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Overview: Animal models of lung disease are vitals tools for developing new insights into the pathophysiology and pathobiology of human disease states. Small and large animal models have been develop over the years to study asthma, chronic bronchitis, pulmonary fibrosis, and emphysema.[1-4] In most instances, an animal model cannot replicate every aspect of the human disease of interest. Attempts to approximate human disease characteristics must be balanced by practical and humanitarian concerns. Development of a useful animal model requires a careful consideration of what the study objectives are, and what key features of the disease state are most desirable to replicate. 

The present study describes the development of a novel ovine model of emphysema.[5] The model has specifically been developed to evaluate new tissue engineering approaches for the treatment of this debilitating and progressive disease. While mouse models developed through genetic manipulation have proven very valuable for understanding the biochemistry and molecular biology of this disease, they cannot be used to develop and test new therapies such as these. Furthermore, sheep anatomy, airway dimensions, surface area to volume ratios, and collateral ventilation patterns are more similar to the human lung than swine or canine lungs. The sheep model has been developed to replicate diffuse (Homogeneous) and localized (Heterogeneous) disease, both of which are common is humans with emphysema. The model has proven to be an extremely useful tool in the development of non-pharmacologic therapies.
Summary: 

Homogeneous and heterogeneous emphysema models were developed by exposing animals to papain over a four week period. Homogeneous model animals received nebulized papain (75 U/kg), while heterogeneous animals received a combination of locally injected (15 U/kg) and nebulized papain. This results in clinically inapparent disease, one of the key advantages of this approach in sheep.  Both heterogeneous and homogeneous emphysema models displayed gas trapping and hyperinflation, key features of human emphysema. [6] The pattern of hyperinflation was such that the volume of trapped gas, reflected by a change in residual volume (RV), was greater than the overall increase in lung volume (TLC). As a result, functional lung volume, equal to vital capacity, the difference between TLC and RV, was decreased. In homogeneous emphysema animals, TLC increased from 3.36 + 0.36 to 3.63 + 0.42 L (p=0.09), Functional Residual Capacity (FRC) increased from 1.72 + 0.23 to 2.04 + 0.27 (p=0.003), and RV increased from 0.86 + 41 to 1.43 + 0.48  (p=0.009).  In the heterogeneous model, similar changes were observed.  TLC increased from 3.34 + 0.34 L to 3.56 + 0.33 L (p = NS), FRC increased from 1.81 ± 0.44to 1.89 ± 0.50 L (p= NS),  and RV increased from 1.15 + 0.52 L to 1.51 + 0.47 L emphysema, (p=0.001).  In neither instance was respiratory muscle function affected. This pattern of physiological change parallels that observed in patients with advanced emphysema. 
Bronchoscopic volume reduction therapy in both homogeneous and heterogeneous emphysema was effective in reducing gas trapping, increasing lung recoil pressure, and increasing vital capacity by providing more space within the chest cavity into which the lung can expand. In animals with homogeneous emphysema, BLVR produced a sustained reduction in TLC, FRC and RV that was associated with a 6% improvement in vital capacity. Similarly, in animals with heterogeneous emphysema, BLVR produced changes in TLC, FRC, and RV that were associated with a 22% improvement in vital capacity.

b. Lung resistance and dynamic elastance measurements:  In homogeneous animals, Raw increased significantly (0.45 ±0.31 to 0.79 ± 0.27 cm H2O/l/sec, p = 0.035), and smaller but not statistically significant increases in tissue resistance (i.e. G = tissue resistance: 2.3 ± 0.6 to 2.8 ± 0.5 cm H2O/L, p = NS) and dynamic elastance H (16.9 ± 4.2 to 19.6 ± 3.4 cm H2O/L, p = NS) were observed. These physiological measurements indicate that the emphysema truly behaves in a homogeneous manner, with relatively uniform changes in resistance to airflow, and little frequency dependence in lung resistance (which would be reflected by a change in G) or dynamic lung elastance (which would be reflected by a change in H). In sheep with heterogeneous emphysema, there were significant increases in tissue resistance (G = 2.12 ± 0.48 vs 3.26 ± 0.63 cm H2O/L, p=0.025) rather than in airway resistance. Substantial changes in H were also observed (15.6 ± 2.2 vs 21.9 ± 4.5 cm H2O/L, p=0.066). This type of exposure causes changes in the tissue resistance parameter G and dynamic elastance parameter H because it produces tissue injury that is more severe at specific sites within the lung, resulting in differences in dynamic time constants for filling and emptying. 

c: Diffusing capacity:  To evaluate the effectiveness of gas exchange at the alveolar level, diffusing capacity was measured in both groups of animals. Results show that papain exposure caused significant reductions in diffusing capacity which improved following BLVR treatment.  In animals with both homogeneous and heterogeneous emphysema, DLco values measured following development of emphysema (EMPH) were significantly less than at baseline (BAS), indicating a loss of surface area for gas exchange after papain exposure. By three months following volume reduction treatment DLco had increased in both emphysema groups, and was not significantly different from baseline. 

Conclusions:

Results presented here confirm our ability to generate realistic experimental homogeneous and heterogeneous emphysema in sheep, and test BLVR therapy in preparation for human trials. This animal model possesses those key features of human emphysema that are required to evaluate the safety and effectiveness of this procedure. 
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