
ELASTASE-INDUCED EMPHYSEMA IN GUINEA PIGS 
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Pulmonary function changes measured in guinea pigs 4 to 5 wk following intratracheal 
instillation of crystalline porcine pancreatic elastase resembled comparable changes in 
humans with moderately severe pulmonary emphysema. Compared with saline-treated controls, 
elastase-treated animals had increased values for all divisions of lung volume, increased 
static compliance and prolonged time constants. Since humans with emphysema are especially 
sensitive to air pollutants, elastase-treated animals may be useful as sensitive animal 
models in inhalation toxicology. 

These studies were designed to evaluate 
the changes in pulmonary function caused by 
experimentally induced pulmonary emphysema 
in guinea pigs. Pulmonary function studies 
in humans with emphysema show character
istic changes in lung volumes and lung 
mechanics caused by this disease. Similar 
tests were performed in guinea pigs to 
determine whether functional changes in 
treated animals parallel changes seen in 
humans. 

Experimental emphysema was produced by 
intratracheal instillation of crystalline 
porcine pancreatic elastase (7.5 units 
elastase activity per gram lung weight) in 
ether-anesthetized guinea pigs. The crys
talline elastase (Sigma Chemical Co., 
60 units/mg) was dissolved in saline 
(0.3 mg/ml). Control animals were dosed 
with comparable volumes of saline. Mor
tality was zero for saline-treated, and 
approximately 10% for elastase-treated 
animals. Death, due to acute alveolar 
hemorrhage, usually occurred within 45 min 
of dosing. 

Pulmonary function was evaluated 4 to 
5 wk following instillation in the remain
ing animals, which were anesthetized with 
urethane (ethyl carbamate, Sigma Chemical 
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Co.). Parameters measured included pul
monary resistance, dynamic and static 
pulmonary compliance, lung volumes (residual 
volume, functional residual capacity, vital 
capacity, total lung capacity), and time 
constant. 

Results of these studies are summarized 
in Table 1.2. The most significant differ
ences are shown in Figures 1.4 and 1.5 by 
representative static pressure vs volume 
curves of the lung, plotted for saline- and 
elastase-treated animals. 

Table 1.2 shows that body weight, pul
monary resistance and dynamic compliance 
did not differ in elastase- and saline
treated animals, while lung volume, static 
compliance, and the time constant of the 
lung increased in elastase-treated, as com
pared with saline-treated, animals. Differ
ences in lung volume and static compliance 
may be compared in Figures 1.4 and 1.5: 
Not only are all volumes larger in the 
elastase-treated animals, but the slope of 
the pressure vs volume curve (steepest 
portion, center) is greater, indicating 
increased static compliance. These changes 
in pulmonary function are similar to those 
seen in humans with moderately severe pul
monary emphysema. 
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TABLE 1.2. Results of Pulmonary Function in Saline- and Elastase-
Treated Guinea Pigs. 

Saline-Treated Elastase-Treated 
Test Parameter N x SD N x SD P ---
Body wt (g) 9 681. 80. 11 700. 76 NS 

Pulmonary Resistance 
(cm H2O/ml/sec) 9 0.19 0.03 11 0.19 0.Q3 NS 

Dynamic Compliance 
(ml/cm H2O) 9 0.98 0.18 11 1.22 0.32 NS 

Static Compliance 
(ml/cm H2O) 9 3.6 0.6 11 7.9 2.7 <0.01 

Residual Volume 
(ml) 9 4.5 1.0 11 7.5 1.1 <0.01 

Functional Residual 
Capacity (ml) 9 9.6 1.1 11 14.4 1.6 <0.01 

Vital Capacity 
(ml) 9 27.4 1.9 11 32.3 3.3 <0.01 

Total Lung 
Capacity (ml) 9 31.9 1.8 11 39.9 3.4 ~0.01 

Time Constant 
(sec) 9 0.27 0.03 11 0.34 0.06 <0.05 
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FIGURE 1.4. Transpulmonary Pressure vs. Lung Volume for Guinea Pigs 
Dosed with Intratracheally Instilled Saline 4 wk Before Measurement. 
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FICURE 1.S. Transpulmonary Pressure vs. Lung Volume for Guinea Pigs 
Dosed with Intratracheally Instilled Elastase (7.5 units/g lung wt) 4 wk 
Before Measurement. 
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