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Desenvolvimento, Estabilidade e Atividade Antioxidante de Microemulsdo Contendo
Oleo de Pequi (Caryocar brasiliense Camb.)

Resumo: O estudo de veiculos para administragdo de farmacos pode potencializar a agdo das substancias veiculadas aos
mesmos e a avaliagdo de seus parametros de qualidade evidencia o comportamento dos componentes da formulagdo.
Este estudo teve como objetivo obter formulagdes microemulsionadas contendo dleo de pequi (Caryocar brasiliense
Camb.) e determinar sua estabilidade, além da sua potencial atividade antioxidante. Os diagramas de fases
pseudoternarios foram construidos usando uma mistura dos tensoativos oleato de sorbitano (Span 80), polisorbato 80
(Tween 80) e o cotensoativo, 1-butanol, além dos triglicerideos de dcido caprico/caprilico (Polymol 812) e dgua destilada.
O dleo de pequi foi incorporado na proporgdo de 3% (m/m). As microemulsGes selecionadas foram submetidas a
centrifugacdo, 14 dias de ciclos gela-degela e analises fisico-quimicas (pH, condutividade elétrica e indice de refragdo) e
depois avaliadas. Cinco das sete formulagGes iniciais permaneceram estaveis. As formulagdes foram submetidas a
estabilidade acelerada em triplicata por 90 dias. Duas microemulsdes mantiveram estabilidade fisica e quimica adequada.
Os testes de diametro hidrodindmico mostraram que as duas formulagdes tinham tamanho de goticula na faixa dos
nanémetros. O perfil reolégico mostrou que ambas as formulagbes apresentavam comportamento newtoniano e
viscosidade linear. A andlise da potencial atividade antioxidante mostrou que as formulagdes apresentaram atividade
significativa e que essa atividade aumentou quando o dleo de pequi foi adicionado. Concluindo, os sistemas aprovados
mantiveram uma estabilidade notavel e podem ser usados como um veiculo de liberagdo para o éleo extraido do pequi.

Palavras-chave: Caryocar brasiliense Camb.; Microemulsdo; Atividade antioxidante.
Abstract

The study of drug delivery systems can potentiate the action of ingredients carried by these systems and the evaluation of
their quality parameters offers evidences of the compounds behavior in the formulations. This study aimed to obtain
microemulsified formulations containing pequi (Caryocar brasiliense Camb.) oil and to determine its stability, plus its
potential antioxidant activity. The pseudoternary phase diagrams were constructed using a mixture of the surfactants
sorbitan oleate (Span 80), polysorbate 80 (Tween 80) and cosurfactant, 1l-butanol, besides the triglycerides of
capric/caprylic acid (Polymol 812) and distilled water. Pequi oil was incorporated in the proportion of 3% (w/w). The
selected microemulsions were subjected to centrifugation, 14 days of heating—cooling cycles, and physicochemical analysis
(pH, electrical conductivity and refractive index), and then evaluated. Five out of the initial seven formulations remained
stable. Therefore, the formulations were subjected to accelerated conditions in triplicate for 90 days. Two microemulsions
maintained adequate physical and chemical stability. The hydrodynamic diameter tests showed that two formulations had
droplet size in nanometer scale. The rheological profile showed that both formulations presented newtonian behavior and
linear viscosity. The analysis of the antioxidant activity showed that the formulations had significant activity and had this
activity increased when the pequi oil was added. Concluding, the approved systems kept a remarkable stability and can be
used as a modified vehicle to the oil extracted from pequi.
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1. Introduction

Delivery systems based on nanostructures
have been used in different areas of research
for the development of modified release
mechanisms of drugs, oils and extracts from
vegetable sources.”” Thereby, the potential
of these products in microemulsions has
been investigated, which are characterized as
macroscopically homogeneous, translucent
and thermodynamically stable dispersions of
oil and water, stabilized by an interfacial film
of surfactants and cosurfactant,®® in which
both polar and nonpolar molecules can be
carried.”® This kind of formulation have as an
advantage over other emulsified systems the
fact that they have smaller droplet size and
are formed spontaneously, without the need
of an input of energy. Furthermore, the
number of studies regarding microemulsions
has increased over the last years, signing it as
a very prominent pharmaceutical tool for the
delivery of active ingredients.’

The mechanism of microemulsion systems
with modified release may change the
pharmacokinetics of some orally
administered drugs and may reduce their
toxicity."* When administered topically,
microemulsion has great facility to cross the
stratum corneum of the skin,”* increasing
the skin penetration and allowing its
transport to deep layers and underlying
tissues.

Accompanying new market trends,
cosmetic industry searches for options of
natural compounds, such as natural
antioxidants. In this context, Caryocar
brasiliense (pequi) stands out for being a
typical Brazilian tree, widely distributed
throughout the Brazilian Cerrado.’*™® From
the pequi fruit, an oil is extracted, which
consists mainly of oleic, palmitic and linoleic
acids, vitamins, carotenoids and phenols,

which are metabolites that prevent
lipoperoxidation and thus prevent the
formation of free radicals.”>?® Pequi oil is

used in food, cosmetic and in the therapeutic
field*** where it showed effectiveness as an
antioxidant agent,”>** type of activity that
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may be useful in the treatment of some types
of cancer, such as lung cancer.” In addition,
due to the chemical composition of pequi oil,
it has a remarkable capability of retaining
water in the skin.”

Thus, the use of pequi oil in modified
release dosage forms, such as
microemulsions, may potentiate these
activities. Within this context, this paper aims
the development of microemulsion systems
containing pequi oil to evaluate its
antioxidant potential.

2. Experimental Section

2.1. System Composition

Microemulsions were formulated using
distilled water, caprylic/capric triglyceride-
Polymol 812 (CCT), Hydrophilic-Lipophilic
Balance (HLB) = 10,8 (Henrifarma®, Brazil),
Sorbitan monooleate -Span 80" (SP), HLB =
4.3 (Sigma-Aldrich’, Brazil), Polysorbate 80-
Tween 80  (TW), HLB = 15.0 (Synth’, Brazil)
and 1-butanol (BT), (Synth’, Brazil). Pequi oil
was added as the active ingredient at a
concentration of 3% (w/w).

2.2. Extraction of pequi oil

The fruits were obtained from the local
market in the municipality of Sinop-MT and
dried at 40 °C for 48 hours to remove the
excessive water. Afterwards, the fruits were
milled in an analytical mill and their oil was
extracted by ultrasound with hexane in a
ratio of 1: 5 for 2 hours at a frequency of 40
KHz and an average temperature of 35 °C.
The extracted oil was filtered and then
evaporated in a rotary evaporator at a
temperature of 50 °C.
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2.3. Determination of the surfactant
mixing ratio

To determine the HLB of the system a
mixture of surfactants and cosurfactants was
used. To act as a cosurfactant, BT was used in
a ratio equivalent to 10% (fraction =1) of the
surfactant mixture.

BT is considered an excellent
surfactant®*®**  for the preparation of
microemulsions and at this concentration it
is considered residual and non-toxic.?® The
HLB of the surfactant mixture and the
composition required to achieve an HLB
corresponding to the oily phase was
calculated. The HLB of the SP and TW
surfactants were taken into account,
according to Ribeiro et al.*

2.4. of microemulsion

systems

Development

The development of the formulations
utilized pre-established quantities of the
components, and each component ranged
from 10% to 80%. In the later stage, pequi oil
was added to all formulations at a
concentration of 3% (w/w).

The samples were visually rated after 72
hours at 25 °C in regions: ME (microemulsion)
MEL (liquid microemulsion), LE (liquid
emulsion), EG (gel emulsion), and SF (phase
separation). Titrations were performed on
mixtures with surfactant/oil phase mass
ratios of 1:9 and 9:1 under stirring with 3%
pequi oil (w/w) to obtain the delimiting
points, area and classification of different
systems to form the diagram regions. Adding
distilled water in quantities between 0.05 mL
and 0.20 mL performed the titration. During
this process, the mixture was stirred both
manually and mechanically. After
homogenization of each titrant, the
formulation volumes were visually classified.

Pseudoternary diagrams were constructed
from the sample and titration data using

Torres, M. P. R. et al.

SigmaPlot version 8.0 software. In the
diagram, the superior vertex represents 100%
surfactant/cosurfactant, the lower right
represents 100% oily phase, and the lower
left represents 100% aqueous phase.

After acquisition of the pseudoternary
diagram, composition of the systems that fall
into the ME liquid region can be determined.
This region contained preselected points that
were distributed in lines dividing the region
to achieve representative samples of the
studied systems.

2.5. Physicochemical Characterization

A method to verify physicochemical
parameters was designed to test the
suitability of the formulations to act as
delivery vehicles and to perform the initial
characterization of each sample. This method
verified the physical and chemical
parameters of the formulations 24 h after
preparation and at the end of the stability
study. The tests were performed in triplicate.
Aliquots of some preselected vehicles were
centrifuged (Quimis’, Brazil) at 360 x g for 30
minutes at room temperature. After
centrifugation, the samples with visual
heterogeneity were excluded. The pH of the
vehicles was determined with a pH meter
(Tecnopon’, Brazil), calibrated with standard
pH 7 and pH 4 buffer solutions. The electrical
conductivity was measured using a
conductivity meter (Tecnopon®, Brazil)
calibrated with a 0.1 mol/L KC| solution to
identify the system type (water-in—oil (w/o)
or oil-in-water (o/w)) and any tendency
toward phase inversion.

2.6. Stability Studies

To perform the preliminary stability test,
samples were divided into two groups
according to temperature: one group
refrigerated at 5 + 1°C and the other heated
at 40 + 1°C. These systems were preliminarily
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subjected to alternating cycles of 5 £ 1°C and
40 + 1°C for 24 hours each, and the cycles
were completed on the 14™ day. After these
cycles, it was possible to identify the most
stable  formulations.  Afterwards, the
formulations were subjected to the
accelerated stability test, with exposure to
extreme conditions to determine their
stability over a longer period of time. The
systems were divided into three groups
according to temperature: 5 + 1°C, 25 + 1°C
and 40 = 1°C. The groups were assessed in
triplicate for a period of 90 days. Every 30
days, the formulations were maintained at
room temperature for 24 hours to determine
their physicochemical properties.®***

2.7. Rheological characterization

Rheological parameters were measured
using a Modular Compact Rheometer—-MCR
102 (Anton Paar Germany GmbH, Ostfildern,
Germany) according to Cotrim et al.”’ In all
the experiments, 600 uL of ME was placed on
the reading plate surface, and the excess of
sample was removed. Readings were taken
with continuous control of the gap
measurement with the supported TruGap™
at 0.099 mm. The measuring cell was a
Toolmaster™ CP 50, and precise temperature
control was achieved with T-Ready™. The
data and graphics were compiled using
SigmaPlot 8.0 software. The flow and
viscosity curves were based on the
established parameters for the control of
shear stress (t) with 0-5 Pa for the upward
curve and 5-0 Pa for the downward curve.
These tests were conducted under isothermal
conditions at 25 °C, and 75 readings were
taken for analysis.

2.8. Dynamic Light Scattering

Colloidal structures of formulation were
prepared for analysis by the dynamic light
scattering technique. It was then possible to
investigate the hydrodynamic diameter and
the polydispersity index (PDI) of the
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dispersed solid. The samples were prepared
from a 10:1,000 dilution of the formulation in
deionized water in quartz cuvette using
deionized water as the reference. Dynamic
light scattering analysis were performed
using a Zetasizer Nano Z90® (Malvern
Instruments’, United Kingdon) with excitation
at 632.8 nm.

2.9. Antioxidant activity

Determination of the potential
antioxidant activity was carried out using the
DPPH (2,2-diphenyl-1-pricil-hydrazila) radical
capture method in 96-well ELISA plates, by
diluting the microemulsions in methanol.
Absorbance readings were performed at the
wavelength of 492 nm using methanol as
blank. To evaluate the free radical scavenging
activity, the percentage of DPPH radical
inhibition was calculated by the equation: %
inhibition of DPPH = [(A; - A;) / A x 100],
where A, = control absorbance (medium with
dpph and no antioxidant) and A; = sample
absorbance.***

2.10. Statistical analysis

Data were expressed as the mean
standard deviation. Statistically significant
differences in antioxidant activity were
evaluated using analysis of variance (ANOVA)
followed by multiple comparisons by Tukey
test. Statistical significance was considered
for a P-value < 0.05.

3. Results and discussion

3.1. Surfactant
determination

mixing ratio

To obtain the surfactant mixing ratio, the
cosurfactant concentration was fixed as 10%,
and the amount of surfactants SP and TW
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were calculated to achieve the required oily
phase Caprylic/Capric Triglyceride HLB, which
is 10,81." The obtained surfactant fractions
were 3.5 and 5.5 for SP and TW, respectively,
resulting in the surfactant mix ratio of
3.5:5.5:1.0.

(a)

Pequi oil (3 %)
SP/TW/BT

5SF 135 20ME  26ME

48F 1268 198F  268F ¥

3SF HSF 18SF 6SF 28SF  33SF

106F S 2B6F——28:6F 326F 356F

9-5F 165F — 226F 28F 3LEF 34SF 36:5F

0 10 20 30 40 50 60

70 80 9 100
Distilled water (%) Caprilic/Capri Triglicerides (%)

* Liquid micro emulsion (MEL), Phase separation (SF)
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3.2. of microemulsion

systems

Development

Pseudoternary phase diagrams that were
assembled to classify the points and domains
of each region are demonstrated in Figure 1.

(b)

Pequi 0il 3 %
SP/TW/BT

> 0
90 100
Caprilic/Capri Triglicerides (%)

20 30 40 5 60 70 80

0 10
Distilled water (%)

Figure 1. Diagram of the pseudoternary classification of all 36 points in pre-established
proportions (a) and domains with the points selected for further study (b).

The SP/TW/BT (3.5:5.5:1.0) surfactant
mixture associated with CCT, pequi oil and
distilled water in predetermined proportions
resulted in diagram points with balanced
characteristics. These data resulted in 36
points with distinct characteristics (Fig. 1(a))
and 7 points showed up to be homogeneous
systems (ME region). The seven light-
yellowish, odorless and translucent
formulations (1MEP, 2MEP, 3MEP, 4MEP,
5MEP, 6MEP and 7MEP) selected from the
delimited microemulsion domain of the
diagram, after titrations (Fig. 2(a)), contained
at least 50% of the surfactant mixture, 10% of
the aqueous phase, and an oily phase in a
range between 10% and 50%, besides the 3%
pequi oil added to them. Formulations with

surfactant amount below 50% showed

instability and phase separation.

These proportions of surfactants for
microemulsion formation corroborate results
presented in the literature, as well as the low
proportion of aqueous phase.”>*®** These
surfactant contents are necessary for an
adequate reduction in the surface tension
between the oil and the aqueous phase,
allowing the stabilization of the formulation,
besides providing the reduced droplet size, in
nanometer scale.®*
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3.3. Stability and physicochemical
analysis
The results of the physicochemical

analysis after temperature cycling for the

Vo

formulations are demonstrated in Table 1. All
7 formulations showed macroscopic stability
after centrifugation and were clear and
homogeneous. The pH values obtained
before and after the test presented a
variation range between 6.4 and 8.2.

Table 1. Physicochemical parameters for the preliminary stability study of the formulations

Preliminary Stability
Parameters Formulations
Before cycles 1MEP 2MEP 3MEP 4MEP 5MEP 6MEP 7MEP
Centrifugation N N N N N N N
pH 7.47 7.83 7.90 7.67 7.45 8.20 8.10
C‘:(’Egs;t"l")ty 651  6.41 5.93 5.48 5.32 6.00 6.82
Refractive index 1.39 1.39 1.38 1.38 1.38 1.38 1.38
Parameters
After cycles
pH 6.78 6.84 7.29 6.40 6.43 6.90 6.56
Conductivity 271 3.6 131 4.17 1.91 1.27 5.18
(uS.cm™)
Refractive Index 1.45 1.44 1.45 1.44 1.44 1.44 1.44

N= No phase separation

The assays of conductivity before the
preliminary stability showed that all ME are
oil-in-water (O / W) due to their values found
above the electrical conductivity of water (>
1.3 uS cm ). After the preliminary test,
formulations 3MEP and 6MEP presented
conductivity below 1.3, what indicated a
possible phase inversion,*®*’ therefore these
formulations were eliminated from the trials.

The physicochemical analyses of the
remaining formulations in accelerated
stability conditions are presented in Table 2.
The pH values obtained for the systems 1, 2,

4,5 and 7 MEP showed a small variation from
6.3 to 7.3. The pH value is an important
parameter of analysis, once its variation can
indicate presence of impurities, occurrence
of hydrolysis and decomposition of the
formulation, generating instability.® The pH
values determined were around 7.0 and did
not show large range variations, indicating no
degradation of the components of the
formulations. Moreover, pH values have
remained within a biocompatible range
which is ideal for formulations in the most
diverse routes of administration.*
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Table 2. Physicochemical parameters during accelerated stability

pH
Formulation Time (days)

0 30 60 90
1MEP 6.99+0.13 6.88 £ 0.27 6.58 + 0.45 6.52 £ 0.46
2MEP 6.86+0.13 6.77 £0.33 6.54+0.71 6.63 £ 0.54
4MEP 7.01+0.14 6.60 £ 0.48 6.58 £ 0.40 7.08+£0.40
S5MEP 7.19+0.20 6.87 £0.29 6.95+0.33 6.85+0.31
7MEP 7.38+0.17 7.20+0.25 6.36 £ 1.39 6.83 £0.63

Conductivity (uS.cm™)
Formulation Time (days)

0 30 60 90
1MEP 5.88 £ 0.60 4.08 +1.86 3.81+1.60 3.61+1.79
2MEP 4.88+0.61 3.76 £1.13 3.39+1.22 3.13+1.30
4MEP 4.10+1.17 236+1.14 2.77 £1.37 2.19+1.00
5MEP 4.56+1.14 2.69+1.27 245+1.31 2.36+1.19
7MEP 6.08 £ 0.56 3.21 £2.07 2.58+2.03 2.59+2.16

Refractive Index
Formulation Time (days)

0 30 60 90
1MEP 1.39+0.01 1.40 £ 0.05 1.39 £ 0.05 1.40 £ 0.05
2MEP 1.39+0.01 1.39+£0.03 1.39+0.04 1.39+£0.04
4MEP 1.39 £ 0.02 1.39+0.03 1.39+0.03 1.39+0.03
5MEP 1.39+0.01 1.39+0.04 1.39+0.04 1.39+0.03
7MEP 1.39+0.01 1.39+0.03 1.39+0.04 1.39+0.03

The formulations also presented a small changes the homogeneity of the

variation on the refractive values through
time. The values remained around 1.39 and
1.4, demonstrating constancy during the
entire trial. Determination of the refractive
index is an important physical
characterization test that relates to the
specific characteristics of each formulation,
like chain lengths and number of
instaurations of the ingredients.** The
refractive index obtained for the developed
formulations remained constant throughout
the experiment, showing that there were no

formulations. This can also be sustained by
the fact that a stable homogeneous mixture
is translucent, while an unstable and
heterogeneous mixture is turbid, unless the
components of the mixture have identical
refractive index.*

All formulations demonstrated decreasing
electrical conductivity through time, although
formulations IMEP and 2MEP remained with
values above 1.3 puS:cm™. The other
formulations (4 MEP, 5 MEP and 7 MEP)
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presented mean conductivity values near 1.3
uS-cm™* after 90 days of tests, and some even
below it, if the standard deviation values are
considered. The conductivity for formulations
4, 5 and 7 MEP presented values too close to
1.3 uS cm ! after 90 days of tests, considering
the parameter of variation within the same
groups in different temperature conditions.

These results suggest that in formulations
4 MEP, 5 MEP and 7 MEP phase inversion
occurred, indicating that only formulations
1IMEP and 2 MEP were approved on the
accelerated stability tests. Based on these
results, these three formulations showed a
tendency to phase inversion, which could
compromise their stability, fact that was not
observed in formulations 1 and 2 MEP. Thus,
only 1 MEP, which was constituted by 10% of
aqueous phase, 10% of oily phase and 80% of
surfactant mix, and 2MEP, which was
constituted by 10% of aqueous phase, 15% of
oily phase and 75% of surfactant mix,
maintained all the characteristics of stable
O/W systems and had evaluated their
rheological characteristics, light scattering
and potential antioxidant activity.

3.4. Rheological characterization

Flow and viscosity curves, as a function of
shear rate (@), were attained for the
rheological characterization. The flow curves
of the pre-selected ME formulations (1MEP
and 2MEP) were measured (Figure 2a). It was
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observed that for samples 1IMEP and 2MEP,
the flow curve began at the origin and
exhibited linear ascending and descending
behavior, indicating that these formulations
behave as newtonian fluids at 25 °C. In
addition, viscosity curves of samples passing
the test, as a function of B, are displayed in
Figure 2b. It is observed that the viscosity
values did not change as the shear rate
increases, with values between 0.20 and 0.25
Pas.

Literature reports that microemulsified
systems with a newtonian profile and linear
viscosity show stability over a long
period,’****’ being a good parameter of
evaluation and characterization of stable
systems.*” Other studies that analyzed the
stability and rheological behavior of emulsion
systems containing Span 83 and Tween 80
obtained systems with non-newtonian flow
and higher viscosity.* Researches also report
that the addition of cosurfactants and / or
oily phases may lead to a reduction in
viscosity.35

3.5. Droplet size analysis and particle size
distribution

Light scattering is a routine technique for
determining the hydrodynamic diameter of
nanostructured colloidal systems.** Droplet
size analysis and particle size distribution
attained by DLS technique for samples 1MEP
and 2MEP are displayed in Figure 3.
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Figure 2. Flow (a) and viscosity curves at 25 °C of selected Pequi oil microemulsions (MEP)

Rev. Virtual Quim. |Vol 10| |No. 2| |346-361|



Torres, M. P. R. et al.

Vo

35 -
IMEP (DH= 97,20 + 0,83)
2MEP (Dp= 80,46 + 26,44)
30 A
25 A
~~
IS
N’ 20 -
R
-5}
2
g 15-
=
Z.
10 +
5 -
O T T T T - - 1
0 50 100 150 200 250
Size (nm)

Figure 3. Droplet size distribution of selected Pequi oil microemulsions (1IMEP and 2MEP)

Our results showed that formulation
1MEP presented 97.20 nm of diameter and
standard deviation indicating small variation
in the size of the droplets, besides a PDI value
of 0.467 * 0.0310, and formulation 2MEP,
80.46 nm of diameter with a PDI value of
0.450 % 0.0219. Internal phase droplets with
extremely small sizes are characteristic of
thermodynamically stable systems if they are
formed spontaneously, but the increase of
the diameter of the internal phase usually
leads to the modification of the internal
microstructure of the system.*

3.6. Antioxidant activity

Results for the antioxidant activity of
pequi oil, as well for the control ME and the

pequi oil ME are shown in Figure 4.
Formulations 1IMEP and 2MEP presented a
significantly superior capacity of radical
sequestration when compared to the control.

The potential antioxidant activity by the
DPPH method showed that formulations
1IMEP and 2MEP presented 33.28 and
31.22%, respectively, of free radical
sequestration, showing that the activities are
distinct.

The oil incorporated in the ME presented
higher potential than the pequi oil in natura,
although it was a slight increase (3.84%)
when compared to the base formulation. The
activity of the base formulation is probably
attributed to the fact that capric and caprylic
acids have proven antioxidant activity,*
therefore the CCT potentially carries along a
part of this activity.
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Figure 4. Potential antioxidant activity of pequi oil microemulsions (IMEP and 2MEP)
compared to the control microemulsion and pequi oil, expressed as % of inhibition. Where:
Values were expressed as the mean % SD of triplicate. ANOVA: p < 0.0001 and F = 2126.2344

Several other oils extracted from seeds of
fruits from cerrado showed potential
antioxidant activity,*® highlighting this biome
as a potential source of natural products with
interesting activities.

Hamed, Sadek and Edris *’ and Chaiyana,
Phongpradist and Leelapornpisid *® analyzed
the antioxidant activity of crude oils and
microemulsions containing these oils, coming
to the conclusion that microemulsions
presented increased activities, showing that
the potential antioxidant activity of oil is
enhanced when it is carried in a
microemulsified formulation, corroborating
our results. In contrast, Kim et al. in their %
study exhibited a decrease on the antioxidant
activity in microemulsions with Melaleuca
alternifolia oil, when compared to the pure
oil. The formulations had different
components to those used in this study, what
suggests the influence of the formulation
composition on the activities.

The developed formulations showed
significant  antioxidant potential when
compared to other emulsified formulations
using isolated antioxidants,”® and control
formulations containing BHT.>

Although formulation 1MEP presented a
larger droplet diameter, it displayed a lower
standard deviation, which demonstrates a
greater uniformity in the droplets of the
system, in addition to presenting a potential
antioxidant activity that was significantly
higher than 2MEP, which would make it the
formulation of choice for later studies.

The advantage of the developed
formulations is the fact that the antioxidant
activity observed for pequi oil is related to
the presence of compounds that inhibit the
formation of free radicals, such as
carotenoids and phenols.®® This fact
associated with microemulsion systems make
it an option for the development of modified
release cosmetics and / or
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pharmaceuticals,** since it collaborates on
the bioavailability of active ingredients.

4. Conclusion

The development of ME associated with
natural compounds with potential
antioxidant activity as a vehicle for
pharmaceuticals and/or cosmetics probably
represents the greatest potentiality of these
systems, since they may increase the
bioavailability and / or activity of some drugs
and / or active ingredients.
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