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Nano-Formulation for Cutaneous Wound Healing
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The present paper describe the production and characterization of novel collagen films containing propolis
encapsulated in chitosan nanoparticles, for biomedical applications such as cutaneous wound healing.
Structural and morphological details were investigated by ATR FTIR spectroscopy, SEM and nanoindentation
measurements, revealing the collagen fibers aligned in a quasi-parallel distribution, which might be favorable
for biomedical applications. Moreover, the vibrational marker bands of propolis were well preserved in the
final polymeric mixture, indicating the stability of bioactive compounds upon the encapsulation procedure.
The antibacterial effect depends on the nanoparticles concentration in collagen film, the effect being more
evident with respect to E. coli than S. aureus. The antioxidant capacity monitored by CUPRAC assay, indicated
a synergic effect of chitosan nanoparticles matrix and propolis extract, incorporated in collagen films.
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Wound healing is a complex process, chronic wounds
typically taking longer than 3 months to heal, including
different processes such as inflammation, epidermal
restoration, wound contraction and remodeling. It has been
demonstrated that platelets activation, cytokines secretion,
macrophages, fibroblasts and keratinocytes are the most
important active factors to promote wound closure and
formation of new tissue [1]. Collagen is the most abundant
protein in the human body, playing a major role in the wound
healing processes, as it is surface-active and capable of
penetrating a lipid-free interface [2]. Previous studies
demonstrated that exogenous collagen is more
biocompatible than other natural polymers, being highly
biodegradable, nontoxic, consisting of fibers with high
tensile strength and stability via cross-linking and self
aggregation [3, 4]. Collagen-based wound dressings have
long been used in the form of sheets, films and membranes,
in wound healing and tissue engineering, to cover burn
wounds and treat ulcers [3, 5-7]. On the other hand, the
blend of biopolymers, such as chitosan and collagen, have
gained attention for successful and relevant applications
as wound dressings due to their potentially beneficial
biological properties, such as vehicles for the sustained
release of pharmaceuticals, especially growth factors [8]
or slow release of encapsulated drugs [9]. Chitosan is a
good candidate for encapsulation, being widely used as a
drug carrier for many possible routes of administration [10,
11], due to his non-toxicity, biocompatibility, biodegradability, and antibacterial activity. As a natural
antibiotic, antifungal, antiviral and antiinflammatory agent,
propolis extract can be used to improve some biological
mechanisms involved in wound healing (e.g.
epithelialization) [12]. Due to special phenolic compounds
and high flavonoid content, which may vary according to
the source and origin, propolis is a well known
antimicrobial, but also recommended for his antioxidant
activity [13]. Given the low sensitivity rates for commonly
used antimicrobial agents and the occurrence of resistant
multidrug strains, propolis nano-formulations might offer
favorable alternatives to commonly used antibiotics [14,
15]. As presented in literature, the administration of
phenolic and flavonoid compounds requires special

formulation, with the aim to protect and maintain the
structural integrity of the compounds, concomitant with
the increase of its water solubility and bioavailability [16].
Micro and nano encapsulation techniques are available,
using polymers of natural or synthetic origin, or lipids [17,
18] the resulted products being widely used in the food
technology, pharmaceutical and cosmetic industries,
biomedical and sensor industries. In the light of recent
developments in the wound management field, the aim of
our work was to prepare and to investigate the structural,
morphological and antibacterial properties of novel
collagen film with chitosan nanoparticles entrapping
propolis extract, as an advanced and eco-friendly wound
dressing device.
Experimental part
Production of collagen films with chitosan/propolis
nanoparticles incorporated
Collagen type I from bovine Achilles tendon and chitosan
(medium molecular weight, deacetylation degree >75%),
were purchased from Sigma-Aldrich. Preparation of
chitosan nanoparticles entrapping propolis extract was
reported in our previous work [18], using an eco-friendly
method. Briefly, a mixture of propolis extract and Arabic
gum was added gradually, by vigorous stirring, to chitosan
solution, and then, glutaraldehyde cross-linking agent was
injected by syringe, under continuous stirring, allowing
nanoparticles formation. The nanoparticles were separated
from the suspension by centrifugation in vortex, at 4000
rpm, filtrated, washed with distilled water and freeze- dried.
The obtained chitosan/propolis nanoparticles were
characterized by DLS (Dynamic Light Scattering) and AFM
(Atomic Force Microscopy), showing the maximum
percentage of size distribution at around 120 nm (data not
shown here).
In order to prepare the films, collagen was dissolved in
0.1 M acetic acid solution to obtain a protein concentration
of 2 % (w/v). Collagen solution was completely solubilized
by heating at 80oC for 30 min, concomitant with magnetic
stirring at 400 rpm. Finally, a precise quantity of powder
chitosan/propolis nanoparticles was added to the collagen
solution, respectively 100µg/mL and 200µg/mL, by
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continuous stirring until homogenous mixture was
obtained. The films were cast onto a glass plate and the
solvent was volatized using compressed air jets, at room
temperature. The films were kept in a sandwich system,
between two glass plates, manually pressed.

Structural and morphological characterization of the films
The films were investigated by FTIR (Fourier Transform
Infrared Spectroscopy) in the range 400-4000 cm-1, using
Spectrum BXII spectrophotometer (Perkin Elmer),
equipped with ATR accessory (ZnSe crystal), at scanning
speed of 32 cm -1 and spectral width 2.0 cm -1. The
morphological details of the films were observed by SEM
(JEOL JSM7000 F), for both the surface and cross-sectioned
area. Collagen films with chitosan/propolis nanoparticles
were also subjected to mechanical tests using the
Nanoindenter G200 (Agilent Technologies, USA), at room
temperature and normal humidity (45–52%). The values of
Young modulus were obtained from load–displacement
curves, by fitting parameters, using Oliver–Pharr method
[19].
In vitro antimicrobial test
Microorganisms Staphylococcus aureus (S. aureus ATCC
25923) -gram negative and Escherichia coli (E. coli ATCC
25922) -gram positive, were used for antimicrobial test,
according to the agar diffusion method approved by Clinical
and Laboratory Standards Institute [20]. The strains were
cultivated in Luria-Bertani broth (LB broth) and after 18
hours, were transferred into Luria-Bertani agar (LB agar)
used as culturing nutrient sources, in Petri dishes. The
collagen/propolis films, in shape of small discs of 6 mm
diameter, containing different nanoparticles concentration,
respectively 100 and 200 µg/mL, were placed on the agar
plate, the antibiotic reference being a cellulose disk
containing 10 µg gentamycin. The inhibition of bacterial
growth was determined by measuring the diameter of
inhibition zones formed after 48 h of incubation.

developed by Apak et al. [21, 22] was applied. The reagents
Trolox, ammonium acetate, copper (II) chloride, ethanol,
acetonitrile, PBS (phosphate buffer saline), neocuproine
(2, 9-dimethyl-1,10-phenanthroline) were purchased from
Sigma Aldrich Chemicals. Copper chloride solution
(CuCl2·2H2O) 1x10-2 M was prepared by dissolving 0.4262
g salt in water, and diluting to 250 mL. Ammonium acetate
buffer (pH=7, 1M) was prepared by dissolving 19.27 g
ammonium acetate in water and diluting to 250 mL.
Neocuproine solution 7.5 ·10-3 M was prepared by dissolving
0.039 g neocuproine in 96% ethanol. The CUPRAC assay
for total antioxidant capacity was performed in a 96-well
microplate, using spectrophotometric detection. To each
well, 50 µL of reagent solution were added in the following
order: copper chloride solution (1x10-2 M), neocuproine
solution (7.5 ·10 -3 M) and ammonium acetate buffer
solution (p H=7.1 M). Finally, 100 µL of each sample
(collagen/chitosan/propolis polymeric mixture, propolis
extract and chitosan solution) was added in a
concentration of 10 mg/mL. The calibration curve was
obtained by using different concentrations of Trolox. The
microplate was left to stand at room temperature for 30
min and the absorbance at 450 nm was recorded against
a blank, using microplate reader Stat Fax 2100. The result
was expressed as µmol Trolox equivalents (TE)/g.
Results and discussions
The gross appearance of collagen films with and
without chitosan/propolis nanoparticles is presented in
figure 1(a,b), showing their transparency in both cases.
The structural characteristics of collagen films, with and
without chitosan/propolis nanoparticles are presented in
figure 2, along with the characteristic fingerprint of raw
propolis.

In vitro antioxidant capacity by CUPRAC (Cupric ion
reducing antioxidant capacity) assay
In order to assess the antioxidant effect of the polymeric
mixture collagen/chitosan/propolis extract, the method

Fig. 1 The gross
appearance of
collagen films with
and without chitosan/
propolis nanoparticles
incorporated

Fig. 2 ATR-FTIR spectra of the samples: a)
collagen film with chitosan/propolis
nanoparticles incorporated ; b) collagen film
without propolis; c) raw propolis, as
purchased from the supplier.
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The vibrational fingerprint of propolis can be observed
in the high wavenumber region as a doublet at 2840/2930
cm-1 assigned to stretching vibrations of C-H bonds in CH2
and CH3 groups, and in the lower wavenumber region, as a
doublet at 16388/1602 cm-1 assigned to C=O stretching
vibrations in flavonoids and lipids. The most intense band
(1155 cm-1) and the medium one at 1260 cm-1 are due to
the vibrations of C-O and C-OH bonds in polyols (such as
hydroxyflavonoids), while some weak vibration modes, at
about 1510 cm -1 , are assigned to aromatic ring
deformations and C-H vibrations, according to the literature
[23, 24]. Collagen membrane displayed mainly the
characteristic bands at 1640, 1540 and 1233 cm -1 ,
attributed to amide I, II and III bands, respectively. Generally,
amide I bands originated from C=O stretching vibrations
coupled to N-H bending vibrations, amide II bands occurs
from the N-H bending coupled with C-N stretching
vibrations, while amide III represent the combination
between N-H deformation and C-N stretching vibrations
[25]. The band at 1073 cm-1 arise from C-O-C absorptions
of carbohydrate moieties. In the high wavenumber region,
absorptions from amide A and B, at 3300 cm -1 (-OH
bending) and 2900 cm-1 (NH stretching) can be observed.
The FTIR spectrum of the blend film shows the same
characteristic bands of the parent molecules, with small
changes. First of all, it has to be noticed that the marker
bands of propolis are well preserved in the final polymeric
mixture, indicating that the bioactive compounds are stable
upon the encapsulation procedure. On the other hand, as a
result of the incorporation of chitosan/propolis
nanoparticles in the collagen films, the characteristic
bands of collagen (amide I and II) were both redshifted
and the intensity of the peaks also changed, indicating that
a hydrogen bond was formed between the chitosan and
collagen molecules. In the same time, the large band at
about 3340 cm-1 in the mixt film, become more intense
and stiffened, also suggesting the hydrogen bonding
between chitosan and collagen molecules. The
explanation is based on the electrostatic interaction
between the positively charged NH3+ in chitosan and the
negatively charged COO- in collagen [26]. According to
literature, another explanation of spectral differences
among the films (with or without chitosan/propolis
nanparticles) can be attributed to intermolecular
interactions, variable conformation and molecular
orientation of protein and polysaccharide chains [27].
The morphological details of collagen film with chitosan/
propolis nanoparticles incorporated are presented in figure
3, showing the electron microscopy images recorded on
the surface and cross-section of the collagen film with
chitosan/propolis nanoparticles incorporated. One can
observe a network of collagen fiber bundles, quasiorientated on the surface, with an overall parallel alignment.
On cross section, a very dense and compact structure,
well-aligned collagen fibers, in a multilayered lamellar
structure is observed. Usually, collagen fibers in different
films formulation, prepared by film casting, electrodeposition method or electrospinning, are randomly
orientated [28, 29]. In our formulation, as a result of rapid
solvent volatilization under compressed air jets, followed
by the manual pressing in a sandwich system, the collagen
fibers are aligned in a quasi-parallel distribution, which
might be favorable for biomedical applications [30].
The nano-mechanical properties of collagen film
incorporating chitosan/propolis nanoparticles were
investigated as load–displacement curves and fitting
parameters in order to obtain the value of Young modulus.
In order to evaluate the nano-mechanical properties of
MATERIALE PLASTICE ♦ 56♦ No. 3 ♦ 2019

Fig. 3 SEM images
recorded on the surface
(a) and cross-section (b) of
collagen film with
chitosan/propolis
nanoparticles incorporated

collagen film with chitosan/propolis nanoparticles, the
load–displacement profile is displayed in figure 4. The
nanoindentation test was repeated five times in order to
obtain accurate results. One can observe that a maximum
load of 20 mN was necessary to reach a displacement of
2.8 µm. The average value of the Young modulus obtained
from load-displacement curves, by fitting parameters, was
E = 4.5 ± 0.2 MPa. Comparing the result with similar studies
in literature, we noticed a dependence of Young’s modulus
on the percentage of chitosan in collagen/chitosan blend.
For example, Sionkowska et. al [31] found a Young’s
modulus value of 2 ÷ 3 MPa when the percentage of
chitosan vary from 20% to 60% in the blended film. In the
same time, they demonstrated that Young’s modulus of
collagen/chitosan films with different ratio was much
higher than Young’s modulus for collagen films or chitosan
films unmodified. Ratiu et al. [8] investigated the
modifications of resorbable collagen membranes for
guided bone regeneration, upon addition of plasma rich in
growth factors (PRGF). They concluded that the changes
in Young modulus values are correlated with the
ultrastructural properties of each membrane type, more
precisely the porosity; the higher the porosity, the lower
the Young modulus value was obtained. After the PRGF
treatment, the nanoindentation measurements indicated
the Young modulus value ranging in the interval 2.8 - 4 GPa,
depending on the type of the membrane [8].

Fig. 4 Nanoindentation measurements: load–displacement curves
recorded for collagen membrane with chitosan/propolis
nanoparticles incorporated.
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Fig. 5 Agar discs and showing inhibition zone diameter of collagen
films incorporating different concentration of chitosan/propolis
nanoparticles (100 respectively 200 µg/mL) tested against S. aureus
and Escherichia coli.

Fig. 6 a) The antioxidant capacity of the collagen film with chitosan/
propolis nanoparticles incorporated (in concentration of 100
respectively 200 µg/mL) using CUPRAC; b) The calibration curve
using Trolox as antioxidant standard
Table 1
DIAMETER OF INHIBITION ZONE MEASURED IN
PETRI DISHES (RESULTS ARE EXPRESSED AS MAIN
VALUE ± STANDARD DEVIATION)

One can observe that antibacterial effect depends on
the nanoparticles concentration in collagen film, for both
bacteria investigated. By comparison, the effect is more
evident with respect to E. coli than S. aureus. The
pharmacological activities with respect to biological,
physiological, and medicinal benefits of propolis have been
extensively studied and reported in many studies [23, 32,
33]. According to previously reported results [7], the
antibacterial activity of propolis is greater against Grampositive bacteria owing to the presence of flavonoids, acids,
and aromatic esters on its composition, similar results
being obtained with Brazilian red propolis [32] suggesting
that the inhibitory effect represent the synergistic effect
between phenolic acids, flavonoids, pinocembrin and
galangin, which are the most prominent bioactive
compounds in propolis. However, the variation in the
microbiological results between different reports in
literature, can be explained by the influence of some factors
related to the propolis extraction technique or geographical
origin and flora diversity [33].
In order to assay the total antioxidant capacity of
collagen films with different concentration of chitosan/
propolis nanoparticles incorporated, compared with
propolis extract and chitosan, CUPRAC assay was
employed, based on the advantages of this method over
other similar assays. The CUPRAC reagent is fast enough
to oxidize thiol-type antioxidants, being selective, more
stable and accessible than other chromogenic reagents.
Another advantage of this method is the possibility to
simultaneously measure hydrophilic and lipophilic
antioxidants [22]. The results are presented in figure 7a by
comparing the antioxidant capacity of collagen films
incorporating different concentration of chitosan/propolis
nanoparticles (100 respectively 200µg/mL), with propolis
extract and chitosan polymeric matrix used in the
fabrication process of nanoparticles [18]. The calibration
482

curve is also presented in Fig.7b, showing a very good
correlation coefficient (R 2=0.9972). As expected, the
antioxidant capacity is dependent on the concentration of
propolis extract encapsulated in chitosan nanoparticles,
and moreover, both concentrations shows a better activity
compared to free propolis extract. Also, chitosan matix
(alone) shows a significant antioxidant capacity, and so,
the overall process is the result of synergic effect of
chitosan matrix and propolis encapsulated in chitosan
nanoparticles. Of course, due to the high molecular
complex composition of propolis, different extractive
processes and various solvents used to solubilize the
extracted polyphenols from propolis, may influence the
biological properties of final product. Comparing with other
studies reported in literature, our results indicates that
collagen films prepared in our study possess biological
properties suitable for cutaneous wound healing [34].
Conclusions
We have successfully prepared collagen films
incorporating chitosan/propolis nanoparticules for possible
cutaneous wound healing applications. The ATR-FTIR
analysis demonstrated the preservation of propolis
bioactive compounds in the structure of collagen films and
the stability of the films, based on the balanced
crosslinking toward electrostatic interaction. The
microstructure and morphological features of the films
revealed a network of collagen fiber bundles, quasiorientated on the surface and overall parallel alignment. A
very dense and compact structure, well-aligned collagen
fibers, in a multilayered lamellar structure was observed
on cross section. The nanoindentation test indicated a Young
modulus value E = 4.5 ± 0.2 MPa. The antibacterial effect
depends on the nanoparticles concentration in collagen
film, being more evident against Gram-positive bacteria
(E. coli) than Gram positive ones (S. aureus). Moreover, the
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antioxidant capacity monitored by CUPRAC assay,
indicated a synergic effect of chitosan matrix and propolis
extract, incorporated in collagen films.
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