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Abstract

Background: Critically ill patients frequently develop acute lung injury (ALI). Disturbed alveolar fibrin turnover, a
characteristic feature of ALl, is the result of both activation of coagulation and inhibition of fibrinolysis. Nebulized fibrinolytic
agents could exert lung-protective effects, via promotion of fibrinolysis as well as anti-inflammation.

Methods: Rats were challenged intratracheally with Pseudomonas aeruginosa, resulting in pneumonia as a model for direct
ALI, or received an intravenous bolus infusion of lipopolysaccharide, as a model for indirect ALI. Rats were randomized to
nebulization of normal saline (placebo), recombinant tissue plasminogen activator (rtPA), or monoclonal antibodies against
plasminogen activator inhibitor-type 1 (anti-PAl-1).

Results: Nebulized rtPA or anti-PA1-1 enhanced the bronchoalveolar fibrinolytic system, as reflected by a significant
reduction of PAI-1 activity levels in bronchoalveolar lavage fluid, and a consequent increase in plasminogen activator
activity (PAA) levels to supranormal values. Both treatments also significantly affected systemic fibrinolysis as reflected by a
significant increase in PAA levels in plasma to supranormal levels. Neither nebulized rtPA nor anti-PA1-1 affected
pulmonary inflammation. Neither treatment affected bacterial clearance of P. geruginosa from the lungs in case of
pneumonia.

Conclusions: Local treatment with rtPA or anti-PA1-1 affects pulmonary fibrinolysis but not inflammation in models of
direct or indirect ALl in rats.
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Introduction pulmonary inflammation. Reduced breakdown of fibrin deposi-
tions is, at least in part, the result of increased production of
plasminogen activator inhibitor (PAI)-1, the main inhibitor of
plasminogen activator in the lungs [6].

Acute lung injury (ALI) 1s a frequent complication of critical
illness with high morbidity and mortality [1]. ALI may develop
either from a direct pulmonary insult (e.g., pneumonia) or
secondary to a systemic insult (e.g., sepsis). Local disturbances in
coagulation and fibrinolysis are intrinsic to ALI [2,3], and
pulmonary coagulopathy is suggested to play a pivotal role in
the pathogenesis of lung injury [4]. Indeed, nearly all patients with
ALI demonstrate abnormalities in alveolar turnover of fibrin,
varying from subtle changes in molecular markers of coagulation
and fibrinolysis to more evident fibrin depositions in the smaller
airways [5]. Reduced pulmonary fibrinolysis seems an important
feature of pulmonary coagulopathy, independent of the origin of

Theoretical considerations suggest that targeting pulmonary
coagulation imbalance by enhancing fibrinolysis may benefit
patients with ALIL Fibrin may not be merely an end-product of
coagulation, but may also exaggerate or even initiate lung injury.
Fibrin depositions activate neutrophils and fibroblasts, decrease
alveolar fluid clearance (thereby inactivating surfactant and
favoring alveolar collapse [7,8]), increase pulmonary dead space
and cause additional endothelial injury [9]. Fibrin, however, has
also been found to be involved in regulating the inflammatory
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response that restores structure and function to injured tissues
[10]. Monocytes and fibroblasts are able to bind to fibrin,
increasing the inflammatory response by facilitating and enhanc-
ing cell migration, eventually leading to lung fibrosis [11,12].
Reduced fibrinolysis, however, may also be seen as a beneficial
response since it may help to contain inflammatory activity, or
even infectious pathogens, to the site of injury.

Local Fibrinolytic Therapy for ALI

Fibrinolytic agents are generally administered intravenously,
resulting in systemic increase in fibrinolysis. Fibrinolytic therapy,
consequently, is associated with sometimes life-threatening bleed-
ings. Indeed, up to 7% of patients subjected to fibrinolytic therapy
require blood transfusions, and up to 1% die because of bleedings
[13]. Since coagulopathy in ALI is mainly restricted to the
pulmonary compartment local administration through nebuliza-
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Figure 1. The effects of recombinant tissue type plasminogen activator (rtPA), anti-PA1-1 monoclonal antibodies (anti-PAI-1), or
placebo (normal saline (P)) on levels of plasminogen activator activity (PAA), fibrin degradation products (FDP) and plasminogen
activator inhibitor (PAI-1) in lavage fluid, 16 hours after intratracheal bacterial challenge (Pseudomonas aeruginosa, PAO1, 108
colony forming units (CFU)) or 16 hours after intravenous injection of lipopolysaccharide (LPS, Escherichia coli O111:B4). The
horizontal line within the graph represents the median. *, p<<0.05 vs. saline; **, p<<0.01 vs. saline; ***, p<<0.001 vs. saline.

doi:10.1371/journal.pone.0055262.g001
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tion could increase local efficacy while minimizing the risk of
bleeding.

The potential use of systemic infusion of recombinant tissue—
type plasminogen activator (rtPA) has been explored previously in
various models of direct and indirect ALI [14-18]. The potential
use of anti-PAl-1 monoclonal antibodies [19] has never been
tested in models of ALI, but anti-PAl-1 was found to be an
effective pro—fibrinolytic agent in a rat model of intestinal ischemia
reperfusion injury [17]. In the present study we investigated the
effect of local administration of these two pro—fibrinolytic agents in
two rat models of ALIL: one model for direct ALI (Pseudomonas
aeruginosa pneumonia) and one for direct ALI (systemic challenge
with endotoxin). We hypothesized that nebulized pro—fibrinolytics
increase breakdown of alveolar fibrin, and attenuate pulmonary
inflammation.

Materials and Methods

Animals

The Institutional Animal Care and Use Committee of the
Academic Medical Center approved all experiments. Animals
were handled in accordance with the guidelines prescribed by
international and national legislation on protection, care, and
handling of laboratory animals. The study included 21 male
Sprague-Dawley rats (200-250 g) (Harlan, The Hague, The
Netherlands), subjected to pneumonia or endotoxemia. 10 healthy
male Sprague-Dawley rats were used in various control groups.

P. aeruginosa pneumonia
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Induction of Pneumonia

Pneumonia was induced by intratracheal instillation of 10°
colony—forming units (CFU) of P. aeruginosa (PAOI1, in a total
volume of 250 pL of bacterial suspension), Bacteria were cultured
and harvested as described previously [20].

Endotoxemia-induced Lung Injury

Endotoxemia and subsequent lung injury was induced by
intravenous bolus infusion of 7.5 mg/kg lipopolyssacharide (LPS)
from Escherichia coli 0111:B4 (Sigma, St. Louis, MO, USA) through
the penile vein under isoflurane (3%) anesthesia.

Study Groups

Rats with P. aeruginosa pneumonia or endotoxemia-induced lung
injury were randomized to nebulization of placebo (normal saline)
(N =7), treatment with clinical grade rtPA (N =7) (Tenecteplase,
Boehringer Ingelheim, Ingelheim, Germany) or anti-PAl-1
(N=7) (anti-PAIl). Anti-PAl-1 monoclonal antibody (MA)-
33H1F7 was produced as described previously [19]. Endotoxin
levels for both products was <1 EU/mg. Unchallenged were
treated with rtPA (N = 3) or -PAl-1 (N = 3) to evaluate the effect
of nebulized medication alone on lung inflammation and cytokine
levels. Unchallenged untreated rats served as controls (N =4).

All agents were administered in a volume of 0.7 mL via
nebulization 30 minutes before and at 6 and 12 hours after
induction of pneumonia or endotoxemia. Total dosage of each
agent was based using data from previous studies [14,16,17] and
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Figure 2. The effects of recombinant tissue type plasminogen activator (rtPA), anti-PA1-1 monoclonal antibodies (anti-PAl-1), or
placebo (normal saline (P)) on levels of thrombin antithrombin complexes (TATc) and antithrombin (AT) in lavage fluid, 16 hours
after intratracheal bacterial challenge (Pseudomonas aeruginosa, PAO1, 10% colony forming units (CFU)) or 16 h after intravenous
injection of lipopolysaccharide (LPS, Escherichia coli O111:B4). The horizontal line within the graph represents the median. *, p<<0.05 vs.

saline; **, p<<0.01 vs. saline; ***, p<<0.001 vs. saline.
doi:10.1371/journal.pone.0055262.g002
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Figure 3. The effects of recombinant tissue type plasminogen activator (rtPA), anti-PA1-1 monoclonal antibodies (anti-PAl-1), or
placebo (normal saline (P)) on levels of thrombin-antithrombin complexes (TATc) and plasminogen activator activity (PAA) in
plasma, 16 hours after intratracheal bacterial challenge (Pseudomonas aeruginosa, PAO1, 108 colony forming units (CFU)) or 16
hours after intravenous injection of lipopolysaccharide (LPS, Escherichia coli O111:B4). The horizontal line within the graph represents the

median. *, p<<0.05 vs. saline; **, p<<0.01 vs. saline; ***, p<<0.001 vs. saline.

doi:10.1371/journal.pone.0055262.g003

pilot studies with endotoxemia—induced lung injury while taking
into account the efficacy of a nose—only exposure system and the
possibility of each agent to dissolve to an acceptable volume for
nebulization.

Nebulization

For local administration of saline or study medication we used
an exposure system, which allowed direct exposure of nebulized
agents to the noses of rats with LPS-induced lung injury or
pneumonia as described before [21]. This system includes a
concentric manifold connected to the necks of bottle-like restraint
tubes (CHT 249 restraint tube, CH technologies Inc., Westwood,
New Jersey) in which the animals were confined with their noses
adjacent to the bottle-necks. The bottles are readily removable
and the device can be disassembled for cleaning, by removing the
bottles and removing the manifold. The inhalation chamber is
suitable to accommodate several rats at once. The aerosol
atmosphere was generated using the Aeroneb Pro Nebulizer
(Aerogen Ltd., Gallway, Ireland), a device with high efficiency of
delivering aerosol to the lung. The aerosols were directed to the
inhalation chamber by a constant oxygen flow (2 L/min).

The animals were accommodated to restraint tubes at several
occasions in the week before the experiments. During the

PLOS ONE | www.plosone.org

experiment spontancously breathing rats were simultaneously
exposed for 10 minutes to the designated aerosol atmosphere. The
volume of drug solution left in the Aeroneb Pro Nebulizer, when
the nebulization had ceased, was negligible.

Blood and Tissue Sampling

At 16 hours after induction of pneumonia or endotoxemia, rats
were sacrificed with an intramuscular injection of ketamine
45 mg/kg (Eurovet, Bladel, The Netherlands) and medetomidine
0.25 mg/kg (Novartis, Arnhem, The Netherlands). Blood was
collected from the vena cava inferior in citrated (0.109 M) vacutainer
tubes. The right lung was ligated, and the left lung was lavaged 3
times with 2 mL ice—cold normal saline. Right lungs were weighed
and homogenized in 4 volumes (i.e., 4 X lung weight [mg] in uL) of
sterile saline using a tissue homogenizer (Biospec Products,
Bartlesville, OK).

Total cell numbers in each lavage sample were determined with
an automated cell counter (Z2 Coulter Pariticle Counter, Beck-
man Coulter Corporation, Hialeah, FL). Neutrophil counts in
lavage fluids were performed on Giemsa-stained cytospin
preparations.

Plasma and cell-free supernatants from lung lavage fluids were
used for measuring coagulation. Lung homogenates were diluted

February 2013 | Volume 8 | Issue 2 | 55262
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Figure 4. The effects of recombinant tissue type plasminogen activator (rtPA), anti-PA1-1 monoclonal antibodies (anti-PAl-1), or
placebo (normal saline (P)) on total protein levels in lavage fluid, 16 hours after intratracheal bacterial challenge (Pseudomonas
aeruginosa, PAO1, 10® colony forming units (CFU)) or 16 h after intravenous injection of lipopolysaccharide (LPS, Escherichia coli

0111:B4). The horizontal line within the graph represents the median.

doi:10.1371/journal.pone.0055262.g004

1:1 in lysis buffer (150 nmol/L NaCl; 15 mmol/L Tris; 1 mmol/L
MgCl,—H50; 1 mmol/L CaCly; 1% Triton X-100; and 100 pg/
ml pepstatin A, leupeptin, and aprotinin) and used for cytokine
and chemokine measurements.

Assays

Thrombin—antithrombin complexes (TATc; Behring, Marburg,
Germany) and fibrin degradation products (FDP; Diagnostica
Stago, Asniéres—sur—Seine, France) were measured in lung lavage
fluid by means of ELISA. Antithrombin (AT), plasminogen
activator activity (PAA), and plasminogen activator inhibitor
(PAI)-1 activity were measured by an automated amidolytic assays
[16]. Levels of tumor necrosis factor-oo (TNF, R&D Systems,
Abingdon, United Kingdom), interleukin (IL)-6 (R&D Systems,
Abingdon, United Kingdom) and cytokine-induced neutrophil
chemoattractant (CINC)-3 (R&D Systems, Abingdon, United
Kingdom) and myeloperoxidase (MPO, HyCult biotechnology
b.v., Uden, The Netherlands) were measured in lungs by means of
ELISA.

Histopathology

Lung sections, 4 um in thickness, were stained with hematoxylin
and eosin and analyzed and scored by two investigators who were
blinded for group identity. To score lung inflammation and
damage, the entire lung surface was analyzed with respect to the
following variables: interstitial inflammation, endothelialitis/vas-
culitis, bronchitis, edema, pleuritis, and thrombus formation, as
described previously [16]. The total histopathology score was
expressed as the sum of the scores for all variables (on a scale of 0
to 4; 0, absent; 1, mild; 2, moderate; 3, severe; 4, very severe). The
total lung injury score was calculated as sum of the scores for each
category.

Statistical Analyses

Comparisons between the experimental rat groups and saline—
treated placebo rat group were performed using one—way analysis
of variance (ANOVA) or Kruskal-Wallis test, followed by post—
hoc Dunnett’s or Dunn’s tests, depending on data distribution. A
P-value<<0.05 was considered statistically significant. Statistical
analyses were performed with SPSS 16.0 (SPSS, Chicago, IL,
USA) and Prism 4.0 (GraphPad Software, San Diego, CA, USA).

PLOS ONE | www.plosone.org

Results

Clinical Signs after Challenge

Typical clinical symptoms of illness (pilo—erection, decreased
activity, arched back, decreased food and water intake and
increased respiratory rate) occurred shortly after intratracheal
challenge with bacteria or intravenous bolus infusion of LPS. The
animals averagely lost 8-10% of their bodyweight over the course
of 16 hrs mainly due to dehydration. Rats sacrificed 16 hours after
induction of pneumonia or endotoxemia had evident diffuse
bilateral macroscopic lung abnormalities.

Pulmonary Fibrinolysis and Coagulation

Both P. aeruginosa pneumonia and endotoxemia—induced lung
injury in rats was associated with pulmonary activation of
coagulation and inhibition of fibrinolytic activity, reflected in
increased levels of TATc, FDP and PAI-1 activity, and reduced
levels of AT and PAA compared with uninfected controls.
Nebulization of rtPA increased PAA to levels exceeding assay
maximum in all rats in both models increasing fibrin degradation
and abolishing PAI-1 activity. Nebulization of both rtPA and
anti-PAl-1 eliminated (nearly) all free active PAI-1 resulting in
significantly reduced pulmonary PAI-1 activity levels in both P.
aeruginosa pneumonia and endotoxemia-induced lung injury.
Increased fibrinolytic activity was reflected by a significant increase
in FDP levels in both P. aeruginosa pneumonia (rtPA p<<0.05 versus
saline; and anti-rat PAI1 p<<0.05 versus saline) and endotoxemia—
induced lung injury (rtPA p<<0.05 versus saline; and anti-rat PAI1
p<<0.05 versus saline). Neither nebulized rtPA nor anti-rat PAIl
affected pulmonary levels of TATc and AT (figures 1 and 2).

Systemic Coagulation and Fibrinolysis

Compared to healthy controls, challenge with intratracheal P.
aeruginosa or intravenous LPS reduced plasma PAA and increased
plasma levels of TATc. In rats with P. aeruginosa pneumonia both
treatments greatly increased PAA. Similar effects were seen in
endotoxemia-induced lung injury (figure 3).

Bacterial Clearance from Lungs

Neither nebulized rtPA nor anti-PAl-1 affected bacterial
clearance of P. aeruginosa from the lungs of rats with pneumonia.
None of the animals developed bacteremia (data not shown).

February 2013 | Volume 8 | Issue 2 | 55262
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Figure 5. The effects of recombinant tissue type plasminogen activator (rtPA), anti-PA1-1 monoclonal antibodies (anti-PAI-1), or
placebo (normal saline (P)) on levels of tumor necrosis factor a (TNF), interleukin (IL)-6, and cytokine-induced neutrophil
chemoattractant (CINC)-3 in lung homogenates, 16 hours after intratracheal bacterial challenge (Pseudomonas aeruginosa, PAO1,
108 colony forming units (CFU)) or 16 h after intravenous injection of lipopolysaccharide (LPS, Escherichia coli O111:B4). The

horizontal line within the graph represents the median.
doi:10.1371/journal.pone.0055262.9005

Inflammatory Response

There was an evident increase in total cell number in the lungs
during P. aeruginosa pneumonia and endotoxemia—induced lung
mjury, which was mostly contributed to neutrophil influx (table 1).
The relative or absolute number of neutrophils in lavage fluids was
not affected by any treatment (table 1), nor was the total protein
concentration (figure 4). MPO was not altered (table 1) by any

PLOS ONE | www.plosone.org

treatment in either model. There were no differences in
pulmonary levels of TNF, IL-6, and CINC-3 during P. aeruginosa
pneumonia or endotoxemia-induced lung injury (figure J5).
Nebulization in healthy controls did not affect pulmonary
inflammation as compared to untreated rats (data not shown).
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Table 1. Total cell and neutrophil counts and
myeloperoxidase (MPO) in bronchoalveolar lavage fluid of
rats.

Total cells Neutrophils MPO (ug/mL)
Controls 30 (14-51) 0 (0-0) 32 (21-51)
Pseudomonas aeruginosa pneumonia (t=16 h)
normal saline 203 (175-231) 204 (162-217) 551 (401-598)
rtPA 240 (170-269) 190 (126-207) 624 (599-644)

anti-PAI-1 283 (247-282)

LPS-induced Lung Injury (t=16 h)

256 (228-288) 663 (504-726)

normal saline 108 (74-141) 35 (24-51) 353 (278-404)
rtPA 140 (131-162) 29 (16-33) 318 (230-369)
anti-PAI-1 125 (113-148) 13 (12-25) 283 (258-310)

Cell counts 16 h after intratracheal instillation of P. aeruginosa or injection with
lipopolysaccharide (Escherischia coli O111:B4). Controls are healthy rats (n=4).
Data are expressed as median (interquartile range) x10* per milliliter of
bronchoalveolar lavage fluid.

doi:10.1371/journal.pone.0055262.t001

Histopathology

At 16 hrs after inoculation with P. aeruginosa, histopathology of
the lungs showed diffuse inflammatory infiltrates consisting chiefly
of neutrophils. Interstitial inflammation, endothelialitis, bronchitis
and edema were present to a variable extent. There were no
differences in lung histopathology scores in any treatment group in
either model (figures 6 and 7).

Discussion

In this study we demonstrate that nebulization of rtPA or anti—
PAI-1 considerably enhanced the bronchoalveolar fibrinolytic
system in two models of ALIL Both nebulized rtPA and anti-PA1-
1 treatment affected systemic fibrinolysis as well. However, neither
rtPA nor anti-PAl-1 affected pulmonary inflammation or
bacterial clearance from the respiratory tract.

These findings are in line with previous studies in rats
investigating the effects of systemically administered rtPA in
various models of acute lung injury [14,16,22]. In those studies

P. aeruginosa pneumonia
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rtPA did not affect pulmonary inflammation, or bacterial
clearance form lungs in case of pneumonia. The results of the
present study also seem in line with a study in a porcine model of
trauma-induced ALI in which it was demonstrated that intrave-
nous administration of tPA or uPA prevented hypoxemia and
improved survival [23]. In addition, in a rat model of intratracheal
IL-1-induced ALI, intraperitoneal administration of tPA de-
creased lung capillary leakage and attenuated neutrophil activa-
tion in the lungs [24] and tPA knockout mice have been shown to
be protected from ischemia reperfusion lung injury [25]. Further
in mice pulmonary transgenic tPA overexpression improved host
defense during Klebsiella pneumonia [26]. Data from investiga-
tions on lung injury in PAI-1 deficient animals are inconclusive.
Although PAI-1 knockout mice were protected from lung fibrosis
after bleomycin induced lung injury [27], PAI-1 knockout mice
were not protected against acid induced ALI [28]. Further PAI-1
knockout mice displayed worsened lung injury after pulmonary
challenge with Klebsiella bacteria [29]. In our study we observed
neither improvement nor worsening of pulmonary inflammation
and lung injury.

Coagulation and inflammation are cardinal host defense
mechanisms, mutually dependent in mounting an adequate
immune response against potentially injurious challenges [30].
Interference with the procoagulant response may impede the
primary host defense mechanisms as formation of thrombi is likely
to be crucial in limiting hematogenic spread of bacteria in case of
an infection. Although hematogenic dissemination of infection is
suggested as a potential drawback of anticoagulant therapy in
pneumonia [31,32], none of the animals in our study developed
bacteremia. It should be noted, though, that the set-up of our
experiment may not have been optimal for detecting differences in
bacterial spread.

The effects of both pro—fibrinolytic strategies on systemic
fibrinolysis suggest that nebulized agents are leaking from the
alveolar compartment into the circulation. Although it seems
plausible, it is unclear whether this increase of systemic plasmin-
ogen activator activity results in a higher risk of bleeding, since our
experiments were not designed to investigate these effects. So far,
clinical studies testing the efficacy of locally applied anti-coagulant
agents are sparse. In a single—center phase 1 trial of mechanically
ventilated patients with ALI, nebulized heparin resulted in
minimally prolonged systemic clotting times. Due to the design,
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Figure 6. Histopathology scores of lung tissue from rats treated with recombinant tissue type plasminogen activator (rtPA), anti-
PA1-1 monoclonal antibodies (anti-PAlI-1), or placebo (normal saline (P)) 16 hrs after intratracheal bacterial challenge
(Pseudomonas aeruginosa, PAO1, 108 colony forming units (CFU)) or 16 h after intravenous injection of lipopolysaccharide (LPS,
Escherichia coli O111:B4). The horizontal line within the graph represents the median.

doi:10.1371/journal.pone.0055262.9g006
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Figure 7. Histopathological changes in lungs of rats treated with recombinant tissue type plasminogen activator (rtPA), anti-PA1-1
monoclonal antibodies (anti-PAI-1), or placebo (normal saline (P)) 16 hrs after intratracheal bacterial challenge (Pseudomonas
aeruginosa, PAO1, 108 colony forming units (CFU)) or 16 h after intravenous injection of lipopolysaccharide (LPS, Escherichia coli
0111:B4). Shown are representative hematoxylin and eosin-stained photomicrographs of lung tissue from rats treated with Pseudomonas
aeruginosa + saline (A), Pseudomonas aeruginosa + rtPA (B), Pseudomonas aeruginosa + anti—PAl-1 (C), LPS + saline (D), LPS+rtPA (E), LPS + anti-PAl-1

(F), at 16 hrs after challenge.
doi:10.1371/journal.pone.0055262.g007

no conclusions could be drawn regarding clinical effects, however
no adverse events were reported, and nebulization was deemed
feasible and safe in patients with ALI [33]. In a randomized
controlled trial of patients at risk for ALI by the same investigators,
the occurrence of blood-stained sputum was similar in the heparin
and placebo groups. Blood product usage was also similar for the
two groups, and no patients had blood loss or transfusion
requirements attributable to the study medication [34]. In our
study, possibly a lower dose would have achieved similar effects on
pulmonary fibrinolysis while preventing systemic fibrinolysis to be
affected. On the other hand, higher dosages may be required to
achieve anti-inflammatory effects.

Fibrin is considered a key player in host defense. Fibrin is
involved in regulating the inflammatory response that restores
structure and function to injured tissues [10] Fibrin allows
inflammatory cells as well as alveolar epithelial cells to migrate
to the site of infection and is essential in the regulation and
facilitation of pulmonary repair. Enhancing fibrinolysis may
impair the beneficial effects and therefore potential beneficial
effects on pulmonary inflammation may be overshadowed.

There are several limitations to our study. First, results in rat
models for ALI used in these experiments may not be easily
translated into studies of complex and heterogeneous patient
populations. We have used a pre-treatment model, useful when
exploring novel approaches and mechanisms. However, post—
treatment models more closely resemble the clinical situation.
Furthermore, in the P. aeruginosa pneumonia model no antibiotics
were administered, which is different from any clinical scenario.
Another disadvantage of our models is that they rely on a single
high dose administration of LPS or live bacteria to healthy animals
where ALI is usually associated with pre—existent risk factor and
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develops over a longer period of time. The chosen dosages for each
anticoagulant agent were determined based on data from previous
studies and pilot studies [14,16,17], combined with the efficacy of
our nose—only exposure system, and the possibility of each agent to
dissolve to an acceptable volume for nebulization. For both agents
this approach led to a significant enhancement of pulmonary
fibrinolysis, however as stated above a lower dose could possibly
prevent systemic effects of treatment while an even higher dose
may have been necessary to affect inflammation. Moreover,
aerosol characteristics of the drugs studied probably could have
been different. Frequency of administration of agents may be
another limitation of the present study, as more frequent or
continuous administration may have been more effective. Finally,
bacteremia was not observed, but the observational period was
only 16 hours and this model was not designed to evaluate its
occurrence.

Another important limitation is that we did not investigate
functional endpoints like arterial blood gas analysis or other gas
exchange or pulmonary function parameters. Despite the absence
of effects on inflammation it is possible that enhanced fibrinolysis
improves pulmonary function in these rats.

In conclusion, pulmonary coagulopathy with ALI may allow for
local interventions with pro—fibrinolytic agents. While nebulized
rtPA and anti-PA1-1 affect pulmonary fibrinolysis, both strategies
however did not affect pulmonary inflammation. Notably, both
treatments affected systemic fibrinolysis.
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