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Abstract Objective: Acute respira-
tory distress syndrome (ARDS) in
young infants is linked with a pul-
monary inflammatory response part
of which are increased interleukin-8
(IL-8) levels and migration of poly-
morphonuclear leukocytes (PMNL)
into lung tissue. A topical application
of an antibody against IL-8 might
therefore decrease PMNL migration
and improve lung function. Design:
Randomized, controlled, prospective
animal study. Setting: Research lab-
oratory of a university children’s
hospital. Subjects and interventions:
Anesthetized, mechanically ventilat-
ed newborn piglets (n=22) underwent
repeated airway lavage to remove
surfactant and to induce lung in-
flammation. Piglets then received
either surfactant alone (S, n=8), or
a topical antibody against IL-8 ad-
mixed to surfactant (S+IL-8, n=8), or
an air bolus injection (control, n=6).
Measurements and results: After 6 h
of mechanical ventilation following
intervention, oxygenation [S 169€51
(SD) vs S+IL-8 139€ 61 mmHg] and
lung function (compliance: S 1.3€0.4

vs S+IL-8 0.9€0.4 ml/cmH2O/kg;
extra-vascu-lar lung-water: S 27€9
vs S+IL-8 52€28 ml/kg) were worse
in the S+IL-8 group because reactive
IL-8 production [S 810 (median,
range 447–2323] vs S+IL-8 3485
(628–16180) pg/ml; P<0.05) with
facilitated migration of PMNL into
lung tissue occurred. Moreover, an-
tibody application caused augment-
ed chemotactic potency of IL-8 [lin-
ear regression of migrated PMNL
and IL-8 levels: S r2=0.30 (P=ns)
vs S+IL-8 r2=0.89 (P=0.0002)].
Conclusion: Topical anti-IL-8 treat-
ment after lung injury increases IL-8
production, PMNL migration, and
worsens lung function in our piglet
lavage model. This effect is in con-
trast to current literature using pre-
lung injury treatment protocols. Our
data do not support anti-IL-8 treat-
ment in young infants with ARDS.
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Introduction

Acute respiratory distress syndrome (ARDS) with im-
paired lung function and gas exchange is a condition
eventually seen in newborn and young infants suffering
from sepsis, meconium aspiration pneumonia, persistent
pulmonary hypertension, inhalation syndrome, and bac-
terial or viral pneumonia [1, 2, 3]. ARDS has been de-

fined as a severe lung disease with acute onset, bilateral
infiltrates on chest radiograph, absence of left atrial hy-
pertension, and a PaO2/FiO2-ratio �200 [4]. It is now
well appreciated that ARDS hits patients of all ages in-
cluding newborn and young infants with the conditions
mentioned above [5]. ARDS can be thought of as the end
result of an inflammatory process of the capillary-al-
veolar unit affecting the capillary-alveolar permeability,
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epithelial integrity, and type I and II pneumocyte func-
tion.

A key event of lung inflammation is the migration of
polymorphonuclear leukocytes (PMNL) into lung tissue
[6] which is mediated by a series of events such as rolling,
adherence, and penetration of the capillary endothelium
and migration into lung regions affected by the pro-in-
flammatory stimulus. PMNL are known to release a va-
riety of enzymes in the lung such as oxidants, proteases
(elastase, collagenase), leukotriens, and platelet factor, all
together inducing damage to type I and II pneumocytes,
functional compromise of surfactant, lung edema, and epi-
thelial necrosis [7]. Mediators of chemotactic attraction for
PMNL are the chemokines, an inhomogenous group of
molecules such as IL-8, C5a, PAF, and LTB4, with IL-8
probably being the most potent chemoattractant factor [8].

Increased concentrations of pro-inflammatory cytokines
attracting PMNL have been found in the tracheal aspirates
from adult patients with ARDS [9, 10]. Kurdowska et al.
[11] reported that a major portion of IL-8 in bronchoal-
veolar fluid in the ARDS lung is associated with anti-IL-8
autoantibody, thus inhibiting IL-8 interaction with its spe-
cific receptor on PMNL. This reaction seems to be part of
the endogenous healing process of the lung. Several groups
of authors have described intravenous anti-IL-8 application
in different animal models of acute lung injury before in-
duction of lung injury, with a favorable effect on mortality,
lung function, and gas exchange [12, 13, 14, 15, 16].

The rationale of this study was to examine the effect of
a monoclonal IL-8 antibody given topically by admixture
to surfactant in a newborn piglet model of acute lung in-
jury through repeated airway lavage, after induction of lung
injury. Our intention was to better mimic the clinical sit-
uation of a young infant with established ARDS and ad-
mitted to an intensive care unit, when consideration of the
unique immunologic situation of young infants [17, 18]
would lead to preference of a topical rather than systemic
treatment with drugs hampering the immunologic response.

The hypothesis of this study was that topical treatment
with an antibody against IL-8 would reduce PMNL mi-
gration, followed by improvement in gas exchange, and
lung function.

Materials and methods

Animal preparation

The experimental protocol was approved by the local Review
Board for the Care of Animal Subjects in accordance with the
German law for animal protection (BGBI 1, page 1319) and the
European Community guidelines (86/609/EC).

Twenty-two newborn piglets (mixed country breed) of either
sex from four litters were studied between day 2 and 10 of age,
weighing 1.6–4.6 kg. Initially 0.025 mg/kg atropine, 10 mg/kg
ketamine, and 1 mg/kg midazolam hydrochloride were adminis-
tered intramuscularly. An oral intubation with an uncuffed 3.0 mm
endotracheal tube (ETT) was performed after additional 5 mg/kg
propofol intravenously. Anesthesia and muscle paralysis were

maintained by 16 mg/kg/h propofol and 0.17 mg/kg/h pancuroni-
um. To prevent leakage the ETT was tightly secured in place by a
peritracheal ligature. Catheters were inserted into the right common
carotid artery and into the left internal jugular vein.

Mechanical ventilation and airway lavage

Mechanical ventilation was provided by two time-cycled pressure
limited infant ventilators (Babylog 1, Dr�ger, L�beck, Germany).
The following ventilator settings were used: FiO2 = 0.6, positive
end-expiratory pressure (PEEP) = 4 mbar, flow = 8 l/min, inspira-
tory time = 0.4 s, ventilator rate = 35 bpm before lavage and
45 bpm during and immediately after lavage. Peak inspiratory
pressure (PIP) was adjusted to keep tidal volume (VT) at approxi-
mately 6 ml/kg.

We used a modification of the original lavage protocol de-
scribed by Lachmann et al. [19]. Each lavage involved the instil-
lation and removal of 30 ml/kg of warmed normal saline via the
ETT carried out over a 30-s period. After the first lavage PEEP was
increased to 8 mbar and the ventilator rate to 45 bpm to ensure
adequate oxygenation and ventilation and to fasten surfactant re-
moval and alveolar collapse [20]. The first six lavages were per-
formed in changing side positions. Airway lavage was repeated
every 3–5 min until both the PaO2 decreased to approximately
40 mmHg, and a minimum PIP of �18 mbar was required to
maintain VT at 6 ml/kg. Prior to baseline measurements the original
PEEP level of 4 mbar was reestablished.

Experimental protocol

Measurements of gas exchange (PaO2 and PaCO2), lung function
indices (dynamic compliance of the respiratory system (Crs), tidal
volume (VT) and functional residual capacity (FRC)), and extra-
vascular lung water (EVLW) were made before airway lavage, after
airway lavage at baseline, and at 30 min, 1 h, 2 h, 3 h, 4 h, and 6 h
after intervention (i.e., surfactant administration or air bolus).
Ventilator rate was maintained at 45 bpm until completion of
surfactant administration and was then switched back to 35 bpm for
the remainder of the study. Animals of the control group were
continued to be ventilated at 45 bpm.

At baseline the animals were randomized to one of the fol-
lowing protocols:

– intervention group 1 (S) receiving 6 ml/kg surfactant and an
unspecific antibody (n=8)

– intervention group 2 (S+IL-8) receiving 6 ml/kg surfactant and
an antibody against IL-8 (n=8)

– a control group (C) receiving 6 ml/kg of air (n=6).

All animals of the two intervention groups received 100 mg/kg
Curosurf (equivalent to a volume of 6 ml/kg) via a second lumen of
the ETT within 2 min [21] and without interrupting mechanical
ventilation.

Piglets of the two intervention groups were studied in pairs of
two with the same sex and age. Control animals were randomized
in three pairs of two. One piglet of the S+IL-8 group was later
excluded from statistical analysis for possible airway infection.

Surfactant preparation and antibody

The surfactant preparation used in this study was Curosurf (Ny-
comed, Unterschleissheim, Germany) at a concentration of 20 mg/
ml after dilution with normal saline to promote its physiologic
response [22]. In the S group 1 ml of phosphate-buffered saline was
added containing 500 �g of unspecific mouse IgG1 (ANC-278–010,
Ancell, Bayport, USA). In the S+IL-8 group 500 �g of an anti-
porcine IL-8 antibody (monoclonal mouse IgG1 from murine hy-
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bridoma cells, immunized with E.coli-derived porcine IL-8 and
purified by protein G affinity chromatography; MAB 535, R&D
Systems, Wiesbaden, Germany) was added to PBS. Absence of
bacterial endotoxin in immunoglobulin products was confirmed by
Limulus amoebocyte lysate assay (Pyrosperse, Cambrex Bio Sci-
ence, Verviers, Belgium).

Measurement of gas exchange, lung function,
and hemodynamic indices

PaO2 and PaCO2 were measured from blood samples taken from
the carotid arterial catheter. To calculate Crs, VT, and FRC we used
a multiple-breath nitrogen washout technique for lung volumes and
the single-breath least squares regression method for lung me-
chanics as previously described [23].

Hemodynamic monitoring was performed using a PC 8000
PiCCO monitor (Pulsion, Munich, Germany). Cardiac output mon-
itoring was accomplished using the transpulmonary indicator dilu-
tion technique (cold bolus of 3 ml normal saline <8 �C) and cal-
culation of the area under the curve by the Stuart-Hamilton method:

CO ¼ Tb � Tið Þ � Vi � Cð Þ= s DTb � dtð Þ ð1Þ
where Tb is the blood temperature before cold injection, Ti is the
temperature of the cold bolus, Vi is the cold bolus volume, C is a
constant composed of specific weights and warmths of blood and
cold bolus, and

R
DTb*dt is the area under the thermodilution curve.

Extravascular lung water (EVLW) is equivalent to the extra-
vascular thermoaccessible volume in the lung assessed by the mean
transit time method (needle to needle volume):

EVLW ¼ ITTV� ITBV ð2Þ
where ITTV is the intrathoracic thermoaccessible volume, and
ITBV is the intrathoracic blood volume [24].

Clinical care

A heating pad was used to maintain a constant core temperature of
the piglets between 38 �C and 39 �C. Each piglet received an infu-
sion of D5 W in 1/3 normal saline at a fluid intake of 80 ml/kg/day.

Histologic processing and dry-wet ratios

After killing, lungs were removed from the thorax and the circu-
lation was flushed with normal saline to remove blood. The right
lower lobe was then put on a continuous distending pressure and
fixed with 4% formaldehyde. Two tissue probes (approximately
20�20�4 mm) were taken from central and peripheral locations and
cut at a width of 3 �m for staining with hematoxilin-eosin using
standard methods. The following score was employed: 0=not at all;
1=mild; 2=moderate; 3=severe (also using steps of 0.5 for inter-
mediate ranking) describing pathologic criteria such as alveolar
collapse, lobar atelectasis, edema, interstitial infiltration, infiltra-
tion with PMNL, and necrosis of small airways.

Right middle lobe specimens of lung tissue were used to de-
termine the degree of lung flooding in vitro. The specimens were
dried in an oven at 60 �C overnight to calculate dry-wet-ratios.

In vitro testing of surfactant from BAL

To assess any detrimental effect of the used immunoglobulins on
surfactant function, original surfactant preparations and BAL fluid
gathered after 6 h of mechanical ventilation were tested for their
minimal surface tensions using a modified Wilhelmy balance (E.
Biegler, Mauerbach, Austria) applying 500 �l samples to the sur-
face of a warmed saline-filled trough.

BAL and blood cell count

Native BAL fluid was gathered by gentle suction of the syringe
which was used to push normal saline at body temperature into the
airways of the piglets. BAL fluid from the left lung only (15 ml/kg)
was used for measurements after 6 h of mechanical ventilation.
BAL fluid was filtered to remove gross particles and was then
centrifuged for 4 min at 4 �C and 2,500 rpm. Cellular material was
resuspended into PBS for differential cell count.

Blood samples for differential blood cell counts were taken
from the carotid catheter before the first lavage and after 6 h of
mechanical ventilation before sacrifice of the piglets.

Cytokine measurements

IL-8 concentrations in BAL were determined using the QuantikineP
porcine IL-8/CXCL8 immunoassay (R&D Systems, Wiesbaden,
Germany). IL-6 and TNF-a were measured by bioassay. The IL-6
assay involved the use of a mouse hybridoma cell line (7TD1)
which depends on the presence of IL-6 for its growth. The TNF-a
assay based on the sensitivity of a porcine kidney cell line (PK15
clone 15) to cytotoxic effects of porcine TNF-a.

Migratests

The potency of lavage fluid (at 6 h after intervention) to induce
migration of porcine granulocytes (chemotactic activity) was
measured using the Migratest 24T (Becton Dickinson, Heidelberg,
Germany) according to manufacturer instructions. Because of the
varying chemotactic effect of surfactant preparations in the litera-
ture and the impact of concentration [25] we chose lavage fluid
gathered after 6 h of mechanical ventilation reflecting the surfactant
concentration in the individual lung.

Statistical methods

All mean values are expressed €1SD. To establish comparability of
the three experimental groups at baseline, we used a Kruskal-Wallis
test which was also used for assessing differences in cytokine
concentrations (Fig. 5) and differential cell counts (Table 1). Re-
peated measures analysis of variance (ANOVA) was used to assess
differences between the two intervention groups in change over
time (Fig. 1, Fig. 2, Fig. 3). A Mann Whitney U-test was used to
evaluate differences in dry-wet-ratio, surface tension, histology
score and cytokine levels (Fig. 4, Fig. 5) between the two inter-
vention groups. These scores are displayed as box and whisker plots
with the boxes extending from the 25th to the 75th percentile.
Linear regression was used to analyze the relationship between IL-8
concentrations and PMNL-migration (Fig. 6) and are expressed
as r2. Significant differences between groups were assumed to be
present at values of P<0.05.

Power analysis

To determine sample size we chose the main outcome parameter,
PMNL in BAL after 6 h of mechanical ventilation, and used the
following formula:

n ¼
Za � Zb
� �

s
D

� �2

with

– Za = 1.96 using an a (type I error) = 0.05
– Zb = -0.842 using a b (type II error) = 0.2
– s = 50 PMNL/�l as an estimated standard deviation (SD)
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– D = 50 PMNL/�l as an clinical important difference in PMNL
density in lavage fluid.

n ¼ 1:96� �0:842ð Þ50
50

� �2

¼ 7:85 � 8

Therefore, we used eight piglets in the two intervention groups
(and—to save animals—six piglets in the control group).

Results

Comparability of study groups

Twenty-two piglets (11 pairs of same sex and age) from
four litters were consecutively studied after randomiza-

tion at the completion of airway lavage. One piglet of the
S+IL-8 group was excluded for reasons mentioned above.
Significant differences between groups could be ruled out
for weight, the number of lavages employed (S: 12.6€5.6;
S+IL-8: 13.3€5.9; C: 11.8€3.7) and the final PIP (S:
22.8€4.1; S+IL-8: 23.0€3.3; C: 23.0€3.7 mbar) suggest-
ing even damage to airways and lung tissue.

At baseline (completion of airway lavage) there were
no statistically significant differences between the three
groups for PaO2, PaCO2, Crs, VT, FRC, and EVLW.

Clinical parameters

Figure 1, Fig. 2 and Fig. 3 display the clinical parameters
of gas exchange, lung function and hemodynamics over a

Fig. 1 ANOVA (comparison of the two intervention groups only):
PaO2 (P=0.65) and PaCO2 (P=0.16). Note: a different ventilator
rate was used in the C group (45 instead of 35 bpm). Means€SD.

Fig. 2 ANOVA (comparison of the two intervention groups only):
Crs (P=0.02) and FRC (P<0.001). Means€SD.

Table 1 Differential cell counts
from BAL and peripheral blood.
BAL fluid and blood taken after
6 h of mechanical ventilation.
Kruskal-Wallis test for com-
parison of all three groups.
Means€SD.

S S+IL-8 C P

BAL, lavage after 6 h
Complete cell count (cells/�l) 126€61 211€178 308€124 0.16
Macrophages (%) 18€7 17€16 38€20 0.03
PMNL (%) 78€6 78€17 57€20 0.02
Lymphocytes (%) 2€1 3€2 9€13 0.35
PMNL, absolute (cells/�l) 101€53 171€140 176€71 0.24

Blood, after 6 h
Complete leukocyte count (cells/nl) 10.2€3.1 9.2€3.1 12.8€2.8 0.14
PMNL (%) 64€11 52€25 68€9 0.41
Bands (%) 4€3 6€9 10€7 0.23
Lymphocytes (%) 31€10 41€24 22€6 0.09
PMNL, absolute (cells/nl) 7.2€3.0 5.2€3.1 10.0€2.6 0.05
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study period of 6 h after lavage. Significant differences
between the two intervention groups for all parameters in
change over time (PaO2 and PaCO2 excepted) could be
detected.

Histology, dry-wet-ratio, and surface tension

Figure 4 displays six histological criteria for evaluation
of atelectasis, edema, and cell infiltration into lung tissue
yielding decreased infiltration (however, not significant)
in the S group by this semi-quantitative approach. The
dry-wet-ratio was: S 11.2€3.9%; S+IL-8 10.5€6.8%; C
9.6€0.5% (S vs S+IL-8: P=ns). Minimal surface tensions
of surfactant from BAL fluid after 6 h of mechanical
ventilation were: S 25€3 mN/m; S+IL-8 25€2 mN/m, C
43€9 mN/m (S vs S+IL-8: P=ns). Minimal surface ten-
sions of surfactant incubated in a cuvette and mixed with
either unspecific IgG1 or IL-8 antibody after 6 h were: S
8.0€0.6 mN/m; S+IL-8 6.1€2.8 mN/m, indicating no in-

fluence of the applied immunoglobulins on surface prop-
erties of the diluted surfactant preparation.

Leukocytes in BAL and blood

Cell counts from BAL fluid at first lavage and periph-
eral blood did not reveal any statistical differences. After
6 h of mechanical ventilation, piglets of the S group
showed lower complete cell counts and lower absolute
PMNL counts in BAL fluid (Table 1). We observed a
decreased percentage of PMNL and an increased per-
centage of macrophages in the C group. Differential cell
counts from blood (also Table 1) showed differences in
absolute PMNL counts almost reaching statistical sig-
nificance (P=0.05).

Cytokine assays

For the three cytokines IL-6, TNF-a and IL-8 no differ-
ences between groups with the first lavage could be de-
termined (Fig. 5). After 6 h of mechanical ventilation,
IL-8 levels in the S+IL-8 group were significantly higher
than in the S group [S: median 810 (range 447–2323)
pg/ml, S+IL-8: 3485 (628–16180), P=0.03]; and S group
levels higher than C group values [C: 352 (159–752);
P=0.02]. No differences could be detected for IL-6 and
TNF-a.

Migratests

Linear regression revealed a strong r2 for BAL fluid of the
S+IL-8 group piglets and an uncoupling of chemotactic
potency of IL-8 on PMNL migration in the S group
(Fig. 6).

Fig. 3 ANOVA (comparison of the two intervention groups only):
EVLW (P<0.0001). Means€SD.

Fig. 4 Histological criteria as-
sessing atelectasis, edema, and
tissue infiltration for all three
groups. Significant differences
between the two intervention
groups (Mann Whitney U-test)
could not be detected. Median,
boxes extending from the 25th
to the 75th percentile, whiskers
showing the highest and lowest
values.
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Discussion

The results of our study demonstrate that topical admin-
istration of a monoclonal IgG1 anti-porcine IL-8 antibody
admixed to surfactant results in an increased expression of
IL-8, released into the airways of newborn piglets after
repeated airway lavage. This reaction was followed by an
enhanced migration of PMNL into lung tissue and alveoli.
We observed lung tissue infiltration with PMNL and other
cells which occurred hand in hand with impaired gas
exchange, lung mechanics and lung volumes, and fluid
lungs as assessed by EVLW and dry-wet-ratio. On the
other hand, surfactant alone (i.e., without admixture of a
specific antibody) downregulated the inflammatory pro-
cess, not at the level of cytokine expression but at the
level of cell infiltration. Surfactant alone also caused
superior improvement in lung function when compared to

surfactant + antibody treatment. The admixture of a top-
ical antibody against IL-8 did not interfere with surfactant
function as demonstrated by equal minimal surface ten-
sion of surfactant from BAL fluid taken after 6 h of
mechanical ventilation.

Clearly, there is only limited experience with the IL-8
antibody which was used in our experiment. To neutralize
porcine IL-8 -induced myeloperoxidase release from hu-
man neutrophils, Schr�der et al. [26] have shown that
an ND50 of approximately 3–10 �g/ml was needed to
suppress myeloperoxidase production. The topical dose of
the antibody was calculated by the following equation:
average body weight (2.8 kg) � average FRC (26 ml/kg) �
median neutralizing dose (7 �g/ml), yielding approxi-
mately a dose of 500 �g per piglet.

In contrast to our hypothesis, IL-8 expression was
magnified by lung tissue in the S+IL-8 group. Moreover,

Fig. 5 Cytokine levels in BAL fluid with the first lavage and after
6 h of mechanical ventilation. Kruskal-Wallis test showing no
differences between all three groups with the first lavage; after 6 h
significant differences for IL-8 only between S and S+IL-8 groups

(P=0.03; Mann Whitney U-test) and S and C groups (P=0.02).
Median, boxes extending from the 25th to the 75th percentile,
whiskers showing the highest and lowest values. *Extreme value:
1,234 U/ml.

Fig. 6 Migration of PMNL
through a leukocyte separation
medium using BAL fluid from
lung lavage after 6 h of me-
chanical ventilation. Linear re-
gression of migrated PMNL and
IL-8 levels revealing a strong
association in the S+IL-8 group
only (r2=0.89, P=0.0002); S:
r2=0.30 (P=ns); C: r2=0.53
(P=0.09).
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in vitro migration of PMNL by migratests was strongly
related in the S+IL-8 group only. We suggest that the
antibody’s activity was probably neutralized by a burst
expression of IL-8, thus leaving enough unbound IL-8 to
unfold its activity. To find out whether this compensatory
reaction was specific for the lung after a topical treatment,
we tested some more piglets undergoing the same lung
lavage protocol followed by a systemic application of the
IL-8 antibody with increasing doses: 0.1 �g/kg, 1 �g/kg,
and 10 �g/kg. The following IL-8 levels could be de-
tected in BAL fluid after 6 h of mechanical ventilation:
0.1 �g/kg (median and range): 10,160 pg/ml (3,785–
18,540); 1 �g/kg 16,290 pg/ml (1,633–21,500); 10 �g/kg:
65,780 pg/ml (40,850–90,710). The corresponding serum
levels were: 0.1 �g/kg: 0 pg/ml (0–32); 1 �g/kg: 32 pg/ml
(0–134); 10 �g/kg: 651 pg/ml (212–1091). We therefore
conclude that topical as well as systemic application of a
monoclonal anti-porcine IL-8 antibody elicits an upward
regulation in the transcription of IL-8 which counteracts
the properties of this antibody as originally shown in cell
culture media.

Another interesting finding of our study was the sur-
factant effect on IL-8 induced PMNL migration. As
shown on Table 1, a trend to lower relative and absolute
PMNL concentrations in the BAL fluid was observed in
those piglets from the S group. We suggest that the dif-
ference in PMNL infiltration into lung tissue as assessed
by histology and PMNL concentration in BAL fluid (al-
though statistically not significant) was linked with im-
proved parameters of gas exchange, lung function, and
hemodynamics. In particular, all parameters influenced by
lung edema (Crs, EVLW, and dry-wet-ratio) were clearly
improved in the S group when compared to the S+IL-8
group. Even though IL-8 concentrations in BAL fluid
were least in those piglets of the C group, PMNL con-
centrations were least in the S group revealing an un-
coupling of IL-8 effect and chemotactic activity on
PMNL migration (S: r2=0.30; C: r2=0.53; Fig. 6). This
means that the anti-inflammatory effect of surfactant does
not exert its action on the level of chemokine production,
but on PMNL migration by an unknown mechanism.

Some studies support our findings of uncoupled IL-8
concentrations and PMNL migration into lung tissue when
giving surfactant for lung disease. Adult patients suffer-
ing from ventilator-associated pneumonia were studied to
evaluate the effect of nebulized synthetic phospholipids
(Exosurf) on IL-8 levels in tracheal aspirates [27]. IL-8
levels increased in the intervention group (mean: sur-
factant 318, vs control 156 ng/ml BAL fluid) whereas
percentage of PMNL decreased concomitantly (absolute
numbers of PMNL in BAL fluid were not given in this
study.) In a premature lamb model with RDS it could be
shown that mRNA levels for IL-8 and PMNL infiltration
into lung tissue were not matched sufficiently regardless
of the type of surfactant used [28]. Putative explanations
might be that increased expression of IL-8 receptors de-

sensitize C5a and LTB4 receptor pathways hindering
PMNL to follow the dominant signal such as IL-8 [29].

Production and release of IL-8 in the lung takes place
in a variety of different cell types such as epithelial cells
of large and small airways, type I pneumocytes, and al-
veolar macrophages [30, 31]. As soon as it is built in the
cells, IL-8 diffuses to the epithelium of small capillaries
and unfolds its chemotactic properties on PMNLs passing
by [14]. IL-8 concentrations and PMNL concentrations
are well-matched in BAL fluid from adult patients with
ARDS [32] with IL-8 levels being highest in those pa-
tients who do not survive [33]. Anti-IL-8 autoantibod-
ies are produced by adult patients with ARDS to form
anti-IL-8:IL-8 complexes which predominantly belong to
IgG3 and IgG4 subclasses [11]. IgA autoantibodies are
also known to be complexed with IL-8 as seen in severe
asthma [34]. High IL-8 and anti-IL-8 IgM autoantibody
concentrations have been measured in the tracheal aspi-
rates of mechanically ventilated premature infants at risk
of chronic lung disease [35], whereas a significant in-
crease in anti-IL-8 IgG autoantibodies could not be de-
tected [36] suggesting immature IgG secretion in the
preterm infant [17].

Several groups of authors have addressed the option to
suppress the pro-inflammatory effects of IL-8 in animal
models of acute lung injury. Folkesson et al. [14] used
acid aspiration in rabbits and observed decreased lung
damage and mortality. PMNL migration could be less-
ened by IL-8 antibodies given to rabbits after experi-
mental ischemia and reperfusion [12]. Induction of lung
disease in rats after IgG-immune complex administration
could be blunted by an IL-8 antibody with the effect of
less capillary permeability and extravasal red blood cells
[13]. Accumulation of PMNL in BAL could be decreased
in rabbits after lung trauma with repeated collapse and
reexpansion [16]. Endotoxin-induced lung injury in rab-
bits was relieved by IL-8 antibody resulting in improved
gas exchange and less mortality [15]. All authors used
monoclonal anti-IL-8 antibodies of the IgG type as also
used in our study. However, there are three important
differences between these studies and our experiment: the
application of a systemic antibody against IL-8 was made
before induction of lung injury in adult animals, which
might have resulted in a completely different effect as
demonstrated above.

Several limitations of this study must be addressed: a)
our piglet model of repeated airway lavage is character-
ized by lung edema, infiltration with blood-borne cells,
impaired lung mechanics and lung volumes, surfactant
deficiency and dysfunction. The model mimics newborn
and infant ARDS, but the vascular injury such as peri-
vascular cell injury [37] and the full inflammatory process
[38], however, may not be completely reproduced in this
model. Secondary injuries such as baro- and volutrauma,
very high oxygen concentrations for ventilation, nosoco-
mial infections of the lung, and associated multiple organ
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