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=Abstract: Neurotensin, a bioactive tridecapeptide, has been shown to regulate inflammatory process in lung tis-
sues. However, the effect of neurotensin on LPS-induced lung injury and underlying detailed molecular mechanisms 
has not been studied. The aim of present study is to investigate the effect of neurotensin on LPS-induced acute 
lung injury in mice. Mice were treated with LPS intratracheally to induce acute lung injury. 1 hour after ALI induction, 
and then mice were treated with neurotensins (NTs) (20 mg/kg, 40 mg/kg, and 80 mg/kg) via tail vein injection. 
Next, the severity of lung injury, MPO activity, neutrophils infiltration, lung edema, protein and pro-inflammatory 
cytokines concentration in BALF were determined to evaluate the effect of Nts on ALI. Additionally, the expression 
of tachykinins receptors, including NK1, NK2, and NK3 and the production of IL-8, COX-2, and PGE2 mediated by 
tachykinins-tachykinins receptors pathway were determined to investigate the blocking effect of Nts on tachykinins 
and its receptors pathway. Neurotensins treatment significantly decreased the lung edema and the infiltration of 
inflammatory cells into lung tissue caused by LPS induction. Meanwhile, the elevation of pro-inflammatory cytokines 
and chemokine in BALF was dramatically reduced by neurotensins treatment. Furthermore, neurotensins could 
interact with tachykinins receptors and block the inflammatory responses activated by tachykinins pathways. In 
summary, neurotensins has a potentially protective effect on LPS-induced acute lung injury through the interaction 
with tachykinins receptors and subsequently blocking the inflammatory responses induced by activation of tachy-
kinins pathway.
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Introduction

Acute lung injury (ALI) and acute respiratory  
distress syndrome (ARDS) are devastating and 
life-threatening syndromes and a major cause 
of death in critically ill patients [1]. ALI is char-
acterized by hypoxemia and respiratory failure 
due to exudation to alveolar spaces which im- 
pairs gas exchange. Histologically, ALI in hu- 
mans is characterized by a severe acute in- 
flammatory response in the lungs and neu- 
trophilic alveolitis [2, 3]. The risk factors for 
developing this syndrome include pneumonia, 
gastric aspiration, sepsis, shock, and acute 
pancreatitis. A major cause for development  
of ALI is sepsis, wherein Gran-negative bacte- 
ria are a prominent cause. Lipopolysacchari- 
des (LPSs) are the main components of the 
outer membrane of gram-negative bacteria and 
act as basic mediators that host the inflam- 
matory sequelae after a gram-negative bacte-

rial infection. LPS was the one of mainly pro-
inflammatory reaction factor in lung injury,  
leading to neutrophil recruitment and pulmo-
nary edema [4]. Following the infection, a cas-
cade of cytokines that are expressed and re- 
leased, such as tumor necrosis factor-α (TNF-
α), interleukin-1β (IL-1β), and IL-6, was induced 
by LPS [5, 6]. Therefore, the endotoxin LPS-
induced model of ALI has been widely used  
to investigate the mechanisms of ALI.

Tachykinins [7], particularly substance P (SP) 
and neurokinin A (NKA), are members of the 
tachykinin family of peptides and are widely  
distributed in airway sensory nerves of the 
upper and lower airways and immune cells [8]. 
Previous studies [9, 10] have demonstrated 
that substance P and neurokinin A have various 
effects that could contribute to the changes 
observed in asthmatic airways, such as submu-
cosal gland secretion, increasing of the vascu-
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lar permeability, stimulation of mast cells, B 
cells, T-lymphocytes, and macrophages, addi-
tionally, they also could induce the infiltration  
of neutrophils. Meanwhile, the release of SP 
and NKA also induces microvascular reactions 
such as vasodilatation and plasma extravasa-
tion which contribute to the edema formation  
of lung tissue [11, 12]. 

The effects of SP and NKA on inflammatory 
responses are mediated by the neurokinin 1 
and 2 (NK1, NK2) receptors [13]. Both recep-
tors are widely expressed in peripheral tis- 
sues. In addition, the expression of NK recep-
tors could be induced by inflammatory stimu- 
lations. Accumulated data reported that the 
activation of NK1 and NK2 receptors could  
trigger a number of biological responses, in- 
cluding microvascular leakage [14], mucus se- 
cretion [15], and inflammatory cell response 
[16, 17]. Elevated levels of SP and NKA have 
been observed in the airways of patients with 
chronic obstructive pulmonary disease and 
asthma. Preclinical studies have suggested 
that the tachykinin NK1 and NK2 receptors 
play an important role in bronchoconstriction, 
airway hyperresponsiveness and airway in- 
flammation caused by allergic and nonaller- 
gic stimuli [18]. Therefore, the antagonists that 
could block these tachykinin receptors hole 
promise for the treatment of airways diseases, 
like COPD or ALI.

Neurotensin (NT) is a bioactive tridecapeptide 
that is widely distributed through the brain and 
the gastrointestinal tract [19, 20]. It has been 
shown to regulate a wide range of biological 
functions like inflammatory process in the lung 
[21]. Moreover, NT could interact with a number 
of immune cells, including leukocytes, perito-
neal mast cells, and dendritic cells [22, 23]. In 
particular, due to the direct interaction of NT 
with macrophages, NT are important in modu-
lating macrophage function and inhibiting the 
production of proinflammatory cytokines, sug-
gesting a protective effect in inflammatory con-
ditions [24, 25].

Therefore, in present study, we aimed to inves-
tigate the role of NT during acute lung inflam-
mation using the LPS-induced acute lung injury 
(ALI) model, a well accepted model for ARDS. 
Our results demonstrated that NT has a poten-
tially protective effect on LPS-induced ALI 
through interacting and blocking tachykinin 
receptors in ALI mouse.

Materials and methods

mice

100 specific-pathogen free C57BL/6 mice (20-
25 g, 6-8 weeks, male =50, female =50) were 
obtained from the Shanghai Laboratory Animal 
Center (SLAC) (Shanghai, China) and housed  
in stainless-steel cages in a room maintain- 
ed at 22 ± 1°C and a 12-hour light/dark cy- 
cle controlled environment with free access  
to food and water. Animal housing conditions 
and experimental procedures conformed to 
institutional regulations and were in accor-
dance with the National Institute of Health 
guidelines for animal care, and all experiments 
were conducted were approved by the local 
Animal Care and Use Committee.

Induction of acute lung injury

Mice were anesthetized by an intraperitoneal 
injection of thiopental (37 mg/kg), and then 
were fixed on operation platforms. Next LPS 
(60 μg in 60 μl of PBS; Sigma-Aldrich, St.  
Louis, MO) was treated intratracheally. Neuro- 
tensins (Nts) treated started at 1 hour after  
ALI induction. 

All animals were randomly divided into five 
groups: (1) LPS+ Vehicle group (n=20, male 
=10, female =10), mice were subjected to LPS-
induced ALI as described above and received 
saline via tail vein injection 1 hour after the 
induction of ALI. (2) LPS+20 mg Nts group 
(n=20, male =10, female =10), mice were sub-
jected to LPS-induced ALI and treated with 20 
mg/kg Nts via tail vein injection at 1 hour after 
ALI induction. (3) LPS+40 mg Nts group (n=20, 
male =10, female =10), mice were subjected to 
LPS-induced ALI and treated with 40 mg/kg 
Nts via tail vein injection at 1 hour after ALI 
induction. (4) LPS+80 mg Nts group (n=20, 
male =10, female =10), mice were subjected to 
LPS-induced ALI and received 80 mg/kg Nts 
treatment via tail vein injection. (5) Control 
group (n=20, male =10, female =10), identical 
to the LPS+ vehicle group, but mice received 
intra-tracheal administration of saline, instead 
of LPS.

Bronchoalveolar lavage (BAL) fluid collection

Twenty-four hours after ALI induction, the bron-
choalveolar lavage (BAL) fluid was collected as 
previously described [26]. Briefly, Mice were 
euthanised and the tracheas were immediately 
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cannulated with an I.V. polyethylene catheter 
equipped with a twenty-four-gauge needle on  
a 1-ml syringe. Next, lungs were lavaged once 
with 1.0 ml PBS for three times. The reco- 
very percentage were >95%. Then the collect- 
ed BALF were centrifuged at 1000 g for 5  
min at 4°C, the supernatants were stored at 
-80°C for further experiments and the pellet- 
ed cells were resuspend with 0.5 ml PBS to 
determine the total BAL cells. The amount  
of proteins in the BALF was measured using a 
Bradford Protein assay kit (Beyotime Biotech 
Inc., Jiangsu, China).

Measurement of myeloperoxidase (MPO) activ-
ity

Myeloperoxidase activity was measured as 
described previously [27]. Briefly, the lungs 
were removed after BALF was collected and 
then stored at -80°C for further assay. For  
measurement, the lungs were homogenated 1 
ml of 20 mM potassium phosphate buffer 
which containing 5% hexadecyl trimethyl am- 
monium bromide (PH 7.0) and centrifuged at 
17, 000 rpm for 30 min at 4°C. Next the  
supernatant was mixed with a solution of te- 
tramethylbenzidine (1.6 mM) and 0.1 mM-H2O2 
to react. The absorbance was measured spec-
trophotometrically at 650 nm by a spectro- 
photometer (DU 640B; Beckman Coulter, Inc.). 
Myeloperoxidase activity was calculated as the 
quantity of enzyme degrading 1 μm of pero- 
xide per minute at 37°C and expressed in unit 
per gram weight of wet tissue.

Determination of lung wet to dry weight (W/D) 
ratio of lung 

The measurement of lung edema was describ- 
ed previously [26]. In brief, the lung tissues 
were excised and rinsed using PBS solution, 
next the wet weight was measured immediate-
ly. Then the lungs were dried at 70°C for 4 days 
in an oven. Then the dry weight was measured. 
The wet-to-dry ratio was calculated through 
dividing the wet weight by the dry weight.

Measurement of cytokines in BALF

The levels of cytokines TNF-α, IL-6, IL-1β  
and MCP-1 in BALF were determined by ELISA 
kits purchased from R&D system (Minneapo- 
lis, MN, USA) according to the manufacturer’s 
protocols.

Real-time PCR assay

The lung tissues were removed and the total 
mRNA was extracted using the Trizol reagent 
(Invitrogen, Carlsbad, CA). Next the cDNA was 
synthesized using a Prime-Scrip RT-PCR kit 
(Takara Bio Company, Shanghai, China), and 
the expressions of NK1, NK2, and NK3 were 
examined with the polymerase chain reaction 
(PCR) using an ABI7900fast qPCR detection 
system (Applied Bio System). Primer sequen- 
ces as follows: NK1, Forward, 5’-TTCCCCAAC- 
ACCTCCACCAA-3’, Reverse, 5’-AGCCAGGACCC- 
AGATGACAA-3’; NK2, Forward, 5’-TGCTGTCAT- 
CTGGCTGGTAG-3’, Reverse, 5’-TCTTCCTCGGTT- 
GGTGTCCC-3’; NK3, Forward, 5’-CATTCTCACT- 
GCGATCTACC-3’, Reverse, 5’-CTTCTTGCGGCT- 
GGACTTGG-3’.

Western bloting detection

The lung tissues were homogenated and the 
total proteins in the lung tissues were extract- 
ed with a protein extraction kit (Beyotime, 
Shanghai, China) according to the manufactur-
er’s instructions. A BCA Protein Assay Kit 
(Beyotime, Shanghai, China) was employed to 
determine the concentration of total proteins. 
Then the samples were boiled for 5 min with 
loading buffer. Next the western blot assay  
was performed as follow: Protein samples (50 
μg) were separated by denaturing 10% so- 
dium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) using standard proto-
cols. Next the proteins were transferred to 
PVDF membranes. Then the membranes were 
incubated with indicated primary antibodies  
for 2 h at room temperature after blocking  
with 5% skimmed milk. Afterward, the mem-
branes were further incubated with horserad-
ish peroxidase-conjugated (HRP) secondary 
antibodies for 1 h at room temperature, and 
finally the results were visualized using en- 
hanced chemiluminescence reagents (Bio- 
Rad Laboratories). The data was quantified 
with ImageJ 1.48v software.

Measurement of COX-2 and PGE2 in BALF with 
ELISA assay

The protein concentrations of COX-2 and PGE2 
in BALF were determined with an ELISA assay. 
Briefly, the microtiter plates were pre-coated 
with indicated antibodies. And then the sam-
ples were added to the appreciated microtiter 
plate wells with a biotin-conjugated polyclonal 
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antibody. Next, the avidin conjugated horserad-
ish peroxidase was added and incubated for 
appreciated time. Then a tetramethylbenzidine 
substrate solution was added to each well and 
the changes of substance color was measured 
at 450 nm with a spectrophotometer (DU 640B; 
Beckman Coulter, Inc.).

Survival rate

Mice were divided into four groups: (1) control 
group, in which the animals were not treated(Ctr 
group, n=20); (2) LPS group, in which the ani-
mals were treated with LPS only (LPS group, 
n=20); (3) 80 mg/kg Nts treatment group, in 
which the mice were treated with 80 mg/kg  
Nts followed by treatment with LPS (LPS+80 
mg/kg group, n=20); (4) CP-96345 treatment 
group, in which the mice were treated with 
CP-96345 followed by ALI induction (LPS+ CP, 
n=20). Then the survival rate was evaluated 
120 h following treatments. 

Statistical analysis

Survival rates were compared by Kaplan-Meier 
log rank test. Data were expressed as mean ± 

tors, including NK1, NK2, and NK3, were deter-
mined using Real-time PCR method and Wes- 
tern blot method. As shown in Figure 1, we 
observed that the mRMA levels (Figure 1A)  
and the protein levels (Figure 1B) of different 
tachykinins receptors was significantly incre- 
ased in the lung tissues from LPS-induced  
ALI mice compared with those control group 
mice. These results were consistent with the 
previous studies.

Nts treatment prevent mice from LPS induced 
acute lung injury

As a tridecapeptide, previous study has been 
reported that neurotensin has a potential role 
on the downregulation of proinflammatory gene 
expression [23, 28]. Therefore, to investigate 
the effect of neurotensins on LPS-induced 
acute lung injury, we treated LPS-induced ALI 
mice with neurotensins in different dosages via 
tail vein injection 1 h after ALI induction. As 
shown in Figure 2, we observed that LPS treat-
ment induced severe lung injury in mice com-
pared with PBS treated control group mice 
(Figure 2A), including obvious hyperaemia and 
edema, necrosis and desquamation of epithe-

Figure 1. LPS induction increased the expression of tachykinins receptors in 
vivo. A: The mRNA level of tachykinins receptors were determined by Real-
time PCR assay; B: The protein levels of tachykinins receptors were mea-
sured by western blot analysis methods. Results are expressed as mean ± 
SD. *P<0.05 compared with the control group.

standard deviation. All statis-
tical analysis was perform- 
ed with SPSS 17.0 software 
package (SPSS Inc, Chicago, 
IL). Statistically significant  
differences between groups 
were determined by ANOVA 
followed by Tukey’s test. Re- 
sults were considered statis- 
tically significant if P values 
were <0.05.

Results

LPS stimulation enhanced 
the expression of tachykinins 
receptors in ALI mice

Previous study has been do- 
cumented that tachykinins, 
such as substance P (SP) and 
neurokinin A (NKA), and th- 
eir receptors, including NK1, 
NK2, and NK3, play a criti- 
cal role in the process of 
inflammatory responses dur-
ing acute lung injury induc-
tion. Therefore, the expres-
sion of the tachykinins recep-
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lial cells, severe inflammation and intense fi- 
brosis which characterized by massive neutro-
philic infiltration in the lung epithelium (Figure 
2B). All of these pathological changes obser- 
ved in the LPS-induced ALI mice lung tissue 
were typical of inflammation caused by the sti- 
muli of inflammatory factors [29]. However, the 
lesions caused by LPS-induced inflammatory 
response were improved by the administration 
of neurotensins in different concentrations 
(Figure 2C-E), furthermore, these protective 
effect of neurotensins on LPS-induced lung 
damage was dosage dependent (Figure 2F). In 
summary, these results indicated that neu-
rothensin has a potentially therapeutic effect 
on acute lung injury in mice induced by LPS 
injection.

Neurotensins treatment reduced the increas-
ing of MPO activity, neutrophils infiltration, 
lung wet/dry ration and protein concentration 
in BALF caused by LPS induction

To further evaluate whether neurotensins treat-
ment could inhibit the infiltration of inflamma-
tory cell into the lung tissue, we measured the 

MPO activity and the infiltrated neutrophils in 
BALF. As shown in Figure 3, we observed that 
the increasing of MPO activity in the lung tis-
sues (Figure 3A) and the infiltration of neutro-
phils in BALF (Figure 3B) of ALI mice caused by 
LPS induction were dramatically inhibited by 
the treatment of neurotensins with different 
dosages.

Next, we examined the effect of neurotensins 
on the lung edema caused by LPS induction. 
We found that the elevation of lung tissue wet/
dry ratio (Figure 3C) and protein concentration 
in BALF (Figure 3D) caused by LPS stimulation 
were significantly reduced by the administra-
tion of neurotensins compared with those no 
treated ALI control group mice. These results 
were consistent with the date about the lung 
injury index.

Neurotensins attenuate LPS-induced produc-
tion of inflammatory cytokines and chemokine

A number of studies have reported that in- 
flammatory response or inflammation play an 
important role in the pathogenesis of LPS-in- 
duced lung injury. Thus we detected the pro-

Figure 2. The effects of Nts on the lung histopathological changes. The lung tissues isolated from differentially 
treated ALI mice were stained with hematoxylin and eosin (×200). A. The lung section from of a control mice; B. The 
lung section from of LPS-induced ALI mice; C. The lung section from of 20 mg/kg Nts treated ALI mice; D. The lung 
section from 40 mg/kg Nts treated ALI mice; E. The lung section from 80 mg/kg Nts treated ALI mice. F. The lung 
injury index of differentially treated ALI mice. Results are expressed as mean ± SD. *P<0.05 compared with the 
control group; #P<0.05 compared with the LPS-induced ALI group.
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duction of inflammatory cytokines and chemo-
kine in BALF from differentially treated ALI 
mice. As shown in Figure 4, the production of 
inflammatory cytokines and chemokine, in- 
cluding TNF-α (Figure 4A), IL-6 (Figure 4B),  
IL-1β (Figure 4C), and MCP-1 (Figure 4D), were 
significantly increased by LPS induction com-
pared with those from the control group. How- 
ever, these increasing of inflammatory cyto-
kines and chemokine such as TNF-α (Figure 
4A), IL-6 (Figure 4B), IL-1β (Figure 4C), and 
MCP-1 (Figure 4D) caused by LPS induction 
was restored by neurotensins treatment in  
different dosages compared with the vehicle 
treated control group mice. These results in- 
dicated that neurotensins has a potentially 
anti-inflammatory activity.

Neurotensins blocked the expression of IL-8 
mediated by NR1 in vitro

Accumulated evidences have been demon-
strated that tachykinins and they mediated 
pathways play a key role in the process of air-
way diseases, like COPD. Moreover, the release 
of tachykinins from inflammatory cell, such as 

Raw264.7 cell was employed. As shown in 
Figure 5, compared with the control group, SP 
stimulations dramatically increased the ex- 
pression (Figure 5A) and production (Figure 
5B) of IL-8 in Raw264.7 cells, however, these 
elevations caused by SP stimulation were sig-
nificantly restored by neurotensins treatment. 
Furthermore, we also observed that the antag-
onistic effect of neurotensins on SP trigged  
IL-8 production was similar to CP-96345 (Fig- 
ure 5), a specific tachykinin NK1 receptor an- 
tagonist. These results suggested that neuro-
tensins may attenuate LPS-induced inflamma-
tion in ALI mice through blocking the activa- 
tion of tachykinin NK1 receptor.

Neurotensins attenuate LPS-induced acute 
lung injury by blocking the production of COX-2 
and PGE2 stimulated by substance P

Previous study has demonstrated that COX-2 
and PGE2 play an important role in the patho-
genesis of ALI or ARDS [31]. Furthermore, 
researchers also reported that the activation of 
SP-NK1 pathway could promote the express- 
ion of Cyclooxygenase-2 and Prostaglandin  

Figure 3. Effects of Nts on MPO activity (A), neutrophils infiltration (B), pul-
monary edema (C) and protein leakage in BALF (D). Results are expressed as 
mean ± SD. *P<0.05 compared with the control group; #P<0.05 compared 
with the LPS-induced ALI group.

eosinophils, monocytes, mac-
rophages, lymphocytes and 
dendritic cell might further 
activate and stimulate the in- 
flammatory responses in an 
autocrine or paracrine fash-
ion through activation of ta- 
chykinins-their receptors me- 
diated pathway [30]. There- 
fore, tachykinin receptor an- 
tagonists were considered to 
be an effectively therapeutic 
strategy for airway diseases. 
Our above results also obser- 
ved that neurotensins treat-
ment could significantly pro-
tect mice form LPS-indu-ced 
acute lung injury. Based on 
the above observations, we 
hypothesized that whether 
neurotensins could be used 
as a tachykinin receptor an- 
tagonist and block the ta- 
chykinin pathway mediated 
inflammatory responses in 
LPS-induced ALI mice. To ex- 
amine the antagonistic ef- 
fect of neurotensins on ta- 
chykinin receptor, NK1, the 
mice microphage cell line 
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E 2 in vitro [32]. To further investigate whether 
neurotensins attenuate LPS-induced ALI th- 
rough blocking the activation of SP-NK1 path-
way, we examined the production of COX-2  
and PGE2 in BALF of differentially treated ALI 

Previous study has been documented that  
the overwhelming lung inflammation was the 
major characters of acute lung injury and acute 
respiratory distress syndrome [33]. Due to the 
LPS administration could stimulate a series of 

Figure 4. Effect of Nts on the production of inflammatory cytokines and che-
mokine in BALF from differentially treated ALI mice. A: The level of TNF-α in 
BALF from differentially treated ALI mice; B: The level of IL-6 in BALF from 
differentially treated ALI mice; C: The level of IL-1β in BALF from differentially 
treated ALI mice; D: The level of MCP-1 in BALF from differentially treated 
ALI mice. Results are expressed as mean ± SD. *P<0.05 compared with the 
control group; #P<0.05 compared with the LPS-induced ALI group.

Figure 5. Nts treatment blocks the expression of IL-8 mediated by NR1 in 
vitro. A: The mRNA level of IL-8 in differentially treated RAW264.7 cells; B: 
The protein level of IL-8 in differentially treated RAW264.7 cells. Results are 
expressed as mean ± SD. *P<0.05.

mice. We observed that the 
elevation of COX-2 (Figure  
6A) and PGE2 (Figure 6B) in 
BALF caused by LPS induc- 
tion was dramatically redu- 
ced by neurotensins treat-
ment in different dosages. 
Next, to further evaluate the 
antagonistic effect of neuro-
tensins on SP-NK1 pathway 
activation in vitro, we mea-
sured the production of COX- 
2 and PGE2 in Raw264.7 cells 
in the presence of neuroten-
sins with different concen- 
trations. As showed in Figure 
6, we found that the addi- 
tion of SP could significantly 
increase the production of 
COX-2 (Figure 6C) and PGE2 
(Figure 6D) compared with 
control group. However, the 
increasing of COX-2 and PGE2 
production caused by SP sti- 
mulation was dramatically de- 
creased by the addition of 
neurotensins (Figure 6C and 
6D). This antagonistic effect 
was similar to CP-96345.

Neurotensins improve the 
survival rate of LPS-induced 
ALI mice

To further assess the pro- 
tective effect of neuroten- 
sins on LPS-induced lung in- 
jury, we determined the mor-
tality of differentially treated 
ALI mice caused by LPS in- 
duction. As shown in Figure  
7, compared with the LPS-
induced ALI group, we ob- 
served that the administra-
tion of neurotensins signifi-
cantly increased the survival 
rate of ALI mice; this was si- 
milar to the CP-96345.

Discussion
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es in different diseases [23, 39, 40]. The exper-
imental results also demonstrated that the 
administration of neurotensins could effective-
ly attenuate LPS-induced acute lung injury, 
including decreasing the lung edema, MPO 
activity in lung tissues, the infiltrated inflamma-
tory cells and the release of pro-inflammatory 
mediator in BALF. Furthermore, we also found 
that neurotensins could interact with tachy- 
kinin receptors and block the inflammatory 
reactions amplified by the activation of tachy- 
kinins and their receptors mediated pathway. 

The infiltration of inflammatory cells into lung 
tissues [41, 42] and the lung edema [43] are 
typical feathers of acute lung injury. To evalu- 
ate the effect of neurotensins on acute lung 
injury, we measured the MPO activity in lung  
tissues and the infiltrated inflammatory cell in 
BALF, we observed that neurotensins signifi-
cantly reduced the elevation of MPO activity 

Figure 6. Effect of Nts on the expression of COX-2 and PGE2 in vivo and in vi-
tro. A: The protein level of COX-2 in BALF from differentially treated ALI mice; 
B: The protein level of PGE2 in BALF form differentially treated ALI mice; C: 
The protein level of COX-2 in differentially treated RAW264.7 cells in vitro; 
D: The protein level of PGE2 in differentially treated RAW264.7 cells in vitro. 
Results are expressed as mean ± SD. *P<0.05 compared with the control 
group; #P<0.05 compared with the LPS-induced ALI group; +, Represent 
P<0.05.

Figure 7. The effect of Nts on LPS-induced mortality 
in mice. The mice were treated by LPS with or without 
Nts (or CP96345) treatment. The survival rates were 
observed for 1, 24, 48, 72, 96, and 120 h. *P<0.05 
compared with the control group; #P<0.05 com-
pared with the LPS-induced ALI group.

innate immune responses 
and inflammatory responses, 
the LPS-induced acute lung 
injury animal model was com-
monly used as a model of 
severe lung injury in research 
[4]. Acute lung injury is char-
acterized by the excess pro-
duction of inflammatory cyto-
kines and chemotactic fac-
tors [34-36] and the infil- 
tration of inflammatory cells 
into the lung tissue. In the  
process of the acute lung  
injury, inflammation plays an 
important role in the disrup-
tion of the alveolar space and 
epithelial endothelial barrier 
[37, 38]. Therefore, inhibition 
of inflammatory responses 
during acute lung injury is 
considered as a potential ap- 
proach for ALI treatment. 

In this study, we employed 
LPS-induced acute lung in- 
jury mouse model to investi-
gate the therapeutic effect of 
neurotensins on acute lung 
injury. Accumulated evidenc-
es have been indicated that 
as a tredecapeptide, neuro-
tensins could effectively re- 
gulate inflammatory respons-
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(Figure 2A) and infiltrated inflammatory cells 
(Figure 2B) caused by LPS stimulation com-
pared with those from LPS-induced ALI mice. 
Furthermore, we also evaluate the magnitude 
of lung edema by lung wet/dry ratio and pro- 
tein content in BALF. The results showed that 
neurotensins treatment dramatically decrea- 
sed the lung wet/dry ratio (Figure 2C) and  
protein concentration (Figure 2D) in BALF in- 
duced by LPS. These results were consistent 
with the data of histological analysis and in- 
dicated that neurotensins has a therapeutic 
effect on LPS-induced acute lung injury.

Pro-inflammatory mediators, such as TNF-α, 
IL-1β, IL-6, and MCP-1, have been considered to 
be the important pathogenesis of ALI [37, 44]. 
The excessively released inflammatory cyto-
kines contributed to the severity of lung in- 
jury. Our results showed that LPS induction  
significantly increased the production of in- 
flammatory cytokines in lung tissues com- 
pared with the no treated control mice, howev-
er, the increasing of inflammatory cytokines 
and chemokine, including TNF-α (Figure 3A), 
IL-1β (Figure 3B), IL-6 (Figure 3C), and MCP-1 
(Figure 3D) caused by LPS induction were  
dramatically decreased by neurotensins treat- 
ment in different dosages.

The tachykinins are one of the most inten- 
sively studied neuropeptides. The tachykinins, 
particularly substance P and neurokinin A,  
are expressed in the airway never cells and 
some immune cells. Previous studies have 
been observed that the expression of tachyki-
nins NK1 and NK2 receptors were upregu- 
lated by stimulation of the airway inflamma-
tions. Additionally, the release of SP and NKA 
also promotes the development of airway dis-
eases. In our present study, we observed that 
the expression of IL-8 caused by the activa- 
tion of SP and NK1 receptor mediated pathway 
was significantly inhibited by treatment of  
neurotensins with different concentrations in 
vitro (Figure 5). Previous study has been dem-
onstrated that substance P could stimulate  
the expression cyclooxygenase-2 (COX-2) and 
prostaglandin E 2 (PGE2) [32], additionally, 
COX-2 and PGE2 also play critical roles in the 
pathogenesis of ALI. In our study, we obser- 
ved that neurotensins treatment significant- 
ly reduced the concentration of COX-2 (Figure 
6A) and PGE2 (Figure 6B) in BALF, meanwhile, 
we also observed that the productions of COX-2 

(Figure 6C) and PGE2 (Figure 6D) induced by 
substance P were dramatically inhibited by neu-
rotensins treatment in vitro.

In summary, our study demonstrated that neu-
rotensins treatment could effectively attenuate 
LPS-induced acute lung injury, including the 
changes of lung histopathology, the severity of 
lung edema, the infiltration of inflammatory cell 
and the production of inflammatory cytokines 
in vivo. Furthermore, we also found that neuro-
sentin could interact with tachykinins receptors 
and block the inflammatory responses caused 
by substance P activation in lung tissues. 
Although our study found the therapeutic effect 
of neurotensins on LPS-induced acute lung 
injury, further and more comprehensive investi-
gations are still needed before the application 
of neurotensins on ALI treatment.
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