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Abstract. Changes in pulmonary microvascular permeability 
following cardiopulmonary bypass (CPB) and the underlying 
mechanisms have not yet been established. Therefore, the 
aim of the present study was to elucidate the alterations in 
pulmonary microvascular permeability following CPB and 
the underlying mechanism. The pulmonary microvascular 
permeability was measured using Evans Blue dye (EBD) 
exclusion, and the neutrophil infiltration and proinflammatory 
cytokine secretion was investigated. In addition, the activa-
tion of Src kinase and the phosphorylation of caveolin-1 and 
vascular endothelial cadherin (VE-cadherin) was examined. 
The results revealed that CPB increased pulmonary micro-
vascular leakage, neutrophil count and proinflammatory 
cytokines in the bronchoalveolar lavage fluid, and activated 
Src kinase. The administration of PP2, an inhibitor of Src 
kinase, decreased the activation of Src kinase and attenu-
ated the increase in pulmonary microvascular permeability 
observed following CPB. Two important proteins associated 
with vascular permeability, caveolin-1 and VE-cadherin, 
were significantly activated at 24 h in the lung tissues 
following CPB, which correlated with the alterations in 
pulmonary microvascular permeability and Src kinase. PP2 
administration inhibited their activation, suggesting that they 
are downstream factors of Src kinase activation. The data 
indicated that the Src kinase pathway increased pulmonary 
microvascular permeability following CPB, and the activation 
of caveolin-1 and VE-cadherin may be involved. Inhibition of 

this pathway may provide a potential therapy for acute lung 
injury following cardiac surgery.

Introduction

Cardiopulmonary bypass (CPB) has been widely used in open 
heart surgery in the last six decades since John H. Gibbon invented 
the artificial heart and lung machine (1). With improvements 
in medical equipment and biomaterial technologies, including 
smaller prime volume circuits, more biocompatible surfaces 
and gas-permeable microporous membranes, the incidence of 
CPB‑induced complications have significantly decreased (2,3). 
However, CPB is known to activate systemic inflammatory 
response syndrome with acute lung injury that is associated with 
microvascular barrier injury (4). Numerous factors, including 
pulmonary hypoperfusion, induction of inflammatory media-
tors, hypothermia and blood contact with foreign surfaces during 
CPB, contribute to the etiology of lung injury (5). Post-surgical 
lung injury predominantly consists of lung edema and hypoxia, 
which are associated with CPB‑induced neutrophil infiltration 
and increased microvascular permeability (6).

The Src family is important in intracellular signal trans-
duction in acute inflammatory responses (7,8). Src is widely 
expressed by macrophages, monocytes, neutrophils, alveolar 
epithelial cells, endothelial cells and fibroblasts in the lung. It 
has been reported that Src is involved in the increase of lung 
vascular permeability in mice exposed to mechanical ventilation 
and hyperoxia-augmented ventilation (9,10). Thus, the present 
study aimed to determine whether the Src kinase pathway is 
involved in CPB‑induced proinflammatory cytokine secretion, 
neutrophil infiltration and microvascular hyperpermeability.

Caveolin-1, a member of the caveolin family, exists 
primarily in lung endothelial cells and type I epithelial cells 
and functions as a structural and signaling protein (11). It is 
required for the formation and trafficking of caveolae, the 
primary vesicular carriers and mechanism of transcellular 
macromolecule transport through the vascular endothelial 
barrier (12,13). Vascular endothelial cadherin (VE-cadherin) 
is a cell-specific member of the cadherin protein family, 
which regulates endothelial adherens junctions (14,15). The 
present study initially investigated the effects of CPB on 
pulmonary microvascular permeability, neutrophil infiltration 
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and secretion of proinflammatory cytokines. Subsequently, 
the role of Src kinase activation, caveolin-1 and VE-cadherin 
phosphorylation in CPB was examined.

Materials and methods

Animals and drugs. A total of 460 male Sprague-Dawley rats, 
weighing 250±10 g, age 10 weeks, were obtained from the 
Shanghai Experimental Animal Center (Shanghai, China) and 
used in all experiments. Animals were raised under standard 
conditions (22˚C, 33% humidity) with a 12 h light/dark cycle. 
The study was performed in accordance with the National 
Institute of Health Guide for the Care and Use of Laboratory 
Animals (16) and with the approval of the research committee 
at Shanghai Jiaotong University (Shanghai, China). The 
non‑specific Src kinase inhibitor 4‑amino‑5‑(4‑chlorophen
yl)‑7‑(dimethylethyl)pyrazolo[3,4‑d]pyrimidine (PP2) was 
purchased from Cayman Chemical Co. (Ann Arbor, MI, USA).

Experimental design. In order to examine the time course of 
pulmonary microvascular permeability, neutrophil infiltration 
and proinflammatory cytokine secretion, rats were randomly 
assigned to the following four groups (n=10 in each group): 
Sham group, CPB group, CPB + PP2 group and the untreated 
group. Rats in the sham group received similar surgery to the 
CPB and CPB + PP2 group, however, no blood was drained 
from the rats. Rats in the CPB group received CPB surgery 
as described below. Rats in the CPB + PP2 group received 
PP2 administration (1 mg/kg, intraperitoneal injection) 30 min 
prior to CPB surgery. Rats in the untreated group received no 
treatment. In order to investigate the time course of Src kinase 
phosphorylation, rats were randomly assigned to five groups 
(n=10 in each group): Pre-CPB (baseline), 0 h after CPB, 12 h 
after CPB, 24 h after CPB and 48 h after CPB. To determine 
the alterations in VE-cadherin and caveolin-1 phosphoryla-
tion, rats were randomly assigned to five groups (n=10 in each 
group): Sham, 24 h after CPB, 24 h after CPB + 1 mg/kg PP2, 
24 h after CPB + 2 mg/kg PP2 and 24 h after CPB + 4 mg/kg 
PP2.

CPB procedure. The CPB procedure was performed according 
to the method described in our previous study (17). Initially, 
animals were anesthetized by intraperitoneal administration of 
butylone (60 mg/kg; Shanghai Experimental Animal Center) 
and then pentobarbital (3%; 1.5 mg/kg body weight; Shanghai 
Experimental Animal Center) was continuously provided to 
maintain anesthesia. The right femoral artery was cannulated 
with a 24‑gauge catheter (heparinized with polytetrafluoroeth-
ylene) to monitor arterial pressure. Following administration 
of heparin (250 U/kg), a 16-gauge catheter was advanced to 
the right atrium through the right jugular vein. A 22-gauge 
catheter was cannulated to the tail artery as an arterial infu-
sion line.

As described in our previous study (17), the mini‑CPB 
circuit consisted of a venous reservoir, a specially designed 
membrane oxygenator, a roller pump and sterile polyvinyl 
chloride tubing with an internal diameter of 3 mm for the 
venous and arterial lines. The roller pump was equipped with 
a silicone tube 15 cm in length with an internal diameter of 
5 mm. The membrane oxygenator was specially designed with 

a surface area for gas exchange of 0.05 m2 (Micro-1; Dongguan 
Kewei Medical Instrument Co., Ltd., Dongguan, China), with 
a total assembly dynamic priming volume of ~2 ml. The 
CPB circuit was primed with 12 ml of a solution of heparin 
(250 U/kg) and hetastarch. The blood was drained from the 
right atrium through the jugular vein catheter to a 5-ml sterile 
open reservoir using a siphon. A roller pump (BT00-300M; 
Baoding Lange Co., Ltd., Baoding, China) was used to drive 
the blood through silicone arterial inflow tubing and then 
return it to the tail artery.

Evans blue dye (EBD) exclusion analysis. Pulmonary micro-
vascular injury was assessed by the extravasation of EBD into 
the lung parenchyma as described by Cavriani et al (18). EBD 
solution (100 mg/ml) was prepared in phosphate-buffered 
saline (PBS; pH 7.4) and intravenously injected at a dose 
of 30 mg/kg, then allowed to circulate for 30 min prior to 
sacrifice by decapitation. The right lungs were then excised 
and flushed with cold PBS three times. Two samples of lung 
parenchyma were resected and weighed. One sample was 
dried in an oven (60˚C) for 72 h to obtain the dry weight. 
The other sample was homogenized in 5 ml of formamide to 
extract EBD. This homogenate was then incubated at 60˚C for 
24 h and centrifuged at 4,000 x g for 30 min. The supernatant 
was then collected. The EBD optical density was measured 
at a wavelength of 620 nm using an EAR 340 mictrotiter 
plate reader (SLT-Lab Instruments, Salzburg, Austria). The 
concentration of EBD was calculated from a standard curve 
of EBD-formamide solutions. The dry/wet ratio of each lung 
sample was calculated and used in the final calculation of 
Evans blue extravasation. EBD was expressed as µg Evans 
blue/g dry weight.

Bronchoalveolar lavage fluid (BALF) collection and assays. 
At the time point of sample collection, animals were sacrificed 
by decapitation and the chest was opened. A cannula was 
then inserted into the left trachea. The left lung cavity was 
gently flushed with 500 µl saline (4˚C) up to a total volume of 
2 ml to obtain BALF, which was then centrifuged at 400 x g 
for 10 min. The supernatant was used for the proinflamma-
tory cytokine assay. The pelleted cells were re-suspended in 
PBS and then the neutrophil count was determined using a 
Hemovet HV950FS (CDC Technologies Inc., Oxford, CT, 
USA). ELISA kits (BioLegend, Inc., San Diego, CA, USA) 
were used to measure the levels of tumor necrosis factor 
(TNF)-α, interleukin (IL)-1β and IL-6 in the supernatants of 
BALF according to the manufacturer's protocol. The results 
were expressed as pg/ml BALF.

Western blot analysis. Following collection of BALF, the lung 
tissues were washed in ice-cold saline, then homogenized in 
4˚C RIPA lysis buffer (Beyotime Institute of Biotechnology, 
Shanghai, China) with 1 mM phenylmethanesulfonyl fluo-
ride and centrifuged at 3,000 x g and 4˚C for 15 min. The 
supernatants were collected and the protein concentration 
was determined using a BCA protein assay kit (Beyotime 
Institute of Biotechnology). Protein samples (40 µg) were 
loaded per lane and separated using 10% SDS‑PAGE 
(Beyotime Institute of Biotechnology). The target proteins, 
including phosphorylated Src, VE-cadherin and caveolin-1, 
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were then electrophoretically transferred onto nitrocellulose 
membranes (Beyotime Institute of Biotechnology). The 
protein blots were blocked in Tris-Buffered Saline and Tween 
20 (TBST; 5% non‑fat milk, 10 mM Tris, 150 mM NaCl, 
0.05% Tweek‑20) for 1 h, followed by incubation with primary 
antibodies against phosphorylated Src (monoclonal; 1:200, 
rabbit anti-mouse; ab4816; Oncogene Research Products; La 
Jolla, CA, USA), phosphorylated VE-cadherin (polyclonal, 
1:400; rabbit anti‑mouse; SAB4504676; BD Biosciences, 
Franklin Lakes, NJ, USA), VE-cadherin (monoclonal; 1:400; 
rabbit anti-mouse; V1514; BD Biosciences), phosphorylated 
caveolin‑1 (polyclonal, 1:400; rabbit anti‑mouse; sc‑14037; 
Santa Cruz Biotechnology Inc., Dallas, TX, USA) or 
caveolin-1 (monoclonal; 1:400; rabbit anti-mouse; sc-53564; 
Santa Cruz Biotechnology Inc.) overnight at 4˚C. Blots were 
then treated with the following secondary antibodies in TBST 
solution for 1 h: Secondary Src antibody [polyclonal; 1:4000; 
chicken anti-rabbit immunoglobulin G (IgG); ab6829; Abcam, 
Cambridge, MA, USA], phosphorylated VE‑cadherin (poly-
clonal), VE-cadherin (monoclonal), phosphorylated caveolin-1 
(polyclonal) or caveolin-1 (monoclonal; all 1:3,000; chicken 
anti-rat; ab112448; Abcam). Each sample was also probed 
with β-actin antibody (1:30,000; rabbit anti-mouse; A5316l; 
Sigma-Aldrich, St. Louis, MO, USA) as a loading control, and 
β-actin secondary antibody (monoclonal; 1:3,000; chicken 
anti-mouse IgG; ab131368, Abcam). Finally, blots were 
washed with PBS with Tween 20 and then examined using the 
ECL Plus Western Blotting Detection System (Amersham Life 
Science, Little Chalfont, Buckinghamshire, UK).

Statistical analysis. Values are presented as the mean ± stan-
dard error of the mean. Statistical analysis was performed 
using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) with one‑way 
analysis of variance followed by Student-Newman-Keuls 
post-hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

PP2 attenuates the increase in pulmonary microvascular 
leakage in BALF following CPB. Fig. 1 shows alterations in 
pulmonary microvascular leakage over time demonstrated by 
the concentration of EBD. Pulmonary microvascular leakage 
increased up to 24 h after CPB, but decreased at 48 h after 
CPB. Treatment with PP2 significantly inhibited the increase 
in pulmonary microvascular leakage compared with the 
CPB group (P<0.05). However, the CPB + PP2 group exhib-
ited increased pulmonary microvascular leakage (P<0.05) 
compared with the sham group with the exception of at 0 h 
after CPB.

PP2 attenuates increases in the neutrophil count and proin-
flammatory cytokines, IL‑1β and IL‑6, in BALF following 
CPB. Fig. 2A shows alterations in the neutrophil count in 
BALF following CPB. The neutrophil count was increased 
following CPB surgery over time until 12 h after CPB. It 
peaked at 12 and 24 h after CPB and then decreased at 48 h 
after CPB. Treatment with PP2 significantly inhibited the 
increase in neutrophil count in BALF compared with the 
CPB group (P<0.05, compared with the CPB group; P>0.05, 

compared to the sham group). No significant difference was 
observed between the sham group and the untreated group.

Fig. 2B-D show the results of TNF-α, IL-1β and IL-6 in 
BALF. TNF-α partially increased following CPB surgery, 
continued increasing in the first 24 h and then decreased at 
48 h after CPB. Treatment with PP2 did not alter post-surgical 
increases in TNF-α. Unlike TNF-α, IL-1β increased over time 
until 48 h after CPB. PP2 significantly inhibited the level of 
IL-1β compared with the CPB group (P<0.05), although it 
remained higher than the sham group (P<0.05). Alterations in 
IL-6 concentration demonstrated a similar pattern with TNF-α 
and peaked at 24 h after CPB. PP2 significantly ameliorated 
the increase in IL-6 in BALF (P<0.05, compared with the 
CPB group; P>0.05 compared with the sham group). No 
significant difference was identified between the sham group 
and untreated group.

Src phosphorylation increases in the lung tissues following 
CPB surgery. Fig. 3 reveals the time course of Src phosphory-
lation in lung tissues. Src phosphorylation was not altered 
immediately following CPB surgery. However, Src phos-
phorylation increased at 12 h after CPB and peaked at 24 h 
after CPB (P<0.05, compared with the 12 h after CPB group). 
At 48 h after CPB, it regressed to the normal level (P<0.05, 
compared with 12 and 24 h after CPB).

PP2 attenuates increases in caveolin‑1 and VE‑cadherin 
phosphorylation in the lung tissues following CPB. In order 
to examine the effect of Src kinase activation on caveolin-1 
and VE-cadherin, caveolin-1 and VE-cadherin phosphoryla-
tion in the lung tissues was measured (Fig. 4). Caveolin-1 
phosphorylation did not immediately change following CPB 
surgery, but significantly increased (P<0.05, compared with 
the sham group) at 24 h after CPB. Treatment with three doses 
of PP2 (1, 2 and 4 mg/kg) inhibited caveolin-1 phosphorylation 

Figure 1. EBD concentration in BALF following CPB. Animals were sacri-
ficed at different time points prior to or following CPB surgery (Pre‑CPB, 
0 h after CPB, 12 h after CPB, 24 h after CPB and 48 h after CPB). In the 
CPB + PP2 group, 1 mg/kg PP2 was intraperitoneally injected 30 min prior 
to CPB. &P<0.05, compared with the sham group; #P<0.05, compared with 
the CPB + PP2 group. EBD, Evans Blue Dye; BALF, bronchoalveolar lavage 
fluid; CPB, cardiopulmonary bypass; PP2, 4‑amino‑5‑(4‑chlorophenyl)‑7‑(di
methylethyl)pyrazolo[3,4‑d]pyrimidine.
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in a dose‑dependent manner (Fig. 4A). No significant differ-
ence was observed in VE-cadherin phosphorylation between 
the sham group and at 0 h after CPB surgery. However, at 
24 h after CPB, VE‑cadherin phosphorylation significantly 
increased (P<0.05) compared with the sham group. Treatment 
with high doses of PP2 (2 and 4 mg/kg) significantly inhibited 
VE-cadherin phosphorylation (Fig. 4B).

Discussion

Acute lung injury is among the leading cause of morbidity 
and mortality in patients who have undergone cardiac surgery 
necessitating CPB (19,20). Numerous factors may contribute 
to acute lung injury, including the exposure of blood to the 
artificial surface of the CPB machine, ischemia‑reperfusion 
and lung ventilator-elicited inflammatory reactions (21). 
Certain previous studies have suggested that pulmonary 
microvascular permeability is a major contributor to acute 
lung injury (22,23), however, the mechanisms have not yet 
been investigated. In the present study, the EBD results 
indicated impaired pulmonary microvascular permeability 
following CPB surgery. The microvascular permeability 
started to increase following CPB surgery and then peaked 
24 h later. CPB also induced significant increases in the 
neutrophil count and TNF-α, IL-1β and IL-6 in BALF, indi-
cating the provoked inflammatory reaction and increased 
pulmonary microvascular permeability. Neutrophils, TNF-α 

Figure 3. Western blot analysis of Src phosphorylation in the lung tissues. 
Treatments have been described in Fig. 1. &P<0.05, compared with the 
pre-CPB group; *P<0.05, compared with 0 h after CPB; #P<0.05, compared 
with 12 h after CPB; @P<0.05 compared with 24 h after CPB. CPB, cardio-
pulmonary bypass.

Figure 2. Neutrophil count and proinflammatory cytokines in BALF following CPB (treatments are described in Fig. 1). (A) Changes in the number of neutro-
phils in BALF. Expression levels of (B) TNF-α, (C) IL-1β and (D) IL-6 in BALF. Values are expressed as the mean ± standard error. N=10 per group.&P<0.05, 
compared with the sham group; #P<0.05, compared with the CPB + PP2 group. BALF, bronchoalveolar lavage fluid; CPB, cardiopulmonary bypass; IL, 
interleukin; TNF, tumor necrosis factor; PP2, 4‑amino‑5‑(4‑chlorophenyl)‑7‑(dimethylethyl)pyrazolo[3,4‑d]pyrimidine.

  A   B

  C   D
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and IL-6 in BALF reached a peak at 24 h post CPB, while 
IL-1β in BALF continued to increase until 48 h post CPB. 
These data revealed the time course of the inflammatory 
reaction, which emerged following CPB surgery and peaked 
at 24-48 h after CPB surgery. The time course of these 
changes correlates with the alterations in pulmonary microvas-
cular permeability.

Src kinases belong to the non-receptor tyrosine kinase 
family, which contains c-Src, Fyn, Yes, Yrk, Blk, Fgr, Hck, Lck 
and Lyn (24). In response to stimulation of a variety of cell 
surface receptors, including tyrosine kinase receptors, integrin 
receptors and G protein-coupled receptors, the activity of Src 
can be upregulated by phosphorylation at Tyr 416, located in the 
catalytic domain (24). It has been demonstrated that Src mediates 
vascular endothelial permeability responses to TNF, reactive 
oxygen species, angiogenesis and vascular leakage (25‑27). 
Inhibition of the Src family reduces cerebral edema and 
eradicates the increase in albumin permeability caused by 
C5α-activated neutrophils in venules (28,29). Neutrophil activa-
tion stimulates Src phosphorylation at Tyr 416 and decreases 
phosphorylation at Tyr 527, which upregulates Src activity (30). 
The results demonstrated that Src phosphorylation (activation) 
accompanied the increase in pulmonary microvascular leakage, 
while the administration of PP2, an inhibitor of the Src kinase, 
attenuated the alterations in pulmonary microvascular leakage, 
neutrophil count and proinflammatory cytokines (with the 
exception of TNF-α) in BALF caused by CPB, indicating that Src 
kinase has an important role in the effects of CPB on pulmonary 

microvascular permeability. For neutrophils and IL-6 in BALF, 
PP2 administration reduced their values to a level equivalent to 
the sham group. However, the fact that TNF-α was unaltered by 
PP2 suggests that the induction of TNF-α may not be regulated 
by Src kinase.

Src kinase may regulate the microvascular permeability 
and endothelial barrier structure through multiple pathways, 
including mitogen-activated protein kinase, myosin light 
chain kinase, β-catenin, or focal adhesion proteins (24,31,32). 
The present study focused on caveolin-1 and VE-cadherin, 
two important proteins in the regulation of pulmonary micro-
vascular permeability. Caveolae were originally identified as 
50-100 nm flask-shaped, non-clathrin-coated invaginations 
of the plasma membrane, which are important in transen-
dothelial vesicular transport. Caveolin-1 is a critical protein for 
caveolae-mediated endocytosis and transcytosis in endothelial 
cells (33). It contains a scaffolding domain and acts as an inhibi-
tory regulator of endothelial Rac1 signaling in the regulation of 
endothelial permeability (34,35). Tyrosine phosphorylation of 
caveolin-1 is important in the pathogenesis of oxidant-induced 
pulmonary vascular hyperpermeability (36). Previous studies 
have demonstrated that an increase in transcellular perme-
ability was dependent on Src-mediated phosphorylation of 
caveolin‑1 (13,34,37,38). The pulmonary vascular hyperperme-
ability induced by activation of neutrophils adherent to the vessel 
wall is dependent on signaling via caveolin-1 and increased 
caveolae-mediated transcytosis (39). Sun et al demonstrated 
that phosphorylation of caveolin-1 is an important mechanism 

Figure 4. Caveolin-1 and VE-cadherin phosphorylation in the lung tissues. (A) Changes of caveolin-1 and (B) VE-cadherin photophosphorylation. Values are 
expressed as the mean ± standard error. N=10 per group. &P<0.05, compared with the sham group; *P<0.05, compared with the 0 h post CPB group; @P<0.05, 
compared with the 24 h post CPB + 1 mg/kg PP2 group. VE-cadherin, vascular endothelial cadherin; CPB, cardiopulmonary bypass; PP2, 4-amino-5-(4-chlo
rophenyl)‑7‑(dimethylethyl)pyrazolo[3,4‑d]pyrimidine.

  A   B
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mediating oxidant-induced vascular hyperpermeability by 
stimulating paracellular and caveolae-mediated transcel-
lular permeability (36). The results from the present study 
demonstrated that caveolin-1 phosphorylation was not altered 
immediately following CPB surgery, but was significantly 
increased at 24 h after CPB. Treatment with 1 mg/kg PP2 did 
not alter caveolin-1 phosphorylation, however, 2 and 4 mg/kg 
PP2 inhibited caveolin-1 phosphorylation, indicating that Src 
kinase may function via the activation of caveolin-1.

VE-cadherin is a classical cadherin from the cadherin 
family, which is critical in endothelial cell biology and 
vascular permeability through homophilic binding to other 
VE-cadherins expressed on adjacent endothelial cells (40). 
Numerous stimuli, including TNF and vascular endothelial 
growth factor, may cause the phosphorylation of VE-cadherin, 
in which Src kinase acts as a key pathway mediator (14,41). 
It was also demonstrated that proinflammatory cytokines 
could induce the phosphorylation of VE-cadherin and the 
endocytosis of VE-cadherin in a β-arrestin-dependent manner 
through the Src kinase pathway (42). Src activation could also 
cause the phosphorylation of VE-cadherin by stimulation of 
H2O2 (43,44). The present study demonstrated that VE-cadherin 
phosphorylation was not altered immediately following CPB 
surgery, however, it significantly increased at 24 h post CPB. 
VE-cadherin phosphorylation was inhibited by treatment with 
PP2 (2 and 4 mg/kg). The results revealed that Src was involved 
in the phosphorylation of VE-cadherin, however, whether cave-
olin-1 mediated this process or not remains to be elucidated. A 
previous study demonstrated that the knockdown of caveolin-1 
induced a decrease in VE-cadherin localized at inter-endothelial 
junctions (45). The interaction of caveolin-1 and VE-cadherin 
activation in Src-mediated pulmonary vascular hyperperme-
ability requires further investigation.

In conclusion, the present study demonstrated that pulmo-
nary microvascular permeability was increased following CPB 
through the Src kinase pathway. The activation of caveolin-1 
and VE-cadherin appears to be the downstream effect of Src 
kinase phosphorylation. Inhibition of this pathway may provide 
a potential therapy for acute lung injury following cardiac 
surgery.
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