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Abstract: This study investigates the healing action of topical formulations based on Libidibia ferrea
fruits in cutaneous wounds induced in Wistar rats. Three types of preparations were evaluated:
glycolic extract, infusion, and gel. The phytochemical compounds present in the preparations, such
as tannins and flavonoids, are known for their antioxidant, anti-inflammatory, and antimicrobial
properties, which are essential for the healing process, histopathological methods evaluated healing,
including analysis of epithelialization, granulation tissue formation, and collagen deposition. The
results demonstrated that the preparations accelerated the healing process, with a more significant
deposition of type I collagen in the groups treated with infusion and glycolic extract, suggesting a
more advanced tissue repair process. The infusion demonstrated the best healing results, possibly
due to the higher flavonoid content. The findings reinforce the therapeutic potential of Libidibia ferrea
in the development of natural healing agents.
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1. Introduction

Wound healing is a dynamic and complex biological process that restores tissue integrity after
injury. This process involves several phases: inflammation, cell proliferation, granulation tissue
formation, and remodeling (Diegelmann & Evans, 2004; Akubugwo et al., 2022). The search for new
healing agents, especially those derived from natural sources, has intensified recently, focusing on
medicinal plants with a long tradition of widespread use (Biswas & Mukherjee, 2003; Chabane et al.,
2021).

Libidibia ferrea var. ferrea (Mart. ex Tul.) LP Queiroz (synonym of Caesalpinia ferrea), popularly
known as jucd, is a plant widely distributed in the Amazon region and northeastern Brazil,
traditionally used in the treatment of various diseases, including diabetes, infections, and
inflammations (Drumond et al., 2000; Barbosa et al., 2007). Scientific studies have shown that this
plant's fruits, bark, and leaves have a wide range of pharmacological properties, such as anti-
inflammatory, antimicrobial, and antioxidant activity, essential for healing. (Carvalho et al., 1996;
Menezes et al., 2007).

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Several bioactive compounds have been isolated from L. ferrea, such as gallic acid and methyl
gallate, which have shown antitumor potential in vitro and in vivo assays, inhibiting early activation
of the Epstein-Barr antigen, as well as other models of carcinogenesis (Nakamura et al., 2002; Ueda
et al., 2001). Furthermore, the aqueous extract of L. ferrea has demonstrated beneficial effects in
protecting against gastric ulcers in experimental models, reducing the volume of gastric secretion
and promoting the regeneration of injured tissues (Bacchi & Sertie, 1994; Bacchi et al., 1995).

The wound-healing activity of medicinal plants is of particular interest in the development of
topical pharmaceutical forms, such as gels and creams, which can accelerate the healing of skin
wounds and reduce the occurrence of complications, such as infections (Kilic, 2005; Biswas &
Mukherjee, 2003). In previous studies, the crude extract of L. ferrea demonstrated a potent anti-
inflammatory action in models of carrageenan-induced edema and analgesic properties, suggesting
its use in managing pain associated with the inflammatory process (Carvalho et al., 1996). Adding to
the antimicrobial activity against oral pathogens such as Candida albicans and Streptococcus mutans,
these effects indicate that L. ferrea may effectively prevent infections during healing (Sampaio et al.,
2009). A study on the literature review of the species L. ferrea reports the need for studies on its healing
action (Gongalves et al., 2023).

Furthermore, L. ferrea has shown positive effects on regulating the immune system, particularly
in the stimulation of myelopoiesis in infection and tumor models, which may improve the immune
response during wound healing (Queiroz et al., 2001). This is relevant for the clinical use of the plant
since an adequate immune response is essential for tissue regeneration and the prevention of
complications during the healing process (Diegelmann & Evans, 2004).

The present study aims to evaluate the healing action of two topical preparations of Libidibia
ferrea fruits - an infusion (InLf) and a gel containing glycolic extract (GLf) - in cutaneous wounds
induced in Wistar rats. Previous studies indicate that the plant has great potential for wound use due
to its anti-inflammatory, antimicrobial, and immunomodulatory properties (Carvalho et al., 1996;
Menezes et al., 2007; Gongalves et al., 2023). The evaluation of these pharmaceutical forms aims to
explore the therapeutic potential of L. ferrea in treating wounds and contribute to developing new
natural healing agents.

2. Results

2.1. Phytochemical Assay and Evaluation of Wound Contraction

Phytochemical analyses (Table 1) indicated that the glycolic extract of the fruits of Libidibia
ferrea presented a tannin content of 23% and flavonoids of 0.25%, while the infusion had 21% tannins
and 0.32% flavonoids. The gel prepared from the glycolic extract presented the lowest contents, with
18% tannins and 0.14% flavonoids.

The results of topical treatments on wound healing (Figure 1) demonstrated that both the
infusion (InLf) and the gel (GLf) of Libidibia ferrea significantly reduced (p < 0.001) wound
contraction in all measured periods, proving that the treatments were able to accelerate tissue repair.
The area under the curve (AUC) data demonstrated that the treatments presented a significant
difference compared to the control group (Con). The difference was observed mainly in the last days
of treatment, where the difference to the control group was visibly more significant.

Table 1. Tannin and flavonoid content in glycolic extract, infusion, and gel of Libidibia ferrea fruits.

Product Tannin % Flavonoid %
Glycolic Extract 23 0,25
InLf 21 0,32

GLf 18 0,14



https://doi.org/10.20944/preprints202411.0174.v1

12 A 60 B
= - Con
=] -+ Fbn Fkk *
= 10 axx
S ™ GLf 40-
> - InLf o
S 8 =
= -
S 20
H
=
=)
a A

a T T T T T T T 0-

1 2 3 4 5 6 71 N

& § §
AY » Y
Treatment (Days) § ¢ >
Figure 1. Effect of topical administration of GLf (188 mg/kg), InLf (182 mg/kg), and Fbn (31 mg/kg)
on cutaneous wound healing. (A) shows the evolution of wound contraction throughout treatment.
(B) shows the area under the curve (AUC) of the results for each group. Values show the mean and

standard deviation. *** represents a statistically significant result against the Con group. Tukey's post-
test followed one-way ANOVA.

2.2. Histopathological Evaluation of Wounds

GLf group (Figure 2), moderate inflammatory infiltrate was observed in the marginal portion of
the wound, predominantly lymphocytic, as well as intense proliferation of voluminous fibroblasts,
organized in parallel, associated with the deposit of rectilinear and delicate bundles of collagen,
exhibiting varied thickness. The vascular component was represented by capillary vessels, some of
them congested. The surface of the wound was covered by acanthotic ortho-keratinized squamous
epithelium. The most central portion of the wound exhibits a superficial third, representing an
exuberant and abundantly vascular granulation reaction. The deepest third presents a mature
fibrocellular granulation reaction with moderate lymphocytic infiltration, fibroblastic proliferation,
and collagen deposition like the pattern at the margins.
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Figure 2. The GLf group (188 mg/kg), shows (a) an overall view of the wound, highlighting the
marginal (Zn) and central (zc) zones (40x magnification). In (b), the marginal zone is highlighted,
where an area of epithelialization (ep) and underlying, inflamed connective tissue (tc) can be observed
(100x magnification). In (c), the central portion of the wound is seen (100x magnification), highlighting
the granulation reaction (rg) and ulcerated zone (without epithelial lining) (UC). In (d), detail can be
seen in the superficial region of the previous figure, highlighting the vascular component (arrows)
(400x magnification).

In the marginal portion, the Fbn group (Figure 3) shows moderate inflammatory infiltration and
a granulation reaction showing a less significant vascular-capillary component. The connective tissue
appears denser and is formed by thin, short fibrils with intense proliferation of fibroblasts. There is
clear epithelialization of the wound edges. In the central region, a fibrovascular granulation reaction
is observed. It should be noted that the connective tissue is represented by a highly loose matrix
formed by thin, delicate and very short collagen fibrils. Peripheral epithelialization is visible.

Figure 3. Fbn group (31 mg/kg) showing in (a) an overall view of the wound, highlighting the
marginal (Zn) and central (zc) zones (40x magnification). In (b), the marginal zone is highlighted,
where an area of epithelialization (ep) and underlying, inflamed connective tissue (tc) can be observed
(100x magnification). In (c), the central portion of the wound is seen (100x magnification), highlighting
the granulation reaction (rg) and ulcerated zone (without epithelial lining) (UC). In (d), detail can be
seen in the superficial region of the previous figure, highlighting the vascular component (arrows)
(400x magnification).

InLf Group (Figure 4), moderate-intensity inflammatory infiltrate, lymphohistiocytic, was
observed, as well as intense proliferation of voluminous fibroblasts, arranged parallel to the surface,
associated with the deposition of straight and delicate collagen bundles, exhibiting varied thickness,
well-marked marginal epithelialization, with visible acanthosis of the newly formed epithelium. In
the central portion, an immature granulation reaction (eminently fibrovascular) projects from the
surface to the depth.


https://doi.org/10.20944/preprints202411.0174.v1

doi:10.20944/preprints202411.0174.v1

Figure 4. InLf group (182 mg/kg) showing in (a) an overall view of the wound, highlighting the
marginal (Zn) and central (zc) zones (40x magnification). In (b), the marginal zone is highlighted,
where an area of epithelialization (ep) and underlying, inflamed connective tissue (tc) can be observed
(100x magnification). In (c), the central portion of the wound is seen (100x magnification), highlighting
the granulation reaction (rg) and ulcerated zone (without epithelial lining) (uc). In (d), detail can be
seen in the superficial region of the previous figure, highlighting the vascular component (arrows)
(400x magnification).

Con group (Figure 5), the marginal portion exhibits a lymphohistiocytic inflammatory reaction,
a highly significant vascular component of the granulation reaction. However, it is still represented
by small, poorly formed capillaries with irregular morphology (“slit-like” vessels), in addition to
moderate proliferation of fibroblasts in association with deposition of short, delicate fibrillar collagen,
with a widely spaced parallel distribution, characterizing a highly immature connective tissue. In the
central portion, a richly vascularized granulation reaction extending from the surface to the depth
and moderate interstitial edema are evident. Persistent superficial neutrophilic infiltration and
moderate interstitial edema occur in all specimens.
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Figure 5. Group Con shows in (a) an overall view of the wound, highlighting the marginal (Zn) and

central (zc) zones (40x magnification). In (b), the marginal zone is highlighted, where an area of
epithelialization (ep) and underlying, inflamed connective tissue (tc) can be observed (100x
magnification). In (c), the central portion of the wound is seen (100x magnification), highlighting the
granulation reaction (rg) and ulcerated zone (without epithelial lining) (uc). In (d), detail can be seen
in the superficial region of the previous figure, highlighting the vascular component (arrows) (400x
magnification).

2.3. Assessment of Epithelialization, Angiogenesis, and Inflammatory Cells

Epithelialization index (Figure 6.A) in the groups treated with GLf and Fbn showed significantly
higher results (p < 0.001) when compared to the Con group. The group treated with InLf also showed
a significant difference (p <0.05).

In the microscopic analysis with 400x magnification, regarding the presence of inflammatory
cells (Figure 6.B), the mean number of cells in the Con group was significantly higher than the other
groups. In the groups treated with GLf, InLf, and Fbn, significantly lower values were observed with
p <0.001 and means of 9.1+4.48, 11+3.22, and 11.2+3.28, respectively.

Regarding angiogenesis (Figure 6.C), there was an extremely significant difference in the mean
values of the groups compared to the Con group. For example, in the group treated with GLf, a
significant increase (p < 0.001) was observed in the mean value of vessels per field (31.2 £ 5.27). In the
groups treated with Fbn and InLf, values with significance levels of p<0.05 were observed when
compared to the Con group, being 23.2+4.62 and 25.8+4.08, respectively.
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Figure 6. (A) Epithelialization rate of the GLf (188 mg/kg), InLf (182 mg/kg), and Fbn (31 mg/kg)
treated groups. (B) Shows the number of inflammatory cells (cells/field). (C) Represents the
Angiogenesis values (vessels/field) of the treated groups. Where ***(p < 0.001), *(p < 0.05) represents
a statistically significant result compared to the Con group. One-way ANOVA test followed by
Tukey's test.

2.4. Quantification of Fibroblasts and Analysis of Collagen Deposition

Regarding the quantification of fibroblasts in the histopathological slides (Figure 7), a significant
increase (p < 0.01) was observed in the average number of new fibroblasts in the group treated with
GLf, with a value of 27.88 + 5.24 cells/field. In the groups treated with InLF and Fbn, significant values
(p < 0.05) were also observed compared to the Con group. The Con group presented significantly
reduced values in the proliferation of new fibroblast cells, with an average value of 13.2 + 4.6
cells/field.

40+

Fibroblasts (cells/field)
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Figure 7. It presents the values of fibroblast proliferation (cells/field at 400x) of the GLf (188 mg/kg),
InLf (182 mg/kg), and Fbn (31 mg/kg) treated groups. Where **(p < 0.01) and *(p < 0.05) represent
statistically significant results compared to the Com group. One-way ANOVA test followed by
Tukey's test.

Regarding the analysis of collagen deposition in histopathological sections stained with
picrosirius and examined under polarized light microscopy (Figure 8). In the GLf and Fbn groups,
the presence of short, thin, and delicate fibrous bundles with a slightly wavy appearance, irregular
arrangement, and greenish and yellow-greenish birefringence was observed, broadly consistent with
deposition of reticular collagen (type III). Deeper in the wound and at the edges of the wound, the
bundles were more abundant, and it was possible to demonstrate the formation of fibrils with yellow-
orange birefringence compatible with type I collagen. The interfibrillar spaces were plentiful. The
pattern observed in the InLf group was similar, but no deposition of type I collagen was evidenced;
even in the marginal zones, this type of collagen was scarce. In G4, in turn, only type III collagen was
evidenced along the entire extension of the wound, however the bundles were quite thin and
assumed a reticular arrangement.

Figure 8. Groups GLf (188 mg/kg), (a), and Fbn (31 mg/kg) (b) exhibit a predominance of type III

collagen fibers (greenish-yellow) but with apparent deposition of type I collagen fibers (orange) in the
depth of the lamina. Also, note the parallel arrangement of the fibers. In InLf (182 mg/kg), (c) and Con
groups (d), exclusively type III collagen fibers are observed in a parallel arrangement in the first and
reticular in the second (Picrossirius-polarization, 100x).

3. Discussion

Wound healing is a complex process involving the interaction of several phases, including
inflammation, granulation tissue formation, and collagen remodeling. This study investigated the
effects of topical application of products containing Libidibia ferrea fruit derivatives on the healing
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process in cutaneous wounds, correlating the histopathological findings with the phytochemical
composition of the formulations, specifically the tannin and flavonoid contents.

Phytochemical analyses indicated that the formulations had high tannin content ranging from
23 to 18% and flavonoid content ranging from 0.25 to 0.14%. Tannins and flavonoids are widely
known for their antioxidant and anti-inflammatory properties, which suggests that formulations
richer in these compounds may favor the healing process due to their ability to modulate
inflammation and protect cells from oxidative stress (Barbosa et al., 2007; Biswas & Mukherjee, 2003).

Libidibia ferrea formulations could significantly reduce wound size and promote lesion
contraction in rats in an optimized manner compared to the control group. Wound contraction is an
important indicator of healing; it is the phase responsible for the closure of the lesion itself since it
involves re-epithelialization, movement of epithelial cells, fibroplasia, and angiogenesis, which make
up the so-called granulation tissue responsible for the occupation of the injured tissue approximately
four days after the injury (Mendonga, Coutinho-Netto, 2009; Barros et al., 2017).

In the histopathological evaluation, on the seventh day, it was observed that the inflammatory
reaction was intense in all groups, which is expected in wounds by secondary intention, where
inflammation is a necessary step for the elimination of harmful agents and the beginning of the repair
process (Diegelmann & Evans, 2004). However, there was a clear difference in the pattern of
inflammation between the groups. In the groups treated with Libidibia ferrea (GLf and InLf) and with
Fbn, inflammation was reduced throughout the treatment and favored wound closure, suggesting a
rapid transition from acute to controlled inflammation and decreased inflammatory cells in the scar
tissue. In contrast, in the control group (Con), inflammation remained predominantly acute, with a
significant presence of neutrophils. This may indicate a prolonged inflammatory response and a
factor that delays healing (Ribeiro, 2006; Ozay et al., 2018).

Libidibia ferrea formulations (Barreto, 2007). The high concentration of tannins in GLf and InLf
may have contributed to improving the inflammatory condition, reducing the need for continuous
recruitment of neutrophils, and promoting a faster transition to the proliferative phase and,
consequently, wound closure (Isaac et al., 2010).

In the proliferative phase, granulation tissue is characterized by the presence of fibroblasts and
newly formed vessels; this phase was best observed in the groups treated with GLf, Fbn, and InLf,
which presented higher rates of epithelialization and increased angiogenesis compared to the Con
group. Angiogenesis is essential for wound healing, as the new blood vessels formed to provide the
oxygen and nutrients necessary for wound repair (Oudega, 2012).

The epithelialization process, which involves the proliferation and migration of epithelial cells
to cover the injured area, was more advanced in the GLf, Fbn, and InLf groups compared to the Con
group. These findings suggest that formulations rich in tannins and flavonoids may have accelerated
the epithelialization process, possibly due to their ability to modulate the inflammatory response and
protect epithelial cells from oxidative damage (McDougall et al., 2006; Akubugwo et al., 2022).

This pattern is consistent with more advanced healing, as it is observed that groups with higher
epithelialization rates also present more significant amounts of tissue fibroblasts, indicating a greater
tendency to transition from the proliferative phase to the remodeling phase (Balbino, Pedreira & Curi,
2005).

In the remodeling phase, it is observed that the wound tissue begins to reorganize and
strengthen from the collagen produced and realigned to increase the strength and elasticity of the
wound (Isaac et al., 2010). The deposition of type I collagen, which confers greater resistance to scar
tissue, was observed more prominently in the GLf and Fbn groups, while type III collagen, which is
more common in the early phases of repair, predominated in the Con group. The replacement of type
III collagen by type I collagen is an important indicator of scar tissue maturation, suggesting that
treatments with Libidibia ferrea based formulations contributed to and accelerated this process
(Fleischmajer et al., 1990; Dantas Filho et al., 2007).
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4. Materials and Methods

4.1. Plant Material

The fruits of Libidia ferrea were collected at the Medicinal Plant Garden of the Institute of Studies
and Research of the State of Amapa (IEPA), from a specimen previously identified and cataloged in
the Herbarium of the Agronomic Institute of the North (IAN185211 - FABACEAE Libidibia ferrea
var. ferrea (Mart. ex Tul.) LP Queiroz) (Figure 9).

Libidia ferrea species were used to obtain the infusion, the glycolic extract, and the gel. The
methods performed were those described in the Phytotherapeutic Formulary of the Brazilian
Pharmacopoeia (ANVISA, 2nd Edition, 2021) and, for the dosage of tannins and flavonoids of the
preparations, the method described by Gonzalez (2005) was used.

Figure 9. Photograph of the specimen collected in the Medicinal Plant Garden of the Institute of
Studies and Research of the State of Amapa (IEPA), previously identified and cataloged in the
Herbarium of the Agronomic Institute of the North (IAN185211 - Fabaceae - Libidibia ferrea var. ferrea
(Mart. ex Tul.) LP Queiroz).

4.2. Animals Used in the Study

The Research Ethics Committee of UNIFAP approved the study under protocol no. 008/2017 of
08/23/2017. It used twenty male Wistar rats, albino variety, with body weight varying between 300 +
40 g, acquired from the Multidisciplinary Center for Biological Research in Laboratory Animals
Science — CEMIB, University of Campinas, UNICAMP. The rats were 21 days old and were
acclimatized in polyethylene cages under controlled temperature conditions (22 + 3°C), with free
access to food and water ad libitum, under 12/12 hours of light/dark cycle. After the acclimation
period, the animals were individually placed in metabolic cages.

Each experimental group consisted of five animals in polyethylene cages in an air-conditioned
room at 25° + 2°C. The animals were deprived of food for 24 hours before the experiment but
remained with access to water ad libitum. They received standardized food (Labina®) and water
throughout the experiment, remaining in a 12-hour light/dark cycle for seven days.

4.3. Experimental Groups for Healing Activity

The animals were distributed into four experimental groups, containing five animals each,
individually identified, so that all groups had the same weight, as follows:

The first group was treated with GLf at a concentration of 5% topically, with a dose of 188 mg/kg;

The second group, defined as positive control, was treated topically with fibrinolysin (Fbn)
(Cristdlia - Prod. Quim. Farm. Ltda., Itapira, Sao Paulo), with a dose of 31 mg/kg;

The third group (G3) was treated with InLf at a concentration of 5% with a dose of 182 mg/kg;
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The fourth group (G4), defined as negative control (Con), was treated with 0.5 mL of saline
solution (NaCl) at a concentration of 0.9%.

4.4. Surgical Procedure and Morphometric Evaluation

All surgical procedures were performed under general anesthesia, using 45 mg/kg of sodium
thiopental (Cristalia Co., Sdo Paulo, Sao Paulo) administered intraperitoneally and following the
method described by Barros et al. (2017). Immediately after hemostasis, treatment of the animals
began, and they were treated once a day, at standardized times (12:00 h - 13:00 h), for seven days,
with the wounds remaining without dressings throughout the experiment.

The wounds were measured in a standardized manner in the craniocaudal direction, from the
1st day (immediately after surgery) to the 7th day postoperatively, with the aid of a digital caliper,
and the speed of wound healing was analyzed. Based on the values of the measurements obtained,
the contraction of the wound was evaluated using the following formula (Agren et al., 1997):

Wound contraction percentage = (initial area - final area) / initial area x 100

Digital images of the wounds were obtained in a standardized manner immediately after the
surgical procedure (1st day) until the 7th postoperative day. For this purpose, a camera (Sonic 7.0,
Brazil) was used, attached to a support fixed perpendicularly to the horizontal plane, and kept at a
distance of 08 cm from this plane, providing adequate focusing of the ulcer. The digitalized images
were stored in Windows Bitmap (BMP) format and analyzed in ImageLab.

The animals were euthanized on the 7th day after the surgical procedure and were previously
anesthetized and placed in the CO2 chamber. After sacrifice, the wound was excised with a 0.5 mm
margin of intact skin around the lesion, deep to the muscle fascia, under aseptic conditions, making
a median cut, and the piece was fixed in 10% formalin.

4.5. Histopathological Evaluation of Wounds

The histopathological evaluation was based on the method described by Barros et al. (2017). For
this purpose, the skin fragments fixed in 10% formalin were dehydrated and embedded in paraffin.
They were then cut 5 m thick and stained with hematoxylin-eosin and picrosirius. The quantitative
and qualitative analyses of the effect of both GLf and InLf included counting fibroblasts,
inflammatory cells, and angiogenesis (blood vessels) present in the histopathological slides analyzed
at 400x.

Determination of epithelization rates (ER). Using histological sections stained in HE, the extent
of epithelization of the wounds was evaluated by measuring the epidermal migration from the
average wound margin to the point where the migrating epithelium stopped processing. ER
represented the percentage of the new epithelium present in the total wound, determined in four
high-power fields (x400) on each slide by using software for morphometry (Imagetool®), according
to the equation as follows:

ER (%) — Epithelization Rates
ER (%) = {1 -[(W,—E )]} x 100< W, — Wound Surface Arca
E, E, — Epithelized Arca

Assessment of the collagen deposition. Histological sections stained in picrosirius and analyzed
under polarized light were used for the descriptive analysis of the collagen deposition. Collagen
fibers were analyzed according to their birefringence pattern (greenish/yellow-greenish or orange,
orange-reddish), morphological appearance (wavy or stretched, thin or thick, short or long), and
disposition (parallel-arranged or interlaced).

d0i:10.20944/preprints202411.0174.v1
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4.6. Statistical Analysis

All experimental quantitative results were expressed as mean + standard deviation for statistical
analysis, and one-way analysis of variance (ANOVA) was used, followed by Tukey's test for multiple
comparisons. Results with significance levels of p < 0.05 were considered statistically significant. The
statistical program used GraphPad Prism (version 5.03).

5. Conclusions

The integration of phytochemical data with histopathological results demonstrates that
formulations containing high levels of tannins and flavonoids from Libidibia ferrea fruits presented
beneficial effects on the wound healing process by secondary intention, modulating the inflammatory
response, promoting the formation of granulation tissue and accelerating epithelialization and
collagen remodeling. These results reinforce the therapeutic healing potential of pharmaceutical
formulations of Libidibia ferrea in treating wounds.
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