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rats with acute respiratory distress by
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Abstract: Acute respiratory distress syndrome (ARDS) is a critical clinical disease characterized by diffuse inflamma-
tion of lung parenchyma and refractory hypoxemia. Remifentanil has been reported to act as an anti-inflammatory
antioxidant in a variety of diseases. However, whether Remifentanil has a protective effect in ARDS and its mecha-
nism remains to be further studied. This study was designed to investigate the effects of Remifentanil on ARDS in
neonate rats. In this study, we established the model of acute respiratory distress in neonate rats. To study the ef-
fects of Remifentanil on ARDS through a series of in vitro and in vivo experiments. Furthermore, the overexpression
vector of recombinant tissue inhibitors of metalloproteinase 1 (TIMP1) was injected into the neonate rat before the
operation to explore the effect of TIMP-1 overexpression on acute respiratory distress rats through the above ex-
periments. Remifentanil reduced lung injury in rats with acute respiratory distress, reduced inflammation, oxidative
stress and tissue cell apoptosis in rats with acute respiratory distress. Remifentanil inhibited the expression of TIMP-
1 in rats with acute respiratory distress, and TIMP-1 overexpression inhibited the protective effect of Remifentanil on
rats with acute respiratory distress. Remifentanil can reduce lung injury and inflammatory response in young mice

with acute respiratory distress and play a protective role by down-regulating the expression of TIMP-1.
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Introduction

Acute respiratory distress syndrome (ARDS) is
a critical clinical illness characterized by dif-
fuse pulmonary inflammation, non-cardiogenic
pulmonary edema and respiratory failure [1, 2].
The role of oxidative stress and inflammatory
response in its pathogenesis is critical and has
complex interactions [3, 4]. Oxidative stress is
a state of tissue and organ damage caused by
the imbalance between the body’s oxidation
and antioxidant systems, while inflammatory
response is a host response to pathogen stimu-
lation or tissue damage, and its overactivation
will cause body damage [5]. The two promote
and complement each other, playing a key role
in the occurrence and development of diseases
[6].

Remifentanil is a kind of synthetic opioids for
cesarean delivery analgesia, are reported in a
variety of diseases in the role of anti-inflamma-

tory antioxidants, in neonate brain injury,
Remifentanil significantly reduces the produc-
tion of ROS, cortex cysteine protease activity,
DNA fragmentation, the levels of interleukin 1
beta and reactive stellate [7] and fentanyl may
inhibit the Fas/FasL signal transduction path-
ways to reduce myocardial cell apoptosis and
oxidative stress and inflammation induced by IR
[8], Remifentanil inhibited the increase of il-6
MRNA level in the brain of mice, and inhibited
the plasma il-6, corticosterone and norepineph-
rine responses in the inflammatory state [9].
However, the effect of Remifentanil on acute
respiratory distress in neonate mice has not
been studied.

Matrix metalloprotein 9 (MMP9) was found
when the target gene of Remifentanil was
searched by STITCH website, and recombinant
tissue inhibitors of metalloproteinase 1 (TIMP1)
was found when the protein interacting with
MMP9 was predicted by string website. It was
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reported that the expression of TIMP1 was
increased in rats with acute respiratory dis-
tress [10]. Compared with TIMP1 -/- mice infe-
cted with influenza, WT mice lost significantly
more weight. Wild-type mice showed more
immune cell infiltration and airway inflamma-
tion [11]. Similarly, the role of TIMP1 in lung
injury in neonate rats with acute respiratory
distress has not been studied. Hence, this stu-
dy was designed to investigate the effects of
Remifentanil on ARDS in neonate rats, which
will be of critical significance for the clinical
treatment of ARDS.

Materials and methods
Animals

Sprague-Dawley (SD) neonate rats, weight
44-61 g, were obtained from the Hangzhou
Children’s Hospital. All animals received hu-
man care and were housed under controlled
temperature-controlled condition and were
access to food and water. All experimental
operations performed on all rats were appro-
ved by the Animal Experiment Ethics Commit-
tee of Hangzhou Children’s Hospital.

The method of ARDS model preparation

The standard establishment step mainly refer
to the report of Li et al. [12]. In brief, neonate
rats were given intraperitoneal injection of
anaesthetic to anesthetize ketamine and tolu-
enthiazide by normal saline lavage and mech-
anical ventilation. It was then placed in a heat-
ed water bath at 37°C for tracheotomy and
the blunt cannula was inserted and secured.
Ventilate with 100% oxygen at a rate of 30
breaths per minute with a volume (VT) of 8 ml/
kg, an inhale/exhale ratio of 1:2, PEEP of 3 cm
H,0. Pampermine is injected into the muscles
to relax them and prevent spontaneous breath-
ing. After 15 minutes of ventilation, VT was
increased to 16 ml/kg, PEEP was increased to
8 cm H,0, followed by 15 minutes of ventila-
tion. The lungs were then washed 10 times
with preheated saline to deplete the surfactant
and ventilate again for 3.5 h. Intraperitoneal
administration of ketamine/toluene thiazide
and pencuprimo was maintained at half the ini-
tial dose every 45 minutes to maintain anaes-
thesia and muscle relaxation. The oxygenation
index was less than 150 mmHg, and the dy-
namic lung compliance was reduced to 50%.
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Dry/wet ratio of lung

Partial resection of the right upper right lung
of the rat and placed in an oven at 70°C for
48 h to constant weight to calculate the lung
wet/dry weight ratio (W/D).

Histopathological analysis

Appropriate weight lung tissues were conven-
tionally fixed in 10% buffered formalin over-
night and the tissues were embedded in pa-
raffin. Then, all the sections were dehydrated
with hematoxylin and eosin (HE). The stained
slides were observed and evaluated under a
light microscope (Olympus Corp., Tokyo, Japan)
using 200x magnification (100 fields per se-
ction).

Enzyme-linked immunosorbent assay (ELISA)

The expression of TNF-«, IL-1B, IL-6 ICAM-1
and MIP-2 in serum and the levels of MDA,
MPO and NADPH in lung tissues were deter-
mined using ELISA assay kits (NeoBioscience
Technology Co., Ltd.) with a microplate reader
(MULTISKAN MK3, Thermo, San Jose, CA, USA)
according to the manufacturer’s instructions.

Terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) assay

Terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) assay was employ-
ed to test apoptosis of alveolar epithelial cells
in accordance to the manufacturer’s instruc-
tion (Millipore, Sigma, Unite States).

Quantitative reverse transcription polymerase
chain reaction (QRT-PCR)

Total RNA sample was extracted by using Trizol
Reagent according to the manufacturer’s in-
structions. The synthesis of cDNA was carried
out with the RevertAid™ First Strand cDNA
Synthesis Kit. QRT-PCR was performed using
the SYBR Green Master Mix | (TaKaRa, Otsu,
Shiga, Japan) on the ABI 7900 Fast Real-Time
PCR System (ABI, Foster City, CA, USA). The
reaction conditions were set as follows: 10
min at 95°C followed by 35 cycles of 15 s at
95°C and 40 s at 55°C. GAPDH was used as
the housekeeping gene and relative quantifica-
tion was performed using the 22T method
[13]. The primers were designed and synthe-
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Figure 1. Remifentanil alleviated lung injury in rats with acute respiratory distress. (A) The pulmonary function was
tested t by Pa0,/FiO, ratio. We measured lung wet-dry ratio (W/D) (B) and total protein level (C) in BALF in control,
remifentanil, ARDS and ARDS+remifentanil group. (D) Representative images of H&E staining from each experimen-
tal group at 12 h after administration. "P<0.05, ""P<0.01 and "**P<0.001 vs. control; ##¥P<0.001 vs. ARDS.

sized by Gemma (Shanghai, China). The primer
sequences used were as followed: TIMP-1 for-
ward, 5-TCTGGCATCCTCTTGTTG-3’, and rever-
se 5-GGTGGTCTCGTTGATTTCT-3’; GAPDH for-
ward, 5-CCAGGGGTGCCTTCTCTT-3,, and re-
verse 5'-CCGTGGGTAGAGTCATACTGG.

Western blot assay

The cells were harvested and total proteins
were obtained using RIPA lysis buffer (Beyo-
time Institute of Biotechnology). The protein
was separated on 10% SDS-PAGE gel with a
10% gel and subsequently transferred to PVDF
membranes (EDM Millipore). The membranes
were blocked with 5% non-fat milk for 2 h, fol-
lowed by incubation overnight for 4°C with the
following primary antibodies: anti-B-cell lym-
phoma (Bcl)-2 (1:1,000, #3498, Cell Signaling
Technology, Inc.), anti-BCL2 associated X (Bax)
(1:1,000, #5023, Cell Signaling Technology,
Inc.), anti-cleaved-caspase-3 (1:500, #9579,
Cell Signaling Technology, Inc.) and GAPDH
(1:2,000, #MAB374, EDM Millipore). As a sec-
ondary antibody, mouse anti-rabbit (1:10000,
sc-2357, Santa Cruz), rabbit anti-mouse
(1:20000, sc-358914, Santa Cruz), the mem-
brane was incubated for 2 h at room tempera-
ture. Proteins were detected by using enhanced
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chemiluminescence and imaged. B-actin was
used as an internal control.

Statistical analysis

All experiments were repeated at least three
times, and data were expressed as the mean +
standard deviation (SD). SPSS 17.0 software
was used to conduct all statistical analyses
(SPSS, Inc., USA). A one-way ANOVA followed by
a Tukey’s or Dunnett's test was performed
using GraphPad Prism 5 software (GraphPad
Software, Inc.) to determine statistical compari-
sons between groups. Differences with P<0.05
were considered significant.

Results

Remifentanil alleviated lung injury in rats with
acute respiratory distress

We tested the pulmonary function by PaO,/FiO,
ratio, as shown in Figure 1A, PaO,/FiO, ratio
was significantly decreased in ARDS group
compared with control group, while remifent-
anil treatment significantly increased PaO,/
FiO, ratio compared with ARDS group. Si-
multaneously, we measured lung W/D (Figure
1B) and total protein level (Figure 1C) in BALF
in control, remifentanil, ARDS and ARDS+
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Figure 2. Remifentanil treatment alleviates inflammation and oxidative stress in rats with acute respiratory distress.
A. The levels of TNF-q, IL-1B and IL-6 were detected by ELISA. B. The expression of ICAM-1 and MIP-2 in serum were
detected by ELISA. C. The level of oxidative stress factors (MDA, MPO and NADPH) in lung tissues was detected with
commercial kits. “"P<0.01 and "**P<0.001 vs. control; ¥P<0.05 and #*#P<0.001 vs. ARDS.

remifentanil group. The results showed that
remifentanil treatment significantly reduced
the degree of lung edema. Furthermore, we
observed pulmonary histopathology by H&E
staining to assess the protective effect of remi-
fentanil, as shown in Figure 1D, the lung tis-
sues in control group and remifentanil group
present normal structure. The ARDS group
showed neutrophil infiltration, protein edema
fluid, intravascular coagulation, alveolar hemor-
rhage, and alveolar walls disruption. However,
these typical features were visibly attenuated
in rats treated with remifentanil. Taken togeth-
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er, remifentanil alleviated lung injury in rats
with acute respiratory distress.

Remifentanil treatment alleviates inflamma-
tion and oxidative stress in rats with acute
respiratory distress

The effect of remifentanil on the expression of
inflammatory cytokines in rats with acute respi-
ratory distress was explored. The levels of TNF-
o, IL-1B and IL-6 were detected by ELISA. As
presented in Figure 2A, the levels of TNF-q,
IL-1B and IL-6 were increased notably in ARDS

Am J Transl Res 2020;12(10):6325-6334
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Figure 3. Remifentanil treatment alleviates cell apoptosis in rats with acute respiratory distress. A. Tunel assay was
applied for the detection of cell apoptosis. B. The protein expression levels of the Bcl-2, Bax and Caspase-3 were
detected by Western blot analysis. ““P<0.01 and **P<0.001 vs. control; #/P<0.01 and #**#P<0.001 vs. ARDS.

group. Following treatment with remifentanil,
the levels of TNF-a, IL-1p and IL-6 were signifi-
cantly decreased. Above date indicated that
remifentanil treatment decreased the levels of
inflammatory factor. Furthermore, the expres-
sion of ICAM-1 and MIP-2 in serum were de-
tected by ELISA, the ICAM-1 and MIP-2 level in
remifentanil treatment (ARDS+remifentanil)
group was decreased dramatically compared to
ARDS group (Figure 2B). The level of oxidative
stress factors (MDA, MPO and NADPH) in lung
tissues was detected with commercial Kits
(Figure 2C).

Overall, these results indicate that remifentanil
treatment alleviates inflammation and oxida-
tive stress in rats with acute respiratory
distress.

Remifentanil treatment alleviates cell apopto-
Sis in rats with acute respiratory distress

The tunel results indicated that ARDS markedly
increase the cell apoptosis rate compared with
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control group (Figure 3A) and remifentanil
treatment could treatment alleviates cell apop-
tosis compared with ARDS group. At the same
time, the protein expression levels of the Bcl-2,
Bax and Caspase-3 were detected by Western
blot analysis. As the results showed that, the
protein expression of Bcl-2 was reduced, while
the protein expression of Bax and Caspase-3
was increased after remifentanil treatment
(Figure 3B).

Overexpression of TIMP-1 inhibited the protec-
tive effect of remifentanil on rats with acute
respiratory distress

MMP9 was found when the target gene of
Remifentanil was searched by STITCH website,
and TIMP-1 was found when the protein inter-
acting with MMP9 was predicted by string web-
site. We detected the expression of TIMP-1 in
serum by gRT-PCR. TIMP-1 was dramatically
higher in ARDS group than that of control group,
and dramatically lower in remifentanil treat-
ment (ARDS+remifentanil) group than that of

Am J Transl Res 2020;12(10):6325-6334
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Figure 4. Overexpression of TIMP-1 inhibited the protective effect of remifentanil on rats with acute respiratory
distress. (A) The expression of TIMP-1 in serum by qRT-PCR. (B) The transfection efficiency of Overexpression-
TIMP-1 was measured by qRT-PCR. The results of PaO,/FiO, ratio (C), (W/D) ratio (D) and total protein level (E)
in BALF in ARDS+Remi+0e-TIMP-1 (ARDS rat injection with Overexpression-TIMP-1) group show that Overexpres-
sion of TIMP-1 inhibited the protective effect of remifentanil on lung injury in rats with acute respiratory distress.
“*P<0.01 and ""P<0.001 vs. control; #P<0.05, #P<0.01 and ##P<0.001 vs. ARDS; 2P<0.05 and 24*P<0.001 vs.

ARDS+remifentanil+plasmid.

ARDS group (Figure 4A). Then, we investigat-
ed the role of TIMP1 in lung injury in newborn
rats with acute respiratory distress, as shown
in Figure 4B, the transfection efficiency of
Overexpression-TIMP-1 was measured by gqRT-
PCR. The results of PaO,/FiO, ratio (Figure
4C), (W/D) ratio (Figure 4D) and total protein
level (Figure 4E) in BALF in ARDS+Remi+
Oe-TIMP-1 (ARDS rat injection with Overex-
pression-TIMP-1) group show that Overexpres-
sion of TIMP-1 inhibited the protective effect
of remifentanil on lung injury in rats with acute
respiratory distress. Lung histopathology was
observed by H&E staining, which further dem-
onstrated that TIMP-1 overexpression inhibited
the protective effect of remifentanil on rats
with acute respiratory distress (Figure 5A).
Furthermore, the level of inflammation factors
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(TNF-a, IL-13 and IL-6) (Figure 5B), ICAM-1,
MIP-2 (Figure 6A) and oxidative stress factors
(MDA, MPO and NADPH) (Figure 6B) were mea-
sured by ELISA. The results demonstrate that
Overexpression of TIMP-1 inhibited the effects
of remifentanil on inflammation and oxidative
stress in rats with acute respiratory distress.
Tunnel assay (Figure 7A) and western blot
(Figure 7B) results demonstrated that overex-
pression of TIMP-1 inhibited the cell apoptosis
of remifentanil on rats with acute respiratory
distress.

Discussion

ARDS is the barrier destruction of alveolar epi-
thelial-mesenchym-endothelial complex caus-
ed by pathogenic factors inside and outside
the lung, and the accumulation of high protein

Am J Transl Res 2020;12(10):6325-6334
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Figure 5. Overexpression of TIMP-1 inhibited the protective effect of remifentanil on rats with acute respiratory dis-
tress. A. Lung histopathology was observed by H&E staining. B. The level of inflammation factors (TNF-a, IL-1p and
IL-6) were measured by ELISA. **P<0.001 vs. control; #P<0.05, #P<0.01 and #*#P<0.001 vs. ARDS; 2P<0.05 and
42P<0.01 vs. ARDS+remifentanil+plasmid.
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Figure 7. Overexpression of TIMP-1 inhibited the protective effect of remifentanil on rats with acute respiratory dis-
tress. Tunnel assay (A) and western blot (B) results demonstrated that overexpression of TIMP-1 inhibited the cell
apoptosis of remifentanil on rats with acute respiratory distress. **"P<0.001 vs. control; #P<0.05 and ##P<0.001 vs.

ARDS; #P<0.05 and #2P<0.01 vs. ARDS+remifentanil+plasmid.

secretions in the lung stroma and alveoli, which
leads to the ventilation and diffusion dysfunc-
tion of the lung tissue, and further leads to the
clinical syndrome of refractory hypoxemia [14,
15]. Its typical histopathological features are
damage of alveolar epithelial cells and pulmo-
nary vascular endothelium, infiltration of inflam-
matory cells in alveolar septum and alveolar
cavity, partial congestion and edema, collapse
and fusion of a large number of alveoli, and col-
lagen deposition in alveoli and interstitial lung,
and infiltration and fibrosis [16]. In this study,
we successfully established a classical animal
model of ARDS, the lung histopathological
results suggested that the normal structure of
the lung tissue was destroyed, edema fluid was
filled in the alveoli, diffuse inflammatory cell
infiltration in the alveolar cavity and intersti-
tium, and alveolar septum was widened. In
addition, the lung tissue W/D value increased
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and the arterial blood oxygenation index
decreased. There was an increase in inflamma-
tory cells and an increase in inflammatory cyto-
Kines in BALF. These are consistent with previ-
ous research results [17, 18].

Inflammatory factors can destroy the integrity
of pulmonary capillaries, increase vascular per-
meability, further induce pulmonary edema,
leading to respiratory dysfunction [19]. Re-
mifentanil is a kind of synthetic opioids for
cesarean delivery analgesia, are reported in a
variety of diseases in the role of anti-inflamma-
tory antioxidants [20]. A large number of stud-
ies have shown that the opioid receptor agonist
remifentanil can alleviate ALl by inhibiting the
release of inflammatory cytokines and has a
pulmonary protective effect on LPS-induced
ALl animals [21, 22]. Studies have shown that
oxidative stress can also increase the permea-

Am J Transl Res 2020;12(10):6325-6334
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bility of endothelial and epithelial cells, impair
the function of alveolar epithelial cells, and
accelerate lung injury [23]. The results show-
ed that SOD content and lung injury were nega-
tively correlated with [24]. Yoon et al. found that
remifentanil can exert cellular protection by
inhibiting H,O_-induced oxidative stress [25,
26]. This study found that remifentanil treat-
ment alleviates inflammation and oxidative
stress in rats with acute respiratory distress via
down-regulating TIMP1 expression. Studies
have shown that apoptosis of endothelial and
epithelial cells can accelerate destruction in
alveolar capillaries [27].

ICAM-1 is a member of the immunoglobulin
superfamily inflammatory factors are released
when inflammation occurs and induce en-
dothelial cells and other cells to express ICAM-
1 on the cell surface. In the present study,
the expression of ICAM-1 was significantly
decreased in ARDS+Remi compared with ARDS
group, it showed that the administration of
remifentanil reduced the release of certain
cytokines and proinflammatory factors in ARDS,
and protected cells to some extent.

Apoptosis is the result of multiple molecular
mechanisms. The release of a large number of
inflammatory factors can directly induce cell
apoptosis [23]. The Caspase family is the ulti-
mate executor of apoptosis, and inhibition of
Caspase activity can alleviate ARDS in mice.
We have demonstrated that remifentanil treat-
ment alleviates inflammation and oxidative
stress in rats with acute respiratory distress. In
addition, remifentanil can significantly inhibit
the apoptotic and the expression of caspase-3
in the lung tissues of ARDS rats. These results
suggested that remifentanil treatment allevi-
ates cell apoptosis in rats with acute respirato-
ry distress.

Conclusion

In conclusion, we found that remifentanil can
reduce lung injury and inflammatory response
in young mice with acute respiratory distress
and play a protective role by down-regulating
the expression of TIMP-1, which will be of criti-
cal significance for the clinical treatment of
ARDS.
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