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ABSTRACT

PURPOSE: To investigate the effect of Cenostigma macrophyllum Tul. in the tissue repair process of skin lesions in rats with induced
Diabetes mellitus.

METHODS: Sixty-three male Wistar rats were distributed into three groups: control (C), diabetic (D), and diabetic treated with an
oil-in-water emulsion of the plant (DPL) subdivided according to time of observation (seven, 14, and 28 days). Diabetes was induced
by administration of by injection of streptozotocin (50 mg/kg, after a 12-h fast) into the penile vein and confirmed by glucose levels
exceeding 240 mg/dL. Held surgical lesion (2.5 cm in diameter) on the back of the animals. The DPL received topical application of
group of the oil-in-water emulsion plant (0.5ml). To evaluate the levels of nitric oxide, was collected Sml of blood from the abdominal
aorta, after his euthanasia. The samples of interest were sent for routine histological processing.

RESULTS: A reduction in the percentage of inflammatory cells and increased numbers of fibroblasts in the group DPL, seven days,
compared to the other groups. At 14 days, the DPL group also showed a higher concentration of nitric oxide (p<0.01) than in groups C
and D.

CONCLUSION: The oil-in-water emulsion of C. macrophyllum Tul accelerated wound healing in diabetic rats.
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Introduction

Diabetes mellitus (DM)
characterized by hyperglycemia and abnormalities in protein,

is a metabolic disorder

lipid and carbohydrate metabolism. The disease is a public health
problem due to its high incidence and prevalence, as well as social
and economic repercussions resulting from premature death,
work incapacity, and high costs for the control and treatment of
its complications'2. These factors have encouraged studies on the
disease in recent years, particularly those trying to develop new
drugs for the treatment of tissue injuries that affect patients with
diabetes'.

The main alterations that occur in DM associated
with suppression of the inflammatory response are reduced
angiogenesis, altered proliferation of fibroblasts and endothelial
cells, reduced fibroblast migration, and inadequate collagen
deposition®. Another factor is the complexity of the wound repair
process which starts with the formation of granulation tissue after
the release of chemical mediators. This step is by the proliferation
of inflammatory cells, fibroblasts, collagen fiber and extracellular
matrix-producing cells, and endothelial cells to supply nutrients
and oxygen to the newly formed tissue. The last step in this
process, tissue remodeling, involves fibers and extracellular matrix
reorganization, confering the appearance of mature tissue*>. If for
some reason alterations occur in the proliferation and migration of
fibroblasts, the wound repair process will be delayed®”.

Nitric oxide is one of the mediators that play an
important role in wound healing and has been implicated in
DM because reduced levels can cause alterations in vascular
permeability and a reduction of capillary flow, causing oxidative
stress®’. High amounts of nitric oxide are produced under normal
conditions, increasing blood flow and vascular permeability, with
this mediator acting as a moderate vasodilator. In contrast, the
endothelial dysfunction and decreased nitric oxide production
observed in patients with DM reduce tissue perfusion and cause
vasoconstriction and reduced blood flow, with a consequent delay
in wound healing®.

Studies have tested new drugs for the treatment of skin
wounds in patients with DM in an attempt to minimize inflammation
and to accelerate the repair process by increasing the production
of fibroblasts and collagen fibers, factors that are important for
wound healing®. Medicinal plants such as Strychnos pseudoquina
and Momordica charantia have been used for the treatment of DM
as coadjuvants in the anti-inflammatory process®!°.
known as ‘“caneleiro”,

Commonly Cenostigma

macrophyllum Tul. var, acuminata Teles Freire belongs to the

family Caesalpiniaceae and is found throughout Brazil, except
for the southern region. The plants are rich in flavonoids and
biosynthetically related compounds such as rotenoids and
isoflavonoids that play arole in wound healing''-'?. Studies using the
leaf extract of Cenostigma macrophyllum Tul. have demonstrated
its antitumor, antioxidant, anti-inflammatory, antibacterial and
antiviral properties, as well as the presence of biflavones!'.

In view of the above considerations, the objective of the
present study was to evaluate the effect of an oil-in-water emulsion
of Cenostigma macrophyllum Tul. var. acuminata Teles Freire on
the healing of surgical wounds in rats with experimentally induced
DM.

Methods

The study was approved by the Ethics Committee
of College Integral Differential (FACID), Teresina-PI, Brazil
(n°. 263/2009) and was conducted according to Lei Arouca No.
11.794/2008. Sixty-three male Wistar rats (Rattus norvegicus),
aged 30 to 40 days and weighing 200-250 g, were used. The
animals were kept in individual cages at the animal house of the
institution with free access to food and water under a light/dark

cycle.

Experimental groups

The animals were randomly distributed into three groups
of 21 animals each according to treatment: control, experimentally
induced DM (DM), and experimentally induced DM treated with
an oil-in-water emulsion of Cenostigma macrophyllum (DPL).
The animals were subdivided according to time of observation
seven, 14 and 28 days (n = 7 per group). Control animals received
no treatment. Diabetes was induced in animals of groups DM and
DPL. The wounds of animals of the DPL group were treated with

0.5 mL of the oil-in-water emulsion for seven, 14, and 28 days.

Induction of Diabetes mellitus

For the induction of diabetes, a single dose (50 mg/kg
body weight) of the diabetogenic drug streptozotocin (Sigma
Chemical Company, St. Louis, MO, USA), dissolved in 0.01 M
citrate buffer (pH 4.5), was injected through the penile vein after
a fast of at least 12 h?. Diabetes was confirmed by an increase of
glucose levels measured with an Accu-Check® glucose meter on
day 21 after induction. Animals with glucose levels > 240 mg/dL
were defined as diabetic.
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Surgical procedure

The animals were anesthetized by intramuscular
administration of 10% ketamine hydrochloride (0.1mL/100g/kg)
and the same dose of 2% xylazine hydrochloride. An area in the
dorsolateral region measuring 6 x 4 cm was shaved and cleaned
with 4% iodinated alcohol. Next, a circular injury measuring 2.5
cm in diameter was created in the center of the area with a circular
instrument and n°4 scalpel blade until complete removal of the
tissue.

After surgery, the animals received antibiotic prophylaxis
consisting of deep intramuscular injection of a single dose of
0.02 mL/100 g of a broad-spectrum antibiotic (Pentabidtico, Fort
Dodge®).The procedure was carried out in a silent environment

with minimal handling to avoid stress to the animal.

Preparation of the oil-in-water emulsion of Cenostigma

macrophyllum

First, seeds were collected from the plant and dried and
their shells were removed. The seeds were triturated and extracted
with hexane in the dark for 30 min under occasional shaking. The
hexane extract was filtered and concentrated in a rotary evaporator
under reduced pressure at 45°C. The oil of the seeds was stored in
an amber flask in a refrigerator until the time of use. The emulsion
was prepared using standard procedures", which cannot be

provided because of a patent application process.

Experimental procedure

Animals of the control and DM groups were not
submitted to any treatment. In the DPL group, the animals received
a topical application of 0.5 mL of the oil-in-water emulsion of C.
macrophyllum once a day for seven, 14, and 28 days. It should
be noted that 21 days were necessary for the confirmation of DM
since a significant increase of glucose levels and stability of the

diabetic syndrome were only observed after this period.

Macroscopic evaluation

For macroscopic evaluation of the wound area, digital
images were captured with a Nikon Coolpix P100 digital
camera (resolution of 10.6 Megapixels) mounted on a tripod at a
constant distance of 30 cm from the surgical wound. All images
were analyzed with the Image]® software, delimiting the wound

periphery and comparing the initial and final wound area in all
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groups at the different time points studied. The percent reduction

in wound size was calculated using the following formula:

Initial wound area — final wound area / initial wound

area x 100.

Histological and histomorphometric analysis

The animals were sacrificed with an overdose of the
anesthetic (60 mg/kg sodium pentobarbital). A specimen of interest
was removed using a sterile knife with a margin of 1 cm around
the wound, identified, fixed in 10% formalin, and submitted
to routine histological processing. Semi-serial sections (0.5
mm) were cut and stained with hematoxylin-eosin. Histological
and histomorphometric analysis was performed using a Leica
DM 1000 light microscope coupled to a digital camera system.
Images were acquired with the Leica Qwin program from three
sites of the wound per animal (right and left margin and center)
using a x40 objective. The Image]® program in the Cell Counter
function was used to determine the number of inflammatory cells.
For qualitative assessment, the presence of inflammatory cells,
fibroblasts and collagen fibers was evaluated in the histological

sections at the different time points.

Measurement of nitric oxide

Nitric oxide was measured in all groups at the different
time points (seven, 14, and 28 days) and immediately before
sacrifice of the animals. For this purpose, 5 mL blood was collected
from the abdominal artery of anesthetized animals and the serum
was obtained by centrifugation at 2000 rpm for 15 min. For nitric
oxide determination 100 uL of animal serum was mixed with 100
puL of Griess reagent (Sigma-Aldrich™) in a multiwall —plate
(TPP-Switzerland) in duplicate. The plate was incubated for 10
min at room temperature and absorbance was read in a microplate
spectrophotometer (uQuant™, BioTek® Instruments Inc., USA) at
540 nm’. A standard curve was constructed using sodium nitrate at

concentrations of 1.5 to 200puM.

Statistical analysis

The histomorphometric and nitric oxide results were
analyzed statistically by ANOVA, followed by the Tukey test,
adopting a 95% confidence interval and a p<0.05. Statistical

analysis was performed using the GraphPad Prism 5.0 program.
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Results

Comparison of the percent reduction in wound size
showed a significant difference between the C and D groups on
day 7 after wounding (p<0.001) and between the D and DPL
groups. At 14 days, wound size reduction differed significantly
between the control and D groups and between the D and DPL
groups (p<0.01 for both) (Figure 1).

1504 p<0,01
p<0,001 1
p<0,01
[ —
1004 p<0,001

504

Percentage of regression(%)

i

0= -
Experimental groups
EEE C 7 Davs 28 D7 Days == DPL 7 Days
mm C 14 Days D 14 Days DPL 14 Days
Em C28Days @2 D28Days 1 DPL23Days

FIGURE 1 - Percentage of lesion regression in surgical and experimental
periods different groups treated with the oil- water emulsion C.
macrophyllum.

Qualitative analysis of the inflammatory process in
specimens of the DPL group on day 7 after wounding revealed a
moderate amount of granulation tissue, a larger number of blood
vessels, presence of fibroblasts and collagen fiber deposition
when compared to the D group which presented a larger number
of inflammatory cells. At 14 days, fibroblasts predominated in
the DPL group, the inflammatory infiltrate had disappeared, and
wound reepithelization had started (Figure 2).

FIGURE 2 - Qualitative aspects of the inflammatory process of surgical
wounds treated with the oil- water emulsion C. macrophyllum control
group(C), diabetic(D) and diabetic plant (DPL)in seven(A), 14(B) and
28(C) days, stained with HE the lens x400.

Legend: Yellow arrows (inflammatory cells), red (fibroblasts) and blue
(blood vessels).

Comparison of the number of inflammatory cells showed
significant differences between the C and D groups and between
the D and DPL group on day 7 (p<0.01 for both, Tukey test). At
14 days, the DPL group presented a significant difference when
compared to the control and D groups (p<0.001 and p<0.05,
respectively). However, no significant differences between groups

were observed on day 28 (Figure 3).

o [t (=] [
= L = th
3 i i i

Inflammatory eells(n®/(20.000 pm )
th

=]
i

Experimental groups

EZ C7Days =8 D7 Days E= DPL 7 Days
mm C 14 Days D 14 Days DPL 14 Days
B8 C 28 Days E3 D28 Davs 1 DPL 28 Days

FIGURE 3 - Number of inflammatory cells(20.000 um?) at different
times and experimental groups treated with oil-water emulsion C.
macrophyllum.

The number of fibroblasts differed significantly between
the D and DPL groups on day 7 (p<<0.01). The same was observed
on day 14, with a larger number of fibroblasts in animals of the
DPL group (Figure 4).

Acta Cirvrgica Brasileira - Vol. 28 (8) 2013 - 597



Coelho NPMF et al.

= — =} )
= i = th
=}
A
&
[=]
=

h

Fibroblasts(n®/20,000 pm >

=

Experimental groups

&8 C7 Davs E=E D7 Davs == DFL 7 Days
@D C 14 Davs D 14 Days DPL 14 Days
B C 28 Davs D 28 Days [ DPL 28 Days

FIGURE 4 - Number of fibroblasts (20.000 pm?) at different times and
experimental groups treated with oil-water emulsion C. macrophyllum.

Nitric oxide levels differed significantly between the C
and DPL groups on day 14 after wounding (p<0.05), i.e., specimens
of the DPL group at 14 days presented the highest concentrations

of nitric oxide among the groups studied (Figure 5).
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FIGURE 5 - Nitric oxide concentration at different times and experimental
groups treated with oil-water emulsion C. macrophyllum.

Discussion

Under fibroblasts

stimulated to migrate to the injured area during tissue repair and to

physiological  conditions, are
produce collagen fibers necessary for wound healing'. In contrast,
in addition to elevated glucose levels, patients with DM present
reduced vascular permeability and blood flow that alters the tissue
repair process, influencing both the formation and remodeling of
collagen fibers?. The steps of tissue repair can be evaluated in skin
wounds by qualitative and quantitative histological analysis of the

main features of this process, including the number of inflammatory
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cells, number of newly formed blood vessels (angiogenesis), and
number of fibroblasts'*'5.

The great biodiversity found in Brazil offers to researchers
a variety of substances with therapeutic effect on different
diseases, including natural compounds with wound healing
properties®*'3, Within this context, Cenostigma macrophyllum Tul.
is common in different regions of Brazil and is the tree symbol
of the city of Teresina, State of Piaui. Cenostigma macrophyllum
Tul. var. acuminata Teles Freire, which belongs to the family
Caesalpiniaceae, shows biochemical, anti-inflammatory and
healing properties. Therefore, the study of its effect on the healing
of wounds created in animals with experimentally induced diabetes
may result in the application of this plant in the health area.

Different natural compounds have been tested for tissue
repair in an attempt to accelerate this process and to obtain better
final outcomes. For example, the aqueous extract of Orbignya
phalerata, commonly known as babassu, has been shown to
significantly reduce the inflammatory process in rat skin after
seven days of treatment®. Similar results have been reported
for the application of Rafflesia hasselti to rat skin wounds, with
the identification of components that modulate the inflammatory
phase of wound healing'®. The oil of Caryocar brasiliense (Pequi)
is another substance that has been studied for the natural healing of
skin wounds. This plant also has healing properties and the results
of experimental studies have shown a reduction in the number of
polymorphonuclear cells on day 3 after wounding, as well as an
increase in angiogenesis and in the number of fibroblasts on day
7Y,

However, there is no rule that phytotherapeutic agents
have similar effects. In this respect, delayed reepithelization of
surgical wounds has been observed in a study investigating the
effect of a hydroalcoholic extract of Aroeira on the treatment of
skin wounds in rats'®. In contrast, in the present study wounds
created in healthy and diabetic rats that were treated with the oil-
in-water emulsion of C. macrophyllum showed the best wound
healing outcomes.

Collagen fiber production starts around day 7 after
wounding and increases gradually until day 14. This process
is accompanied by a reduction of the inflammatory infiltrate.
The final phase of wound healing begins at about day 21 and is
characterized by complete reepithelization of the wound area®!+16,
In contrast, in patients with DM, the inflammatory infiltrate persists
in acute and chronic wounds and mainly consists of neutrophils
and macrophages. In addition, collagen fiber deposition is
reduced, a fact contributing to delayed wound healing. Therefore,

studies on the use of natural products for wound treatment in
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animals with experimentally induced DM investigating the action
of these compounds on the inflammatory process may increase
the range of products available for clinical application®. In this
respect, medicinal plants have been applied to wound treatment in
animals with experimentally induced DM. Studies using Strychnos
pseudoquina and Momordica charantia demonstrated that these
plants exert wound healing activity, reduce the inflammatory
process, and increase collagen production®’.

In the present study, a higher percentage of wound size
reduction was observed in specimens of the groups treated with
C. macrophyllum on days 7 and 14 after wounding. Similarly, the
aqueous extract of Strychnos pseudoquina was found to reduce the
area of diabetic wounds after 14 days of topical treatment®. Topical
application of the oil-in-water emulsion of C. macrophyllum Tul.
to skin wounds surgically created in rats with experimentally
induced DM also reduced the number of inflammatory cells and
increased fibroplasia, demonstrating the positive effects of this
extract on wound healing in diabetic rats.

In view of the importance of tissue nutrition for the
inflammatory response and tissue repair, the analysis of nitric
oxide, a known vasodilator that regulates different activities
including the synthesis and remodeling of collagen, permits to
evaluate the progression of wound healing!*%. Therefore, this study
investigated whether animals with experimentally induced DM
have deficient production of nitric oxide as observed in humans.
This deficiency is due to low blood levels of nitric oxide synthase,
the enzyme catalyzing the production of this chemical mediator
of inflammation. In addition, the concentration of L-arginine,
an amino acid that plays an important role in the activation of
nitric oxide synthase, is reduced®. Studies have used extracts of
medicinal plants to investigate their effect on the production of
nitric oxide®?!. A study using Helianthus annus showed a close
relationship between nitric oxide production and higher activation
of L-arginine when the substance was applied to wounds®. A
similar observation was made with the use of Carica papaya
extract on diabetic wounds, which increased the concentration of
nitric oxide®.

The determination of nitric oxide levels in patients with
DM is important because of the effect of this mediator on vascular
permeability, oxygen transport, and collagen deposition®!’. In the
present study, higher nitric oxide production was observed on
day 14 after wounding in animals of the DPL group. This finding
suggests that topical application of C. macrophyllum Tul. acts
directly on the production of nitric oxide and also on calcium
channels, increasing the production of nitric oxide synthase and,

consequently, nitric oxide synthesis. The consequent arteriolar

vasodilatation increases tissue nutrition and the formation of
collagen fibers by fibroblasts and accelerates wound healing in
animals with experimentally induced DM.

Insummary, the oil-in-water emulsion of C. macrophyllum
accelerated wound healing in animals with experimentally
induced DM. However, further studies are needed to identify the
mechanism of action underlying the increased production of nitric
oxide and the active ingredient of the plant associated with this

response.

Conclusion

The oil-in-water emulsion of C. macrophyllum Tul. Var.
acuminata Teles Freire accelerated the healing of surgical wounds
in rats with experimentally induced Diabetes mellitus, promoting
a reduction in wound size and in the inflammatory process and

increasing the number of fibroblasts and nitric oxide production.
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