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RESUMO | INTRODUGAO: Novas terapéuticas para as le-
sdes de dificil cicatrizagdo tém-se tornado necessdrias e estéio
sendo pesquisadas. Nesse contexto, a carboxiterapia tem se
destacado pelos seus efeitos sobre a microcirculagéio tecidu-
al. OBJETIVO: avaliar os efeitos da carboxiterapia, infusdo
no tecido subcutéineo de CO, medicinal, na cicatrizagdo de
lesdes cutdneas em ratos Wistars. MATERIAIS E METODOS:
Trata-se de um estudo experimental e quantitativo, com uma
amostra de 10 animais, divididos em grupo controle e gru-
po carboxiterapia. Todos os animais sofreram uma lesdo
com punch metdlico de 5mm de didmetro na regido dorsal
e, o grupo com terapia, tratado por 10 dias consecutivos.
A regido foi fotografada em vdrios momentos da pesquisa
e, em seguida, as imagens foram analisadas pelo software
ImagelJ. RESULTADOS: Na andlise descritiva dos dados o GC
apresentou reducdo progressiva da drea de 0,2051+0,025
para 0,155+0,017 no 3° dia, 0,109+0,034 no 7° dia e
0,028%+0,092 apds o 10° dia. O GCa apresentou aumen-
to da drea de 0,198+0,040 para 0,207+0,035 no 3° diq,
com redugdo para 0,109+0,012 no 7° dia e 0,044+0,030
apéds o 10 dia, demonstrando ser menos eficiente na cicatri-
zagdo de feridas cutdneas do que a auséncia de tratamento.
CONCLUSAO: A carboxiterapia ndo mostrou resultado sig-
nificativo para acelerar o processo de cicatrizagéio de lesdes
cut@ineas na fase aguda, sugerindo esse periodo como néo
ideal para sua utilizagéo.

PALAVRAS-CHAVE: Cicatrizagdo. Ferimentos e lesGes. Pele.
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ABSTRACT | INTRODUCTION: New therapies for difficult-to-
healinjurieshave become necessary and are being researched.
In this context, carboxytherapy has been highlighted by its
effects on tissue microcirculation. OBJECTIVE: evaluate the
effects of carboxytherapy, infusion in the subcutaneous tissue
of medicinal CO,, in the healing of skin lesions in Wistars
rats. MATERIALS AND METHODS: This is an experimental
and quantitative study, with a sample of 10 animals divided
into a control group and a carboxytherapy group. All the
animals suffered a metallic punch injury of 5mm diameter in
the dorsal region and the group with therapy, treated for 10
consecutive days. The region was photographed at various
times of the research and then the images were analyzed by
Image) software. RESULTS: In the descriptive analysis of the
data, the CG presented a progressive reduction of the area
of 0.205 £ 0.025t0 0.155 £ 0.017 on the 3rd day, 0.109 +
0.034 on the 7th day and 0.028 X 0.092 after the 10th day,
GCa presented an area increase of 0.198 + 0.040 for 0.207
+ 0.035 on the 3rd day, with reduction to 0.109 + 0.012 on
the 7th day and 0.044 + 0.030 after 10 days, demonstrating
to be less efficient in the healing of cutaneous wounds than the
absence of treatment. CONCLUSION: Carboxitherapy did
not show significant results to accelerate the healing process
of cutaneous lesions in the acute phase, suggesting this period
as not ideal for its use.

KEYWORDS: Wound healing. Wounds and injuries. Skin.
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Introduction

New therapies for difficult-to-heal injuries have
become necessary and are being researched. In this
context, carboxytherapy has been highlighted by
its effects on tissue microcirculation'. This technique
consists of therapeutically administering anhydrous
carbon dioxide (called carbon dioxide or CO,) by
injection into the subcutaneous tissue directly into
the affected areas with the aim of improving tissue
oxygenation®“,

Results of other experiments with the use of
carboxytherapy>® for the treatment of chronic
lesions contextualize a positive outlook regarding
the application of this technique to this condition. It is
noteworthy that, in these experiments were reported
reduced numbers of adverse reactions, increasing
the expectation of good results.

The literature review revealed a small number of
studies aimed at the application of carboxytherapy
in the treatment of tissue repair®” and an increasing
number of studies aimed at its use in aesthetic
treatments*® ', Therefore, it is necessary to carry out
more studies to analyze the results of the application
of carboxytherapy in tissue repair, under the light of
the scientific method, offering more support to this
application. Based on this, the present study aimed
to evaluate the effects of carboxytherapy on the
wound healing process in healthy Wistars rats.

Material and methods
Kind of study

This work was carried out through an experimental
study, by means of a quantitative study, observing
the behavior of a specific sample, during a time
interval of 11 months.

Location and Period

The development of the research took place in the
vivarium of the Instituto Esperanca de Ensino Superior
(IESPES) in Santarém. The period of the survey was
between August 2017 and June 2018.

Ethical Principles of Research

All animals were managed according to the rules
of the Brazilian College of Animal Experimentation
(COBEA) and national legislation for animal
vivisection in force (Federal Law 6,638 of May 8,
1979), which defines norms for conducting research
with laboratory animals, and of law n. 9605/98
dealing with environmental crimes. This study was
submitted to the Committee on Ethics in the Use of
Animals of UFOPA protocol n °© 10014-2017, and
duly approved.

Sample

For this research, 10 Wistar rats, all males, healthy
adults, older than 90 (ninety) days and weighing
between 250 (two hundred and fifty) and 300
(three hundred) grams were used. These animals
were chosen because of their various advantages:
they are easy to handle, occupy small spaces, have
high resistance to infection and present clinical,
laboratory and histopathological similarities with
humans. Moreover, due to these advantages,
they allow to work simultaneously with several
experimental groups and subgroups.

During the research period, the rats were kept in
appropriate polypropylene cages measuring 41cm
x 34cm x 16cm, lined with wood, accommodating
5 (five) animals in each of these microenvironments.
These animals were observed for a minimum
period of 15 (fifteen) days before the beginning
of the study itself. The objective of this period was
to promote the best adaptation to the laboratory
environment, following the guidelines of COBEA
(2006), which defines this as the minimum period of
pre-observation of the animals before any scientific
study.

It is worth noting that the experimental laboratory
had restricted access to the authors of this research
and other members of the laboratory, presenting
controlled environmental conditions (12 hours of light
/ dark cycle, sanitized environment, temperature of
22 *+ 2°C and adequate ventilation). food and water
ad libitum to the animals throughout the experiment.
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Search Groups

For this research the animals were separated into
2 (two) groups regarding the type of treatment,
composed of 5 (five) animals each. These groups
were thus composed:

1 - Group GC (Control Group) received the lesion,
however, without any treatment.

2 - Group GCa (Carboxytherapy Group) received
the lesion and was treated with carboxytherapy.

The groups in this study suffered euthanasia on the
11th day after the injury. The reason for this choice is
that medical prescriptions are generally around 10
sessions. From this routine, it was intended to bring
this research closer to the treatments performed in
the daily routine of professional practice.

Experiment

The technique of intraperitoneal induction of
ketamine 10% (0.10ml / 100g), general anesthetic
drug, and Xylazine 2% (0.25ml / 100mg), substance
with sedative, analgesic and muscle relaxant.
Euthanasia consisted of the application of overdose
of thiopental.

After anesthesia, all the animals were submitted to
standardized traumatic lesions. The procedure was
started with trichotomy and antisepsis with povidine-
iodine (PVPI). Next, the animal was positioned in the
ventral decubitus with the four limbs extended and
the head aligned to the trunk. Then, 1 (one) circular
excisional wound was performed. For this, a 5mm
metal punch with a cutting blade was used on its
lower edge. Afterwards a cutaneous fragment was
removed, with removal of the skin, until the exposure
of the dorsal muscular fascia.

After the lesion occurred, the animals started daily
therapy sessions lasting approximately 5 minutes /
each for ten consecutive days. For the application
of the carboxitherapy, the lesion was divided into
quadrants and the application points had angular
distance of approximately 90° from each other, a
total of 4 application points. The gas was injected
approximately 0.5cm from the edge of the lesion.
Carbon dioxide was administered through 30G
needles introduced at approximately 30° angulation
to the skin with the tip of the needle toward the
center of the lesion. This needle is connected to
the carboxytherapy apparatus. In this research,
the model of carboxytherapy apparatus was Ares
produced by the company Ibramed®. The infusion
flow used was 80 ml / min, with 10 ml being injected
at each point.

Photogrammetric Analysis

The morphometric evaluation of the lesions consisted
in the relative measurement of the physical dimensions
of the lesions. For this, the technique of computerized
photogrammetry was used from digital images of
the lesions obtained in each session.

To obtain these images was used a digital camera
of the brand Samsung®, model Samsung es?5® of
16.2 megapixels. The images were obtained without
zoom, always in a frontal plane and at a standard
distance of 30cm from the lesions, with the aid of a
tripod. These images fitted the lesion and a millimeter
tape, which served as reference for calibration of
the measurements obtained by the photogrammetric
analysis software (Figure 1).
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Figure 1. Using the Image)® Software. Framing of the lesion and the reference rule

Source: The authors (2019).

The software used to perform the analysis of
morphometric parameters of this study was ImageJ®,
which has been widely used in studies on the follow-
up of the evolution of ulcers'%'.

The morphometric evaluation of the lesions used in
this study was the area. For this measurement, after
visualization of the image of the lesion by the Image J®
software, the programming was initially adjusted in
the software so that the presentation of the final
result demonstrates only the desired parameter.
This setting was necessary only for each program
use and for this you have clicked on the following
commands: Analyze >>> Set Measurements ... In the
window that has been opened (Set Measurements)
the following command is selected: "Area".

Then, the calibration of each image was performed
for analysis. This calibration consisted of drawing a
line on the tape of 1cm distance (known distance) and
then clicking on the following commands: Analyze
>>> Set Scale. Within the window opened by the
command (Set Scale,) the space "Konwn Distance"
with the value "1" (corresponding to the distance of
1cm of the tape) was filled in and finally the unit of
measure was reported in "cm" in the space "Unit of
Length".

From these initial adjustments of the program, the
evaluation parameter measurement procedure was
started. With the tool "freehand selections" (" "), the
exact contour defined by the edges of the lesions
was drawn with the mouse.

Then it was clicked on the Analyze >>> Measure
commands, which then presented a last window with
the morphometry result of the lesion.

In order to avoid variation in the definition of
the edges of the lesions, a single, previously
trained evaluator performed these measurements,
maintaining the same criteria for their execution.

Statistical treatment

The data related to these analyzes were tabulated
in spreadsheets of the Excel software (Microsoft
® - USA) and presented in time intervals in hours
Oh, beginning of the inflammatory process'>, 48h,
beginning of wound contraction'®, 144h, increased
proliferation of fibroblasts' and 240h, period
corresponding to 10 daily treatment sessions.
Subsequently the data received the statistical
treatment by the software BioEstat 5.0. For this
experimental study, the significance level of 0.05 (o
= 0.05 or 5%) was accepted for a sampling error
of 5% in all analyzes.
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For the descriptive analysis we used measures of central tendency and dispersion. In the inferential analysis

they were submitted to the Shapiro wilk normality test. The data with normal distribution were submitted to the
parametric t-test of student.

Resulis

For a better demonstration of the data obtained in this research, table 01 shows all absolute sizes of lesion
areas, both in the control group and in the carboxytherapy group, according to the time elapsed from injury. the
CG presented progressive reduction of the area from 0.205 £ 0.025 to0 0.155 £ 0.017 on the 3rd day, 0.109
1+ 0.034 on the 7th day and 0.028 + 0.092 after the 10th day, whereas the GCa presented an increase of the
area from 0.198 £ 0.040 to 0.207 £ 0.035 at the 3rd day, with reduction to 0.109 * 0.012 on the 7th day
and 0.044 £ 0.030 after the 10th day.

Table 1. Areas in centimeters of wounds in Wistar rats, at Oh, 48h, 144h and 240h after injury, according to the groups in this study

GC Oh 48h 144h 240h
GC1 0,247 0,168 0,084 0,037
GC2 0,194 0,175 0,156 0,023
GC3 0,196 0,134 0,110 0,034
GC4 0,182 0,148 0,123 0,030
GC5 0,208 0,148 0,070 0,014
GCa Oh 48h 144h 240h

GCal 0,186 0,171 0,111 0,072
GCa2 0,250 0,200 0,089 0,081
GCa3 0,140 0,181 0,111 0,023
GCa4 0,204 0,256 0,109 0,025
GCab 0,208 0,226 0,123 0,018

CG: control group; GCa: carboxytherapy group

Source: The authors (2019).

Through the observation of Figure 2, we can see the decreasing evolution of the lesion size in all evaluated
moments and in all the animals of this study.
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Figure 2. Evolution of the size of the area in cm? in the Control Group, according to the hours after the production of the lesion

Source: The authors (2019).

When evaluating Figure 3, it was observed that 3 animals from the group treated with carboxytherapy
increased their areas in the first 48 hours and then showed a decreasing line for the remainder of the evaluated
time. The other 2 animals decreased their lesions at all times in this study.

Figure 3. Evolution of the size of the area in cm? in the Carboxytherapy Group, according to the hours after the injury

Source: The authors (2019).

To further facilitate the visualization of the variations of the areaq, Table 2 and Figure 4 below present the
results of the data through the statistical test Student's t test, in order to identify the significant correlations
between the groups.
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Table 2. Area in centimeters of wounds in Wistar rats at Oh, 48h, 144h and 240h of experiment

Oh 48h 144h 240h
Mean SD Mean SD Mean SD Mean SD
GC 0,205 0,025 0,155 0,017 0,109 0,034 0,028 0,092
GCa 0,198 0,040 0,207 0,035 0,109 0,012 0,044 0,030
T 0,371 -3,042 0,000 -1,150
P 0,720 0,016 1,000 0,314

SD: Standard Deviation; CG: Control Group; GCa: Carboxytherapy Group; Student t test for correlation

between groups, with t and p values.

Source: The authors (2019).

Student's t-test showed a significant change (p <0.05) between the control group and the carboxytherapy
group, however, it is an inverted alteration with negative t-value.

Figure 4. Correlation between the sizes of the areas of the groups of this research, by Student's t-Test

Source: The authors (2019).

Discussion

The Wistar mouse is widely used in research for
the evaluation of healing. The skin of this animal
is quite similar to that of humans, but it is not the
same. Wistar does not form hypertrophic or keloid
scars, it does not form subcutaneous adipose tissue,
there is no definition between papillary dermis and
reticular dermis, its dermis is thicker, its blood vessels
are subdermal'®. These peculiarities can generate
different results between animal and human
research.

Carboxyterapy may have a great influence on
its administration in wistar rats, the gas, being a
readily dispersible substance, diffuses rapidly due
to the lack of subcutaneous adipose tissue in the rat.
This would hinder the action of the gas which is to
stimulate the release of oxygen to the tissue and
improve the microcirculation of the site, the so-called
Bohr effect'??',

The healing process is hampered by internal factors
of the organism and factors related to the injury.
Patients with diabetes, vasculitis, immunosuppressed,
use of steroids, leprosy are more likely to chronicle
cutaneous lesions?2. Infected wounds, burns, necroses
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have a greater difficulty in healing?®. This research
performed injuries on healthy rats and clean wounds.
After 240h (10 days) after injury, all wounds had
not yet closed completely.

A relevant data is observed in the results of the
present study. The mean area of the lesion increased
with the application of carboxytherapy in the first 48
hours after 2 sessions. The possible explanation for
this occurrence may be the possible proinflammatory
effects of carbon dioxide therapy, including the
vasodilatory effect of carbon dioxide and the
inflammatory process caused by the penetration of
the needle into the tissue?', thus accentuating the
period of inflammation of the tissue repair process
that occurs soon after an injury, which has an intense
leakage of liquid and immune cells?*?, In this context,
carboxytherapy would enhance inflammation,
increasing the area of the lesion, proving to be less
efficient in the healing of cutaneous wounds than the
absence of treatment.

The study supports other studies that sought to
evaluate the effects of carboxytherapy on healing in
cutaneous tissue. In one study, volumetric analysis and
histology of the lesion in rats with septic wounds were
performed, the authors did not observe statistically
significant differences in the inflammatory infiltrate,
necrotic area, edema and wound volume for 10 days
of treatment when compared to control?. In another
study the treatment was performed in a group of
rats subjected to a 2nd degree burn lesion where
the proliferation of fibroblasts, neoangiogenesis and
inflammatory infiltrates were evaluated, the study
did not present significant statistical differences
between the treatment group and the control group.

This study did not show positive effects on the healing
of cutaneous wounds with the use of carboxytherapy,
however it is worth noting that the lesions were in their
acute phase, which does not rule out the possibility
of treatment with carboxytherapy in the use of
chronic wounds. As limitations to the current research
it can be pointed out the absence of histological or
immunological analysis and the limited size of the
sample.

Conclusion

At the end of the present study it was possible to
observe that the carboxytherapy does not present
improvement effects in the healing process in
culturing wounds of healthy Wistars rats, presenting
an increase of the area in the inflammatory period
of the tissue repair process, suggesting this period
as not ideal for its use. However, new researches
with other methodologies are necessary to better
evaluate the effects of carbon dioxide in the wound
healing process.
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