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ABSTRACT: Pulmonary surfactant research has an increasing impact on treat-
ment considerations in adult respiratory disorders, above all acute respiratory dis-
tress syndrome (ARDS). Obstructive airways diseases have only been sporadically
addressed in this respect. In the last decade, direct and circumstantial evidence
for surfactant as a contributing factor in the regulation of airway calibre has
emerged. 

Morphologically, a bronchiolar surfactant layer has been demonstrated, where-
by the airways are mostly supplied by alveolar surfactant components via the
mucociliary escalator. Functionally, prevention of airway film collapse and col-
lapse of the airway walls are important surfactant properties in maintaining air-
way stability. In addition to its surface activity, airway surfactant improves bronchial
clearance and regulates airway liquid balance, thus indirectly modulating airway
wall thickness and airway diameter. Surfactant has furthermore been shown to
modulate the function of respiratory inflammatory cells. Its immunomodulatory
activity includes suppression of cytokine secretion and transcription factor acti-
vation. This may be of importance in the inflammatory network of asthma. 

Thus, dysfunction of surfactant in obstructive lung disease might be one of the
mechanisms leading to increased airway resistance, which is commonly thought to
be due to narrowing of airways under humoral and nervous control. In animal
models of asthma, surfactant dysfunction was demonstrated, which was possibly
due to protein inhibition. Furthermore, surfactant therapy seems to be capable of
preventing allergen-induced bronchoconstriction. Human studies on surfactant
impairment in obstructive airways diseases are still scarce but the data available
are consistent with animal studies. 

Antiobstructive pharmacotherapy, mainly with corticosteroids, might influence
and improve airway surfactant balance, but the exact mechanisms and the over-
all effect of pharmacotherapy on surfactant function in obstructive airways dis-
ease has to be further elucidated. Our knowledge about the role of pulmonary
surfactant in obstructive airways disease is still limited, but there is convincing
evidence that pulmonary surfactant plays a role in keeping the airways open.
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Sixty seven years of pulmonary surfactant research have
passed and our knowledge about surfactant in research
and clinical practice is still increasing exponentially. To-
day, the precise composition of alveolar surfactant is
known, the alveolar type II cell has been identified as
the site of alveolar surfactant synthesis, and details con-
cerning surfactant synthesis and secretion and its regu-
lation and metabolism have been elucidated. It was in
1929, that VON NEERGARD [1] first postulated the exis-
tence of a surface active material in the lungs. Its patho-
genetic role was initially described in hyaline membrane
disease of preterm infants as a quantitative surfactant
deficiency by AVERY and MEAD [2]. Today, replacement
therapy with exogenous surfactant is an established ther-
apy in infant respiratory distress syndrome (IRDS).

For a long time, putative surfactant dysfunctions have
been ignored by clinicians in adult respiratory medicine

but there is increasing evidence of its relevance in adult
respiratory disorders [3]. Biochemical and biophysical
surfactant abnormalities have been reported in various
diseases, such as the acute respiratory distress syndrome
(ARDS), pneumonia, cardiogenic lung oedema [4], asth-
ma [5], after cardiopulmonary bypass surgery [6, 7], in
mechanically-ventilated patients [8], and following lung
transplantation [9]. Clinical pilot studies with exoge-
nous surfactant in these diseases have shown potential
benefits [10–12], but the number of patients is low and
experience is limited due to the still enormous costs of
surfactant therapy in adults.

Obstructive lung disease is a major health problem, as
it causes substantial morbidity and, at present, has an in-
creasing prevalence of approximately 10% in industria-
lized countries. Obstructive lung diseases include a number
of acute and chronic pulmonary disorders associated
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surfactant [25]. SCHÜRCH et al. [26] demonstrated that
surface tension in the conducting airways of hamsters is
approximately 30 mN·m-1 using an elegant in situ micro-
droplet method previously described by the same group
[27, 28]. Similar surface tensions were confirmed for rat
and guinea-pig tracheae [29]. Differences in the fatty acid
profiles of tracheal and bronchoalveolar lavage (BAL)
from sheep suggest local synthesis and release of phos-
pholipids by tracheal epithelial cells [30]. Moreover,
using a high-resolution cytochemical enzyme-gold tech-
nique, phospholipids have been identified in submucosal
human airway secretory cells, suggesting that phospho-
lipid is produced in airway cells and secreted into the
airway lumen [31].

Physiological functions

Airway stability. Pulmonary surfactant is not only
important for the stability of the alveoli, but also for
small airway function. This was described as early as
1970 by MACKLEM et al. [32]. They found experimen-
tal and morphological evidence that, in terminal bron-
chioles of less than 0.5 mm in diameter, surfactant played
a role in preventing bronchiolar collapse during defla-
tion. Low surface tension minimizes the magnitude of
negative pressure in the airway liquid layer possibly
reducing the tendency for airway wall ("compliant") col-
lapse (fig. 1) [33]. As illustrated by the law of Laplace
for cylinders (P=γ/r), where P is transmural airway pres-
sure, γ is surface tension (≈70 mN·m-1 for water), and
r is airway radius (≈0.5 mm for terminal bronchioles),
a surfactant-lacking bronchiolar lining layer with sur-
face properties of water would result in a transmural
pressure of 3–5 cm H2O, enough for these membranous,
noncartilagineous airways to collapse. Furthermore, sur-
factant may prevent liquid-bridging in the airways by

with temporary or chronic reduction of expiratory flow.
Asthma is characterized by a variable and reversible air-
way obstruction due to airway inflammation and bronchial
hyperresponsiveness. Chronic obstructive pulmonary dis-
ease (COPD) is defined as a condition in which there is
permanent obstruction to airflow due to chronic bronch-
itis and/or emphysema. Besides contraction of bronchial
smooth muscles, airway oedema and mucosal secretions
play a role.

Little is known about the role of pulmonary surfactant
in obstructive airways disease. Whereas lung damage with
dysfunction of alveolar surfactant is of importance in vari-
ous respiratory diseases, such as ARDS or pneumonia,
alveolar surfactant dysfunction does not seem to play a
major role in obstructive airways disease. On the cont-
rary, surfactant impairment in the airways as a secondary
consequence of airway inflammation might have a major
impact on small airway function. Thus, dysfunction of
surfactant in the airways might be a contributory factor
to airway obstruction and increased airway resistance in
obstructive lung disease. In the last decade, direct and
indirect evidence has emerged for surfactant as a fac-
tor in the regulation of airway calibres. Surfactant may
be of greater importance in the airways than has been
previously recognized. This review will discuss those
aspects of airway mechanics that are closely related to
the function of pulmonary surfactant. However, some
of the mechanisms discussed may be of secondary rather
than primary importance in obstructive airways disease.

Surfactant physiology in the airways

Pulmonary surfactant is a mixture of phospholipids
(PL) and surfactant specific proteins [13]. Its compo-
nents are synthesized in the alveolar region by type II
pneumocytes. Surfactant proteins are also synthesized,
albeit to a lesser extent, in Clara cells of the peripher-
al airways [14–17]. Research into surfactant physiolo-
gy has mainly focused on the alveolar compartment. In
this chapter, we will concentrate on "airway" surfactant
physiology. For further information on "alveolar" sur-
factant physiology, the interested reader is referred to a
number of articles which review these aspects [3, 18–
21].

Origin and composition

The airways are supplied with alveolar surfactant com-
ponents via the mucociliary escalator, as the surfactant
film at the alveolar air/liquid interface is partly extrud-
ed into adjacent conducting airways during expiration.
Approximately 7% of alveolar surfactant reaches the
bronchial tree by this mechanism [22]. Every state of
alveolar surfactant deficiency might, therefore, involve
the peripheral airways. A bronchiolar surfactant layer
has been demonstrated by electron microscopy [23] be-
tween the sol and gel phase of airway mucus [24]. There
are no data on differences of alveolar and bronchiolar
surfactant composition in man. In porcine lungs, the bio-
chemical composition of phospholipids and phosphati-
dylcholine molecular species as an indicator of alveolar
origin appears to be similar, although the ability to low-
er surface tension is markedly decreased in bronchial
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Fig. 1.  –  Schematic view of an airway showing: a) "film collapse"
with liquid bridge formation due to impaired surfactant function, result-
ing in accumulation of airway liquid and fluid instability; and b) "com-
pliant collapse" as a result of a decrease in effective transmural pressure,
possibly due to a surfactant-dependent reduction of inner wall pres-
sure. Both film collapse and compliant collapse will tend to occur
simultaneously. However, local factors, such as liquid volume and
airway wall properties, will determine the predominant type of col-
lapse.



reducing mean surface tension and surface tension gra-
dients. It has been shown that instability of the liquid
film in the airways due to impaired surfactant function
can result in airway closure [34]. Thus, airway closure
may occur by meniscus formation of the airway lining
film (film collapse) and due to collapse of the bronchi-
olar wall (compliant collapse) (fig. 1).

Adhesive properties of the airway lining fluid, such as
surface tension and viscosity, determine airway reopen-
ing [35]. Models of airway closure, including both film
collapse and compliant collapse, demonstrate that there
is a critical film thickness above which liquid bridges
form. This was shown to be dependent on the proper-
ties of the fluid, the wall and the surfactant [36]. LIU et
al. [37] found that small rigid tubes with small intralumi-
nal fluid deposits containing surfactant remained patent
after airflow ceased. In contrast, using only saline-con-
taining fluid deposits the tubes refilled spontaneously.
GAVER et al. [35] similarly showed that closing and nar-
rowing of airways could depend on the surface tension
at the lumen air-water interface in a flexible airway mo-
del. Furthermore, the ability of surfactant to maintain
free airflow through a narrow tube was lost with the ad-
dition of albumin or fibrinogen (two potent surfactant in-
hibitors). Surfactant function was seriously affected by
hydrolysis with phospholipase C but not with phos-
pholipase A2 [38].

Airway liquid balance. A number of chemically distinct
mediators cause influx of liquid into the airway wall
and lumen, thus altering airway liquid balance. In addi-
tion, pulmonary surfactant possibly exerts an influence
on airway fluid homeostasis. Loss of surface activity
would result in additional inward forces that cause fluid
influx into the airway lumen [39]. Thus, airway fluid
balance is influenced and partly regulated by a func-
tioning, surfactant containing bronchiolar lining layer.
This also includes prevention of desiccation of the air-
ways.

Bronchial clearance. Surfactant improves bronchial clear-
ance by optimizing transport of particles and bacteria
from the peripheral to the more central airways [26, 40,
41]. Moreover, exogenous surfactant has been shown to
enhance mucociliary clearance [42]. Bronchioles lack a
ciliated epithelium and, therefore, its function of direc-
tional clearance. This is compensated by periodic com-
pression and decompression of the lining film in alveoli
and peripheral airways during the breathing cycle, result-
ing in a net central transport [43]. In the more central,
ciliated airways, surfactant-derived phospholipids are
located between the gel and the sol phase of airway
mucus [40]. Here, surfactant material is thought to regu-
late the proportion of the gel and the sol phase, to reduce
mucus adhesiveness, to increase ciliary function [44],
and therefore to optimize mucociliary clearance.

Immunomodulation. Surfactant has been shown to modu-
late the function of respiratory inflammatory cells [45–
47]. Surfactant proteins-A (SP-A) and -D (SP-D) enhance
various alveolar macrophage functions, such as binding,
opsonization and phagocytosis of infectious agents [48,
49]. Furthermore, SP-A may be important in host defence
against bacteria and viruses [3]. For example, SP-A is

able to neutralize influenza A viruses [50]. Moreover,
SP-A binds to pollen grains, suggesting a role in pro-
tection against particles [51]. Surfactant phospholipids
seem to be able to downregulate local lymphocyte acti-
vities [45, 52, 53]. Recently, SP-A has also been shown
to inhibit lymphocyte proliferation and cytokine pro-
duction in vitro [54].

Barrier function. HILLS [55] very recently outlined the
concept of a partial barrier function of surfactant separa-
ting bronchial air from the receptors that elicit broncho-
constriction. Moreover, there is circumstantial evidence
that surfactant is capable of inhibiting receptor-mediat-
ed bronchoconstriction. BERGMANN et al. [56] found that
BAL fluid from guinea-pig lungs prevented angiotensin-
II receptor-mediated contraction of guinea-pig ileum in
vitro. Experiments carried out by our own group have
shown that aerosolized surfactant inhibits acetylcholine-
induced bronchoconstriction in rats. Surfactant inhalation
of only 40 µg·kg-1 reduced the increase of lung resis-
tance due to acetylcholine challenge to about 50%, com-
pared to untreated control animals [57]. We found that
simultaneous pretreatment with an aerosolized combina-
tion of surfactant and the β2-agonist terbutaline exhibi-
ted no further protective effect on acetylcholine-induced
bronchoconstriction [58]. These data suggest that surfac-
tant might protect the airways from exogenous stimuli,
such as pharmacological and/or irritating agents. This
view of a "surfactant barrier" in the airways is supported
by the observation that intratracheal administration of
adrenaline induces increased haemodynamic effects in
surfactant-depleted rats, compared to nondepleted ani-
mals [59].

Pathophysiology and role of surfactant in airway
obstruction

Obstruction of the airways is a multiform scenario.
Airway narrowing is caused by smooth muscle con-
striction, mucosal oedema, secretion of (proteinaceous)
fluid into the airway lumen, and airway inflammation.
Mechanical factors, such as loss of lung recoil forces,
have, furthermore, been shown to influence airway di-
mensions [60, 61]. Smooth muscle constriction direct-
ly narrows airway diameter, whereas accumulation of
liquid within the airway wall during an inflammatory
process increases wall thickness, thereby inducing air-
way obstruction as luminal area decreases [62]. In addi-
tion, increased wall thickness potentiates the effect of
smooth muscle constriction [63]. Accumulation of liq-
uid in the airway lumen directly narrows airway dimen-
sions.

Airway stability and airway liquid balance 

Airway obstruction in asthma is now generally accept-
ed to be due to chronic airway inflammation, with cel-
lular infiltration of the airway mucosa. A number of
inflammatory cells are enrolled, mainly eosinophils, mast
cells and lymphocytes. Potent mediators are released
that can induce smooth muscle contraction. Inflamma-
tory stimuli induce extravasation of plasma from post-
capillary venules into the airway wall and lumen by
affecting endothelial and epithelial permeability. Tissue

J. HOHLFELD ET AL.484



and luminal distribution of the plasma exudate may in-
creasingly lead to local accumulation of plasma-derived
proteins [64]. As plasma proteins are well-known inhibi-
tors of surfactant function [65–67], this exudate can dra-
matically amplify the obstructive effect of smooth muscle
contraction by interacting with bronchial surfactant and
by directly filling the airway lumen. Protein-induced sur-
factant inhibition leads to decreased surface activity in
the airways, with additional luminal inward force. Fur-
ther fluid accumulation, with filling of airway intersti-
ces, amplifies airway constriction [63], probably leading
to a vicious cycle of potentiation of bronchoconstriction
in inflamed airways. A recent study by ENHORNING et al.
[68] demonstrated that the ability to maintain free air-
flow in narrow conducting airways of rats is dependent
on the quality of surfactant. These results could explain
increased airway resistance, in part, as a blockade of con-
ducting airways by liquid columns. Thus, airway sur-
factant dysfunction can cause airway narrowing and
closure, whereas surfactant integrity achieves airway sta-
bility by inducing and maintaining low surface tensions.

Airway inflammation and immunomodulation

The role of pulmonary surfactant in the pathogenesis
of airway inflammation and the impact on asthma has
as yet only rarely been addressed [69]. LIU et al. [70]
recently showed that surfactant dysfunction developed
in sensitized guinea-pigs challenged with aerosolized
ovalbumin. Surface activity of BAL from immunized,
challenged animals was significantly reduced compared
to control animals. The phospholipid concentration and
composition, however, was unaffected, whereas protein
content in BAL was significantly elevated compared to
controls. The authors concluded that surfactant function
in guinea-pigs with an acute asthmatic reaction was
impaired due to inhibition by proteins leaking into the
airways. This view is supported by a clinical study [71]
that showed an increased bronchial clearance of 99mtech-
netium-diethylenetriamine penta-acetic acid (DTPA) in
acute but not chronic asthma, indicating an increased per-
meability of the bronchial mucosa with subsequent pro-
tein leakage. Several years ago, LACHMANN and BECHER

[72, 73] described the inhibition of allergic broncho-
constriction in guinea-pigs after intrabronchial surfac-
tant instillation. They found that sensitized guinea-pigs
pretreated by tracheal instillation of surfactant (180 mg
phospholipids·kg-1 body weight (BW)) showed a signi-
ficantly lesser decrease in tidal volume after ovalbumin
challenge compared to vehicle or untreated control. The
authors concluded that surfactant might be protective
against allergic bronchoconstriction. Recently, LIU and
co-workers [74] also found that prophylactic intratrach-
eal surfactant administration (17.5 mg calf lung surfac-
tant extract) alleviates asthmatic reactions after antigen
challenge in sensitized guinea-pigs.

Recently, VAN DE GRAAF et al. [5] found decreased
SP-A levels in BAL fluid of asthmatics in comparison
to healthy controls. Reduced SP-A levels in asthmatics
could reflect an impaired resistance against pulmonary
inflammation, with further disturbance of the surfactant
system. In addition, decreased SP-A levels were found
to increase the rate of surfactant subfraction aggregate

conversion into poorly functioning small aggregates
[75]. Thus, it could be speculated that the increased rate
of small aggregates might be one possible explanation
for surfactant dysfunction in asthmatics, under the ass-
umption that large aggregate surfactant is substantially
important for airway surfactant function. However, sur-
factant subfraction data on human BAL of asthmatics
are not yet available.

Finally, it may be hypothesized that the immunomodu-
latory surfactant effects contribute to the downregula-
tion of airway inflammation during acute asthmatic
reactions. Cytokines, such as interleukin-1β (IL-1β) and
tumour necrosis factor-α (TNF-α) are involved in air-
way inflammation and are elevated in asthma [76]. Both
IL-1β and TNF-α are potent inducers of the transcrip-
tion factor, nuclear factor-κB (NF-κB) [77]. NF-κB is
now recognized as an almost ubiquitous transcriptional
activator of immune and primary response genes [78].
It was recently found that surfactant suppresses NF-κB
activation in human monocytic cells [79]. The inhibitory
effect of surfactant on inflammatory cytokine product-
ion may, thus, involve transcriptional regulation through
inhibition of NF-κB activation. However, the precise role
of surfactant in the immunoregulatory network of asth-
matic airway inflammation has to be defined by further
research.

Mechanical factors

An important concept derived from anatomical invest-
igations is that alveolar walls do not act as perfectly el-
astic extensible structures. BACHOFEN and co-workers [80,
81] pointed out that lungs are deflated to low volumes
where alveolar septa "crumple" into alveolar corners lea-
ving the air/water surface and other tissue structures to
contribute to recoil pressure. The structure of the alveo-
lar duct is maintained by two networks of force-bearing
elements. Firstly, the surface tension-insensitive periph-
eral connective tissue system starting from the pleura
and extending into interlobular fissures; and, secondly,
the terminal part of the axial fibre system that surrounds
bronchi, being extended by the outward force of sur-
face tension. It should be considered that increased sur-
face tension in lung units can help to expand airways.
Conversely, a decrease of recoil forces of surface and
tissue origin could act to narrow airways, leading to
increased resistance [60, 82]. In emphysema, increased
airway resistance is associated with a decrease of recoil
forces, which is possibly also caused by a loss of sur-
face recoil forces due to surfactant impairment, besides
an impairment of tissue recoil forces.

Regulatory aspects of surfactant synthesis and secretion

The above-mentioned components of airway obstruc-
tion, such as smooth muscle constriction, fluid accu-
mulation and oedema, occur with varying intensity and
localization. Inhomogenous distribution of airway nar-
rowing may lead to regional dystelectasis of some parts
of the lung, whereas other lung sections are hyperin-
flated. Mechanical distension directly stimulates cul-
tured type II cells to secrete surfactant [83]. In contrast,
hyperinflation with mechanical overdistension may have
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adverse effects on pulmonary surfactant content [84].
Ventilation itself is an important stimulus for surfactant
secretion [85]. In vivo, the calculated rate of basal secre-
tion of surfactant phospholipids is about 10% of the
stored intracellular pool per hour [86]. Basal secretion
in vitro in the absence of exogenous agonists and physi-
cal stretch is about 1% per hour. Maximum stimula-
tion by agonists in the absence of stretch forces can
induce a secretory rate of about 8% per hour in vitro
[87]. Hyperventilation, however, was shown to increase
the secretory rate 14 fold [88]. Since the effects of ago-
nists are modest, the majority of surfactant secretion
seems to be stimulated by ventilation-induced physical
forces. Thus, areas of hypoventilation may be driven
into a vicious circle by a further decrease of their local
surfactant content, finally resulting in airway closure.
This in turn may potentiate the local inflammatory re-
sponse as alveolar and bronchial clearance of infectious
and irritant agents and mediators is seriously impair-
ed.

Smoking and obstructive airways disease

Cigarette smoking is a major cause of COPD. There
is evidence to suggest that smoking, in itself, can induce
alterations of the surfactant system [89, 90]. HUGHES and
HASLAM [91] found increases in concentrations of phos-
phatidylglycerol, phosphatidylethanolamine and sphin-
gomyelin, but lower levels of cholesterol and cholesterol:
total phospholipid ratio in BAL fluids from 13 smok-
ers compared to 9 nonsmoking controls. This was con-
firmed by a report of LUSUARDI et al. [92], who found
an increased ratio of phosphatidylglycerol/cardiolipin
and decrease of total phospholipids in BAL of 20 smok-
ing, nonasthmatic COPD patients com-
pared to 5 nonsmoking healthy controls
[92]. This was interpreted as a smoke-
induced stimulation of type II cells,
with reactive hyperproduction of pho-
sphatidylglycerol. SCHMEKEL et al. [93]
similarly reported a decrease in total
phospholipid and impaired surface ac-
tivity in BAL of smokers. Their finding
of similar albumin recovery in smokers
and nonsmokers supports the hypoth-
esis of surfactant dysfunction in smok-
ers rather than abnormal permeability
of the alveolar epithelium. In contrast,
MANCINI et al. [94] found unchanged
amounts of surfactant phospholipid in
short-term smokers, but phosphatidyl-
ethanolamine was raised, and the ratio
of phosphatidylcholine to sphingomyelin
was significantly decreased. Studies on
interactions of tobacco smoke with pul-
monary surfactant by HIGENBOTTAM [95]
revealed that only whole smoke but not
the gas phase caused a loss of surface
activity. Thus, it was hypothesized that
smoke particle constituents, such as
fatty acids and sterols, interact with the
phospholipid monolayer during com-
pression.

Although cigarette smoke has been shown to disturb
the integrity of the surfactant system, there are no data
demonstrating that surfactant dysfunction plays a key
role in the pathogenesis of COPD. However, a surfac-
tant imbalance with airway collapse and air-trapping
could promote emphysema due to alveolar hyperinfla-
tion and destruction.

Figure 2 proposes and summarizes the complex scena-
rio of the possible role of surfactant in the pathogenesis
of airway obstruction. Finally, one has to keep in mind
that although surfactant may play a role of greater im-
portance than has been recognized in the airways in the
past, some of the possible mechanisms and proposals
may be of secondary rather than primary importance in
the pathophysiological role of surfactant in obstructive
airways disease.

Therapeutic aspects of surfactant 

Exogenous surfactant therapy

As mentioned above, exogenous surfactant treatment
has been shown to influence allergic airway obstruction
in animal models of asthma [72–74]. However, human
data are rare. Only two clinical surfactant treatment stud-
ies exist, so far in asthmatics. In a double-blind, placebo-
controlled pilot study of surfactant inhalation in patients
during acute asthmatic attacks [10], aerosolization of 1
mL containing 10 mg phospholipids led to an improve-
ment of pulmonary function in surfactant-treated patients,
with a significant increase in forced expiratory volume
in one second (FEV1), forced vital capacity (FVC) and
arterial oxygen tension (Pa,O2) values of 27, 12 and 13%,
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Fig. 2.  –  The possible role of pulmonary surfactant in the pathogenesis of airway obstruction.



respectively. In comparison to exogenous surfactant sup-
plementation studies in IRDS and ARDS, the effective
surfactant dose was very low. In another study, nebuli-
zation of 100 mg bovine surfactant (Alveofact®) in asth-
matic children with mild airflow limitation did not alter
airflow obstruction and bronchial responsiveness to his-
tamine [96]. The amount of surfactant deposited into the
lungs was assessed to be as low as approximately 2 mg
per patient. WIRTZ et al. [97] presented a case where exo-
genous surfactant was successfully applied to a patient
with severe exacerbation of COPD requiring mecha-
nical ventilation [97]. A total of 800 mg phospholipids
(32 mL Survanta™) was instilled via a bronchoscope,
leading  to improvement of lung mechanics. Oxygenati-
on index, compliance and minute volume increased and
the patient could subsequently be weaned from the ven-
tilator.

In conclusion, these results demonstrate that exoge-
nous surfactant might have at least some beneficial
effects when given to patients with acute airway obstruc-
tion. However, we are far away from answering the most
important questions on dosage, timing, mode of appli-
cation and, last but not least, necessity and justification
of an expensive exogenous surfactant therapy in obstruc-
tive airways disease.

Conventional antiobstructive therapy

β-adrenergic agonists. Inhaled β2-adrenoceptor agonists
are first-line therapy in acute asthma attacks and episodes
of acute airway obstruction [98]. They are the most
effective symptomatic relievers of airway obstruction.
Beta2-agonists act directly on airway smooth muscles
via the β2-adrenoceptor, leading to bronchodilatation.
Beta2-agonists were found to stimulate surfactant secre-
tion in the isolated perfused lung [99], and in isolated
type II cells [100, 101]. Moreover, β-adrenergic ago-
nists stimulate the uptake of extracellular surfactant in
the isolated lung [102]. Premature infants whose moth-
ers received tocolytic β2-agonists shortly before birth
were found to have a lower incidence of IRDS, indica-
ting a potential stimulation of the developing surfactant
system [103]. Thus, stimulation of surfactant secretion
by β2-agonists could contribute to the beneficial effect
of these agents in the treatment of airway obstruction.
However, the overall importance of β2-agonists on air-
way surfactant balance has to be defined.

Corticosteroids. Treatment with inhaled steroids has
been recognized as first-line therapy in asthma, when
regular daily treatment is needed. The treatment of COPD
has often been influenced by trends in asthma treatment,
as many of the characteristics of COPD are similar to
those of asthma. Thus, inhaled steroids are widely-used
in COPD, but documentation of their effects are rare and
the results from the studies available are contradictory.
Corticosteroids increase synthesis and secretion of sur-
factant components [104]. They induce fatty acid syn-
thase, as shown by an increase of fatty acid synthase
messenger ribonucleic acid (mRNA) and enzyme pro-
tein [105]. Chronic steroid treatment of rats increases
alveolar surfactant pools and SP-A levels [106, 107].
Surfactant may enhance the anti-inflammatory effect of

corticosteroids by a recently described surfactant-induced
suppression of the transcription factor NF-κB activation
[79], as NF-κB is known to regulate numerous proin-
flammatory genes. Taken together, corticosteroids may
improve airway surfactant balance, possibly leading to
a synergistic anti-inflammatory and antiobstructive effect.

Anticholinergic agents. Anticholinergic agents act as bron-
chodilators by blocking vagal bronchomotor activity
[108]. These vagal bronchomotor influences are thought
to be the most important nonstructural determinants of
airway calibre, and are most prominent in the central
airways due to the regional distribution of muscarinic
receptors [109]. There are no data on the effects of anti-
cholinergics on the surfactant system. In contrast, cholin-
ergic agonists can stimulate surfactant secretion [110],
but this effect seems to be indirect as it can be blocked
by β-adrenergic antagonists, indicating inhibition of
increased adrenergic activity, e.g. in ganglia [111]. In
addition, cholinergic agonists stimulate surfactant secre-
tion in vivo and in the isolated perfused lung but lack
secretagogue effect on type II cells in vitro [99]. A pos-
sible interaction of anticholinergics and the surfactant
system has to be elucidated, but seems to be of minor
importance in obstructive airways disease.

Theophylline. Theophylline/aminophylline are widely used
in COPD and asthma. Pharmacologically, they increase
endogenous cyclic adenosine monophosphate (cAMP) by
inhibition of the cAMP decomposing enzyme, phospho-
diesterase. Cyclic AMP is the intracellular messenger in
smooth muscle cells inducing bronchodilation. In addi-
tion to bronchodilation, theophylline was recently shown
to have immunomodulatory effects [112, 113]. Amino-
phylline was demonstrated to release pulmonary sur-
factant in foetal rabbits [114]. Another study suggested
that aminophylline injected into foetal rabbits leads to
increased total phospholipid yield from lung lavage flu-
ids and decreased surface tension as measured by static
pressure-volume curves [115]. Thus, it seems possible
that surfactant and theophylline evoke synergistic ef-
fects in relieving and controlling airway obstruction in
asthma and COPD.

Ambroxol. Ambroxol has been shown to stimulate sur-
factant secretion [116, 117]. However, LUSUARDI et al.
[92] report only an insignificant increase of BAL phos-
pholipids in COPD patients treated with 150 mg amb-
roxol·day-1 for 2 weeks. Ambroxol, given at high dosage
(1,000 mg daily) in pregnancy, significantly reduced the
incidence of IRDS compared to an untreated control
group [118]. At present, however, there are neither suf-
ficient nor reliable data to support the alleged clinical ef-
fects of ambroxol.

Taken together, antiobstructive therapy, especially cor-
ticosteroids, might influence and improve airway sur-
factant balance. However, it remains to be determined
whether pharmacological stimuli can augment surfac-
tant secretion to an extent that could be clinically rel-
evant. The exact mechanisms and the overall effect of
pharmacotherapy on surfactant function in obstructive
airways disease has to be elucidated by further investi-
gations.
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Future perspectives

Different aspects of a possible involvement of sur-
factant in the development of airway obstruction have
evolved both theoretically and experimentally. Now, it
is essential to investigate changes in composition and
function of pulmonary surfactant in obstructive airways
disease in more detail to determine the extent of sur-
factant dysfunction in these diseases. Moreover, the in-
fluence of exogenous surfactants on the inflammatory
reactions in asthma has to be explored in vitro and in
vivo, before we can conduct clinical studies to investi-
gate a possible benefit of exogenous surfactants in asth-
ma and other obstructive airways diseases. Whenever
using exogenous surfactant in the treatment of respira-
tory disorders, one has to consider the possibility of de-
celerating the secretory rate of endogenous surfactant.
However, data available so far do not indicate a major
decrease in the secretory rate, nor a feedback inhibition
of pulmonary surfactant components [119]. Another im-
portant clinical issue would be pharmacological stimu-
lation of endogenous surfactant synthesis and secretion.
Therefore, more effective drugs have to be found. Although
many of the drugs used in antiobstructive therapy are
known stimuli of endogenous surfactant synthesis and/or
secretion, their impact on airway surfactant balance is
unknown at present, but seems to be of minor impor-
tance. However, to succeed in safe and effective ways
of manipulating type II cell functions may prove help-
ful in obstructive lung diseases, as well as in other res-
piratory disorders.
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