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ABSTRACT: The aim of this study was to obtain some evidence of a protec
tive role for pulmonary surfactant in the pathogenesis of emphysema. 

Firstly, we developed a quick and easy method to treat mice with a series 
of intratracheal instillations. Subsequently, three groups of mice were treated 
as follows: two groups received intratracheal instillations with pancreatic elastase 
(1.8 mg·kg·' BW) followed after 3, 48 and 96 h in one group (Et/Surf group) 
by intratracheal administration of surfactant (100 mg phospholipid·kg·' BW), 
and in the other group by instillations with saline (EVs group). The third group 
of control mice was treated with saline followed by three doses of surfactant 
(s/Surf group). After eight weeks, the mice were killed and emphysema was 
measured by calculating the mean linear intercepts (Lm) of airspaces. The Lm 
values in the different groups were statistically tested for differences by the 
Mann-Whitney test. 

Instillation of pancreatic elastase (EI/s group) resulted in an evenly distrib
uted increase in Lm compared with the cont.rol group. Administration of 
surfactant in elastase-treated mice (EI/Surf group) resulted in a statistically 
significant inhibition of airspace enlargement. Although the Lm in the EI/Surf 
group was still higher than in the control group, analysis of histograms of Lm 
values per field of examination revealed that the Lm distribution in the former 
group was similar to that of the s/S urf group. The Ells group, on the 
contrary, showed the presence of many fields with enlarged air spaces. 
Repeated instillations with saline and/or surfactant had no effect on the Lm. 

We conclude that the significant inhibition of elastase-induced airspace en
largement by surfactant treatment, reported here, fully supports our earlier 
hypothesis concerning a protective effect of pulmonary surfactant in the 
pathogenesis of emphysema. 
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Pulmonary emphysema, a major public health 
problem, is characterised by destruction of alveolar 
walls and enlargement of the airspaces distal to 
the terminal bronchiole. To study the pathogenesis 
of emphysema, animal models have been developed 

the lung against elastolytic enzyme-induced injuries 
(2). 

[1]. 
It became evident that emphysema develops after 

intratracheal instillation of elastolytic enzymes, sug
gesting that degradation of eiastine by these enzymes 
is an important step in the pathogenesis of emphysema. 
However, in addition to elastolytic enzymes and their 
reported inhibitors, evidence accumulates that other 
factors may play a role in the pathogenesis of emphy
sema. We hypothesised that the type II cell or its 
secretory product, pulmonary surfactant, may protect 

We previously reported the incidence of lower num
bers of type II cells in lungs of emphysema patients 
[2] and argued that these findings were in line with a 
decreased protective role of the type II cell or its se· 
cretory product, pulmonary surfactant, in the 
pathogenesis of emphysema. In the present study, we 
will focus on the latter aspect, i.e. the role of pulmo· 
nary surfactant in the development of emphysema. 
Pulmonary surfactant is a surface active material, 
composed of phospholipids (about 90%) and proteins, 
that forms a monolayer at the air liquid interface (3]. 
A major function of pulmonary surfactant is regulation 
of the surface tension, but there is also evidence that 
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surfactant plays a role in the immune defence of the 
lung and has antioxidant capacities (see reviews by 
V AN GOLDE et al. (3] and MORTON (4]). As a result 
of intensive research there is increasing understanding 
of the functions, components and metabolism of pul
monary surfactant, summarised in a number of recent 
reviews (4-8]. As mentioned previously (2], we be
lieve that some of the known functions or properties 
of pulmonary surfactant may protect the lung paren
chyma from emphysematous lesions induced by 
elastolytic enzymes. To investigate the role of pul
monary surfactant in the pathogenesis of emphysema, 
we developed a method to treat mice with a series of 
endotracheal instillations, and studied the effect of 
exogenous surfactant administration on pancreatic 
elastase-induced airspace enlargement. 

Materials and methods 

Animals and intratracheal instillations 

Adult female, inbred, Swiss-type (CPB-S) mice 
(aged 3-4 months), weighing 30.9:t2.5 g (mean:tso) 
were used for intratracheal instillations. The mice 
were anaesthetised by C02 asphyxiation, and held in an 
almost upright position by suspending the animal on 
its front teeth. The tongue was extended from the 
mouth using forceps, and the light tip of a flexible 
cold light fibreoptic was placed against the skin at 
throat level. By looking into the mouth, the white 
cartilageous rings of the trachea could be seen in an 
otherwise transparent rose surrounding. When the 
mice started to gasp for breath, the trachea was 
quickly intubated with a 20 gauge, blunt needle 
attached to an automatic Hamilton syringe (CR-700), 
and 50 !J.l of reagent (see below) or saline was 
instilled into the lungs. The mice were kept in this 
upright position for a few seconds until they regained 
consciousness. 

Treatment and study design 

Emphysema in mice was induced by intratracheal 
instillation of pancreatic elastase. Porcine pancreatic 
elastase (144 U·mg-1

) was purchased from Calbiochem 
(La Jolla, CA, USA) and given in doses of 1.8 
mg·kg·1 BW, based on data in the literature [9]. To 
study the effect of surfactant, mice were treated with 
natural sheep surfactant (100 mg phospholipid·kg'1 

BW), isolated from lung lavage fluid as described 
previously [10]. These natural surfactant fractions 
contained the surfactant-associated protein A (SP-A) as 
well as the hydrophobic surfactant-associated 
proteins B and C (SP-B AND SP-C). 

In a series of pilot experiments, two groups of mice 
were given intratracheal instillations with elastase at 
t=O h, followed in one group by instillations with sa
line at t=3, 48 and 96 h. Control groups consisted 

of animals that received saline at t=O h, followed at 
t=3, 48 and 96 h by instillations with saline or sur
factant, or of untreated animals. The final assay to 
assess the effect of pulmonary surfactant on the de
velopment of elastase-induced emphysema was sub
divided in two successive experiments. For each 
experiment the mice were randomly divided into three 
groups. Two groups received intratracheal instillations 
with elastase at t=O h, followed after 3, 48 and 96 h 
in one group by intratracheal administrations of sur
factant (El/Surf group, n=12), and in the other group 
by administrations of saline (Ells group, n=13). The 
third group consisted of control animals which were 
treated with saline at t=O h, followed by three doses 
of sheep surfactant at t=3, 48 and 96 1'\ (s/Surf group, 
n=12). 

M01phometric evaluation of emphysema 

After eight weeks, the animals were killed, ex
sanguinated by intracardiac puncture, and the 
lungs with the trachea were carefully excised. By 
intratracheal intubation, the lungs were immediately 
inflated with Bouin's fixative at a pressure of 25 
cmH20 for 2 h. The lungs were stored in the fixa
tive for 24 h, and then dehydrated and embedded in 
paraffin. 

Frontal sections through each complete pair of lungs 
were cut at 5 !J.m and sections of three different 
levels were stained with haematoxylin and eosin (HE). 
The severity of emphysema was evaluated by calcu
lating the mean linear intercepts (Lm) of the airspaces, 
since the Lm is the most sensitive morphometric 
parameter for experimental emphysema in animals 
[11]. All measurements were performed by one 
person without knowledge of prior treatment. The Lm 
was calculated according to DUNNILL [12] and 
THURLBECK [13] using the light microscope with a 
x25 objective lens and a x8 eyepiece lens that 
contained a crossed hairline of known length. For 
each pair of lungs, three sections were examined 
and the Lm was calculated for the left (one lobe) 
and right (four lobes) lungs separately, and for 
the upper and lower parts of the right lung separately. 
We did not determine the Lm separately for each of 
the four right lung lobes, since they were not 
all measurable in most cross sections. Per section, 
we always evaluated 10 randomly selected fields 
per lobe (or lung part). The whole lung Lm values 
represent the mean of the left and right lung Lm 
values, the latter being the mean of the values calcu
lated for the upper and lower parts. To obtain an 
impression of the variation in airspace enlargement 
without averaging effect, we also analysed the changes 
in airspaces by histograms of the Lm (per 15 
j..lm steps) per field of examination. This is a modi
fication of the method described by McCARTNEY 
et al. [14]. All fields examined in one frontal sec
tion of each pair of lungs were included for this 
analysis. 
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Data analysis 

The Lm values were statistically analysed by using 
the non-parametric Mann-Whitney test in which a p 
value <0.01 was considered to be significant. The 
level of 0.01 was chosen to correct for multiple test
ing. 

The histograms were tested for significant differ
ences using the Kolmogorov-Smirnov two-sample 
test. 

Results 

Intratracheal instillation technique and the induction 
of emphysema 

The C02 anaesthetic followed by intratracheal in
stillation was well-tolerated by the mice; within a few 
minutes after the instillation the mice were awake and 
walking around. Instillations with the reagents (saline, 
elastase, or sheep surfactant diluted in saline), to which 
india ink was added, revealed that the volume neces
sary for a good spreading was 50 !J.l (data not shown). 
We did not observe any mortality due to instillations 
with 1.8 mg·kg·1 BW of pancreatic elastase. We 
sacrificed some animals 3 and 7 days after instilla
tion with elastase or saline. In agreement with 
findings of other investigators [15, 16] we observed 
some haemorrhage, oedema and infiltration of 
the lungs with polymorphonuclear leucocytes (PMN) 
and macrophages at 3 days, but at 7 days most of 
these initial reactions seemed to have disappeared. 
These reactions were most evident after elastase 
instillations, but light reactions were also present after 
saline instillations. Inflammatory reactions were not 
evident at the time the mice were killed for 
morphometric evaluation of emphysema. At that time 
the group mean total body weight of the mice having 
received elastase (36.6±3.4 g) (mean±so) was no dif
ferent from that of the controls (34.2±4.0 g). The 
pancreatic elastase-induced lesions in mice were 
predominately characteristic of panlobular emphysema, 
but centrilobular emphysema was usually also 
observed. 

Since repeated intratracheal instillations are not usual 
in experimental emphysema, we performed a series of 
pilot experiments in which we showed that the sever
ity of the elastase-induced emphysematous lesions, as 
assessed by the Lm of the airspaces, was not influ
enced by subsequent instillations with saline (table 1). 
The development of emphysema after elastase treat
ment is revealed by the statistically higher Lm values 
in the elastase-treated group of mice compared to 
control groups. Statistical analysis also revealed that 
there were no differences in Lm values between the 
different control groups, indicating that repeated 
instillations with saline and/or surfactant had no effect 
on the Lm. 

Following intratracheal elastase instillations, we 
observed the presence of emphysematous lesions in 

all lung lobes. Figure 1 shows the elastase-induced 
increase in Lm values (mean±SEM, n=12) for the right 
and left lung, and for the right upper lung parts and 
lower lung parts separately. For all lobes or parts of 
the lungs, the increase in Lm in elastase-treated mice 
compared to the mice treated with saline was statisti
cally significant (ps0.001 by M ann-Whitney test). 
Within both groups, the group mean Lm values were 
not significantly different between the different lung 
parts; although, within one single pair of lungs the 
lesions were sometimes more severe in one lobe than 
another. 

Table 1. - Effects of (repeated) intratracheal instilla
tions on mean linear Intercepts (Lm) of air spaces in 
mice 

Lm n 

Elastase groups 
Elastase• 61.3±8.9 9 
Elastase* /saline** 62.2:~::7.8 9 
Control groups 
Saline*u 44.9±5.3 9 
Saline• /surfactant** 44.l:t3.0 9 
Untreated controls 43.5:t4.1 4 

Whole lung values of mean linear intercepts (Lm) presented 
as group means (±SEM). The number of animals per group 
is indicated by n. The Lm values of the elastase-treated 
groups of mice were statistically different from those of all 
the control groups (p<O.Ol). *: administered at t=O h; .. 
administered at t=3, 48 and 96 h; ***: administered at t=O, 
3, 48 and 96 h. 
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Fig. 1. - Distribution of airspace enlargement in elastase
treated mice lungs. Mean linear intercepts (Lm) of airspaces 
(mean:tSEM) for two groups of 12 mice treated with saline 
(unshaded bars) or elastase (shaded bars). Within the groups, 
the Lm values were not statistically different between the differ
ent lung lobes or lung parts, but the differences between 
the elastase- and saline-treated group were always statistically 
significant. 
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Effect of surfactant instillation on elastase-induced 
emphysema 

The effect of surfactant instillations on the develop
ment of elastase-induced emphysema was studied in 
two successive experiments, which revealed the same 
results. Figure 2 shows the compilated whole lung 
Lm-vaJues for each pair of lungs of the two experi
ments. The mean Lm value for the group treated with 
elastase followed by saline (EI/s group) was 69.5±4.5 
(sEM) ~tm (range 48.6- 95.8 ~m). The Lm values in 
this group were significantly (p<O.OOOl) higher than 
those in the control group that received sal ine and 
surfactant (s/Surf group). The mean Lm value for this 
control group was 41.8±0.6 ~tm, (range 38.9-45.6 f-tm). 
The group treated with natural sheep surfactant 3, 48 
and 96 h after instillation of elastase (El/Surf group) 
had a mean whole lung Lm value of 54.4±4.9 ~tm, 
(range 42.8-92.1 f-tm). The Lm values in the El/Surf 
group were significan tly lower (p=0.004) than those in 
the Ells group. Despite this significant inhibition of 
elastase-induced airspace enlargement, the Lm values 
of the EJ/Surf group were still higher and significantly 
different from those in the s/Surf group (p=0.0001). 
The higher mean Lm value in the E)/Surf group is 
largely due to the exceptionally h igh Lm values (92.1 
and 88.1 ~tm) in 2 of the 12 pairs of lungs of this 
group (fig. 2) compared to the other whole lung Lm 
va lues of this group (42.8-53.6 ~tm). 

Microscopic examination of lungs of mice from 
the Ells group usually showed the presence of 
extended emphysematous lesions (fig. 3a). 
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Fig. 2. - Effect of intratracheally instilled surfactant (three times 
at 3, 48 and 96 h) on elastase-induced emphysema in mice. The 
resul ts of two successive experiments (A and B) are presented as 
individual whole lung mean linear intercept (Lm) values (•: A; 0: 
B) a well as the group means (lines) compilated from the two ex· 
periments. The Lm values of the surfactant-treated group (El/Surf 
group) were statistically different from those in the saline treated 
group (Ells group) (p=0.004) and the control group (s/Surf group) 
(p<0.0001). Ells: lungs treated with elastase followed by saline; 
El/Surf: lungs treated with elastase followed by natural sheep sur· 
factant; s/Surf: lungs treated with saline followed by natural sheep 
surfactant. 
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Fig. 3. - Micrographs of lung tissue sections, stained with 
haematoxylin and eosin. a: Extended emphysematous lesions in 
mouse lung treated with elastase and saline (El/s group). b: Nor· 
mal lung parenchyma with some focal and limited emphysematous 
lesions in mouse lung treated with surfactant following elastase 
administra tion (El/Surf group). c: Control mouse lung to which 
saline and surfactant were administered (s/Surf group). Bars 200 
~tm. 
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Fig. 4. - Histograms of mean linear intercept (Lm) distributions 
in the different treatment groups. All fields examined in 
one frontal section of each complete pair of lungs were included 
for this analysis. Fields having a Lm equal to or lower than 
the mean Lm value plus one standard deviation assessed in 
untreated controls animals (UC-Lm) are represented by un
shaded bars, and fields with a Lm higher than the UC-Lm 
are represented by shaded bars. The Lm frequencies in the 
Ells group differed statistically from those in the s/Surf 
control group between 30-120 ~m, whereas the El/Surf group 
differed statistically from the s/Surf group only in the 30-45 ~m 
category. See legend to figure 2 for explanation of group 
treatment. 

We also observed some emphysematous lesions in 
most of the lungs of mice in the EI/Surf group, but 
these lesions were usually focal (fig. 3b ), and large 
areas of the lungs from the EJ/Surf group appeared to 
be not very different from saline-treated lungs (fig. 
3c). 

Some morphometric information on emphysematous 
lesions in individual fields of examination is provided 
by the Lm frequency histograms (fig. 4), which show 
the frequency distributions of the Lm calculated per 
field of examination (one frontal section from each 
pair of lungs per animal per group, approximately 30 
fields of examination). The Lm distribution in the 
s/Surf group (fig. 4c) was not significantly different 
from that in untreated controls (Kolmogorov-Smirnov 
test, data not shown), the majority of the fields 
having a low Lm, equal or lower than the mean Lm 
value plus one standard deviation assessed in untreated 
control animals (UC-Lm). For each group fields with 
Lm values s UC-Lm (±1 so) are represented by 
unshaded bars, those with Lm values >UC·Lm (±1 so) 
by shaded bars. The Lm distribution in the Ells group 
(fig. 4a) revealed that more than 85% of the exam
ined fields had a Lm higher than the UC-Lm, and that 
a considerable number of fields had very high Lm 
values. In the El/Surf group (fig. 4b) only about 50% 
of the fields examined had a Lm higher than the UC
Lm. The highest Lm values observed in the El/Surf 
group were not lower than in the Ells group, but Lm 
values >120 ~-tm in this group were all present in the 
two pairs of lungs with the high mean Lm values. 
Analysis by the Kolmogorov-Smimov test for two· 
samples revealed that the range in which the Ells 
group and the s/Surf group were significantly differ· 
ent (p<0.005) was between 30 and 120 ~-tm, whereas 
the EI/Surf group and the s/Surf group differed only 
between 30 and 45 ~-tm. The Ells group and the El/ 
Surf group were significantly different (p<O.OOS) 
between 30 and 105 ~Am, the maximum differences in 
cumulative proportion being between 30 and 60 flm. 

Discussion 

The aim of this study was to obtain evidence of a 
protective role for pulmonary surfactant in the 
pathogenesis of emphysema. For this purpose, we 
developed methods to treat mice with intratracheal 
instillations. The simple method used for anaesthesia, 
i.e. C02 asphyxiation, enabled us to treat larger num
bers of mice with a series of intratracheal instillations 
of reagents within 0 and 96 h, without overburdening 
the animals or investigators. This C02 anaesthetic also 
provided the advantage that the mice breathed rather 
deep at the time of instillation, whereas for instance 
Nembutal hampered breathing following instillation, 
which also resulted in high mortality. The events oc
curring in the lung after administration of pancreatic 
elastase are described in a number of studies, as 
reviewed by SNJDER et al. [1). The hamster is most 
widely used in animal models of emphysema, but mice 
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and rats have also been employed [9, 11, 17, 18]. The 
present study was performed in an inbred strain of 
Swiss mice, which were also used for our extensive 
studies on lung morphology and function [19, 20]. An 
advantage of using murine lungs for the morphometric 
evaluation of emphysematous lesions is that a single 
pair of lungs can easily be evaluated as a whole. 
Furthermore, animal size and cost facilitate studies of 
larger groups. VALENTINE et al. [9] also provided evi
dence that in the mouse, endotracheal administration 
of porcine pancreatic elastase results in elastine 
breakdown and induces alveolar destruction with sub
sequent alveolar enlargement. In contrast to VALENTINE 

et al. [9] who found parenchyma! damage most fre
quently in the lower half of the lung lobes, we found 
a rather even distribution of the emphysematous le
sions. This was probably caused by better spreading 
of the elastase bolus in our experiments, due to deeper 
and better breathing of the mice at the time of instil
lation. The use of the automatic Hamilton syringe, 
which injected the reagents rather forcefully, i.e. in 
microdrops, might also have facilitated spreading. 

Inhibition of elastase-induced emphysema was 
formerly demonstrated by treatment with elastase in
hibitors several hours before the administration of 
elastase [21, 22]. We chose to administer surfactant 
after elastase administration because surfactant given 
before or simultaneously with the elastase might 
become inactivated by the elastase [23, 24). We in
stilled the first dose of surfactant 3 h after elastase 
instillation, since destruction of the original surfactant 
lining layer and loss of surface activity appear to occur 
at that time [23, 25]. It has also been noted that by 
then elastolytic-enzyme-induced injuries have lead to 
the presence of degradation products, cellular exudate 
and oedema [16, 23, 26] in the alveolar spaces, i.e. 
agents known to impair the biophysical activities of 
surfactant (27-29]. We repeated the surfactant treat
ment at 48 and 96 h, i.e. during the period that an 
abundance of surfactant inhibitors were likely to be 
present in the alveolar space. For control instillations 
to surfactant treatment we used saline and not albumin 
or serum proteins, although they might be present in 
low concentrations in our surfactant preparations, since 
these substances may impair surfactant biophysical 
activity [27]. Pilot studies, which we performed (data 
not shown), showed that instillations with albumin did 
not inhibit the development of elastase-induced 
emphysema. 

This is the first study demonstrating a protective 
effect of surfactant on elastase-induced emphysema. 
Treatment with exogenous surfactant at 3, 48 and 
96 h after elastase instillation clearly reduced the 
elastase-induced airspace enlargement. This inhibition 
of emphysema development was found in two succes
sive experiments; the mean whole lung Lm values 
were 53 and 79% lower in the EI/Surf group than in 
the Ells group. Analyses of the compilated data of 
these two experiments by the Mann-Whitney test re
vealed that the differences in whole lung Lm values 
were statistically significant. Despite this significant 

inhibition, we observed some focal and limited 
emphysematous lesions in most of the lungs of mice 
of the El/Surf group by light microscopy. An 
impression of the lesions throughout the lungs (with
out the averaging effect as in case of whole lung Lm 
values) was given by histograms of Lm frequency. 
These histograms of Lm frequency clearly demon
strated that the Lm distribution of the El/Surf group 
was similar to that of the s/Surf control group, whereas 
the Ells group showed the presence of many fields 
with high or very high Lm values. In the El/Surf 
group only 2 of the 12 animals showed the presence 
of extended emphysematous lesions, resulting in an 
exceptionally high mean whole lung Lm value. This 
apparent lack of protection by surfactant treatment in 
these lungs might be caused by incomplete replace
ment of a well-functioning surfactant lining layer. We 
do not exactly know what may cause incomplete re
placement, but individual prolonged presence or higher 
concentrations of surfactant inhibitors due to injury and 
oedema may play a role. 

As for the mechanism(s) of surfactant protection, we 
assume that the exogenous surfactant normally substi
tutes the elastase-destroyed original surfactant lining 
layer, and prohibits the development of elastase
induced emphysema by just fulfilling its normal func
tions. It is likely that this effect might be enhanced 
by repeated doses of surfactant, at least initially. A 
pilot experiment (with two mice) indicated that a 
single administration 3 h after elastase treatment was 
not as effective. We do not know if further adminis
trations, i.e. 4 days after elastase treatment, would 
further enhance the effect of surfactant treatment. We 
hypothesise that the type II cells, the producers of 
surfactant and progenitors of the complete alveolar 
epithelium [30], may only initially not be able to cope 
with the speed of surfactant destruction by elastase. 

Further studies will be necessary to elucidate the 
precise mechanism(s) by which surfactant protects the 
lungs against the development of emphysematous 
lesions. However, based on current knowledge of the 
surfactant system, we feel that some or all of the fol
lowing mechanisms may play a role in the protective 
effect. Firstly, it seems likely that prohibition of 
overstretching of lung parenchyma by surface active 
surfactant prevents injuries that may result in 
emphysematous lesions. Also, in case of elastolytic 
enzyme-induced injuries, overstretching may interfere 
with necessary repair processes to prevent emphysema. 
Secondly, the surfactant lining layer may act as a 
barrier against elastolytic enzymes from the alveolar 
lumen by providing antielastase activity, effected by 
surfactant-associated proteins such as SP-B (31], 
surfactant phospholipids [32] or association with other 
elastase inhibitors, such as a 1-proteinase inhibitor [33]. 
The antioxidant activities of pulmonary surfactant [34] 
may add to the antielastase capacity of the lung, since 
it is known that elastase inhibitors are inactivated by 
oxidation [35, 36] . The effect of surfactant on the 
immune response [37-39) may also result in a lower 
burden of elastolytic enzymes in the lung. Thirdly, it 
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has been reported that the major surfactant associated 
protein, SP-A, has some specific biological functions 
(see reviews by PossMAYER [6] and WEAVER and 
WHJTSErr [8]). Some of these functions such as its 
ability to attenuate the inhibitory effect of serum pro
teins [40, 41), might add to the protective effe.ct of 
pulmonary surfactant against the development of 
cmphysematous lesions. Our further studies may give 
more insight in the role of SP-A In this respect, note 
that SP-A was present in the natural surfactant frac
tions that we used in the present study, but is usually 
eliminated from therapeutic surfactant fractions to re
duce possible risks of immune responses. Furthermore, 
it is reported that impairment of surfactant biophysi
cal activity after exposure to neutrophilic elastase is 
mainly due to proteolytic cleavage of SP-A [24, 29). 

In conclusion, the present study shows a significant 
inhibition of emphysema development by surfactant 
instillations given in three doses during the first four 
days after treatment with pancreatic elastase. These 
findings fully support our earlier hypothesis [2] con
cerning a protective effect of pulmonary surfactant, 
and thus the type II cell, in the pathogenesis of 
emphysema. It seems likely that surfactant dys
functioning may also be one of the important factors 
in the development of emphysematous lesions in 
humans. Our findings and conclusions concur with 
the suggestion that the air lung interface is the site of 
initiation of the destructive changes of elastase-induced 
emphysema [ 42), and with data indicating that 
elastolytic enzymes are capable of inhibiting surfactant 
function [23-25, 29]. 
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