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ARTICLE INFO ABSTRACT

Original paper To analyze the effects of AQP-1, NF-kB and apoptosis in lung tissue of neonatal rats with hyperoxia-induced
lung injury (HILI).162 neonatal SD rats were divided into control group (COG), model group (MOG) and

Article history: celecoxib group (CEG), 54 rats in each group. Each group was subdivided into 1st, 5th and 10th-day groups
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with 18 rats in each group. The neonatal rat model of HILI was established. Nine rats in each group were ran-
domly selected on the 3rd, 6th and 12th day respectively. The level of oxidative stress (OS) in bronchoalveolar
lavage fluid (BALF), the pathological changes of lung tissue, the ratio of lung wet weight to dry weight (W/D),

the expression of inflammatory factors in lung tissue, the | AQP-1 and NF-kB level and apoptosis in lung tissue
were tested. In comparison with COG, the level of MDA in BALF, the ratio of lung W/D, the expression level
of IL-6, TNF- a, NF- kB and the number of apoptotic cells in lung tissue were significantly increased, while
the level of SOD in BALF and AQP-1 in lung tissue notably decreased in the MOG (P<0.05). The level of
malondialdehyde (MDA) in BALF, the ratio of lung W/D, IL-6, TNF-a, NF-«kB and plenty of apoptotic cells in
Iung tissue in CEG were notably decreased than MOG(P<0.05), while the level of SOD in BALF and AQP-1
in lung tissue were raised in CEG. In the COG, the lung tissue structure was complete, the arrangement was
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neat, the alveolar cavity was clear, and there was no inflammatory infiltration. With the extension of time, the
inflammatory infiltration of lung tissue in the MOG gradually increased, the plenty of red blood cells gradually
increased, and the size of the alveolar cavity varied; compared with the MOG, the inflammatory infiltration in
the CEG decreased and the plenty of red blood cells decreased. Celecoxib can improve oxidative injury, inhibit
inflammation, up-regulate AQP-1 and down-regulate NF-«kB, inhibit apoptosis, and have a certain protective
effect on HILI in neonatal rats.

Doi: http://dx.doi.org/10.14715/cmb/2023.69.8.11 Copyright: © 2023 by the C.M.B. Association. All rights reserved.

Introduction vertheless, there are few reports on the effects of celecoxib

in hyperoxia-induced lung injury (HILI). In this paper, we

Acute lung injury is a kind of acute and progressive
respiratory distress and refractory hypoxaemia., which is
characterized by high mortality and high disability rate.
The development of neonatal lung organs is not yet ma-
ture, and the occurrence of hypoxemia is not uncommon.
As an important method for the treatment of hypoxemia,
high-concentration oxygen therapy plays an important role
in preventing multiple organ failure, striving for treatment
time and saving patients' lives. However, high concentra-
tions of oxygen inhalation for a long time will have a se-
rious impact on the organs and systems of the body (1,2).
This may be because hyperoxia can promote the expres-
sion of many inflammatory factors in the lung, induce the
accumulation of excessive oxygen free radicals, reduce
the number of alveoli and obvious apoptosis in lung tissue
(3). Celecoxib, a selective inhibitor of cyclooxygenase-2
(COX-2), is a non-steroidal anti-inflammatory drug and
has certain anti-inflammatory and analgesic effects. Some
studies have discovered that celecoxib could inhibit the
development of gastric cancer (4); in addition, celecoxib
can also induce apoptosis of laryngeal cancer cells (5). It
can have an important effect on many kinds of cells. Ne-

studied whether celecoxib can have a certain therapeutic
effect on hyperoxia lung injury in neonatal rats.

Materials and Methods

Experimental animal

Randomly selected 162 neonatal SD rats [Zhejiang
Weitong Lihua Experimental Animal Technology Co.,
Ltd., production license SCXK (Zhejiang) 2020-0002, use
license SYXK (Zhejiang) 2019-0003], weight (55 £+ 11)
g, 3 weeks old, all young rats were free to eat and drink at
laboratory temperature (22 = 2) °C, humidity (56 +11)%,
day and night for 12 hours.

Main instruments and reagents

Biological microscope (Shenzhen Chensheng Optical
Instrument Co., Ltd., model: SC-Y409A); oxygen box
(Guangzhou Huayuexing Instrument Co., Ltd., model:
H135); ultra-low temperature refrigerator (Shanghai Tian-
feng Industrial Co., Ltd., model: TF-86-200-WA); low
temperature and high speeds centrifuge (Beijing Times
Beili centrifuge Co., Ltd., model: GT16-3); MDA test kit
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(Hefei Lyle Biotechnology Co., Ltd.). SOD test kit (Suo-
laibao Technology Co., Ltd.); TNF- a test kit (Shanghai
Jimi Industrial Co., Ltd., specification: 96T); IL-6 test kit
(Beijing Rejing Biotechnology Co., Ltd., specification:
40T); rabbit anti-mouse AQP-1 polyclonal antibody (Wu-
han Aimijie Technology Co., Ltd.); rabbit anti-mouse NF-
kB antibody (Nanjing Lefusai Biotechnology Co., Ltd.).
Celecoxib (Pfizer Pharmaceuticals LLC, production batch
number: 20190063, specification: 0.2g*6 granules).

Establishment of a neonatal rat model of HILI

The neonatal rats were randomly divided into control,
model and celecoxib groups of 54 rats each, and each
group was further divided into 3rd, 6th and 12th-day
groups, with 18 rats in each group.

The oxygen box has an outlet hole and an intake hole,
and the rats in the MOG and CEG are continuously fed
in the oxygen box so that the oxygen concentration in the
oxygen box is maintained at about 85%. The rats in the
COG were fed in natural air under the same conditions
as those in the MOG and CEG. All groups were fed for 3
days, 6 days and 12 days respectively.

Observation index

Nine rats in each group were randomly selected on
the 3rd day, 6th day and 12th day respectively. The bron-
choalveolar lavage fluid (BALF) of each group was centri-
fuged and the supernatant was taken. The expression level
of malondialdehyde (MDA) in BALF was determined by
the thiobarbituric acid method, and the expression level of
superoxide dismutase (SOD) in BALF was measured by
the xanthine oxidase reduction method.

Nine rats in each group were randomly selected on the
3rd day, 6th day and 12th day respectively. The rats were
killed under anesthesia, and the lung tissues were taken,
and the pathological changes in the lung tissue of each
group were determined by HE staining. The tissue of the
upper lobe of the right lung was fixed in formalin solution,
and 4 p m thick paraffin sections were routinely made, xy-
lene dewaxing, gradient alcohol dehydration, hematoxylin
staining, ammonia returning to blue, eosin staining, tap
water rinsing, alcohol dehydration, xylene transparent and
neutral gum sealing tablets, and the changes of lung tissue
in each group were observed by microscope.

The tissue of the lower lobe of the left lung was taken,
the surface water was absorbed and recorded its weight
as wet weight. After weighing, it was dried in an oven at
65°C for 48 hours, and the weight was recorded as dry
weight. The ratio of lung wet weight to dry weight (W/D)
was calculated.

The upper lobe of the left lung was taken, lysate was
added, homogenized and centrifuged, and the supernatant
was taken. The expression levels of Tumor necrosis factor-
o (TNF-0) and Interleukin-6, IL-6 in lung tissue of rats
in each group were measured by enzyme-linked immuno-
sorbent assay (Elisa). The testing steps are carried out in
complete accordance with the operating procedures.

Aquaporin-1 (AQP-1) and nuclear factor kappa B (NF-
kB) in the lung tissue of rats in each group were deter-
mined by Western blotting. The lung tissue protein was
extracted from the lower lobe of the right lung according
to the operation kit, then the separation gel and concentra-
ted gel were arranged successively, the protein was boiled
and denatured, samples were taken and electrophoretic,

the protein on the gel was transferred to PVDF membrane,
incubated overnight at 4°C, AQP-1 and NF-«kB first anti-
body was added, diluted first antibody, closed at 37°C for
1 hour, washed the membrane 3 times, each time 10 min,
diluted second antibody, and washed the membrane again.
A chemiluminescence imager was used for image quanti-
tative analysis.

Determine the apoptosis of lung tissue of rats in each
group on the 12th day: take the middle lobe of the right
lung, make paraffin section routinely, and detect the apop-
tosis of lung tissue of rats in each group by TUNEL stai-
ning. Take paraffin sections, add protease K working solu-
tion, fix at room temperature, rinse with phosphate buffer,
add Dnsael reaction solution, rich at room temperature,
rinse with deionized water, add 0.3% hydrogen peroxide
to rinse closed phosphate buffer, develop color with DAB
chromogenic solution, seal film with neutral gum, and ob-
serve under the microscope. Five sections were selected
from each group and four fields of view were randomly
selected from each section to calculate the quantity of
apoptotic cells in the lung tissue.

Statistical method

Single factor and multi-sample mean comparisons were
used in multi-group comparisons, and independent sample
t-test were used for paired comparisons, all expressed by
(xxs). In this study, SPSS20.0 software was used to ana-
lyze the statistical data, and the difference was considered
to be statistically significant. And in comparison with the
control group *P<0.05; in comparison with model group °
P<0.05.

Results

OS indexes in BALF in various groups of rats

With the extension of time, the level of MDA in BALF
of rats in each group gradually increased and the level of
SOD decreased gradually. The level of MDA in the BALF
of the MOG was raised and the level of SOD was reduced
than COG (P<0.05). In comparison with the MOG, the
levels of MDA and SOD in the BALF of rats in the CEG
were reduced and raised (P<0.05) (Table 1).

Histopathological changes of lung tissue in various
groups of rats

In the COG, the lung tissue structure was complete, the
arrangement was neat, the alveolar cavity was clear, and
there was no inflammatory infiltration. With the extension
of time, the inflammatory infiltration of lung tissue in the
MOG gradually increased, red blood cells number gra-
dually increased, and the size of the alveolar cavity varied;
compared with the MOG, the inflammatory infiltration in
the CEG decreased and red blood cells number decreased.

W/D of lung tissue in each group

The lung W/D ratio of the MOG was raised than COG
(P<0.05), and that of the CEG was reduced than that of the
MOG (P<0.05) (Table 2).

Comparison of the levels of inflammatory factors in
lung tissue of rats in each group

The levels of IL-6 and TNF-a in the lung tissue of the
MOG were raised than COG (P<0.05), and those in the
lung tissue of the CEG were reduced than MOG (P<0.05)
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Table 1. OS indexes in BALF of rats (¥+s).

Group Number 3d 6d 12d
COG 9
SOD (U/mL) 20.58+1.78 18.87+2.00 17.18+£2.74
MDA (nmol/mL) 0.96+0.04 1.01+0.07 1.05+0.09
MOG 9
SOD (U/mL) 12.15+1.37* 11.68+1.29° 10.46+1.02°
MDA (nmol/mL) 1.49+0.09° 1.58+0.09° 1.74£0.112
CEG 9
SOD (U/mL) 18.11+0.82° 16.17+0.68" 14.09+0.88"
MDA (nmol/mL) 1.07+0.07® 1.17+0.09% 1.2340.09%
Table 2. Comparison of W/D of lung tissue (¥+s).
Group Number 3d 6d 12d
COG 9 4.87+0.17 4.92+0.26 4.93+0.17
MOG 9 5.12+0.24* 5.43+0.17¢ 5.63+0.14¢
CEG 9 4.91+0.18%® 4.98+0.11% 5.11£0.13%®
F 4.10 19.32 54.55
P 0.030 <0.001 <0.001
Table 3. The levels of inflammatory factors (¥+s).
Group Number 3d 6d 12d
COG 9
IL-6 (pg/mL) 141.87+36.82 157.07+45.48 168.28+36.25
TNF-a (n g/mL) 82.17+16.87 87.28+20.42 91.28+36.58
MOG 9
IL-6 (p g/mL) 351.74+82.42* 362.28+107.18* 374.58+99.81°
TNF-o (n g/mL) 359.41+32.48* 367.72+48.24* 375.26+63.14¢
CEG 9
IL-6 (p g/mL) 201.56+74.15° 214.38+100.49° 223.99+111.55°
TNF-a (n g/mL) 169.544+32 45 186.28+40.73® 196.58+48.27®
Table 4. AQP-1 and NF-kB repression.
Group Number AQP-1 NF-xB
COG 9 1.05+0.13 0.56+0.12
MOG 9 0.57+0.09* 1.76+0.422
CEG 9 0.74+0.11% 0.86+0.23
F 43.151 41.365
P <0.001 <0.001

(Table 3).

Comparison of expression levels of AQP-1 and NF- kB
in lung tissue of rats in each group

The AQP-1 in the lung tissue of the MOG was reduced
and the expression level of NF-xB was raised than COG
(P<0.05), and AQP-1 and NF- « B in the lung tissue of the
MOG was raised than that of the MOG(P<0.05) (Table 4).

Comparison of apoptosis in lung tissue of rats in each
group

A large number of apoptotic cells in the lung tissue of
the MOG was found more than COG (P<0.05), and that
of the MOG was reduced than that of the MOG (P<0.05)
(Table 5).

Table 5. Apoptosis in lung tissue of rats (¥=£s).

Group Number Apoptotic cells number
COG 9 7.95+1.43
MOG 9 85.79+7.32¢
CEG 9 18.78+3.62%®
F 698.37
P <0.001
Discussion

The pathogenesis of hyperoxia lung injury is complex.

Most scholars believe that oxidative stress and inflamma-
tion may be implicated in the onset and development of hy-
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peroxic lung injury. (6). Oxygen is an essential element for
the body. in the process of metabolism, a variety of active
oxides are produced, and the active oxides and antioxidant
systems work together to maintain the balance of oxides
in the body. MDA is the end product of lipid peroxides,
which can cross-link lipids and proteins, denature the bio-
film, destroy the cell structure and affect the cell function.
The level of MDA was strongly related to the degree of li-
pid peroxidation (7). As an antioxidant cytokine, SOD can
scavenge lipid peroxidation products. The level of SOD
can have an important effect on the antioxidant capacity of
the reaction body (8). The results of this study showed that
when neonatal rats were exposed to high oxygen concen-
tration, there was obvious OS, and the inflammatory infil-
tration of lung tissue gradually increased, the plenty of red
blood cells gradually increased, and the ratio of W/D in-
creased significantly. Celecoxib can significantly improve
oxidative stress response and lung injury in rats.

The inflammatory reaction is an important pathology of
hyperoxia lung injury. When hyperoxia lung injury occurs,
large amounts of inflammatory factors, such as TNF-a
and IL-6, are released that damage the barrier function of
vascular endothelial cells and epithelial cells, amplify the
cascade of cytokines and chemokines, and further aggra-
vate lung injury (9). The findings of this study suggest that
when neonatal rats were exposed to high oxygen concen-
tration, there was an obvious inflammatory reaction in the
lung tissue, which was aggravated with time. This may be
due to the fact that hyperoxia can lead to excessive ac-
cumulation of reactive oxygen species in the body, pro-
mote the inflammatory factors expression, such as TNF-a,
IL-1 hormone and IL-6 in the lung, and activate related
pathways. Celecoxib can significantly inhibit pulmonary
inflammatory factors expression (10).

This surface of the alveoli is covered by epithelial cells,
and the cells are closely linked to each other, forming a
barrier of alveolar epithelial cells. AQP is a small mole-
cular membrane channel protein specifically permeable
to whom, including 13 kinds of AQPO0-12, among which
AQP-1 is predominantly expressed in alveolar epithelial
cells. The study found that (11), in the mouse model of
acute lung injury, AQP-1 expression levels were drama-
tically reduced, and the mice showed obvious pulmonary
edema. After knocking out the AQP-1 gene, the water per-
meability of the alveolar-capillary cavity decreased signi-
ficantly, and the level of AQP-1 was significantly corre-
lated with lung capillary water permeability (12). It has
been found that redox-sensitive transcription factors also
play an important role in HILI. NF-xB and signal trans-
duction and transcription or honeysuckle may regulate cell
necrosis and apoptosis in HILI. NF- kB is an important
transcriptional regulator, which can regulate the expres-
sion of many inflammatory and immune genes (13). When
the body is stimulated by pathogens, NF-xB inhibitory
protein kinase is activated, which is hydrolyzed after ubi-
quitin modification, thus activating NF- kB, while NF-«xB
can activate the expression of inflammatory factors such
as TNF-an and IL-6, leading to cascade amplification, re-
sulting in lung injury (14). This research proves that hype-
roxia could significantly inhibit the AQP-1 and promote
NF- «B. Celecoxib could up-regulate AQP-1 and down-
regulate NF- kB, and improve lung injury.

It is currently believed that lung injury caused by va-
rious causes is always accompanied by lung cell apopto-

sis in the development of the disease. With the continuous
study of hyperoxia lung injury, it is considered that apop-
tosis is not only its histological feature but also one of its
mechanisms. Apoptosis is a basic biological phenomenon
of cells, which can stabilize the internal and external envi-
ronment and eliminate aging cells in vivo. The study found
that (15) apoptosis may run through the whole process of
lung tissue cell injury and repair. In this study, neonatal rats
were exposed to high oxygen concentration, and apoptosis
was detected by the TUNEL method. The findings indica-
ted that there was obvious apoptosis in rat lung tissue, and
celecoxib could inhibit apoptosis. This may be related to
the fact that celecoxib can inhibit oxidative stress, inhibit
inflammation and stabilize the structure of alveoli.

To sum up, celecoxib can improve oxidative injury, in-
hibit inflammation, up-regulate AQP-1 and down-regulate
NF-«B, inhibit apoptosis, and have a definite protective
effect on HILI in neonatal rats.

Fundings
The research is supported by: the Clinical Research Fund
Project of the Zhejiang Medical Association.

References

Mowery NT, Terzian WTH, Nelson AC. Acute lung injury. Curr
Probl Surg 2020; 57(5): 100777. https://doi.org/10.1016/j.cp-
surg.2020.100777

Gordon I, Khan AS. High-flow Oxygen Therapy for Treating
Bronchiolitis in Infants. Acad Emerg Med 2019; 26(7): 826-828.
https://doi.org/10.1111/acem.13681

Sitapara RA, Gauthier AG, Valdés-Ferrer SI, Lin M, Patel V,
Wang M, Martino AT, Perron JC, Ashby CR Jr, Tracey KJ, Pavlov
VA, Mantell LL. The a7 nicotinic acetylcholine receptor ago-
nist, GTS-21, attenuates hyperoxia-induced acute inflammatory
lung injury by alleviating the accumulation of HMGBI in the
airways and the circulation. Mol Med 2020; 26(1): 63. https://doi.
org/10.1186/s10020-020-00177-z

XulJ, YuY, He X, Niu N, Li X, Zhang R, Hu J, Ma J, Yu X, Sun
Y, Ni H, Wang F. Tumor-associated macrophages induce invasion
and poor prognosis in human gastric cancer in a cyclooxyge-
nase-2/MMP9-dependent manner. Am J Transl Res 2019; 11(9):
6040-6054.

Ding J, Chang Q, Gong S. Inhibitory effects of Celecoxib and
Sc-58125 on proliferation of human carcinoma of larynx Hep-2
in vitro. J Huazhong Univ Sci Technolog Med Sci 2005; 25(2):
202-205. https://doi.org/10.1007/BF02873577

Ashley SL, Sjoding MW, Popova AP, Cui TX, Hoostal MJ,
Schmidt TM, Branton WR, Dieterle MG, Falkowski NR, Baker
IM, Hinkle KJ, Konopka KE, Erb-Downward JR, Huffnagle GB,
Dickson RP. Lung and gut microbiota are altered by hyperoxia
and contribute to oxygen-induced lung injury in mice. Sci Transl
Med 2020; 12(556): eaau9959. https://doi.org/10.1126/scitransl-
med.aau9959

Wang J, Zhang A, Li Y, Xu J, Huang F, Zhao M, Wu B, He S.
Effect of intermittent hypoxia or hyperoxia on lung development
in preterm rat neonates during constant oxygen therapy. J Cell
Biochem 2019; 120(10): 17545-17554. https://doi.org/10.1002/
jcb.29019

Younus H. Therapeutic potentials of superoxide dismutase. Int J
Health Sci (Qassim) 2018; 12(3): 88-93.

Ha JH, Kim SW, Kim IK, Yeo CD, Kang HH, Lee SH. Effects of
long term normobaric hyperoxia exposure on lipopolysaccharide-
induced lung injury. Exp Lung Res 2020; 46(1-2): 44-52. https://

76



Zhengfei Fan and Yuan Shen / Effects of celecoxib on neonatal rats , 2023, 69(8): 73-77

10.

11.

12.

13.

doi.org/10.1080/01902148.2020.1725183

Sun Y, Chen C, Di T, Yang J, Wang K, Zhu Y, Zhu R, Zhou A,
Qian Y. Human B-Defensin-2 Improves Hyperoxia-Induced Lung
Structural and Functional Injury in Neonatal Rats. Med Sci Monit
2019; 25: 6074-6084. https://doi.org/10.12659/MSM.915814

Hu X, Liu S, Zhu J, Ni H. Dachengqi decoction alleviates acute
lung injury and inhibits inflammatory cytokines production
through TLR4/NF-«B signaling pathway in vivo and in vitro. J
Cell Biochem 2019; 120(6): 8956-8964. https://doi.org/10.1002/
jcb.27615

Verkman AS. Role of aquaporins in lung liquid physiology.
Respir Physiol Neurobiol 2007; 159(3): 324-30. https://doi.
org/10.1016/j.resp.2007.02.012

Zaher TE, Miller EJ, Morrow DM, Javdan M, Mantell LL. Hype-

14.

15.

roxia-induced signal transduction pathways in pulmonary epithe-
lial cells. Free Radic Biol Med 2007; 42(7): 897-908. https://doi.
org/10.1016/j.freeradbiomed.2007.01.021

Yen CC, Chang WH, Tung MC, Chen HL, Liu HC, Liao CH,
Lan YW, Chong KY, Yang SH, Chen CM. Lactoferrin Protects
Hyperoxia-Induced Lung and Kidney Systemic Inflammation in
an In Vivo Imaging Model of NF-kB/Luciferase Transgenic Mice.
Mol Imaging Biol 2020; 22(3): 526-538. https://doi.org/10.1007/
s11307-019-01390-x

Zou D, LiJ, Fan Q, Zheng X, Deng J, Wang S. Reactive oxygen
and nitrogen species induce cell apoptosis via a mitochondria-de-
pendent pathway in hyperoxia lung injury. J Cell Biochem 2019;
120(4): 4837-4850. https://doi.org/10.1002/jcb.27382

77



