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Pulmonary surfactant given prophylactically alleviates an
asthma attack in guinea-pigs

M. LIU*, L. WANG, E. LI and G. LNHORNING
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Backgronnd Previous studies have indicaled that (he Jnereused ait^ay resisiance that
develops in asthni;t ma\ parll\ be dtie to a surractant dyslunclion. W so. it might be
possible to alleviate the acute sigtts following an allergen ehallenge b\ prt)ph\ laetieully
instilling into the itirwuys a well funetioning pulmonary surfactant.
Ohjeetive The study was planned and enacted to lest the above hypothesis.
Meihod.s The lung function (air\va> resisiancc. tidal voUmie. minute ventilation, and
dynamic compliatKC) of 22 immunized guinea-pigs was studied for 30min following a
challenge. Ten of (he animals had received a traeheul instillalion of 0.? ml. calf lung
surfaetant extract (CLSIi. 3.>mg niL) prior to the challenge.

Resttlts The animals receiving the dose of 17.5 mg surfactant were less aflected b> the
challenge than were the eonlrols. Ont> one o\' them died following the challenge,
whereas four o\i the 12 controls sticcunibed. Lung function was signilicantly less
alVected among the nine surviving animals treated with surfactant prior to the challenge
than among the eight stirviving controls {F<().(S\) and also their blood gases (pCO;
atui pO^) \\ere less mHuenced (/ '< U,0.>).
Cotulusion The study indicated that the symptoms developing after a challenge,
whieli lo some extent simulate those ot asthma, can be alleviated by a prophylactic
airway instiliatioti of pulmonary surfactant.
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Intrnd'.ictinn

Pu!monar\ surfactant is required to prevent alveoli from
collapsing at end expiration. This concept, first presented
by Clements ll | . is widely accepted and has been ihe
basis for a successful use o\' natural surtaclant. e.xttacts
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-
lions [2 7] indicating thai a surfaetant is required not
only in the most terminal part of the airway, but also in

C'orropomiL-nce; Dr (i. Lnluuiurtg. IVrJiiaUil (.ciikT. l'liiklicn\
Hospital. 2t9 Br>-am Street. Buflalo. New York 14222 USA.

•Present address: Neoiiatolou:) Research. Mo.spit.il Tor Sick Children.
555 Univi.TNil\ .^M'niic. Tortmto. (.'aiuula M5<i l \ 8 .

210

the narrow section through which air is conductctl lo the
alveoli. For maintenance of cotidticting airway patency a
well ftmctioning pulmonary surfactant would seem lo 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 uould
bliK'k the lumen of the eapillar\. If the liquid consisted of
a suspension of well functioning pulmonary surfactant, it
would not return to the nurrou section once it had been
e.xtrtided; the capillary would thus retnain patent. If.
on the other hand, albumin had been added to the
stirfaetanl suspension or it hail been e.vposed to condi-
tions likely to be present in ihe airways of an asthmatic
patienl. it was found to lose its ability to maintain
openness of the glass capillary.

Recent studies from this laboratory [^ indicate that
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the in vitro situation referred to above applies also to the
airways of ihe lung, whieh suggests that the inereased
airway resistance, sii eliaracteristic of asthma, might
paiily be due to a surfactant dysfunction. 1 he augmen-
ted resistance might he caused by a blockage oi many of
the mo-it peripheral conducting airuays. This concept
was supported by a recent study [7], sliouing that when
guinea-pigs, immunized against ovalbumin. were chal-
lenged b\ being forced lo inhale the aerosolized antigen.
the\ developed serious breathing problems and. most
unportantly. they acquired a severe surfactant dysfunc-
tion. Chemical analysis o'( the guinea-piiis" pulmonary
surfactant denionstnited that the phospholipiii content
and composition had not been alleeted by the challenge,
bul surfactant inhibiting plasma proteins had invaded
the airways, causing the crucial dysfunction.

It has previously been demonstrated ihat plasma
proteins ma\ inhibit theacti\it> of pulmtinar\ surfactant
[9 12) but by raising the surfactant concentration the
activity may be regained [11.12], For this reason it would
seem possible to alle\ialc an acute asthma attack by
supplying into the lumen of the airways a well function-
ing pulmonary surfactant preparation. With an appro-
priately planned and controlled, but small, clinical trial
lliis concept was tested and foinul to be true |I3]. 11"
surfactants were lo be supplied prior to an expected
attaek it might be more etVective since it might pro\ent
symptoms from appearing, or making them less serious.
This paper is the report on a study which tests the
hypothesis that, by instilling pulmonar\ surlactant
prophylactically into the airways of immunized guinea-
pigs, the respiratory distress, brought on b\ a challenge,
will be alleviated.

Materials und nu'thods

Immunization

Male guinea-pigs (Buckberg Labs. Liberiy. NY. USA).
v\eighing approximately 650g. were studied according to
a protocol which hail been appri>\ed by the University
Animal Care Committee. The animals [n - 22) were
immunized according lo the method described by
Dunn ('/ (//. [14] and Popa et ai |15|. Briet1>. ().?5mL
of a 5"n (w V) solution of o\albumin (Cirade III. Sigma.
St Louis. MO, USA) was injected into each hind limb.
The proccdiue was repeated after 7 days. Five weeks
alter the initial injection of ovalbumtn ihe animals were
prepared for antigen inhalation.

Lttn}i liiiuiiitn testing and hiiiod gas atialysis

To evaluate lung funetion and blood gases during
spontaneous breathing, before and after a challenge.

the immunized guinea-pigs were anesthetized with
sodium pentobarbital injected into the peritoneal
cavity. As described in a previous article |7] intra-
oesophageid pressure was measured. The trachea was
exposed and a tube. PK 240. was inserted and c*>nnected
with a Fleisch pneuniotachograph (Ciould. Habo Rey.
Puerto Rict)). The How and pressure signals were
recorded with a polygraph (Model 1^)D. Grass. Quincy.
MA. USA). Flow was integrated to tidal volume, and
minute ventilation was calculated from tidal volume and
frequency of ventilation. Dynamic compliance. C'̂ Kn. was
calculated by dividing the expiratory volume with the
cluinge in oesophageal pressure, and total resistance of
the lung. R| . was estimated by dividing the change in
oesophageal pressure with e\pirator\ How rate.

Through Li catheter m the left Jugular artery blood
pressure was recorded and blood samples were collected
for examination with a gas iinaKser (.ABL ."̂ 00. Radio-
meter. Copenhagen. Denmark) immediately bclore and
about I mm alter ihe challenge.

Snrfactant pteparalion u.^edfor airway instillation

As previously describcti |l(i.l7]. a chloroform-methanol
extraction of cell free bronchoalveolar lavage tluid from
IVeshK killeti caKes can be used as raw material lor a
surfactant preparation. After the chloroform has been
lemoved under n How oi' nitrogen, the dried extract is
suspended in (l. 15 M sodium chloride. This suspension o\
calf lung surfactant extract (C'LSF) is given a phos-
pholipid concentration of .^5nig niL. It is autoclaved
in sealed vials in which it remains until needled. C LSt-!
consist.s mainly of lipids (>97%) but it al.so contains the
lipophilie surfactant asstKiated proteins. SP-H and SP-C".
Since 1W4 [IS.t9] C LSL has been utilized clinically to
prevent and treat neonatal RDS. ll was used lor this
study since it lias a composition \er> close to ihat ol'
natural surfactant, and it is produced under standardized
conditions (ONY Inc.. Amherst. NY. USA).

Surfactant instillalion

Ihe 22 immunized guinea-pigs to Ix' challenged were
randomly divided into two groups. TweKc animals
served as controls and 10 received 0.5 mL of the C LSE
suspension described above. The surfactant was instilled
through the tracheal tube. The procedure took about
2 .>min and. to make it more likel\ that there would
be an even distribution of the surfactant to all lung
lobes and \o peripheral sections o\ the lung, the hind
part of the bod> was lowered .̂ 0 and the animal was
slowly rotated during ihe instillation.
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Aerosol challenge

After anaesthesia had been instituted lor the surgical
procedures and following the instillation of surfactant to
10 animals, values of pulmonary function and of blood
gases were obtained during a .̂ Omin period. Following
Ihis acquisition o{ baseline values, all animals were, for a
period of fiOs. forced to inhale a mist of the antigen they
had previously been immunized against. .\w 0.08" o (w v)
ovalbumin solution was nebulized with a DeVilbiss (>5
ultrasonic nebulizer (DeVilbiss. Somerset. PA. USA).

Statistical analy.sis

Student's /-test was used for a comparison of two mean
values. For a comparison of more than two groups a
one-way analysis oi' variance (ANDVA) was used, followed
b\ Duncan's nuilliple range comparison test. Results are
given as means ±SF.M. A /'-value <0.05 was considered
lo indicate a siunilicant ditTerence.

Results

The C^LSF suspension instilled intratracheally caused
transient dyspnoea and coughing. However, within
30 min those symptoms had disappeared, l-'ach imnui-
nized animal, the controls as well as the surfactant
treated, reacted vigorously and almost instantaneously
(within I min) to the challenge. The symptoms were of
varying severencss and were those previously described
[7.14-20 22).

In the control group (n - 12) severe breathing

problems developed and mean blood pressure dropped
from 61 ± 5 to 44 ± 4mniHg {P < 0.05). Four of the
12 controls died, and this morlality of one-third was
identical to what we obser\ed 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 .t 0.U4
to 4.02:10.97cm H.O/mL s {P<iU)\. Fig. I), and
tidal volume, minute volume, flow rate and dynamic
complianee were significantly reduced ( /*<0.0l . lig.
2). Surviving anitnals quickly recovered from this
acute Listhmatic reaction and "̂ Omin after the antigen
inhatatii>n their lung funetion had returned to baseline
values.

The controls* PaCO; increased from 43 ± 2 to
52.i.3mmHg and the value of PaOj dropped from
X9 :t K to 20 ± .3 mmHg (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 . 0 L Fig. 1). The drop in tidal volume,
minute volume, flow rate, and dynamic compliance was
significaiitl> less than in the control group iP< 0.01.
Fig. 2). Blood pressure was minimally atTeeted and only
one of the 10 animals died.

In the group iif gumea-pigs treated with surfactant, ihe
challenge hardly alleeted PaCO; and the redticlion in the
value of PaO;̂  was less than thai observed in the controls
(/*< O.O.S. Fig. 3).
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Fig. L Wiihoui a prophylaeiie surfaetani ircaimeni 31) min
priitr (o the ehallcngc. the loial a-sistanec of the lung. R i .
increased drasiicalK t'nllowiiijz a challenge, which was started at
lime 0. Ihc values arc ihc means of ihc surviving aninmis: cighl
untreated and nine treated. The two asterisks indicate thai Ihc
difference was signitieantiP-- O.OI). A ••• A. Untreated. O O-
Surt'uctant-treaicd.

MV Cdyn

FiK. 2. Biu' graphs sht)wing how. imnictliaicly aficr the
challenge, tidal volume (TV), minute vokimc iMV). How rate
(V), and dynamic complianee (C\j,,,) diminished and became
only a small pcrccniage of ihe baseline values. Among ihc
animals receiving stirfactani the circcl was iillcviated. and
ihc two asterisks iniiicalc that ihc dillcrciicc in response was
signitiejinl ( / '<0.01). The values (Mis t . ) were obtained
shortly after the challenge from the sur\iving animals: eight
untreated (i i) and nine treated (•) .
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Kij;. ,1. Blood ^ascs deteriorated after ihc challenge, but l̂ .'̂ s
among the animals treated wiih surfactant {n - 9) ( • ) than
anumi! iho.sc rcccivinii no prophylaeiie troalmcnt {n S) (H).
Till.' values arc those obtained immedialcly aflcr ihc chaMciigc.
The asterisk indicates a signiticanl dilFcrcncc (/* < 0.05).

Discussion

We recently found that \vhen immunized guinea-pigs
were challenged, by being forced to inhale aerosolized
antigen, the activity of the uninials" endogenous
surfactant was inhibited by plasma proteins leaking
inlo the ainvay lumen i7). The results of this paper
support the conelusions of our previous publication
that the acute symptoms catised b> the challenge were
at least partly due to a surtaclant dysfunction since,
when the endogenous surlactanl was supplemented
putphylactically. the respiratory di.slress developing
was less serious.

When surfactant hail been instilled into the guinea-
pig's air\va\s 30 min before the challenge, theeilect of the
ovalbumin inhalation was not as dramatie us it was in the
group of controls; the attenuation of R| anil of other
assessments of lung ftmclion was signilicanl (F < O.OI.
1 igs I and 2). It is conceivable that when the surlactant
was instilled prior to the challenge a greater number
of terminal conducting airways could remain open and
I his prevented blood gases from being so signilicantly
ulVecled. This in tuin might have been the reason why
blood pressure did nol show a serious tlecline and only
one of ihe U) animals died in convulsions, whereas four
of the 12 controls succumbed from whal seemeti lo be
anaphylactic shock.

It was also noled by Becker [23J that immunized
guinea-pigs reacted less to a challenge when pulnionar\
surfactant had been instilled into ihe airways. He felt
this was due to a sheltering of receptors. Although
there is no evidence supporting this hypothesis it
cannoi be excluded. Since we have data in agreement
with ihe concept that the instilled surfactant exerts

its benelicial elTect by increasing the likelihood that
narrow conducting airways will remain patent, we feel
this is a more likely explanation [5 S).

The immediate and short-li\ed eflect we noted
following the ehallenge has previously been described
|7.14.20 22], It has generally been interpreted as being
clue to bronchospasm and it simulates but is not
equivalent to human asthma. Bronchospasm is a
widely accepted and plausible explanation. However, in
our previous stud\ we interpreted the increased airway
resistance, thai 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
inanv narrow conductnig airways; the invading plasma
proteins might have prevented the endogenous surfac-
tant from carrying out its normal function of preserving
small airwLi) patencv.

A dominating feature of human asthma is (he nitlam-
matory reaction. It can be expected to cause an oedema-
tous ^v\elling of tissue in lung parenchvma and airvvav
wall, thereby diminishing airway lumen antl conse-
quently increasing resistance lo airlluw. As pail of the
inllannnation ihere niiglil also be ati increased leakage ot"
plasma proteins into the lumen of the airway. The
corticosteroids used for treating asihma arc likelv to
diminish the airway constriction and the protein leak-
age. Thai. Ill turn., would reduce the risk that the
airways become blocked by liquid columns [6]. Accord-
ingly, the steroid treatment will counteract ihc possibil-
itv that a serious surfactant dysfunction develops.
Kurthermore. 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
surfaciant system, sinee they induce a release of sur-
factani from the lype Ii cells into the alveolar space
|27 29]. It is thus conceivable that the most widelv
used treatment for asthma will reduce the risk that a
surfactant dysfunction will develop.

When the airway lumen has been diminished, due to
bronchnspasni or to oeilema in ihe airway wall, the
necessitv of a well functioning surfactant is
accentuated. In a previous paper [6] we demonstrated
that a surfaciant vviih moderate dvsfunclion niav have
the capability of keeping ii wide lube open, bul not a
more narrow one. When immunized guinea-pigs
received a surfactant instillation prior lo a challenge,
they might not have sutfcred a severe or even a moder-
ate surfactant dysfunction, their terminal conducting
airways thereby remaining open, even though they
probabi) became more narrow. On the other hand, in
the control animals a surlactant dysfunction, probably

r iy% Blackwell Science l.lil. Cliimal and Expcrimcmii Mlvrgv. 26. 270 275



274 \I. iMi ct al.

brought on hv ;i protein inliibilion. might have caused
a liquid blocking of many terminal and narrowing of
conducting airwavs.

The prophylactic dose of surfactant given lo the
guinea-pigs was 17.5 mg. It is of interest to relate that
quantity lo the size of the endogenous surfactant pool.
Kor guinea-pigs the pool si/e is not known, but for
sheep it has been reported to be I5mg;kg bodyweight
[30]. If it is of similar si/e in the guinea-pig the
endogenous pool size would be about lOnig. since
the animals weighed approximately fi50g. The dose
given mav ihus seem excessive, hut 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 elTect shortly after the
surfactant had been instilled. This was probabl> due lo
a transient blocking of the airway lumen, since the
surfactanl w:is supplied in ii relatively large liquid
volume. It would have been preferable if the surfactant
had been supplied as an aerosol spray, as it will be in
future studies.
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