GOALS OF THE WORK

The progressive inflammation associated with the development of pulmonary emphysema is the main feature of a lung disease as COPD. Till now, there are no effective anti-inflammatory drugs to control this progression. The relative poor effectiveness of corticosteroids against chronic inflammation in patients with COPD has been reported. Thus, it is crucial to develop new efficient anti-inflammatory drugs and to investigate the anti-inflammatory properties of bronchodilators currently used to reduce airflow limitation and which have revealed their ability to interfere with some major inflammatory mechanisms, mainly in vitro. β2-adrenoceptor agonists and anticholinergic agents are widely used in patients with COPD because of their bronchodilating properties. When bronchodilator monotherapy is not effective, the combination of a β2-adrenoceptor agonist with an anticholinergic agent is recommended by current guidelines to reduce airway resistance and to improve the lung functions and the quality of life. To date, in vitro studies and some data obtained in animal models of acute lung inflammation have illustrated the preventive anti-inflammatory properties of these drugs. However, whether they can modulate the chronic inflammatory process, alone or acting in combination, in patients with lung diseases such as COPD and asthma remain to be elucidated.
The up-regulation of MMPs activity and the imbalance between MMPs and TIMPs are considered to be key mechanisms contributing to lung inflammation and pulmonary emphysema. Till now, the impact of β2-adrenoceptor agonists and anticholinergic agents on these molecular mechanisms is scarcely documented. 
Given the pathophysiological changes induced in rats by prolonged inhalation of cadmium and many of these alterations being similar to those observed in patients with COPD, this experimental model has been selected to study the preventive effects of two bronchodilators against the biochemical, functional and morphological changes induced by single or repeated inhalations of this heavy metal.

Thus, the first part of the present study was devoted to the investigation of the anti-inflammatory effects of formoterol and ipratropium bromide, administrated alone or in combination, on acute pulmonary inflammation induced by a single dose inhalation of cadmium in rats. In addition, the impact of these two bronchodilators on MMP-2, MMP-9 and MMP-12 activity was also examined. To achieve this first general objective, the following steps were successively planned:
(1) Investigate the acute pulmonary inflammation in rats exposed to a single dose of cadmium;

(2) Perform a dose determination study aiming to determine the concentrations of formoterol and ipratropium bromide able to inhibit the bronchoconstriction induced by methacholine;

(3) Investigate the protective effects of bronchodilating doses of formoterol and ipratropium bromide, alone or in combination, against the acute pulmonary inflammation in rats including their impact on MMP-2, MMP-9 and MMP-12 activity;
(4) Test the impact of MMPs blockade by a synthetic inhibitor on acute pulmonary inflammation in this model.
The aim of the second part of the present study was to investigate whether these anti-inflammatory effects persisted in a rat model of subacute neutrophilic pulmonary inflammation associated with an airspace enlargement. Furthermore, the impact of formoterol and ipratropium bromide on the activity of MMP-2, MMP-9, MMP-12 and their inhibitors TIMP-1 and TIMP-2 was also determined. The strategies designed for this part of study were as followed:

(1) Investigate the preventive effects of formoterol and/or ipratropium bromide against the subacute pulmonary inflammation and the associated tissular remodeling induced by repeated inhalations of cadmium in rat;

(2) Identify the sources of MMPs in this rat model and the effects of both drugs on the imbalance between MMPs and TIMPs;

(3) Evaluate the desensitization of β2-adrenoceptors and muscarinic receptors on airway smooth muscle cells and inflammatory cells related to a prolonged exposure to both drugs.
