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Abstract
Aim-To investigate the influence of bi-
lirubin on the surface tension activity of a
porcine derived (Curosurf) and synthetic
(Exosurf) surfactant.
Methods-The captive bubble surfactom-
eter at phospholipid doses of 0.5 mg/ml
(low dose) and 1 mg/ml (high dose) in
solutions of increasing bilirubin concen-
trations (0.25, 0.5, and 1.0 mg/ml) was
used.
Results-Curosurf (without bilirubin)
showed a higher surface tension activity
than Exosurf, as shown by area compres-
sion of 30 (SD 0.6)% compared with
76(1.4)% at low surfactant dose and 25
(0.9)% compared with 85 (0.5)% at high
dose (P<0.01). Bilirubin showed negligible
surface activity at the concentrations
studied. At low phospholipid dose (0.5
mglml Curosurf), bilirubin increased film
area compression of lipid extract sur-
factant from 30 (0.6)% to 55 (1.6)%, 59
(0.1)%, and 68 (0.5)% at the three studied
bilirubin concentrations, respectively
(P<0.01). At high phospholipid dose (1
mg/ml Curosurf), bilirubin had the same

adverse, although less pronounced, effect
on film area compression of porcine lipid
extract surfactant (25 (0.9)% vs 26 (0.9)%,
39 (1.3)%, and 44 (1.1)%, respectively)
(P<0.01). Using synthetic surfactant (Exo-
surf), with a much lower original surface
activity, bilirubin did not further inhibit
its surface tension properties at any ofthe
phospholipid doses studied.
Conclusion-These results indicate that in
vitro bilirubin impairs the surface tension
activity ofporcine lipid extract surfactant,
but does not affect synthetic surfactant
activity.
(Arch Dis Child 1996;75:F191-F196)

Keywords: bilirubin, surfactant, surface tension, respi-
ratory distress syndrome.

The intratracheal administration of exogenous
surfactant in infants with respiratory distress
syndrome (RDS) reduces the severity of respi-
ratory distress and neonatal mortality.'2 Al-
though a variety of lipid extract and synthetic
surfactants are therapeutically effective, 5 to
30% of infants with RDS do not respond
favourably to surfactant treatment.3 4

Most interest in hyperbilirubinaemia in ne-
onates has focused on the toxic effects of
bilirubin on the central nervous system.5 By con-

trast, little work has been directed at other organ

systems where high serum concentration of
bilirubin might have a pathogenetic role. In very

low birthweight infants with RDS and hyperbi-
lirubinaemia, bilirubin can enter the alveolar
space in fluid leaking from capillaries, where its
presence at necropsy has been called "yellow
hyaline membrane disease."6 However, there is
little information on whether this entity reflects
disordered surface activity of surfactant in vivo
and in vitro. Preliminary studies have focused on
the effect of acidosis on bilirubin-lipid extract
surfactant interaction.7
However, it is well known that the inhibiting

effects ofplasma proteins on surfactant in vitro
are most pronounced at low surfactant concen-
trations and that this effect can be reversed by
increasing surfactant concentrations.89 Other
plasma components, such as bilirubin, acting
by different mechanisms, may exhibit different
patterns of concentration dependent surfactant
inhibition. 10
The paucity of data on this topic prompted us

to perform a series of experiments with the
captive bubble surfactometer (CBS)" to charac-
terise the effects of different bilirubin concentra-
tions on the surface tension lowering properties
oftwo commercially available surfactant prepara-
tions: porcine lipid extract (Curosurf) and
synthetic surfactant (Exosurf). In accordance
with previous reports, we focused our study on
the compression of film area required to achieve
minimum surface tension because this is a much
more sensitive criteria of possible inhibitory
effect of bilirubin on surfactant surface activity
than the minimum surface tension.'2 The bio-
physical results of this study will provide new
insights into the in vitro effects of bilirubin on
pulmonary surfactant activity. They may also
have therapeutic implications for the clinical
management of RDS in preterm babies with
hyperbilirubinaemia.

Methods
Two surfactant preparations in current clinical
use were investigated. Curosurf (Chiesi Com-
pany, Parma, Italy) is a lipid extract surfactant
isolated from minced pig lungs using a
sequence of washing, centrifugation,
chloroform-methanol extraction and liquid gel
chromatography. It contains about 99% polar
lipids, mainly phospholipids (30-35% dipalmi-
toylphosphatidylcholine or DPPC) and 1%
hydrophobic proteins (SP-B and SP-C) in an
approximate molar ratio of 1:2." Curosurf was
supplied as a suspension in unbuffered physi-
ological saline with a phospholipid concentra-
tion of 80 mg/ml.
Exosurf (Burroughs-Wellcome Reinach,

Basel, Switzerland) is a synthetic surfactant
consisting of DPPC, hexadecanol, and tyloxa-
pol in a proportion of 13.5/1.5/1 mg/ml.
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Exosurf is a lyophilised powder that was recon-
stituted as a suspension according to the
manufacturer's instructions.
Both surfactant preparations were stored at

-20'C until use. After the phial was opened to
remove the amount of surfactant needed for a
series of experiments during a period of about
4 hours the phial was immediately capped and
stored at 2-3'C for a maximum of three days.
For the experiments, phospholipid concentra-
tion in the samples was adjusted to 0.5 mg/ml
and 1 mg/ml by adding 0.9% NaCl. Greater
lipid concentrations could not be studied, in as
much as discerning the edges of the bubbles in
the presence of bilirubin was too difficult, the
suspensions being too murky. Independent
experiments were performed using both sur-
factant preparations alone, which served as
control group.

Crystalline bilirubin (Sigma Chemical Co,
St Louis, MO, USA) was dissolved in 0.05M
NaOH and buffer at pH 7.4. For all experi-
ments with bilirubin the final measured pH in
the solution was 7.35. Bilirubin solutions were
prepared, protected from light, and added to
the cited surfactant solutions, in a ratio of 1:1
to 1:4, such that the final bilirubin concentra-
tions were 0.25 mg/ml, 0.5 mg/ml, and 1.0
mg/ml. The ratio was estimated considering
surfactant pool size and bilirubin concentra-
tion in the monolayer of immature lungs after
adsorption.'4 1S Control experiments were also
conducted with bilirubin solutions, without
adding surfactant.
The captive bubble method is an in vitro

technique developed for the determination of
the surface tension and area of a bubble with a
surfactant film at the air-liquid interface. Rec-
ognition of leakage problems with more
conventional methods (Wilhelmy-Langmuir Bal-
ance and Pulsating Bubble Surfactometer) 1617
prompted Schiirch et al" to develop the captive
bubble apparatus used in this study. In this
system the captive bubble is floated against a 1%
agarose gel and the glass chamber is sealed and
pressurised, thereby decreasing air volume. Fur-
thermore, this system has the advantage ofbeing
leak free because there are no plastic walls or
tubes that interrupt the surface film and offer
escape routes for the film material on plastic-
water or plastic-air interfaces. Bubble size, and
thus the surface tension of any insoluble film at
the bubble surface, is altered by changing the
pressure within the closed chamber.

Details of the design and construction of the
apparatus have been described by Schurch et
al.'8 The temperature of the chamber is
regulated and maintained at 37°C. The sample
chamber is filled with the suspension to be
investigated and a bubble of about 6 mm in
diameter is introduced in the chamber. Sur-
factant films are formed by adsorption from
the surfactant suspension. The chamber con-
tent is 1 to 2 ml and the bubble in the suspen-
sion is compressed or expanded by moving the
glass chamber upward or downward keeping
the piston in a fixed position. The chamber is
mounted on to a movable stage of a micro-
scope stand, and the microscope focusing knob
serves to control the movement.

The bubble in the suspension is recorded
continuously throughout the experiment on a
video recorder (Panasonic NV-FS100 HQ with
Monitor BT-M1400 PSN and Sony XC-75CE
Camera) and the images are printed by video
printer (Sony video graphic UP860CE). The
bubble surface tension and area are calculated
using the recently developed polynomials in
bubble height (h) and diameter (d) for bubble
with a 180' contact angle-that is, for non-
adhering bubbles. Coefficients for the surface
tension polynomials were obtained analytically
from the published polynomials in h/d by Mal-
colm and Elliott.'9 Coefficients for the area
polynomial were obtained from h and d, and
from measured areas of revolution of calibrat-
ing bubbles. Using the method of Schoel et al "
for calculating bubble surface tension and area,
only h and d are required as input. This
method shows good agreement (within 1%)
with the method described by Neumann and
associates, 20 that has been used as a standard
for comparison of surface tension, area, and
volume determination of asymmetric bubbles
and drops, having contact angles <180'.
For adsorption measurements (ST-max), a

20-gauge needle (flat tip) was introduced
through the bottom inlet of the chamber. The
needle tip was moved up to within 1 cm of the
agarose ceiling, and the needle was held in this
position by friction. Stirring was started at this
point and continued during the adsorption
period. A 6 to 7 mm in diameter bubble was
then formed by turning the focusing knob of
the microscope stand by about 90' as quickly
as possible. The transition time for the bubble
formation from the first appearance of air at
needle tip to the resting position at the agarose
ceiling, was < 0.17 seconds, as measured by
counting single frames on the television moni-
tor. After this interval, the bubble has assumed
a Laplacian shape (time 0 for adsorption). The
bubble was then continuously recorded during
the adsorption period and the following quasi-
static examinations were performed. For the
present study, we used printed video images
and determined height and diameter to ±0.5
mm. The calculated relative error ranged from
about 8% for surface tensions <3.0 mN/m to
about 5% for surface tensions >30 mN/m.

After 5 minutes of adsorption to a stable
level, the film was compressed stepwise with a
pause at each step until the bubble shape no
longer changed noticeably within 20-30 sec-
onds, which corresponds to a change in surface
tension of <0.5 mN/m. About 10 steps were
taken for each compression. Quasi-static cy-
cling involves a series of small alterations in
bubble area where the surface film is allowed
partially to relax during the compression proc-
ess. Film collapse at minimum surface tension
was avoided, in as much as the bubble area was
re-expanded just after minimum surface ten-
sion was reached.
We calculated maximum surface tension

(STmax) and maximum surface area (area
max) after the 5 minute adsorption period, and
minimum surface tension (STmin) and the
corresponding minimum surface area (area
min) after bubble compression.
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Table 1 Mean (SD) adsorption for lipid extract
surfactant (Curosur) and synthetic surfactant (Exosuri) at
increasing bilirubin concentrations (n=12)

Maximum surface tension (mN/m)

Bilirubin Curosurf Exosurf P value

0. 5 mg/ml 0.5 mg/ml

Control 24.6 (2.1) 36.4 (1.9) < 0.01
0.25 mg/ml 29.0 (5.6) 35.3 (5.2) < 0.05
0.5 mg/ml 33.9 (9.6) 36.2 (4.3) > 0.5
1.0 mg/ml 29.9 (4.4) 35.9 (6.2) <0.05

1. 0 mg/ml 1. 0 mg/ml
Control 24.8 (2.2) 35.9 (1.4) <0.01
0.25 mg/ml 24.9 (2.4) 34.8 (3.1) < 0.01
0.5 mg/ml 27.6 (6.4) 35.7 (4.1) <0.05
1.0 mg/ml 31.4 (6.1) 36.1 (3.5) < 0.05

Minimum surface tension is obtained when,
during the compression phase, the bubble
shape ceases to flatten, accompanied by a
decreasing bubble diameter. When measuring
the surface tension lowering properties of sur-
factant films, one of the most sensitive param-
eters to consider is the area compression
required to achieve minimum surface tensions.
Area compression was calculated in per cent of
the initial area values using the formula:

[(Area max- Area min)/ Area max] x 100.

STATISTICAL ANALYSIS
Data of maximum, minimum surface tension,
and relative area compression are expressed as
mean (SD) and analysed using statistical
analysis program software (Statview SE and
Graphics, Abacus Concepts, Inc., Berkeley,
California). Significance between the different
experiments was calculated using the ANOVA
test. Values of P<0.05 were considered signifi-
cant.

Results
The adsorption (ST-max) of surfactant and
bilirubin into the air-liquid interface of a bub-
ble was calculated by examining single video
frames. The time at which the bubble came to
rest at the agarose ceiling was taken as time 0
for adsorption. For lipid extract surfactant
samples, adsorption was always rapid, reaching
near equilibrium values between 24 and about
34 mN/m within 2 seconds. Table 1 summa-
rises the surface tension values after 5 minutes
of adsorption (ST max) of surfactant controls
and surfactants in combination with bilirubin.
Adsorption for synthetic surfactant was

slower than that for lipid extract surfactant,
reaching a plateau value between 34 and 37
mN/m, and was not influenced by bilirubin at
any chosen concentration and phospholipid
dose. Adsorption (5 minutes) of Curosurf in
the presence of bilirubin was mainly affected at
low phospholipid dose of 0.5 mg/ml, giving
higher surface tensions above 33 mN/m
compared with about 24 mN/m for Curosurf
controls. At higher Curosurf doses (1.0 mg/
ml), the effect on adsorption in the presence of
bilirubin was less pronounced, giving signifi-
cant values above 31 mN/m only at the higher
bilirubin concentration of 1.0 mg/ml, com-
pared with about 25 mN/m for Curosurf
controls. Significant differences in maximum
surface tension (after 5 minutes of adsorption)

Table 2 Mean (SD) minimum surface tension values for
lipid extract surfactant (Curosurj) and synthetic surfactant
(Exosurj) at increasing bilirubin concentrations (n=12)

Minimum surface tension (mNlm)

Bilirubin Curosurif Exosurf P value

0. 5 mg/ml 0. 5 mg/ml

Control 3.6 (1.2) 3.1 (2.0) > 0.5
0.25 mg/ml 3.7 (1.1) 3.2 (1.2) > 0.5
0.5mg/ml 4.0 (1.2) 3.9 (1.5) > 0.5
1.0mg/ml 9.9 (2.0) 3.2 (0.5) < 0.01

1. 0 mg/ml 1. 0 mg/ml
Control 3.6 (1.2) 3.5 (1.0) > 0.5
0.25 mg/ml 3.1 (1.0) 4.0 (1.0) > 0.5
0.5mg/ml 3.4 (0.5) 3.5 (1.5) > 0.5
1.0 mg/ml 3.2 (0.5) 5.2 (2.1) > 0.5

were noted between both surfactant prepara-
tions at 0.5 and 1.0 mg/ml phospholipid doses.
At all bilirubin concentrations, especially at
high surfactant dosage (1 mg/ml), adsorption
of lipid extract surfactant was faster than
adsorption of synthetic surfactant (table 1).

Control experiments using only bilirubin (at
pH 7.35) showed negligible surface activity of
this substance at any chosen concentration
(0.25, 0.5, and 1.0 mg/ml). Mean (SD)
maximum surface tension values for bilirubin
were 43.9 (10.9) mN/m and mean minimum
surface tension values 10.1 (3.30 mN/m
(significantly different values vs control experi-
ments with both surfactant preparations).

After equilibrium surface tension was
reached, static cycles were performed by
increasing the pressure in the sample chamber
stepwise, as already described.
Minimum surface tension (ST-min) was

obtained when the bubble either ceased to
decrease in height or when the bubble
suddenly clicked during compression in small
steps. 2122 Minimum surface tensions were sub-
stantially higher than the control values, but
only for Curosurf at low phospholipid dose
(0.5 mg/ml) in combination with bilirubin at
high concentration (1 mg/ml). The minimum
surface tension obtained after the adsorption
period for low dose Curosurf in the presence of
1 mg/ml bilirubin was 9.9 (2.0) mN/m,
showing the greatest inhibition of surface
activity compared with control experiments
and experiments using synthetic surfactant.
Minimum surface tensions returned to the

normal range (3.2 (0.5) mN/m) at high
phospholipid concentration showing that the
influence of bilirubin on surface tension prop-
erties of lipid extract surfactant is dose
dependent. In contrast to lipid extract sur-
factant, minimum surface tension of synthetic
surfactant was not affected by bilirubin at any
chosen concentration (table 2).

Figures 1 and 2 show the effect of increasing
bilirubin concentrations on area compression
(AC) required to achieve the above mentioned
minimum surface tension for both surfactant
preparations at different phospholipid concen-
tration.

Synthetic surfactant films have to be com-
pressed far more to achieve minimum surface
tension than lipid extract surfactant films (area
compression, control experiments: 30(0.6)%
for Curosurf vs 76 (1.4)% for Exosurf in the
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[II Control * 0.5 mg bilirubin
E 0.25 mg bilirubin Eli 1 mg bilirubin

u.b mg/ml
Synthetic surfactant dose

* P < 0.05 vs control

rmgir/l

** P < 0.01 vs cont

Figure I Film area compression (AC) vs surfactant concentration obtained fror
experiments on synthetic surfactant (Exosurf). The addition of bilirubin to synthe.
surfactant shows that the area compression to achieve minimum surface tension de
low (0.5 mglml) and high (1 mglml) phospholipid dose. These data indicate no
deterioration in the original surface tension lowering properties of synthetic surfact
presence of bilirubin.

* Control El 0.5 mg bilirubin
U 0.25 mg bilirubin ElI 1 mg bilirubin

U.D mg/ml

Lipid extract surfactant dose

1 mg/ml

** P < 0.01 vs control

Figure 2 Film area compression (AC) vs surfactant concentration obtained fro?
experiments on lipid extract surfactant (Curosur]). The addition of bilirubin to lij
surfactant shows that the area compression to achieve minimum surface tension i
significantly at low (0. 5 mg/ml) and high (1 mglml) phospholipid dose. Increase

compression indicates deterioration of the ability of lipid extract surfactant to ach;
minimum surface tension in the presence of bilirubin.

low dose group and 25 (0.9)% vs 85
the high dose group. Furthermore, us
extract surfactant (0.5 mg/ml), increa

compression is required to achieve minimum
surface tensions in the presence of bilirubin
(55 (1.6)%, 59 (0.10)%, and 68 (0.5)% at
0.25, 0.5, and 1.0 mg/ml bilirubin concentra-
tions, respectively). At high Curosurf dose (1
mg/ml) this effect was still present but less pro-

** nounced (26 (0.9)%, 39 (1.3)%, and 44
(1.1)% at 0.25, 0.5, and 1.0 mg/ml bilirubin,
respectively) (P<0.01 vs controls for the last
two values), indicating a negative correlation
between surfactant inhibition by bilirubin and
surfactant concentration in the solution (fig 1).
In contrast, this detrimental effect of bilirubin
on the surface activity of lipid extract sur-
factant could not be observed using synthetic
surfactant. Bilirubin did not inhibit the surface

0.68 tension properties of Exosurf at low (0.5
mg/ml) (72 (1.3)%, 62(1.2)%, and 71(1.0)%
at the three different bilirubin concentrations,
respectively) and high phospholipid dose
(lmg/ml)(70 (1.5)%, 67 (1.3)%, and 68
(0.7)%, respectively), as shown by lower area
compression values observed in the presence of
bilirubin (fig 2).

Discussion
rol In the past three decades, investigators have

attempted to develop exogenous surfactants
tic for use in replacement treatment. Some of
'tic these preparations, including complex proteinocreases at

free mixtures involving phospholipid compo-
Fant in the nents found in natural surfactant, have shown

promising biophysical characteristics and are
in current clinical use for the treatment of neo-
natal RDS.23 24

However, inhibition of pulmonary surfactant
may be a major cause of the abnormally
increased surface tensions found in several res-
piratory diseases, including neonatal respira-
tory distress syndrome.25 Several in vitro stud-
ies have shown that albumin, haemoglobin,
fibrinogen, fibrin monomer and free fatty acids
inhibit surfactant. 1326 27 However, the role and
importance of other endogenous molecules

** which could, in theory, interfere with sur-
factant biophysical activity are less certain.
Data on experimental meconium aspiration
syndrome suggest that free fatty acids and
bilirubin reduce lung compliance, probably as
a result of surfactant inhibition.28

Bilirubin, in high concentration, is toxic to
the brain of premature babies. Impaired

0.44 psychomotor performance and hyperbilirubi-
naemia (bilirubin concentrations >10 to 14
mg/dl) has been reported in low birthweight
infants.8 Serum bilirubin concentrations range
from 0.3 to 1.0 mg/dl in adults and from 1.0 to
25 mg/dl in neonates. Bilirubin is found in
body fluids (cerebrospinal fluid, joint effusions,
cysts, lung fluid, etc.) in proportion to the
albumin content of the fluids, the perfusion
rate, and the amount ofoedema in the tissues.29

pid extract In previous studies on bilirubin toxicity,
ncreases numerous effects of bilirubin have been

Xdarea observed, most of them on membrane related
ieve processes.30 The pigment alters several mito-

chondrial functions, to inhibit membrane
0.5)% in bound enzymes such as ATPase or protein
sing lipid kinase C, and to affect ion membrane perme-
sing area ability and synaptosomal membrane potential
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in a dose dependent manner." Furthermore,
bilirubin has been reported to interact with
mitochondrial membranes, erythrocyte mem-
branes, phospholipid bilayers and gangliosides. 32
However, there is a lack of information about
the possible biochemical interaction of bi-
lirubin with surfactant components in some
pathophysiological circumstances.

Until now, the most popular methods to
measure the in vitro behaviour of pulmonary
surfactants were the Wilhelmy-Langmuir
method, introduced by Clements 1 and the
pulsating bubble surfactometer described by
Enhorning. '7 In both methods leakage in the
system is a complication causing potential
artefacts. In the captive bubble system intro-
duced by Schuirch et al, 'I surfactant films may
be compressed to minimum surface tension
without leakage, and the corresponding film
area compression required to achieve mini-
mum surface tension can then be precisely
determined.

In recent in vitro studies, using the captive
bubble method, 18 it has been shown that,
whereas the effects of serum proteins on mini-
mum surface tension were similar to those
reported by others, the per cent reduction in
film area required to achieve minimum surface
tension is a much more sensitive measure of
the effect of surfactant inhibiting substances on
surface activity than is the measure of mini-
mum surface tension.

In our experiments surface tension was
reduced by compressing the film area in a
quasi-static manner until minimum surface
tension was achieved. At low phospholipid
concentration (0.5 mg/ml), bilirubin had the
most impressive effect on natural surfactant
stability, showing a dose-effect relation be-
tween surfactant and bilirubin concentrations.
Surfactant films initially compressed by only
about 30% had to be compressed by 75% to
reach near zero tensions after adding bilirubin.
This effect was shown, but in a less pro-
nounced manner, at higher phospholipid dose
(1 mg/ml) where the film area reduction neces-
sary to reach minimum surface tension
changed from 25% to about 50%.

In control experiments synthetic surfactant
films had to be compressed by 80 to 85% to
reach near zero tensions after repeated cycling,
showing a smaller surface tension lowering
capacity of synthetic surfactant than lipid
extract surfactant.
The question is why bilirubin impairs the

activity of porcine lipid extract surfactant
(Curosurf) and not that of synthetic surfactant
(Exosurf). Figures 1 and 2 show that standard
Exosurf has lower surface activity than stand-
ard Curosurf and its performance is not influ-
enced by bilirubin. Differences in the chemical
composition of the two surfactant preparations
could be responsible for the different results.
Exosurf is a mixture of DPPC, a high molecu-
lar alcohol and a non-ionic detergent.

In a recent study Findlay et al" showed that
the non-DPPC components of synthetic sur-
factant may have a cytotoxic effect on alveolar
type II cells. Non-ionic detergents, like tyloxa-
pol, are commonly used in the laboratory to

induce haemolysis. It is possible that alcohol
and/or the detergent of synthetic surfactant
"neutralise" the adverse effect of bilirubin on
the DPPC layer at the air-liquid interface,
which is the essential component of surfactant
surface activity. However, more attractive is the
hypothesis that there is a biochemical interac-
tion between bilirubin and the specific sur-
factant proteins SP-B and/or SP-C which
results in an impaired surface activity of lipid
extract surfactant. Considering the different
components of pulmonary surfactant, this last
hypothesis could explain the different conclu-
sions of our study from those of Notter et al.'"
Further studies are needed to determine
whether surfactant associated proteins (SP-B
and/or SP-C) are coupled or inactivated by
bilirubin during adsorption, spreading, or
squeeze-out.

In vitro, the detrimental effect ofbilirubin on
Curosurf can be overcome by an increase in
surfactant concentration. This observation
could suggest that the same dose-effect is
operative in vivo. However, such an extrapola-
tion must be verified by well designed animal
and clinical studies, in that the chemical
environment in peripheral air spaces is much
more complex. Additional effects of bilirubin
on the lungs under different physical condi-
tions are possible. Nevertheless, our in vitro
observations might have practical implications
for clinical management of jaundice in babies
with RDS treated with exogenous surfactant
and in babies with meconium aspiration
syndrome.28

In conclusion, our in vitro study suggests a
more aggressive approach to neonatal hyperbi-
lirubinaemia in the presence ofRDS or a more
aggressive approach to RDS in babies with
hyperbilirubinaemia and treated with lipid
extract surfactant is warranted. Further studies
are needed to document in vivo, in animal
experiments with induced hyperbilirubinae-
mia, the influence of bilirubin on lung
finction. Furthermore, the biochemical
mechanisms of the detrimental effect of
bilirubin on surface activity of lipid extract sur-
factant need to be elucidated.

We thank Chiesi, Sigma, and Weilcome for providing the mate-
rial for the study, Ursula Gerber for her valuable help in
performing the experiments, and Christian Lehmann for
technical assistance. .
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