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Maintaining the structural and functional integrity of the skin is critical to ensure body homeostasis. After damage, a 

series of cellular and molecular events occurs in this structure in order to repair the injured tissue. Imbalances in one or more 

repair steps are commonly related to difficulties in proceeding with healing. This has driven the search for natural molecules 

from plants to improve the repair process that is economical with less side effects. In this context, the common medicinal 

herb, Ocimum basilicum L., used globally from cooking to practices in folk medicine, has in its phytoconstitution substances 

with different actions such as anti-inflammatory, antioxidant, antimicrobial. Therefore, in the present study, we have 

evaluated the anti-inflammatory effect of intraperitoneal treatment with ethanolic extract of O. basilicum (EEOB) on wound 

healing in mice. Incisional wounds were induced in mice, they were divided according to treatment period and group, n=6, 

and received EEOB intraperitoneally (i.p.) at 150 mg/kg daily or saline solution for 5 or 7 days. At the end of this period, the 

animals were euthanized and the lesions underwent histopathological processing and analysis. In animals treated with EEOB 

injection, there was a decrease in the number of leukocytes at 5 days and mast cells at 7 days post-injury compared to the 

control. The observed anti-inflammatory action can be attributed to the phenolic compounds and their individual or 
synergistic effects on the healing process. 
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The skin is an organ that has important and essential 

characteristics for the physiology of the human body, 

in addition to being considered one of the largest 

organs
1
, therefore, maintaining its integrity is essential 

for the maintenance of the organism's homeostasis. Its 

structure features a series of cells and molecules 

capable of preventing damage. Keratinocytes, 

melanocytes, sebaceous glands and defense cells are 

able to provide protection to such a structure in 

several ways, either by hypermeabilizing, protecting 

from solar radiation or entry of pathogens
2,3

. 

This external barrier to the body is subject to 

suffering various traumas that can disrupt its 

organization and in function. In view of this, the 

healing of cutaneous wounds is the result of a set of 

cellular and molecular events, which, together, aim at 

the reconstruction of the injured tissue, replacing it 

with a new vascularized connective tissue
4
. In this 

process, the phases are identified: inflammatory, 

proliferative and remodeling. 

In the inflammatory stage, hemostasis and 

leukocyte migration occur, in which neutrophils reach 
the lesion site and, later, macrophages, which 
phagocytize cell debris, eliminate pathogens and 
recruit fibroblasts to the site and, if there is a 
compromise between the transition from this to the 
next stage, the chances of unwanted changes in the 

final result of this process or the possibility of not 
even achieving it are relatively high

5
. In the 

proliferative phase, migration and proliferation of 
fibroblasts, deposition of granulation tissue, 
angiogenesis and re-epithelialization occur. At this 
stage, growth factors such as VEGF, TGF-β1, and 

FGF are essential for cell signaling and activity
6,7

. The 
last step, which can take from months to years, is 
remodeling, the final phase of the healing process, 
which results in a remodeled scar in which type III 
collagen is replaced by type I collagen, providing 
greater resistance to the injured area

8,9
. The 

consequences of changes on the healing process have 
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long been discussed, for example, prolonged 
inflammation can trigger problems such as the 
formation of keloids and hypertrophic scars or even a 
delay in the repair process

10
. Thus, the search for 

treatments that aim to accelerate or improve this 

process has been constant. In this sense, the use of 
plant extracts as a therapy, considering the individual 
or collective effects of tissue repair, in parallel with 
the possibility of reducing side effects, is promising in 
the treatment of wounds

11,12
. 

 

Ocimum basilicum, known in some regions as 

basil, belongs to the Lamiaceae family and has a wide 

distribution, being found in Tropical Asia, Africa, 

Central America and South America. Commercially, 

the species is offered as a flavoring or condiment 

prepared from green and aromatic leaves, which can 

be used fresh or dried
13,14

. In the literature, studies 

describe O. basilicum for its anti-inflammatory, 

antifungal, antioxidant and antibacterial properties
15,16

. 

The anti-inflammatory activity has been demonstrated 

in several experimental models, in vivo and in vitro, 

with the main effect of reducing the infiltration of 

inflammatory cells, reducing edema and the release of 

chemical mediators, such as nitric oxide
14,17-

. These 

properties are related to the presence of phenolic 

compounds
22,23

, tannins and flavonoids
23-25

. Therefore, 

in this study, we evaluated the anti-inflammatory 

effect the ethanolic extract of Ocimum basilicum on 

wound healing in mice. 
 

Materials and Methods 
 

Preparation of the ethanolic extract 

For preparation of the extract, aerial parts of the 

species Ocimum basilicum L. were collected in the 

city of Carmópolis de Minas, Minas Gerais, Brazil, 

identified by Prof. Alexandre Salino, and an exsiccate 

was deposited in the Herbarium of Instituto de 

Ciências Biológicas da Universidade Federal de 

Minas Gerais, with the registration number BHCB 

147240. This study has permission to access the 

components of the plant genetic heritage and is 

registered on the PlatformSisGen (A715CDC), 

(13.123/2015), according to Brazilian Biodiversity 

Law (13.123/2015). 
 

A total of 110.85 g of fresh plant material was 

ground and left to macerate for 10 days in P.A. 

ethanol. After this period, the material was filtered 

and dried in rotary steamer obtaining 5.56 g of 

ethanol extract. The extract was qualitatively screened 

for the presence of different classes of natural 

products such as alkaloids, steroids, triterpenoids, 

coumarins, tannins, saponins and flavonoids
26

. The 

total phenolic content of ethanolic extract was 

determined using the Folin-Dennis reagent with 

tannic acid as the standard and result was expressed as 

tannic acid equivalents/mL
27

. The volatile compounds 

from ethanolic extract were analyzed by gas 

chromatography/mass spectrometry (GC/MS), and 

identified by mass spectral database search (NIST) 

followed by matching of MS data and expressed in 

relative percentage of each compound, calculated by 

internal normalization of the chromatographic peak 

area
28

. Solutions for the treatment of animals were 

obtained by resuspension of this extract in saline 

solution (NaCl 0.9%). 
 

Animals 

All experiments were performed in accordance 

with the Guide for the Care and Use of Laboratory 

Animals and were approved by the Animal Ethics 

Committee of the Federal University of São João del-

Rei (UFSJ, Brazil, protocol 008/2017). Thirty-six 

male mice (Swiss strain), weighing 30 to 40 g, were 

obtained from the Center for Bioterism at the Dom 

Bosco Campus of UFSJ and kept under standard 

temperature conditions (20 to 24°C) and light/dark 

cycle, with solid feed and water ad libitum. The 

animals were randomly divided into two groups of 12 

animals each: Control Group and Experimental 

Group. Each group was subdivided into two other 

subgroups according to the euthanasia period: 5/7 days. 
 

Incisional wound 

Initially, the mice were anesthetized with an 

intraperitoneal (i.p.) injection of ketamine (97 mg/kg) 

and xylazine (16.5 mg/kg), then placed on a surgical 

board in the prone position for the surgical procedure. 

Trichotomy of the dorsal and thoracic hairs was 

performed. The skin was cleaned with 70% ethanol 

and then a linear incision was made with a 1.0 cm 

scalpel blade on the paramedial surface of the back of 

each mouse. Hemostasis was performed by pressing 

sterile gauze over the operative wound, which was left 

with a dressing (Micropore 3M). 
 

Treatment with ethanolic extract of Ocimum basilicum 

Immediately after the production of lesions, the 

animals began to receive the treatment assigned to 

each group. The animals in the experimental group 

received a daily intraperitoneal injection of the 

ethanolic extract of O. basilicum (EEOB), at a 

concentration of 150 mg/kg of body wt., and the 

control group received saline (vehicle) also 
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intraperitoneally. After 5 and 7 days, 6 animals from 

each group (Control and Experimental) were 

randomly selected and euthanized by a lethal dose of 

anesthetic. 
 

Histopathological analysis 

After euthanasia, the fragments containing the 

surgical wound in all its length and depth were 

removed with the aid of a number 11 scalpel blade 

and fixed in a 10% buffered formalin solution for  

24 h, sectioned perpendicularly in its half and the 

pieces separated were dehydrated in successive 

ethanol solutions and embedded in paraffin. The 

paraffin blocks were sectioned using a microtome, 

obtaining 5 µm sections, which were later stained 

with Hematoxylin & Eosin (H&E) and Toluidine Blue 

to evaluate the histopathological aspects. Slides were 

obtained from each wound and evaluated for healing 

area, re-epithelialization, presence of inflammatory 

infiltrate, fibroblasts and mast cells in the two 

observation periods (5 and 7 days). Quantitative 

analysis of leukocytes, fibroblasts, and mast cells (all 

identified from their characteristic morphology) was 

performed using Image J Image Analysis Software 

(version 1.44, Research Services Branch, U.S. 

National Institutes of Health, Bethesda, MD, USA.). 

The images were generated by a light microscope 

(Motic) connected to a digital camera (Moticam 580 

5.0 MP) connected to an on-board computer scanner. 

A total of five fields per case/slide were analyzed at 

400X magnification, within the wound healing area. 

Results are expressed per group as number of 

cells/μm
2
. 

 

Statistical analysis 

For statistical analysis, the Graph Pad Prism 5 

Software (GraphPad Software, CA, USA) was used, 

in which the unpaired ‘t’ test was performed to 

analyze the differences between the two groups 

(Physiological solution i.p. and EEOB i.p.). The data 

obtained are expressed as mean ± standard deviation, 

considering significant values when P <0.05. 

 

Results and Discussion 

The phytochemical screening of the ethanolic 

extract from basil showed the presence of steroids, 

triterpenes, flavonoids, alkaloids and coumarins
26

 and 

a total phenolic compounds content of 84.9 μg 

equivalent of tannic acid/mL of extract
27

. In this 

extract was identified volatile compounds by  

GC-MS, such as phytol (44.18%), ethyl linolenate 

(26.10%), cadinene (11.08%), methyl 2,4,6,8-

tetramethyldecanoate (4.66%), methyl 4-ethenyl-

benzoate (4.1%), trans-methyl cinnamate (2.5%), and 

5-methyl-4-hexen-3-one (1.6%)
28

. 
 

The present study was carried out to evaluate the 

anti-inflammatory effect of the ethanolic extract of  

O. basilicum on the healing of experimentally induced 

wounds in mice. Initially, a qualitative assessment of 

the repair process was performed, followed by a 

quantitative analysis of the cells that participate in the 

recovery of tissue architecture. 
 

Figure 1 illustrates the histopathological analyses 

of the HE-stained skin sections. On the 5
th
 day after 

making the lesion, the treated group showed a 

reduction in the inflammatory infiltrate, while the 

control group, which did not receive the extract, 

presented foci of exudation and extensive areas of 

inflammatory infiltrate, where we clearly observed the 

presence of the lesion. On the 7
th
 day after making the 

lesion, the treated group presented re-epithelialization 

and better deposition of collagen fibres in the 

granulation tissue, demonstrating a more advanced 

repair process than the control group, which presented 

extensive areas of inflammatory infiltrate and did not 

present complete epithelization. Similarly, a study
29

 

testing the effects of intradermal injections of 

oleuropein on the healing of incisional cutaneous 

wounds in elderly male balb/c mice demonstrated that 

 
 

Fig. 1 — Anti-inflammatory effect of ethanolic extract of Ocimum 

basilicum L. (basil) (EEOB) aerial parts at the healing process of 

incisional wounds in mice. Photomicrographs wounds at day 5 

and day 7 after skin injury in mice. Control group, received daily 

saline solution. EEOB group, received daily basil extract at  

150 mg/kg intraperitoneally. The arrows indicate inflammatory 

infiltrate in the area of the lesion. Haematoxylin & eosin staining, 

40X magnification, scale bars: 200 µm. 
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oleuropein, in addition to reducing inflammation after 

3 and 7 days of treatment and increasing VEGF 

(factor of vascular endothelium growth), in Van 

Gieson-stained sections after incision, it was observed 

that oleuropein had a positive effect on type 1 

collagen fibre synthesis. 
 

Figure 2 demonstrates the quantitative analyzes of 

total leukocytes (mono and polymorphonuclear) and 

fibroblasts. On day 5, the inflammatory infiltrate in 

the region of the incisional lesion was significantly 

lower in the EEOB-treated group (2.45±0.35) 

compared to the control group (4.44±0.55). On day 7, 

no statistically significant differences were observed 

between groups (Control: 2.62±0.24 vs. EEOB: 

2.69±0.72). In the quantification of the fibroblasts 

analyzed, there were significant differences between 

the groups, with a mean of 2.77±0.75 in the control 

group at 5 days, and 1.94±0.32 in the EEOB group; 

and at 7 days, the mean was 2.34±0.78 in the control 

group and 1.49±0.24 in the EEOB-treated group. 
 

Similarly, the studies with the effects of an ointment 

based on an aqueous extract of O. basilicum in Sprague-
Dawley rats with lesions for 10, 20 and 30 days after 
surgery, observed a positive action of the plant 
throughout the healing process, as a lower infiltrate, 
inflammation and reduction of the lesion area

19
. The 

measured NO production in RAW 264.7 macrophages, 

where they detected a reduction in NO in those media 
that were under the effects of the ethanolic extract of 
calluses and leaves of O. basilicum, confirming anti-
inflammatory action on such cells

18
. In this sense, it can 

be said that the species may have a local action on the 
inflammatory step in the repair process. 

 

Mast cells are cells that participate in the repair 

process, including in fetal wounds. Studies in fetuses 

with lesions and deficient for these cells, present a 

scar reduction at 7 and 10 days
30

. Figure 3 illustrates 

 
 

Fig. 2 — Ethanolic extract of Ocimum basilicum L. (basil) 

(EEOB) aerial parts reduced the number of leukocytes and 

fibroblasts at the healing process of incisional wounds in mice. 

(A) Photomicrographs wounds at day 5 and day 7 after skin injury 

in mice. Control group, received daily saline solution. EEOB 

group, received daily basil extract at 150 mg/kg intraperitoneally. 

Haematoxylin & eosin staining, 400X magnification, scale bars: 

50 µm. (B) Morphometric analysis of number the leukocytes/µm². 

(C) Morphometric analysis of number the fibroblasts/µm². n=6; 

*P ≤0,05 compared with saline group. 

 
 

Fig. 3 — Ethanolic extract of Ocimum basilicum L. (basil) (EEOB) 

aerial parts reduces the number of mast cells after 7 days of treatment 

in incisional wounds in mice. (A) Photomicrographs wounds at day 5 

and day 7 after skin injury in mice. Control group, received daily 

saline solution. EEOB group, received daily basil extract at  

150 mg/kg intraperitoneally. The arrows indicate mast cells in the area 

of the lesion. Toluidin blue staining, 400X magnification, scale bars: 

50 µm. (B) Morphometric analysis of number the mast cells/µm².  

n=6; *P ≤0,05 compared with saline group. 
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the histopathological analyzes of the skin sections 

stained with Toluidine Blue. Mast cells were found in 

greater numbers in the areas most marginal to the 

repair zone, while few of these cells were found close 

to the lesion, being identified from their dark blue 

staining. Quantitative analyzes of the number of  

mast cells indicated that there was no statistically 

significant difference (p=0.1283) between the  

control (0.2502±0.03487) and i.p. with EEOB 

(0.1792±0.02485), on the 5
th
 day after the injury. 

However, at day 7, the mean mast cell population in the 

region was significantly lower (p=0.0407) in the i.p. 

with EEOB (0.1938±0.04630), in relation to the control 

group (0.3627±0.05498). Mast cells can act on injured 

tissue by secreting factors such as TGF-β
31

, participating 

in the recruitment of fibroblasts
32

 and keratinocytes
33

 

and inducing inflammatory responses
34

. 
 

In our study, the daily administration of the 

ethanolic extract of O. basilicum @150 mg/kg of 

body wt., demonstrated a reduction in the 

inflammatory process in the initial days of wound 

healing in mice, represented by the reduction in the 

number of leukocytes at five days and a reduction in 

mast cells at 7 days. Some studies have suggested that 

immune modulation and inflammation reduction act 

positively during the healing process by reducing the 

number of granulocytes, mast cells, and improving 

matrix deposition and scar-free repair
35,36

. 
 

The complex of O. basilicum essential oil with  

β-cyclodextrins, at a dose of 10 mg/kg, significantly 

inhibits the recruitment of lymphocytes, monocytes 

and granulocytes in a model of carrageenan-induced 

peritonitis in mice
37

. Similarly, reported that treatment 

with 3% O. basilicum aqueous extract ointment 

reduced neutrophil and lymphocyte levels during skin 

wound healing in rats
19

. 
 

This reduction in the number of leukocytes and 

mast cells was probably due to the synergistic action 

of the phytochemicals present in basil
38-40

. These 

detected compounds may be responsible for the anti-

inflammatory activity. Phenolic compounds, such as 

phenolic acids and flavonoids exhibit anti-

inflammatory activity
41

. Flavonoids present in the 

species have anti-inflammatory activity, as they 

inhibit the synthesis of inflammatory mediators and 

enzymes, such as prostaglandins, protein C and 

adhesion molecules
42,43

. Other phenolic compounds, 

such as tannins, also have anti-inflammatory and 

healing potential. The Ocimum basilicum tannins 

added to a cream showed good effects on  

wound healing, burn and incisional injury in rabbits, 

due to increased fibroblast infiltration and good 

collagen deposition, in addition, these compounds 

induce a reduction in the synthesis of mediators 

inflammatory
44,45

. 
 

Conclusion 

Results of the present study have demonstrated that 

administration of ethanolic extract of Ocimum 

basilicum @150 mg/kg of body wt./day, could reduce 

the number of leukocytes and mast cells and thereby 

expedite the healing of incisional wounds in mice. 

This reduction is probably due to the phenolic 

compounds present in the basil with anti-

inflammatory properties. 
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