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Background and Aim: Maytenus ilicifolia has analgesic, healing, antioxidant and anti-inflammatory
properties. This study evaluated effect of the hydroalcoholic extract of M. ilicifolia leaves on skin
wound repair.
Experimental procedure: Wounds were induced on mice and treated with the extract. The treatment was
performed daily, until day 7 after wound induction. Wound closure was measured and the features of the
repaired tissue were investigated, including mast cell quantification, neutrophil and macrophage activ-
ities, collagen deposition, angiogenesis, and pro-metalloproteases and metalloproteases 2 and 9 activity
(pro-MMPs and MMPs).
Results and conclusion: The M. ilicifolia extract accelerated the closure of wounds. The extract at a con-
centration of 4% was found to be effective, presenting anti-inflammatory effects and hemoglobin
increased, along with increased soluble, total and type III collagens in the wound. In addition, there was
an increase in pro-MMP9 and MMP9 activity after day 7th of treatment. The phenolic compounds and
tannins present in this plant could be associated with the anti-inflammatory and healing activities
observed in this study. Therefore, the ability to modulate essential parameters for accelerated and
adequate healing as shown here suggests that the use of standardised extracts of M. ilicifolia and its
fractions enriched in polyphenols may represent a therapeutic strategy for the treatment of wounds.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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1. Introduction

When damaged, the skin restores its morphology and function
through the healing process, a physiological event.1 However
chronic conditions, such as diabetes mellitus, peripheral vascular
disease and pressure ulcers, can compromise the quality and res-
olution of wound healing.2 Wounds that do not heal generate
considerable economic expense. For example, total expenditures in
the United States for all types of wounds are estimated to range
from $28.1 to $96.8 billion.3 Patients with persistent wounds
represent about 1%e2% of the general population in developed
countries.4,5
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Considering the available forms of treatment, only 1e3% of
modern medicines are used for the treatment of wounds and skin
diseases, while about one third of all herbal medicines are used for
these treatments.6 For this reason, a survey of plant extracts re-
mains a viable strategy in the search for new and efficient thera-
peutic agents for wound repair, as with the use of Zataria multiflora,
Teucrium polium, Aloe vera and Annona crassiflora.7e10 Maytenus
ilicifolia Mart. ex Reissek, popularly known as espinheira santa, is a
plant described in traditional medicine with scientific evidence for
antiulcerogenic, anti-inflammatory and healing properties.11,12 In
addition, the use of this plant has a scientifically proven analgesic
effect.12

In the present study, we identified polyphenols, flavonoids and
tannins in M. ilicifolia hydroalcoholic extract (MiHE), in addition to
organic acids (malic and citric acid). The anti-inflammatory,13

antioxidant14 and astringent properties15 are described for these
compounds and may contribute to the repair of wounds. Com-
mercialisation of M. ilicifolia as an herbal medicine is standardised
according to the content of tannins, and approved by the Agência
Nacional de Vigilância Sanit�aria Brazilian (ANVISA). Studies have
evaluated and reinforced the safety in the use of this plant in
different experimental models.16e20 Tannins have healing proper-
ties, as they promote the precipitation of proteins leading to the
appearance of a protective layer that can improve the regenerative
process.21 Despite this, to date, studies on the pharmaceutical po-
tential of the bioactive compounds of M. ilicifolia have only
addressed the forms used in the healing of gastric ulcers. Studies of
its effect on the healing of skin wounds have not yet been
published.

Thus, the present investigation is the first study to evaluate the
effects of the hydroalcoholic extract of M. ilicifolia leaves on skin
wound repair. For this purpose, the ability of M. ilicifolia extract to
modulate the inflammatory response, angiogenesis, collagen
deposition, matrix metalloproteases activities (MMP-2 and MMP-
9) and time required for wound closure were considered.

2. Materials and methods

2.1. Preparation of hydroethanolic extract of M. ilicifolia leaves

M. ilicifolia leaves were collected in the Multidisciplinary Center
of Chemical, Biological and Agricultural Research of the State Uni-
versity of Campinas in Paulinia, Brazil. A voucher specimen was
identified and deposited in the Herbarium of the University State of
Campinas (register 112745). The hydroethanolic extract of
M. ilicifolia leaves was used for the treatment of wounds, named
here as MiHE. The extraction of the compounds was obtained after
six days of maceration with 600 g of leaves of M. ilicifolia in 4 L of
70% ethanol in distilled water (70:30). After this period, the solu-
tion was filtered and the alcohol evaporated in a rotary evaporator
(R-200 Advanced) at 40 �C. The extract obtained (MiHE) was frozen
and lyophilized (L101 Liobras ®) to remove residual water .22,23

2.2. Liquid chromatography-mass spectrometry analysis

The main compounds of MiHE were identified by high-
performance liquid chromatography coupled to a mass spectrom-
eter with electrospray ionization (HPLC-ESI-MS/MS, Agilent Q-TOF,
model 6520). MeOHeH2O (4:1) was used as solvent system and the
sample was infused into the ESI source at a flow rate of 200 mL/h.
Nitrogen gas was used as drying gas at a flow rate of 8 L/min and as
nebulizer gas at 58 psi. The temperature of nebulizer was set at
200 �C and a potential of 4.5 kV was applied in the capillary. The
electron impact energy was set at 5e30 eV. The HPLC parameters
were: Agilent Zorbax model 50 � 2.1 mm column, particles of
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1.8 mm and pore diameter of 110 Å, mobile phase: water acidified
with formic acid (0.1% v/v) (A) and methanol (B). The gradient
solvent system (B) was: 2% (0 min); 98% (0e15 min); 100%
(15e17 min); 2% (17e18 min); 2% (18e22 min), with a flow of
0.35 mL/min and detection at UV of 280 and 360 nm. The data were
acquired in negative and positive modes, with adjustment for a
range of 20e1000 m/z.

2.3. Wound induction

For wound creation, the animals were anesthetized with keta-
mine (100 mg/kg) and xylazine (10 mg/kg) intraperitoneally. Ke-
tamine and xylazine were obtained from Syntec®.The dorsal region
of each animal was trichotomized and four wounds were produced
in this region with a 5 mm punch. The wounds were made equi-
distant with about 1 cm of distance between them. All animals
were housed in individual cages after surgery avoiding any external
intervention that could compromise the results.

2.4. Groups and treatments

All animal procedures were approved by the Ethics Commission
of Animal Use of the Federal University of Uberlandia with the
registration of protocol number 062/16 (june17, 2016). Sixty-four
male BALB/c mice, healthy, weighing approximately 27 g at nine
weeks of age, were used in the experiments. The animals were
created, provided and kept in the Rede de Biot�erios de Roedores of
the Federal University of Uberlandia (REBIR-UFU) under standard
conditions (22 ± 1 �C, humidity 60 ± 5% and 12 h of light/12 h of
darkness), and fed standard laboratory chow and tap water ad
libitum. The animals were randomly divided as described in Table 1.

For treatment, MiHE was pulverized in a pestle and mortar and
subsequently incorporated into vaseline and lanolin at concentra-
tions of 2%, 4%, and 6%. The animals of the control group had their
wounds treated with vehicle (vaseline and lanolin).10,24,25 Thirty
minutes after wound creation, 100 mg of the ointment was topi-
cally applied on each wound. The wound induction, treatment and
euthanasia were performed in the morning. The treatments were
performed once a day, for 3 or 7 days. The treatment was completed
without loss of animals.

2.5. Wound closure

Wound size was measured using a digital caliper (150 mm-
Matrix) after the induction of the wound and at the 3rd and 7th
days post-surgery, before the ointment application, in order to
compute the wound area. Further, digital photographs of the
wounds were taken (Sony Cyber Shot 14.1 Dsc W320). The per-
centage of wound closure was calculated using the following
formulas26:

Wound area: (smaller diameter/2) * (larger diameter/2) *p

Area measurement (%): % wound closure ¼ [1-(Wa)/(Wa0) X
100], where Wa: wound area and Wa0: original area of the wound
area.

2.6. Tissue collection

Animals were euthanized at the pre-determined time points,
three and seven days after wound creation with thiopental (Thio-
pental®) via intraperitoneal route (100 mg/kg). The wounds were
removed using a 5 mm punch and immediately put into methacarn
(methanol, acetic acid, and chloroform in the proportion of 6:3:1,
respectively) for 3 h, and then directed to the histological process.



Table 1
Description and distribution of the evaluated groups (treated groups and control group).

Groups Description Number of animals for treatment
time

3 days 7 days

CO Animals injured and treated with the vehicle (vaseline 70%/lanolin 30%). 8 8
2% MiHE Animals injured and treated with M. ilicifolia extract hydroalcoholic at 2% concentration. 8 8
4% MiHE Animals injured and treated with M. ilicifolia extract hydroalcoholic at 4% concentration. 8 8
6% MiHE Animals injured and treated with M. ilicifolia extract hydroalcoholic at 6% concentration. 8 8

Total 64 animals
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Otherwise, samples for biochemical evaluation were preserved in
an ultra-freezer at �80 �C until analysis.

2.7. Myeloperoxidase activity (MPO)

Neutrophil infiltration in wounds were indirectly measured by
assaying MPO activity as a quantitative marker of the activity of this
cell type.27 One wound of each animal was weighed and homoge-
nized in 2mL of 80mM sodiumphosphate buffer at a pH of 6 for 15 s.
Then, 300 ml of the sample were transferred to an microtube with
600 mL of HTAB (Hexade-Cyltrimethylammonium Bromide; Sigma-
Aldrich) 0.75% w/v diluted in phosphate buffer at pH 6. Samples
were sonicated for 10 s and centrifuged at 2.700�g, for 10 min at
4 �C. The supernatant (200 mL) was used in the enzymatic assays. The
reaction followed the following order: 100 mL of 0.003% hydrogen
peroxide; 100 mL of 6.4 mM TMB (3.300,5.500etetramethylbenzidine;
Sigma-Aldrich) diluted in DMSO (dimethyl sulfoxide; Merck), placed
at the same time for 1 min timed. To stop the reaction, 100 mL of
4 M H2SO4 (sulfuric acid; Merck) were added in the mixture. Next,
200 mL of the samples were added in duplicates to a 96-well plate
and the spectrophotometric reading was performed at 450 nm
wavelength (E max, Molecular Devices). The results were expressed
as MPO (absorbance in optical density/g wet weight of the sample).

2.8. N-acetyl-b-D-glycosaminidase activity (NAG)

The infiltrate of macrophage cells in wounds was quantified by
measuring the levels of the lysosomal enzyme N-acetyl-b-D-glu-
cosaminidase (NAG), which is present in high levels on activated
macrophages.28 This technique is based on the hydrolysis of p-
nitrophenyl-N-acetyl-b-D-glucosamine (substrate) by N-acetyl-b-D-
glucosaminidase and the release of p-nitrophenol.½wound of each
animal was homogenized in 2.0 mL of 0.9% saline solutionwith 0.1%
Triton X-100 (Promega), and then centrifuged at 960�g for 10 min
at 4 �C. Next, 150 mL of the supernatant were added in 150 mL of
citrate/phosphate buffer, and then, 100 mL of the mixture were
added to a 96-well plate. Next, 100 mL of the substrate (p-nitro-
phenyl-n-acetyl-b-D-glucosaminidase; Sigma-Aldrich), diluted in
citrate/phosphate buffer, pH 4.5, were incubated at 37 �C for
30 min. Then, 100 mL of 0.2 M glycine buffer (pH 10.6) were added
into the samples. The absorbance was measured at 400 nm (E max,
Molecular Devices). The analysis was performed in duplicate. The
NAG activity was calculated from a standard curve of p-nitrophenol.
The results were expressed as NAG (nmol/mg wet weight of the
sample).

2.9. Mast cell quantification

For morphological analysis, ½ wound of each animal was fixed
in methacarn and then embedded in paraffin. Longitudinal sections
of 5 mm thickness were obtained in a rotary microtome (HM-315,
MICROM). Histological sections were stained with 0.25% Toluidine
Blue in a MacIlvaine pH 4.0 to determine the number of mast
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cells.29 Ten areas of the wound were analyzed per animal. Photo-
micrographs were obtained with 400X magnification (40X objec-
tive) in Leica Microscope ICC50 (Leica Microsystems). All
photomicrographs were quantified using Image J software for
Windows (Image J bundled with 64-bit Java 1.8.0_112). The quan-
tification of mast cells was performed with multipoint.

2.10. Metalloproteases activity (pro-MMPs and MMPs active 2 and
9)

MMPs activities were evaluated by gelatinolytic activity on
zymography gel.30,31 One wound was homogenized in extraction
buffer for MMPs for 24 h (cacodylic acid, NaCl, CaCl2, NaN3, Triton
100X, ZnCl2). The sample were centrifuged at 10,000�g for 10 min
and the supernatant was collected. Total protein in the samples was
previously quantified32 and 40 mg of proteins were separated by
10% SDS-PAGE (Sodium Dodecyl Sulfate/Polyacrylamide Gel Elec-
trophoresis) containing 0.4% gelatin, at 4 �C and under nonreducing
conditions. After electrophoresis, the gel was washed with 25%
Triton X 100 buffer and incubated overnight at 37 �C with the in-
cubation buffer (pH 7.4; 50 mM TriseHCl, 10 nM ZnCl2, 0.1 M NaCl
and protease inhibitor). The gel was stained with 0.5% Coomassie
Blue for 2 h and unstained with bleach solution (methanol/water/
acetic acid in the ratio of 6: 3: 1, respectively). For this evaluation, a
total of three animals per group were used and each gel was
evaluated in duplicate. Gels were scanned and the activity of pro-
MMPs and MMPs were evaluated by band densitometry in Image
J software.

2.11. Hemoglobin measurement (Hb)

½ wound of each animal was individually homogenized (Ultra-
turrax) into 2.0 mL of a hemoglobin-specific chromogenic reagent
(Drabkin reagent-Labtest Hemoglobin Dosing Kit).33,34 Next, the
homogenized samples were centrifuged for 40 min at 10,000�g at
4 �C. The supernatants were filtered through 0.22 mm filters (Mil-
lipore) and 200 mL aliquot of each sample were added in duplicate
to a 96-well plate. Hb concentration was determined spectropho-
tometrically bymeasuring absorbance at 540 nm (Emax, Molecular
devices). To calculate Hb concentration of each sample, a known
standard curve (Labtest) was used. The content of Hb in each
wound was expressed as mg Hb/mg of wet tissue.

2.12. Quantification of total collagen and type I and type III collagen

The sections of wounds used for the quantification of collagen
were obtained according to the protocol previously mentioned for
mast cells. Similarly, 10 areas of each photomicrograph were
analyzed, one photomicrograph being analyzed for each animal.
The slides obtained were stained with Sirius Red for quantification
of total collagen and type I and III collagen.29,35,36 For total collagen
quantification, photomicrographs were obtained with 200X
magnification (20X objective) in Nikon TS 100 microscope with
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Optcammicrocamera system. For collagen I and III quantification, a
polarization filter was used. Before quantification, the image J
program was calibrated with a gray scale. After converting the
photomicrographs of total collagen into 8-bits, the tool threshold
was used. For the quantification of collagen types I and III, these
were initially differentiated with the Split Channels tool and then
quantified by marking the area containing collagen with the
Threshold tool. The relationship between the types of collagen was
made by dividing the values of optical density of type I collagen by
the values of type III collagen.

2.13. Soluble collagen measurement

Soluble collagenwas measured by the reaction of Sirius Red.37,38

½wound of each animal was homogenized into 1 mL of 0.1% Triton
X-100 saline solution and then centrifuged at 6000�g for 10 min at
4 �C. Next, 50 ml of each sample were incubated with Sirius Red
reagent for 30min at room temperature (25 �C). Collagen-Sirius red
complex was separated by centrifugation at 10,000�g for 10 min at
4 �C. The supernatant was discarded. The pellet was washed with
500 mL of ethanol (pure and methanol-free); after removing
ethanol, the pellets were resuspended in 1 mL of alkaline solution
(0.5 M NaOH). The absorbance was measured at 540 nm in a
Table 2
Compounds identified in MiHE by HPLC-ESI-MS/MS (negative mode).

Compound identified Retention
time (min)

Formula
[M � H]-

Mass calcula
for [M � H]-

Malic acid 0.707 C4H5O5
� 133.0142

Citric acid 0.841 C6H7O7
� 191.0197

(Epi)gallocatechin 4.003 C15H13O7
� 305.0667

Type B proanthocyadinin (dimer) 4.202 C30H25O11
� 561.1389

Type B procyanidin (dimer) 4.419 C30H25O12
� 577.1351

Type B proanthocyanidin (trimer) 4.735 C45H37O16
� 833.2070

(Epi)catechin 5.118 C15H13O6
� 289.0718

Type B proanthocyanidin (trimer) 5.434 C45H37O17
� 849.2026

Epiafzelechin 5.717 C15H13O5
� 273.0761

Quercetin-rutinoside-glucoside 5.966 C33H39O21
� 771.1989

Quercetin rhamnosylrutinoside 6.166 C33H39O20
� 755.2039

Quercetin-glucoside 6.915 C12H19O12
� 463.0877

Kaempferol-glucoside 7.231 C21H19O11
� 447.0933

Apigenin-glucoside-arabinoside 7.348 C26H27O14
� 563.1406
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microplate reader (E max, Molecular Devices). The analysis was
performed in duplicate. The amount of collagen in each sample was
determined by comparing the results with a standard curve using
collagen (Merk). The results were expressed in mg of collagen per
mg of tissue sample.

2.14. Statistical analysis

All numerical data were tested for normal distribution using the
Kolmogorov-Smirnov test. The results are presented as mean and ±
error standard deviation (SEM), followed by One-Way ANOVA and
Bonferroni post-tests, comparing treated groups (2% MiHE, 4%
MiHE and 6% MiHE) with control group (CO group). Differences
between standard error were considered significant when p values
were �0.05. The statistical evaluation and graphs were performed
using the GraphPad Prism software, version 8.0.

3. Results

3.1. Identification of polyphenols in MiHE

The compounds identified in MiHE by HPLC-ESI-MS/MS are
shown in Table 2. The characterization demonstrated the presence
ted m/z of [M � H]- Error
(ppm)

m/z of fragments of
[M � H]-
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Fig. 1. Wound closure area. (A) Graphical representation of the percentage of wound closure treated with M. ilicifolia hydroethanolic extracts at concentrations of 2% (2% MiHE), 4%
(4% MiHE) and 6% (6% MiHE) and animals injured and treated with vehicle (group CO), after 3 and 7 days of treatment. (B) Macroscopic images of wound closure immediately after
wound induction (day 0) and after 3 and 7 days of treatment. The results are shown as mean and standard error, statistically evaluated with One-Way ANOVA and Bonferroni post-
tests (n ¼ 8). * indicates a statistically difference in relation to CO group considering p � 0.05, **p � 0.01 and ****p � 0.0001.
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of polyphenols represented by tannins (Type B proanthocyadinin
(dimer); Type B procyanidin (dimer); Type B proanthocyanidin
(trimer) and Type B proanthocyanidin (trimer)) and flavonoids
((Epi)gallocatechin; (Epi)catechin; Epiafzelechin; Quercetin-
rutinoside-glucoside; Quercetin rhamnosylrutinoside; Quercetin-
glucoside and Kaempferol-glucoside).
3.2. MiHE improves skin wound closure

Wounds treated with MiEH showed accelerated closure after 3
and 7 days of treatment (Fig. 1A and Fig. 1B). After 3 days of
treatment, the percentages of wound area closure were greater in
wounds treated with 2% MiHE (21.1 ± 1.1) (p � 0.05), 4% MiHE
20.8% ± 1.8 (p� 0.05) and 6%MiHE 30.2% ± 2.6 (p� 0.01) in relation
to CO group (10.3% ± 1.1) (Fig. 1A and B). After 7 days of treatment,
all concentrations of MiHE improved the wound closure (p � 0.05),
with closure of 69.8% ± 2.5 (2% MiHE), 67.9% ± 1.2 (4% MiHE) and
69.5% ± 3.2 (6% MiHE) in comparison to CO group (60% ± 2.6)
(Fig. 1A and B). Only wounds treated with 4% MiHE (p � 0.05) and
6% MiHE (p � 0.01) were different from the wounds of CO group
(31.1% ± 2.6) after 5 days of treatment (40.8% ± 1.7 and 44.5% ± 2.6
of wound closure, respectively) (Fig. 1A and B).
3.3. MiHE has effect on the activity of neutrophils and macrophages

The treatments with 4%MiHE (53.4 ± 3.8) p� 0.05 and 6%MiHE
(60.2 ± 5.6) (p � 0.01) showed reductions in MPO activity, when
compared with CO group (53.4 ± 3.80) after 3 days of treatment
(Fig. 2A). Otherwise, MPO activity was elevated in all groups treated
withMiHE after 7 days of treatment, with 35.2± 7.3 (p� 0.0001) 2%
MiHE, 17 ± 7 (p � 0.0001) 4% MiHE and 17.7 ± 2.4 (p � 0.001) 6%
MiHE, in relation to CO group (3.1 ± 0.3) (Fig. 2A). After 3 days of
treatment, NAG activity was reduced in 2% MiHE (5.3 ± 0.6) p � 0.5
and 4% MiHE (2.1 ± 0.1) p � 0.01 groups, when compared with CO
group (8 ± 0.8), whereas, after 7 days of treatment, NAG activity
was increased in the 4% MiHE group (8.7 ± 1) p � 0.5 in relation to
CO group (5.5 ± 0.7). The treatment with 2% MiHE and 6% MiHE
showed no differences in the NAG activity in relation to the CO
group after 7 days of treatment (Fig. 2B).
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3.4. MiHE treatment increases the number of mast cells and MMP-9
activity in wounds

The quantification of mast cells in wounds treated with MiHE
was comparedwith the CO group (animals injured and treatedwith
vehicle). After 3 days of treatment, an increase (1.2 ± 0.2) (p� 0.05)
in the number of mast cells was observed in wounds treated with
4% MiHE in relation to CO group (0.6 ± 0.1). In the same period, the
increase was of 1.3 ± 0.2 (p � 0.01) in the wounds treated with 6%
MiHE (Fig. 3A and Fig. 3C). After 7 days of treatment, only the group
6% MiHE (0.9 ± 0.4) p � 0.01 showed an increase of mast cells in
relation CO group (0.3 ± 0.1) (Fig. 3A and C).

After 3 days of treatment, there was no statistical difference of
pro-MMP9 and active MMP-9 between MiHE (all concentrations)
and CO group (Fig. 4A). Otherwise, after 7 days of treatment, pro-
MMP-9 activity in wounds treated with 4% MiHE (1.297 ± 38)
p � 0.01 and 6% MiHE (1.2500 ± 131) p � 0.01 was greater than the
activity for the CO group (460 ± 182). These same groups also
showed increased MMP-9 activity with values of (917 ± 69)
p � 0.05 and (973 ± 143) p � 0.01, respectively) after 7 days of
treatment, comparedwith CO group (558 ± 74) (Fig. 4B). Pro-MMP2
and active MMP2 were observed only in wounds treated for 3 days,
and were not statistically different between MiHE and CO group
(Fig. 4C).
3.5. MiHE presents pro-angiogenic and pro-fibrogenic activities in
skin wounds

Hemoglobin content in skin wounds increased in 4% MiHE
(13.1 ± 2) (p� 0.0001) compared to the CO group (6.4 ± 1.20) at the
beginning of wound repair (after 3 days of treatment) (Fig. 5A). At
the end of the experimental treatments, the hemoglobin value in
4% MiHE was reduced (3.7 ± 0.3) p � 0.01 in relation to the CO
group (7.6 ± 0.4) (Fig. 5A).

After 3 days of treatment, only 4% MiHE exhibited increased
total collagen deposition (292 ± 63) p � 0.05 (Fig. 5B and B) and
soluble collagen (3.0 ± 0.5) p � 0.05 in relation to the wounds
treated with CO group (148 ± 39 of total collagen and 1.6 ± 0.3 of
soluble collagen) (Fig. 5C). After 7 days of treatment, total collagen



Fig. 2. Myeloperoxidase activity (neutrophil marker) and N-acetyl-b-D-glucosaminidase (macrophage marker). Graphical representation of MPO (A) and NAG (B) activities in
wounds after 3 and 7 days of treatment with M. ilicifolia hydroethanolic extract at concentrations of 2% (2% MiHE), 4% (4% MiHE), and 6% (6% MiHE) and treated with vehicle (CO
group). The results are shown as mean and standard error, statistically evaluated with One-Way ANOVA and Bonferroni post-tests (n ¼ 8). * indicates statistically significant
difference in relation to the control group considering p � 0.05, **p � 0.01, ***p � 0.001 and ****p � 0.0001.

Fig. 3. Quantification of mast cells in wound areas stained with Toluidine Blue. (A) Quantification of mast cells in photomicrographs of cutaneous wounds after 3 and 7 days of
treatment withM. ilicifolia hydroethanolic extract at concentrations of 2% (2% MiHE), 4% (4% MiHE) and 6% (6% MiHE) and vehicle-treated wounds (CO group). The results are shown
as mean and standard error, statistically evaluated with One-Way ANOVA and Bonferroni post-tests (n ¼ 8). * indicates statistical difference in relation to the CO group considering
p � 0.05 and **p � 0.01. (C) Photomicrograph of skin wounds stained with Toluidine Blue after the treatment with mast cells indicated by the arrows. Photomicrograph (A)
represents an enlarged mast cell about the graphic and (B) the injured tissue after 7 days of treatment. The delimited area (B) showing the regionwhere the photomicrographs were
personalized Photomicrographs are presented with the following magnitudes: (B) 40x and (C) 400x.
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Fig. 4. Pro-MMPs and active MMPs quantification. Zymography gel and graphical representation of band densitometry of pro-MMP9 and active forms of MMP-9 after 3 (A) and 7
days (B) of treatment in CO group (animals injured and treated with vehicle) and M. ilicifolia hydroethanolic extract at concentrations of 2% (2% MiHE), 4% (4% MiHE) and 6% (6%
MiHE). (C) Represents optical density from the bands obtained by the zymography gel for pro-MMP2 and active MMP2 after 3 days of treatment. The results are shown as mean and
standard error, statistically evaluated with One-Way ANOVA and Bonferroni post-tests (n ¼ 3). * indicates statistically significant difference in relation to the control group
considering p � 0.05 and **p � 0.01.
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increased (1346 ± 90) p � 0.01, (1288 ± 132) p � 0.01 and
(1679 ± 91) p � 0.001, respectively, in wounds treated with 2%
MiHE, 4% MiHE and 6% MiHE, compared with CO group
(651 ± 194) (Figs. 5B and 6B). Considering soluble collagen, only
the wounds treated with 4% MiHE showed increases in its content
(2.4 ± 0.3) p � 0.05, in relation to the CO group (1.3 ± 0.1) (Fig. 5C).
Wounds of the 4% MiHE (0.8 ± 0.02) p � 0.1 and 6% MiHE
(0.8 � 0.02 p � 0.01) showed a predominance of type III collagen,
compared with CO group (0.7 ± 0.01). There was no difference
between the type I and III collagen ratio after 3 days of treatment
(Figs. 5D and 6C).

4. Discussion

Wound healing involves a complex process that aims to restore
the structural and/or functional integrity of damaged tissue. It is
achieved through four precise and highly programmed phases:
hemostasis, inflammation, proliferation and remodelling.39

M. ilicifolia presents a diversity of polyphenols. Regarding the
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anti-inflammatory action of these compounds and the fact that we
are not aware of studies that evaluate the effect of M. ilicifolia on
skin wounds, in this study, we chose to focus on the initial stages:
inflammation (3 days) and proliferation (7 days).

Among the compounds known for their healing activity, epi-
gallocatechin and proanthocyanin were found in MiHE. Epi-
gallocatechin has demonstrated activity on the proliferation of
keratinocytes.40 Moreover, this curative property can be developed
as an action of tannins (such as proanthocyanin). This compound has
astringent, anti-inflammatory and healing characteristics in the
treatment of wounds and burns, forming a protective layer in the
lesion and favouring the natural recovery of tissue.15 Other poly-
phenols found in MiHE known for their healing activity are quer-
cetin41 and kaempferol,42 which have been evaluated and presented
positive results in terms of healing in different experimental models
such as healthy, diabetic and pressure ulcer animals. In this study, we
demonstrated that the healing activity of MiHE was accompanied by
anti-inflammatory activity, pro-angiogenic activity and effects on the
extracellular matrix with increased collagen and MMP expression.



Fig. 5. Quantification of hemoglobin and collagen in wounds. Graphical representation of hemoglobin (A), total collagen deposition (B), soluble collagen (C) and proportions of
types I and III collagen (D). All evaluations were carried out in wounds after 3 and 7 days of treatment with M. ilicifolia hydroethanolic extract at concentrations of 2% (2% MiHE), 4%
(4% MiHE) and 6% (6% MiHE) and CO group (animals injured and treated with vehicle). The results are shown as mean and standard error, statistically evaluated with One-Way
ANOVA and Bonferroni post-tests (n ¼ 8). * indicates statistically significant difference in relation to the control group considering p � 0.05, **p � 0.01 and ***p � 0.001 and
****p � 0.0001.
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Neutrophils are one of the main cells of the inflammatory stage
of wound healing and play an important role in decontamination
by eliminating foreign debris and promoting defence against in-
fections.43 Despite this, when they persist in wounds for a long
time, neutrophil-derived mediators can cause damage to host tis-
sues and potentially delay the repair process.43 The indirect activity
of neutrophils was obtained from the quantification of the enzyme
MPO. Enzymatic activity was reduced inwounds treatedwithMiHE
after 3 days of treatment.

Characterisation of MiHE demonstrated a wide variety of fla-
vonoids, known as anti-inflammatory compounds.10,44 Among the
polyphenol groups described for MiHE, flavonoids were the most
representative, presenting (epi)gallocatechin, (epi)catechin, epi-
afzelechin, quercetin-rutinoside-glucoside, quercetin rhamno-
sylrutinoside, quercetin-glucoside, kaempferol-glucoside and
apigenin-glucoside-arabinoside. Flavonoids have been evaluated
for their inhibitory activity on MPO. This inhibitory role is associ-
ated with the position of the hydroxyl, the ability to eliminate free
radicals and the hydrophobicity of the molecule.44 In addition to
their action on MPO, flavonoids may have anti-inflammatory ac-
tivity through alternative mechanisms, as for epiafzelechin which
exhibits anti-inflammatory activity on carrageenin-induced mouse
paw oedema by inhibiting the cyclooxygenase (COX)-1 activity of
prostaglandin H2 synthase.45 MiHE features glycoside flavonoids,
among them kaempferol-glucoside. This compound has anti-
inflammatory and analgesic activity in part due to its ability to
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reduce the migration of leukocytes.46 In our previous studies, we
demonstrated that wounds treatedwith an extract rich in glycoside
and rutinoside flavonoids such as quercetin-glucoside, kaempferol-
rutinoside and kaempferol-glucoside, compounds also present in
MiHE, were able to reduce the activity of MPO.10

We demonstrated that wounds treated with MiHE have reduced
neutrophil activity after 3 days of treatment and increased this
activity after 7 days when compared with the CO group (control
group). However, neutrophil activity was reduced in these groups
(2% MiHE **, 4% MiHE ** and 6% MiHE ***) after 7 days when
compared to the same group in a shorter time, after 3 days of
treatment (statistics not shown on the graph). In addition, although
MPO is widely used as a marker of neutrophil activity, it can also be
produced by macrophages,47 which may have contributed to the
increase in MPO in relation to the CO group after 7 days of treat-
ment. These results suggest that wounds treated for 7 days with 4%
MiHE showed a profile of resolution of the inflammatory process
and a direction for the proliferative stage. This is because the
reduction of neutrophils over time (between 3 and 7 days of
treatment) occurred simultaneously with an increase in macro-
phage activity. Macrophages are essential for the progression of the
repair process, as they eliminate neutrophils by phagocytosis while
producing essential mediators for the proliferative stage.39

MMPs play a key role in the proliferation stage. Interactions
between mast cells and fibroblasts induce MMP-9 release from fi-
broblasts.48 Mast cell chymase is involved in the activation of pro-



Fig. 6. Total collagen deposited on the extracellular matrix of the wound area. Photomicrograph of skin wounds stained with Sirius Red showing total collagen (B) and collagen
types I and III (C) in wound of CO group (vehicle-treated wounds) and M. ilicifolia hydroethanolic extract at concentrations of 2% (2% MiHE), 4% (4% MiHE) and 6% (6% MiHE) after 3
and 7 days of treatment. In the photomicrographs shown in (C), type I collagen is observed in orange-red, while type III collagen is observed in green. The delimitation (rectangle) in
the upper image (A) represents the area where the images were obtained. Photomicrographs are presented with the following magnitudes: (A) 40x, (B) and (C) 400x.
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MMP949 and tryptase-producing mast cells may be associated with
MMP-9 expression.48 Thus, in our study, we suggest that the in-
crease in mast cells in wounds treated with 4% MiHE and 6% MiHE
after 3 days of treatment may have resulted in an increase in me-
diators that led to an increase inMMP-9 expression by fibroblasts in
the following days (observed after 7 days of treatment).

MMP-9 is a fundamental protease for keratinocyte activity,
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including their migration and re-epithelialisation.50 MMP-9 is
expressed at the contact edges of keratinocytes that migrate during
wound closure. Thus, an increase in MMP-9 activity with topical
treatments containing MiHE may reduce the time required for
wound closure, due to its activity on cells that promote re-
epithelialisation. Moreover, MMP9-knockout animals exhibit a
delay in wound closure.51 Regarding MMP-2, it has been shown
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that its expression in the wound filling region is characteristic
during the inflammatory stage.52 For this reason, we could only
identify MMP-2 activity in samples obtained after three days of
treatment, which represents the inflammatory stage of healing.

Angiogenesis and collagen production are also characteristic
processes of the proliferative phase. Angiogenesis starts approxi-
mately from day 4 after the injury53 and delivers oxygen, nutrients
and essential growth factors to the injured skin tissue, facilitating
the healing process. In this study, we used hemoglobin quantifi-
cation as an evaluation method for angiogenesis. 4% MiHE led to an
increase in the hemoglobin content after day 3 of treatment, fol-
lowed by a reduction after 7 days of treatment, which can lead to
tissue maturation. This is because, considering the physiological
processes involved in healing, after an increase in blood vessels,
blood vessels regress until they reach the density of blood vessels
characteristic of normal skin, without lesions.39 Some of the com-
pounds present in MiHE with proven angiogenic activity, such as
the catechins, can up-regulate the enzyme nitric oxide synthase.54

As previously shown, treatment with 4% MiHE for 3 days after
lesion induction also induced the accumulation of mast cells near
the wound site. During the healing process, mast cell infiltration
can contribute to angiogenesis through the secretion of cytokines,
such as vascular endothelial growth factor (VEGF) and fibroblast
growth factor (FGF), or by the release of pre-stocked proteases in
their granules (e.g. tryptase). Both processes are capable of posi-
tively modulating the neovascularisation of wounds.55,56,57

Total collagen and soluble collagen increases were observed in
the 4% MiHE group, after days 3 and 7 of treatment. This provides
integrity and resistance to the tissue. Furthermore, it contributes to
better cell migration in the proliferative and remodelling phases,58

resulting in a reduced the time for wound closure treated with 4%
MiHE. Compounds present in MiHE show pro-fibrogenic activity.
Flavonol glycosides have previously been shown to stimulate
fibroblast proliferation and collagen synthesis,59,60 while glycosy-
lated kaempferol and kaempferol exert an effect on collagen syn-
thesis, demonstrated by an increase in hydroxyproline and total
collagen, respectively.10,42 The main collagen constituents of the
dermis are collagen types I and III. The study of these fibres is
essential because it indicates the degree of maturation of the
formed tissue. After 7 days of treatment, wounds treatedwithMiHE
showed a predominance of type III collagen. Maximum type III
collagen production occurs between 5 and 7 days after injury.61

Thus, the increase in this collagen in wounds treated with MiHE
indicates adequate progression in the healing process. Type III
collagen plays a fundamental role in granulation tissue, contrib-
uting to the migration and proliferation of cells such as keratino-
cytes and fibroblasts,62 resulting in adequate fibrogenesis and a
shorter wound closure time.

5. Conclusion

4% MiHE was efficient at accelerating wound closure. 4% MiHE
demonstrated anti-inflammatory, pro-angiogenic and pro-
fibrogenic activity. Moreover, the increase in MMP-9 contributes
to the advancement of the proliferative stage, since MMP-9 is
fundamental for the keratinisation process and for epidermal
closure. Thus, this study has shown that 4% MiHE presents bene-
ficial properties and may be an interesting option for accelerating
skin wound healing.
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