegetal (Centro de
Ciéncias da Satde) and a voucher specimen was deposited at
the “Herbarium of Universidade Estadual de Londrina
(FUEL)” under code no. 43025. The plant material was dried
at 40°C and coarsely powdered in industrial blender. The
ethanolic extract (1:10) was obtained by exhaustive macera-
tion at room temperature (RT; 25°C) for 12 days. The extract
was filtered and concentrated under vacuum.

Chemical Characteristics of PPE

Total Flavonoids and Polyphenol Contents of PPE

Total polyphenol content in PPE was determined by the
Folin—Ciocalteau colorimetric method (13,17); 0.5 mL of PPE
solution was mixed with 0.5 mL of the Folin-Ciocalteau re-
agent and 0.5 mL of 10% Na,COs, and after 1 h of incubation
at RT the absorbance was measured at 760 nm. Total
polyphenol content was expressed as milligrams per gram
(gallic acid equivalents). Total flavonoid content was
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determined using the aluminium chloride colorimetric method
(18). To 0.5 mL of PPE solution, 0.5 mL of 2% AICI; ethanolic
solution was added. After 1 h at RT, the absorbance was mea-
sured at 420 nm. Total flavonoid contents were calculated as
quercetin (mg/g) from an analytical curve.

High-Performance Liquid Chromatography Analysis

The extract was analyzed by high-performance liquid chro-
matography (HPLC; Shimadzu) equipped with a photodiode
array detector (SPD-M10Avp), multisolvent delivery system
(LC-10Avp), oven control system (CTO-10ASvp), and con-
trolled software Class VP 6.14 software. Chromatography was
performed on an analytical reverse-phase column Spherisob®
(C-18 ODS) (250%4.6 mm i.d.; particule size 5 pm; Waters). The
HPLC-grade solvents were supplied by Panreac®, and water
was purified using Milli-Q-plus filter systems (Millipore). For
HPLC runs, a gradient of acidified H,O (2% formic acid; sol-
vent A) and acetonitrile (2% formic acid; solvent B) was used at
a flow rate of 1 mL/min, and the volume injected was 20 pL
(0 min, 0% B; 5 min, 0% B; 20 min, 2.5% B; 30 min, 5% B;
50 min, 15% B; 60 min, 25% B; 65 min, 30% B; 70 min, 45% B;
75 min, 50% B; 80 min, 70% B; 85 min, 90% B; 90 min, 100% B;
95 min, 100% B; 110 min, 0% B).

UV detection was performed at 200-400 nm (scan) and
then set to 280 and 340 nm. UV spectra were recorded for
each main peak in the chromatograms. The following com-
pounds were used as references (external standard): querce-
tin-3-O-rutinoside (rutin, Sigma), tannic acid, and eugenol
(19).

Determination of In Vitro Antioxidant Efficacy of PPE
Hydrogen-Donating Ability by DPPH Assay

To measure the ability of PPE to scavenge DPPH radical,
20 pL of PPE sample (1 to 20 pg/mL in medium reaction,
based on PPE total solids content of 25 mg/mL) added to the
reaction mixture containing 1 mL of 0.1 M acetate buffer
(pH 5.5), 1 mL of ethanol, and 0.5 mL of ethanolic solution
of DPPH 250 uM. The absorbance was measured at 517 nm
after 15 min of incubation at RT in a Thermo Scientific
Evolution® 60 spectrophotometer. The positive control was
prepared in the absence of PPE, and it indicates the maximum
odd electrons of DPPH, which was considered 100% of free
radicals in the solution to calculate the hydrogen-donating
ability (%) of PPE. The blank was prepared from the reaction
mixture without DPPH solution (20,21). The ability of scav-
enging DPPH was calculated by the following equation

(1-sample absorbance /control absorbance) (1)

x 100.

% of activity =

Scavenging Ability of PPE Using ABTS Method

The ability to scavenge the ABTS free radical is mea-
sured by an absorbance decrease due to suppression of the
colored radical (22). The method was carried out according to
Sanchez-Gonzalez et al. (23), with some modifications. Radical
cation ABTS was obtained after the reaction of 7 mM ABTS
stock solution with 2.45 mM potassium persulfate at room
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temperature in the dark for 16 h before use. This solution was
diluted in phosphate buffer (pH 7.4, 0.1 M) until it reached an
absorbance of 0.7 at 730 nm. Fifty microliters of PPE samples
were added to 4 mL of the diluted ABTS solution. The con-
centrations of PPE obtained in the reaction medium were
0.625-15.625 pg/mL (based on PPE total solids content of
25 mg/mL). The absorbance was measured at 730 nm after
6 min of incubation at RT in a Thermo Scientific Evolution®
60 spectrophotometer. The positive control was prepared in
the absence of PPE and was considered 100% of free radicals
in the solution to calculate the scavenging ability of PPE. The
ability of scavenging ABTS was calculated using Eq. 1.

Evaluation of the Ferric-Reducing Antioxidant Power of PPE

The ferric reduction antioxidant power of PPE was eval-
uated according to Sanchez-Gonzalez et al. (2005) (23), with
some modifications. Ferric-reducing antioxidant power
(FRAP) reagent was prepared with 2.5 mL of TPTZ solution
(10 mM) in HCI (40 mM), 2.5 mL of 20mM FeCl; (6H,0)
solution, and 25 mL of acetate buffer (pH 3.6, 0.3 mM). The
solution was incubated at 37°C for 30 min. For the assay,
900 pL of FRAP reagent were added to 90 pL of water and
10 pL of trolox standard or 10 uL of PPE (1.56 pg/mL in the
reaction medium). After incubation at 37°C for 30 min, the
measurement was performed in a spectrophotometer
(Thermo Scientific Evolution® 60) at 595 nm. An analytical
curve with different concentrations of trolox (4.0-20.0 pM)
was used for subsequent calculation of results in micromoles
per liter of trolox equivalent per micrograms per milliliter of
extract. A positive control was performed with ethanol.

Formulations

Formulations were developed varying the content of
lipidic. Self-emulsifying wax Polawax® (cetostearyl alcohol
+ polyoxyethylene derived of a fatty acid ester of sorbitan
20E) was used in both formulations, although in major
and minor proportions in formulation 1 (F1) and formu-
lation 2 (F2), respectively. Into F2, anionic hydrophilic colloid
(carboxypolymethylene, Carbopol®) was also added as stabiliz-
ing agent. Caprylic/capric triglycerides was used as emollient,
and propylene glycol as moisturizer. A mixture of parabens was
used as preservative and deionized water was used for the
preparation of all formulations (Table I). PPE was incorporated
(5%) into the formulations at RT. Control formulations did not
contain the extract.

Table I. Percent Composition (Weight/Weight) of F1 and F2

Components F1 F2
Polawax® 10.0 2.0
Caprylic/capric triglyceride 5.0 5.0
Carbopol® 940 - 0.18
Propylene glycol 5.0 5.0
Triethanolamine - 0.2
Solution of methyl (10%) and 1.0 1.0

propylparaben (2%)

Deionized water 79.0 86.62

Campanini et al.

Evaluation of Physico-chemical Characteristics
of Formulations

With the aim of evaluating the physico-chemical charac-
teristics, the following tests were performed: visual evaluation
(color, consistence, and phase separation) (24); pH measure-
ment in triplicate (10% dilution in deionized water); evalua-
tion of phase separation in triplicate (2 g of formulation
submitted to centrifugation at 145xg for 30 min) (13,25).

Evaluation of the Antioxidant Activity of FI and F2 Containing
PPE

In order to evaluate the AA of PPE after its incorpora-
tion to F1 and F2, DPPH, ABTS, and FRAP methods were
performed as described in Section “Determination of /n Vitro
Antioxidant Efficacy of PPE”. Formulations containing PPE
were diluted in ethanol to obtain the same concentration used
for the analysis of PPE in the reaction medium: 5.0, 3.125, and
2.5 pg/mL for DPPH, ABTS, and FRAP, respectively. The
following controls were included in the test: (1) one positive
control was prepared in the absence of sample, and (2) anoth-
er by adding the formulations without PPE.

Physico-chemical and Functional Stability of Formulations
Containing PPE

Physico-chemical and functional stability were evaluated by
submitting the formulations to storage at 4°C, RT (25°C), and 40
+2°C/75+5% of relative humidity (RH) for 6 months (24). The
extract was also stored in the same storage conditions for eval-
uation of its functional stability. At predetermined time intervals
(0, 30, 60, 90, and 180 days), aliquots were collected and ana-
lyzed. The physico-chemical stability of the formulations was
determined by the tests described in Section “Evaluation of
Physico-chemical Characteristics of Formulations” and func-
tional stability of PPE, F1, and F2 was measured by DPPH
method as described in Section “Hydrogen-Donating Ability
by DPPH Assay”. One positive control for each storage condi-
tion was added. The positive control was prepared in the ab-
sence of PPE and another added with formulations without PPE
which indicates the maximum odd electrons of DPPH.

In Vitro Release Studies

PPE release rates from the different formulations were mea-
sured through 0.45 um nitrocellulose membranes using modified
Franz diffusion cells with a diffusional area of 1.77 cm? (20). The
membrane was sandwiched between the upper donor
compartment and the lower receptor compartment; 1 g of F1 or
F2 containing 5% of PPE was placed on the membrane surface in
the donor compartment while the receptor compartment was
filled with 16 mL of receptor medium (0.1 M phosphate buffer
(pH 7.4) with 10% of ethanol), which was in contact with the
membrane. During the experiments, the receptor solution was
continuously stirred at 100 rpm and kept at 37+1°C. At
designated time points (3, 6, 9, and 12 h) the receptor medium
was removed and the release of PPE antioxidant compounds
on F1 and F2 was analyzed by DPPH method (see
Section Hydrogen-Donating Ability by DPPH Assay). Results
are expressed as percentage of PPE released by the
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formulations. All measurements were performed in duplicate and
formulations without PPE were used as control.

In Vivo Studies

Animals

Sex-matched hairless mice (HRS/T), weighing 20-30 g,
were housed in a temperature-controlled room, with access
to water and food ad libitum until use. All experiments were
conducted in accordance with National Institutes of Health
guidelines for the welfare of experimental animals and with
the approval of the Ethics Committee of State University of
Londrina (Protocol number 34994/209).

Formulation Administration

Hairless mice were randomly designated to different
groups (n=5) and topically treated on the dorsal surface with
0.5 g of F1 or F2 with 5% of PPE or 0.5 g of the respective
control formulation without PPE. Formulations were admin-
istrated 1 h before, 5 min before, and right after the irradia-
tion. Untreated control groups irradiated and non-irradiated
were included in the experiments. The results are representa-
tive of two separate experiments.

Irradiation

The UV-B source of irradiation consisted of a Philips
TL4A0W/12 RS lamp (Medical-Holand) emitting a continuous
spectrum between 270 and 400 nm with a peak emission at
313 nm. The lamp was mounted 20 cm above the table where
the mice were placed on, resulting in an irradiation of
0.384 mW/cm? as measured by an IL 1700 radiometer
(Newburyport, MA, USA) with sensor for UV (SED005)
and UV-B (SED240). The dose of UV-B used was 4.14 J/cm?
(26,27). Mice were euthanized by ketamine/xylazine overdose
12 h after the UV-B exposure, and the full thickness of the
dorsal skins were removed. ABTS and FRAP tests were
performed right after sample collection.

Sample Preparation

Skin samples of the animals were collected in Eppendorf
tubes containing 500 pL of 1.15% KCl solution. After, samples
were homogenized with Tissue-Tearor (Biospec®). A centri-
fugation at 1,000x g for 10 min at 4°C was performed and the
supernatant was used for the assays.

Scavenging Ability of Skin Using ABTS Method

The ability of ABTS radical scavenging was performed as
described in Section “Scavenging Ability of PPE Using ABTS
Method”, in which 40 pL of the supernatant was added to
1 mL of the diluted ABTS solution. An analytical curve with
different concentrations of trolox (1-25 uM) was used for
subsequent calculation of results in micromoles per liter of
trolox equivalent per milligram of skin (28). The assay was
performed in duplicate.

89

Evaluation of the Ferric-Reducing Antioxidant Power of Skin

The FRAP was performed as described in Section
“Evaluation of the Ferric Reducing Antioxidant Power
(FRAP) of PPE”, in which 30 pL of supernatant were added
to 1 mL of FRAP reagent. An analytical curve with different
concentrations of trolox (0.5-20 uM) was used for subsequent
calculation of results in micromoles per liter of trolox equiv-
alent per milligram of skin (28). The assay was performed
in duplicate.

Statistical Analysis

The concentration of PPE that caused 50% of DPPH and
ABTS scavenging was considered the ICsy, which was deter-
mined using GraphPad Prism® software, version 6.0 using
hyperbolic curve (one site binding and two site binding hyper-
bole). Data were statistically analyzed by one-way ANOVA
followed by Bonferroni's t test for antioxidant activity of the
formulations containing PPE, in vitro release and in vivo tests.
Results were expressed as means + SEM (standard error
mean) and considered significantly different when P<0.05.

RESULTS
Chemical Characteristics of PPE

Results show that PPE presents 199.33+3.79 and
28.32+1.46 mg/g of polyphenols and flavonoids, respectively.
Eugenol, rutin, and tannic acid as reference compounds were
identified in the ethanolic extract (Fig. 1). The individual flavo-
noids and phenolic compounds were identified by HPLC-PDA
and comparison of UV data (Amax) of reported value.

In Vitro Antioxidant Activity of PPE

The hydrogen-donating ability of PPE was evaluated by
the use of the stable radical DPPH as presented in Fig. 2a. The
maximum antioxidant activity was 88.17% using the concen-
tration of 20 pg/mL of PPE and the ICsy was 4.75 pg/mL.
Regarding ABTS method, results showed that PPE exhibited
effective and concentration-dependent scavenging activity
(Fig. 2b). The 1Csy was 3.0 pg/mL and the maximum activity
(7.82 pg/mL) was approximately 98.89%, in which a plateau
was observed. In FRAP assay, PPE-reducing power was
0.046 pmol/L trolox equivalent/pug/mL of extract.

Formulations

Evaluation of Antioxidant Activity of the Formulations
Containing PPE

In order to verify if F1 and F2 containing PPE were able
to maintain the AA potential of PPE raw material, DPPH,
ABTS, and FRAP assays were performed with F1 and F2
containing PPE and the results were compared to ethanolic
solution of PPE in the same concentration in the reaction
medium. Figure 3a shows that the capacity to scavenge
DPPH radical maintained in the formulations with different
content of lipidic (43.55%, 48.23%, and 45.63% for PPE, F1,
and F2, respectively). However, there was a significant
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Fig. 1. Identification of phenolic components of P. pseudocaryophyllus ethanolic extract using high-performance liquid

chromatography

decrease in AA of F1 and F2 containing PPE compared to
PPE raw material when measured by FRAP and ABTS
methods. The percentages of reduction of ABTS radical were
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Fig. 2. (a) H-donor ability of PPE using stable radical DPPH
(concentrations of PPE on the reaction medium, 1-20 pg/mL). (b)
Scavenging ability of PPE using ABTS method (concentrations of PPE
on the reaction medium, 0.625-15.625 pg/mL). Results are represented
by means + SEM of three separated experiments

53.10%, 44.99%, and 46.52% for PPE, F1, and F2, respective-
ly (Fig. 3b). In FRAP assay, the reducing power was 0.051,
0.039, and 0.041 umol/L trolox equivalent/pg/mL of extract for
PPE, F1, and F2, respectively (Fig. 3c). These results demon-
strated that there was a reduction of 15.27% and 22.93% of
the ABTS scavenging activity of F1 and F2, respectively, and
of 12.39% and 18.83% of the iron-reducing power of F1 and
F2, respectively.

Stability Studies

F1 and F2 maintained their color and consistency charac-
teristics under RT and 4°C. However, a gradual color change
of F1 and mainly of F2 under 40+2°C/75+5% RH was ob-
served. In general, the pH values of F1 and F2 remained
compatible with the skin and both formulations also remained
physically stable, showing no phase separation (Table IT).
Regarding functional stability, the hydrogen-donating ability
was kept in both formulations at RT and 4°C. However, after
6 months stored at 40+2°C/75+5% RH, F1, and F2 lost ap-
proximately 7.23% and 21.76% of its AA, respectively
(Fig. 4).

In Vitro Release Studies

Figure 5 shows the PPE release (%) over time + SEM of
F1 and F2. The maximal antioxidant activity observed for
formulations 1 and 2 after 12 h of experiment was 14.66%
and 13.41%, respectively, without significant statistical differ-
ence between the formulations. Furthermore, a gradual in-
crease in the radical scavenge activity over time (3, 6, 9, and
12 h) was detected with F1 and F2 containing PPE. Statistical
significant differences were detected after 9 and 12 h com-
pared to 3 h, and after 12 h compared to 3, 6, and 9 h. At 12 h
there was no statistical difference between F1 and F2.
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Fig. 3. Evaluation of the AA of PPE and both formulations contain-
ing PPE: H-donor ability of PPE using stable radical DPPH (a),
scavenging ability of PPE using ABTS method (b), and ferric-reducing
antioxidant power using FRAP test (c¢)*Significant statistical differ-
ence compared to PPE raw material (P<0.05)

In Vivo Studies

In this study, UV-B irradiation induced a decrease of
approximately 1.58- and 1.84-fold of ABTS scavenging capac-
ity and iron-reducing power of the skin, respectively. Both
formulations containing PPE inhibited this depletion, main-
taining levels similar to control (non-irradiated) group in both
tests (Fig. 6).

Table II. Physico-chemical Characteristic of F1 and F2 Containing or
Not P. pseudocaryophyllus Ethanolic Extract

Formulation pH Centrifugation
F1 control 4.67 NS
F1 + PPE 4.65 NS
F2 control 6.65 NS
F2 + PPE 6.46 NS

NS no separation
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Fig. 4. Stability of hydrogen-donation ability of PPE (a), F1 (b), and F2
(¢) containing PPE stored at 4°C, RT, and 40°C/75% RH for 6 months

DISCUSSION

Antioxidants obtained from natural sources may provide
new possibilities for the treatment and prevention of oxidative
stress-mediated diseases; therefore plant extracts rich in anti-
oxidant compounds have gained special attention (29). As
described above, P. pseudocaryophyllus has been used as me-
dicinal plant in folk medication system and is rich in bioactive
compounds responsible for that properties (11,12). In this
study, we have found that polyphenols content was approximately
seven times higher than total of flavonoids content of PPE, corrob-
orating other studies that show that P. pseudocaryophyllus contains
not only flavonoids, but other polyphenolic substances, like tannins
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Fig. 5. Percentage of PPE release measured by hydrogen-donating ability
as a function of the time from F1 (a) and F2 (b). Results are represented by
means + SEM (n=>5). Statistical analysis was performed by one-way
ANOVA followed by Bonferroni’s test of multiple comparisons. *Signif-
icant statistical difference compared to 3 h (P<0.05). **Significant statis-
tical difference compared to 3, 6, and 9 h (P<0.05)

(12,13). Previously, Paula et al. (13), and Fajemiroye et al. (12) have
reported that this plant contains flavonoids and phenolic com-
pounds. Some compounds were isolated as flavonoids and phenolic
acids derivatives, and in the literature eugenol is reported as the
main compound of P. pseudocaryophyllus (30). In this study, euge-
nol, rutin, and tannic acid were identified in the extract, and these
substances may have exerted synergistic effect. Despite eugenol
being in greater quantity, it may be suggested that tannic acid and
rutin are mainly responsible for the antioxidant activity o PPE.

Two or more methods should always be employed to eval-
uate the antioxidant potential of any substance, once oxidative
stress depends on the type of ROS generated, how and where it
is generated, and the oxidative target evaluated. Furthermore,
plant extracts present a diversified phytochemical composition,
therefore its AA may be attributed to synergistic action of
multiple substances, which belong to different chemical groups
and may exert its activity through various mechanisms (13,31).
Thus, the AA of PPE was evaluated by three different methods.
The ABTS and DPPH methods consist on the verification of the
colored radical suppression on the medium, which decreases the
absorbance. In FRAP assay, antioxidants in the sample reduce
the Fe"*~TPTZ complex to form a blue-colored Fe>~TPTZ
complex, which results in an increase in the absorbance. P.
pseudocaryophyllus components act as free radical scavengers
of the negatively and positively charged free radicals, DPPH and
ABTS, respectively. Furthermore, P. pseudocaryophyllus also
demonstrated ferric-reducing antioxidant power.
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Fig. 6. Formulations containing PPE increases the antioxidant capac-
ity of skin after UV-B irradiation in ABTS assay (a) and in ferric
reducing antioxidant power (b). Bars represent means + SEM of two
separated experiments, five mice per group. *P<0.001 compared to
the control (non-irradiated) group, **P<0.001 compared to irradiated
group and F1 control group, and ***P<0.001 compared to irradiated
group and F2 control group

The water-soluble vitamin C is a well-known preventive
and chain-breaking antioxidant. Experiments show that the an-
tioxidant activity of vitamin C involves a hydrogen transfer
rather than an electron transfer. In vitro, vitamin C behaves as
an efficient antioxidant in several different ways such as reduc-
ing lipid peroxidation and scavenging peroxyl, thiyl, sulphenyl,
urate, nitroxide, and other radicals (32). Thus, we conducted the
evaluation of scavenging activity of ABTS and DPPH and iron
reduction capacity of vitamin C as a standard to compare with
the results for PPE. The 1Cs values for vitamin C were 3.0 and
2.5 pg/mL in the DPPH and ABTS assays, respectively. These
results were close to those observed with PPE considering the
total solids in the extract, which demonstrates the relevance of
free radical scavenging activity of PPE. Nevertheless, the ferric-
reducing antioxidant ability of PPE was lower than that of
vitamin C (12.23 uMol/L trolox/pug/mL).

Active molecules in extracts present varied chemical and
physical characteristics to be considered in the development of
pharmaceutical formulations. Furthermore, fluid and semi-
solid emulsions are used as vehicles to pharmaceutical prod-
ucts for skin release and their coloidal properties influence
drug bioavailability (29). In this sense, it is important to use
formulations with different proportions of lipidic and aqueous
constituents to determine AA and in vitro release of active
molecules. The excipients used in the preparation of formula-
tions F1 and F2 were chosen based on the previous studies of
our group (13,20,26,29,33).

In order to verify if F1 and F2 constituents were able to
maintain the antioxidant potential of PPE, the same tests used to
evaluate the AA of the extract were performed with the
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formulations containing PPE. The capacity to scavenge DPPH
radical was maintained, but FRAP and ABTS assays showed a
decrease in the AA of PPE after its incorporation in topical
formulations. This may be explained by the fact that the antiox-
idant compounds present in the extract may interact with com-
ponents of the vehicle and the fatty phase of emulsions (34).
Therefore, it can be suggested that the colloidal properties of
self-emulsifying base Polawax® used in both formulations could
promote interaction with the components of PPE which are
responsible for the reducing power and/or with the components
capable of donating electrons to ABTS. In addition, the inter-
ference of formulation components might occur in the develop-
ment of the reactions involved with antioxidant methods as well
as the possible inhibition of this activity by these components.
This raises concerns about formulations, since one of most
challenging tasks in evaluating topical formulations is to deal
with the presence of the compounds present in formulations that
may cause interference if using a non-specific method (14).
Therefore, the use of varied methodologies to evaluate in vitro
the maintenance of AA of active principles added in topical
formulations is important, mainly, in the case of vegetal extracts
in which the active principles act in synergy and can interact
differentially with the vehicle that is also of complex
composition.

There was no interference of the formulations in stable
free radical DPPH assay, which means that this method can be
used to evaluate the AA of formulations. For this reason, this
assay was used for evaluating the functional stability of PPE
extract and it added in formulations.

A stable emulsion maintains the proper proportions be-
tween its components and the interphase surface even after being
exposed to tension resulting from factors such as temperature,
agitation, and acceleration of gravity (35). Thus, two emulsions
containing PPE were developed and their physico-chemical and
functional stability were evaluated at predetermined times. The
formulations developed in this study presented different charac-
teristics, mainly in their lipid content, so several physical instabil-
ities could occur when the complex compounds present in the
PPE were added. Therefore, stability testing represents a crucial
part of the testing program since the instability of the product
modifies essential requisites, i.e., quality, efficacy, and safety (36).

During the study, both emulsions remained physically sta-
ble and pH values remained satisfactory, which ensures that F1
and F2 are compatible with the application site, avoiding irrita-
tion (24). Regarding functional stability study of DPPH scav-
enging activity, it was observed that temperature, storage time,
and type of formulation influenced the AA of PPE. Hydrolysis
reactions are one of the most common processes of active com-
ponents degradation, and depend mainly on the temperature
and quantity of available water in the medium (37). Since F2
showed a loss of AA approximately three times higher than F1,
it can be suggested that the higher water content of F2 coupled
with drastic conditions of storage destabilized active compounds
of PPE. The decrease in the AA of formulations stored at
accelerated conditions corroborates the results of visual evalua-
tion, which showed changes in color of formulations, especially
of F2. Polyphenols are susceptible to the action of temperature
and humidity, and its stability profile and biological activity are
strongly related to the processing conditions and storage (38).
Thus, the reduction in AA observed in formulations stored
under accelerated conditions may be related to a possible
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degradation of polyphenols present in the extract. We have also
determined the particle size distributions of the formulations
using LS 13 320 Laser Diffraction Particle Size Analyzer
(Beckman Coulter). The results showed the values: F1 without
PPE, 40.13 pm; F1 added PPE, 30.59 um; F2 without PPE,
15.66 um; and F2 added PPE, 9.23 pm. We also determined
the particle size dispersal coefficient, Span (39) and the results
showed that all the studied formulations were polydisperse
systems (data not shown).

It is generally assumed that the nature of the delivered
pharmaceutical dosage strongly influences the rate and extent
of drug release. Release may be improved by selecting the
appropriate vehicle. The in vitro release studies which mea-
sure drug/vehicle interactions are considered to be useful and
crucial in pre-formulation step to choose an appropriate vehi-
cle (40,41). The release of antioxidant compounds of the PPE
from different emulsion systems (F1 and F2) through nitrocel-
lulose membrane was examined and the values found were
very close to both formulations, showing that the difference in
lipid content did not affect the release of these components of
the extract.

Regarding in vivo studies, we evaluated the effectiveness
of F1 and F2 incorporated with PPE against oxidative damage
caused by UV-B irradiation. Once oxidative stress is charac-
terized by the decrease of endogenous antioxidant, several
methods have been developed to assess the antioxidant capac-
ity of diverse organs (2,42). The difficulty in measuring each
antioxidant component separately and the interactions among
them leads to the use of quick, simple, and efficient assays, like
ABTS and FRAP, which use different principles to measure
antioxidant capacity (28).

Corroborating the release studies that demonstrated sim-
ilar results for both formulations, the treatment with these
topical formulations containing PPE clearly improved the cu-
taneous antioxidant capacity to control levels. ABTS assay has
been found to correlate well with levels of endogenous gluta-
thione (43), while FRAP assay may reflect levels of ascorbic
acid, uric acid, and a-tocopherol (28).

It is noteworthy to mention that hairless mice were also
observed during 72 h after topical application of F1 or F2 contain-
ing or not PPE, and no erythema was visually evident. In the acute
toxicity test with fixed doses (5, 50, 300, and 2,000 mg/kg) accord-
ingly with the OECD guidelines n® 420 for testing of chemicals,
there was no lethality or weight loss up to the dose of 2,000 mg/kg
and 14 days of evaluation (group’s unpublished observation). In
agreement, P. pseudocaryophyllus leaves are used to prepare tea
in Brazil (44). Therefore, P. pseudocaryophyllus seems safe for
therapeutic purposes.

Despite the need for further studies, the prepared formula-
tions containing PPE demonstrate interesting attributes to
be explored as potential products to be used against UV-
induced damages.

CONCLUSIONS

For the DPPH and ABTS assays the PPE showed a
dose-dependent activity, and showed small values of ICs
demonstrating ability to scavenging cation and anion radi-
cals. In addition, PPE also showed iron reduction capacity
by FRAP method. Therefore, these methods are adequate
to evaluate the AA of PPE. However, only DPPH assay



94

was adequate to evaluate the maintenance of the AA of
PPE added F1 and F2. Nevertheless, it is essential to
choose the correct method to evaluate the antioxidant ac-
tivity of these formulations to perform stability studies.
During 6 months of the study in different storage condi-
tions, F1 and F2 added or not with PPE were stable to
physico-chemical tests. The evaluation of the radical scav-
enging activity of PPE incorporated in formulations did not
demonstrate loss of activity by storage at 4°C/6 months.
Nevertheless, both formulations lost AA activity at 40°C=
2°C/75+5 RH, and F2 present a 3-fold higher loss of AA
activity compared to F1. In addition, both formulations
were able to gradually release the antioxidant compounds
present in the PPE reaching maximal release at 12 h
without statistical differences between F1 and F2.
Pretreatment with PPE added F1 or F2 significantly improved
the cutaneous antioxidant capacity to control levels after UV-B
irradiation. Therefore, the present results suggest that formula-
tions containing PPE might be a conceivable topical source of
antioxidant compounds that decrease oxidative damages of the
skin.
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