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1. Introduction

Currently, diseases such as Diabetes mellitus (DM) are 
considered a global concern. In developing countries such 
as Brazil, this pathology occupies 4th position in worldwide 
country rank of prevalence in 2014 (Ogurtsova et al., 2017) and 
affects 5.9% of the Brazilian population (Borba et al., 2019).

The social and economic repercussions of DM lead 
to serious problems affecting the population, such 
as premature death, incapacity to work and the high 
costs for control and treatment of its complications 
(Costa et al., 2017).

Abstract
The genus Pouteria has been studied because it presents various activities, among which is its anti-inflammatory 
potential. The effects of Pouteria ramiflora Carbopol gel on the healing of skin wounds in diabetic rats were 
evaluated by microscopic imaging. Streptozotocin was administered intraperitoneally in animals that had fasted for 
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when compared to group Control; on the 14th day control and Ext (p<0.05). The quantification of fibroblasts was 
higher on the 7th day among the three treatments, control and Ext (p<0.05), on the 21st day. Angiogenesis showed 
a higher number of vessels in Ext+gel group (p<0.05) on the 7th day; in Control, Ext and Ext+gel (p<0.05) on the 
14th day; and Control and Ext (p<0.05)on the 21st day. The histopathological results showed that the formulation 
Ext+gel was efficient in tissue reparation and decrease in inflammatory cells on the diabetic’s animals.
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Resumo
O gênero Pouteria apresenta várias aplicações terapêuticas e, dentre elas, grande potencial antiflamatório. 
Os efeitos do gel de Pouteria ramiflora sobre a cicatrização de feridas na pele de ratos diabéticos foram avaliados 
pela histomorfometria. A estreptozotocina foi administrada por via intraperitoneal em animais após jejum de 
12 horas, a confirmação de indução da diabetes foi confirmada pelo índice glicêmico (> 240 mg dL-1). Foi realizada 
uma incisão no dorso do animal e foram criados 3 grupos de tratamento: controle (gel carbopol), extrato etanólico 
(Ext) e Gel + extrato etanólico à 2% (Ext+gel); a avaliação histopatológica foi realizada no 7º, 14º, 21º e 30º dias 
após o período pós operatório. Os resultados da prospecção fitoquímica dos extratos de P. ramiflora demonstraram 
majoritariamente a presença de compostos fenólicos e flavonóides; o infiltrado inflamatório avaliado no 7º dia 
foi maior para animais do grupo controle em relação aos grupos Ext (p<0.05) e Ext+gel 2% (p<0.05); no 14º dia o 
controle e Exp (p<0.05) apresentaram aumento significativo dos infiltrados inflamatórios. A presença de fibroblastos 
foi elevada no 7º dia em todos os tratamentos. O processo da angiogênese mostrou um maior número de vasos 
sanguíneos entre os grupos Ext e Ext+gel (p<0.05) no 7º dia; no 14º dia o grupo controle, Ext (p<0.05), Control e 
Ext+gel (p<0.05) apresentaram aumento de vascularização, e no 21º dia apenas os grupos controle e Ext (p<0.05). 
Os resultados histopatológicos mostraram que a formulação gel carbopol + extrato etanólico a 2% foi eficiente na 
reparação de tecidos e na diminuição de células inflamatórias nos animais diabéticos.
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The most common cause of physical disabilities is the 
amputation of lower limbs (legs and/or feet) (ADA, 2019), 
caused by chronic ulcers that typically appear as a wound, 
triggering a series of cell and biochemical reactions in 
the body, with the aim of repairing the injured tissue 
(Schmidt et al., 2010).

Although the pharmaceutical industry makes available 
a variety of medications that may act in wound healing 
(Doughty and Sparks-DeFriese, 2012), alternative 
treatments are sought. However, in the absence of a 
definitive treatment, it is essential to carry out a therapy that 
can help with this healing, leading to the reconstitution and 
restoration of tissue integrity (Honório-França et al., 2008).

In this scenario, the use of extracts and products derived 
from medicinal plants with anti-inflammatory, antioxidant 
and antibacterial activities has raised great interest in 
relation to the innovation of therapeutic methods for the 
treatment of lesions in diabetic patients (Corrêa et al., 2013). 
In Brazil, due to the historical use of plants by traditional 
populations from the Cerrado and Pantanal regions 
(Lorenzi  et  al.,  2002), there is a strong possibility that 
certain species have the potential for commercial use, in 
the treatment of this and other pathologies.

Among the folk medicine species that occur in the 
Cerrado and Pantanal regions, used to treat inflammations, 
skin rashes, ulcers and diabetes, for example, is the genus 
Pouteria (Souza et al., 2012). Specifically, Pouteria ramiflora 
(Mart.) Radlk (Sapotaceae) presents a range of extracts 
prepared from its leaves and roots (Braz  et  al.,  2012). 
It has been already tested with efficacy in experimental 
models in the treatment of hyperlipidemia and obesity 
(Gomes, 2013) and neuroprotective effects against oxidative 
damage (Costa, 2014). The anti-inflammatory and oxidative 
effect is attributed to phenolic, flavonoid and triterpene 
compounds, commonly found in species of the genus 
(Silva et al., 2009).

Plant extracts associated with the Carbopol gel it is usual 
due the ability of this gel to acquire high viscosity at low 
concentration. The gel also has bioadhesive properties, is 
compatible with many excipients and actives and persist 
for a long time at the application site (Rechia, 2010).

Therefore, it is important to know the action and the 
different cell alterations that take place in the tissue repair 
process, using extracts from popularly used plants. Thus, the 
objective of this study is to evaluate the effects of ethanolic 
extract from Pouteria ramiflora leaves on the healing of 
skin wounds on diabetic rats, through morphological and 
histological analysis, and also to highlight the class of 
secondary metabolites present in the leaves.

2. Material and Methods

2.1. Plant material

Pouteria ramiflora leaves were collected from 13 matrices 
on 26th July, 2013, Region of Taboco (20°29’79”S 55°48’7”and 
19°26’7.60”S 55°00’2.78”O), around 8:00 a.m. in the 
municipality of Corguinho, Mato Grosso do Sul, with the aid 
of pruning shears and aerial pruning shears. The material 

collected was packed in polyethylene bags, in the form of a 
moist chamber and transported to the Campo Grande - MS.

After the exclusion of old and/or damaged leaves, 
the plant material was dried at ambient temperature 
(27 °C ± 2.0) and after that, it was fragmented using pruning 
shears and ground in an electrical mill (MARCONI®, MA048). 
Subsequently, it was stored in a hermetically sealed Amber 
glass flask-ampoule, labeled and kept in the refrigerator 
until the preparation of the extracts.

2.2. Obtaining the plant extract and Phytochemical Analysis

To obtain the crude ethanol extract (Ext), the powder 
from the leaves (800 g) was extracted with ethanol, first in 
diagnostic ultrasound (UNIDQUE®, 1450) for 60 minutes, 
followed by 24 hours of static maceration, both at ambient 
temperature (27 °C ± 2.0). This procedure was repeated until 
the plant medication depletion (30 days). The solvent used 
was evaporated in rotary evaporators (Tecnal®, MA120), 
under reduced pressure, obtaining 32 g of crude extract.

The extract was subjected to classical phytochemical 
analysis (Harborne, 1984) executed in triplicate, with 
results compared and contrasted, including the change 
of color and precipitation. The intensities were classified 
as partial (± = 10%), low (+ = 25%), moderately moderate 
(++ = 50%), moderate (±++ = 75%) and high intensity (+++ 
= 100%), besides negative (- = 0%) (Fontoura et al., 2015).

The contents of total phenols were determined (FT) 
by the Folin-Ciocalteu method, using Gallic acid (10 to 
350 mg mL-1) as the standard (Y=1.067x-0.004 R2=0.982); 
The flavonoids (F) were evaluated by the aluminum 
chloride method and as standard, Quercetin (Y=0.633x - 
0.061 R2=0.999) was used to construct a calibration curve, 
according to the methodology of Do et al. (2014).

2.3. Animals

Sixty Wistar lineage male rats (Rattus norvegicus: albinus, 
Rodentia, Mammalia) (200 to 250 g) were used. They had been 
previously analyzed regarding general health conditions, and 
were all acquired from the Central Vivarium of the Uniderp 
University. The animals were randomly distributed into 
groups and kept in individual polypropylene cages, with 
a grid cover made of stainless steel, receiving ration and 
water ad libitum. Animals use protocol for experimentation 
was approved by the Ethics Committee on Animal Use of 
the executing institution (2953/2014).

2.4. Diabetes induction

Induction was performed through the administration of 
streptozotocin (Sigma®), intraperitoneally in a single dose 
of 50 mg kg-1 per body weight, dissolved in citrate buffer 
(0.01 M, pH 4.5) after 12-hour fasting (Ebaid et al., 2011). 
The blood glucose increase confirmation was measured by 
glycosometer (Accu-check®) on the 7th day after induction. 
Animals with a fasting glycemia index greater than 250 mg 
dl-1 were considered hyperglycemic on this study.

2.5. Surgical procedures

The animals were anesthetized, with Ketamine 
(90 mg kg-1) and Xylazine (10 mg kg-1), and an area of 
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approximately 8 mm was wounded with a metal punch. 
The induced lesions were treated according to the 
experimental groups.

2.6. Gel preparation and experimental groups

On the Control group, only the Gel Carbopol at 70% 
(M. Cassab®) was used; on the Ethanolic Ext (Ext) group, 
only the ethanolic crude extract was used; and on the Gel + 
Ethanolic extract (Ext+gel), the extract at 2% incorporated 
into the vehicle at Gel Carbopol at 70% (M. Cassab®) was 
used (Ferreira, 2006).

2.7. Euthanasia

The animals were euthanized with Ketamine and 
Xylazine, and an anesthetics overdose was performed 
(ketamine 300 mg/kg + xylazine 30 mg/kg). The cutaneous 
lesions were excised with a 0.5  mm margin from the 
surrounding healthy skin for histological plates preparation.

2.8. Histological analysis

The histological aspects assessment (inflammatory 
infiltrate, fibroblasts and angiogenesis) was adapted 
according to Garros  et  al. (2006) following the scale: 
(0) absent, (1) discrete, (2) moderate and (3) intense, 
for morphological and histological study. Samples were 
fixed in buffered 4.0% paraformaldehyde. Then, samples 
were embedded in paraffin blocks and sectioned in 
5 μm-thick samples with a microtome (Microm HM320®). 
The  resulting sections were stained with hematoxylin 
and eosin. The stained samples were examined using an 
optical microscope (Carl Zeiss®). The slides stained were 
analyzed using the IMAGELAB software.

3. Statistical Analysis

The data were subjected to statistical analysis using 
the software Bioestat 5.0. The continuous variables 
were tested for normal distribution with Shapiro-Wilk. 
Differences among the analysed groups were investigated 
through Kruskal-Wallis test, with a significance level of 
p<0.05, and the means were compared by DUNN’s test (5%).

4. Results

4.1. Phytochemical analysis

The Ext showed 10 classes of secondary metabolites 
with predominance of phenolic compounds and tannins 
with high intensity (frequency of 100% = +++), followed by 
the sugar content, cardiac glycoside, saponins, triterpenes 
and steroids with a frequency of 50% and, less frequently, 
flavonoids and anthraquinones (Figure 1). The total 
phenols quantification indicated that for Ext these were 
225.8 ± 0.2 mg g-1 and the flavonoids 98.2 ± 0.55 mg g-1.

4.2. Evaluation of the healing process after 7, 14, 21 and 
30 days

4.2.1. Microscopic evaluation after seven days

The evaluations of aspects regarding the deep dermis 
(inflammatory infiltrate, fibroblasts and angiogenesis) 
indicated that the groups presented crust and dermis with 
granulation tissue with an intense quantity of inflammatory 
cells, remarkable presence of fibroblasts (f) and formation 
of blood vessels (bv) (Figure 2). In all treatments, the 
quantities of inflammatory cells (mainly macrophages) 
were similar and are probably associated with the influx 

Figure 1. Chart of analysis phytochemical of Ethanolic extract of Pouteria ramiflora leaves, Campo Grande, 2016. Frequency = low (+ = 
25%), moderately moderate (++ = 50%) and high intensity (+++ = 100%), besides negative (- = 0%).
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of fibroblasts; however, there was the formation of a less 
thick crust in the animals in the Control and Ext+gel group.

Regarding the fibroblast analysis, the three groups 
presented important proliferation; however, the Ext group 
(p=0.0018) showed higher quantities in relation to the other 
groups, Control (p=0.001) and Ext+gel (p=0.0012) (Figure 3). 
Based on these results, diabetic experimental models change 
in the cells were evident. The angiogenesis quantitative 
analysis was verified by counting the number of blood vessels. 
The Ext group compared to the Ext+gel group (p=0.0003) 
showed greater formation of capillaries in 7th day (Figure 3).

4.2.2. Microscopic evaluation: 14 days

After 14 days, the control group was observed with 
epidermis in process of organization, the deep dermis, 
organized granulation tissue and bundles of collagen 
fibers (Figure 4).

It can be observed that Ext+gel showed a reduction 
of the inflammatory infiltrate from the 7th through the 
14th day, differently from the Control group (p=0.038) 
(Figure 5), which showed a difference in relation to Ext 
and presented constant inflammatory infiltrate on the 
7th day.

Figure 2. Photomicrograph of histological sections of diabetic rats’ skin wounds of groups: Control, Ext and Ext+gel (A, B, C) at 7 days 
after injury of the skin wound (A1, B1, C1), crust, epidermis (ep); dermis (d) deep dermis with tissue granulation, fibroblasts (f); blood 
vessels (angiogenesis) (bv); (HE, 10 and 40x).

Figure 3. Quantification of inflammatory cells, fibroblasts, and angiogenesis (blood vessels) in diabetic animals’ skin on groups: Control; 
Ext and Ext+gel, 7 days. ns (statistically not significant). DUNN’s test (P=0.05).



Brazilian Journal of Biology, 2022, vol. 82, e239378 5/10

Pouteria ramiflora leaf gel wound healing activity

4.2.3. Microscopic evaluation: 21 days

In this period, the groups presented complete 
repithelialization of their wounds. In the same way, the 
dermis was observed to be in accordance with the final 
phase of the skin healing process, with a decrease of 
neovascularization and the presence of mononuclear 
cells. The marked presence of fibroblasts and collagen 
characterized the lesion remodeling process (Figure 6).

On the 21st day, the fibroblasts, mainly in Ext+gel showed 
the deposition of dense and wavy collagen, arranged neatly 

in the new tissue, unlike the control, which showed a 
significant difference in relation to Ext (p=0.018) (Figure 7).

4.2.4. Microscopic evaluation: 30 days

The remodeling tissue is characterized by the 
reorganization of the extracellular matrix, with 
the architecture of the skin remodeled in an attempt to 
return to the normal tissue structure, a balance between 
formation of new collagen and degradation of old collagen.

Figure 4. Photomicrograph of histological sections of diabetic rats’ skin wounds. (A, A1), Control, Ext (B, B1) and Ext+gel (C, C1) to 14 
days after injury of the skin wound. Epidermis (ep); keratin (k); fibroblast (f); collagen fibers (c); HE. Quantification of inflammatory 
cells, fibroblasts, and angiogenesis in diabetic animals’ skin on groups: Control, Ext and Ext+gel, DUNN’s test (P=0.05).

Figure 5. Quantification of inflammatory cells, fibroblasts, and angiogenesis (blood vessels) in diabetic animals’ skin on groups: Control, 
Ext and Ext+gel, 14 days. ns (statistically not significant). DUNN’s test (P=0.05).
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Our findings demonstrated the evolution of the tissue 
remodeling process from the 14th day, with remarkable 
presence of epithelization layers and closure of the lesion; 
the groups did not show statistical differences when 
compared. As observed in Figure 8, the Ext+gel group 
exhibited greater organization of collagen fiber bundles 
and formation of skin appendages compared with the 
control group and with all the epidermal layers.

5. Discussion

A lack or excess of inflammatory response affects the 
healing process. In individuals that have Diabetes mellitus 
(DM), there is not only an increase in the glycemic index 
level, but also a decrease in permeability and in vascular 

flow, and this changes the tissue repair process evolution, 
influencing both the formation of collagen fibers and the 
injured tissue remodeling (Silva et al., 2011).

In some botanic species, phytochemical compounds are 
reported as having wound healing potential (Jain and Bari, 
2010), because its prevents or delays the cellular necrosis 
occurrence (Chen et al., 2012). Medicinal plants show the 
ability to act in the anti-inflammatory action mechanisms 
(Coutinho  et  al.,  2009), including antioxidant activity 
through the sequestering of free radicals, the activity 
of inflammatory cells, modulation of arachidonic acid 
metabolism, modulation of gene production and expression 
of pro-inflammatory molecules (Hernandes et al., 2010).

P h e n o l i c  a n d  f l avo n o i d  c o m p o u n d s  a re 
attributed various pharmacological effects, such as 

Figure 6. Photomicrograph of histological sections of rats’ skin wounds of Control group (Carbopol) (A, B, and C), Ethanolic extract 
(Ext) (D, E, F) and Gel + Ethanolic extract 2% (Ext+gel) (G, H, I) at 21 days after the skin wound injury (D, E, F). epidermis (e); keratin 
(k); dermis (d); carbopol (c); granular layer (green arrow); fibroblasts (black arrow); collagen (red arrow); HE.
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Figure 8. Photomicrograph of histological sections of rats’ skin wounds of Control group (Carbopol) (A, B, and C), Ethanolic extract 
(Ext) (D, E, F) and Gel + Ethanolic extract 2% (Ext+gel) (G, H, I) at 30 days after the skin wound injury (D, E, F). epidermis (ep); granular 
layer (green arrow); fibroblasts (black arrow). HE.

Figure 7. Quantification of inflammatory cells, fibroblasts, and angiogenesis (blood vessels) in diabetic animals’ skin on groups: Control, 
Ethanolic extract (Ext) and Gel + Ethanolic extract 2% (Ext+gel), 21 days. ns (statistically not significant). DUNN’s test (p=0.05).
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periods, and it can be observed that the Ext+gel group also 
showed evolution. According to Mendonça and Coutinho-
Netto (2009), the reorganization of the lesion repair process 
took place around the 12th day and, according to Schultz et al. 
(2011), in this phase the proliferation of fibroblasts, collagen 
production, transformation of extracellular matrix in 
the provisional final matrix of collagen, and the total 
reepithelialization will take place (Alsarra, 2009).

The reepithelialization process found in the study at 
30 days was equally affected by the treatments because 
the epithelium layers showed weak activity, corroborating 
descriptions by Leite (2014) that the migration of 
keratinocytes is initiated from a response to epidermal 
lesions, migration of keratinocytes from the edges to the 
center of the lesion, which in turn regulate and stimulate 
keratinocytes to migrate, proliferate and differentiate to 
form the epidermis (Velnar et al., 2009).

6. Conclusion

The ethanolic extract of P. ramiflora leaves has phenolic 
and flavonoid as the main components and the results 
showed that the groups treated with the ethanolic extract 
have an inhibitory effect on inflammatory cells, increasing 
the number of fibroblasts with organization of granulation 
tissue in groups 14 days.
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