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Abstract: Research on new materials for wound care plays a key role in advancing
biomaterials. The present study focused on the elaboration and characterization of
polyvinyl alcohol /chitosan (BP) membranes in a ratio of 0.2/0.8 (m/m), with the addition
of copaiba oil emulsion and silver nanoparticles (AgNPs), using the casting technique.
The nanoparticles were evaluated by UV/Vis spectroscopy and Transmission Electron
Microscopy (TEM), while the films were analyzed by Scanning Electron Microscopy (SEM),
Fourier transform infrared spectroscopy, and swelling, humidity, and contact angle. UV/
Vis findings exhibited the characteristic absorption of AgNPs. The films containing 0.5%
copaiba oil emulsion exhibited rough surfaces and few droplets. FTIR spectra indicated
the presence of caryophyllene in the membranes at 860 cm™. The samples demonstrated
high fluid absorption capacity, with the BP membrane presenting the highest average
hydrophilic contact angle (74.53° in PBS). The humidity content of the BP with 0.5 mL of
copaiba oil and AgNPs (BP/AgNPs-0.5) membrane was considerable, with an average of
90.24 %. The results indicate that the BP/AgNPs-0.5 films have great potential for wound
care applications.
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INTRODUCTION

The search for materials for biomedical
applications, especially in wound treatments,
has grown substantially in recent decades, due
to the need to develop products that promote
efficient and safe healing, reducing infections
and accelerating the recovery process (Tu et al.
2022, Rodrigo-Navarro et al. 2021, Montoya et al.
2021, Savencu et al. 2021). Among the biomaterials
studied for this purpose, is the use of natural
and synthetic polymers stands out, such as
polyvinyl alcohol (PVA) and chitosan, which have
favorable properties for application in dressings.
In addition, the incorporation of bioactive and
antimicrobial components, such as essential

oils and AgNPs, can leverage the treatment of
infections, due to their antimicrobial properties
(Lima & Passos 2021).

Polyvinyl alcohol (PVA) is a synthetic
polymer widely used in the biomedical field
due to its biocompatibility, water solubility,
and ability to form films and gels with good
mechanical properties and tensile strength
(Mallakpour & Mansourzadeh 2018). Chitosan,
derived from chitin found in crustaceans, is
one of the most investigated biopolymers in
biomedical applications. Its antimicrobial and
healing properties have been widely studied,
making it an excellent option for application
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in wounds (Rinaudo 2006). In combination
with PVA, chitosan not only improves the
mechanical strength of the final material but
also adds bioactive properties, contributing to
the reduction of the proliferation of pathogenic
microorganisms in open wounds (Park et al.
2022).

The addition of AgNPs to polymeric matrices
has also been shown to be an effective strategy
for fighting infections. AgNPs are known for their
potent antimicrobial properties against a wide
range of bacteria and fungi, being effective even
against antibiotic-resistant strains (Bruna et al.
2021, Hamad et al. 2020, Jaswal & Gupta 2023).

Copaiba oil, extracted from trees of the
Copaifera genus, is widely recognized for its
medicinal properties, especially in traditional
medicine in tropical regions of Latin America.
Its chemical composition rich in sesquiterpenes
and diterpenes is responsible for many of its
beneficial effects, including anti-inflammatory,
antimicrobial, and healing action (Paranhos
et al. 2022, Debone et al. 2019). Research
on new dressing formulations with metallic
nanoparticles and oil emulsions is scarce
in the literature. These studies may reveal
unprecedented and important information
for the academic community, boosting the
investigation of treatment alternatives that have
grown in recent decades (Ronaldo Silveira 2022).

In addition to its relevance in the academic
field, the search for new materials for dressings
also has a strong social justification due to
the high cost of treating wounds. Each type of
wound requires a specific form of treatment, so
there are different types of dressings available.
Nevertheless, most of these products have a high
cost, making it difficult for the most vulnerable
population to access these treatments (Zhang et
al.2020) Lee & Lin (2022) developed a biomaterial
composed of PVA/Chitosan nanoparticles, which
showed therapeutic efficacy in the treatment
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of wounds in diabetic rats. This biomaterial
presented ionic and sensitive properties,
offering functions such as antibacterial, anti-
inflammatory, and cell growth promotion,
confirmed by in vitro tests (Lee & Lin 2022).
NeSovic et al. (2019) investigated chitosan/PVA
materials with silver nanoparticles (AgNPS),
highlighting their excellent physicochemical
properties and increased fluid absorption.
Biological analyses indicated that the material
was non-toxic and demonstrated antimicrobial
activity against Staphylococcus aureus and
Escherichia coli (NeSovic et al. 2019).

However, there are still gaps in knowledge
about wound healing and the appropriate
materials for each type of wound. Studies
exploring the junction between polymers,
copaiba oil, and silver nanoparticles are
needed. Thus, this study aimed to obtain and
characterize polymeric membranes based on
chitosan (CS), poly(vinyl alcohol) (PVA), copaiba
oil emulsions, and AgNPs, for potential use in
the treatment of wounds. The membranes were
produced by the casting method and analyzed
in terms of morphology, degree of swelling,
moisture content, and contact angle, in addition
to being examined statistically.

MATERIALS AND METHODS

Materials

The description of the material used in this
study is presented in Table I.

Copaiba oil emulsion preparation

The synthesis of the emulsions was carried out
using 40 mL of distilled water,2 mL of polysorbate
80, and 2 mL of Copaiba oil. The polysorbate was
dissolved in the oily phase (copaiba oil) and
subsequently added to distilled water, with the
mixture under magnetic stirring for 20 min. The
experiment was based on the methodologies
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Material
Chitosan

PVA
Glacial acetic acid

Sodium hydroxide solution

Copaiba oil

Tween 80 (Polysorbate)

MEMBRANE WITH COPAIBA OIL FOR APPLICATION IN WOUND

Table I. Description of the materials used in the synthesis of membranes.

Description
CAS (Chemical Abstracts Service): 9012-76-4

Maximum 0.5% of others
Pure, molecular weight 60.05 g/mol

Pure, molecular weight 40 g/mol
Viscous liquid, yellowish color, characteristic wood
odor, density: 0.912 g/ml, refractive index: 1.5; Absence
of acidity level (mgKOH/g) and insoluble in water
Chemical Abstracts Service (CSE): 9005-65-6

99% silver nitrate.

Supplier

Sigma Aldrich (Sao
Paulo, Brazil)

ACS cientifica
Scientific Exodus
Scientific Exodus (Sao
Paulo, Brazil)

Amazon Oil (Belem, Para,
Brazil)

Scientific Exodus (Sao
Paulo, Brazil)

Sigma-Aldrich - Brazil

Silver nitrate (AgNO,)
Sodium Citrate

PBS (Phosphate Buffered
Saline)
reported in the literature (Sugumar et al. 2015,
Paranhos et al. 2022), with some adaptations.

Synthesis of Silver Nanoparticles (AgNPs)

Initially, 125 mL of a TmM silver nitrate solution
was heated in an erlenmeyer flask until boiling.
Then, 5 mL of 1% (m/v) sodium citrate solution
was added, at a rate of one drop per second,
the solution remained boiling until a pale-
yellow color was obtained. The erlenmeyer
with the particles was cooled under stirring in
a thermostatic bath at 22°C. This methodology
was based on a previous study (AraGjo et al.
2021).

Preparation of membranes

The membranes investigated in our study were
obtained by solvent casting method, according
to the following description. A solution with 0.2 g
chitosan, 0125 mL of acetic acid, 0.8 g of PVA, and
100 mL of distilled water was obtained by 24 h
of stirring at 90 °C. After this step, the previously
determined volume of copaiba oil emulsion was
added, with the final mixture remaining stirred
for 20 min. After this procedure, 10 mL of AgNPs

Tribasic Sodium Citrate Anhydrous PA 500g

Room temperature storage

ACS Scientific (Sao
Paulo, Brazil)

ACS Scientific (Sao
Paulo, Brazil)

suspension was added and the final mixture
was stirred for 30 min. For the membrane
formed by only chitosan, a chitosan solution
was obtained by adding 1 g of chitosan, 1 mL of
glacial acetic acid, and 100 mL of distilled water,
with stirring for 24 h at room temperature (RT).
The PVA membrane was obtained by adding 1
g of PVA to 100 mL of distilled water, with the
solution stirred at 90 C for 10 min. The solutions
were placed in petri dishes and dried in an
oven at 30°C. The membranes were removed
from the petri dishes and neutralized with 0.2%
(m/v) sodium hydroxide solution for 2 h. After
neutralization, the membranes were dried for
24 h at RT. The methodology used to obtain the
membranes is shown schematically in Figure 1.1n
a summarized way, the acronym and description
of the samples are presented in Table Il.

Characterization

UV-Vis

Spectrum for AgNPs, in the UV-vis region, was
obtained with the model CHEN2000-UV-vis
spectrophotometer from Ocean Optics Inc,
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Figure 1. Experimental flowchart of the samples.

using quartz cuvettes with an optical path of 1
cm. The measurements were carried out in an
aqgueous suspension of AgNPs, distilled water
was used as a reference.

Fourier transform infrared spectroscopy (FTIR)

The films were analyzed by FTIR and, as a pre-
treatment, the samples were dried at 60 °C
for 24 h. The infrared spectra of the required
samples were obtained by attenuated total
reflectance (ATR), using a Thermo spectrometer,
model Nicolet iS50 FT-IR, in the spectral region
of 4000-400 cm™, at 100 scans and resolution of
8 cm™. Data acquisition was performed using the
OMNIC software.

Scanning Electron Microscopy (SEM)

Morphological analysis was performed by SEM
using a Tescan-Vega 3 analytical microscope
(Kohutovice, Czech Republic) equipped with
a 5 kV field emission electron source. Before
observation, the samples were cut with liquid
nitrogen, mounted on a metal smear, and coated
with a thin layer of gold palladium.

Polyvinyl alcohol

N
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OB~

Blends

OH

(-

Mixing the solution

Drying

Transmission electron microscopy (TEM)

The micrograph was obtained using a Jeol
electronic microscope, model JEM-2100, with
a voltage of 200 kV. The micrograph was
transferred to Image ) software, version 1.51n
(National Institute Health, New York, NY, USA) for
particle size measurement.

Degree of intumescence

Membranes were previously weighed and
immersed in water and PBS for different time
intervals (1, 2, and 3h). After each period, the
samples were removed and cleaned with
absorbent papertoremove excess liquid adhered
to the surface. The degree of intumescence (Di)
was calculated as:

Di = [(Mi-Mf) /Mf] X 100% (1)

Di: is the degree of intumescence (%); Mi:
Initial mass before intumescence (g); Mf: Final
mass after intumescence (g).
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Table II. Abbreviation and description of the membranes.

Abbreviation
CS
PVA
BP

BP/AgNPs-0.1
BP/AgNPs-0.5

Contact angle

To evaluate the hydrophilicity of the membranes,
the sessile drop method was used by applying
a drop of distilled water to the samples of
the synthesized membranes. The images were
captured by a camera and transferred to Image
J software, version 1.51n (National Institute
Health, New York, NY, USA) for measuring the
contact angle.

Humidity test

The percentage of humidity (%U) of the
membranes was determined by the gravimetric
method through the initial mass (Mi) and the
final mass (Mf) after 24 h at 105 °C, according to:

%U = [(Mi-Mf) /Mi] X100% (2)

%U = percentage of humidity;
Mi: Initial sample mass (g); Mf: Final sample
mass (g).

Statistical analysis

The data obtained for the films were investigated
to verify possible statistically significant
differences. The measurements were analyzed
by analysis of variance (ANOVA) using the
Duncan’s test with a significance level of 5% (p
< 0.05).

MEMBRANE WITH COPAIBA OIL FOR APPLICATION IN WOUND

Description
Chitosan
PVA
Chitosan + PVA

Chitosan + PVA + 2 mL of emulsion (polysorbate + copaiba oil + distilled

water) + 10 mL of AgNPs

Chitosan + PVA + acetic acid + 10mL of emulsion (polysorbate + copaiba

oil + distilled water) + 10 mL of AgNPs

RESULTS AND DISCUSSION
Characterization of AgNPs

UV/Visible (UV/Vis) of AGNPs

In figure 2, the results of UV/Vis spectroscopy
for AgNPs are presented. It is possible to infer
that AgNPs exhibited a characteristic absorption
band for Localized Surface Plasmonic
Resonance (LSPR), centered at 426 nm in the
UV/Vis spectrum. The presence of this band is
attributed to surface electron density. The LSPR
band is indicative that there are free electrons in
the conduction band of small metallic particles
(NeSovic et al. 2019). This result indicates the
formation of silver particles in nanometric
dimensions.

TEM of AgNPs

Figure 3 presents the AgNPs as well as their
average particle size, obtained from 50
measurements to calculate the average particle
size. Figure 3a shows the presence of spherical
and agglomerated particles. Complementarily,
the means particle size measurement was
performed, resulting in an average of 50.937
nm + 6.394 (Figure 3b). In addition, a cluster of
nanoparticlesis observed, on a nanometric scale
there is a tendency for agglomeration due to the
energy surface resulting from reduced domains
(NeSovic et al. 2019). These findings confirm
the presence of a nanometric material and the
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Figure 2. Absorption spectrum in the UV-vis region for
AgNPs.

success of the synthesis method employed to
obtain AgNPs.

Characterization of membranes

SEM

Figure 4 presents the surface morphology of the
membranes. CS and PVA displayed a smooth
surface (Figure 4a-b). Forthe BPadense structure

MEMBRANE WITH COPAIBA OIL FOR APPLICATION IN WOUND

was found as shown in Figure 4c. In contrast, for
the membranes BP/AgNPs-0.1 and BP/AgNPs-0.5,
dispersed droplets were detected on their
surfaces, with a notable increase in the number
of droplets for the BP/AgNPs-0.5(Figure 4d-e).
These results were assigned to the presence
of copaiba oil emulsions. This behavior can be
attributed to the presence of hydroxyl groups
and primary amines, which confer polarity to
the membranes, resulting in repulsion between
BP and copaiba oil emulsions, consequently
decreasing miscibility (Mata et al. 2022, Antunes
et al. 2021, Lamarra et al. 2020). Thus, the SEM
images show a non-homogeneous surface for
membranes BP/AgNPs-0.1 and BP/AgNPs-0.5
with drops randomly distributed in the BP matrix.
This behavior is attributed to the immiscibility
between BP and the oil phase.
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Figure 3. Micrograph of AgNPs (a), and average particle
size (b).
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Figure 4. SEM images for (a) CS, (b) PVA, (c) BP, (d) BP/AgNPs-0.1, and (e) BP/AgNPs-0.5.

FTIR

FTIR spectra were acquired to evaluate the
vibrational modes of the membranes. FTIR
spectra for the membranes are provided in
Figure 5. CS shows a broad band at 3738 -3317
cm™ resulting from the stretching of hydroxyls
(O-H), originating from the polymer and
adsorbed water (Figure 5a). A band at 2939 cm”
corresponds to the C-H stretch, and the band
at 1717 cm™ is attributed to the N-H stretching.
Furthermore, the band in the range of 1420-1236
cm™ is assigned to the CH, functional group. The
range of 1086-834 cm™ is associated with C-O-C
(-0 C-C bonds, arising from the polysaccharide
structure (Sobreira et al. 2020, Braz et al. 2018,
Rodrigues et al. 2018). Figure 5a also presents
the spectrum of PVA, this spectrum shows
an absorption peak at 3740 cm™, which refers
to intermolecular hydrogen bond and O-H

stretching vibration (Kalantari et al. 2020). The
band at 2365 cm™ is associated with alkyl C-H
stretching, while the peak at 1636-1557 cm™is
attributed to C=0 stretching (NeSovic et al. 2019).

BP membrane showed the presence of a
broad band around 3738 cm™, which corresponds
to stretching and deformation vibrations of the
OH group derived from PVA and CS (Figure 5b).
While the band at 1636 cm™is attributed to the
C=0 stretching, the band at 1555 cm™ refers to
the presence of an amino group from CS. At
approximately 1420 cm” the presence of CH,
occurs, and the band at 1022 cm™ corresponds
to the presence of the -C-O-C group ( NeSovic
et al. 2019). For BP/AgNPs-0.1 a band at 2933
cm™ presents greater intensity about the BP
sample, indicating the interaction of AgNPs
with the polymeric network and the presence
of aliphatic CH (NeSovic et al. 2019). The band
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Figure 5. FTIR spectra for (a) CS and PVA; and (b) BP/
AgNPs-0.1 e BP/AgNPs-0.5

at 1285 cm™ corresponds to the presence of the
C-0O functional group derived from carboxylic
acids from copaiba oil. The appearance of a
band at 840 cm™ indicates a strong interaction
with caryophyllene molecules from copaiba oil,
as reported by Paranhos et al. (2022). For BP/
AgNPs-0.5 a band at 1740 cm™ is assigned to the
carboxylic groups of copaiba oil (Norcino et al.
2020), and the presence of CO-C from phenolic
groups, is visualized at 1103 cm™. In addition,
the band at 860 cm™ evidences the presence
of caryophyllene in the membrane (Norcino
et al. 2020). The FTIR spectra for membranes
BP/AgNPs-0.1 and BP/AgNPs-0.5 exhibit the
characteristic vibrational modes of their
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components and also indicate the formation of
interactions between AgNPs and the polymer
matrix.

Degree of Intumescence

Figure 6a-b shows the degree of intumescence for
the membranes in distilled water and phosphate
saline buffer solution (PBS) as a function of
time. For each membrane, three replicates were
performed. The intumescence results were
evaluated by the amount of distilled water/PBS
absorbed over time. PVA membranes, after being
immersed in distilled water/PBS, disintegrated,
without conditions for analysis. Regarding CS
in the presence of distilled water, there was an
increase in the degree of intumescence in the
first two hours (49.91 + 0.62 to 73.45 + 3.53) and
a posterior increase in the last hour of the test
(146.42 + 25.23) (Figure 6a). For the BP membrane,
the degree of intumescence in distilled water
showed a similar behavior after two hours
(84.80 + 1.63 to 84.80 + 9.46) and an increase for
three hours (115.85 + 7.68) (Figure 6a). While BP/
AgNPs-0.1 had an increase after three hours of
immersion (110.33 + 12.38). BP/AgNPs-0.5 showed
a significant increase during two hours, and a
reduction after three hours (Figure 6a).

CS showed a reduction in PBS for two hours
(66.37 £ 2.96 to 31.44 + 1.99) and an increase after
three hours (63.62 + 512). For BP, a slight increase
for two hours was observed (70.02 + 1.91 to 84.80
+1.63). While, BP/AgNPs-0.1 in PBS fluid provided
a higher growth for three hours (124.54 + 20.91).
However, BP/AgNPs-05 showed a significant
increase in absorption after three hours (57.05 +
2.43,1hour; 62.09 + 2.76, 2 hours; to 128.41 + 540, 3
hours) (Figure 6b). By the results achieved after
the immersion in distilled water and PBS, the
highest values for the degree of intumescence
were 124.54 + 20.91 for BP/AgNPs-01. (distilled
water), and 128.41 + 540 for BP/AgNPS-0.5 (PBS)
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after three hours. Table 1 shows the degree of
intumescence for all membranes available.

The BP/AgNPs-01 exhibited stability in water
and PBS. The BP/AgNPs-0.1 and BP/AgNPs-0.5
membranes offered a higher absorption, this
may be linked to the insertion of AgNPs, which
can induce a greater intumescence (Suflet et
al. 2021). It is noteworthy that the interaction of

An Acad Bras Cienc (2026) 98(1)

polymer chains with AgNPs or by the solvation
of nanoparticles alters the absorption of water
molecules. Furthermore, structures with higher
percentages of copaiba oil (BP/AgNPs-0.5) hinder
diffusion, generating greater tortuosity in the
system (Hajji et al. 2019). In general, analyzing
all samples, BP/AgNPs-0.5 in PBS stands out
due to the higher percentage of swelling in
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PBS, and the PBS has a pH similar to that of
the skin (Paranhos et al. 2022). These findings
reveal that the integrity of the BP/AgNPs-01 and
BP/AgNPs-0.5 membranes is preserved after 3
hours of insertion in water and PBS. They also
reveal the capacity of fluid absorption by these
materials, which is desirable for wound healing.

Contact angle

The values for the contact angle are contained
in the bar graph (Figure 7a-b). This technique
was performed three times for each sample
at room temperature. For this analysis, two
different fluids (distilled water and PBS), were
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Figure 7. Contact angle in (a)distilled water, and (b)
PBS. Means with the same letter have no statistically
significant difference (Duncan’s test, p < 0.05).
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used to obtain more details about wettability.
The results obtained for CS showed a minimal
difference between distilled water (69.28 + 0.45)
and PBS (66.63 + 0.05). However, for the PVA
membranes, a greater difference between the
fluids was determined, with a lower value in
distilled water (62.50 + 0.07), and a highervaluein
PBS (71.32 + 0.83). BP membranes showed similar
values in distilled water (71.36 + 0.16), and in PBS
(7453 + 0.16). BP/AgNPs-0.1 provided a significant
reduction in the contact angle in distilled water
(41.31 + 0.07) and PBS (48.73 + 0.06). However,
when analyzing the BP/AgNPs-0.5, a difference
in values is observed with a higher contact
angle in distilled water (55.41 + 0.02) than in PBS
(5049 + 013). Table 2 shows the contact angle of
membranes.

According to Severo et al. (2022) wettability is
divided into certain categories: superhydrophilic
samples with contact angles smaller than
40°, hydrophilic samples between 40 and 90°,
hydrophobic samples between 90 and 120°, and
superhydrophobic samples with angles greater
than 120°. Ferreira et al. (Ferreira et al. 2022)
describe that ideal dressings should have a
contact angle <90° due to their greater ability to
absorb exudates from the wound. Comparing our
findings with the literature all the membranes
had contact angle values, in the range of 40
to 90°. Thus, the hydrophilic character of all
membranes is noted (Mhatre et al. 2021). Our
results for the contact angle support the use
of BP/AgNPs-01 and BP/AgNPs-0.5 as dressings
due to their hydrophilic nature, which favors the
absorption of fluids such as those exuded from
wounds.

Humidity

Figure 8 shows the humidity (%) of the
membranes. For this analysis, three replicates
were performed for each sample. The CS
presented a lower humidity when compared to
the PVA. These results can be explained by the
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factthatchitosan films have deacetylated groups,
which spontaneously aggregate to hydroxyl and
amino groups, characterized by a strong affinity
with water molecules, however, this mutual
influence seems to be less hydrophilic than PVA.
On the other hand, the hydrophilic nature of PVA
is attributed to the hydroxyl groups that promote
humidity absorption (Severo et al. 2022).

For the BP membrane, there was a reduction
in the humidity when compared to BP/AgNPs-0.1
and BP/AgNPs-0.5. We can relate these results
to the lack of addition of emulsion and AgNPs,
making absorption difficult (Severo et al.
2022, Mhatre et al. 2021). Similar results were
obtained by Alvarenga et al. (2020) in their work
with the addition of copaiba oil, directly and
microencapsulated. In this context, membranes
with emulsions and AgNPs, in particular
(0.5% v/v), should be preferred in obtaining
biomaterials for wound treatment because they
have a high humidity (%). Thus, the humidity
results associated with those found for the
contact angle and intumescence reveal the
promising character for the use of BP/AgNPs-0.5
as a dressing for wound healing. In addition,
BP/AgNPs-0.5 has additives in higher content
with antibacterial potential. Table 3 shows the
humidity of membranes.

MEMBRANE WITH COPAIBA OIL FOR APPLICATION IN WOUND

Polymeric membranes were successfully
developed using the casting method, with
potential for application in wound treatment.
These membranes were shown to be suitable
for different types of exudative wounds, with the
BP/AgNPs-0.5 formulation being more suitable
for wounds with greater exudate production.
The analysis of the structure revealed interfacial
matrices with favorable porosity and contact
angle, in addition to improved fluid absorption,
directly influenced by the oil concentrations.
The results suggest that the presence of
copaiba oil in the polymeric matrix may favor
the healing process. However, additional studies
like MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, a tetrazole) assay
and antimicrobial (antibacterial and antifungal)
testing, required to validate the biocompatibility
and effectiveness of these membranes as
potential biomaterials.

CONCLUSIONS

e Polymeric blends were manufactured with
CS, PVA, copaiba oil emulsion, and AgNPs.

e UV-Vis spectrum for AgNPs showed the
behavior of metallic nanoparticles.

 TEMimage showed the presence of spherical
particles in nanometric dimensions.

e SEM findings revealed a porous and smooth
surface for membranes with and without
copaiba oil emulsion, respectively.

e FTIR results showed the insertion of new
bands after the insertion of copaiba oil
emulsion and AgNPs when compared with
the control samples of CS and PVA.

e In addition, the swelling showed good fluid
absorption for the fluids (distilled water and
PBS), which are essential for application in
dressings. Contact angle tests demonstrated

An Acad Bras Cienc (2026) 98(1) €20250065 11| 14
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that the BP film has a greater hydrophilic
character in PBS and PVA in distilled water,
which is indicative of a strong interaction
between these materials and the fluids. The
percentage of humidity was influenced by
the copaiba oil emulsions and AgNPs.

e Our findings demonstrate that BP/
AgNPs-0.5 membranes are recommended
for application in the treatment of wound
healing. Because they have characteristics
that compose a biomaterial, such as
absorption capacity, fluid retention, and
hydration capacity, more studies are needed
on these materials, mainly in vitro and in
vivo investigations.
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