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ABSTRACT: Pulmonary surfactant maintains patency of narrow conducting
airways. An inflammation, with a leakage of plasma proteins into the airway lumen,
causes surfactant to lose some of this ability. Will a lowering of temperature aggravate
the deteriorating effect of an inflammation?

Calf lung surfactant extract (CLSE) with proteins added was studied with a
capillary surfactometer (CS) at temperatures of 25±428C. BALB/c mice were infected
with respiratory syncytial virus (RSV). Six days later the lungs were lavaged and the
surfactant in the lavage fluid was studied with the CS at temperatures of 25±428C.
Lavage fluid from allergen challenged asthmatics was examined for its content of
surfactant inhibitors at reduced temperatures.

It was shown that CLSE with proteins gradually lost its ability to maintain patency
as the temperature was lowered. Lavage fluid from the RSV infected mice showed a
similar dysfunction at low temperatures. Lavage fluid from the airways of human
asthmatics, when challenged with antigen but not with saline, contained agents inhi-
biting surface activity, particularly at reduced temperatures.

Airway inflammation causes surfactant to lose its ability to maintain patency,
particularly as the temperature is reduced. That might be a reason for the increased
airway resistance observed in asthma patients hyperventilating in cold weather.
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Pulmonary surfactant stabilizes alveoli and maintains
patency of conducting airways. It has been demonstrated
that the inflammation caused by exposure to ozone [1, 2]
or by an infection with respiratory syncytial virus (RSV)
[3, 4] inactivates the surfactant system and leads to dis-
turbed breathing. More recently it has been shown [5, 6]
that the inflammation developing in patients with mild
asthma who have been challenged with an allergen causes
surfactant to lose its ability to maintain patency. Most
likely the inability was due to a leakage of plasma pro-
teins into the airway lumen since it was noted that protein
concentration in the lavage fluid was increased. Also,
when the surfactant in the lavage fluid was separated by
centrifugation it was no longer inhibited whereas the
supernatant contained water soluble inhibiting agents.

Evidence has accumulated indicating that a surfactant
dysfunction in terminal conducting airways will lead to
formation of liquid columns that may block the airways
during part of the respiratory cycle [1±9]. Such liquid
columns will form more readily if the amount of airway
liquid is increased due to hypersecretion or if the inflam-
mation has caused oedema in the airway wall, whereby
the lumen has become more narrow [8]. As a consequ-
ence of airway blockage in many small airways it may be
anticipated that airway resistance will increase and that
possibly hyperinflation will ensue. Those features of ast-
hma may be caused by ozone exposure [10] or by RSV

infection [11], conditions that both trigger an inflamma-
tory reaction. Since it has now been established that in
mild asthmatics an allergen challenge inducing an inflam-
matory reaction will provoke a surfactant dysfunction [5,
6], it appears very likely that the increase in airway re-
sistance characterizing an asthma attack is partly due to a
surfactant dysfunction. Since an asthma attack will often
be triggered in asthmatics exercising and therefore hyper-
ventilating in cold weather, it appears logical to evaluate
surfactant's ability to maintain patency at temperatures
below those of the body.

This article describes how a change in ambient tem-
perature will affect the function of pulmonary surfactant
that has been modified by an inflammation. The inflam-
matory reaction was simulated or obtained in three ways:
1) by adding plasma proteins to a well-functioning sur-
factant preparation; 2) by infecting BALB/c mice with
RSV; and 3) by challenging mild asthmatics with an
allergen.

Material and methods

A capillary surfactometer (CS; Calmia Medical Inc.,
Toronto, Ontario, Canada) was used for an evaluation of
surfactant's ability to maintain airway patency. This instru-
ment has been used for several studies and has been fully
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described [1±8]. Briefly, it has a glass capillary with a
narrow section where the width (inside diameter (ID)=0.3
mm) is similar to that of the human lung's terminal con-
ducting airway [12]. In this narrow part of the capillary, a
small volume (0.5 mL) of the liquid to be evaluated is
deposited. The liquid blocks the constricted lumen, but
when pressure is raised at one end of the capillary, the
liquid is pushed out of the narrow section whereby pres-
sure is abruptly lowered as air gets through.

If the liquid studied contains pulmonary surfactant that
will quickly form a surfactant film exerting high surface
pressure, it will not return to the narrow section, and the
continuous airflow through the capillary will meet no resis-
tance. Consequently, pressure will remain at zero during a
2 min period of recording. If, on the other hand, surfactant
function is inhibited so that film adsorption is deisyed or
the exerted surface pressure is reduced, then the liquid
extruded from the narrow section will return and again
block the capillary lumen. The return may be delayed, or it
may be immediate and in some cases so rapid that a
pressure of zero will never be reached. The steady airflow,
lasting for 2 min after the liquid was initially extruded, will
then meet resistance and pressure will be raised repeatedly
as the liquid returns to the narrow section. A minicomputer
calculates the percentage of the 2-min study period that
pressure remained at zero. If the dysfunction is pronoun-
ced, pressure zero is hardly ever recorded and the CS will
print the result, the "Open in percentage", as zero or slig-
htly above. When the surfactant is functioning optimally
the print-out will show that the capillary was open 100%.

Temperature regulation

The temperature of the water bath, in which the glass
capillary of the CS is immersed, is regulated with a ther-
mostat and is normally kept at 378C, but for this study
temperature was gradually raised 18C at a time from 25±
428C, or it was gradually lowered within that range. At
each temperature level, three assays were carried out and
the mean was the value used.

Calf lung surfactant extract with plasma proteins

Calf lung surfactant extract (CLSE) was the surfactant
preparation used for this study. In composition and func-
tion it is similar to natural surfactant and it has been used
for prevention and treatment of the respiratory distress
syndrome (RDS) in newborn infants. CLSE was kindly
donated by the manufacturer (ONY Inc., Amherst, NY,
USA). It is supplied in 5 mL vials at a concentration of 35
mg.mL-1. When albumin or other plasma proteins were
added, the CLSE was diluted with saline solution to 4
mg.mL-1 so that when it was mixed with an equal volume
of the protein solution its final concentration became 2
mg.mL-1. Bovine albumin and fibrinogen were purchased
from Sigma, St. Louis, MO, USA. Albumin was dissolved
in saline solution and when mixed with the CLSE sus-
pension its final concentrations became 5, 6, 7, 8, 9, and 10
mg.mL-1.

Fibrinogen, known to be a more active surfactant inhi-
bitor [13, 14] was given a final concentration of 0.07

mg.mL-1 when studied at various temperatures with
CLSE, 2 mg.mL-1.

Various concentrations of calf lung surfactant extract
studied with albumin

When CLSE had a concentration of 2 mg.mL-1 it was
inhibited by albumin, 10 mg.mL-1, even at body tempe-
rature, and with cooling the inhibition became pronounced.
To investigate whether the inhibition would be less serious
when the surfactant concentration was raised, CLSE was
studied at final concentrations of 2, 3, 4, and 5 mg.mL-1, all
with the same albumin "contamination" of 10 mg.mL-1.
Temperature was gradually raised from 25±428C.

Bronchoalveolar lavage fluid from respiratory syncytial
virus infected mice

BALB/c mice, 12±15 weeks old, of male sex and wei-
ghing 22±25 g were used for this part of the study, which
was approved by the Institutional Animal Care and Use
Committee of the State University of New York at Buffalo,
NY, USA. Eight of the mice served as healthy control
animals whereas eight were inoculated four times with 50
mL of RSV stock solution, resulting in a high dose, 13
106±23107 plaque forming units (pfu). Six days after
inoculation, when according to previous studies [3, 4]
breathing is most affected, the animals received a lethal
i.p. dose of pentobarbital (100 mg.kg body weight-1). The
lungs were lavaged with saline solution, the volume of
which in millilitres was 2% of the body weight in grams.
Introduction as well as withdrawal of the liquid was regu-
lated with pressure according to a technique previously
described [3]. A positive pressure of 30 cm of water was
used for the fluid's introduction and a negative pressure of
20 cm of water for its withdrawal. Approximately 80±
90% of the fluid was retrieved with the first withdrawal,
but the lavage procedure was repeated six times with the
same fluid which lowered the final return to ~65%. On
top of the lavage fluid, a layer of foam was formed. It was
rich in surfactant and to incorporate it with the rest of the
lavage fluid it was liquefied by repeatedly exposing the
fluid to vacuum. To remove cells and cell debris the fluid
was centrifuged at low speed (1,0003g) for 5 min. The
supernatant was centrifuged at high speed (40,0003g)
and at 48C for 1 h. A volume of supernatant which was
80% of the fluid used for the second centrifugation was
removed, and the remaining 20%, which contained the
large aggregate surfactant, was stirred and was then ready
for studies with the CS. The centrifugation procedure
concentrated the bronchoalveolar lavage (BAL) fluid
surfactant approximately five times.

Bronchoalveolar lavage fluid from patients with mild
asthma following a segmental challenge with allergen

Patients with mild asthma (n=15) underwent broncho-
scopy for endobronchial challenge of contralateral lung
segments, with allergen and vehicle, respectively. The pro-
cedure did not affect the patients' breathing. Twenty-four
hours later the allergen and sham challenged segments
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were lavaged. Control BAL fluids were obtained from
healthy volunteers (n=9). This clinical part of the study
was carried out in Hannover, Germany, and was approved
by the Ethics Committee of Hannover Medical School.
Informed consent was obtained from each person in the
study. BAL fluid was centrifuged 2503g for 10 min to
remove cells and debris. The cell free fluid was then cen-
trifuged at 40,0003g and 48C for 1 h to obtain a pellet of
surfactant. The supernatant we knew from a previous study
[5] contained water soluble surfactant inhibitors when the
fluid originated from allergen challenged segments of
asthmatics. To increase the inhibitor concentration, the
supernatant was evaporated until its volume had been
reduced to a fifth, and it was then used for a dilution of
CLSE from 35 to 1 mg.mL-1. The surface activity of the
CLSE, diluted with the concentrated BAL fluid super-
natant, was studied with the CS and was expressed as
"Open in percentage". When CLSE underwent such a
dilution with saline solution it maintained 100% patency.
The BAL fluids from the allergen challenged lung seg-
ments were pooled and compared with the pooled fluids
from the segments exposed to nothing but saline solution
and with the pooled fluids from the healthy volunteers.
The pooling was necessary to obtain an adequate quantity
of the concentrated BAL fluid supernatant so that the
mean of three determinations at each degree, from 25±
428C, could be obtained.

Statistical analysis

The CS value of a sample at a specific temperature was
the mean of three assays. The effect of temperature was
expressed with linear regression. Diversity in means of
treatment groups (healthy and infected mice) was tested
with an unpaired Student t-test and, when the material was
not normally distributed, with a Mann-Whitney U-test. A
p-value of <0.05 was considered to indicate a significant
difference.

Results

CLSE with albumin and fibrinogen

When the albumin concentrations were low, 5, 6 and 7
mg.mL-1 (fig. 1a), they had no conspicuous effect on
CLSE, 2 mg.mL-1, when studied at temperatures >308C.
However, as seen from figure 1b, the ability to preserve
patency diminished when the protein concentration was
8, 9 or 10 mg.mL-1, and at the highest protein concentra-
tions a compromising effect was noted at 378C and even
slightly above. With lowering of temperature the ability to
preserve patency was drastically reduced. The inhibiting
action of the two plasma proteins studied, albumin and
fibrinogen, appeared to be similar and equally affected by
a lowering of temperature (fig. 2). However, it should be
noted that the concentration of albumin was 100 times
greater than that of fibrinogen. Figure 3 shows that it was
of no serious consequence if temperature was raised from
25±428C or if it was gradually lowered within this range.

Increasing the calf lung surfactant extract concentra-
tion overcomes the albumin inhibition

As seen in figure 1b, an albumin concentration of 10
mg.mL-1 had a severely inhibiting effect when the CLSE
concentration was 2 mg.mL-1, but the inhibition exerted
by this albumin content was less noticeable as the sur-
factant concentration was raised (fig. 4).
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Fig. 1. ± When calf lung surfactant extract concentration was 2 mg.mL-1,
a low albumin concentration was tolerated as long as temperature was
>308C (a), but when albumin concentrations were high (b), there was less
tolerance to a lowering of temperature. a) * : albumin 5 mg.mL-1; s :
albumin 6 mg.mL-1; h : 7 mg.mL-1. b) & : albumin 8 mg.mL-1; n :
albumin 9 mg.mL-1; X : albumin 10 mg.mL-1.
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Fig. 2. ± Calf lung surfactant extract (CLSE) inhibited by plasma pro-
teins. Although the concentration of albumin was a hundred times higher
than that of fibrinogen, the inhibition appeared to be similar. The values
were obtained by studying five different mixtures of CLSE, 2 mg.mL-1,
with respective protein. The tracings were obtained by gradually raising
the temperature. s : albumin 7 mg.mL-1; * : fibrinogen 0.07 mg.mL-1.
Values are mean�SEM.
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Bronchoalveolar lavage fluid from mice

The BAL fluid from healthy mice maintained patency
quite well at 378C but slowly lost some of that ability as
temperature was lowered (fig. 5). However, the BAL fluid
from the infected mice had a reduced capability to main-
tain patency at body temperature, and as temperature was
reduced, the value of "Open in percentage" diminished
even further. When the median value at 378C obtained for
the eight healthy mice (72%) was compared with the me-
dian value for the eight mice infected with RSV (27%),
the difference was highly significant, p<0.0001, and with
reduction in temperature the difference became even gre-
ater.

Supernatant of bronchoalveolar lavage fluid from asth-
matics inhibits calf lung surfactant extract

When the concentrated BAL fluid supernatant was used
to dilute CLSE to 1 mg.mL-1, it had only a minor inhibiting

effect when it originated from healthy volunteers or from
the lung segments of asthmatics, challenged with nothing
but saline solution (fig. 6). However, when the supernatant
originated from lung segments of asthmatics, challenged
with allergen, the surfactant was clearly inhibited. Fur-
thermore, as temperature was lowered, the inhibition was
augmented (regression coefficient (R)=0.754, p=0.0005).
The median values for "Open in percentage" when the
BAL fluid supernatant originated from healthy volun-
teers, saline challenged, and allergen challenged asth-
matics were 97.3%, 95.9%, and 35.0%, respectively.

Discussion

Patency was considered to exist when liquid columns
were not blocking the capillary of the CS. When the ca-
pillary remained unblocked during the entire 2-min study
period patency was defined as being 100%. That degree of
patency probably required an extremely fast phospholipid
adsorption. As the liquid column is extruded from the nar-
row section of the glass capillary, so that air can pass, a
surfactant film exerting high surface pressure must imme-
diately form at the air-liquid interface, otherwise the liquid
will again accumulate in the narrow section. The surfactant
apoproteins surfactant protein (SP)-B and SP-C, present in
CLSE, are known to serve this important role of increasing
the rate of adsorption [15±18]. However, when water solu-
ble proteins are present at a critical concentration they have
been shown to inhibit the formation of a pulmonary sur-
factant film [13, 14, 19]. They probably reach the air-liquid
interface before the phospholipids do, and thereby prevent
the formation of a well functioning monolayer.

When albumin had been added but was at low con-
centration, as it might be when the asthma inflammation is
mild, the patency capacity was not seriously affected at
normal body temperature, but cooling to <308C resulted in
a conspicuous deterioration of the patency ability (fig. 1a).
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Fig. 4. ± When albumin contamination was high, 10 mg.mL-1, patency
was not optimal, but improved by increasing the surfactant concen-
tration. s : calf lung surfactant extract (CLSE) 5 mg.mL-1; * : CLSE 4
mg.mL-1; n CLSE 3 mg.mL-1; m : 2 mg.mL-1.
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Fig. 5. ± Bronchoalveolar lavage (BAL) fluid from healthy BALB/c
mice (*) maintained patency well at body temperature but lost some of
that ability as temperature was lowered. When the BAL fluid came from
respiratory syncytial virus (RSV) infected mice (s) the ability to main-
tain patency was reduced at body temperature and deteriorated seriously
as temperature was lowered. n=8 in both groups. For healthy mice
regression coefficient (R)=0.905, p<0.0001, and for RSV infected mice
R=0.953, p<0.0001. Values are expressed as mean�SEM. Lines of linear
regression are shown.
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Fig. 3. ± The albumin tracing of figure 2, obtained by gradually rais-
ing the temperature, is compared with the tracing obtained when the
temperature was gradually lowered. The direction of temperature change
appearedtobeofminimalconsequence.s : albumin7mg.mL-1, increasing
temperature; n : albumin 7 mg.mL-1, decreasing temperature.
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At higher albumin concentrations, 9 and 10 mg.mL-1,
surfactant inhibition was noted at a temperature that was
equal to that of the body and it became very noticeable
with cooling (fig. 1b). This suggests that the water soluble
and therefore evenly distributed protein molecules were
more capable of reaching the air-liquid interface than
were the surfactant phospholipids. In the alveoli the sur-
factant molecules would have to be drafted from myelin
figures or from bilayers in lamellar bodies, a procedure
that probably in relation to protein adsorption would re-
quire more time. With a high albumin concentration, 10
mg.mL-1, which might simulate a severe inflammation,
such as the one that is likely to develop during an acute
asthma attack, the surface activity was lowered, even at
normal body temperature.

At a surfactant concentration of 2 mg.mL-1, an albumin
contamination of 10 mg.mL-1 resulted in severe inhibition.
However, by increasing the surfactant concentration, this
inhibition was counteracted, which suggests that by sup-
plying more surfactant, inhibition caused by albumin, an
RSV infection, or an asthma attack, might be oppressed.
Patients who are prone to develop exercise-induced asthma
(EIA) are less likely to contract serious problems if they
prophylactically use b-adrenergic agonists, that function
not only by relaxing smooth muscles but also by causing a
release of surfactant from type II cells [20±23].

While the plasma proteins albumin and fibrinogen in-
hibited CLSE according to a similar pattern (fig. 2), it
should be noted that the concentration of albumin was a
hundred times greater than that of the fibrinogen. This
demonstrates how the ability to inhibit surfactant can vary
from one protein to another and, consequently, the total
protein content might not be in proportion to the degree of
inhibition.

The critical temperature at which surfactant was found
to lose its ability to preserve airway patency also showed
variations. When even a very low concentration of fibrino-
gen was contaminating CLSE, a deteriorating effect was

observed as soon as temperature was below 378C. At
<308C the plasma proteins tested, albumin and fibrinogen,
were seriously affecting the patency ability. The question
is, though, will temperature ever be lowered to that degree
in narrow conducting airways, even when the lungs are
hyperventilated and the ambient air is frigid?

MCFADDEN and coworkers [24±26] have carefully stu-
died how the temperature of the airway is affected by that
of the ambient air. The thermistors used were attached to a
catheter with an outside diameter (OD) of 1.4 mm [24].
With that system they found that when a person is hyper-
ventilating in frigid air, temperature in the lower trachea
averages 23.58C. As expected, they found that in more
peripheral airways temperature was not lowered as much.
Nevertheless, a temperature of 278C could be measured
deep in the right lower lobe. In the discussion they poin-
ted out that as the catheter entered a narrowing airway, it
occupied more and more of the airway lumen and thus
reduced the airflow. For that reason they felt that the
airway cooling would most likely have been more exten-
sive had the catheter not been there. In later publications
the catheter used was more narrow (OD 0.9 mm) which
made it possible to study airways "less than 1.0 mm in
diameter" [25]. The width of the catheter was evidently
very close to that of the airway and the authors' sug-
gestion that the catheter might have dampened the airflow
did indeed appear appropriate. The current authors there-
fore suspect that airway cooling during hyperventilation
may lead to temperatures lower than those measured.

The lowering of airway temperature is likely to be ma-
ximal as long as the strenuous exercise is maintained, but
during that period airway resistance is usually less than it
was before the exercise was initiated [26±29]. It was not
until 5±10 min after the exercise was over and the patient
was no longer hyperventilating that the airway resistance
was conspicuously increased and remained greater than
normal for ~1 h. It appears unlikely that the increased
airway resistance that follows a period of exercise could
be caused by a surfactant dysfunction developing because
temperature was lowered. This would not appear to be
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fluid influxSurfactant
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Fig. 7. ± The possible impact of surfactant function on exercise-induced
asthma. Mechanisms that cause airway obstruction are shown in black
and mechanisms that alleviate airway obstruction are shown with dashed
lines.
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Fig. 6. ± Bronchoalveolar lavage (BAL) fluids from healthy human
volunteers (s) or from lung segments of asthmatics, challenged with
nothing but saline solution (*), had a low concentration of inhibitors so
that the ability of calf lung surfactant extract (CLSE) to maintain patency
was not seriously interfered with, not even when temperature was lowe-
red to 258C. However, when the BAL fluid originated from asthmatic
patients, challenged with antigen, the fluid contained inhibitors that pre-
vented CLSE from maintaining patency, particularly as temperature was
lowered (m). Regression coefficient=0.754, p=0.0005. Line of linear
regression is shown.
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plausible since symptoms do not develop until tempera-
ture has returned to normal. Nevertheless, what follows is
a hypothesis that explains how the surfactant function of a
person with asthma might be adversely affected by a
period of exercise, particularly if the surrounding air is
cold. Some of the symptoms of EIA might be explained
by the surfactant dysfunction that develops (fig. 7).

If temperature in peripheral airways is reduced, a sur-
factant, affected by an inflammation caused by an RSV
infection or asthma (figs. 5 and 6), will have a reduced ca-
pability of maintaining airway patency. However, as long
as hyperventilation persists and thoracic gas volume is
increased, peripheral airways are kept dilated so that air-
way resistance is reduced. The widening of the airway
makes it less likely that a surfactant dysfunction will
result in the formation of blocking liquid columns [8];
another reason for airway resistance to be reduced.

Though breathing at rest is hardly affected in a mild case
of asthma, a certain number of conducting airways are
likely to be blocked by liquid bridging over the airway
lumen. As hyperventilation develops, the blocked airways
may open up, but they might then be subjected to cooling
by which the surfactant loses even more of its ability to
maintain patency, and the loss is likely to be related to the
degree of airway inflammation and the degree of cooling.

To keep the airways open in spite of their tendency to
close as airway temperature is lowered, intrathoracic pres-
sure must be reduced even further. Overexpansion of the
lungs with a widening of conducting airways causes a
reduced airway resistance, but it also results in an increased
leakage of plasma proteins, further hampering the sur-
factant function. If the hyperventilation persists so that the
lungs are kept overexpanded, the narrow airways remain
open, thereby augmenting airflow in spite of the surfactant
dysfunction that has developed. This concept agrees with
the clinical observation that during the initial stage of exer-
cising, airflow resistance diminishes as the lungs become
hyperinflated.

Shortly after the exercise-induced hyperventilation has
ended, values of forced expiratory volume in one second
diminish, indicating that airway resistance has been aug-
mented, and within 10 min it reaches a peak, from which it
gradually diminishes. As the hyperventilation subsides, a
large number of conducting airways are likely to be closing
during expiration. They become blocked by liquid col-
umns forming as a result of the surfactant dysfunction that
has been augmented. There will be an increased tendency
for liquid columns to form as the airways are narrowing
[8]. A diminishing width of the airways may be caused by
hyperaemia and oedema developing in the airway wall.
The blocking of airways due to surfactant dysfunction
may be the reason for residual volume to increase 43% in
patients with asthma just after they have exercised [26].

There has been shown to be a leakage of plasma proteins
into the airways of healthy human beings exposed to exer-
cise levels, considered to be light, moderate, or heavy [30].
It would be of great interest to examine the BAL fluid of
individuals who suffer from EIA and thereby put the
current authors' hypothesis to the test. If BAL was carried
out before and after a period of strenuous exercise it
might be possible to show that after the exercise the pro-
tein concentration was higher and the surfactant in the
BAL fluid had a reduced ability to maintain patency, par-
ticularly at temperatures below those of the body.

Animal studies have demonstrated that hyperventilation
will lead not only to a leakage of proteins, but also to a
release into the alveolar space of pulmonary surfactant
[31]. Initially, the surfactant inhibiting effect of the inva-
ding proteins will be dominant, but as the concentration
of surfactant is increased it is likely that it will regain its
ability to adsorb quickly, and the monolayer that forms at
the air-liquid interface will then exert a high surface pres-
sure. This might be the reason for the recovery that
usually takes place within 1 h after exercise. The surfac-
tant release might also explain the development of a
refractory period, during which renewed exercise results
in less of an increase in airway resistance.

In conclusion, this study has shown that surfactant's
ability to maintain patency is lower when there is an in-
fluence of inflammatory inhibitors and when airway tem-
perature is reduced. Among the inhibitors tested were two
plasma proteins: albumin and fibrinogen, the latter being
considerably more potent. Other inhibitors were those ap-
pearing in the bronchoalveolar lavage fluid of respiratory
syncytial virus infected mice and those present in the
bronchoalveolar lavage fluid of patients with mild asthma
who had been challenged with allergen 24 h previously. It
was noted that some of the inflammatory conditions redu-
ced surfactant's ability to maintain patency even with a
very slight reduction in temperature, and that when it was
reduced to 308C or less, the patency was seriously affected.
The findings point to the possibility that pulmonary surfac-
tant, dysfunctioning because of inflammation and cooling,
might have an impact on exercise-induced asthma.
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