








Neurotensins protects acute lung injury

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.

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 +
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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-
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
ALl 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 ALl 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-
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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 (x200). 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 ALl 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.

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

7296

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-
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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.

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-o« (Figure 4A), IL-6 (Figure 4B),
IL-1B (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-a (Figure
4A), IL-6 (Figure 4B), IL-1p3 (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
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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
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 PGE, stimulated by substance P

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

Int J Clin Exp Pathol 2017;10(7):7292-7302
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Figure 4. Effect of Nts on the production of inflammatory cytokines and che-
mokine in BALF from differentially treated ALl mice. A: The level of TNF- 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-1( in BALF from differentially
treated ALl mice; D: The level of MCP-1 in BALF from differentially treated
ALl 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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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 PGE, (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 PGE, 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 PGE,
(Figure 6D) compared with
control group. However, the
increasing of COX-2 and PGE,
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
ALl 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
ALl mice caused by LPS in-
duction. As shown in Figure
7, compared with the LPS-
induced ALl 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
E 2 in vitro [32]. To further investigate whether Previous study has been documented that
neurotensins attenuate LPS-induced ALl th- the overwhelming lung inflammation was the
rough blocking the activation of SP-NK1 path- major characters of acute lung injury and acute
way, we examined the production of COX-2 respiratory distress syndrome [33]. Due to the
and PGE, in BALF of differentially treated ALI LPS administration could stimulate a series of
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Figure 6. Effect of Nts on the expression of COX-2 and PGE, 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 PGE, in BALF form differentially treated ALl mice; C:
The protein level of COX-2 in differentially treated RAW264.7 cells in vitro;
D: The protein level of PGE, in differentially treated RAW264.7 cells in vitro.
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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.
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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 ALl treatment.

-+ o+

+ o+ 4 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-
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

Int J Clin Exp Pathol 2017;10(7):7292-7302
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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-q,
IL-18, IL-6, and MCP-1, have been considered to
be the important pathogenesis of ALl [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-a (Figure 3A),
IL-1B (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 (PGE,) [32], additionally,
COX-2 and PGE, also play critical roles in the
pathogenesis of ALL In our study, we obser-
ved that neurotensins treatment significant-
ly reduced the concentration of COX-2 (Figure
6A) and PGE, (Figure 6B) in BALF, meanwhile,
we also observed that the productions of COX-2
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(Figure 6C) and PGE, (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 ALl treatment.
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