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ABSTRACT
PURPOSE: To develop an easily reproducible model of acute lung injury due to experimental muscle trauma in healthy rats.
METHODS: Eighteen adult Wistar rats were randomized in 3 groups (n=6): G-1- control, G-2 - saline+trauma and G-3 –
dexamethasone+trauma. Groups G-1 and G-2 were treated with saline 2,0ml i.p; G-3 rats were treated with dexamethasone (DE)
(2 mg/kg body weight i.p.). Saline and DE were applied 2h before trauma and 12h later. Trauma was induced in G-2 and G-3
anesthetized (tribromoethanol 97% 100 ml/kg i.p.) rats by sharp section of anterior thigh muscles just above the knee, preserving
major vessels and nerves. Tissue samples (lung) were collected for myeloperoxidase (MPO) assay and histopathological evaluation.
RESULTS: Twenty-four hours after muscle injury there was a significant increase in lung neutrophil infiltration, myeloperoxidase
activity and edema, all reversed by dexamethasone in G-3.
CONCLUSION: Trauma by severance of thigh muscles in healthy rats is a simple and efficient model to induce distant lung lesions.
Keywords: Models, Animal. Muscle, Skeletal. Acute Lung Injury. Dexamethasone. Peroxidase. Rats.

RESUMO
OBJETIVO: Desenvolver um modelo facilmente reprodutível de lesão pulmonar aguda decorrente de trauma muscular experimental
em ratos sadios.
MÉTODOS: Dezoito ratos Wistar adultos foram randomizados em 3 grupos (n=6): G-1-controle, G-2 – trauma+salina e G-3 -
trauma+dexametasona. Grupos G-1 e G-2 foram tratados com salina 2,0 ml ip, G-3 ratos foram tratados com dexametasona (DE)
(2 mg/kg peso corporal ip). Salina e DE foram aplicadas 2h antes e 12h depois do trauma. Trauma foi induzido em ratos G-2 e G-3
anestesiados (tribromoetanol 97% de 100 ml/kg, i.p.) por secção da musculatura anterior da coxa logo acima da articulação do
joelho, preservando os grandes vasos e nervos. Amostras de tecido (pulmão) foram coletadas para avaliação da mieloperoxidase
(MPO), e exames histopatológicos.
RESULTADOS: Vinte e quatro horas após a indução da lesão muscular houve um aumento significativo na infiltração de neutrófilos
pulmonares, atividade da mieloperoxidase e edema, todos revertidos por dexametasona, no G-3.
CONCLUSÃO: O trauma decorrente da secção dos músculos da coxa em ratos saudáveis é um modelo simples e eficaz para induzir
lesões pulmonares à distância.
Descritores: Modelos Animais. Músculo Esquelético. Lesão Pulmonar Aguda. Dexametasona. Peroxidase. Ratos.

Introduction

Acute lung injury (ALI) following musculoskeletal
trauma is an important cause of morbidity and mortality in trauma
patients1.

Animal experiments represent a very useful tool to explore
the pathogenesis of different diseases and to evaluate novel

treatments. Hypotheses generated in human studies can be tested
directly in animal models. Different animal models of experimental
lung injury have been used to investigate the mechanisms of lung
injury2. Studies in primates are relevant for humans but are beyond
the reach of most post-graduate students, not only the difficulty of
obtaining these animals but also by the elevated cost of acquisition.
On other hand, studies with mice or lower animals are relatively
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simple and rapid to do, but the relevance for humans is limited2.
Most models that study ALI rely on clinical disorders commonly
associated with this syndrome  in humans, namely  sepsis, multiple
transfusions, multiple trauma, aspiration of gastric contents, and
reperfusion of ischemic tissues3,4. Whereas trauma can trigger the
onset of acute lung injury we decided to develop a model using
muscle trauma as a causative agent of ALI.

Methods

Approval for experimental use of laboratory animals was
obtained on September, 2007 (Protocol #083/07) from the Ethics
Committee on Animal Research (CEPA) of the Federal University
of Ceara, now Ethics Committee on the Use of Animals (CEUA),
in view of the Federal Law No. 11794 of October 8, 2008, http://
www.planalto.gov.br/ccivil_03/_Ato2007-2010/ 2008/Lei/
L11794.htm and Decree No. 6689 of July 15, 2009 that regulated
the Law 11794, available at: http://www.planalto.gov.br/ccivil_03/
_Ato2007-2010/2009/Decreto/ D6899.htm.

The study was designed so as to minimize the number
of animals required for the experiments. Eighteen adult Wistar
rats weighing 250-300g, were randomized in 3 groups (n=6):
G-1- control,  G-2 - saline+trauma and G-3 –
dexamethasone+trauma. Groups G-1 and G-2 were treated with
saline 2,0ml i.p; G-3 rats were treated with dexamethasone (DE)
(2 mg/kg body weight i.p.). Saline and DE were applied 2h
before trauma and 12h later. All Rats were anestethized by
tribromoethanol 97% 100 ml/kg i.p., Trauma was induced in
anesthetized G-2 and G-3 using sharp section of anterior thigh
muscles just above the knee, preserving major vessels and
nerves.  Tissue samples (lung) were collected for
myeloperoxidase (MPO) assay and histopathological
evaluation. Dexamethasone dosage (2 mg/kg body weight) was
based in a published study5. Dexamethasone and saline  were
purchased from standard commercial sources and were of the
highest quality available.

Surgical procedure

Under adequate anesthesia, a 2 centimeter longitudinal
incision of the skin extending into the subcutaneous fat and
muscular fascia of the right pelvic limb was carried out in G-2 and
G-3 rats. Following careful dissection of the anterior muscles of
the thigh, a hemostatic Kelly clamp was passed between the
muscles and the femur. Next, the anterior muscles of the right thigh
were sectioned with a surgical scalp just above the knee. Care was
taken to preserve the major vessels and nerves. There was minimal
bleeding which stopped spontaneously. The skin was sutured with
nylon 3-0. The mean time of the procedure was 7 minutes. Group
G1 served as control; G-1 animals were also anesthetized but no
surgical procedure was performed. Twenty-four hours later, all
animals were killed by cervical dislocation and fragments of lung
tissue were removed, collected and stored in a -80ºC freezer until
processed for determination of myeloperoxidase activity  and for
histopathological evaluation of edema and neutrophilic infiltration
by methods described previously6,7.

Statistical methods

Graphpad Prism 5.0 (GraphPad Software,
www.graphpad.com) was used for statistical analysis and graphics
design. All data were tested for distribution (Kolmorogov-Smirnov
test with Dallal-Wilkinson-Lilliefor P value). Results were
expressed as mean+SD.All data were tested for distribution by
applying the Kolmogorov-Smirnov test. A Chi-square test was used
to evaluate the edema. ANOVA with Boferroni post-test was used
to evaluate  MPO activity and neutrophil infiltration.

Results

Results are presented in tables and graphs. Lung
histological findings and values of MPO activation are presented
in Table 1.

TABLE 1 - Descriptive results: lung neutrophil infiltration (neutrophil count, mean±SD),
myeloperoxidase activity/100mg tissue (mean±SD) and interstitial edema (intensity/

number of animals).

ANOVA/Bonferroni test
*p < 0.001, comparing G2 x G1       †p < 0.001, comparing G3 x G2
**p < 0.01,  comparing G2 x G1      ††p < 0.001, comparing G3 x G2

Chi Square test
‡‡ p < 0.01, comparing G2 x G1       && p < 0.01, comparing G3 x G2.

 

Parameter 

GROUPS 

G-1 

(Control) 

G-2 

(Trauma) 

 G-3 

(Dexamethasone) 

Neutrophil infiltration count 24.50 ± 7.450 102.5 ± 15.32 * 11.17 ± 4.956†

 

Myeloperoxidase activity  1.349 ± 1.447 23.96 ± 4.865 ** 5.520 ± 1.915††

 

Interstitial edema 

(intensity/number of animals) 

   

 Absence 4 0 5
&&

 

 Weak  2 0 1 

 Moderate 0 3
‡‡

 0
&&

 

 Strong  0 3
‡‡

 0
&&
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Neutrophil count increased significantly (p<0,001) in
trauma group 24h after muscle sectioning. Values did not increase
in dexamethasone treated rats (Figure 1).

MPO activity (MPO/100 mg tissue) increased
significantly (p<0,001) in Trauma group 24h after muscle
sectioning. Values did not increase in dexamethasone treated rats
(Figure 2).

FIGURE 1 - Neutrophil count in lung tissue in Control, saline+trauma
and Saline+dexamethasone treated rats. Bars represent mean ± SD of
control (white bar), saline+trauma (yellow bar) and
trauma+dexamethasone (red bar) groups 24 hours after the trauma.
ANOVA/Bonferroni test.
***p< 0.001, Trauma group is significantly different from control group.
††† p< 0.001, Dexamethasone (DE) group is significantly different from
Trauma group.

FIGURE 2 - Mieloperoxidase activity (MPO/100 mg tissue) in lung tissue
in Control, saline+trauma and Saline+dexamethasone treated rats. Bars
represent mean ± SD of control (white bar), saline+trauma (yellow bar)
and trauma+dexamethasone (red bar) groups 24 hours after the trauma.
ANOVA/Bonferroni test.
***p< 0.001, Trauma group is significantly different from control group.
††† p< 0.001, Dexamethasone (DE) group is significantly different from
Trauma group.
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Histological studies showed neutrophil infiltration and
edema of lung in rats submitted to trauma (Figure 3, group G-2).
This finding was not present in rats treated with dexametasone
(Figure 4, G-3).

FIGURE 3 - Photomicrograph of lung from a trauma group rat (G-2),
showing lymphocyte proliferation and interstitial edema. Hematoxylin-
eosin stained section, magnification 400x.

FIGURE 4 - Photomicrograph of lung from a dexamethasone group rat
(G-3), showing decreased lymphocyte infiltration. Hematoxylin-eosin
stained section, magnification 400x.
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Discussion

Because corticosteroids may inhibit the action of
inflammatory mediators and improve morbidity and mortality in
experimental models that induce acute lung injury5,8

dexamethasone was used in this study as a positive control.
In the experimental model described here, muscular injury

induced pulmonary lesions similar to those found in acute lung
injury within 24 hours, as confirmed by the presence of leukocyte
infiltration, neutrophil activation (indirectly measured by
myeloperoxidase assay) and pulmonary interstitial edema. It was
also demonstrated that these lesions could be reduced by
dexamethasone administration. There was a statistically significant
increase in lung neutrophil infiltration (Figure 1), myeloperoxidase
activity (Figure 2) and interstitial edema intensity (Table 1) in rats
submitted to trauma.  Histopathological findings legitimized,
visually, these findings (Figures 3 and 4).

Lung injuries following musculoskeletal trauma are
important causes of morbidity and mortality in trauma patients1.
Lung injuries are consequences of systemic inflammation. The
main key of this process are pro-inflammatory cytokines and
subsequent leucocyte endothelial cell interactions1,9,10. Activation
of polymorphonuclear leukocytes, with lung tissue accumulation
of capillaries and venules is also a potential source production
and release of oxygen free radicals mediating tissue damage10,11.

Conclusion

The present experimental model is quite simple and
easily reproducible. Bearing in mind that pulmonary lesions are
present within 24 hours after the traumatic event, it can be
potentially used to study the early events involved in the systemic
inflammatory response following trauma injuries.
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