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1  |   BACKGROUND

Cardiopulmonary bypass (CPB) is a common surgical method 
used in clinical practice and has been widely used in respiratory 
cycle support surgery for the heart, large vessel open surgery, 

organ transplantation and treatment of several systemic dis-
eases.1,2 After the operation, CPB will inevitably result in in-
jury to the internal organs, including post-operative lung injury, 
which is one of the most common complications and manifests 
as varying degrees of acute lung injury (ALI) and pulmonary 
dysfunction, but its mechanism is not yet clear. The most com-
mon complications tend to be systemic inflammatory response 
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Abstract
The main causes of lung injury after cardiopulmonary bypass (CPB) are systemic in-
flammatory response syndrome (SIRS) and pulmonary ischaemia-reperfusion injury 
(IR-I). SIRS and IR-I are often initiated by a systemic inflammatory response. The 
present study investigated whether the annexin A1 (ANX-A1) peptidomimetic Ac2-
26 by binding to formyl peptide receptors (FPRs) inhibit inflammatory cytokines 
and reduce lung injury after CPB. Male rats were randomized to the following five 
groups (n = 6, each): sham, exposed to pulmonary ischaemic-reperfusion (IR-I), IR-I 
plus Ac2-26, IR-I plus the FPR antagonist, BoC2 (N-tert-butyloxycarbonyl-Phe-Leu-
Phe-Leu-Phe) and IR-I plus Ac2-26 and BoC2. Treatment with Ac2-26 improved the 
oxygenation index, an effect blocked by BoC2. Histopathological analysis of the 
lung tissue revealed that the degree of lung injury was significantly less (P < 0.05) in 
the Ac2-26-treated rats compared to the other experimental groups exposed to IR-I. 
Ac2-26 treatment reduced the levels of the inflammatory cytokines TNF-α, IL-1β, 
ICAM-1 and NF-κB-p65 (P < 0.05) compared to the vehicle-treated group exposed 
to IR-I. In conclusion, the annexin A1 (ANX-A1) peptidomimetic Ac2-26 by binding 
to formyl peptide receptors inhibit inflammatory cytokines and reduce ischaemic-
reperfusion lung injury after cardiopulmonary bypass.
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syndrome (SIRS) and ischaemia-reperfusion (IR) injury, in 
which the systemic inflammatory response induced by various 
causes is the initiating factor,3 but the specific mechanism is 
not clear. Studies have shown that a variety of inflammatory 
cytokines is closely related to CPB lung injury4; these import-
ant cytokines mainly include tumour necrosis factor α (TNF-
α) and interleukin-1β (IL-1β).5 TNF-α is mainly produced by 
alveolar mononuclear macrophages, synergistically activates 
nuclear factor-κB (NF-κB) to produce cytokines, induces the 
aggregation of neutrophils (polymorphonuclear leucocyte, 
PMN), initiates the early inflammatory response and maintains 
inflammation6 and plays an important role in the occurrence 
and development of ALI and in the acute respiratory distress 
syndrome (ARDS) inflammatory response.7 Studies have 
shown that patients with severe lung injury after surgery can 
develop ARDS, with a mortality rate as high as 30%-50%.8,9 
Therefore, the study of CPB lung injury mechanisms and lung 
protection measures has been the main focus of extracorporeal 
circulation research.

Annexin A1 (ANX-A1) is a 37  kDa endogenous anti-
inflammatory protein widely distributed in adult mammals.10 
It has a calcium ion-binding site, interacts with phospholipid-
binding proteins and participates in many cell life activities, 
such as anti-inflammatory reactions, cell differentiation 
and proliferation, cell death signal regulation and apoptotic 
cell phagocytosis. Its active function N-terminal Ac2-26 is 
embedded in the membrane, and the connexin A1 peptide 
fragment has the biological activity of annexin A1. Elena 
Y. Senchenkova et al11 showed that ANX-A1 promotes en-
dogenous catabolism in cerebral IR-I and reduces platelet 
aggregation and thrombosis by affecting integrin (αIIbβ3) 
activation. This study reveals the multifaceted role of anti-
thrombotic-inflammatory circuits as therapeutic and preven-
tive drugs. Han et al showed that12 in acute radiation-induced 
lung injury (RILI), ANX-A1 can inhibit the synthesis and 
secretion of IL-6 and MPO inflammatory cytokines, sug-
gesting that ANX-A1 may have potential as a therapeutic 
target. Liu L and other studies have shown13 that the use of 
exogenous Ac2-26 plays an important role in microglia and 
demonstrates that Ac2-26 is associated with HSPB1 and pro-
motes the binding of HSPB1 to IKKβ, which is mediated by 
molecular chaperones. Autophagy (CMA) degrades TNF-α, 
thereby reducing expression. The above studies show that 
both AnxA1 and the peptide Ac2-26 can regulate the body's 
inflammatory response.

Formyl peptide receptor (FPR)14 is a group of G protein-
coupled receptors with seven transmembrane domains that 
are mainly expressed by mammalian phagocytic leucocytes 
and play a role in host defence and inflammation. In recent 
years,15 ANX-A1 has been found to exert its biological effects 
by binding to FPR. The study found that8,16 the FPR fam-
ily includes FPR1, FPR2 and FPR3; among them, the FPR2 

subtype plays a very important role in the signal transduction 
of ANX-A1. The initial study found that FPR2/Fpr2 is highly 
expressed on the surface of neutrophils and monocytes/mac-
rophages, and FPR2/Fpr2 expression was also detected in 
other immune cells, including basophils, eosinophils, T. lym-
phocytes and B lymphocytes.

As we all know, the formyl peptide receptor (FPR) is 
the receptor of Ac2-26 and Annexin A1, while Boc2 is the 
blocker of FPR. Studies have shown that the use of FPR 
inhibitor Boc-FLFLF inhibits the triggering of the PDR 
vitreous neovascularization and inflammation.17 Higher 
numbers of CXCR4+ neutrophils were detected in the 
circulation of AnxA1-/- or Boc2-treated WT mice, and 
values were rescued in Ac2-26-treated AnxA1-/- mice. 
Deletion of AnxA1 reduces the level of CXCL12 in the 
bone marrow, and Boc2 treatment also produced a simi-
lar effect, which reduced the secretion of CXCL12 in WT 
mice.18

In summary, ANX-A1 is an important regulator of the 
endogenous inflammatory response, and FPR2 acts as an 
important anti-inflammatory receptor for ANX-A1. The 
combination of the two has an important influence on the 
development of inflammation.

Our goal through this experiment is to prove that the pep-
tidomimetic Ac2-26 has the effect of reducing lung injury 
after cardiopulmonary bypass. This research will help find 
new anti-inflammatory drugs for clinical lung injury after 
cardiopulmonary bypass. Our experiments demonstrated that 
the application of the exogenous ANX-A1 peptidomimetic 
Ac2-26 can reduce lung injury after CPB in rats, reduce the 
levels of TNF-α, IL-1β, ICAM-1 and NF-κB p65 in lung tis-
sue and have a lung protective effect.

The study was conducted in accordance with the Basic & 
Clinical Pharmacology & Toxicology policy for experimen-
tal and clinical studies.19

2  |   EXPERIMENTAL ANIMALS 
AND METHODS

2.1  |  Experimental animals and groupings

A total of 30 male SD rats weighing 350-450g (Changsha 
Tianqin Biotechnology Co., Ltd, LICENSE number: 
SCXK(Xiang)2014-0011)were randomly divided into 
5 groups of 6 (n  =  6): sham operation group (S group), 
ischaemia-reperfusion injury group(IR-I group), Ac2-26 
group (A group), Boc2 group (B group) and Ac2-26 + Boc2 
group (AB group). Except for the S group, the other 4 groups 
had their chests opened 10  minutes after the establishment 
of CPB, the left hilar was blocked, and lung IR-I in rats was 
simulated.
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2.1.1  |  S group

After vascular catheterization, only mechanical ventila-
tion was performed, and the mice did not receive any other 
treatment.

2.1.2  |  IR-I group

A model of CPB IR-I in the left lung was established, and 
an equal volume of normal saline was injected 10 minutes 
before the left hilar block.

2.1.3  |  A group

A model of left lung CPB IR-I was established, and 1 mg kg−1 
Ac2-26 (Tocris Bioscience, Cat. No. 1845) was administered 
through the tail vein 10 minutes before the left hilar was blocked.

2.1.4  |  B group

To establish a model of left lung CPB IR-I, 50 μg of BoC2(N-
tert-butyloxycarbonyl-Phe-Leu-Phe-Leu-Phe, Genscript 
Biotech, Cat. No. RP12950) was administered through the 
tail vein 10 minutes before left hilar occlusion.

2.1.5  |  AB group

To establish a model of left lung CPB IR-I, 50 μg of Boc2 
was administered through the tail vein 10 minutes before left 
hilar occlusion, and 1 mg kg−1 of Ac2-26 was administered 
simultaneously.

2.2  |  Materials

Ac2-26 (Tocris Bioscience, UK. Cat. No. 1845)
BoC2 (N-tert-butyloxycarbonyl-Phe-Leu-Phe-Leu-Phe, 
Genscript Biotech, Cat. No. RP12950)
Annexin A1 Antibody (Novus Biologicals, Cat. No. 
NBP2-23485)
Phospho-NF kappaB p65 (Ser536) Antibody (Affinity 
Biosciences, Cat. No. AF2006)
Rat ICAM-1/CD54 Affinity Purified Polyclonal Antibody 
(R&D Systems, Cat. No. AF583)
Rat IL-1β ELISA KIT (SHANGHAI WESTANG BIO-
TECH, China. Cat. No. F15810)
Rat TNF-α ELISA KIT (SHANGHAI WESTANG BIO-
TECH, Cat. No. F16960)
GEM Premier 3000 system (Werfen company)

2.3  |  Preparation of the CPB pipeline

Cardiopulmonary bypass tubing consists of a blood reservoir 
(20  mL syringe), silicone tubing, peristaltic pump, arterio-
venous tubing and rat lung membranes. Before the animal 
experiment, the CPB pipeline was connected, oxygen was 
connected, and the CPB pipeline was pre-filled with 1 mL 
of sodium potassium magnesium calcium glucose injection, 
9 mL of hydroxyethyl starch, 1 mL of 5% sodium bicarbonate 
and 1 mL of mannitol.

2.4  |  Establishment of a model of CPB 
ischaemia-reperfusion injury in the left 
lung of rats

This experimental model establishes a model of extracorpor-
eal circulation ischaemia-reperfusion injury using He Miao 
et al.20 Rat anaesthesia was injected intraperitoneally with 
1% sodium pentobarbital 50  mg  kg−1. After sufficient an-
aesthesia was administered, the tail vein was placed in the 
catheter, and the rats were placed in a fixed supine position. 
The right femoral artery and the left femoral vein were sepa-
rated, and the catheter was inserted; the trachea was intubated 
by visualization with a laryngoscope, and the right common 
carotid artery was punctured and placed. The tracheal tube 
was connected to a small animal ventilator for mechanical 
ventilation, maintaining a respiratory rate of 60 times·min-1, a 
tidal volume of 15 mL kg−1, I:E = 1:2.5 and FiO2: 99%. The 
right femoral artery was connected to a biosignal acquisition 
and processing system to monitor the vital signs, including 
heart rate and blood pressure. The tail vein was injected with 
5 mg kg−1 heparin. After systemic heparinization, the bilat-
eral femoral veins were used for venous drainage, the right 
common carotid artery was refluxed at the arterial end, and 
the CPB pipeline was connected. After ACT ≥ 480 seconds, 
the transfer was started. After 10 minutes, the left lung was 
closed with a non-invasive vascular clamp, and single-lung 
ventilation was performed for the right lung. The tidal vol-
ume and respiratory rate were appropriately reduced to meet 
the needs of the body. After 45 minutes of parallel circula-
tion, the non-invasive vascular forceps were released, and 
the left lung was released. The door restored lung ventilation, 
increased the tidal volume and reduced the respiratory rate; 
CPB was stopped after 30 minutes; and the experiment ended 
after 90 minutes. During the CPB period, the anal temperature 
was maintained at 32-34°C, the mean arterial pressure was 
maintained at 50-80 mm Hg, and the perfusion flow rate was 
40 ml kg−1 min−1. Before the experiment ended, protamine 
was injected into the tail vein to neutralize excess heparin. The 
neutralized machine blood was recovered and input into the 
rat from the tail vein. Intraoperative arterial blood gas analy-
sis was used to stabilize the rat internal environment using 
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fentanyl, midazolam and pentobarbital sodium, to maintain 
the depth of anaesthesia with vecuronium and (if necessary) 
to maintain the rat vital signs with the use of vasoactive drugs. 
During the operation, a stomach tube was inserted into the 
rats for gastrointestinal decompression, and an indwelling 
catheter was used for intraoperative urine drainage.

2.5  |  Specimen collection

A total of 0.5 mL of femoral artery blood from each group 
were taken before CPB (T1), open left hilar occlusion (T2) 
and end of experiment (T3), and the intact left lung tissue 
was cut at the end of the experiment. Blood gas analysis 
of arterial blood and calculation of the oxygenation index 
(OI) and respiratory index (RI) were performed. The left 
lung of the rats was divided into two parts (the upper and 
lower parts); the upper part of the left lung was examined 
by light microscopy and electron microscopy; the left part 
of the left lung was frozen at −80°C, and the expression of 
TNF-α and IL-1β in lung tissue was detected by enzyme-
linked immunosorbent assay (ELISA). Western blotting 
was used to detect the expression of AnxA1, p-NF-κB p65 
and ICAM-1 in the lung tissue.

2.6  |  Indicator detection

2.6.1  |  Pulmonary function measurement

OI and RI were calculated based on the results of arterial 
blood gas analysis.

OI = PaO2/FiO2 RI = P(A-a)O2/PaO2
Remarks:Corrected OI = PaO2/[FiO2×(P/760)]

P(A-a)O2 (alveolar-arterial oxygen partial pressure 
difference) = (P-PH2O)×FiO2-PaO2-PaCO2/0.8;

PH2O is the saturated water vapour pressure, which is 
47 mm Hg under standard conditions;

P is the actual atmospheric pressure, and the Zunyi area 
is 680 mm Hg;

FiO2 (%) is the concentration of inhaled oxygen, and the 
experimental model of this animal is 99%.

2.6.2  |  Light microscopy and pathological 
damage score of lung tissue

The left lung tissue was fixed with 4% paraformaldehyde and 
then embedded in paraffin. The paraffin-embedded lung tissues 
were cut into 3-5 μm slices by a microtome, dehydrated twice 
in 50% ethanol and n-butanol, dewaxed three times in xylene, 
HE stained and sealed; the tissue morphology was observed 
under a light microscope. In addition, pictures were taken.

For the pathology scores, three high-power fields (100×) 
were randomly selected from each pathological section and 
scored using the method by Cheng C et al.21According to the 
alveolar and alveolar interstitial areas with noxious swelling, 
red blood cell exudation and inflammatory cell infiltration, 
the average was taken as the score of this section (Table 1).

2.6.3  |  Lung tissue electron microscopy

The lung tissue was fixed with 2.5% glutaraldehyde at 4°C over-
night. The samples were rinsed in PBS, fixed with 1% osmium 
tetroxide for 1 hour at room temperature, embedded in 10% gela-
tin, fixed in glutaraldehyde for one hour at 4°C and dehydrated 
with increasing concentrations of ethanol (30%, 50%, 70%, 
90%, 95%, 100%, 100%, 100%). After embedding with epoxy 

Pathological changes in lung pathological status

Structural damage 0 Pulmonary blood vessels, interstitial, alveolar and 
bronchial normal

1 Interstitial and alveolar haemorrhage oedema range <25%

2 Interstitial widening, alveolar haemorrhage oedema range 
25%-50%

3 Interstitial significantly widened, alveolar haemorrhage 
oedema range 50%-75%

4 Interstitial significantly widened, alveolar haemorrhage 
oedema range >75%

Inflammation 0 None

1 Interstitial small amount of neutrophils

2 Interstitial and some alveolar spaces have more neutrophils

3 Neutrophils and agglomerates in most of the alveolar 
spaces

T A B L E  1   Pathological scores of lung 
tissue damage
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resin, the tissues were sliced with a Leica UC6 ultramicrotome. 
Finally, the samples were observed with a transmission electron 
microscope at 110 kV, and photographs were taken.

2.6.4  |  ELISA

The frozen lung tissue was thawed in a refrigerator at 4°C, 
and the specimen was maintained at a temperature of 2-8°C 
after thawing. PBS (pH 7.4) was added to the sample, and 
the specimen was thoroughly ground until homogenized. 
An ELISA was used to calculate the standard curve using 
the standard concentration as the abscissa, the OD value 
as the ordinate and the TNF-α (Rat TNF-α ELISA KIT 
(SHANGHAI WESTANG BIO-TECH, Cat. No. F16960) 
and IL-1β (Rat IL-1β ELISA KIT, SHANGHAI WESTANG 
BIO-TECH, Cat. No. F15810) concentrations as the test 
samples.

2.6.5  |  Western blot

Immediately after the experiment, lung tissue was excised 
and frozen at −80°C. The samples were then centrifuged 
in ice-cold lysis buffer at 12 000 g for 5 minutes at 4°C. 
The supernatant (total protein) was collected and stored 
at −80°C to detect the expression of ANX-A1 (Annexin 
A1 Antibody, 1:1000, Novus Biologicals, Cat. No. NBP2-
23485), p-NF-κB p65 (Phospho-NF kappaB p65 (Ser536) 
Antibody, 1:1000, Affinity Biosciences, Cat. No. AF2006), 
ICAM-1(Rat ICAM-1/CD54 Affinity Purified Polyclonal 
Antibody, 0.2  μg  mL−1, R&D Systems, Cat. No. AF583) 
and GAPDH (Anti-GAPDH antibody [6C5]—Loading 
Control, 1:1000, Abcam, Cat. No. ab8245). The protein 
content of the supernatant was determined by a BCA pro-
tein assay kit.

2.7  |  Statistical methods

The experimental data in this article count the differences in 
pathology scores, oxygenation index and respiratory index be-
tween groups and the expression levels of related proteins and 

inflammatory factors. Data analyses and statistical evaluations 
were carried out using IBM SPSS 18.0. All results are the mean 
standard deviation of at least three experiments performed in trip-
licate. Data are shown as mean values ± standard error of the 
mean (SEM). Multiple comparison between different groups was 
analysed by one-way ANOVA or Dunnett's T3 test. Differences 
were considered statistically significant at a value of P < 0.05.

3  |   RESULTS

3.1  |  Changes in OIs and RIs in rats

3.1.1  |  Comparison of the same group at 
different time-points

There was no significant difference in OI and RI of rats in S 
group at each time-point (P > 0.05). Compared with the time-
point of T1 in the other four groups, OI at T2 and T3 point 
was significantly down and RI was significantly increased 
(P < 0.05). There was no significant difference in OI and RI 
between T2 and T3 in group A (P > 0.05).

3.1.2  |  Simultaneous comparison of 
each group

At T1 point, there was no significant difference in OI and RI 
between each group (P > 0.05). At T2, compared with S and A 
groups, OI of IR-I group decreased significantly (P < 0.05), and 
RI was significantly increased (P < 0.05). There was no signifi-
cant difference in OI and RI between the IR-I, B and AB groups 
(P > 0.05). At T3, OI of S and A groups was significantly higher 
than IR-I group (P < 0.05), while RI was the opposite (P < 0.05). 
There was no significant difference in OI and RI in IR-I, B and 
AB groups (P > 0.05) (Tables 2 and 3, Figure 1A,B).

3.2  |  Lung tissue light microscopy 
results and pathological damage score

The lung tissue structure of the S group was clear, and a 
small amount of alveolar wall rupture and inflammatory 

Group T1 T2 T3

S 363.56 ± 19.46 350.41 ± 45.27 334.17 ± 19.10

IR-I 361.93 ± 32.92 195.66 ± 51.71* 126.55 ± 37.40*#

A 373.45 ± 25.31 281.16 ± 21.97* 248.67 ± 29.58*

B 366.51 ± 20.05 193.59 ± 30.68* 129.95 ± 35.42*#

AB 371.68 ± 18.07 209.69 ± 34.01* 132.16 ± 37.96*#

Note:: Compared with T1, *P < 0.05; compared with T2, #P < 0.05. compared with IR-I group, aP < 0.05.

T A B L E  2   Comparison of the 
Oxygenation Index at different time-points 
in each group of rats (n = 6, x ± s)
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exudation was observed. The lung tissue structure of the 
A group was clear, some alveolar walls were broken, and 
a small number of inflammatory cells had infiltrated the 
tissue. The lung tissue structure of the IR-I, B and AB 
groups was disordered. The wall was severely broken, the 
alveolar cavity collapsed and filled with oedema fluid, and 
a large number of inflammatory cells and red blood cells 
were infiltrated. Compared with those of the S group, the 
pathological scores of the lung tissue in group A (P > 0.05) 
and the pathological scores of lung tissue in the IR-I, B 
and AB groups were not significantly different. There was 
no significant difference in the pathological scores of lung 

tissue from the IR-I group, the B group and the AB group 
(P > 0.05) (Figure 2, Table 4).

3.3  |  Lung tissue electron microscopy results

Electron microscopy was used to examine the tissues of 
the S group, and the structure of the lamellar body was not 
destroyed, the mitochondria were slightly swollen, and no 
microvilli appeared in the field of view. Electron micros-
copy showed that in the IR-I group, the structure of the 
lamellar body was destroyed, the number of visual fields 
was reduced, the emptying was increased, the mitochon-
dria were oedematous, and the microvilli structure disap-
peared. Electron microscopy showed that in the A group, 
the structure of the lamellar body was mostly intact. The 
outer layer of the lamellar body was approximately 1 μm 
in diameter and contained parallel plate-like structures. 
The mitochondria were slightly oedematous, and the villus 
structure was faintly visible. In the B group, the lamellar 
structure was damaged, and the mitochondria were swol-
len. In the AB group, the lamellar structure was damaged 
(Figure 3).

3.4  |  Expression of ANX-A1 (37 kDa), p-NF-
κB p65 and ICAM-1 in lung tissue at T3

The expression of ANX-A1 (37 kDa) in the lung tissue of 
the IR-I, B and AB groups was significantly higher than that 
in the S and A groups (P < 0.05). There was no significant 
difference among expression in the IR-I, B and AB groups 
(P > 0.05) (Table 5, Figure 4A,B).

Compared with the group S, the expression of p-NF-κB 
p65 and ICAM-1 in the lung tissues of the IR-I, A, B, AB 
groups was significantly higher (P < 0.05), compared with 
the A group In comparison, the expression of p-NF-kB p65 
and ICAM-1 in the lung tissues of the IR-I, B and AB groups 
was significantly increased (P  <  0.05); there was no sig-
nificant difference in the IR-I, B and AB groups (P > 0.05; 
Figure 4A,B).

3.5  |  Contents of TNF-α and IL-1β in lung 
tissues at T3

There was no significant difference in the expression of TNF-α 
and IL-1β in the lung tissues of the IR-I, B and AB groups 
(P > 0.05), but the contents were significantly increased com-
pared with those in the S and A groups (P < 0.05). Compared 
with that in the S group, the TNF-α content was significantly 
increased in the A group (P < 0.05), and IL-1β was not sig-
nificantly different (P > 0.05); the TNF-α and IL-1β contents 

T A B L E  3   Changes in Respiratory Index at different time-points 
in each group of rats (n = 6, x ± s)

Group T1 T2 T3

S 0.508 ± 0.089 0.585 ± 0.223a 0.643 ± 0.102a

IR-I 0.522 ± 0.153 1.970 ± 0.736*a 3.694 ± 1.404*#a

A 0.469 ± 0.102 0.959 ± 0.160* 1.230 ± 0.272a

B 0.497 ± 0.088 1.914 ± 0.557*a 3.529 ± 1.288*#a

AB 0.473 ± 0.076 1.680 ± 0.463*a 3.500 ± 1.407*#a

Note: Compared with T1, *P < 0.05; compared with T2, #P < 0.05; compared 
with the IR-I group, aP < 0.05.

F I G U R E  1   Changes in OIs and RIs in rats, A showed the PaO2/
FiO2 (OI) change in each group at different time. Compared with 
T1, *P < 0.05; compared with T2, #P < 0.05. compared with IR-I 
group, ap < 0.05. B showed the RI change in each group at different 
time. Compared with T1, *P < 0.05; compared with T2, #P < 0.05; 
compared with the IR-I group, ap < 0.05
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in the A group were significantly lower than those in the IR-I, 
B, and AB groups (P < 0.05) (Table 6, Figure 4C).

4  |   DISCUSSION

Acute lung injury is one of the main complications after open 
heart surgery under CPB.22 The mechanism and prevention 
measures of CPB lung injury have always been the focus 
of attention. At present, most scholars believe that the main 
causes of CPB lung injury are SIRS and lung IR injury, both 
of which can cause the release of inflammatory cytokines, ac-
tivate lung endothelial cells and induce the adhesion and infil-
tration of neutrophils in lung tissue. Studies have shown that23 
during CPB, due to mechanical physics, non-physiological 

perfusion, low temperature and other factors, the body's 
complement system is activated; the complement system ac-
tivates the immune system response and causes the release of 
various cytokines,24 such as platelet-activating factor (PAF), 
interleukin (IL), tumour necrosis factor (TNF) and interferon 
(IFN)25 to induce the migration and aggregation of neutro-
phils for pulmonary vascular endothelial cells, alveolar type 
II epithelial cells, etc Ultimately, this cascade causes damage. 
Activated neutrophils secrete TNF-α and IL-1β, which are 
important substances in the inflammatory response and can 
act synergistically with other cytokines to promote inflam-
matory responses by further inducing the release of cytokines 
and chemokines, and more neutrophils are recruited to the 
lungs,26 ultimately leading to pulmonary dysfunction during 
CPB. Studies have shown that TNF-α plays a key role in the 

F I G U R E  2   The lung tissue light 
microscopy results. A is observed S group 
which was clear, and a small amount of 
alveolar wall rupture. B is showed IR-I 
group the alveolar walls were severely 
broken, the alveolar cavity collapsed and 
filled with oedema fluid, and a large number 
of inflammatory cells and red blood cells 
were infiltrated. C is A group that observed 
lung tissue structure clear, a small number 
of inflammatory cells had infiltrated the 
tissue. D and E are B group and AB group 
that lung tissue structure was disordered. 
The alveolar walls were broken and were 
infiltrated a lots of inflammatory cells and 
red blood cells. F is the pathological damage 
score of the lung tissue, compared with S 
and A groups, aP < 0.05; compared with 
IR-I group, *P < 0.05

Group S IR-I A B AB

Score 2.17 ± 0.41* 4.83 ± 0.98 2.67 ± 0.82* 4.00 ± 0.63a 5.00 ± 0.63a

Note: Compared with the IR-I group, *P < 0.05; compared with the IR-I group, aP > 0.05.

T A B L E  4   Pathological damage score 
of lung tissue in each group of rats at T3
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pulmonary inflammation caused by CPB. TNF-α can directly 
induce apoptosis and affect alveolar epithelial cells.27 As an 
important transcription factor, NF-κB is present in almost all 
cells, and most of the cytokines related to lung inflammation, 

such as TNF-α and ICAM-1, are regulated by NF-κB. Studies 
have shown that in mice overexpressing NF-κB, LPS-induced 
pulmonary inflammation is significantly aggravated, leading 
to more severe pulmonary dysfunction.28 Ac2-26 inhibits 

F I G U R E  3   Lung tissue electron 
microscopy. A is S group showing that 
structure of the lamellar body was not 
destroyed, and the mitochondria were 
slightly swollen. B is the IR-I group 
showing the structure of the lamellar body 
was destroyed, the number of visual fields 
was reduced, the emptying was increased, 
the mitochondria were oedematous, and 
the microvilli structure disappeared. C is 
the A group observing that the structure of 
the lamellar body was mostly intact. D is 
the B group showing the lamellar structure 
was damaged, and the mitochondria were 
swollen. In the AB group, the lamellar 
structure was damaged just as E shows

T A B L E  5   Expression of ANX-A1, p-NF-κB p65 and ICAM-1 in the lung tissues of T3 rats at each time-point

Group S IR-I A B AB

AnxA1 0.200 ± 0.04b 0.732 ± 0.06ac 0.232 ± 0.03b 0.736 ± 0.05ac 0.695 ± 0.07ac

p-Nf-κB 0.225 ± 0.02bc 0.828 ± 0.06ac 0.414 ± 0.04ab 0.803 ± 0.07ac 0.798 ± 0.07ac

ICAM-1 0.243 ± 0.03bc 0.967 ± 0.04ac 0.404 ± 0.03ab 0.986 ± 0.07ac 0.951 ± 0.06ac

Note: Compared with the S group, aP < 0.05; compared with the IR-I group, bP < 0.05, compared with the A group, cP < 0.05.
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the formation of reactive oxygen species (ROS) induced by 
TNF-α and reduces the activation of the NF-κB pathway in 
endothelial cells.29 Intercellular cell adhesion molecule-1 
(ICAM-1) is a transmembrane glycoprotein expressed on 
the cell surface that is involved in inflammation and immune 
responses in type I and type II alveolar epithelial cells and 
pulmonary capillary endothelial cells. Studies have shown 
that30 ICAM-1 plays an important role in the recruitment of 
concentrated granulocytes to the lungs. When the ICAM-1 
gene is knocked out, TNF-α stimulates vascular permeability 
and intrapulmonary neutrophils in mice. Cell counts were all 

reduced by more than 70%. In the IR injury model induced 
by limbs in rats, ICAM-1 expression is elevated, and ischae-
mic post-conditioning can reduce the expression of ICAM-1 
and plays a role in lung protection. These studies suggest that 
systemic inflammatory responses caused by various causes 
may be the initiating factor of CPB lung injury.31 Therefore, 
how to control the inflammatory response of the whole body 
or lungs is the key to reducing the lung damage caused by 
CPB. The study of its mechanism of action may have positive 
implications for finding new anti-inflammatory drug targets.

The main features of CPB lung injury are impaired 
lung function and pathological changes in lung tissue. 
Clinically, RI and OI are commonly used to judge lung 
function. There is a negative correlation between RI and 
OI, and changes in either can reflect changes in lung func-
tion. Experiments have confirmed that ANX-A1 inhibits 
the adhesion of PMNs to endothelial cells by inducing 
L-selectin detachment in neutrophils and simultaneously 
activates caspase-3 to promote PMN apoptosis to regulate 
inflammation.32 In a smoke-induced rat lung inflammation 
model, the use of Ac2-26 alleviated lung epithelial damage 
caused by smoke exposure.33 In the IR-induced ALI model, 
the use of Ac2-26 significantly reduced lung neutrophil 
infiltration, improved lung injury scores and provided 
lung protection.34 Studies have shown that under normal 
conditions, ANX-A1 is mainly inactive in the cytoplasm. 
Under the action of inflammatory factors, neutrophils bind 
to capillary endothelial cells, stimulating a large amount 
of ANX-A1 to move to the cell surface with calcium ions. 
ANX-A1 is anchored on the serosal membrane of the cell 
and interacts with adhesion molecules, mediating the in-
teraction between leucocytes and endothelial cells, thereby 
inhibiting leucocyte migration to the site of inflammation 
and regulating the body's own anti-inflammatory effects. 
The expression of ANX-A1 in the lung tissue of rats in the 
IR group after CPB was significantly higher than that in the 
S group and A group, but the pathological damage, lung 
function and systemic condition of the lung tissue were not 
improved. The reason may be a strong systemic inflamma-
tory response caused by CPB, which stimulates the body to 
significantly increase AnxA1 expression in the lung tissue. 
During this process, activated neutrophils release various 
proteases and cause lung tissue damage. The expression 
of TNF-α, IL-1β, p-NF-κB p65 and ICAM-1 in the lung 
tissue of the A group was lower than that of the IR group, 

F I G U R E  4   Expression of ANX-A1 (37 kDa), p-NF-κB p65, 
ICAM-1, TNF-α and IL-1β. A is the Western Blot strip of ANX-A1, 
p-NF-κB p65 and ICAM-1. B is the histogram of ANX-A1, p-NF-
κB p65 and ICAM-1, compared with IR-I group (P < 0.05). C is the 
histogram of TNF-α and IL-1β, compared with IR-I group (P < 0.05)

T A B L E  6   Expression of TNF-α and IL-1β in the lung tissues of rats at each time-point of T3 (ng L−1)

Group S IR-I A B AB

IL-1β 17.9 ± 4.9b 35.0 ± 10.0ac 20.6 ± 4.1b 40.9 ± 2.2ac 38.8 ± 6.5ac

TNF-α 92.5 ± 20.4bc 199.9 ± 37.3ac 146.9 ± 35.3ab 215.5 ± 30.8ac 211.0 ± 45.0ac

Note: Compared with the S group, aP < 0.05; compared with the IR-I group, bP < 0.05, compared with the A group, cP < 0.05.
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and the degree of lung injury was also less than that of 
the IR group. However, the expression of AnxA1 (37 kDa) 
in the lung tissue was significantly lower than that in the 
IR group. There was no significant difference between the 
two groups. The reason may be that (a) the inflammation 
caused by lung IR was inhibited after adding Ac2-2633; (b) 
in the COPD model,35 Lucas et al proposed that the re-
duction in endogenous ANX-A1 after Ac2-26 injection was 
associated with negative feedback regulation. (c) There are 
also studies36 indicating that Ac2-26 may regulate the con-
version of endogenous ANX-A1 between 37 and 34 kDa. In 
lung injury caused by distal intestinal ischaemia,37 ANX-
A1 expression at 37 kDa was decreased in the lung after 
Ac2-26 treatment, and ANX-A1 expression at 33 kDa was 
significantly increased, which was consistent with the re-
sults of this experiment and further research.

The specific molecular mechanism of the anti-
inflammatory effect of ANX-A1 is not well understood; in 
recent years,15 it was discovered that ANX-A1 binds to the 
FPR to exert its biological function. When an inflammatory 
response occurs, ANX-A1 binds to FPR, undergoes a se-
ries of reactions to inhibit the migration of neutrophils and 
monocytes and down-regulates the aggregation and adhe-
sion of leucocytes at the site of injury or infection. Perretti 
found that16 glucocorticoid-induced ANX-A1 binds to FPR1 
and initiates a downstream cascade that promotes extracellu-
lar regulated protein kinases (ERKs) and mitogen-activated 
protein kinases (MAPKs). Phosphorylation affects the ac-
tivity of the downstream transcription factors AP1 and NF-
κB and cytokines and exerts an anti-inflammatory effect. 
Endogenous and exogenous ANX-A1 binds to the FPR re-
ceptor on the PMN to reduce adhesion and aggregation of 
the PMN38,39; studies have shown that40 Ac2-26 can be re-
duced in combination with FPR receptors. The interaction 
of neutrophil-endothelial cells lowers pulmonary arterial 
pressure, reduces inflammatory cytokine production, reduces 
lung IR damage and reduces myeloperoxidase activity. Boc2 
is an FPR receptor antagonist that binds to FPR1 and FPR2 to 
block its biological function. After adding Boc2 to the CPB 
of the experimental rats, it was found that the B, AB and A 
groups showed a significant decrease in their OIs, a signifi-
cant increase in their RIs, an increase in the lung pathological 
scores and damage to the platelet structures of lung tissue 
under electron microscopy. The expression of TNF-α, IL-1β 
and p-NF-κB p65 in the lung tissue increased significantly. 
There was no significant difference between the B, AB and 
IR groups, indicating that Boc2 blocked the AnxA1 peptido-
mimetic Ac2-26 on rat CPB. The protective effect on the lung 
tissue suggests that the mechanism of action of Ac2-26 on the 
lung protection of rat CPB depends on a series of biological 
effects of the combination of AnxA1 and its receptor FPR.

Although several studies have shown that the binding of 
annexin A1 to FPRs can effectively reduce the occurrence 

and development of endogenous inflammation in vivo, 
Rahman et al found that41 FPRs can help the body. The 
influenza virus is transported into the cell, and the trans-
fection of the virus was significantly reduced after the use 
of the FPR antagonist WRW4; and Schloer et al42 found 
that the activation of the FPR by annexin A1 can effectively 
reduce the replication of influenza virus and reduce lung 
damage.

Therefore, the role and mechanism of annexin A1 and 
its FPR in the development of endogenous inflammation in 
vivo require further research to find a new anti-inflammatory 
therapy.

5  |   CONCLUSION

1.	 The application of the exogenous AnxA1 peptidomimetic 
Ac2-26 can alleviate lung injury after CPB in rats and 
reduce the levels of TNF-α, IL-1β, ICAM-1 and NF-κb 
p65 in lung tissue and protect the lungs.

2.	 The mechanism of the ANX-A1 peptidomimetic Ac2-26 
to alleviate lung injury in CPB may be related to the FPR 
receptor and a reduction in the expression of TNF-α, IL-
1β, ICAM-1 and p-NF-κB p65 in the rat lung tissue.
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