Chronic obstructive pulmonary disease (COPD) is characterized by a non-fully reversible airflow limitation and a chronic inflammatory response accompanied by the development of emphysema. The β2-adrenoceptor agonists and anticholinergic agents are widely used in patients with COPD due to their bronchodilator properties. Today, many studies in vitro and in vivo in experimental animal models have shown that these bronchodilators also exert anti-inflammatory effects, but their protective roles against lung inflammation and the development of emphysema in patients with COPD remain to be determined.
The imbalance between the activity of matrix metalloproteinases (MMPs) and their specific tissue inhibitors (TIMPs) is considered to play a key role in the pathogenesis of COPD, especially in the development of pulmonary emphysema. The modulation of inflammatory responses and emphysema via the inhibition of the MMPs activity induced by the use of synthetic inhibitors of MMPs suggests that MMPs may be therapeutic targets for COPD patients. However, very few studies have demonstrated the regulation exerted by β2-adrenoceptor agonists and anticholinergic agents on the activity of MMPs.

The combination of β2-adrenoceptor agonists with anticholinergic agents has been found to exert an additive and even synergistic bronchodilator effect, but nothing is known about their combination on the inflammatory pathogenesis and the development of emphysema. Thus, a better knowledge of the activities of β2-adrenoceptor agonists and anticholinergic agents on controlling pulmonary inflammation and emphysema in COPD could provide a new therapeutic approach in this area.  

The first goal of the present work was to investigate the effects of formoterol, a β2-adrenoceptor agonist and/or ipratropium bromide, an anticholinergic agent, on acute pulmonary inflammation induced by cadmium inhalation in rats. In addition, we examined whether the expected anti-inflammatory effects of formoterol and/or of ipratropium bromide were associated with a modulation of the gelatinase A (MMP-2), gelatinase B (MMP-9) and macrophage metalloelastase (MMP-12) activity.
Compared with the data observed in rats exposed to a single dose of cadmium, the pre-administration of formoterol or ipratropium bromide inhibited the cadmium-induced increase in airway resistance. Formoterol significantly reduced the total cell, neutrophil and macrophage counts in bronchoalveolar lavage fluid (BALF), whereas, ipratropium bromide only reduced the neutrophil number. Both bronchodilators administrated alone attenuated significantly the lung lesions associated with parenchyma inflammatory cell influx and congestion observed in cadmium-group. The increased MMP-9 activity was significantly attenuated. A reduction of pulmonary edema was also detected by measuring the lung wet-to-dry weight ratio. However, no additive or synergistic effect was obtained when formoterol was administrated in combination with ipratropium bromide. 

In conclusion, formoterol and ipratropium bromide partially protect the lungs against inflammation by reducing the neutrophilic infiltration. This protective effect may be related to the reduction of MMP-9 activity which plays an important role in the acute inflammation.

Up to now, the impact of a long-term administration of bronchodilators aiming to control the chronic inflammation and the development of emphysema in experimental animal models and in patients with COPD has been poorly investigated. In this context, it was rational to investigate whether the protective role of formoterol and ipratropium bromide identified in acute conditions persists in a rat model of subacute neutrophilic pulmonary inflammation with an enlargement of airspaces. In the second part of this study, we also intended to determine whether these anti-inflammatory effects are related to the modulation of imbalance between MMPs and TIMPs.

Though ipratropium induced no effect on the subacute pulmonary inflammation and the airspace enlargement induced by repeated cadmium inhalations during 5 weeks in rats, formoterol elicited marked anti-inflammatory effects on the increase of total cell and neutrophil counts as well as the activity of MMP-9 mainly expressed in alveolar macrophages and epithelial cells. This drug also prevented the inflammatory infiltration in alveoli and in interstitial tissue and significantly inhibited the airspace enlargement as demonstrated by the significant decrease in the mean linear intercept (Lm). The combination of both bronchodilators at inefficient concentrations induced synergistic inhibitory effects on the total cell and neutrophil counts and on the cadmium-induced increased Lm associated with a reduction of MMP-9 activity in BALF.

These data suggest that formoterol alone or combined with ipratropium could protect lungs against subacute pulmonary inflammation and the airspace enlargement by inhibiting neutrophilic infiltration via the reduction of MMP-9 activity.

To the best of our knowledge, this is the first report which reveals the anti-inflammatory effects of β2-adrenoceptor agonists and anticholinergic agents in an animal model which mimics the main features of COPD. The data obtained in this work contribute to identify new therapeutic targets in COPD for drugs currently used in clinical practice.
