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Alterations in pulmonary structure by elastase administration
in a model of emphysema in mice is associated with functional
disturbances
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KEYWORDS Abstract Several experimental studies of pulmonary emphysema using animal models have
Pulmonary been described in the literature. However, only a few of these studies have focused on the
emphysema; assessment of ergometric function as a non-invasive technique to validate the methodology
Ergometric test; used for induction of experimental emphysema. Additionally, functional assessments of emphy-
Porcine elastase; sema are rarely correlated with morphological pulmonary abnormalities caused by induced
C57BLl/6 emphysema. The present study aimed to evaluate the effects of elastase administered by

tracheal puncture on pulmonary parenchyma and their corresponding functional impairment.
This was evaluated by measuring exercise capacity in C57Bl/6 mice in order to establish a
reproducible and safe methodology of inducing experimental emphysema. Thirty six mice under-
went ergometric tests before and 28 days after elastase administration. Pancreatic porcine
elastase solution was administered by tracheal puncture, which resulted in a significantly
decreased exercise capacity, shown by a shorter distance run (—30.5%) and a lower mean
velocity (—15%), as well as in failure to increase the elimination of carbon dioxide. The mean lin-
ear intercept increased significantly by 50% in tracheal elastase administration. In conclusion,
application of elastase by tracheal function in C57Bl/6 induces emphysema, as validated by
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morphometric analyses, and resulted in a significantly lower exercise capacity, while resulting
in a low mortality rate.

© 2011 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L. All rights
reserved.

Alteracdes na estrutura pulmonar devido a administracao de elastase num modelo
de enfisema em ratos encontram-se associadas a disturbios funcionais

Resumo Varios estudos experimentais de enfisema pulmonar em modelos animais tém sido
descritos na literatura cientifica. No entanto, apenas alguns destes estudos tém sido concentra-
dos na avaliacao da funcao ergométrica como técnica nao-invasiva para validar a metodologia
utilizada para a inducdo do enfisema experimental. Além disso, as avaliacdes funcionais de
enfisema raramente se encontram correlacionadas com anomalias morfoldgicas pulmonares
causadas por enfisema induzido. O presente estudo teve como objetivo avaliar os efeitos da
elastase administrada por puncao traqueal no parénquima pulmonar e a sua disfuncado fun-
cional correspondente. Esta foi avaliada através da medicdo da capacidade de exercicio em
ratos C57Bl/6, de forma a estabelecer uma metodologia reprodutivel e segura de induzir o
enfisema experimental. Trinta e seis ratos foram submetidos a testes ergométricos antes e
28 dias apds a administracdo de elastase. A solucdo de elastase pancreatica suina foi admin-
istrada por puncao traqueal, o que resultou numa diminuicao significativamente da capacidade
de exercicio, demonstrada pela diminuicdo da distancia percorrida (menos de 30,5%) e por
uma velocidade média inferior (menos de 15%), assim como pela incapacidade de aumentar a
eliminacao de didxido de carbono. A interseccéo linear média aumentou significativamente em
50% na administracao traqueal da elastase. Em conclusao, a aplicacao de elastase por puncao
traqueal em ratos C57Bl/6 induz enfisema, conforme foi validado por analises morfométricas, e
resultou numa capacidade de exercicio significativamente mais baixa, embora se tenha obtido
uma baixa taxa de mortalidade.

© 2011 Sociedade Portuguesa de Pneumologia. Publicado por Elsevier Espana, S.L. Todos os

direitos reservados.

Introduction

Emphysema is a chronic obstructive pulmonary disease
(COPD), limiting air flow during expiration, and is associ-
ated with an abnormal inflammatory response of the lungs to
noxious particles or gases (mainly cigarette smoke). This dis-
ease is characterized by a permanent abnormal dilatation of
alveolar spaces. The destruction of pulmonary parenchyma
impairs alveolar gas exchange, compromising the physical
capacity of a patient since it is associated with airflow lim-
itations that are not fully reversible.

No therapy capable of reversing emphysematous tissue
lesions is available to date and, in severe chronic stages
the only treatment that remains is lung transplantation,
representing a procedure with high levels of morbidity and
mortality. Emphysema, together with other types of COPD,
are responsible for more than 2.5 million deaths every year,
representing the fifth leading cause of mortality in the
world.

The severity of its pathology together with the lack of
any effective treatment transforms emphysema into a great
medical challenge. There is a need for studies aiming to
understand the pathogenic cellular mechanisms causing tis-
sue destruction in order to elucidate the disease and to
open new therapeutic avenues. Another aggravator is the
fact that a considerable variation exists in the course of the
disease among different smokers. Only about 15% of smokers
develop COPD. "2

Animal models represent a fundamental instrument to
correlate pre-clinical research with clinical studies. The

experimental model allows the detailed investigation of dif-
ferent factors influencing emphysema. These factors include
inflammatory cell recruitment, genetic background, abnor-
mal matrix repair, lung cell apoptosis, and misbalance
between apoptosis and replenishment of structural cells in
the lung. Additional factors are research of potential thera-
peutic agents and strategies, such as administration of stem
cells or different growth factors.?

Until now there are many experimental models of COPD,
each of them with advantages and disadvantages. In real-
ity, @ number of approaches have been tried because until
now none of them constitutes a model that exactly repro-
duces all phases of development and clinical features of
emphysema or any other abnormalities that make up this
clinical entity, the COPD. Other factor that affects the repro-
ducibility of data is the differences in anatomical structure
with respect to development, maturation, structural orga-
nization of respiratory branches, and constituent cells and
vascularization.? On the other side, some common charac-
teristics can be observed between animal model and human
disease. For example, rodents develop the phenomenon of
metaplasia induced by reaction to injury,®> which is a fre-
quently observed response to an insult in different organs
in humans, such as in respiratory tract, urinary bladder, and
esophagus.

The first animal model of emphysema was devel-
oped more than 40 years ago® and it was evoked in
rats by intratracheal instillation of the plant proteinase
papain. The experimental models of emphysema are con-
tinuously improving and became a research tool for
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