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Pulmonary surfactant given prophylactically alleviates an

asthma attack in guinea-pigs
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Summary

Background  Previous studies have indicated that the increased airway resistance that
develops in asthma may partly be due to a surfactant dysfunction. If so, it might be
possible to alleviate the acute signs following an allergen challenge by prophylactically
instilling into the airways a well functioning pulmonary surfactant.

Objective  The study was planned and enacted to test the above hypothesis.
Methods  The lung function (airway resistance, tidal volume, minute ventilation. and
dynamic compliance) of 22 immunized guinea-pigs was studied for 30 min following a
challenge. Ten of the animals had received a tracheal instillation of 0.5 mL call lung
surfactant extract (CLSE, 35 mg /mL) prior to the challenge.

Results  The animals receiving the dose of 17.5 mg surfactant were less affected by the
challenge than were the controls. Only one of them died following the challenge.
whereas four of the 12 controls succumbed. Lung function was significantly less
affected among the nine surviving animals treated with surfactant prior to the challenge
than among the eight surviving controls (£ < 0.01) and also their blood gases (pCO-
and pO-) were less influenced (P < 0.05).

Conclusion The study indicated that the symptoms developing after a challenge,
which 1o some extent simulate those of asthma, can be alleviated by a prophylactic
airway instillation of pulmonary surfactant.
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Introduction

Pulmonary surfactant is required to prevent alveoli from
collapsing at end expiration. This concept. first presented
by Clements [1]. is widely accepted and has been the
basis for a successful use of natural surfactant, extracts
thereof, or synthetic preparations. to prevent and treat
the neonatal respiratory distress syndrome (RDS).
Pulmonary surfactant is thus of vital importance for
normal alveolar function. but there have been publica-
tions [2-7] indicating that a surfactant is required not
only in the most terminal part of the airway. but also in
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the narrow section through which air is conducted to the
alveoli. For maintenance of conducting airway patency a
well functioning pulmonary surfactant would seem to be
required.

It was demonstrated [5.6] that when a glass capillary
was made very narrow in a short section. a small volume
of liquid (0.5 L) instilled into the narrow section would
block the lumen of the capillary. If the liquid consisted of
a suspension of well functioning pulmonary surfactant. it
would not return to the narrow section once it had been
extruded: the capillary would thus remain patent. If,
on the other hand. albumin had been added to the
surfactant suspension or it had been exposed to condi-
tions likely to be present in the airways of an asthmatic
patient, it was found to lose its ability to maintain
openness of the glass capillary.

Recent studies from this laboratory [8] indicate that
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the in virro situation referred to above applies also to the
airways ol the lung. which suggests that the increased
airway resistance., so characteristic of asthma, might
partly be due to a surfactant dysfunction. The augmen-
ted resistance might be caused by a blockage of many of
the most peripheral conducting airways. This concept
was supported by a recent study [7]. showing that when
guinea-pigs, immunized against ovalbumin, were chal-
lenged by being forced to inhale the aerosolized antigen.
they developed serious breathing problems and, most
importantly, they acquired a severe surfactant dysfunc-
tion. Chemical analysis of the guinea-pigs’ pulmonary
surfactant demonstrated that the phospholipid content
and composition had not been affected by the challenge.
but surfactant inhibiting plasma proteins had invaded
the airways, causing the crucial dysfunction.

It has previously been demonstrated that plasma
proteins may inhibit the activity of pulmonary surfactant
[9-12] but by raising the surfactant concentration the
activity may be regained [11,12]. For this reason it would
seem possible to alleviate an acute asthma attack by
supplyving into the lumen of the airways a well function-
ing pulmonary surfactant preparation. With an appro-
priately planned and controlled, but small. clinical trial
this concept was tested and found to be true [13]. IT
surfactants were to be supplied prior to an expected
attack 1t might be more effective since it might prevent
symptoms rom appearing. or making them less serious,
This paper is the report on a study which tests the
hypothesis that, by instilling pulmonary surfactant
prophylactically into the airways ol immunized guinea-
pigs. the respiratory distress, brought on by a challenge,
will be alleviated.

Materials and methods

Imnmunization

Male guinea-pigs (Buckberg Labs, Liberty, NY. USA).
weighing approximately 650 g. were studied according to
a protocol which had been approved by the University
Animal Care Committee. The animals (n = 22) were
immunized according to the method described by
Dunn er al. [14] and Popa er al. [15]. Briefly, 0.35mL
of a 5% (w/v) solution of ovalbumin (Grade 111, Sigma.
St Louis. MO, USA) was injected into each hind limb.
The procedure was repeated after 7 days. Five weeks
after the initial injection of ovalbumin the animals were
prepared for antigen inhalation.

Lung function testing and blood gas analyvsis

To evaluate lung function and blood gases during
spontancous breathing. before and after a challenge.
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the immunized guinca-pigs were anesthetized with
sodium pentobarbital injected into the peritoneal
cavity. As described in a previous article [7] intra-
oesophageal pressure was measured. The trachea was
exposed and a tube. PE 240, was inserted and connected
with a Fleisch pneumotachograph (Gould. Habo Rey.
Puerto Rico). The flow and pressure signals were
recorded with a polygraph (Model 79D, Grass, Quincy.
MA. USA). Flow was integrated to tidal volume. and
minute ventilation was calculated from tidal volume and
frequency of ventilation. Dynamic compliance, Cy,,. was
calculated by dividing the expiratory volume with the
change in oesophageal pressure, and total resistance of
the lung. R . was estimated by dividing the change in
oesophageal pressure with expiratory flow rate.

Through a catheter in the left jugular artery blood
pressure was recorded and blood samples were collected
for examination with a gas analyser (ABL 300, Radio-
meter. Copenhagen. Denmark) immediately before and
about 1 min after the challenge.

Surfactant preparation used for airway instiflation

As previously described [16.17]. a chloroform-methanol
extraction of cell free bronchoalveolar lavage fluid from
freshly killed calves can be used as raw material for a
surfactant preparation. After the chloroform has been
removed under a flow of nitrogen, the dried extract is
suspended in 0.15 M sodium chlaride, This suspension of
call lung surfactant extract (CLSE) is given a phos-
pholipid concentration of 33mg mL. It is autoclaved
in sealed vials in which it remains until needed. CLSE
consists mainly of lipids (=97%) but it also contains the
lipophilic surfactant associated proteins, SP-B and SP-C.
Since 1984 [18.19] CLSE has been utilized clinically to
prevent and treat neonatal RDS. Tt was used for this
study since it has a composition very close to that of
natural surfactant. and it 1s produced under standardized
conditions (ONY Inc.. Amherst. NY. USA).

Surfactant instillation

The 22 immunized guinea-pigs to be challenged were
randomly divided into two groups. Twelve animals
served as controls and 10 received 0.5mL ol the CLSE
suspension described above. The surlactant was instilled
through the tracheal tube. The procedure took about
2 3min and, to make it more likely that there would
be an even distribution of the surfactant to all lung
lobes and to peripheral sections of the lung. the hind
part of the body was lowered 30 and the animal was
slowly rotated during the instillation.
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Aerosol challenge

After anaesthesia had been instituted for the surgical
procedures and following the instillation of surfactant to
10 animals. values of pulmonary function and of blood
gases were obtained during a 30 min period. Following
this acquisition of baseline values, all animals were, for a
period of 60s. forced to inhale a mist of the antigen they
had previously been immunized against. An 0.08% (w v)
ovalbumin solution was nebulized with a DeVilbiss 65
ultrasonic nebulizer (DeVilbiss, Somerset, PA, USA).

Statistical analysis

Student’s -test was used for a comparison of two mean
values. For a comparison of more than two groups a
one-way analysis of variance (ANova) was used, followed
by Duncan’s multiple range comparison test. Results are
given as means + seM. A P-value <0.05 was considered
to indicate a significant difference.

Results

The CLSE suspension instilled intratracheally caused
transient dyspnoea and coughing. However, within
30min those symptoms had disappeared. Each immu-
nized animal, the controls as well as the surfactant
treated. reacted vigorously and almost instantancously
(within 1 min) to the challenge. The symptoms were of
varying severeness and were those previously described
[7.14.20-22].

In the control group (n = 12) severe breathing
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Fig. 1. Without a prophylactic surfactant treatment 30 min
prior to the challenge, the total resistance of the lung, R;.
increased drastically following a challenge, which was started at
time 0. The values are the means of the surviving animals: eight
untreated and nine treated. The two asterisks indicate that the
difference was significant (P < 0.01). A -+« A. Untreated. O—0O.
Surfactant-treated.

problems developed and mean blood pressure dropped
from 61 + 5 to 44 + 4mmHg (P < 0.05). Four of the
12 controls died, and this mortality of one-third was
identical to what we observed in a previous study [7]
where nine of 27 immunized animals died shortly after
they had been challenged. Immediately following the
challenge, airway resistance increased from 0.27 + 0.04
to 4.02+097cm H,O/mL's (P < 001, Fig. 1). and
tidal volume. minute volume. flow rate and dynamic
compliance were significantly reduced (P < 0.01, Fig.
2). Surviving animals quickly recovered from this
acute asthmatic reaction and 30min after the antigen
inhalation their lung function had returned to baseline
values.

The controls” PaCO, increased from 43+2 1o
52 £ 3mmHg and the value of PaO, dropped from
89 + 8 1o 20 + 3mmHg (P < 0.01).

In the surfactant treated group (n = 10) the acute
asthmatic reaction was attenuated. Airway resistance
was increased but only about a third as much as in the
controls (£ < 0.01, Fig. 1). The drop in tidal volume,
minute volume, flow rate. and dynamic compliance was
significantly less than in the control group (P < 0.01.
Fig. 2). Blood pressure was minimally affected and only
one of the 10 animals died.

In the group of guinea-pigs treated with surfactant, the
challenge hardly affected PaCO, and the reduction in the
value of PaO, was less than that observed in the controls
(P < 0.05, Fig. 3).
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Fig. 2. Bar graphs showing how. immediately after the
challenge, tidal volume (TV). minute volume (MV). flow rate
(V). and dynamic compliance (Cj,,,) diminished and became
only a small percentage of the baseline values. Among the
ammals receiving surfactant the effect was alleviated. and
the two asterisks indicate that the difference in response was
significant (P < 0.01). The values (M £sk) were obtained
shortly after the challenge from the surviving animals: eight
untreated (1) and nine treated (H).
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Fig. 3. Blood gases deteriorated after the challenge, but less
among the animals treated with surfactant (n = 9) (W) than
among those receiving no prophylactic treatment (n = 8) ().
The values are those obtained immediately after the challenge.
The asterisk indicates a significant difference (P < 0.05).

Discussion

We recently found that when immunized guinea-pigs
were challenged, by being forced to inhale aerosolized
antigen, the activity of the animals® endogenous
surfactant was inhibited by plasma proteins leaking
into the airway lumen [7]. The results of this paper
support the conclusions of our previous publication
that the acute symptoms caused by the challenge were
at least partly due to a surfactant dysfunction since.
when the endogenous surfactant was supplemented
prophylactically, the respiratory distress developing
was less serious.

When surfactant had been instilled into the guinea-
pig's airways 30 min before the challenge, the effect of the
ovalbumin inhalation was not as dramatic as it was in the
group of controls; the attenuation of R; and of other
assessments of lung function was significant (£ < 0.01,
Figs | and 2). It is conceivable that when the surfactant
was instilled prior to the challenge a greater number
of terminal conducting airways could remain open and
this prevented blood gases from being so significantly
affected. This in turn might have been the reason why
blood pressure did not show a serious decline and only
one of the 10 animals died in convulsions, whereas four
of the 12 controls succumbed from what seemed to be
anaphylactic shock.

It was also noted by Becker [23] that immunized
guinea-pigs reacted less to a challenge when pulmonary
surfactant had been instilled into the airways. He felt
this was due to a sheltering of receptors. Although
there is no evidence supporting this hypothesis it
cannot be excluded. Since we have data in agreement
with the concept that the instilled surfactant exerts

its beneficial effect by increasing the likelihood that
narrow conducting airways will remain patent, we feel
this is a more likely explanation [5 8].

The immediate and short-lived effect we noted
following the challenge has previously been described
[7.14.20-22]. It has generally been interpreted as being
due to bronchospasm and it simulates but is not
equivalent to human asthma. Bronchospasm is a
widely accepted and plausible explanation. However. in
our previous study we interpreted the increased airway
resistance, that followed already one minute after the
challenge. as resulting from a protein leakage into
the airways [7]. We perceive it is conceivable that the
increased airway resistance might be caused not only by a
bronchospasm, but might also be due to a blocking of
many narrow conducting airways; the invading plasma
proteins might have prevented the endogenous surfac-
tant from carrving out its normal function of preserving
small airway patency.

A dominating feature of human asthma is the inflam-
matory reaction. It can be expected to cause an oedema-
tous swelling of tissue in lung parenchyma and airway
wall. thereby diminishing airway lumen and conse-
quently increasing resistance to airflow. As part of the
inflammation there might also be an increased leakage of
plasma proteins into the lumen of the airway. The
corticosteroids used for treating asthma are likely to
diminish the airway constriction and the protein leak-
age. That, in turn, would reduce the risk that the
airways become blocked by liquid columns [6]. Accord-
ingly. the steroid treatment will counteract the possibil-
ity that a serious surfactant dysfunction develops.
Furthermore, steroids will stimulate surfactant synth-
esis, at least in the fetal lung [24-26]. The beta-
adrenergic agonists will also have an effect on the
surfactant system. since they induce a release of sur-
factant from the type Il cells into the alveolar space
[27-29]. It is thus conceivable that the most widely
used treatment for asthma will reduce the risk that a
surfactant dysfunction will develop.

When the airway lumen has been diminished. due to
bronchospasm or to oedema in the airway wall, the
necessity of a  well functioning surfactant is
accentuated. In a previous paper [6] we demonstrated
that a surfactant with moderate dysfunction may have
the capability of keeping a wide tube open, but not a
more narrow one. When immunized guinea-pigs
received a surfactant instillation prior to a challenge,
they might not have suffered a severe or even a moder-
ate surfactant dysfunction, their terminal conducting
airways thereby remaining open. even though they
probably became more narrow. On the other hand. in
the control animals a surfactant dysfunction, probably
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brought on by a protein inhibition, might have caused

1

a liquid blocking of many terminal and narrowing of

conducting airways.

The prophylactic dose of surfactant given lo the
guinea-pigs was 17.5mg. It is of interest to relate that
quantity to the size of the endogenous surfactant pool.
For guinea-pigs the pool size is not known. but for
sheep it has been reported to be 15mg/kg bodyweight
[30]. If it is of similar size in the guinea-pig the
endogenous pool size would be about 10mg, since
the animals weighed approximately 650g. The dose
given may thus seem excessive, but an overdose has
not been reported to be harmful, and we wanted to be
sure that the dose we gave was large enough. How-
ever. we did see a negative effect shortly after the
surfactant had been instilled. This was probably due to
a transient blocking of the airway lumen, since the
surfactant was supplied in a relatuvely large hquid
volume. It would have been preferable if the surfactant
had been supplied as an aerosol spray. as it will be in
future studies.

Acknowledgment

Supported by: NIH Grant HL 49971. Women and
Children’s Rescarch Foundation, Children’s Hospital
of Buffalo.

=)

16

19

20

References

I Clements JA. Surface tension of lung extracts. Proc Soc Exp
Biol Med 1957; 95:170-2.

2 Macklem PT. Proctor DF. Hogg JC. The stability of
peripheral airways. Resp Physiol 1970; 8:191 203,

3 Kamm RD. Schroter RC. Is airway closure caused by a
liquid film instability? Resp Physiol 1989; 75:141 - 56.

4 Yager D, Butler JB, Bastacky J et al. Amplification of

airway constriction due to filling of airway interstices. J

Appl Physiol 1989 66:2873 84,
5 Liu M. Wang L. Li E, Enhorning G. Pulmonary surfactant
will secure free airflow through a narrow tube. 1 Appl
Physiol 1991; 71:742 8.
Enhorning G. Holm BA. Disruption ol pulmonary
surfactant’s ability to maintain openness of a narrow
tube. J Appl Physiol 1993: 74:2922- 7.
Liu M. Wang L. Enhorning G. Surfactant dysfunction
develops when the immunized guinea-pig is challenged
with ovalbumin acrosol. Clin Exp Allergy 1995; 25:1053 60,
Enhorning G. Dufly LC. Welliver RC. Pulmonary
surfactant maintains patency of the rat’s conducting
airways. Am J Resp Crit Care Med 1995: 151:554 6.
Seeger W, Elssner A, Gunther A, Kramer H-J, Kalinowski
HO. Lung surfactant phospholipids associate  with
polymerizing fibrin: loss of surface activity. Am J Respir
Cell Mol Biol 1993: 9:213-20.

6

=

9

26

Ikegami M. Jobe A. Jacobs H. Lam R. A protein from
airways  of premature lambs that inhibits surfactant
function. J Appl Physiol 1984; 57:1134 42,

Holm BA. Notter RH. Finkelstein JN. Surface property
changes from interactions of albumin with natural lung
surfactant and extracted lung lipids. Chem Phys Lipids
1985; 38:287-98.

Fuchimukai T. Fujiwara T. Takahashi A. Enhorning G.
Artificial pulmonary surfactant inhibited by proteins. J
Appl Physiol 1987: 62:429- 37.

Kurashima K, Ogawa H, Ohka T et al. A pilot study of
surfactant inhalation for the treatment of asthmatic attack,
Ipn J Allergol 1991; 40:160 3.

Dunn CJ. Ellioit GA, Oostvee JA. Richards IM.
Development of a prolonged eosinophil-rich inflammatory
leukocyte infiltration in the guinea pig’s asthmatic response
to ovalbumin inhalation. Am Rev Respir Dis 1988;
137:541- 7.

Popa V. Douglas JS. Bouhuys A. Airway responses o
histamine. acetylcholine, and antigen in sensitized guinca
pigs. J Lab Clin Med 1974; 84:225 34,

Metcalfe IL. Enhorning GE. Possmayer F. Pulmonary
surfactant-associated proteins: their role in the expression
of surface activity. J Appl Physiol 1980: 49:34 4],

Notter RH, Egan EA. Kwong MS. Holm BA. Shapiro DL.
Lung surfactant replacement in premature lambs with
extracted lipids from bovine lung lavage: effects of dose,
dispersion technique, and gestational age. Pediatr Res 1985:
19:569-77.

Enhorning G. Shennan A. Possmayer F et al. Prevention of
neonatal respiratory distress syndrome by tracheal instilla-
tion of surfactant: a randomized clinical trial. Pediatrics
1985; 76:145-53.

Kwong MS. Egan EA. Notter RH, Shapiro DL. Double-
blind clinical trial of calf lung surfactant extract for the
prevention of hyaline membrane disease in extremely
premature infants. Pediatrics 1985; 76:585-92.

Kallos P, Kallos L. Experimental asthma in guinea
pigs revisited. Int Archs Allergy Appl Immun [1984:
73:77-85.

Kawano O. Kohrogi H. Yamaguchi T, Araki S, Ando M.
Neutral endopeptidase inhibitor  potentiates  allergic
bronchoconstriction in guinea pigs in vivo. J Appl Physiol
1993: 75:185 90.

Andersson P. Antigen-induced bronchial anaphylaxis in
actively sensitized guinea pigs. Allergy 1980; 35:65 71.
Becker G. Lung surfactant prevents allergic bronchial
constriction in ovalbumin sensitized guinea pigs. BBA
1985; 44:K 57 61.

Gross 1. Ballard PL, Ballard RA. Jones CT. Wilson
CM. Corticosteroid stimulation of phosphatidylcholine
synthesis in cultured fetal rabbit lung. Endocrinology
1983: 112:829-37.

O'Reilly MA. Clark JC. Whitsett JA. Glucocorticoid
enhances pulmonary surfactant protein B gene transcrip-
tion. Am J Physiol 1991: 260:L.37 43,

Phelps DS. Church S. Kourembaras S. Taeusch HW,

1996 Blackwell Science Lid. Clinical and Experimental Aflergy. 26, 270275



Surfactant alleviates guinea-pig asthma 275

¢

Floros J. Increases in the 35kDa surfactant associated
protein and its mRNA following in vivo dexamethasone

treatment of fetal and neonatal rats. Electrophoresis 1987, 29
8:235-8.
Dobbs J1G, Mason RJ. Pulmonary alveolar type Il cells

isolated from rats. Release of phosphatidylcholine in

response to adrenergic stmulation. J Clin Invest 1979; 30
63:378-87.
Brown LAS, Longmore WI. Adrenergic and cholinergic

regulation of lung surfactant secretion in isolated perfused

1996 Blackwell Science Ltd, Clinical and Experimental Allergy. 26, 270 275

rat lung and in the alveolar type IT cell in culture. J Biol
Chem 1981; 256:66-72.

Ekelund L. Burgoyne R. Brymer D. Enhorning G.
Pulmonary surfactant release in fetal rabbits as affected
by terbutaline and aminophylline. Scand J Clin Lab Invest
1981; 41:237 45,

Jobe A, lkegami M. Surfactant for the treatment of the
respiratory distress syndrome. Am Rev Resp Dis 1987;
136:1256-75.



Copyright of Clinical & Experimental Allergy is the property of Blackwell Publishing
Limited and its content may not be copied or emailed to multiple sites or posted to a
listserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.



