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ABSTRACT

Formulations containing chitosan incorporated with methanolic fraction of Euphorbia umbellata (Pax)
Bruyns, Euphorbiaceae, were studied aiming future applications of this new material as medicine. In
order to investigate potential interactions between chitosan and the methanolic fraction (10, 50 and
100% in relation to the amount of chitosan) physicochemical characterization was performed by scan-
ning electron microscopy, density, differential scanning calorimetry, thermogravimetry, X-ray diffraction,
Fourier-transform infrared spectroscopy and colorimetry techniques. The phenolic compounds released
from the chitosan membranes were evaluated using the Folin-Ciocalteau quantification method; antiox-
idant and antimicrobial activity were also studied. Increasing amounts of the methanolic fraction added
to polymeric matrix produced different numbers of pores on the surface of the membranes, changes in
the calorimetric, spectroscopic and crystalline properties as well as color changes, when compared to
the inert membrane. These changes can be attributed to chemical interactions that occurred between the
structure of the chitosan and the phenolic compounds present in the studied fraction. The matrix samples
incorporated with 50 and 100% of the methanolic fraction presented different release profiles of pheno-
lic compounds from the membranes (controlled manner) and promoted antioxidant and antimicrobial

activity.
© 2018 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Farmacognosia. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Introduction

Chitosan has gained growing interest recently because it is a
promising natural substance that can be used in the biomedical field

Chitosan is a biodegradable, biocompatible, non-toxic polymer,
with a cationic and hydrophilic character. It is composed of the lin-
ear monomer units (1,4)-2-acetamido-2-deoxy-D-glucopyranose,
and 2-amino-2-deoxy-D-glucopyranose (Dias et al., 2013). Its sol-
ubility in water occurs in acidic medium due to the protonation of
the amino group in the second carbon atom of glucosamine (Senel
and Mcclure, 2004). It is characterized by containing three different
functional groups in its structure: amine, acetamide and hydroxyl.
The amine grouping has a cationic character that favors its ability
to interact or react with different compounds (Abdel-Rahman et al.,
2016).
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and in the chemical, pharmaceutical and food industries (Abdel-
Rahman et al., 2016). Due to the great capacity of accelerating
wound healing, chitosan has been widely used for the topical treat-
ment of wounds (Coqueiro and Di Piero, 2011; Abdel-Rahman et al.,
2016).

Chitosan is capable of stimulating cellular proliferation and
migration; providing proteins for healing; strengthening the for-
mation of tissue; acting as a barrier against microorganisms;
minimizing skin deformation; stimulating natural blood coagu-
lation; absorbing fluids (exudates); guiding the reorganization of
the cellular histoarchitecture of wounds; and blocking nerve end-
ings, thereby reducing pain (Freitas et al., 2011; Prichystalova et al.,
2014; Benhabiles et al., 2012).

The polymeric characteristic of chitosan allows it to gener-
ate porous structures that can be used in the formulations of
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dressings and controlled-release drug products such as mem-
branes, nanoparticles and microspheres (Denkbas and Ottenbrite,
2006; Dias et al., 2013). The membranes are prepared by evapo-
rating a chitosan dispersion that is dispersed in acetic acid on a
support, which results in the formation of a flexible and resistant
film (Leceta et al., 2013; Wang et al., 2013). Chitosan membranes
associated with other polymers and incorporated with different
substances such as antibiotics, have beneficial effects in the control
of infection and promotion of wound healing (Bernkop-Schniirch
and Diinnhaupt, 2012).

Phenolic compounds are a group of substances with different
degrees of chemical complexity, which have the ability to neutral-
ize reactive oxygen species (ROS) and have antioxidant activity that
is often related to a wide range of biological effects (Quideau et al.,
2011). Recent studies have reported a strong correlation between
the amount of phenolic compounds present in plant extracts and
their biological activities (Timmers et al., 2015; Nadpal et al., 2016).
Some studies have evaluated the addition of plant extracts that
are rich in phenolic compounds to chitosan membranes in order
to explore the biological benefits of this mixture (Martel-Estrada
et al, 2015).

Euphorbia umbellata (Pax) Bruyns, (synonymous: Synadenium
grantii Hook. f., Synadenium umbellatum Pax, Synadenium umbel-
latum var. puberulum), is popularly known in Brazil as janaiiba
and leitosinha and has been used in folk medicine for its anti-
inflammatory, anti-ulcer, homeostatic and angiogenic properties.
Previous ethnopharmacological studies have demonstrated the
antioxidant and anti-inflammatory activities of stem bark extracts
and have related these effects to the presence of phenolic com-
pounds. Additionally, data shown that crude bark hydroalcoholic
extract of E. umbellata (CBE) and its methanolic fraction (MF) did not
cause gastric lesions (300 mg/kg/day, oral administration, 5 days
(CBE), or 200 mg/kg, oral administration, single dose (MF)) or renal
and hepatic function changes (100 mg/kg/day, oral administration,
5 days) revealed by serum biomarkers (urea, creatinine, glutamic
oxaloacetic transaminase, glutamic pyruvic transaminase). Fur-
thermore, no changes in animal behavior (food or water intake),
weight or organs (macroscopic evaluation of the liver, spleen, kid-
neys)were observed with the doses evaluated (Munhozet al.,2014;
Minozzo et al., 2016).

Thus, this study purposes the development of chitosan mem-
branes incorporated with the methanolic fraction of E. umbellata
extract as well as their physicochemical characterization and
release profile, antioxidant potential and microbiological activity
evaluation aiming future applications of this new formulation as
topical treatment of wounds.

Materials and methods

Botanical identification of plant material and obtaining the
extract and fractions

The plant material (Euphorbia umbellata (Pax) Bruyns, Euphor-
biaceae) was collected in the region of Ponta Grossa (Brazil),
altitude: 975 meters, latitude: 25°05’38” S, longitude: 50°09'30” W.
Avoucher specimen was prepared and sent to the Herbarium of the
Municipal Botanical Museum of Curitiba (# 363509). The stem bark
of this plant species was cut and submitted to drying at room tem-
perature for 14 days. The dry material was milled and then 334 g
was mixed with a hydroalcoholic solution (30:70 water:ethanol,
v/v)ataratio of 1:5 (w/v). This mixture was homogenized for 8 days
for exhaustive extraction (solvent exchanged every 2 days). The
resulting solution was collected, filtered, concentrated, lyophilized
and stored under refrigeration (4 °C) until the moment of use (70 g
of dried crude extract (CE), yield of 21%, w/w). Fractions were

obtained by extraction in a Soxhlet apparatus and 40.32 g of CE
of E. umbellata was mixed with 20.16 g of kieselgel 60 silica (35-70
mesh, Merck® ), which was conditioned in a filter paper bag and
sealed. This material was extracted using a gradient of increas-
ing polarity (hexane, chloroform, ethyl acetate and methanol (PA,
Synth® )). The volume of the liquid extractant used for each solvent
was 750ml and the extraction time was 24 h. The solvents were
completely removed under reduced pressure and low temperature
to obtain a viscous material; subsequently, water was added to the
concentrate extracts and freeze-dried. Finally the lyophilized mate-
rials (powder) that were obtained were stored under refrigeration
(4°C) for further analysis. The yield of the fractionation/dry process
was as follows: 1.67% for the hexane fraction; 5.46% for the chloro-
form fraction; 0.84% for the ethyl acetate fraction; and 92.03% for
the methanolic fraction.

Determination of total phenolics

The analysis of the total phenolic content of the hexane frac-
tions (HF), chloroform fraction (CF), ethyl acetate fraction (EAF)
and methanolic fraction (MF) was performed according to the
Folin-Ciocalteau method. The crude extract and the fractions were
re-suspended in their respective solvents at a concentration of
20 mg/ml. Aliquots of 500 pl were added to 10 ml flasks and the
final volume was adjusted with their respective solvents at a
concentration of 1mg/ml; then 200wl of these dilutions were
transferred to the test tube and combined with 7 ml of distilled
water and 0.5ml of Folin-Ciocalteau reagent (Dinﬁmica® ). After
305, 2.5ml of 10.6% sodium carbonate solution (w/v, PA, Biotec®)
was added. The tubes were homogenized and placed in a water
bath at 50 °C for 5 min. After this period, the tubes were cooled and
the readings were performed using a spectrophotometer (Genesy
10S UV-Vis, Thermo Scientiﬁc®) at 715nm (Munhoz et al., 2014).
The blank was prepared in the same way as the samples, replacing
the fractions by distilled water. The analytical curve was obtained,
in triplicates, with standard solutions of gallic acid (98% purity,
Merck®) at concentrations of 50, 100, 200, 400, 600 and 800 p.g/ml.
The results were expressed in mg of gallic acid per g of sample.

Preparation of chitosan membranes

A chitosan solution (Sigma—Aldrich® /medium molecular weight
(190-310Da) and 75-85% degree of deacetylation) was prepared
at a concentration of 1.5% (w/v) in 1% (v/v) acetic acid solution
under constant agitation for 60 min. The material was subsequently
filtered in sterile gauze and was added to 0.1% filtered sodium ben-
zoate. It was homogenized for 20 min and then 1.5% of PEG 400
(w/w) and 0.2% of Tween 80 (w/w) were added, maintaining agita-
tion for a further 20 min (ultrasound bath). The pH of the solution
was adjusted to 5.5. From this solution, 7.5g was poured into a
plastic support (60 x 15 mm Petri dishes) and placed in an oven at
55°C (£5°C) for 4h, to dry. After this period the supports were
cooled in a desiccator and the membranes that had been formed
were removed from the support, packed and sealed in plastic pack-
age (IM - inert membrane). For the membranes containing MF,
the preparation steps were the same, but different percentages of
freeze-dried MF (10% (M10MF), 50% (M50MF) and 100% (M100MF)
in relation to the amount of chitosan) were added to the solution of
PEG 400 and Tween 80, stirred, and subsequently spilled over the
chitosan solution that was prepared as described above. A phys-
ical mixture (PM) of the components of the eligible formulation
was prepared and used in the experiments. All membranes (packed
and sealed) were stored for 72 h at a controlled environment (des-
iccator) before physicochemical analysis. For color measurements
membranes were stored for 0, 7, 14, 21 and 28 days in the same
conditions.
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Characterization of chitosan membranes

The membranes were characterized regarding their morphol-
ogy, porosity, density, thermal properties, crystallinity, color and
chemical interactions. All analyses were performed in triplicate.

Scanning electron microscopy (SEM)

The morphological evaluation of the samples was performed by
aVega3 (Tescan® )scanning electron microscope. The samples were
examined at an acceleration voltage of 5kV. Magnifications up to
2500 were obtained. The membranes were coated with Au-Pd by
the sputtering process.

Density

The densities of the membranes were measured by a AY220 bal-
ance (Shimadzu®) coupled with a density kit. The weights of the
samples in air (m) (dried samples), and also immersed in a liquid of
known density (mg) at room temperature, were used to determine
the density. The procedure was based on the Archimedes principle
and density value was calculated by the equation described below
(Song et al., 2014):

m
T m—mg

Pc PF (1)

where pp=0.672 g/cm3 - 25°C (Hexane, PA, Vetec” ).

Differential scanning calorimetry (DSC) and thermogravimetric
analysis (TGA)

The DSC and TGA analyses were performed using LabSys Evo
DSC/DTA (Setaram®) equipment. A heating rate of 10°C/min in
argon atmosphere (flow rate of 20 ml/min) was employed for all
the samples. An amount of 7 mg of each sample was conditioned in
hermetically sealed aluminum crucibles at a temperature range of
20-550°C.

X-ray diffraction (XRD)

The XRD measurements of the membranes were performed
using an Ultima IV X-ray diffractometer (Rigaku® ) at room temper-
ature using CuKe (A=1.54A) at 40mA and 40kV. The scattering
range was 26 from 5° to 60° and the scanning speed was 2°/min.

Fourier-transform infrared spectroscopy (FTIR)

The functional groups, and possible variation between them,
were assessed by the FTIR technique using IR-Prestige 21
(Shimadzu®) equipment in the range of 4000-500cm~! with
32 scans/min and 4 cm~! of resolution. The membranes were mac-
erated with dry KBr (spectroscopic grade, Sigma—Aldrich®) at a
ratio of 1:50 ratio by weight and then the pellets were prepared
under a pressure of 80 kN.

Color measurements

The color values of the membranes were determined using
a Cary 50 UV-Vis (Varian®) spectrophotometer equipped with
a diffuse reflectance probe (Barrelino). The scale used for these
measurements was the CIELAB L*a*b*: L*=0 (black) to L*=100
(white), —a* (greenness) to +a*(redness), and —b* (blueness) to
+b*(yellowness). The samples were placed upon a white plate
with standard values of L*=96.15, a*=0.12 and b*=-1.75. With a
standard D65 light source and standard 2° observer, the L*a*b* coor-
dinates were calculated using Color (Varian®) software. The color
value changes related to storage time were measured on different
days. The total color difference (AE*) was determined (Wang et al.,
2013) as follows:

2 2 2
* * I * _at i _ p*
AET = \/ (Lstandard Lsamp]es) + (astandard asamples) + (bstandard bsamp]es) (2 )

Chromatographic evaluation (LC-MS) of compounds in the MF of
Euphorbia umbellata and membranes

The chromatographic profile of MF, the material that was
released from IM, and the membranes incorporated with 10%, 50%
and 100% of the fraction, were obtained using a previously pub-
lished chromatographic condition (Minozzo et al., 2016).

In vitro total phenolic release profile

The release studies were performed according to the Alves et al.
(2016) method with adaptations. A quantity of 10 ml of distilled
water (pH=6.8, room temperature) was added to each membrane
(diameter: 60 mm, thickness: 105.50 +1.48 pm), and after each
time interval the fluid was collected, lyophilized and stored until
the analysis. The volume collected (10 ml) was suitable replaced
on the plate. For the tests, the lyophilized samples were solubilized
in MeOH (PA, Synth® ). The analysis was performed according to
the Folin-Ciocalteau method and the samples were analyzed by
UV-Vis spectrophotometer at 715 nm. Total phenolic concentra-
tions were calculated using calibration curves based on absorbance
versus previously designed concentrations (Minozzo et al., 2016).
The membrane samples (IM, M10MF, M50MF and M100MF) were
tested in triplicate and the aliquots were collected at 0, 1, 2, 3, 4,
6 and 8 h of assay. The corresponding release profiles were repre-
sented by plots of the total phenolics that were released (mg gallic
acid/g membrane extract) versus time. Mathematical models were
applied to verify the mechanisms of drug release from the mem-
branes, thus, in vitro drug release data were tested to fit (SigmaPlot
software, version 10.0) Zero Order, Weibull and Korsmeyer-Peppas
release kinetic models, in order to identify the one which presented
the best adjusted coefficient of determination.

Zero order kinetics:

Qr = Qo + Kot (3)

where Q is the amount of drug dissolved in time t, Qg is the initial
amount of drug in the solution (most times, Qg =0) and Kj is the
zero order release constant.

Weibull:

%D =100 [1 — e~(t/TD)/P] @

where %D =dissolved percentage, b=shape parameter, TD: time
interval necessary to release 63.2% of the drug.
Korsmeyer-Peppas:

%D = kt" (5)

where k = constant incorporating structural and geometric charac-
teristic of the carrier, n is the release exponent, indicative of the
mechanism of the drug release.

Antioxidant activity

Samples were obtained by applying the same procedure
described in “in vitro total phenolic release profile” assay. For
the tests, the lyophilized samples were solubilized in MeOH (PA,
Synth® ). Membrane samples (M10MF, M50MF and M100MF) were
prepared in triplicate for each time of analysis and the results that
were obtained were discounted from the results observed for the
inert membranes (IM) at the same sampling time. The aliquots
were collected at 0, 4, 8, 12 and 24 h of assay and the negative
control was also performed with MeOH (without samples). The
results were expressed as the concentration that inhibits 50% of
the absorbance reading for the in vitro assays (ICsg). The IC5q val-
ues were determined by plotting the inhibition percentage versus
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the final concentration of each sample. This inhibition (%) was cal-
culated as:

(ABScontrol - ABSsample)
ABSconTRrOL

Inhibition (%)= * 100 (6)

Inhibition expresses the oxidant amount scavenged by each
sample. ABSqntro) i the absorbance of the solution containing only
the radical or reactive species and ABSs,mpje is the absorbance value
of the mixture of MF or quercetin solution and radical or reactive
species. The absorbance measurement of both the control and the
samples were followed by a blank (reaction medium without the
oxidant).

DPPH* scavenging action:

The scavenging activity of the samples was tested in
relation to 60 wM of DPPH* (2,2-diphenyl-1-picryl-hydrazyl,
Sigma—Aldrich® ), which was solubilized in absolute ethanol
(Synth® )(Mietal., 2003). The reaction medium was composed of 1,
5,10, 20, 50, and 75 .l aliquots of sample and 300 .l of the DPPH*
solution. The volume was completed with ethanol to 1000 w.l. The
mixture was incubated for 15 min at room temperature and pro-
tected from light. Activity was observed in terms of the decrease in
absorbance at 531 nm. The reading was performed using a pQuant
plate reader (Biotek® ).

ABTS** scavenging action

The cationic ABTS** radical [2,2-azinobis (3-ethylbenzthiazoline
sulfonic acid-6)] (Sigma—Aldrich®) was initially prepared by react-
ing 5 ml of ABTS aqueous solution (7 mM) with 88 .l of potassium
persulphate (2.46 mM at room temperature and protected from
light for a period of 12 to 16 h before use) (Mohamed and Wilson,
2012). Prior to the assay, the ABTS** solution was diluted with
10 mM of sodium phosphate buffer (1:20, v/v). Aliquots of 1, 5, 10,
20, 50, and 75 .l of the samples were added to Eppendorf tubes,
along with 300 1 of ABTS** reagent, and the volume was com-
pleted to 1000 w1 of reaction medium. The samples were incubated
for 15 min, protected from light at room temperature ad read at
734 nm using a wQuant plate reader (Biotek® ).

Antimicrobial activity

Agar diffusion

The membranes (IM, M10MF, M50MF and M100MF) were
assessed in relation to pure colonies of Escherichia coli (ATCC
25922), Staphylococcus aureus (ATCC 25923), Pseudomonas aerugi-
nosa (ATCC 27853) and Candida albicans (ATCC 90028), which were
derived from recent cultures (18-24 h). Miieller-Hinton agar, in pH
that was adjusted to 5.5 and 7.2, was used for the bacterial growth
and amikacin was used as positive control. Miieller-Hinton agar
containing 2% glucose and 0.5 pg/ml of methylene blue was used
for the analysis of C. albicans (Chao, 2008), and 0.12% chlorhexi-
dine was used as positive control. Saline solution (0.85% NacCl, w/v)
was used as negative control. The inoculum was standardized in
direct colony suspension equivalent to 0.5 of the McFarland scale
(1x108 CFU/ml bacteria; 1x108 CFU/ml fungi) (Siripatrawan and
Harte, 2010). The membranes were cut into 5 mm diameter disks
(thickness: 105.50 +1.48 pm), and placed on the inoculated agar
(Tripathi et al., 2008). For the MF analyses disks with 5 mm diam-
eter were impregnated with 60 g, 300 pg, 600 g, 1200 g and
2400 g, and placed on the inoculated media. The plates were incu-
bated at 35 4+ 2 °C, ambient air, for 24 h. After the incubation period,
the plates were observed regarding the homogeneity of growth
and the formation of growth inhibition zones. The diameter of the
halo was determined and inhibition halos larger than 8 mm were
considered positive (Prashanth et al., 2002).

Determination of the minimum inhibitory concentration (MIC)

The samples were obtained according to the procedure
described in “in vitro total phenolic release profile” assay. The MIC
method was performed in 96 well plates. The microorganisms
were grown in Miieller-Hilton broth for 6 h. After this period, in
order to obtain the final concentrations of 1.5, 1.0, 0.5, 0.25 and
0.125 mg/ml of released compounds from the membrane, aliquots
of each sample (6 mg/ml) were added to each well, which con-
tained 10 .l of microorganisms and the volume was completed
with Miieller-Hinton broth up to 200 p.l. The culture medium and
the microorganism were prepared as negative and positive controls
respectively. After 24 hincubation at 35 4 2 °C, ambient air, the MIC
of each sample was determined by quantifying the optical density
in a wQuant plate reader (Biotek®) at 630 nm, comparing the data
obtained for the samples and the nutrient medium (negative con-
trol). The lowest concentration of the samples capable of inhibiting
microbial growth was regarded as the MIC (Zhang and Kosaraju,
2007).

Statistical analysis

The experimental data were expressed as mean + standard devi-
ation (SD) or mean + standard error of the mean (SE). The data from
the color and antioxidant analyses were assessed by analysis of
variance (ANOVA) and Tukey’s test. The data were analyzed using
Origin 9.0 software with a 5% significance level (p <0.05). The linear
correlation tests were performed using the Statistica 8.0 program
(StatSoft Software” ).

Results and discussion

In order to obtain a chitosan membrane incorporated with plant
extract rich in phenolic compounds, as well as providing adequate
homogeneity, resistance to manipulation (pelled from the casting
plates), release of compounds, antimicrobial, and antioxidant activ-
ities, the phenolic compound content in the fractions (n-hexane,
chloroform, ethyl acetate and methanol) from the bark CE of E.
umbellata was initially quantified. UV-vis spectrometry was used
for this purpose and three analytical curves of gallic acid (50, 100,
200, 400, 600 and 800 pg/ml) with adjustments in the assessed
range (r =0.9986) were determined.

The MF (318.64 4+ 0.64 mg/g of fraction, expressed in gallic acid)
showed higher total phenolic values when compared with the other
evaluated fractions. These data were consistent with those pub-
lished previously, which evaluated the MF of E. umbellata (using the
LC-MS technique) and which confirmed the majority presence of
phenolic compounds in this material, including gallic acid, ellagic
acid and flavonoids (Minozzo et al., 2016). Another study which
assessed the extract of the bark of this species using HPLC-DAD
determined that the material was rich in phenolic compounds such
as flavonoids (Munhoz et al., 2014). Other species of Euphorbia have
presented phenolic compounds in their extracts, which confirm the
data obtained in the present study. More than 84% of the phenolics
identified in extracts of Euphorbia supina were glycosylated deriva-
tives of flavonoids (Kittur et al., 2003). Similarly, a study of the most
polar fractions (methanolic and acetonic) of the species Euphorbia
tirucalli showed the presence of total phenolic compounds (Zhang
and Zhao, 2015).

Thus, the MF was selected to be evaluated as the active
component of a chitosan formulation. Experiments were initially
conducted to decide the excipients and their concentrations in the
formulation, as well as the adequate preparation mode, which are
presented in Table 1.

During membranes development process, authors observed that
the PEG 400 (plasticizer agent) added to the formulation increased
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Table 1
Factors evaluated in the process of the development of chitosan membranes.

Factor Material Criteria evaluated
Chitosan Medium molecular 1%, 1.5%, 2%, and 3%
weight (wfjw)
(Sigma-Aldrich®,
448877)
Low molecular weight 1% (w/w)

(Sigma-Aldrich®,

448869)
Extract/fraction Methanolic fraction 10%, 30%, 50%, 80%,
(freeze-dried) 100%, and 110% (w/w)?
Excipients Sodium benzoate 0.1% (w/v)
Glycerin 0%, 2%, 3%, 4% and 5%
(wiw)?*
PVP 5% (wjw)?
TWEEN 80" 0.2% (w/w)?
PEG 400 1.5% (w/w)?
Acetic acid 1%, and 2% (v/v)
Form Petri dishes Glass
Plastic
Casting Time (h) 1,4,6,and 18
Temperature (°C) 65, 60, and 55
Wash Sodium hydroxide 4°C, and room
solution 2% (w/v) temperature
Distilled water 4°C, and room
temperature

2 Relation to the amount of chitosan.

the resistance to manipulation (pelled from the casting plates) of
the membranes (product). Furthermore, the addition of this excipi-
ent to the formulation was required to form pores in the membrane,
as well as it has been described in some studies (Siripatrawan and
Harte, 2010; Wang et al., 2013). Consequently, the authors con-
cluded that this component was important for the product and the
expected release profile.

It was also realized that the addition of Tween 80 helped into
the complete solubilization of MF in the membrane formula, since
the authors observed that the extract was not completely soluble
in the formulation. In order to solve this problem, the addition of
surfactant was proposed, in accordance with some previous stud-
ies (Rubilar et al., 2013). These two components (Tween and PEG
400), as well as the other excipients of the proposed formulation,
were added in the same amounts for all samples. Once all parame-
ters were evaluated, the best components had been chosen for the
formulation, and the most appropriate preparation mode had been
selected to obtain homogeneous membranes (lack of apparent pre-
cipitation), and allowing adequate manipulation, the membranes
were prepared and the physicochemical characterizations were
performed.

Fig. 1 presents the morphology of the membranes prepared
with different proportions of MF in plastic support. Super-
ficial pores could be observed on the surface of the inert
membrane (with average diameters of around 1wm) (Fig. 1A)
and the same behavior was observed in the sample with 10%
of MF (Fig. 1B). For the M50MF and M100MF membranes
(Fig. 1C and 1D), was observed an increased superficial pore
size (around 2pwm). These different morphological properties
must be related to the variation in the relative difference in
the solubility parameter between the MF content, the chitosan
and the solvent (Epure et al, 2011) since the same solvent
(acetic acid) was used for the preparation of all the mem-
branes. Considering Hansen’s three component definition (Ad),
which contributions of dispersion forces (éd), dipolar interac-
tions (8p) and hydrogen-bond capacity (8h) describe the behavior
of A4, it is able to conclude that the addition of MF into
the chitosan membrane can induce interactions between the

amino groups of chitosan and the oxygen present in the phe-
nolic compounds in the MF, thereby increasing the éd, §p and
Sh values (Epure et al., 2011; Rubilar et al, 2013). As AS
values increase, the chitosan network fails to retain its individu-
ality and undergoes aggregation into open clusters, widening the
voids between the subunits and resulting in larger pores (Banerjee
et al.,, 2002).

The hypothesis that the phenolic compounds extracted fitted
into the polymeric matrix by a hydrogen interaction, or covalent
bonding with intermolecular amino groups of chitosan, also can
help to explain the results observed for the density test. Although
the effect of the MF addition on the density was not significantly
(p<0.05), density of the membranes still slightly increased with the
enhancing of MF amount (Table 2) (Siripatrawan and Harte, 2010;
Wang et al., 2013).

The interaction between the previously proposed polymeric
matrix and the compounds presented in MF were confirmed by
the DSC and TGA results (Fig. 2A and B). The first phenomenon
that was observed was a wide endothermic event with a peak
temperature in the 70-100°C range. Peak temperatures for all the
samples, as well as the enthalpy energy (AHenq4,) Of this transi-
tion are listed in Table 2. This transition was attributed to the
evaporation of bound water. How it is well known, polysaccha-
rides usually have a strong affinity for water and this hydration
property depends on the primary and supra-molecular structures.
Furthermore, the presence of bound water also has a strong influ-
ence on the overall polymorphic nature of the macromolecules
(Ramos-Tejada et al., 2002). The decrease in AH,pq, with increas-
ing MF content is indicative that the chemical interactions were
altered, since the amino groups of chitosan can interact with the
oxygen molecules present in the MF compounds and are less avail-
able to form bonds with water molecules. This phenomenon was
observed in a chitosan matrix loaded with catechin (Torreggiani
et al., 2008).

The second event showed an exothermic transition at 270°C, as
well as enthalpy energy (AHexo) variation between samples. This
transition was only observed for IM and M10MF samples; whereas
M50MF and M100MF samples showed a AHey, that was not sig-
nificant. This difference in the thermal characteristic reinforces the
proposal of regarding the interaction between the amine groups
of chitosan and the phenolic compounds in the MF (Curcio et al.,
2009; Siripatrawan and Harte, 2010).

Fig. 2B shows the TGA results, in which two decomposition steps
can be observed. The first degradation stage was at ~100°C with a
mass loss of 18% for IM and 12% for M100MF, which was attributed
to the evaporation of water contained in the polymer. The sec-
ond stage occurred at ~120-450°C, which was attributed to the
dehydration of the saccharide rings and the depolymerization and
decomposition of the acetylated and deacetylated units in the sam-
ples (Peniche et al., 1992; Zhang and Zhao, 2015). The amount of
remaining polymer at 550 °C for the different samples is shown in
Table 2. The M100MF and M50MF samples had higher remaining
amounts, with a solid residue of approximately 22% of the initial
mass. Because the same amounts of sample were added in the TGA
experiment to avoid systematic errors, and the chitosan used in
the sample preparation possessed the same degree of acetylation,
it can be inferred that higher amounts of water were present in
the IM and M10MF samples. This reinforces the data obtained by
DSC, which showed higher AH,,4, values for the latter two sam-
ples compared with the M50MF and M100MF samples (covalent
and hydrogen interactions between the polymeric matrix and the
phenolic compounds decrease the affinity of chitosan membranes
toward water) (Siripatrawan and Harte, 2010) (Table 2). Further-
more, the increase in the solid content in the formulations (M50MF
and M100MF samples) could have contributed to the results that
were obtained.
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Fig. 1. Morphology of membrane surfaces evaluated by scanning electron microscopy with different extract concentrations. (A) IM, (B) M10MF, (C) M50MF, and (D) M100MF.

Table 2
Density of chitosan membranes incorporated with MF, and thermal data obtained by DSC/TGA techniques.
Sample Density (g/cm?) Thermal data Residual mass (%)
Endothermic transition Exothermic transition
Position (°C) AHepdgo (MW/mg) Position (°C) AHexo (MW/mg)
M 1.25 + 0.02° 733 98.42 269.91 6.02 18.00
M10MF 1.30 £ 0.022 69.4 94.03 272.59 5.87 18.00
M50MF 1.35 £ 0.032 65.1 77.15 256.48 0.62 21.00
M100MF 1.44 + 0.04° 61.4 78.85 251.97 0.80 23.00

Values represent the mean =+ standard deviation of the replicates. One-way ANOVA followed by Tukey’s post-test. Two values followed by the same letter in the same column
are not significantly different (p <0.05) through the Tukey's multiple range test.
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Fig. 2. (A) DSC results for M100MF, M50MF, M10MF and IM (highlighting the temperature range: 20-350°C); (B) mass loss curves for M100MF, M50MF, M10MF and IM.
DSC and mass loss curves were performed in the temperature range of 20-550°C.

Fig. 3A presents the X-ray diffraction patterns of the IM sample, the halo located at 20° was attributed to the regular crystal lattice
which showed a diffraction pattern with two halos centered of chitosan (Zhang et al., 2006; Epure et al., 2011; Rubilar et al.,
at ~8° and ~20° (Fig. 3A). The first halo was attributed to the 2013). The samples with increasing levels of MF content showed
integration of water molecules in the crystal lattice (form I), and a decrease in the intensity and displacement of the crystalline



B.M. Lemes et al. / Revista Brasileira de Farmacognosia 28 (2018) 433-443 439

200
100 —IM
0 1 1 L L 1 ]
10 20 30 40 50 60
— 100
2 s —— M10MF
~ G y
n 0 | 1 1 1 f |
2
g 10 20 30 40 50 60
o 150
O 100 ‘ —M50MF
50 e "
0 1 1 1 L T ul
150 10 20 30 40 50 60
100 e — M100MF
50 . vt L T
g TRV
0 ! " 1 1 ! N i X i
10 20 30 40 50 60
26(°)

Fig. 3. X-ray diffractograms of: IM, M10MF, M50MF, M100MF samples, highlighting
the decrease in the intensity and displacement of the crystalline halo centered at
~20°. Analysis conditions: scattering range was 26 from 5° to 60° and the scanning
speed was 2°/min.

halo centered at ~20° in the chitosan membrane. This decrease
in intensity can be attributed to enhance the intermolecular
interactions between chitosan polymer chain and polyphenolic
compounds of MF, and was previously described by Siripatrawan
and Harte (2010) (Fig. 3B). Furthermore Vieira and Beppu (2006)
also described a decrease in the halo intensity due the presence of
compounds between the chitosan chains, decreasing the packing
characteristic and enhancing the amorphous nature of the chitosan
membrane.

Fig. 4A presents the FTIR spectra for all studied samples, as
well as the physical mixture of chitosan and MF for compar-
ing. As the IM spectrum shows, the broad band centered at
~3400cm™! corresponded to combined peaks of OH, NH stretch-
ing and intramolecular hydrogen bonding. The band centered at
~2900cm~! was attributed to the C—H stretching of the polymer
backbone (Ferreira et al., 2014). The NH; scissoring vibration of
the primary amide was observed at 1559cm~!. The 1460 cm™!
was due to the CH, bending and was related to the rearrange-
ment of the hydrogen bonds in an orientation more favorable to
the —OH groups in chitosan, 1350cm~!, which is related to the
axial deformation of CN in the amino groups, 1093 and 1031 cm™!
(skeletal vibrations involving the C—O stretching), which are char-
acteristic of the chitosan saccharide structure. Regarding MF: the
broad band centered at 3390cm~! was attributed to the —OH
stretching; the 2927 cm~! was —CH stretching; the 1712 cm~! was
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C=0 grouping of carboxylic acid; 1627 cm~! was aromatic ring
stretching; 1400-1000 cm~! was attributed to C—O stretching from
phenol; and CO—C was attributed to bending and C—OH stretch-
ing (Kasaai, 2008; Mayachiew and Devahastin, 2010; Ferreira et al.,
2014).

An important change that was observed in the membranes with
MF was the new narrow band at 1715cm~!, which was attributed
to an ester linkage that may have been related to the more intense
interaction of the chitosan matrix and MF (Fig. 4B) (Mayachiew
and Devahastin, 2010). It was also possible to observe a band at
~1660cm~!, which was related to the stretching of the C=0 of
amide grouping. These observations may suggest an interaction
between the amine groups of chitosan and the acid groups of the
phenolic compounds (particularly gallic acid and ellagic acid) in MF
(Fig. 4B).

Similarly, the color data regarding IM, and the membranes with
different concentrations of MF measured at different times proved
that there are interactions between the chitosan and the com-
pounds present in MF. The results were expressed according to the
CIELAB scale (Supplementary Material).

The increase in the concentration of MF added to the mem-
branes resulted in a change in coloration of the membranes to a
darker brown color. The values for a*, b*, L* and total color (AE)
for the different evaluated membranes showed significant hetero-
geneity among samples and statistical differences (p < 0.05, Tukey’s
test).

Regarding storage time, it was observed that the membranes
with the highest incorporated concentrations of MF experienced
a higher degree of darkening over time. Studies have shown that
chitosan membranes incorporated with extracts containing phe-
nolic compounds showed similar behavior (Mohammed-Ziegler
and Billes, 2002; Quideau et al, 2011; Kanatt et al, 2012),
and the characteristic of the darkening of phenolic compounds
added to polymer matrices has also been highlighted in other
studies (Soares et al., 1997; Leceta et al., 2013; Alves et al.,
2016).

The alteration of a*, b* and AE with storage time could indi-
cate that the samples possessed a higher reducing end content
or less steric hindrance in line with increasing MF content. This
may have been due to the condensation of amine groups (from
chitosan) with carboxylic groups (from MF). Phenolic compounds,
such as gallic acid, contain carboxylic groups, which could inter-
act with chitosan according to the reaction described above. This
interaction explains the DSC results, which demonstrated that
the higher the MF content, the lower the hydration of the mem-
brane. This interaction was also supported by the XRD and FTIR
results.
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Fig. 4. (A) Infrared spectra of different membranes containing MF (M100MF, M50MF and M10MF), of physical mixture (PM), of methanolic fraction (MF), and of inert
membrane (without MF, IM). The dashed vertical lines mark the IM bands and the continuous vertical lines mark the MF bands (analysis conditions: range of 4000-500 cm~!
with 32 scans/min and 4cm~! of resolution). (B) highlighting the wavenumber range: 500-2000cm~".
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Fig. 5. In vitro release of total phenolic compounds from M50MF and M100MF
samples (n=3) performed according to the Folin-Ciocalteau method.

After the physicochemical characterization of the membranes
incorporated with different concentrations of the MF, and the
qualification of the compounds present in this fraction, the next
step was to determine the quantification of phenolic compounds
released from the membrane, as well as the antioxidant and
antimicrobial potential of this material. Although numerous stud-
ies have assessed the antioxidant and antimicrobial activity of plant
extracts that are rich in phenolic compounds (Pellegrini et al.,
1998), few have evaluated the antioxidant potential associated
with the capacity to release extracts from polymeric materials
(Pfaller et al., 2004). The analysis of the material released from the
membranes incorporated with different amounts of MF presented a
chromatographic profile that was similar to that previously
reported for the methanolic fraction of E. umbellata (Minozzo et al.,
2016).

Studies have shown that phenolic compounds, like those
derived from catechol nucleus, hydrolysable tannins and gallotan-
nins such as those present in the MF, have been featured in research
because of the variety of biological actions that they perform (Silva
etal., 2011; CLSI, 2016).

The amount of total phenolic compounds released from the
chitosan matrix showed different profiles of these substances
according to the concentration of MF added to the membrane
formulations. For the M50MF sample, a fast release of the total
phenolic compounds in the first hour of the test was observed
(137.01 +£4.54 mg/g, 42.99%) and the release of the phenolic com-
pounds was controlled, reaching a plateau (210.74 +3.83 mg/g,
66.14%) after 4 h.

The release of phenolic compounds from the membranes with
100% MF (M100MF) demonstrated a different behavior when
compared with the M50MF sample. The amount of phenolic com-
pounds released was slower, and in the first hour only 4.43%
(14.114+0.67 mg/g) was released from the membrane. However,
there was a controlled profile during the test, releasing 81.29%

Table 3

(259.04 +£9.18 mg/g) at the end of 8 h, although a plateau was not
observed during this time (Fig. 5).

The membranes were analyzed using three models in order to
better characterize the release profile of phenolic compounds with
a high degree of correlation; it was observed that the compounds
were released by different mechanisms according to their levels in
the membrane (Table 3) (Costa and Lobo, 2001). Using the Weibull
model, the results of the regression analysis indicated that the
release of phenolic compounds from the membrane was satisfac-
torily described by this model. The results showed that the release
of the phenolic compounds from the M50MF sample occurred by
Fickian diffusion (b values lower than 0.75), which is characterized
by a high rate of water diffusion to the polymeric matrix and a low
rate of polymeric relaxation.

Furthermore, as it is shown in Table 3, the b value for the
M100MF sample was greater than 1.0, indicating that the release of
phenolic compounds occurred by a complex mechanism in which
several processes occurred simultaneously.

The Korsmeyer-Peppas model also demonstrated that the
release of phenolic compounds from the M50MF sample occurred
by diffusion (n<0.5), and in the case of the M100MF sample it
occurred by super case-II transport mechanism, which indicates
that the release of phenolic compounds occurred by both swelling
and diffusion - (n > 1, Table 3). It was observed that the higher pro-
portion of phenolic compounds in the M100MF sample reduced the
rate of release due to the interaction between the phenolic com-
pounds and chitosan. This interaction results in smaller amounts
of hydrophilic groups in the polymer matrix, showing a decrease in
the active compounds diffusional path and a consequent delay in
the release rate.

Drug dissolution from pharmaceutical dosage forms that do not
disaggregate and release the drug slowly (assuming that area does
not change and no equilibrium conditions are obtained) can be rep-
resented by the Zero Order Kinetics. As it is possible to observe in
Fig. 5 and Table 3, only sample M100FM showed correlation with
this model and the membrane followed this release profile (same
amount of phenolic compounds by unit of time, with the exception
of the initial period - first 2 h of release) that is the ideal method
of drug release in order to achieve a pharmacological prolonged
action.

Thus, the different release profiles of the samples may have been
due to the interactions between the amine groups of chitosan and
the carboxyl groups of the phenolic compounds. The M50MF sam-
ple (which contained a lower quantity of phenolic compounds than
the M100MF sample) presented a lower level of chemical inter-
action, allowing a higher hydration of the chitosan matrix, with
consequently more control of the phenolic compounds released
by the polysaccharide. On the other hand, the M100MF sample
presented higher levels of chemical interaction between chitosan
and the phenolic compounds, causing a reduction in membrane
hydration and reducing the amount of compounds released at the
beginning of the test. High levels of interaction also reduce the abil-
ity of the chitosan to control the release of phenolic compounds,
which usually occurs after polysaccharide hydration and swelling.

R? adjusted values and exponent release n and b of the release of phenolic compounds from the membranes when fitted to Zero order, Korsmeyer-Peppas and Weibull
models. Calculations performed according to equations reported by Costa and Lobo (2001).

Sample Mathematic Model
Korsmeyer-Peppas Weibull Zero Order
RZ n Mechanism RZ b Mechanism RZ .
adj adj adj
M50FM 0.9876 0.3422 Fickian diffusion 0.9965 0.4930 Fickian diffusion 0.8008
M100FM 0.9857 1.2516 Super case-II transport 0.9984 1.4248 Complex mechanism 0.9781

Rgdj - adjusted coefficient of determination; n — exponent release; b - indicative of release mechanism.



B.M. Lemes et al. / Revista Brasileira de Farmacognosia 28 (2018) 433-443 441

Table 4
Inhibitory potential of chitosan membranes impregnated with methanolic fraction
of E. umbellata.

Sample pH  C albicans S. aureus P. aeruginosa E. coli
(mm) (mm) (mm) (mm)
IM 72 0 0 0 0
55 0 0 0 0
M10MF 72 0 0 0 0
55 0 0 8 0
M50MF 72 0 0 0 0
55 0 7.5 10 0
M100MF 72 7 0 0 0
55 6.5 13 10 0
Positive control 7.2 17 24 31 30
55 22 23 33 30
Negative 72 0 0 0 0
control 55 @ 0 0 0
MF? 72 0 9 7 6
55 0 10 7 8

@ Disks containing 1200 p.g of MF.

These results may reinforce the data discussed previously. The
amount of total phenolics released from the M10MF sample was
very small and was not quantified.

The antioxidant activity of the MF released from the chitosan
membranes was evaluated and the M50MF and M100MF mem-
branes had higher levels of antioxidant activity (up than 70%)
compared to the M10MF membrane and the inert membrane (IM).
After 24 h of the experiment, all the evaluated samples showed
no increase in the % of inhibition. The DPPH* test results were
consistent with the data obtained by ABTS**. The determina-
tion of the ICsg of the membranes incorporated with methanolic
fraction of E. umbellata for the DPPH* and ABTS** tests showed
higher antioxidant potential for the M100MF samples (DPPH* ICsq:
280 +20 pgml~! and ABTS** IC50: 273 + 6 g ml~!). This result was
replicated in the other samples, which showed higher ICs5g values
as the concentration of extract was decreased in the membranes.
The M10MF membrane presented values of 29.31% inhibition of
DPPH* and 37.5% for ABTS** (it was not possible to calculate the
ICs5p for these methodologies). The IM sample showed no inhibi-
tion in relation to the two tested radicals, which was expected. The
results showed statistically significant difference (p <0.05, Tukey’s
test) at times of 0 and 24 h for both tests. The ICsq for the MF
released from the samples was lower than the value observed
for the non-incorporated fraction, suggesting that phenolic com-
pounds were not immediately released from the membranes, at
least under the tested conditions, and confirming the previous
data (Table 3).

Kanatt et al. (2012) evaluated the antioxidant activity of chi-
tosan membranes incorporated with pomegranate extract and mint
extract at different times and found that they showed an increase in
antioxidant activity over time, reaching approximately 80% inhibi-
tion in 24 h. Similarly, Mayachiew and Devahastin (2010) evaluated
the antioxidant activity of chitosan membranes incorporated with
Indian gooseberry extract and found that the scavenging activity of
the radicals occurred quickly in the first 8 h of the experiment and
more steadily during a second period between 8 and 24 h of the
experiment, which corroborates the data obtained in the present
study.

The microbial inhibition by the M10MF, M50MF and M100MF
membranes occurred in a concentration-dependent way. It was
also possible to determine the inhibition of microbial growth (S.
aureus and P. aeruginosa), especially at a pH of 5.5 (higher exclu-
sion zone area: 13 mm), when compared to the controls (positive
control - higher exclusion zone area: 33 mm, negative control - no
presence of exclusion zone). The inhibition of cell growth occurred

not only in the peripheral zone of the disk but also on the disk
area, making it possible to predict that the pH of 5.5 may have
facilitated the spread of the compounds from the formulation to
the agar (culture medium) (Table 4). This result was interesting
because this pH mimics the physiological condition of the pH of
inflamed skin, indicating that in these conditions there would be
greater release of the compounds to the skin, with a consequent
development of antimicrobial actions (Nascimento et al., 2000). It
was also observed that the inert membrane (IM - blank sample) did
not present inhibition of microbial growth. Microbiological activ-
ity was possibly not observed in relation to the IM sample because,
as described by Goy et al. (2009), for chitosan acts as an antimi-
crobial agent it is necessary that this polymer is solubilized in the
media so that it can act properly. The MIC results for the tested
load membrane samples confirmed that none of the tested samples
showed activity in relation to E. coli, and the value of 0.125 mg/ml,
mainly for S. aureus, was determined. MF presented values of the
MIC of 0.125 mg/ml for S. aureus and 1 mg/ml for E. coli (was not
possible to determine the MIC values of MF to P. aeruginosa and C.
albicans).

As the dimensions of the membranes did not vary statistically
the amount of MF present in the samples can explain the higher
amount of phenolic compounds released from the membranes with
100% MF, and the best antioxidant and microbial results obtained
for this sample.

This study demonstrated that an active membrane from chi-
tosan could be achieved by incorporating a fraction rich in phenolic
compounds (MF from E. umbellata). The addition of increasing
amounts of MF changed some physicochemical characteristics of
the chitosan matrix due to the presence of higher amounts of phe-
nolic compounds. These changes were confirmed by FTIR, DRX,
SEM, DSC and TGA analyses and they made possible to conclude
that the interactions between the amine groups of the chitosan
matrix and the polar compounds present in the phenolic frac-
tion were responsible for the changes. The analyses of color and
density corroborated the data obtained by the previous physico-
chemical analyses. Although an interaction occurred between the
chitosan matrix and the polar compounds of the MF, the release
study proved that the active compounds were suitable controlled
released from the matrix but via different mechanisms. This release
profile allowed the chitosan-MF membranes to show antioxi-
dant and antimicrobial activity in a concentration-dependent way.
These characteristics suggest the great potential of the obtained
matrix to be used as medicinal membrane; however, several fur-
ther studies need to be performed before using this new material
for future applications as medicine.
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