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SUMMARY

Acute lung injury (ALI) is one of the most serious complications in traumatic

patients and is an important part of multiple organ dysfunction syndrome (MODS).

Recombinant human brain natriuretic peptide (rhBNP) is a peptide with a wide

range of biological activity. In this study, we investigated local changes in oxidative

stress and the NF-jB-dependent matrix metalloproteinase-9 (MMP-9) pathway in

rats with trauma/haemorrhagic shock (TH/S)-induced ALI and evaluated the effects

of pretreatment with rhBNP. Forty-eight rats were randomly divided into four

groups: sham operation group, model group, low-dosage rhBNP group and high-

dosage rhBNP group (n = 12 for each group). Oxidative stress and MPO activity

were measured by ELISA kits. MMP-9 activity was detected by zymography analy-

sis. NF-jB activity was determined using Western blot assay. With rhBNP pretreat-

ment, TH/S-induced protein leakage, increased MPO activity, lipid peroxidation and

metalloproteinase (MMP)-9 activity were inhibited. Activation of antioxidative

enzymes was reversed. The phosphorylation of NF-jB and the degradation of its

inhibitor IjB were suppressed. The results suggested that the protection mechanism

of rhBNP is possibly mediated through upregulation of anti-oxidative enzymes and

inhibition of NF-jB activation. More studies are needed to further evaluate whether

rhBNP is a suitable candidate as an effective inhaling drug to reduce the incidence of

TH/S-induced ALI.
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Haemorrhagic shock, ischaemia reperfusion and sepsis are

still the major causes of death in the injured host (Murphy

et al. 2004; Kher et al. 2005). Despite significant advances

in resuscitation and critical care, haemorrhage still con-

tributes to mortality after trauma accounting for over 30%

of deaths resulted from trauma worldwide (Santry & Alam

2010). Haemorrhagic shock triggers inflammatory responses

characterized by increasing proinflammatory cytokines and

adhesion molecules and induces lung inflammation including

acute lung injury (ALI) or acute respiratory distress syn-

drome (ARDS). ALI/ARDS after trauma often leads to

multiple organ dysfunction failure (MODF) and increases

mortality (Jarrar et al. 1999). Therefore, lung injury after

haemorrhagic shock remains the leading cause of death after

trauma despite advances in intensive care.

Neutrophils are activated and migrate into the lung during

the development of ALI, degranulate and generate superoxide

anion (Grommes & Soehnlein 2011). Myeloperoxidase

(MPO) produces hypochlorous acid from hydrogen peroxide

and chloride anion and serves as a marker for neutrophil acti-

vation (Kuo et al. 2011). Reactive oxygen species (ROS) pro-

duced by neutrophils are important for bactericidal function.
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The antioxidative enzymes (AOE), including superoxide dis-

mutase (SOD), catalase (CAT) and glutathione peroxidase

(GPx), are able to prevent lung injury induced by ROS (Kuo

et al. 2011). In addition, matrix metalloproteinase-9 (MMP-

9) has been known to participate in acute inflammation (Bor-

regaard et al. 2007). As an essential transcriptional factor,

NF-jB has been shown to regulate MMP-9 expression in LPS-

induced ALI (Corbel et al. 2000).

Brain natriuretic peptide (BNP) is part of the atria natri-

uretic peptide (ANP) family and first isolated from porcine

brain (Maekawa et al. 1988). As a cardiac hormone mainly

secreted by ventricular myocytes, BNP was used as a biomar-

ker to evaluate heart failure (Lehr et al. 1991; Mueller et al.

2004). It has vasodilatory and natriuretic functions that coun-

teract the vasoconstricting and fluid-retaining effect of the

rennin–angiotensin system. Recombinant human brain natri-

uretic peptide (rhBNP), a manmade peptide made by gene

engineering, is widely used clinically for the treatment of

uncompensated heart failure (Burger & Burger 2001).

Recently, BNP has also been used in critical care units for pur-

poses such as guiding fluid therapy, predicting clinical out-

comes of critical illness (Yamanouchi et al. 2010; Wang et al.

2012; Li et al. 2013). In our previous studies, we found that

rhBNP had protective effects on lipopolysaccharide (LPS)-

induced organ injuries (Song et al. 2013; Li et al. 2014; Yang

et al. 2014). However, the effect of rhBNP on trauma- and

haemorrhage-induced ALI and the underlying mechanism is

still unclear. Thus, in the present study, we aimed to deter-

mine how rhBNP exerts its protective effect in trauma/haem-

orrhagic shock (T/HS)-induced ALI in an animal model and

to find out the mechanism involved.

Materials and methods

Materials

RhBNP was taken from Nuodikang Biological Pharmaceuti-

cal Company Ltd. (Chengdu, China). Other reagents, unless

specifically started elsewhere, were purchased from Sigma

(St. Louis, MO, USA). Antibodies against IjB, phospho-p65,
p65, b-actin and second antibodies were purchased from

Cell Signaling Technologies (Beverly, MA, USA). CAT, SOD

and GPx activity assay kits were obtained from Cayman

(Ann Arbor, MI, USA). Malondialdehyde (MDA) assay kit

was purchased from TAKARA Biotechnology (Dalian,

China).

Animals

Adult male Sprague-Dawley rats (310–385 g) were

obtained from the Experimental Center of General Hospital

of Shenyang Military District (Shenyang, China). The rats

were housed in air-filtered, temperature-controlled units with

free access to food and water. All protocols were in accor-

dance with the Declaration of the National Institutes of

Health Guide for Care and Use of Laboratory Animals.

Ethical approval

This study was approved by the Management Committee of

Experimental Animal Center of Shenyang Military District,

Shenyang, China (A2012056). All animal experiments were

performed according to the guidelines of the Animal Welfare

Act and the Guide for Care and Use of Laboratory Animals

from the National Institutes of Health.

Trauma–haemorrhagic shock Model in Rats

The TH/S rat model was performed as described previously

(Xia et al. 2013). Rats were anesthetized by intraperitoneal

injection of ketamine (100 mg/kg) prior to the induction of

tissue trauma by a midline laparotomy incision (5 cm). The

abdomen was closed in layers, and polyethylene catheters

were cannulated in both femoral arteries and the right

femoral vein. 1% lidocaine was used to reduce postoperative

pain. Rats were placed on a board in a prone position and

allowed to awaken. Then, they were bled to a target mean

arterial blood pressure (BP) of 30–35 mmHg in 15 min and

maintained for 45 min. A continuous blood pressure moni-

toring system (Powerlab 8/30, AD instruments, Colorado

Springs, CO, USA) was used to record in during the experi-

ment. After that, the animals were resuscitated with their

shed blood and lactated Ringer’s solution in 1:2 ratio. After

resuscitation was finished, the catheters were removed, the

skin incisions were closed with sutures, and the vessels were

ligated. The animals were sacrificed at 2 h after the end of

resuscitation or sham operation. The lung tissues were then

harvested and stored in a �70°C freezer.

Forty-eight rats were randomly divided into four groups:

sham operation group, model group, low-dosage rhBNP

group (L-rhBNP) and high-dosage rhBNP group (H-rhBNP)

(n = 12 for all groups). Sham-operated animals underwent

the surgery, but neither haemorrhage nor resuscitation was

performed. Rats of L-rhBNP group were injected with

30 lg/kg of rhBNP for 30 min before surgery. Similarly, rats

of H-rhBNP group were injected with 60 lg/kg of rhBNP.

The right lungs of six rats in each group were collected for

Western blot assay and the left lungs for CAT, SOD and

GPx activity assays. For the other six rats in each group,

bronchoalveolar lavage fluids (BALFs) were collected for

protein concentration assay, leucocyte infiltration assessment

and MMP activity assay.

Histological analysis

The right lungs were removed quickly, and 10% formalin

was infused into the trachea. The lung tissues were sliced,

embedded in paraffin and sectioned (4-lm thickness). The

sections were stained with haematoxylin and eosin. Two

pathologists evaluated the extent of lung injury based on

the lung injury scoring system (Deree et al. 2007). Cate-

gories of inflammatory cell infiltration, pulmonary oedema

and intra-alveolar haemorrhage were used to grade on a
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scale of normal (0), mild (1), moderate (2) or severe (3)

injury, with a maximum possible score of 12.

Bronchoalveolar lavage fluid collection

Bronchoalveolar lavage fluid (BALF) was obtained as

described previously (Ci et al. 2012). The left lung was

lavaged with 2 ml of cold phosphate-buffered saline (PBS)

for three times. The BALF was collected immediately and

centrifuged at 500 g for 10 min at 4°C, and the cell-free

supernatants were stored at �80°C for protein concentra-

tion and MMP activity assays. Protein concentrations in the

cell-free BALF were detected using Bio-Rad protein assay

reagents. A standard curve was generated in the same fash-

ion using bovine serum albumin. Total leucocyte content

was determined by counting the cells in the pellet using a

standard Giemsa stain.

Measurement of oxidative stress

Oxidative stress parameters were measured as described pre-

viously (Trocha et al. 2014). Lung homogenate was pre-

pared and centrifuged, and the supernatant was used for

assays with commercially available kits (TAKARA Biotech-

nology). MDA levels were measured with the thiobarbituric

acid reaction. SOD, CAT and GPx activities were deter-

mined using commercially available kits (Cayman) following

the manufacturer’s instructions.

Measurement of MPO

As a common indicator of neutrophil sequestration, MPO

activity was measured as described previously (Li et al.

2007). The snap-frozen lung tissues were homogenized in

PBS solution (pH 6.0) which contained 0.5% hexade-

cyltrimethylammonium bromide, sonicated twice for 30 s on

ice and centrifuged at 12,000 g for 15 min at 4°C. Then,

the supernatant was collected and mixed 1: 30 (v/v) with

assay buffer containing the substrate o-dianisidine

hydrochloride (0.2 mg/ml) and 0.2 mM hydrogen peroxide.

Standard MPO (Sigma) was used in parallel to determine

MPO activity in the sample. Absorbance change was deter-

mined at 460 nm for 5 min, and MPO activity was evalu-

ated as unit per gram of wet lung tissue per min.

Zymography analysis of matrix metalloproteinase-9

A gelatin zymography protease assay was used to measure

the activity of MMP-9 in BALF (Yang et al. 2008). BALF

was prepared with SDS sample buffer which contained

63 mM Tris–HCl (pH 6.8), 2% SDS, 10% glycerol and

0.0025% bromophenol blue without boiling or reduction.

Then, the BALF was subjected to 0.1% gelatin–8% SDS-

PAGE electrophoresis. After electrophoresis was finished,

the gels were washed twice in 2.5% Triton X-100 for 1 h.

The gels were then incubated at 37°C for 16 h in reaction

buffer which contained 40 mM Tris–HCl (pH 8.0), 10 mM

CaCl2 and 0.01% NaN3. The gels were stained with Coo-

massie Brilliant R-250 and destained in a solution of 7.5%

acetic acid and 5% methanol.

Western blot analysis of lung tissue

The tissues were taken from the right lung for Western blot

analysis. They were homogenized in lysis buffer (pH 7.4)

containing 50 mmol/l Tris–HCl, 0.25 mol/l sucrose,

1 mmol/l EDTA, 20 mmol/l CHAPS and 20 mmol/l PMSF.

The lung tissue was then centrifuged at 13,000 g for 20 min

at 4°C. Coomassie brilliant blue was mixed with the super-

natant for Western blot analysis. The concentration of pro-

teins in the supernatant was detected by enzyme-labelled

instrument; 100 lg of proteins was added per lane and sepa-

rated by 10% SDS-PAGE and electrophoretically transferred

to polyvinylidene difluoride membrane; 5% (w/v) non-fat

dried milk was used to block the membranes for 1 h at

room temperature to reduce non-specific binding. The mem-

branes were then washed with PBS containing 0.1% Tween-

20 (PBST) and probed with antibodies including anti-b-
actin, anti-IjB and phosphorylated and non-phosphorylated

forms of anti-p65. A 1:10,000 (v/v) dilution of horseradish

peroxidase-labelled IgG was then added at room tempera-

ture for 1 h, and the blots were developed using ECL Wes-

tern blotting reagents.

Statistical analysis

Statistical analyses were performed using ANOVA followed by

the Bonferroni’s t-test for multigroup comparisons. Signifi-

cance was accepted at P < 0.05 for all tests. Data are

expressed as mean � standard deviation.

Results

Effects of rhBNP on TH/S-induced histological changes
in lung

Lung tissue specimens were taken 12 h after surgery in the

presence or absence of rhBNP. The sham operation group

samples indicated normal lung morphology (Figure 1a). In

the model group (Figure 1b), marked interstitial oedema

and inflammatory cell infiltration were found. However,

these histological alterations were markedly reduced in the

specimens taken from the L-rhBNP group (Figure 1c) and

the H-rhBNP group (Figure 1d). All pulmonary histological

scores were obviously higher in the specimens from the

model group compared to the sham operation group,

whereas the scores were intermediate in the specimens from

the L-rhBNP group and the H- rhBNP group (P < 0.05)

(Figure 2a).

Beneficial effects of rhBNP on TH/S-induced ALI in rats

Trauma and haemorrhage can lead to ischaemia reperfusion

injury and increase lung vascular permeability and result in
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protein leakage and leucocytes infiltration (Deitch et al.

2004). To evaluate the effect of rhBNP on ALI, we exam-

ined the alteration in the permeability of the pulmonary bar-

rier and the leucocytic infiltration which had occurred in the

lungs of the rats with or without rhBNP pretreatment. Total

protein concentration in BALF determined the permeability

of pulmonary barrier. The results indicated that protein con-

centration in BALF was significantly increased after trauma–
haemorrhagic shock when compared to sham operation rats

(P < 0.05). However, the protein leakage was significantly

reduced in the rats pretreated with rhBNP at 30 and 60 lg/
kg for 30 min (P < 0.05) (Figure 2b). The number of infil-

trating leucocytes was counted on BALF smear preparations

stained with Giemsa. In Figure 2c, trauma–haemorrhagic

shock without rhBNP pretreatment caused an extensive leu-

cocytes infiltration in lung tissues. With the pretreatment of

rhBNP, trauma–haemorrhage-induced leucocytes infiltration

was significantly inhibited (P < 0.05) (Figure 2c). These

results indicated that rhBNP exerted a protective effect in

trauma–haemorrhage-induced ALI rats.

Figure 2 Effects of rhBNP on
pulmonary histological scores, TH/S-
induced protein accumulation and
leucocytes infiltration in BALF. (a)
Pulmonary histological scores. (b)
leucocytes count in BALF. (c)
Pulmonary permeabilities determined
by protein contents quantification in
cell-free BALF. Values are expressed as
mean � SD (n = 12 in each group).
*Represents a significant difference
between the indicated and the
operation group; #between the indicated
and model groups, P < 0.05.

(a) (b)

(c) (d)

Figure 1 Effects of rhBNP on TH/S-
induced histological changes in lung.
The lungs from the sham operation
group (a), the model group (b), the
L-rhBNP group (c) and the H-rhBNP
group (d) with rhBNP pretreatment
30 min before surgery were subjected
to HE staining. Representative images
of HE-stained lung sections from each
group are shown (magnification:
100 9 ). b- Marked interstitial oedema
and inflammatory cell infiltration were
found. c, d- Such pathological changes
were attenuated by rhBNP
pretreatment.

International Journal of Experimental Pathology, 2016, 96, 406–413

RhBNP attenuates TH/S-induced ALI 409



Effects of rhBNP on TH/S-induced oxidative stress in
lung

As shown in Table 1, the level of MDA was significantly

increased in model group animals relative to sham opera-

tion group animals (P < 0.05). Low-dosage and high-

dosage rhBNP pretreatment diminished the MDA level by

50%, when compared to the model group. The activities of

the three kinds of antioxidant enzymes (SOD, GPx and

CAT) were significantly lower in model group animals than

in sham operation group animals (P < 0.05, Table 1).

Notably, such a decline in the activities of these enzymatic

antioxidants was significantly prevented by rhBNP pretreat-

ment (P < 0.05). These results suggested that rhBNP was

able to reduce trauma–haemorrhage-induced oxidative

stress.

Effects of rhBNP on TH/S-induced MPO activity in lung

MPO activity is an index of neutrophil infiltration and plays

an important role in the progression of ALI (Borregaard et al.

2007). MPO activity was significantly upregulated in the lung

in model group (P < 0.05). Differently, pretreatment with

rhBNP reduced MPO activity, and there was no significant

difference between low-dosage and high-dosage rhBNP

(Table 1). These results indicated that rhBNP inhibited the

trauma–haemorrhage-induced neutrophil recruitment.

Effects of rhBNP on TH/S-induced MMP-9 activity in
BALF

MMP-9 plays a key role in neutrophil infiltration. The effect

of rhBNP on MMP-9 activity in BALF was analysed using a

Table 1 Measurement of oxidative stress and MPO activity in the lung

Variables Sham operation group Model group L-rhBNP group H-rhBNP group

MDA (nmol/mg) 6.18 � 1.34 22.37 � 1.94* 12.22 � 2.06*# 11.72 � 1.83*#

SOD (U/mg) 272.27 � 16.98 161.32 � 16.06* 198.36 � 10.47*# 202.56 � 12.32*#

CAT (U/mg) 22.31 � 2.30 12.76 � 2.17* 19.28 � 2.74*# 18.17 � 2.43*#

GPx (U/mg) 205.32 � 52.31 140.31 � 62.30* 182.23 � 41.71*# 185.33 � 40.46*#

MPO (U/g) 0.38 � 0.05 1.41 � 0.11* 0.51 � 0.09*# 0.60 � 0.12*#

Data were presented as mean � standard.

*P < 0.05 vs. the sham operation group; #P < 0.05 vs. model group. MDA, malondialdehyde; SOD, superoxide dismutase; GPx, glutathione

peroxidase; CAT, catalase; MPO, myeloperoxidase.

Figure 3 Effects of rhBNP on TH/S-induced MMP-9 activation
in lung tissue. The activity of MMP-9 in BALF was analysed by
zymography assay. The fold of MMP-9 activation between the
treated and sham operation groups was calculated. Values are
expressed as mean � SD (n = 12 in each group). *Represents a
significant difference between the indicated and the operation
group; #between the indicated and model groups, P < 0.05.

Figure 4 Effects of rhBNP on TH/S-
induced NF-jB p65 phosphorylation
and IjB degradation in lung tissue.
Lung tissues harvested from post-
treated rats were analysed by Western
blotting. The fold of NF-jB p65
phosphorylation and IjB degradation
between the treated and sham
operation groups was calculated.
Values are expressed as mean � SD
(n = 12 in each group). *Represents a
significant difference between the
indicated and the operation group;
#between the indicated and model
groups, P < 0.05.
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gelatin zymograph. The activity of MMP-9 was significantly

increased in model group rats as compared with the sham

operation group (P < 0.05). Pretreatment with 30 and

60 lg/kg of rhBNP significantly reduced the activation of

MMP-9 (P < 0.05) (Figure 3).

Effects of rhBNP on TH/S-induced NF-jB activation

Activation and tyrosine phosphorylation of NF-jB appear to

be an important mechanism mediating MMP-9 activation

associated with acute lung injury (Kang et al. 2001). After

the surgery of trauma and haemorrhage, tyrosine phospho-

rylation of NF-jB p65 increased, which was suppressed by

rhBNP pretreatment, and significant inhibitory effects began

at 30 lg/kg (P < 0.05) (Figure 4a). Similar to tyrosine phos-

phorylation of NF-jB p65, trauma- and haemorrhage-

induced injury promoted IjB degradation, and this increased

degradation was attenuated by 30 and 60 lg/kg of rhBNP

(P < 0.05) (Figure 4b).

Discussion

Trauma/haemorrhagic shock triggers a systemic inflamma-

tory response characterized by an increase in proinflamma-

tory cytokines and induces pulmonary inflammation that

can lead to ALI. Although the characteristics of ALI cannot

be fully duplicated in animal models, T/HS models in rats

are considered to mimic the clinical development of T/HS-

induced ALI (Roy et al. 2013). It has been known that the

leakage of protein-rich fluid into the alveolar space results

from increased permeability of the alveolar–capillary bar-

rier which is caused by widespread damage and leucocyte

activation in ALI (Grommes & Soehnlein 2011). Despite

some recent advances, there is no effective treatment for

ALI. Thus, it is extremely important to find an effective

drug and to investigate the mechanisms which can be

deployed against T/HS-induced ALI. In the present study,

we demonstrated that rhBNP has potent anti-inflammatory

properties which act against the protein leakage and leuco-

cyte infiltration that is seen in the T/HS-induced ALI

model.

As the most abundant form of leucocyte in humans, neu-

trophils are an important component of the inflammatory

response that characterizes ALI (Abraham 2003). Neu-

trophils are essential contributors to lung inflammation as

shown by the deterioration in pulmonary function in

patients with lung injury as neutropenia resolves (Azoulay

et al. 2002). Then, neutrophils rapidly enter the pulmonary

parenchyma and intestine. MPO is stored within the pri-

mary granules and known to be a marker of neutrophil

presence and activity in circulating blood, generating hydro-

gen peroxide, a potent bactericide and tissue injury mediator

(Borregaard et al. 2007). Events in lung tissue involving

inflammatory cells may be mirrored by the MPO level of

these cells. Experimental data in this study demonstrated

that the pretreatment of rhBNP downregulated the activa-

tion of MPO in the lung tissues of rats. This result implied

that rhBNP confers a protection against T/HS-induced ALI

through reducing the activation of MPO in rats.

BNP is mainly produced by ventricular myocytes and used

as a biomarker for heart failure (Lehr et al. 1991; Mueller

et al. 2004). There are four different groups of natriuretic

peptides identified to date: ANP, BNP, C-type natriuretic

peptide (CNP) and dendroaspis natriuretic peptide, a D-type

natriuretic peptide (DNP) (Pandit et al. 2011). So far, three

kinds of natriuretic peptide receptors (NPRs) have been

found and widely distributed in the human body such as the

heart, lung, brain, kidney. RhBNP is artificially synthesized

by recombinant DNA technology, and its amino acid

sequence, space structure and biological activity are the

same as that of the endogenous BNP. Therefore, the target

organs of natriuretic peptides are the heart, lung, brain and

kidney, but the specific target cell is not very clear in each

organ. Our previous study found that inductions of IL-6

and TNF-a could be attenuated in the L-rhBNP and the H-

rhBNP groups. Furthermore, MPO and MDA activities were

significantly lower in the H-rhBNP group compared to those

in the ALI group. RhBNP pretreatment exerts a protective

effect and may be associated with its significant biological

properties in a LPS-induced lung injury animal model (Song

et al. 2013). Our data indicate that rhBNP treatment may

exert protective effects and may be associated with changes

in endogenous antioxidant enzymes. Thus, rhBNP may be

considered as a therapeutic agent for various clinical condi-

tions involving lung injury by sepsis.

The consumption of oxygen that results in the produc-

tion of superoxide anion generates ROS in activated neu-

trophils in ALI (El-Benna et al. 2005). Excessive

generation of ROS can induce oxidative stress and lead to

lipid oxidation (Manca et al. 1991). Furthermore, ROS

can cause tissue injury via protein oxidation and DNA

damage (Ward 2010). Tissues may escape toxic damage

induced by ROS via antioxidative enzymes including

SOD, CAT and GPx. Our previous study and other stud-

ies have demonstrated that natriuretic peptide can reduce

the accumulation of MDA induced by differential stimula-

tors such as lipopolysaccharide, trauma and ischaemia/

reperfusion injury (Jin et al. 2014; Yang et al. 2014). In

addition, natriuretic peptide increases the activities of

SOD, CAT and GPx in intestine, lung, skin and heart

after the administration of LPS (Romero et al. 2013; Song

et al. 2013; Subramanian & Vellaichamy 2014; Yang

et al. 2014). The fact that both amounts of MDA forma-

tion and reduction in antioxidative enzymes activity can

be reversed by rhBNP indicated that the reduction in

MDA formation was partially due to the activation of

antioxidative enzymes.

NF-jB, a redox-sensitive nuclear transcription factor, can

be induced to be activated by ischaemia/reperfusion and

ROS and plays a major role in ALI (Chiang et al. 2011; Lv

et al. 2011). NF-jB is usually maintained in the cytoplasm

in an inactive form bound by inhibitory protein IjB. Prote-
olytic degradation of phosphorylated IjB is required for NF-

jB liberation. As the predominant component of NF-jB,
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phosphorylation of p65 is mediated by IjB kinase in the

cytoplasm and translocates NF-jB into the nucleus follow-

ing activation (Sasaki et al. 2005). ANP is known to

suppress gene expression of NF-jB on the LPS and TNF-

a-induced inflammatory signalling in pulmonary artery

endothelial cells (Xing & Birukova 2010). ANP is also

found to inhibit NF-jB activity and TNF-a secretion in

TNF-a-stimulated pulmonary microvascular and macrovas-

cular endothelial monolayers (Irwin et al. 2005). In human

alveolar epithelial cells, natriuretic peptide decreases the

activation of NF-jB and has a bronchodilatory and anti-

inflammatory activity (Hellermann et al. 2004). In the previ-

ous study, we found that rhBNP could reduce intestinal tis-

sue damage in response to LPS injection in the dog sepsis

models through downregulating pro-inflammatory cytokines

by a mechanism of suppressing IjB phosphorylation and

NF-jB expression (Yang et al. 2014). The present study

demonstrated that trauma and haemorrhagic shock resulted

in NF-jB activation and IjB degradation in lung tissue, and

rhBNP pretreatment prevented these manifestations. These

results suggested that the prevention of T/HS-induced ALI

by rhBNP might be due to the inhibition of NF-jB activa-

tion pathway.

MMP-9 is one of the families of MMPs which degrades

ECM. MMP-9 is found in the tertiary granules of neu-

trophils and is rapidly released following inflammatory fac-

tors. MMP-9 has been implicated to be involved in the

pathogenesis of ALI and regulated by NF-jB (Kang et al.

2001). The activity level of MMP-9 in trauma- and infec-

tion-induced organ injury has been reported to be increased

(Teng et al. 2012). Natriuretic peptide prevents the increase

in MMP-9 in adult fibroblasts (Parthasarathy et al. 2013).

Zymograph analysis showed that rhBNP inhibited MMP-9

activation in the BALF of TH/S-induced ALI in rats. Thus,

we concluded that TH/S-induced ALI was protected by

rhBNP via suppressing MMP-9 activation.

In conclusion, our findings suggest the possibility of using

rhBNP as an effective drug for the prevention of ALI associ-

ated with T/HS. The protection mechanism of rhBNP is by

upregulating antioxidative enzymes and inhibiting NF-jB
activation. More studies are needed to further evaluate

whether rhBNP is a suitable candidate as an effective

inhaled drug to reduce the incidence of TH/S-induced ALI.
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