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ABSTRACT

Purpose: To evaluate the topical treatment with the ethanolic extract of Ocimum basilicum L. (OBEE) on excisional wounds in
mice. Methods: The plant material was identified and collected, and the ethanolic extract was obtained from the aerial parts of
O. basilicum. The OBEE was resuspended in saline at concentrations of 38 and 100 mg/kg for topical application on the left and
right lesions, respectively. Mice were anesthetized, excisional wounds were made on the dorsal region and divided into four groups
(n = 6) based on treatment duration: one, three, five, and 21 days. The control group received saline. After the treatments, the
animals were euthanized, and the wounds were collected for histopathological analysis the inflammatory infiltrate, mast cell count,
and deposition of newly synthesized collagen matrix. Results: The daily topical application of OBEE at concentrations of 38 and
100 mg/kg reduced the inflammatory response, evidenced by decreased leukocyte infiltration in the damaged tissue, and improved
the deposition of newly synthesized matrix, with thicker, more intertwined collagen fibers resembling intact skin. These effects may
be attributed to the phenolic compounds, tannins, flavonoids, and essential oils present in basil. Conclusion: OBEE shows promise
as a potential healing agent in excisional wounds.
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Introduction

Multicellular organisms have various molecular mechanisms to restore tissue architecture, ensuring that, in the event of
damage, a new matrix is rapidly deposited to prevent the entry of microorganisms'. Nevertheless, therapies that accelerate
or improve both the aesthetic and functional aspects of skin wound repair are still being sought® The healing process in the
skin and other organs involves three distinct but overlapping phases: an initial inflammatory phase, a proliferative phase,

and a remodeling or reorganization phase of the newly synthesized matrix®.

Resolution of inflammation during wound healing has been reported in several studies as a crucial factor in preventing
complications at the end of the healing process. The formation of hypertrophic and keloid scars has been also correlated
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Healing effects of topically applied Ocimum basilicum L. on excisional wounds in mice

with dysfunctional inflammatory processes"*. Reducing oxidative stress and inflammation in the wound environment using
various natural substances has been studied and identified as a means to improve healing®~”.

Ocimum basilicum, commonly known as basil, belongs to the family Lamiaceae and is widely used as a condiment with
global distribution. Its nutraceutical potential is studied in various pathologies®’. In popular medicine, it is used to treat renal
problems, colds, menstrual irregularities, and inflammatory conditions such as arthritis and asthma'’. The pharmacological
value of basil includes antimicrobial'"', antioxidant'*", anti-inflammatory'>'¢, and antitumor'” effects. These effects are

associated with the presence of phenolic compounds, tannins, flavonoids, and essential oils".

In wound healing, O. basilicum has shown satisfactory effects and is commonly used in some regions. The species’
immunomodulatory potential has been linked to its healing activity for conditions like asthma and possibly its promising
effects in wound repair®'®. Additionally, its antioxidant capacity may also contribute to improved healing®. Observed activities
of this species in the healing process include accelerating wound closure, increasing contraction and re-epithelialization,

stimulating fibroblast proliferation, and improving collagen remodeling>**%".

In this context, the present study aimed to evaluate whether the topical application of the ethanolic extract of O. basilicum

affects the healing of excisional wounds in mice during different phases of the repair process.

Methods

Preparation of the ethanolic extract

The extract was obtained from the aerial parts of O. basilicum, which were collected in Carmdpolis de Minas, Minas
Gerais, Brazil. A specimen was deposited at the Herbarium of the Institute of Biological Sciences at the Universidade Federal
de Minas Gerais, under registration No. BHCB 147240, and was identified by Alexandre Salino.

Basically, 234.08 grams of fresh plant material were ground and macerated in analytical-grade ethanol for 10 days.
Afterwards, the material was filtered and dried using a rotary evaporator, resulting in 10.299 grams of ethanolic extract.
This extract has been used in other studies and was previously characterized*'->. The solutions used for treating the animals
were prepared by resuspending the extract in saline solution (0.9% NaCl) at concentrations of 38 and 100 mg/kg.

Animals

Forty-eight male 8-week-old Swiss mice, each weighing approximately 40 g, were obtained from the Laboratory Animal
Breeding Center of the Universidade Federal de Sdo Jodo del-Rei (UFS]). During the experiments, the animals were housed
in cages with six mice per cage under standard conditions of temperature (20 to 24°C) and a light/dark cycle, with solid
food and water provided ad libitum. All procedures performed during the experiments were approved by the UFS] Animal
Ethics Committee (CEUA-UEFS]), under protocol No. 026/2019.

Experimental groups and surgical procedure

The animals were randomly divided into two groups of 24 each: the control group, which received saline, and the treated
group, which received the ethanolic extract of O. basilicum (OBEE). Each group was further subdivided into four subgroups
based on the duration of treatment: one, three, five, and 21 days.

Two excisional wounds, each measuring 6.5 mm in diameter, were created on the dorsal region of the animals, which
were previously anesthetized with xylazine hydrochloride (16.5 mg/kg) (Injectable Anasedan, Ceva), ketamine hydrochloride
(97 mg/kg) (Injectable Dopalen, Ceva), and physiological saline, in a 1:1:2 ratio, respectively, following routine trichotomy*.
The control group received daily topical administration of physiological saline (0.9% NaCl) on their lesions, applied three
times daily. In the groups treated with the OBEE, the animals received 40 uL of the OBEE solution at the concentration
of 38 mg/kg on the left-side wound and 105 pL at the concentration of 100 mg/kg on the right-side wound (standardized
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for all animals), with both treatments applied three times a day according to the corresponding treatment and euthanasia
times: one, three, five, and 21 days.

Macroscopic analysis

For the macroscopic evaluation of the excisional wounds, a digital camera mounted on a tripod was used to photograph
the lesions of each animal on two occasions: on the day the excisional wounds were created, and on the day of euthanasia.
Subsequently, all images were imported into the Image] image analysis software, version 1.44 (Research Services Branch,
U.S. National Institutes of Health, Bethesda, MD, United States of America). The contours were manually traced to calculate
the wound size in mm? for all animals in each group at different time points (one, three, five, and 21 days) in order to assess
closure and re-epithelialization. Wound sizes were then compared between groups.

Histopathological analysis

After euthanasia, fragments containing the surgical wounds in their entirety and depth were removed for histopathological
analysis. They were fixed in 10% buffered formalin, dehydrated in ethanol (70 to 100%), cleared in xylene, and embedded
in paraffin. Sections measuring 4 pum thick were cut and stained with hematoxylin and eosin (HE), toluidine blue (TB),
and Gomori’s trichrome (GT). Slides were prepared from each wound and evaluated for healing area, re-epithelialization,
presence of inflammatory infiltrate, mast cells, and collagen deposition.

Quantitative analysis of leukocytes and mast cells (identified by their characteristic morphology) was performed after
one, three, and five days of treatment using the sections stained with HE and TB, respectively. Images were generated with
a light microscope (Motic) connected to a digital camera (Moticam 580 5.0 MP) linked to an on-board computer scanner.
A total of 10 fields per case/slide was analyzed at 400x magnification in the wound healing area. The results were expressed
per group as the number of cells per pm?.

A qualitative analysis of the remodeling phase was conducted to assess whether treatment with OBEE affected
collagen deposition after 21 days of treatment. The histological sections stained with HE and GT were analyzed
across the entire healing area following criteria for the presence of inflammation, epithelial characterization/
re-epithelialization, presence of nerve bundles, cells and vascularization, scar size, and collagen fiber arrangement.
The images were generated with a light microscope (Motic) connected to a digital camera (Moticam 580 5.0 MP)
linked to an on-board computer scanner.

Statistical analyses

All data were expressed as mean and standard error of the mean and analyzed using GraphPad Prism 5 (GraphPad
Software, CA, United States of America). One-way analysis of variance, followed by the Newman-Keuls post-hoc test, was
performed to compare the three groups (Saline, OBEE at 38 mg/kg, and OBEE at 100 mg/kg). Results were considered
significant when p < 0.05.

Results

In order to relate the effects of O. basilicum and its actions in the different phases of wound healing (inflammation,
proliferation, and remodeling), we applied topical treatments with OBEE at concentrations of 38 and 100 mg/kg to excisional
wounds in mice. The wounds were evaluated both macroscopically and histopathologically at various time points (one,

three, five, and 21 days) to assess the effects of basil on the healing process.

Figure 1 provides a comparative view of the wound areas at different time points following topical treatment. After three
days, the wounds in the treated groups were relatively larger compared to the control group. However, subsequent wound
closure over time showed no significant differences between groups.
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Figure 1 - Effects of the ethanolic extract of Ocimum basilicum (OBEE) at concentrations of 38 and 100 mg/kg on the area
of excisional lesions. (a) Macroscopic analysis of the wounds after one, three, five, and 21 days of treatment (n = 6). (b)
Graph displaying the wound area in mm?. Statistical analysis revealed an increase in wound area in the group treated with
Ocimum basilicum ethanolic extract (OBEE) 100 mg/kg after three days.

The wound healing process involves a series of histopathological changes over time. Thus, evaluations of leukocyte
and mast cell infiltration during the inflammatory phase, as well as the deposition of newly synthesized matrix during the
remodeling phase, were carried out. Figure 2 illustrates the assessment of inflammatory infiltrate in the wound bed after
one, three, and five days of topical treatment with OBEE. A reduction in infiltrate was observed in the lesion area after one
day of treatment compared to the control group, with the lowest content noted in the group treated with 38 mg/kg. At the
other evaluated time points, the local inflammatory profile showed no statistically significant differences compared to the
control group. However, a trend towards reduced inflammatory infiltrate in the tissue was observed.
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Figure 2 - Effects of ethanol extract of Ocimum basilicurn (OBEE) at concentrations of 38 and 100 mg/kg on the number of
leukocytes after one, three, and five days of treatment (n = 6). (a) Histological photomicrographs of the different experimental
groups during the analysis. Sections of skin were stained with hematoxylin and eosin. The arrows indicate leukocytes. The
original magnification was 400X and 1,000X. (b) Quantitative analysis of inflammatory infiltrate showing a significant
reduction in the OBEE groups compared to the control group after one day of treatment (p < 0.01: Newman-Keuls).

Mast cell analysis was conducted using the histological sections stained with TB. These cells, identified by their dark blue
staining, were found in greater numbers in the marginal areas of the lesion and in smaller quantities in the wound bed (Fig. 3a).
The quantitative analysis of mast cells after one, three, and five days of treatment revealed no statistically significant differences
compared to the control group (Fig. 3b).
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Figure 3 - Effects off ethanol extract of Ocimum basilicum (OBEE) at concentrations of 38 and 100 mg/kg on the number of
mast cells after one, tree and five days of treatment (n = 6). (a) Histological photomicrographs of the different experimental
groups during the analysis. Sections of skin were stained with toluidine blue. The arrows indicate mast cells. The original
magnification was 400X, and the bars represent 20 pum. (b) Statistical analysis revealed significant differences in the number

of mast cells in the group treated with OBEE 100 mg/kg after three days.

Figure 4 shows the histopathological analysis of the excisional wound areas after 21 days of treatment, aimed at qualitatively
evaluating the remodeling phase and determining whether the treatment with OBEE could influence collagen deposition.
Re-epithelialization was complete in all groups. The treated groups displayed newly formed dermis in the wound area with
fewer cells and a higher number of blood vessels compared to the control group (Fig. 4a). In the histological sections stained
with GT, the saline group exhibited a more aligned and less interlaced arrangement of collagen fibers. Conversely, the
deposition of newly synthesized matrix (Fig. 4b) in the animals treated topically with OBEE exhibited a better arrangement
of collagen fibers-thicker, more interlaced, and irregularly directed-resembling the appearance of intact skin (normal skin).
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Figure 4 - Effects of the ethanol extract of Ocimum basilicum (OBEE) at concentrations of 38 and 100 mg/kg on the new collagen
matrix (n = 6). (a) Representative photomicrographs of the excisional wounds stained with hematoxylin and eosin, at 40X and
400X magnification for 21 days. The black arrows indicate complete re-epithelialization at the wound site for all groups; the red
arrows indicate collagen fibers. (b) Histopathological aspects of the matrix during the analyzed periods. Sections of skin were
stained with Gomori’s trichrome. The original magnification was 40X and 400X, and the bars represent 20 um. The black bar

indicates the location of the newly synthesized matrix; the red arrows indicate the presence of vascularization.
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Discussion

In response to an injury, a series of events occur in the skin to promote repair. Wound healing ensures the production
of a new matrix and structural recovery, although tissue functionality may not be always fully restored. Sebaceous glands
and hair follicles do not regenerate, and the newly deposited matrix does not exhibit the same characteristics as intact skin,
presenting with less interlaced bundles and less dense collagen fibers®. The response to injury is rapid, although factors such

as uncontrolled inflammation, oxidative stress, and microbial infections can negatively impact this process'.

In this study, we assessed the effects of topical application of O. basilicum L. on excisional wound healing in mice,
aiming to compare these effects and relate them to the anti-inflammatory, antioxidant, and antimicrobial potentials already
described in the literature for this species. The reduction of initial inflammatory response and the improved deposition of

collagen fibers in the newly synthesized matrix after the treatment are among our main findings.

The reduction of inflammation during wound healing has been associated with better outcomes in repair”*-*. The
injured microenvironment, in response to damage, is initially rich in pro-inflammatory mediators such as interleukin (IL)-1,
IL-6, and tumor necrosis factor (TNF)-a, which stimulate leukocytes to remove potential pathogens and cellular debris.
Prolonged and excessive inflammatory reactions are commonly associated with tissue damage and delayed healing®.

The reduction in leukocyte infiltrate reported herein by O. basilicum is consistent with our previous studies6 and reinforces
the potential of this species in this context. In line with our results, a study conducted by Zangeneh et al.? demonstrated
a decrease in leukocytes in animals with lesions treated with a 3% aqueous extract ointment of O. basilicum at 10, 20, and
30 days post-injury. Additionally, Rakha et al.*® found that treatment with the ethanolic fraction of O. basilicum seeds at

400 mg/kg had an anti-inflammatory effect in a carrageenan-induced paw edema model.

Mast cells are involved in different phases of the healing process. They modulate inflammation, stimulate new vessel
formation, and contribute to collagen matrix deposition and remodeling®. Although we did not find statistically significant
differences in the number of these cells, a slight increase was noted in lesions treated with O. basilicum, which may have
partly contributed to the observed results during the healing process in this study, including the modulation of the initial

inflammatory response.

Among the compounds identified in the O. basilicum extract, there are steroids, triterpenes, flavonoids, alkaloids,
coumarins, phenolic compounds, and volatiles**. These compounds have been reported to be responsible for the effects of
O. basilicum in various dermal pathologies, including wound healing®. The species’ antioxidant and antimicrobial properties
seem to enhance its efficacy in wound healing. The antioxidant action reduces oxidative stress in the wound, preventing
cellular damage and promoting tissue regeneration. Additionally, studies observing the anti-inflammatory effects have also
reported overall improvements in subsequent repair events>'®. These bioactive compounds, especially flavonoids, can act
as anti-inflammatory agents by modulating the immune response and reducing the release of pro-inflammatory mediators
such as TNF-a and IL-6%.

The assessment of collagen deposition after 21 days of treatment with O. basilicum in this study revealed that the
architecture of the newly deposited matrix resembled normal dermis more closely, with a higher density of fibers in
the restored area. Although the remodeling phase can last from weeks to months, this phase appeared advanced and
had a better aspect in the type of lesion studied herein. The presented results confirm our hypothesis that the ethanolic
extract of O. basilicum can influence different stages of the wound healing process, consistent with findings reported in

the literature.

The effects of O. basilicum on wound healing demonstrated in this study may be related to the synergistic action of its
phytoconstituents. This species is widely used around the world, both as a condiment and for its phytotherapeutic properties.
Scientific studies emphasize the importance of recognizing its potential and traditional knowledge regarding its effects and

encourage the development of formulations for wound healing'>*.
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Conclusion

The obtained results indicate that the daily topical administration of the OBEE effectively reduced the initial inflammatory
response and improved collagen deposition during the healing process of excisional wounds in mice. However, in order
to fully understand its mechanisms, further studies are needed to investigate the cellular signaling pathways involved in
modulating this response, as well as preclinical and clinical studies to evaluate the efficacy and safety of O. basilicum in

both animal and human models.
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