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Gerlane Coelho Bernardo Guerra c, Emerson Silva Lima d, Valdir Florêncio da Veiga Júnior e, 
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A B S T R A C T   

α,β-Amyrenone (ABAME) is a mixture of natural isomers belonging to the class of triterpenes, which have great 
potential because of their biological activities, mainly the anti-inflammatory one. Chitosan films are increasingly 
used for topical use because they enable a gradual release of the drug, in addition to many other advantages. 
Therefore, the goal of this study was to develop ABAME-containing chitosan films, aiming at the topical appli
cation in the treatment of skin lesions. ABAME films were submitted to physicochemical characterization and 
assessed for in vivo wound healing. Thermal analysis and FTIR suggested ABAME incorporation into the chitosan 
matrix, while XRD showed characteristic halos of amorphous compounds, indicating ABAME amorphization by 
chitosan. SEM images confirmed its homogeneous inclusion in chitosan matrix, with partial loss of pure ABAME 
crystallinity. In the in vivo tests, the groups CF1, CF2 and CF5, treated with chitosan films with different ABAME 
concentrations, exhibited a more efficient and faster regeneration process than the other groups, mainly after 7 
and 10 days of treatment. In the histopathological tests, chitosan-ABAME films showed a reduction in inflam
matory infiltrates, greater neovascularization, re-epithelialization, and absence of necrosis and costal points 
when compared to the untreated group and blank chitosan film. Additionally, the CF1, CF2 and CF5 groups 
showed a reduction in the NTF-α and IL-1β cytokines levels, as well as an increase in that of IL-10 compared to 
the untreated group after 7 and 14 days. ABAME-containing chitosan films were very efficient in the wound 
healing process, due to the anti-inflammatory properties of the active component; therefore, they may be used as 
a promising delivery system to treat skin lesions.   

1. Introduction 

Triterpenes are a class of natural compounds belonging to the group 
of terpenes, whose considerable pharmacological relevance is due to 

their great distribution in nature and the large number of their biological 
activities, including the anti-inflammatory [1,2], antimicrobial [3,4], 
antineoplastic [5–7], antiviral [8,9], antiparasitic [4,10], car
dioprotective [11,12], hepatoprotective [8,13], nephroprotective [14], 
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neuroprotective [15], hypoglycemic [16,17] and lipid-lowering ones, in 
addition to helping in the management of the metabolic syndrome [18]. 
In this context, these compounds are increasingly investigated in the 
health and pharmaceutical fields, seeking for new drug candidates [19]. 

α,β-Amyrenone (ABAME) (Fig. 1A) are triterpenoid isomers found in 
several oleoresins of Brazilian Amazonian species belonging to the genus 
Protium (Burseraceae). Particularly, the species Protium heptaphyllum, 
popularly known as “almecegueira”, contains several triterpenes in the 
oily resin of its trunk, the most abundant of which are α,β-amyrin iso
mers [20,21]. ABAME can be obtained by oxidation of these compounds 
with a yield of approximately 65–85% [22]. 

Even though some in vivo studies have already demonstrated a sig
nificant anti-inflammatory activity of ABAME, they are a few and do not 
show the prototype in a pharmaceutical form [20]. 

Early studies reported the ability of ABAME to interfere in inflam
matory processes and to inhibit neutrophil migration [23]. De Almeida 
et al. [24] reported that ABAME inhibited the productions of nitric oxide 
and interleukin 6 (IL-6), induced the production of interleukin 10 
(IL-10) in murine macrophages stimulated by lipopolysaccharide, and 
reduced the cyclo-oxygenase-2 (COX-2) expression. Additionally, other 
studies carried out to understand the mechanism of action in metabolic 
diseases have proven inhibitory effects on lipase, α-glucosidase and 
α-amylase [20] as well as reduction of postprandial glycemia and 
obesity in mice [18]. 

The growing demand for new drugs able to ensure higher income, 
therapeutic activity and pharmacological efficacy has stimulated the 
search for plant-derived products [25–28]. 

Chitosan is a biopolymer obtained by the deacetylation of chitin, a 
natural biopolymer present in the exoskeleton of insects which is 
composed of β-(1 → 4)-2-amino-2-deoxy-D-glucose and β-(1 → 4)-2- 
acetamide-2-deoxy-D-glucose units (Fig. 1B). The degrees of deacetyla
tion and impurities as well as molar mass distribution of chitosan 
depend on the natural source and the method of separation [29]. 

Chitosan films are very promising for the development of new drugs 
because they have low toxicity, are permeable to water and oxygen, are 
flexible, and do not break or tear easily. In addition, they allow a pro
longed drug release and are biodegradable, thus managing to reduce the 
problems associated with drug disposal in the environment [30–34]. 

The importance of this study is the development of a new pharma
ceutical form for the inclusion and skin administration of ABAME. For 
this purpose, ABAME-containing chitosan-based polymeric films were 
prepared, whose anti-inflammatory and wound healing potential were 
in vivo investigated. In other words, a directed application of this active 
compound has been sought in skin lesions, given that the preparation, 
investigation and application of an ABAME pharmaceutical form has not 
been mentioned in the literature so far. 

2. Materials and methods 

2.1. Materials 

α,β-Amyrenone (ABAME) was obtained in partnership with the 

Federal University of Amazonas, while chitosan, with low molecular 
weight (50–190 kDa) and deacetylation degree of 75–85%, was acquired 
from Sigma Aldrich (São Paulo, SP, Brazil). All other reagents used were 
of analytical grade. 

2.2. Films preparation 

Films were prepared according to the sol-gel solvent evaporation 
method with some adaptations [35]. Briefly, a chitosan solution (1%, 
w/v) prepared in acetic acid (1% v/v) was subjected to magnetic stirring 
for 24 h and filtered under vacuum. Then, 7 ml of this solution were 
transferred to Petri dishes (diameter of 47 mm) and dried in an oven at 
40 ± 2 ◦C overnight to obtain the blank chitosan film (BCF). 

To develop chitosan-ABAME films, three ABAME solutions were 
prepared in ethanol at concentrations of 1, 2 and 5 mg/ml. Subse
quently, 2 ml of each solution were added to 7 ml of the chitosan so
lution (1%, w/v), homogenized under stirring, transferred to Petri 
dishes (diameter of 47 mm), and then dried in an oven at 40 ± 2 ◦C for 
24 h. The resulting films, with ABAME concentrations of 0.28, 0.57 and 
1.4 mg/ml, were labeled as F1, F2 and F5, respectively. To remove the 
acid residues, both the dried blank film and chitosan-ABAME films were 
immersed in NaOH solution (1 M) for 20 min. After washing with 
approximately 350 ml of water to achieve neutrality (pH = 7), the films 
were dried at room temperature (22 ± 2 ◦C) for 24 h and stored in a 
desiccator. 

2.3. Physicochemical characterization 

2.3.1. Thermal analysis 
Differential Scanning Calorimetry (DSC) curves were obtained on a 

DSC-60A (Shimadzu, Kyoto, Japan) using approximately 3 mg of sample 
in hermetically sealed aluminum crucibles under a dynamic nitrogen 
atmosphere (50 ml min− 1) and a heating rate of 10 ◦C.min− 1 over a 
temperature range of 25–450 ◦C. 

Thermogravimetry (TG) profiles were obtained using a DTG 60AH 
analyzer (Shimadzu) in a temperature range of 30–800 ◦C using alumina 
crucibles with approximately 5 mg of sample under a dynamic nitrogen 
atmosphere (50 ml min− 1) and a heating rate of 10 ◦C.min− 1. 

2.3.2. Fourier transform infrared (FTIR) spectroscopy 
The analysis was performed using an IRPrestige-21 spectrometer 

(Shimadzu) in the scanning wavenumber range from 4000 to 650 cm− 1. 
ABAME solid samples and films were placed directly in the equipment 
and analyzed by attenuated total reflectance (ATR). 

2.3.3. X-ray diffraction (XRD) 
XRD analyses were carried out on a D2 Phaser diffractometer 

(Bruker, MA, USA), with CuKα radiation (λ = 1.54 Å) at a voltage of 30 
kV and a current of 10 mA, using a Lynxeye detector with 5◦<2θ < 60◦

angular scanning. The samples were examined at room temperature for 
a period of 2 h at a scanning rate of 0.05◦/s. 

Fig. 1. Chemical structures of (A) α,β-amyrenone (ABAME) and (B) chitosan.  
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2.3.4. Scanning electron microscopy (SEM) 
The morphological analysis of ABAME and films was carried out with 

a FEG Zeiss equipment, model Auriga (Carl Zeiss, Oberkochen, Ger
many), with magnification of 500X and 1500X. The samples were pre
treated with the deposition of a gold layer on the surface, and the images 
were obtained with an acceleration potential of 5 kV under reduced 
pressure. 

2.4. In vivo studies 

2.4.1. Animals 
In this research, fifty male Swiss mice (Mus musculus) aged 8–10 

weeks, weighing between 25 and 35 g, were housed in the vivarium of 
the Health Sciences Center (CCS), in the annex of the Onofre Lopes 
University Hospital (HUOL/UFRN). Animals received food (pellets type 
feed) and water ad libitum throughout the tests, respecting the number of 
five animals per cage, and were kept at a temperature of 22 ± 2 ◦C, 
under a 12-h light-dark cycle. This study was approved by the Animal 
Experimentation Ethics Committee of the Federal University of Rio 
Grande do Norte, protocol number (210.080/2019). 

Mice were randomly divided into five groups (n = 10 per group): 
untreated group (natural recovery, using only saline solution), BCF 
group (application of blank chitosan film) and CF1, CF2 and CF5 groups 
(treatment with chitosan-ABAME films F1, F2 and F5, respectively). 
Films applied were cut in a circular shape with a diameter of 1.0 cm and 
had ABAME concentrations of 0.11 mg/cm2 (CF1), 0.23 mg/cm2 (CF2) 
and 0.58 mg/cm2 (CF5). Fig. 2 provides a schematic representation of in 
vivo experiments. 

2.4.2. Wound induction 
Animals were anesthetized intraperitoneally with 80 mg/kg keta

mine and 10 mg/kg xylazine. After anesthesia, trichotomy (hair 
removal) was performed on the dorsal region to facilitate the visuali
zation of the operative field as well as the analysis of the wound healing 
process. After asepsis, a circular excision, 1.0 cm in diameter, was done 
on the skin with the aid of a punch to expose the panniculus carnosus. 

After injury induction, the film was applied immediately over the 
injured area, without any need to fix or reapply it, since it adhered to the 
injury site. After 7 and 14 days of treatment, mice were euthanized by 
intraperitoneal injection of 120 mg/kg ketamine and 30 mg/kg xylazine. 
At the end of this period, it was not necessary to remove the film because 
it was absorbed by the wound. 

2.4.3. Macroscopic analysis 
Wounds on the mice back were photographed in the postoperative 

period (0, 3, 7, 10 and 14 days), and their size was measured using the 
Image J software (National Institute of Health, Bethesda, MD, USA). The 
progression of healing, expressed as the percentage of wound closure, 
was calculated by the equation: 

% Wound closure :
Wa0 − Wan

Wa0
× 100 (1)  

where Wa0 is the wound area (1 cm in diameter) at the start of the 
procedure (0 day) and Wan the wound area on the indicated day. 

2.4.4. Histopathological analysis 
After euthanasia of animals on the 7th and 14th days, wounds were 

excised with a margin of 2 mm beyond the edge of the wound for his
topathological evaluation. For this, a representative sample was used to 
illustrate the wound healing observed in the present study. 

For the histological analysis, samples of skin lesions in wounded 
animals were collected and immediately fixed in 10% formalin buffer 
(Dinâmica Química Contemporânea, São Paulo, SP, Brazil). After 24 h, 
samples were removed from formalin, dehydrated in six alcohol solu
tions at different concentrations (from 70 to 100%) for 1 h, and 
immersed in three xylene baths and subsequently in three paraffin baths. 
Samples were then submerged in paraffin to form blocks, from which 5 
μm thick sections were cut in a microtome. Sections were finally fixed on 
slides, stained with hematoxylin and eosin, and later examined in an 
optical microscope, model BX50 (Olympus, Center Valley, PA, USA). 

Based on the main results of the histopathological analysis of skin 
lesions on the 7th and 14th days of the experimental model, the 
following parameters were evaluated (Table 1): inflammatory infiltrate, 
re-epithelialization, neovascularization and areas of necrosis, which 
were classified using scores according to the protocol adapted by 
Abramov et al. [36]. 

2.4.5. Cytokine quantification analysis 
The concentrations of cytokines interleukin 1β (IL1-β), interleukin 10 

(IL-10) and Tumor Necrosis Factor α (TNF-α) were measured using a 
commercial enzyme immunoassay kit (R&D Systems, Minneapolis, MN, 
USA) and optical density measurements at 450 nm in a spectropho
tometer (Mindray MR-96A, São Paulo, SP, Brazil). The wound tissue was 
homogenized in phosphate buffer-PBS (Dinâmica Química Con
temporânea, São Paulo, SP, Brazil), pH 7.4, at a ratio of 1:5, and 
centrifuged at 4285 rpm for 10 min (Novatécnica NT 805, Piracicaba, 
SP, Brazil). The supernatant (100 μl) was then used to measure the 
markers [37]. The procedure was carried out in 96-well plates (Nun
c-Immuno 96 MicroWell-Thermofisher, São Paulo, SP, Brazil), where 
samples were incubated for 18 h (overnight) at 4 ◦C together with the 
capture antibodies of IL-1β, IL-10 and TNF-α. The following day, plates 
were washed three times with PBS to remove the capture antibodies, and 
then samples were added to the plates and incubated for 2 h in a 
refrigerator at 4 ◦C together with detection antibodies. After adding the 
peroxidase conjugated solution, the plates were incubated for 20 min, 
and three more washes with PBS were made. A developing solution of 
tetramethylbenzidine with hydrogen peroxide and then a stop solution 
of H2SO4 (1 M) were finally added. All reagents were acquired from R&D 
Systems. The results were expressed in pg/ml [38]. 

2.4.6. Statistical analysis 
The data obtained were expressed as means ± SD (standard devia

tion), and the differences among the groups were analyzed through one- 
way analysis of variance (ANOVA) followed by the Tukey post-test using 
the GraphPad Prism software, version 5.0 (GraphPad Software Inc., San 

Fig. 2. Schematic representation of in vivo experiments.  

Table 1 
Classification of criteria used in the histopathological analysis.  

Score Inflammatory 
infiltrate 

Neovascularization Re- 
epithelialization 

Crust and 
necrosis 

0 Absent Absent Absent Absent 
1 Discrete Initial Partial Present 
2 Moderate Partial Complete – 
3 Intense Complete – –  
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Diego, CA, USA). Differences were considered statistically significant 
when p ≤ 0.05. 

3. Results and discussion 

3.1. Physicochemical characterization 

3.1.1. Differential scanning calorimetry 
The DSC curve of ABAME revealed an endothermic event with Tpeak 

at 104.97 ◦C (Tonset = 90.14 ◦C, Tendset = 115 ◦C) and an enthalpy value 
(ΔH) of − 18.42 J/g, corresponding to its fusion (Fig. 3). A second 
endothermic event was observed with Tpeak of 280.84 ◦C (Tonset =

195.09 ◦C, Tendset = 325.69 ◦C, ΔH = − 2.52 kJ/g), which can be related 
ABAME decomposition [20]. On the other hand, the third endothermic 
peak with Tpeak at 420.05 ◦C (Tonset = 410.85 ◦C, Tendset = 426.79 ◦C, 
ΔH = − 8.28 J/g) can be ascribed, according to the literature, to the 
decomposition of carbonaceous compounds also found in other tri
terpenes [39]. 

The blank chitosan film (BCF) showed two events on its DSC curve, a 
first endothermic event with Tpeak of 108.48 ◦C (Tonset = 87.79 ◦C, 
Tendset = 135.10 ◦C, ΔH = − 191.23 J/g) due to water loss [40] and a 
second exothermic event related to chitosan decomposition, with Tpeak 
at 271.69 ◦C (Tonset = 254.68 ◦C, Tendset = 286.17 ◦C, ΔH = 107.64 J/g). 

The films, namely F1, F2 and F5, exhibited DSC patterns similar to 
those observed in BCF (Fig. 3C), i.e., endothermic events in the tem
perature range 70–140 ◦C ascribable to water loss, and exothermic 
events between 250 and 290 ◦C due to chitosan decomposition. Table 2 
summarizes the main features of these events. 

It is noteworthy that the F5 film also showed an endothermic event 
around 400 ◦C, which was probably due to decomposition of carbona
ceous compounds present in the sample together with ABAME. It is 
likely that this event was evident only in F5 due to the highest con
centration of ABAME used to prepare this film. 

3.1.2. Thermogravimetric analysis 
The thermogram of ABAME revealed a main event, starting at 210 ◦C 

and ending at 363 ◦C, with a loss of mass (Δm) of 98.9% (Fig. 3), which 
can be attributed to its decomposition. Another event can be observed 

more clearly in the Differential Thermal Analysis (DTA), with a small 
mass loss due to a secondary decomposition. 

In the TG curve of BCF, a first mass loss event was found in the range 
80–140 ◦C, corresponding to water loss. The second event at 240 ◦C, 
with Δm of 34.93%, corresponding to dehydration of sugar rings, 
decomposition and depolymerization of acetylated and deacetylated 
chitosan units [41], agrees with the exothermic event revealed by DTA 
and DSC. 

The thermograms of films (Fig. 3D) showed an initial mass loss at 
approximately 100 ◦C due to water loss and a characteristic curve 
similar to that of BCF. Since the ABAME decomposition temperature was 
very close to that of chitosan, there was no significant change in this 
aspect. The percentage of mass loss in the range of 210–363 ◦C (23.69, 
24.04 and 28.70% for F1, F2 and F5, respectively) was much lower than 
that of ABAME (Δm = 98.9%), thus demonstrating that films conferred 
greater thermal protection to the active principle. 

3.1.3. Fourier transform infrared (FTIR) spectroscopy 
The Fourier Transform Infrared (FTIR) spectrum of BCF showed a 

band between 3500 and 3050 cm− 1, corresponding to the –OH 
stretching, which overlapped, in the same region, with the –NH 
stretching (Fig. 4). While the bands found at 2920 and 2873 cm− 1 can be 
ascribed to asymmetric and symmetric –CH stretching, that observed at 
1645 cm− 1 may have been due to C––O stretching of the acetylated 
amino group of chitin, thus suggesting its partial deacetylation to chi
tosan, and the ones at 1570 and 1375 cm− 1 to N–H bending and C–N 
stretching, respectively. It was also possible to identify in the spectrum a 
peak at around 1316 cm− 1 ascribable to the C–O bond of primary 

Fig. 3. Thermal DSC, TG and DTG analyses of (A) ABAME and (B) blank chitosan film (BCF); DSC (C) and TG (D) profiles of films.  

Table 2 
Description of the thermal events detected in DSC curves of F1, F2 and F5 films.  

Film Event Tonset (◦C) Tendset (◦C) Tpeak (◦C) ΔH (J/g) 

F1 1st 67.26 106.76 89.21 − 55.36 
2nd 254.11 285.51 271.82 45.84 

F2 1st 72.26 108.65 94.15 − 98.21 
2nd 255.46 286.42 272.28 33.21 

F5 1st 49.62 107.48 85.99 − 100.48 
2nd 252.84 286.89 267.19 45.49  
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alcohols (–CH2–OH) [39]. Other characteristic vibrational modes found 
in the region from 1153 to 900 cm− 1 are typical of the stretching ab
sorption of chitosan glycosidic ring. 

Regarding the ABAME spectrum, the absorption band at 1705 cm− 1 

can be ascribed to C––O stretching, while bands in the region between 
3050 and 2814 cm− 1 are characteristic of C–H stretching of aromatic 
ring. Two other bands were found, at 1450 cm− 1 and 1385 cm− 1, cor
responding to –C-H deformation of methyl and methylene groups, 
respectively [20]. 

Chitosan-ABAME films had spectra similar to that of BCF, with the 
addition of some vibrational modes characteristic of ABAME, such as 
bands at 1450 and 1385 cm− 1, corresponding to –C-H deformation of 
methyl and methylene groups. Moreover, the C––O stretching at 1705 
cm− 1, with the lowest intensity peak for F1 and the highest intensity one 
for F5, confirms the incorporation of ABAME at different concentrations 
in films. 

3.1.4. X-ray diffraction (XRD) 
The diffractogram of ABAME showed crystalline reflection in the 

region from 13◦ to 15◦, thus suggesting its crystalline character (Fig. 5) 
and corroborating what was described by Ferreira et al. [20]. On the 
other hand, the absence of any crystalline reflection peaks in BCF dif
fractogram agrees with the amorphous state of chitosan films reported 
by Sun et al. [39]. 

The X-ray diffraction pattern of chitosan predominated in the dif
fractograms of F1, F2 and F5 likely due to ABAME inclusion in the 
chitosan matrix, which resulted in the loss of its crystalline profile and 
the predominance of the amorphous state. 

3.1.5. Scanning electron microscopy (SEM) 
Scanning electron microscopy (SEM) images of ABAME confirmed 

the crystalline structure revealed by XRD (Fig. 6A and B). Contrariwise, 
the smooth, uniform and compact surface of BCF (Fig. 6I) is in agree
ment with other studies that reported no crystalline structure for chi
tosan films [42]. 

One can identify, in the micrographs of F1, F2 and F5, ABAME par
ticles homogeneously dispersed in the chitosan matrix, but without the 
characteristic crystalline structure of ABAME. These results not only 
agree with the loss of ABAME crystallinity in films revealed by XRD, but 
also confirm the inclusion of the active principle in the polymer matrix. 

3.2. In vivo study 

3.2.1. Wound healing activity 
The macroscopic analysis illustrated in Fig. 7A shows the wound 

healing progression in lesions on the back of mice. It can be seen that 
animals treated with chitosan-ABAME films (CF1, CF2 and CF5 groups) 
benefited from a much more effective and faster regeneration process 
than the untreated group and BCF. 

The skin lesions (Fig. 7B) observed 7 and 10 days after injury had 
significantly different areas, with mean values of wound closure per
centage of approximately 17 and 48% in the untreated group, and 19 
and 54% in the BCF one, respectively. In contrast, the CF1 group 
exhibited values of around 62 and 87%, the CF2 group of 54 and 84%, 
and the CF5 one of 54 and 86% after 7 and 10 days, respectively. 
Therefore, groups treated with chitosan-ABAME films showed a superior 
wound-healing effect than untreated and BCF-treated groups. 

As is well known, cyclo-oxygenase 2 (COX-2) produced in inflam
matory processes is an enzyme that converts arachidonic acid into 
prostaglandins, prostacyclins and thromboxanes, whose action can be 

Fig. 4. (A) FTIR spectra of ABAME, blank chitosan film (BCF) and F1, F2 and F5 films. (B) Representations of ABAME and chitosan structures.  

Fig. 5. X-ray diffraction patterns of ABAME, blank chitosan film (BCF), and F1, 
F2 and F5 films. 
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Fig. 6. SEM images of (A) ABAME 500X, (B) ABAME 1500X, (C) F1 500X, (D) F1 1500X, (E) F2 500X, (F) F2 1500X, (G) F5 500X, (H) F5 1500X and (I) blank 
chitosan film 500X. 

Fig. 7. In vivo wound healing study performed on the dorsum of Swiss mice on the 3rd, 7th and 14th days. Results refer to the untreated group and groups BCF, CF1, 
CF2 and CF5. (A) Macroscopic images of skin wound. (B) Wound closure expressed as the percentage of wound closure in relation to the original size along the 
postoperative time. 

U.C. de Araújo Tavares et al.                                                                                                                                                                                                                



Journal of Drug Delivery Science and Technology 89 (2023) 105057

7

inhibited by anti-inflammatory drugs such as non-steroidal anti-in
flammatory drugs (NSAIDs) [43]. In this sense, the triterpenes class has 
several pharmacological activities, including a topical 
anti-inflammatory effect. It is also known that the mixture of α- and 
β-amyrins (precursors of ABAME) is capable of reducing the level of 
prostaglandin E2 by suppressing COX-2 expression, thereby inhibiting 
the signs of the inflammatory process [44]. Therefore, based on the 
above results and according to what was reported in the literature [20, 
45], it can be inferred that such an ABAME anti-inflammatory activity 
may have contributed to the observed wound healing. 

3.2.2. Histopathological analysis 
In the histopathological analysis carried out on the 7th day after 

injury, the untreated and BCF-treated groups showed an area of edema, 
intense inflammatory infiltrate and granulation, in addition to the for
mation of crust and punctual areas of necrosis (Fig. 8). However, the BCF 
group also showed a more organized tissue when compared to the un
treated one. In the groups treated with chitosan-ABAME films (CF1, CF2 
and CF5), there was a moderate inflammatory infiltrate and an abundant 
angiogenesis (new vessels). 

In turn, making reference to the 14th day (Fig. 8), the untreated and 
BCF-treated groups showed partial re-epithelialization and moderate 
inflammatory infiltrate, while the CF1, CF2 and CF5 ones complete re- 
epithelialization, dermal remodeling and neovascularization. More
over, in some samples there was an inflammatory infiltrate, even if 
discrete and punctual. 

According to the results illustrated in Fig. 9, the CF1, CF2 and CF5 
groups showed higher levels of re-epithelialization and neo
vascularization compared to the other groups on the 7th and 14th days. 
In addition, the levels of inflammatory infiltrate in groups that received 
chitosan-ABAME films were lower than those in the BCF-treated and 
untreated ones. BCF was shown to be effective in improving re- 
epithelialization and neovascularization as well. 

Finally, the groups treated with chitosan-ABAME films showed 
qualitative and quantitative improvement in wound healing, when 
compared to the group treated only with BCF and the untreated one. 

3.2.3. Cytokine quantification 
Cytokines are part of a group of proteins that mediate responses to 

innate and acquired immunity. Synthesized at the injured site in 
response to an inflammatory or antigenic stimulus, they can be classified 
into pro-inflammatory and anti-inflammatory cytokines [46]. 
Anti-inflammatory cytokines act inhibiting the immune response, 
helping in the wound healing process, while the pro-inflammatory ones 
are overproduced in response to an injury or infection [38]. 

TNF-α is a pro-inflammatory cytokine that, at high concentrations, 
acts in the inflammatory cascade, generating other inflammation and 
tissue destruction mediators [47]. In turn, IL-1β is responsible for trig
gering a systemic inflammatory process that activates COX-2, inducing 
the formation of prostaglandin E2 as well as the productions of nitric 
oxide and endothelial adhesion molecules [48]. IL-10 is an 
anti-inflammatory cytokine responsible for inhibiting the 
pro-inflammatory cytokines and stimulating the endogenous production 
of other anti-inflammatory cytokines. 

The levels of TNF-α, IL-1β and IL-10 cytokines detected after 7 and 14 
days of treatment of mice lesion are depicted in Fig. 10. The untreated 
group showed high levels of TNF-α, both on the 7th and 14th days of 
therapy, while a reduction in its level was observed mainly on the 14th 
day in the BCF group. However, the greatest reductions in TNF-α levels 
occurred in CF1, CF2 and CF5 groups (p < 0.01). 

Although the IL-1β levels were similar to those of TNF-α, their largest 
reductions occurred mainly on the 7th day of therapy in groups sub
mitted to treatment (BCF, F1, F2 and F5) when compared to the un
treated group. 

IL-10 levels in the untreated group were much lower than in the 
other groups, both on the 7th and 14th days. Particularly, an increase in 
these levels was observed mainly in groups submitted to treatment with 
chitosan-ABAME films, but even in the BCF group, especially on the 7th 
day of therapy. 

It can be observed that TNF-α was induced as a result of an inflam
matory stimulus (skin lesion), and, in turn, IL-10, which was produced in 
higher concentration by groups submitted to treatment with chitosan- 
ABAME films, caused a greater reduction in TNF-α production. This 
observation indicates the establishment of the homeostasis mechanism 
involved between IL-10 cytokines and pro-inflammatory cytokines, ac
cording to the resolution of the inflammatory process [46,49]. 

In short, the results obtained in in vivo studies indicated that, 
although films F2 (0.57 mg/ml) and F5 (1.4 mg/ml) had different con
centrations of the active compound, they showed very similar results. 
However, sometimes the less concentrated film performed even better 
than the more concentrated one. The use of two different concentrations 
of the active compound had the aim of identifying the one capable of 
ensuring the maximum response; therefore, the results obtained indicate 
a starting point to establish the optimal dose of active compound in 
future formulations. 

In the chitosan-ABAME combination we sought a synergism of the 
properties of the two components, among which antimicrobial activity, 
low toxicity, biodegradation, chitosan biocompatibility and ABAME 
anti-inflammatory activity, aiming to maximize the pharmacological 
potential of the resulting drug-loaded film. Finally, the final composite, 

Fig. 8. Representative images of the histopathological analysis of mice lesions on the 7th and 14th experimental days. Results referring to the untreated group and 
treated groups (BCF, CF1, CF2 and CF5): (1) crust, (2) points with necrosis, (↓) neovascularization, (*) discrete inflammatory infiltrate, (**) moderate inflammatory 
infiltrate, (***) intense inflammatory infiltrate. 
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to be used as a skin formulation, would have, as peculiarity, the incor
poration of a natural Amazonian active principle with great biological 
potential. 

4. Conclusions 

The selected sol-gel solvent evaporation method allowed the efficient 
development of chitosan-α,β-amyrenone (ABAME) films with good 
physical appearance and smooth and homogeneous surface. The physi
cochemical results demonstrated ABAME inclusion in the chitosan ma
trix in three different concentrations. Particularly, the FTIR spectra 
showed the characteristic bands of the active compound in the films, the 
X-ray diffractograms remarkable changes in the ABAME crystalline 
profile, and the scanning electron micrographs a well distribution of 
ABAME particles in the polymer chitosan matrix as well as changes in 

the crystalline appearance. 
The in vivo tests carried out using chitosan-ABAME films showed 

complete closure of wounds in the back of mice on the 14th day of 
treatment, leading to re-epithelialization, stimulation of angiogenesis 
(neovascularization) and expression of cytokines that contributed to the 
healing and deinflammation process. These results were significantly 
better than those observed in the untreated group and the group treated 
with chitosan blank film. It was not expected that the increase in the 
active compound dose would necessarily result in a proportional activity 
improvement. Since F2 and F5 films showed similar results, they provide 
us with a good dose perspective for the development of future 
formulations. 

As a whole, the results of this study demonstrated that ABAME- 
loaded chitosan films allowed to regenerate lesions induced in mice, 
showing a great wound healing potential. 

Fig. 9. Histomorphology of stained epithelial tissue from the untreated group and treated groups (BCF, CF1, CF2 and CF5), after 7 and 14 days. The following 
characteristics were evaluated: inflammatory infiltrate, neovascularization, re-epithelialization, crust and necrosis. Statistical difference was checked by ANOVA 
followed by the Tukey post-test. Data are the average of values obtained in five animals. **p < 0.001 and * p < 0.01 for comparison among groups. 

Fig. 10. Levels of tumor necrosis factor (TNF–α) and of interleukins IL-1β and IL-10 on days 7 and 14 of therapy. The results are presented as mean value ± standard 
error of the mean (n = 5). #p < 0.01 ##p < 0.001 vs. the untreated group (ANOVA followed by the Tukey post-test). 
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