1 - ORIGINAL ARTICLE
MODELS, BIOLOGICAL

Effects of oxygen in lungs of rats'

Alexandre Luiz Albuquerque Pereira', Marcia Raissa Aragio Ferreira", Orlando José dos Santos™, Euler Nicolau Sauaia

Filho"™, Antonio Ernandes Macedo Paiva¥ Rayan Haquim Pinheiro Santos"’, Rennan Abud Pinheiro Santos*"

DOI: http://dx.doi.org/10.1590/S0102-86502014001900001

'Master, Assistant Professor, Department of Physiotherapy, Faculty Santa Terezinha (CEST), Sao Luis-MA, Brazil. Acquisition and interpretation of
data, statistical analysis, manuscript writing.

"Physiotherapist, CEST, Sao Luis-MA, Brazil. Interpretation of data, statistical analysis.

PhD, Northeast Biotechnology Network (RENORBIO), Associate Professor, Department of Medicine II, Federal University of Maranhao (UFMA),
Sao Luis-MA, Brazil. Conception, design, intellectual and scientific content of the study; interpretation of data; statistical analysis; manuscript
preparation.

VFellow PhD degree, RENORBIO, Presidente Dutra University Hospital, UFMA, Sao Luis-MA, Brazil. Critical revision.

VPhD, Associate Professor, Federal Institute of Education, Science and Technology of Maranhao (IFMA), Sao Luis-MA, Brazil. Acquisition and
interpretation of data.

ViGraduate student, Federal University of Paraiba (UFPB), Joao Pessoa-PB, Brazil. Acquisition of data.

ViiGraduate student, UFMA, Sao Luis-MA, Brazil. Acquisition of data.

ABSTRACT

PURPOSE: To analyze microscopically the effects of different concentrations of oxygen in the lungs of rats.

METHODS: There were 20 rats distributed in three experimental groups (concentration of oxygen to 40%, 70% and 100%) and a
control group. The animals were exposed to the oxygen in a chamber of acrylic during three days and after exposition, the animals were
submitted to median thoracotomia to remove the lungs. The lung tissue of all of the animals was analyzed as regards presence of acute
and chronic inflammation, capillary congestion, alveolar walls thick, interstitial and alveolar edema, alveolar hemorrhage, denudation
capillary and alveolar endothelium areas and atelectasis.

RESULTS: The analysis histopathologic revealed significant statistics difference for acute and chronic inflammation, capillary
congestion, alveolar walls thick, interstitial and alveolar edema, alveolar hemorrhage, denudation capillary and alveolar epithelium
areas.

CONCLUSIONS: Exposition to the oxygen during 72 hours in the concentration of 40% does not produce significant histopathologic
alterations in the lung tissue; in the concentration of 70%, can promotes the alveolar walls thick and capillary congestion and in the
concentration of 100% can cause death and originate diffuse pulmonary lesion.
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Introduction

Oxygen is one of the most abundant chemical elements on
earth, occupying about 21% of the atmosphere. Discovered around
200 years ago, is the essential substance that has fascinated man
for all time, without which life on earth would not be possible'.
However, its use for therapeutic purposes is more recent, being
described by Joseph Priestley in the early nineteenth century. In 90
years, began to be used for acute situations. At this time, there were
also reports of reduced mortality of patients with chronic obstructive
pulmonary disease when subjected to oxygen therapy?*.

Oxygen therapy should be based on technical knowledge
of equipment, as well as pathophysiological knowledge of the
disease in question and also must consider the complications that
may treatment trigger'-.

Based on the above statement and in order that the
Intensive Care Unit, used high concentrations of oxygen into sick
patients and the procedure can cause damage to the lung tissue, it
is important to demonstrate and to analyze experimentally the real
effect of oxygen, and in what concentrations it can be used without
causing damage to lung tissue.

Methods

The project was evaluated and approved by the Ethics in
Research Committee of Federal University of Maranhao (UFMA),
protocol 11/08.

This is an experimental study where we used a sample of
20 female rats (Rattus norvegicus albinus, Rodentia Mammalia)
Wistar, supplied by the UFMA vivarium, mean age 60 days and
mean body weight of 191 grams.

The sample was distributed randomly into four groups
of five animals, control (GA) remained under atmospheric oxygen
(FiO2 = 21%), group (GB) was subjected to an O, concentration
of about 40%, group C (GC) to an O, concentration of about 70%
and group D (GD) to an O, concentration of approximately 100%
for three days for a total of seventy - two hours.

During the experiment, the animals were kept in
a chamber of transparent acrylic glass, which allowed the
observation of the sample inside. The camera is designed for
the purpose of this research in the laboratory of mechanics of
the Federal Institute of Education, Science and Technology of
Maranhao -cIFMA, measuring 34cm high, 57cm long and 34cm
wide, with a volume of 0.065 m?. On his side were made with two
holes 1 cm in diameter. The first hole was used for the entry of

two polyethylene tubes, connected to the outputs of compressed

772 - Acta Cirurgica Brasileira - Vol. 29 (12) 2014

air and oxygen, the latter controlled by a manometer. The second
hole connected to a pressure reducer, responsible for controlling
the pressure inside the chamber. The camera had enough space
to accommodate the five animals in each group, which received
standard diet for rats (Purina®) and filtered water ad libitum during

the three-day experiment (Figure 1).

FIGURE 1 - Project of the acrylic chamber.

The animals received dosages of gases through the
continuous flow of oxygen and compressed air (gas mixture with
average molecular weight of 28.966 obtained by using filters and
compressors) that were installed in the chamber and controlled by
flow meters.

The experiment took place in this sequence: the control
group was not subjected to high concentrations of oxygen remained in
the cages under atmospheric oxygen (FiO, = 21%). Group B (FiO,
= 40%) was pre-fitted with 6 liters (L) compressed air and 2L of the
oxygen, group C (FiO, = 70%) with 3L compressed air and 5L of
the oxygen and group D (FiO, = 100%) with OL compressed air and
8L of the oxygen. The values were estimated from the formula of FiO,
and can be calculated from the flow of gas mixture.

The pressure inside the chamber was measured using a
mixture of H,O with artificial coloring liquid (MIX®) contained in
a silicone tube with a length of 52 cm and 0.5 cm in diameter. One
end was introduced into the chamber while the other being free,
under pressure from the atmospheric air at the sea level (1 Atm).
Next to the hose drew attention two points of balance between
atmospheric pressure and the pressure inside the chamber. Thus,
as the water with artificial coloring was moving, it was concluded

that there was an increase in pressure inside the acrylic box. This



pressure was controlled by the reductive pressure valve, allowing
balance or reducing the pressure gradient between the chamber
and atmospheric pressure.

After exposure to oxygen, the animals were anesthetized
and did the surgical procedure of thoracotomy combined with
abdominal approach for removal of pulmonary tissue. The
operation was performed by the same experimenter and followed
methodization for the animals of the four experimental groups’.

The animals were kept in the laboratory fed a basal diet
for rats and water ad libitum and evaluated daily.

Each animal underwent anesthesia with a mixture of
ketamine 5% (Vetanarcol®) and xylazine 2% (kensol®) in a 1:1 ratio,
at a dose of 0.2 ml/100g body weight, administered intramuscular.

After exposure to oxygen, underwent the surgical
procedure, performed median thoracotomy with bilateral subcostal
incision 5 cm starting from the tip of the xiphoid process and
following the bottom edge of the tenth rib to remove the lung tissue.

The animals were induced to death at 24h, 48h and 72h
following as the group, with a lethal dose of xylazine (12 mg\kg)
and ketamine (42 mg\kg).

The lungs were identified and carefully removed. Each
surgical specimen was washed in saline 0.9% (ADV Tayuyna®) and
placed in anatomical position. Subsequently, the lungs were placed
in polystyrene and dipped in collectors for exam (COLLECTOR
Universal®) with identification, dissection order and right or left
lung, which contained a solution fixative (formaldehyde 10%) and
sent for histological analysis at the Laboratory of Histopathology,
Presidente Dutra University Hospital, Federal University of
Maranhao - HUPD/UFMA.

Was performed histopathological evaluation of qualitative
criteria including inflammation (classified in degrees), chronic
inflammation, capillary congestion, thickening of the alveolar
walls, interstitial edema, alveolar edema, alveolar hemorrhage
denuded areas of the capillary endothelium, denuded areas of
the alveolar epithelium, atelectasis, classified as absent, mild,
moderate and severe, according to the protocols of histological
analysis histologica’.

For data processing software was used Graphpad Instat
version 3.05., 32 bit for Win 95 / NT, Create Sep. 27, 2000.

To evaluate the histopathological data, we used the
Kruskal Wallis test with Dunnett test for multiple comparisons
(nonparametric data). With respect to categorical variables, we
applied the Chi-square. Despite having been used nonparametric
tests, put the mean and standard deviation in Table 1 in order to
inform about the variability of values. In all tests was set at 0.05 or
5% (p<0.05) the level of rejection of the null hypothesis.

Effects of oxygen in lungs of rats

Results

During the experiment, two rats of group D with FiO, 100%,
died before of the 72 hours, the first with 61 hours and 54 minutes and
the second death in 66 hours and 40 minutes of exposure.

The intensity of acute inflammation in the lungs of rats
tested in the GC showed mild in most animals, while in GD the
intensity of acute inflammation was moderate in all animals. The
intensity of acute inflammation was absent in three groups (Table 1).

The analysis of indicators of chronic inflammation, capillary
congestion and thickening of the alveolar walls showed a statistically
significant difference between groups (Table 1 and Figure 2).

In the groups A, B and C there were absent of alveolar
and interstitial edema and alveolar hemorrhage, with a statistically
significant difference (Table 1).

The analysis of the presence of denuded areas of the capillary
endothelium and alveolar epithelial areas showed a statistically
significant difference (Table 1). Regarding the presence of atelectasis,
there was no significant differences between groups (Table 1).

TABLE 1 - Histopathological evaluation of acute
inflammation (classified in degrees), chronic inflammation,
capillary congestion, thickening of the alveolar walls, interstitial
edema, alveolar edema, alveolar hemorrhage, denuded areas of the

capillary endothelium, denuded areas of the alveolar epithelium
and atelectasis.

GA GB GC GD p
Acute Inflammation
Score 0 0 0,2+0,4472 4 0.0007
Chronic inflammation
Absent/Mild 5 5 5 0  0.0002
Moderate/Severe 0 0 0 5
Capillary congestion
Absent/Mild 5 1 0 0 0.0010
Moderate/Severe 0 4 5 5
Thickening of the alveolar walls
Absent/Mild 5 2 0 0 0.0021
Moderate/Severe 0 3 5 5
Alveolar / interstitial edema and alveolar hemorrhage
Absent/Mild 5 5 5 0  0.0002
Moderate/Severe 0 0 0 5

Presence of denuded of the capillary endothelium and
alveolar epithelial

Absent/Mild 5 5 5 2 0.0142
Moderate/Severe 0 0 0

Atelectasis
Absent/Mild 5 5 4 5  0.3679
Moderate/Severe 0 0 1 0
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FIGURE 2 - Photomicrography, thickening of the alveolar walls

Discussion

Continuous exposure to oxygen for 48 to 72 hours
produces progressive pulmonary disorders®. Then, in the present
study, we used a period of 72 hours of exposure to oxygen for
all groups.

To expose the animals to oxygen, we used a normobaric
chamber based on a type of acrylic sealed chamber designed for
small animals, keeping them without anesthesia or analgesia, in a
fit condition to receive oxygen in different fractions, uneventful
5. Previous studies demonstrated the use of acrylic chamber!**,
However these studies used a model of hyperbaric chamber.

The results showed that two rats in group D, with Fi02
100%, progressed to death 72 hours before the experiment, as
observed in previous experimental studies®°.

We did not observe the presence of acute inflammation in
rats in groups A and B, shown in only one animal in group C and
in most animals in group D. While chronic inflammation, reported
by several studies, and performed in all animals of group D was
not found in other groups'’.

Group A did not show capillary congestion, but four rats
in group B and all animals in groups C and D, presented this event.
It was found thickening of the alveolar walls in group A, it was
revealed in three animals in group B and all animals in groups C
and D, these changes were found in a previous experimental study
with 17 preterm rabbits®.

A previous study in rats exposed to 100% concentration,
showed interstitial edema and alveolar edema and hemorrhage®.
Similar to this research, the GD was evidenced this characteristics
in all rats.

Hyperoxic exposure continued for 48 to 72 hours
produces progressive cellular changes and may had denudation of
the areas of the capillary endothelium*. Unlike this affirmation, in
this experiment, all groups showed this change discrete or absent.

Some studies indicate that after 48 hours of exposure to

high concentrations of oxygen, there is increased permeability of
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the alveolar epithelium?. Corroborating this statement, it was the
denuded of the areas of the alveolar epithelium in three animals in
group D, group exposed to highest concentration. Another study
indicates that higher fraction of inspired oxygen in short courses
of mechanical ventilation ameliorates the parameters studied in
elderly lungs. In elderly group observed alveolar septa dilatation
and significative increase in neutrofiles'.

There are studies that report the occurrence of
atelectasis after exposure to high concentrations of oxygen'?. In
a contradictory statement to this author, in this study, there was a
statistically significant difference in atelectasis between groups C
and D, found in only one animal of group C. A likely hypothesis for
this result is that inside the chamber were the presence of nitrogen,
since during the experiment was not possible to have a pulse of
air to the measurement of gases®. The nitrogen did not participate
in gas exchange between alveoli and alveolar capillaries; then
it helps maintain lung volume. When replaced by oxygen in the
alveoli, which participates in gas exchange, triggering a decrease

in volume leading alveolar atelectasis'.

Conclusions

The exposure to oxygen for 72 hours with a concentration
of 40% produces histopathological changes discrete to moderate
in the alveolar walls and capillaries. The concentration of
70% promotes a moderate to severe thickening of the alveolar
walls and capillary congestion. The concentration of 100%
over 60 hours of exposure can lead to death and lead to diffuse
lung lesions characterized by acute and chronic inflammation,
interstitial and alveolar edema, thickening of the alveolar walls,
alveolar hemorrhage, capillary congestion and denuded alveolar

epithelium areas.
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