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AbstrAct
Background: Eugenia pruniformis is an endemic species from Brazil. 
Eugenia genus has flavonoids as one of the remarkable chemical classes 
which are related to the improvement of the healing process. Aims: To 
evaluate of wound healing activity of E. pruniformis leaves and to identify 
and quantify its main flavonoids compounds. Materials And Methods: 
Wound excision model in rats was used to verify the hydroethanolic and 
ethyl acetate extracts potential. The animals were divided in four groups 
of six and the samples were evaluated until the 15º day of treatment. 
Hydroxyproline dosage and histological staining with hematoxilin-eosin 
and Sirius Red were used to observe the tissue organization and quantify 
the collagen deposition, respectively. Chemical compounds of the ethyl 
acetate extract were identified by chromatographic techniques and mass 
spectrometry analysis and total flavonoids content was determined by 
spectrophotometric method. The antioxidant activity was determined 
by oxygen radical absorbing capacity (ORAC) and 2,2-diphenyl-1-
picrylhydrazylhydrate radical photometric (DPPH) assays. Results: The 
treated group with the ethyl acetate extract showed collagen deposition 
increase, higher levels of hidroxyproline, better tissue reorganization and 
complete remodeling of epidermis. Quercetin, kaempferol and hyperoside 
were identified as main compounds and flavonoids content value was 43% 
(w/w). The ORAC value of the ethyl acetate extract was 0.81± 0.05 mmol 
TE/g whereas the concentration to produce 50% reduction of the DPPH 
was 7.05± 0.09 µg/mL. Conclusion: The data indicate a wound healing 
and antioxidant activities of E. pruniformis. This study is the first report of 
flavonoids and wound healing activity of E. pruniformis.

IntroductIon
The genus Eugenia (family Myrtaceae) was reported as the most used in 
folk medicine in the Restinga Jurubatiba National Park at Carapebus City, 
RJ, Brazil, and has flavonoids as remarkable chemical compounds.[1,2] 
Among the species of the Eugenia genus, there is Eugenia pruniformis 
Cambess (synonyms: Eugenia mikaniana Berg., Eugenia ollivaceae Berg., 
and Myrtus quadrisperma Vell.), popularly known as ‘azeitoninha-da-
praia’, an endemic Brazilian species.[1,3] However, information on the 
constituents and biological activities of E. pruniformis remains scarce 
and only the essential oil has been previously reported.[4]
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Key MessAges
Eugenia pruniformis extract accelerates wound healing in skin rat model, 
probably due to its involvement with the collagen deposition increase, 
higher levels of hidroxyproline, dermal remodelling and potent antioxidant 
activity. Chemical standardization of the active wound healing extract 
was done. The total flavonoid content was 43% (w/w) and quercetin, 
kaempferol and hyperoside were identified as main compounds.
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suMMAry 
•  Wound excision model in rats showed the potential wound healing activity of 

E. pruniformis by collagen deposition increase, higher levels of hidroxyproline, 
better tissue reorganization and complete remodeling of epidermis. 

•  Flavonoids are the main compounds of the endemic E. pruniformis and 
quercetin, kaempferol and hyperoside were identified in ethyl acetate extract 
by TLC, HPLC-PDA and HRESI-MS analysis. 

•  The ethyl acetate extract of E. pruniformis showed a potent antioxidant 
activity by ORAC and DPPH assays

Abbreviation used: NC: Negative control, PC: Positive control, CH: Crude 
hydroethanolic extract, EA: Ethyl acetate extract, TE: Trolox equivalent, mg: 
Milligram, mM: Millimolar, mL: Milliliter, HPLC-PDA: High performance 
liquid chromatography with a photodiode array detector, HRESI-MS: High-
resolution electrospray ionization mass spectrometry analysis, TLC: Thin 
layer chromatography, ORAC: Oxygen radical absorbance capacity, w/v: 
Weight per volume
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Flavonoids are shown to have biological and pharmacological activities, 
including antioxidant, antiviral, antimicrobial, anti-inflammatory, 
antiproliferative, and wound healing activity.[5-7] The flavonols, such as 
quercetin, kaempferol, rutin, and hyperoside, were isolated from the 
Eugenia genus. Thus, the extracts and the fractions rich in flavonoids from 
the Eugenia spp. could be used as active constituents of pharmaceutical 
products for the treatment of skin diseases. Some plant species are also 
used for the treatment of skin diseases, such as Calendula officinalis 
and Copaifera sp., which have action in contaminated wounds.[8,9] 
Wounds are defined as disruptions of the integrity of the skin and 
mucous membranes, which may differ in size, shape, and depth, and 
also, as the etiology, mechanism of injury, degree of tissue loss, and 
contamination.[10,11] Currently, diseases related to skin and subcutaneous 
tissue infections are a major public health problem, affecting mainly 
the elderly and patients with diabetes.[12] The mechanisms involved in 
healing process are distributed in three interrelated phases, which are 
as follows: inflammatory phase, proliferative, and tissue remodeling. 
The inflammatory phase is characterized by hemostasis that occurs due 
to the deposition of fibrin clots and phagocytic migration responsible 
for removing foreign substances and microorganisms. The proliferative 
phase involves the proliferation of fibroblasts, endothelial cells, and 
keratinocytes, as well as the deposition of fibronexus and collagen type 
III. Finally, in the tissue modeling phase, there is a massive replacement 
of collagen type III to collagen type I fibers, which have more resistance 
to large stresses. In tissue modeling phase, an increase of crosslinkings 
among the collagen fibers monomers in direction of the skin stress 
lines also occurs.[13] Thus, the therapeutic targeting of substances with 
healing activity may differ according to the healing process phase. Other 
mechanisms may be mentioned as adjuvants, such as elimination of the 
microbial load on the wound site, treatment with epidermal growth 
factor, and use of enzymes which lyse the contents of necrosis and crusts, 
facilitating the cleaning of the damaged tissue.[14,15] In this context, this 
study aims to evaluate the wound healing activity of the extracts from the 
leaves of E. pruniformis and determinate its main flavonoids. 

MAtErIALS And MEtHodS
Plant material and preparation of the extracts
Leaves (1500 g) of E. pruniformis were collected from the Restinga 
Jurubatiba National Park (S22°12 40.85 –W41°35 14.61 ; S22°12 40.85 
–W41°35 14.61 ; S22°12 36.36 –W41°35 20.18 ; S22°12 34.90 –W41°35 
21.04 ) on November 2, 2013. The identification was performed by Prof. 
Dr. Marcelo Guerra Santos of State University of Rio de Janeiro (no. of 
collecting authorization: 032-2008; no. of authorization for activities 
with scientific purpose: 13659-3; Voucher specimen: M.G. Santos, 2206). 
Leaves were dried in a forced ventilation oven for 48 h at 35°C. The air-
dried leaves (1200 g) were powdered and exhaustively extracted at room 
temperature with 96% ethanol. After evaporation under reduced pressure 
(35°C), a portion (112 g) of the crude hydroethanolic extract (143.7 g) was 
resuspended in 250 mL 90% ethanol and then partitioned with n-hexane 
(2 250 mL). The ethanol-soluble fraction was evaporated under reduced 
pressure, suspended in 250 mL distilled water and partitioned with ethyl 
acetate (EA; 0.25 L 2) and n-butanol (0.25 L 2), successively.[16] Chemical 
analysis of the EA extract were carried out by high-performance liquid 
chromatography with a photodiode array detector (HPLC-PDA) and by 
mass spectrometry using high-resolution electrospray ionization mass 
spectrometry (HRESI-MS).[16] A previous identification of the main 
classes of substances by TLC, using specific reagents, was also done.

Identification of substances by TLC
TLC analysis were carried out on precoated silica gel 60 F254 (0.22-μm 
thickness; Merck KGaA, Darmstadt, Germany), using toluene/EA/formic 

acid 5:3:1 and ethyl aceate/acetic acid/formic acid/water 100:11:11:25 
as developing solvent for the identification of the aglycones flavonoids 
and the glycosilated flavonoids, respectively. The detections were done 
by spraying with natural products-polyethylene glycol reagent (1% 
methanolic solution of 2-aminoethyl diphenylborinate and 5% ethanolic 
solution of polyethylene glycol) and 10% sulfuric acid solution.[16] Spots 
on TLC plates were caracterized by Rf-values and color under UV light 
before and after spraying the reagent solution and used for flavonoids 
identification in comparison with standard compounds (kaempeferol, 
quercetin, isoquercetrin, rutin, and hyperoside).

Analytical method development by high‑
performance liquid chromatography with a 
photodiode array
HPLC-PDA analyses were carried out on Shimadzu SPD-M10Avp, 
consisting of a binary pump, a column oven, and a PDA detector. 
Separations were performed on a reverse-phase column (4.6 x 250 
mm, 5.0 μm; Shimadzu Corporation, Kyoto, Japan) equipped with a 
precolumn (3 × 10 mm). A gradient of acetonitrile in 0.1% aqueous 
formic acid from 5:95 to 100:0 in 30 min was used.[16] The flow rate 
was 1.0 mL/min. The sample was dissolved in methanol (extracts and 
pure flavonoids) at a concentration of 5 mg/mL (extracts) or 1 mg/mL 
(pure compounds). Twenty microliters of the samples were injected 
for each analysis. UV spectra were obtained from 210 to 700 nm. Data 
acquisition and processing were performed using Shimadzu LC Solution 
1.25 software.

High‑resolution electrospray ionization mass 
spectrometry analysis
HRESI-MS data were recorded on a mass spectrometer micrOTOF 
(Bruker Daltonics GmbH, Leipzig, Germany) in negative tube 
mode with capillary voltage set at 4000 V, nebulizer pressure 0.4 bar, 
desolvation temperature 180 °C, and scan range 110–1500. The samples 
were introduced by infusion in MeOH solution.

Determination of the total flavonoids content of 
the ethyl acetate extract
The determination of total flavonoid content of EA extract was performed 
according to an adaptation of the method developed by Rolim.[17] The 
concentration of total flavonoids equivalent in rutin was determined 
spectrophotometrically in UV region (360 nm) in comparison with 
the standard curve of rutin absorbance. The concentration range of the 
standard curve comprised the following concentrations of rutin: 12.5, 
25.0, 50.0, 75.0, and 85.0 mg/mL. A mixture of ethanol 95% and acetic 
acid 0.02M (99:1) was used as solvent in the preparation of all solutions. 
The readings were performed in duplicate. 

AntIoxIdAnt ActIvIty
Oxygen radical absorbing capacity assay
The evaluation was performed using a 96-well microplate reader (Fluostar 
Optima – Fluoroluminometer; BMG Labtech GmbH, Offenburg, 
Germany). The antioxidant activity of the EA extract from the leaves was 
measured by fluorescence decay of fluorescein (Sigma- Aldrich®, Merck 
KGaA, Darmstadt, Germany), induced by 2,2’-azobis (2-amidinopropane) 
dihydrochloride. To estimate antioxidant activity, measurements were 
done by following time course of the fluorescence decay. Using Trolox 
standard, a calibration curve was generated using the net area under the 
curve AUC (AUCTrolox – AUCblank). Oxygen radical absorbing capacity assay 
(ORAC) values were calculated using the linear regression and expressed 
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as Trolox equivalent (TE). TE = slope regression curve (sample)/slope 
regression curve (Trolox).[18] The experil ments were realized in triplicate 
and acceptable R² was ≥0.95. 2,2-Diphenyl-1-picryl-hydrazylhydrate 
(DPPH) radical photometric assay 
Sample stock solution of EA extract (1.0 mg/mL) was diluted to final 
concentrations of 250, 125, 50, 25, 12.5, and 6.25 µg/mL in methanol. 
One milliliter of a 0.3 mM DPPH ethanol solution was added to 2.5 mL 
of sample solutions of different concentrations, and allowed to react at 
room temperature. After 30 min, the absorbance values were measured 
at 518 nm and converted into the percentage antioxidant activity (AA) 
using the following formula: AA% = 100 – [(Abssample – Absblank) 100/
Abscontrol]. Methanol (1.0 mL) plus extract solution (2.5 mL) was used as 
a blank. DPPH solution (1.0 mL; 0.3 mM) plus methanol (2.5 mL) was 
used as a negative control (NC). The EC50 value was calculated by linear 
regression of plots, where the abscissa represented the concentration 
of evaluated extract and the ordinate was related to average percent of 
antioxidant activity.[19] The experiments were realized in triplicate with 
R² = 0.99 and Trolox was used as antioxidant control. 

Evaluation of wound healing activity of leaf extracts 
from E. Pruniformis
Sprague-Dawley rats of 8 weeks old and each weighing 250–300 g were 
used in the accomplishment of the full-thickness excisional wound 
model using the method described by Morton and Malone.[20] In brief, 
the circular full-thickness excision wound was made with a biopsy punch 
of 20 mm in diameter after the induction of general anesthesia. The 
experimental procedure was approved by the Institutional Animal Care 
and Use Committee (CEUA) of Universidade Estadual da Zona Oeste – 
UEZO (Rio de Janeiro, Brazil), protocol code CEUA-UEZO-002/2013. 
Immediately after surgical excision the rats were randomly divided 
into four groups of each six animals: untreated animals are NC, treated 
topically with 0.2 g of collagenase ointment as positive control (PC), 
treated topically with five drops of propylene glycol solution of 5% (w/v) 
crude hydroethanolic extract (CH), and treated topically with five drops 
of propylene glycol solution of 5% (w/v) EA extract. The skin wound 
samples were collected on the day of the incision (day 0; n = 6), and at 
eighth (n = 3) and 15th (n = 3) day of treatment. The granulation tissue 

formed on the injury was excised leaving a 5 mm margin of normal skin 
for determination of hydroxyproline levels and histopathological analysis. 

Histopathologic study and dosage of 
hydroxyproline levels
The granulated tissue, including the adjacent skin, was weighed, fixed, 
and stained with Harris HE, and examined microscopically using a 40× 
objective lens of a light microscope (Nikon, Tokyo, Japan) connected to 
a digital camera (Coolpix 990; Nikon). To estimate the degrees of wound 
healing, a histological score was used to determine the dermal and 
epidermal regeneration and granulation tissue formation.[21] Additional 
sections were stained with Sirius Red for observation of collagen fibers 
distribution through the calculus of the percentage of the marked area in 
red (relative to collagen type I) by field, using the Image Pro Plus 4.5.1 
(Media Cybernetics, Silver Spring, MD, USA).[22] 
The methodology of hydroxyproline dosage was developed by 
Woessner.[23] The granulation tissue was dried at 60–70°C for 24 h 
and weighed. After the samples were hydrolyzed and adjusted to pH 
7.0, these were subjected to chloramines-T oxidation. The reaction 
was terminated by addition of 3.15 M perchloric acid and para-
dimethylaminobenzaldehyde at 60 C to develop pink color. Absorbance 
was measured at 557 nm using a spectrophotometer and hydroxyproline 
content was determined against a standard curve. 

Statistical Analysis
One-way analysis of variance was carried out to identify the differences 
between treated groups and controls. Statistical comparisons between 
variables were performed with Student’s t-test. The level of significance 
for significant difference between groups was set at P < 0.05 in all analyses.

rESuLtS And dIScuSSIon
Preparation of plant extracts
The hydroethanolic extract obtained by maceration presented mass of 
143.70 g, with a final yield of 11.98%. The EA extract obtained after the 
partition showed a yield of 3.19% (38.32 g). The yields of leaves extracts 
from E. pruniformis, according to the literature, are considered satisfactory, 

Figure 1: HPLC.PDA analysis of the EA extract from E. pruniformis leaves. UV 360 nm chromatogram. 
408 C18 column, MeCN/0.1% aqueous formic acid, 10:90 to 60:40 in 30 min, 1.0 mL/min. Peaks are 
assigned to 409 the identified compound. H, hyperoside; K, kaempferol; Q, quercetin
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because the species Eugenia brasiliensis presented a yield of 11.33% for the 
raw hydroethanolic extract and 2.22% for the EA extract.[24] According to 
two studies that included the obtaining of raw hydroethanolic extract of 
Eugenia uniflora leaves, the yields were 3.35% and 2.8%.[25,26]

Substance identification by TLC, HPLC‑PDA, and 
HRESI‑MS analysis
The EA extract showed yellow spots on TLC at 365 nm UV light 
and after it was sprayed with NP/PEG reagent, which suggested the 
presence of flavonoids. The sample spots showed similar Rf values to 
standard solutions of quercetin (fluorescent yellow with a Rf of 0.39) and 
kaempferol (fluorescent green with a Rf of 0.50). Because the flavonoids 
compounds could not be identified based only on TLC data, HLPC-PDA 
and HRESI-MS analyses were performed.
On the basis of our previous analytical work, additional systematic 
HPLC tests for optimization of the analytical method for flavonoids 
identification were performed.[16] The influence of mobile phase on 
chromatographic separation of the flavonoids was investigated in detail. 
A gradient of acetonitrile in 0.1% aqueous formic acid from 5:95 to 100:0 
in 30 min was used as start condition and subsequently optimization 
of mobile phase was performed based on peak symmetry, peak width, 
and run time. Thus, the gradient of acetonitrile in 0.1% aqueous formic 
acid from 90:10 to 40:60 in 30 min was found to be satisfactory. After 
the method optimization, the flavonoids identification was carried out 
by comparison of the EA extract [Figure 1] and the standard flavonoids 
chromatograms with the extract fortified with flavonoids standards 
(kaempeferol, quercetin, and hyperoside) chromatogram. The EA extract 
chromatogram showed signals with retention time values (18.5 min 
for hyperoside, 25.3 min for quercetin, and 28.5 min for kaempferol), 
and UV absorption spectrum similar to the flavonoids standards. The 
HPLC developed method proved to be very selective and effective for the 
simultaneous determination of kaempferol, quercetin, and hyperoside in 
EA extract from E. pruniformis leaves.
The HRESI-MS analysis of the EA extract gave fragment ions at m/z 
463.0888 [M-H], 301.0321 [M-H], and 285.0415 [M-H] in agreement with 
the molecular formula C21H20O12, C15H10O7, and C15H10O6, respectively, 
and corresponding to hyperoside, quercetin, and kaempferol.
The three identified flavonoids are commonly found in the genus  
 Eugenia. Hyperoside is considered one of the flavonoid gender markers.[27] 
This same flavonoid is associated with different pharmacological 
activities, such as antitumoral activity against several cancer cell lines, 
as well as immunomodulatory and anti-inflammatory activities.[28-30] 
The flavonoids quercetin and kaempferol are quite widespread among 
angiosperms in general.[5] Quercetin is considered a phytoestrogen, 
selectively interacting with the type II estrogen receptors, and also has 
antiproliferative activity through different mechanisms of action.[31,32]

Determination of total flavonoids content of ethyl 
acetate extract
The total flavonoids content was determined by spectrophotometric 
method using rutin as a reference standard. The absorbances of a rutin 
concentrations series were plotted to provide a linear calibration curve 
(y = 23.834x + 0.07958) with r2 = 0.992. In this study, the total flavonoids 
content of the EA extract from E. pruniformis leaves was 40%. Although 
the loss on drying value was equal to 7.84%, so the amount was 43.05% 
in the dry weight extract. This total flavonoids content was higher than 
those reported in previous studies for Eugenia spp., such as E. uniflora 
(8.43%), E. malaccensis (4.07%), E. brasiliensis (5.41%) E. beaurepaireana 
(11.46%), and E. umbelliflora (3.28%).[24,33] This result may be related to 
the fact that the species be found in the sandbank vegetation that grows 

in coastal areas under high luminance, and it is known that flavonoids 
are secondary metabolites with antioxidant action, protecting the plant 
tissues from excessive light.[5]

Antioxidant activity
The EA extract of E. pruniformis leaves showed TE value of 0.81 ± 0.05 
mmol TE/g. According to the values found in extracts rich in flavonoids 
and polyphenolics substances from other species, the result obtained for 
EA extract can be considered as expected, because the ORAC value of 
hydrophilic leaf extracts were 0.45 and 0.38 mmolTE/g for the species 
Amaranthus caudatus and Amaranthus hypochondriacus, respectively, 
whereas the leaf extract in EA of Xylopia ochrantha showed a value of 
1.85 mmolTE/g.[30,34] 

Figure 2: The histological evaluation of the skin flaps revealed by HE 
coloration (10× ). NC is the negative 412 control, PC is treated topically 
with collagenase ointment as positive control, CH is treated topically with 
413 propylene glycol solution of 5% hydroethanolic extract, and EA is 
treated topically with propylene glycol solution of 5% EA extract. Day 0, 
8, and 15 414 days after injury. Microscopic examination of the lesions 
treated 415 with EA indicated better epithelialization (arrow) and more 
re‑organization of the dermis (arrowhead) 416 compared to the others 
groups on 8 and 15 days after injury

Figure 3: The evaluation of Sirius Red staining was made to recognize 
the total density of collagen. Each cut 419 was analyzed the percentage 
of area occupied by collagen fibers. NC is the negative control, PC is 
treated 420 topically with Collagenase ointment, CH is treated topically 
with propylene glycol solution of 5% crude 421 hydroethanolic extract, 
EA is treated topically with propylene glycol solution of 5% EA extract. 
Day 0, 8, and 15 days after injury. The distribution of collagen was more 
intense mainly in EA and PC groups on 8 422 and 15 423 days after injury 
(arrowhead)
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Regarding DPPH radical assay, the EC50 is the antioxidant concentration 
required to obtain a 50% radical inhibition. The EC50 values of the EA 
extract of E. pruniformis and the positive control Trolox were 7.05 ± 0.09 
µg/mL and 2.95 ± 0.05 µg/mL. The EA extract of E. pruniformis showed 
higher antioxidant activity compared to other EA extracts from Myrtaceae 
species as Myrcia splendens (EC50 of 8.44 µg/mL) and M. palustris (EC50 of 
17.83 µg/mL) and Campomanesia adamantium (EC50 of 7.77 µg/mL).[35,36] 
The potent antioxidant activity may be related to the high flavonoids 
content of the extract, which is known as antioxidant compounds.[5]

Evaluation of wound healing activity of leaf extracts 
from E. pruniformis
The HE histological analysis of wound in the treated groups EA and PC at 
8th and 15th days showed that wounds displayed better epithelialization 
and more effective reorganization of the dermis when compared with the 
others groups [Figure 2]. Interestingly, EA was more efficient because it 
was possible to observe the complete remodeling of epidermis, indicating 
the regression of the lesions. These parameters are considered indicative 
of a healing process improvement, and demonstrate greater efficacy of 
EA extract to promote the regeneration of the damaged tissue. 
The evaluation of Sirius Red staining demonstrated a significant increase 
of collagen distribution in the EA and in the positive control (PC) group 
when compared to the nontreated and the CH treatment group on the 
8th day. The fibers in red, which are related to the dye marked collagen 
type I, denote a difference among them [Figure 3]. These observations 
were confirmed by the percentage of area occupied by collagen fibers in 
each cut [Table 1]. The EA extract was able to increase by about 330% 
the collagen deposition compared to nontreated group on the 8th day, 
showing the high result among the groups. 
NC is the negative control, PC is treated topically with Collagenase 
ointment, CH is treated topically with propylene glycol solution of 5% 
crude hydroethanolic extract, EA is treated topically with propylene 
glycol solution of 5% EA extract. Values are mean ± standard deviation 
from at day 0, 8, and 15 days after injury. 
Hydroxyproline, one of the basic monomers of collagen, was taken as a 
marker of collagen synthesis.[37] In the PC and in the groups treated with 
E. pruniformis extracts (CH and EA), the hydroxyproline content of dry 
granulation tissue was significantly higher compared to the NC on day 
8. The group treated with CH showed an increase of 34%, whereas the 
EA-treated group was able to increase the levels in the same period by 
100%. Comparing to PC, collagenase, an enzymatic debriding agent which 
showed 28% of hydroxyproline-level augment, the groups treated with 
E. pruniformis extracts obtained a better performance [Table 1].[38] These 
results suggest that E. pruniformis extracts accelerate the wound-healing 
process in the early stages. Moreover, the dosage of hydroxyproline levels 
shows a higher potential of the EA extract by increasing the collagen 
deposition at the lesion site, taking into consideration that this extract has 
a higher concentration of flavonoids, which in turn may be responsible 

for processes that promote healing.[6,7] This result is similar to histological 
analysis of collagen distribution, what indicates a more effective result in 
the group treated with EA extract, and also, to the histological analysis 
by HE, at which EA demonstrated to promote better reorganization of 
dermis and complete remodeling of epidermis. 
According to data of other works with extracts rich in flavonoids, 
Sphaeranthus amaranthoides and Martynia annua showed an increase of 
hydroxyproline levels in 120 and 150%, respectively, when compared to 
the control group. The flavonoid extract of S. amaranthoides also exhibited 
an increase of collagen deposition in about three times more than the 
non-treated group.[6,7] These results are similar to the ones found in this 
present work, which in turn, reinforces the importance of the flavonoids 
role in the quality of healing process, and suggests the use of EA extract 
from E. pruniformis as a healing promoter. Quercetin and hyperoside, 
one of the main flavonoids present in the extract, have a remarked anti-
inflammatory and antimicrobial activity that can be related to a decrease 
of microbial load in the wound site and abbreviation of early stages of 
healing, so that, promoting better tissue reorganization and an increase 
of the re-epithelialization speed.[5,28,29] Furthermore, the high antioxidant 
values of EA for ORAC and DPPH methods might mean a contribution 
of antioxidant property in accelerating the healing process by control of 
oxidative stress, as seen in studies with S. amaranthoides and Clausena 
anisata, which demonstrated that the extracts with high antioxidant activity 
also presented significantly improvement in wound healing process.[6,39,40]

concLuSIon
This work contributes to the chemical and pharmacological knowledge of 
E. pruniformis and its importance as a wound-healing promoter. Eugenia 
pruniformis extract accelerates wound healing in skin rat model, probably 
due to its involvement with the collagen deposition increase, higher levels 
of hidroxyproline, dermal remodeling, and potent antioxidant activity. 
Chemical standardization of the active wound-healing extract was carried 
out, and total flavonoid content was 43% (w/w) and the main compounds 
were identified as quercetin, kaempferol, and hyperoside. Thus, for the first 
time, this study describes flavonoids for E. pruniformis that could be used 
as chemical markers for quality control of the herbal drug. In addition, 
the use of the E. pruniformis extract may be seen as an alternative for the 
development of phytopharmaceuticals with wound-healing activity.
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Hydroxyproline levels (mg/g) Histologic scores (%) of collagen fibers
Group Day 0 Day 8 Day 15 Day 0 Day 8 Day 15

(n = 6) (n = 3) (n = 3) (n = 6) (n = 3) (n = 3)
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CH 61 ± 2.4 90 ± 2.6b 101 ± 1.8b,c,d 60.3±0.9 9.24±1.0b,c 20,64±1,2b,c
EA 60 ± 3.2 134 ± 6.7b,c,d 123 ± 3.9b,d 60.3±0.9 71.28±2.0b,d 68,58±1,6b,d
P valuea 0.1624 <0.0001 <0.0001 1.0 <0.0001 <0.0001

table 1: Hydroxyproline levels (mg/g) in wound areas and histologic scores (%) of collagen fibers in avaliated groups

a - Analysis of variance test. b - Significant difference when compared to NC group (Student’s t-test, P < 0.05). c - Significant difference when compared to PC group 
(Student’s t-test, P < 0.05). d - Significant difference when compared to CH group (Student’s t-test, P < 0.05).
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