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Abstract. – OBJECTIVE: This study aimed to 
evaluate effect of budesonide combining Porac-
tant Alfa on preventing bronchopulmonary dys-
plasia (BPD).

PATIENTS AND METHODS: A total of 120 
preterm infants were involved. pH value, partial 
pressure of oxygen (PO2), and blood gas anal-
ysis were evaluated. Peripheral blood was col-
lected and mononuclear cells were isolated. Re-
active oxygen species (ROS) in peripheral blood 
mononuclear cells (PBMCs) were detected with 
laser confocal. Sirtuin 1 (SIRT1) in PBMCs was 
detected using immunofluorescence. SIRT1 and 
small ubiquitin-like modifier (SUMO)-specific 
protease 1 (SENP1) were detected with Western 
blot.  

RESULTS: Compared with group B, pH value 
and PO2 were improved significantly in group C 
and D (p<0.01). Compared with group B, oxygen 
inhalation duration, rate of having a respirator 
assisted ventilation, and using pulmonary sur-
factant (PS) again, and BPD incidence were sig-
nificantly decreased in other groups (p<0.05). 
BPD incidence in group D was less than group 
C (χ2=4.00, p<0.05). Compared with control 
group, ROS level of neonatal respiratory dis-
tress syndrome (NRDS) group was significantly 
increased, SENP1 was increased, and SIRT1 
was decreased in SIRT1 group. Compared with 
NRDS, when budesonide combined with Porac-
tant Alfa, ROS decreased, SENP1 decreased, 
SIRT1 nuclear pulp shuttling rate reduced, nu-
clear SIRT1 increased (p<0.01). Compared with 
control, ROS level of NRDS group was signifi-
cantly increased, SENP1 increased, and SIRT1 
in nucleus decreased (p<0.05). Compared with 
NRDS group, when treated with budesonide and 
Poractant Alfa, ROS levels decreased, SENP1 
decreased, nuclear SIRT1 increased (p<0.01).

CONCLUSIONS: Budesonide combining Po-
ractant Alfa can prevent BPD in preterm infants 
by activating the SIRT1 signaling pathway.
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Introduction

Bronchopulmonary dysplasia (BPD) is a 
chronic lung disease caused by oxygen therapy 
and mechanical ventilation in premature infants 
with acute respiratory distress1. With the continu-
ous improvement of medical technology, survival 
rate of premature infants increases significantly 
in recent years. However, at the same time, inci-
dence of BPD, retinopathy, neurological abnor-
malities, and other diseases also increases gradu-
ally, which seriously affects the survival rate and 
quality of life2-4. Authors5-6 showed that the lower 
the gestational age, the lower the body weight, 
and the higher the incidence of BPD.

Presently, there is no systematic way to pre-
vent and cure BPD. Currently, there are many 
strategies, including oxygen therapy, pulmonary 
surfactant (PS) alternative treatment, nitric oxide 
(NO), glucocorticoid (GC), caffeine, vitamin A, 
bronchial vasodilators, diuretics, antibiotics, and 
other treatments7-10. Using PS to prevent and cure 
neonatal respiratory distress syndrome (NRDS) 
for preventing BPD is currently recognized as 
one of the most important methods. The preven-
tion of GC in BPD has been proved to be effec-
tive by many clinical trials, but the early system-
ic application of GC has many adverse effects11. 
Budesonide is a kind of newly synthesized GC, 
mainly used for topical use of inhalation12. The 
previous studies13-16 showed that local use of hor-
mone affects more quickly. Through the mucosal 
absorption, it can directly reach the target organ, 
reduce the release of inflammatory mediators and 
cytokines, and reduce lung injury17,18.

The mechanism of budesonide combining Po-
ractant Alfa in preventing BPD has not been clar-
ified. Scholars showed that the high oxygen lung 
injury was significantly associated with sirtuin 1 
(SIRT1) signaling pathway. Once high oxygen and 

European Review for Medical and Pharmacological Sciences 2019; 23: 11032-11042

F.-L. DU, W.-B. DONG, C. ZHANG, Q.-P. LI, L. KANG, X.-P. LEI, L. GUO, X.-S. ZHAI

Department of Newborn Medicine, Affiliated Hospital of Southwest Medical University, Luzhou,
Sichuan, PR China

Corresponding Author: Wenbin Dong, MD; e-mail: dognwenbbb2@sina.com

Budesonide and Poractant Alfa prevent
bronchopulmonary dysplasia via triggering 
SIRT1 signaling pathway



Budesonide and Poractant Alfa prevent BPD

11033

other factors could lead to the increase in reactive 
oxygen species (ROS) and small ubiquitin-like 
modifier (SUMO)-specific protease 1 (SENP1). 
Meanwhile, the SIRT1 to desumoylation will pro-
mote the SIRT1 out of nuclear that triggers nucle-
ar-plasma shuttle, antioxidant capacity decreased, 
cell apoptosis increased19-22. PS can effectively pre-
vent the occurrence of BPD, which may be related 
to oxidative stress of SIRT1. In addition, the former 
researches23,24 showed that SIRT1 also involves in 
anti-inflammatory reactions. Inflammatory injury 
is a key link in the development of BPD. GC has 
the effect of inhibiting inflammatory reaction25. 
We make a bold assumption: SIRT1 signaling path-
way also participates in hormone combining pul-
monary surfactant to prevent BPD. Therefore, this 
study would further explore SIRT1 signaling path-
way involving in the process of budesonide com-
bining Poractant Alfa to prevent BPD. Meanwhile, 
this research would provide a novel therapeutic tar-
get for preventing and treating BPD.

Patients and Methods

Patients
One hundred and twenty preterm infants 6 h 

after birth (gestational age ≤ 32 weeks and birth 
weights ≤ 1500 g) admitted to Department of New-
born Medicine, the Affiliated Hospital, Southwest 
Medical University from October 2013 to Febru-
ary 2015, were randomly divided into 4 groups (30 
cases in each group). Group A was control group, 
group B was neonatal respiratory distress syn-
drome (NRDS) group, group C was NRDS with 
surfactant group, and group D was NRDS with 
surfactant and budesonide group. Diagnosis of pre-
mature infants in NRDS was in line with NRDS 
diagnostic criteria of “practice of neonatology” ac-
cording to the previously published study26. There 
were no significant differences for the gender, ges-
tational age, birth weight, and Apgar 10 min scores 
between four groups (p>0.05). 

This investigation has been approved by Med-
ical Ethics Committee of the Affiliated Hospital 
of Southwest Medical University. All the children 
who have been brought into laboratory before ex-
periments have consents of the family members 
and signed the informed consents.

Intervention Measures
Thirty-two weeks following unless the other 

diseases and without oxygen in preterm infants 
within 48 h as group A. Group B was treated by 

continuous up-taking oxygen with continuous 
positive airway pressure (CPAP; Oxygen lasts 
more than 48 h and oxygen concentrations more 
than 40%). Group C was treated with 100 mg/kg 
pulmonary surfactants (PS, CR Double-Crane 
Pharmaco. Co. Ltd., Beijing, China) within 48 
h on the basis of group B. Group D was treated 
with 0.25 mg/kg budesonide (CR Double-Crane 
Pharmaco. Co. Ltd., Beijing, China) suspension 
for inhalation on basis of group C14,27.

Record Clinical Indicators
The pH value and partial pressure of oxygen 

(PO2), and blood gas analysis were detected in every 
group before and 1, 6, 12, 24, and 48 h after drug ad-
ministration. All above groups were also observed 
whether to have a respirator assisted ventilation, the 
high oxygen using duration, the total oxygen time, 
the rate of using PS again, the rate of BPD (the new-
born may be diagnosed as the disease by fraction of 
inspiration O2 of more than 21% of 28 d28), the to-
tal hospitalization days and the adverse effects. The 
adverse effects included high blood pressure, high 
blood sugar, necrotizing enterocolitis (NEC), and 
the incidence of nosocomial infection.

Extraction, Cryopreservation, 
and Resuscitation of Peripheral Blood 
Mononuclear Cell (PBMCs)
Extraction of PBMCs: after 48 h of oxygen inha-

lation in premature infants, radial artery blood 
sampling 3 ml was collected. 2 ml was placed 
in heparin anticoagulant tube, and Ficoll den-
sity gradient centrifugation was used to sepa-
rate mononuclear cells. The second layer from 
the top is a white cloud, which is a single nu-
clear cell layer. In addition, 1 ml blood sam-
ples were isolated from serum and stored in 
–80°C refrigerator.

Cryopreservation of PBMCs: Extraction of PB-
MCs can be frozen to prepare the back of im-
mune fluorescence and blot western detection. 
According to 7: 2: 1 ratio, the culture medium, 
fetal bovine serum, and two methyl sub Maple 
were prepared into frozen storage solution. The 
1 ml cell suspension and 2 ml cryopreservation 
solution were added to each of sterile frozen stor-
age tubes. And then put the frozen storage tube 
in 4°C and –20°C refrigerator freezer for 0.5 h 
and 2 h, respectively, and finally put into –80°C.

Resuscitation of PBMCs: the PBMCs bake in at 
–80°C of ultra low temperature refrigerator out 
of 37°C thermostatic water bath box. To dissolve 
the cells as soon as possible, opening of the frozen 
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tube can be quickly shaken for 1 min during thaw-
ing process. The extracted PBMCs can be used for 
the detection of the corresponding index.

Laser Confocal Detection 
of ROS Levels in PBMCs

Red Mitosox can be combined with ROS spec-
ificity and emit red fluorescence, and the fluores-
cence intensity and ROS levels were positively 
correlated. Therefore, this experiment used Red 
MitoSOX staining (Cat. No. M36008, Thermo 
Fisher Scientific, Molecular Probes, Waltham, MA, 
USA) combining laser-scanning confocal micro-
scope (LSCM: Leica GHBH, Germany) to detect 
level of ROS in PBMCs. Main steps were listed as 
the followings: cell images, 4% polyformaldehyde 
(Beyotime Biotech. Shanghai, China) fixed, pre-
pared concentration for Mitosox 3.85 µg/ml Projekt 
red (Cat. No. M36008, Thermo Fisher Scientific, 
Molecular Probes, Waltham, MA, USA) for load-
ing probe, anti fluorescence quencher mounting, 
laser scanning confocal microscope (LSCM: Leica 
GHBH, Wetzlar, Germany) to detect red fluores-
cence (excitation wavelength 510 nm and emission 
wavelength of 580 nm). Finally, Image Pro Plus 6.0 
software (Media Cybernetics, Inc., Bethesda, MD, 
USA) was used to analyze the average fluorescence 
intensity of each image.

Detection of SIRT1 Localization in PBMCs 
Using Immunofluorescence Technique

Immunofluorescence techniques are the anti-
gen antibody specific binding of immunological 
methods combined with fluorescence labeling 
technique, due to fluorescein emitted fluores-
cence can be detected under fluorescent micro-
scope (Mode: BX62, Olympus, Tokyo, Japan). 
Therefore, the specific protein antigen local-
ization in cells can be studied. Main steps were 
listed as followings: the cells were fixed with 4% 
polyformaldehyde (Sigma-Aldrich, St. Louis, 
MO, USA) and blocked with bovine serum albu-
min (BSA; Beyotime Biotech. Shanghai, China) 
at concentration of 30 g/l at room temperature 
for 40 min. Then, cells were incubated with 50 
μl mouse anti human SIRT1 antibody (1: 50, Cat. 
No. ab110304, Abcam Biotech., Cambridge, MA, 
USA) as the first antibody, and then treated with 
50 μl Rhodamine labeled Goat anti mouse IgG 
(1:50, Cat. No. ab125851, Abcam Biotech., Cam-
bridge, MA, USA) as the secondary antibody. Fi-
nally, Pro Plus 6.0 software (Media Cybernetics, 
Inc., Bethesda, MD, USA) was used to analyze 
fluorescence distribution of images.

Western Blot Assay Detecting Expression 
of SIRT1 and SENP1 in PBMCs

The cells were lysed using lysis buffer (Bey-
otime Biotech. Shanghai, China). Protein lysates 
were separating with 15% sodium dodecylsulfate 
polyacrylamide gel electrophoresis (SDS-PAGE; 
ShineGene, Molecular Biotech. Inc., Shanghai, 
China), and electrotransferred onto polyvinylidene 
difluoride (PVDF; Millipore, Billerica, MA, USA). 
PVDF membranes were blocking with bovine se-
rum albumin (BSA, Beyotime Biotech. Shanghai, 
China) at concentration of 30 g/l at room tempera-
ture for 30 min. The PVDF membranes were treat-
ed using mouse anti human SIRT1 antibody (1: 
1000, Cat. No. ab110304, Abcam Biotech., Cam-
bridge, MA, USA) and rabbit anti-human SENP1 
polyclonal body (1: 1000, Cat No. 1b236094, Ab-
cam Biotech.) at 4°C overnight. Then, the PVDF 
membranes were incubated using horseradish per-
oxidase (HRP)-conjugated goat anti-mouse IgG 
(1:500, Cat. No. ab205719, Abcam Biotech., Cam-
bridge, MA, USA) or HRP-labeled goat anti-rab-
bit IgG (1:500, Cat. No. ab6721, Abcam Biotech., 
Cambridge, MA, USA) at room temperature for 2 
h. Protein bands were visualized using enhanced 
chemiluminescence kit (ECL; Beyotime Biotech. 
Shanghai, China). Eventually, Western blot bands 
were captured and analyzed with the UVP gel im-
age scanning system (version: Labworks 4.6, Bio-
Rad Laboratories, Hercules, CA, USA).

Statistical Analysis
Statistical analysis was performed using 

SPSS17.0 software (SPSS, Inc., Chicago, IL, 
USA). The measurement data were expressed as 
mean plus or minus standard deviation, and the 
comparison between the two groups was statisti-
cally analyzed by one factor analysis of variance 
(ANOVA), which was validated by Tukey’s post-
hoc test. The statistical analysis was performed 
by the Chi-square test. p<0.05 for the difference 
was statistically significant.

Results

Changes in Clinical Parameters
Compared with group B, 1 h and 6 h after 

treatment, pH value was significantly increased in 
Group C and Group D, and group D increased sig-
nificantly compared Group C (Table I, all p<0.01).

Compared with B group, 1 h, 6 h, and 12 h af-
ter treatment, PO2 was significantly increased in 
Group C and Group D (Table II, p<0.01). 
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Compared with Group B, the duration of high 
oxygen duration and total oxygen time in Group 
C and Group D were significantly reduced (Ta-
ble III, p<0.01). However, there was no significant 
difference in the total length of stay among all 
groups (Table III, p>0.05).

The occurrence of mechanical ventilation and 
BPD, and the rate of again with PS in Group C and 
Group D were significantly decreased compared 
with group B (Table IV, p<0.05). The occurrence 
of BPD in Group D was significantly decreased 
compared with Group C (Table IV, p<0.05).

By comparing the occurrence of hypertension, 
hyperglycemia, gastrointestinal bleeding, NEC, 
and hospital infection, there was no significant 
difference among Group A, B, C, and D (Table 
V, p>0.05). 

Changes of ROS Level 
in PBMCs

In Group A, Group B, Group C, and Group 
D, the average fluorescence intensity of ROS in 
PBMCs was 12.20±3.05, 41.59±3.61, 30.38±3.56, 
22.95±1.82, respectively. Also, there were no sig-

Table I. The pH value of each groups before and after using drugs (mean ± SD).

Note: Group A is control group. Group B is NRDS group. Group C is NRDS with surfactant group.
Group D is NRDS with surfactant and budesonide group. *Compared with Group B, p<0.01.

Group pH value    pH value after treatment
 before 
 treatment 1 h 6 h 12 h 24 h 48 h

Group A 7.25±0.10 7.32±0.08 7.37±0.06 7.37±0.04 7.38±0.04 7.38±0.03
Group B 7.18±0.08 7.24±0.09 7.27±0.08 7.33±0.04 7.34±0.04 7.36±0.05
Group C 7.18±0.08 7.29±0.06* 7.32±0.05* 7.34±0.04 7.36±0.04 7.37±0.04
Group D 7.19±0.08 7.32±0.07* 7.36±0.05* 7.36±0.05 7.37±0.04 7.37±0.04
F 5.695 8.501 7.895 3.463 2.286 0.253
p 0.002 0 0 0.019 0.082 0.859

Table II. The PO2 of each group before and after using drugs (mean ± SD).

Note: Group A is control group. Group B is NRDS group. Group C is NRDS with surfactant group.
Group D is NRDS with surfactant and budesonide group. *Compared with Group B, *p<0.01.

Group PO2 value    PO2 value after treatment
 before 
 treatment 1 h 6 h 12 h 24 h 48 h

Group A 77.40±13.44 83.77±10.15 84.70±8.84 87.17±8.53 88.60±7.77 90.00±5.69
Group B 56.87±9.10 68.00±9.44 73.50±8.87 77.77±8.59 84.93±5.97 85.01±7.24
Group C 57.53±7.37 79.67±8.53* 82.77±6.97* 84.20±7.38* 86.33±5.66 85.40±5.85
Group D 59.93±10.79 80.40±9.26* 85.20±6.87* 85.63±6.54* 86.23±6.30 86.40±6.95
F 30.997 16.31 16.358 9.53 1.582 3.097
p 0 0 0 0 0.197 0.03

Table III. The oxygen using duration and the total hospitalization days in each group (mean ± SD). 

Note: Group A is control group. Group B is NRDS group. Group C is NRDS with surfactant group.
Group D is NRDS with surfactant and budesonide group. *Compared with Group B, *p<0.01.

Group Duration of  Total oxygen Total length
 high oxygen inhalation time of stay

Group A 2.7±0.95* 8.67±6.49* 26.57±7.25
Group B 4.33±1.92 15.8±10.68 28.93±11.47
Group C 2.67±1.06* 10.80±8.89* 26.67±9.29
Group D 2.60±0.97* 9.33±7.28* 27.17±7.30
F 12.432 4.331 0.447
p 0 0.006 0.72
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nificant differences among these groups (Figure 
1, F=79.951, p<0.01). The average fluorescence 
intensity of ROS in Group C was in between 
group B and Group D (Figure 1). 

SIRT1 Translocation Rate 
in PBMCs

The distribution of intracellular fluorescence 
intensity was determined using the line profile 
of Image Pro Plus 6.0. The translocation rate of 
four groups was 3.77%, 51.47%, 33.16%, 12.40%, 
respectively, and difference was statistically sig-
nificant (Figure 2, Table VI, χ2= 606.00, p<0.01). 
In Group A, the red fluorescence was evenly dis-
tributed in nucleus, only a very small number in 
cytoplasm, indicating that SIRT1 mainly distrib-
utes in nucleus. In Group B, a large number of 
SIRT1 was moved from nucleus to cytoplasm, the 
red fluorescence in cytoplasm was significantly 
enhanced, and translocation rate increased sig-
nificantly compared Group B (Figure 2, Table IV, 
p<0.01). In Group C, the fluorescence intensity 
was between Group B and Group D, with a signif-

icant difference (Figure 2, Table VI, χ2 = 176.00, χ2 

= 89.00, p<0.01).

Expression Levels of SIRT1 
and SENP1 in PBMCs

Western blot assay results showed that SIRT1 
relative expression in Group A, Group B, Group 
C, Group D was 1.212±0.020, 0.429±0.014, 
0.705±0.100, 1.058±0.080, respectively. The rel-
ative expression of SENP1 was 0.264±0.047, 
0.923±0.048, 0.758±0.100, 0.650±0.057, respec-
tively. The statistical analysis showed that SIRT1 
was significantly decreased and SENP1 expres-
sion was significantly increased in Group B, C, 
D compared to that in Group A (Figure 3, all 
p<0.01). The relative expression of SENP1 and 
SIRT1 in Group C and Group D was in between 
Group A and Group B (Figure 3, all p<0.01). The 
relative expression of SIRT1 in Group D was 
higher significantly compared to that in Group C, 
and the relative expression of SENP1 in Group D 
was lower significantly compared to that in Group 
C (Figure 3, all p<0.01).

Table IV. The rate of having a respirator assisted ventilation and using PS again, and the occurrence of BPD in each groups (%).

Note: Group A is control group. Group B is NRDS group. Group C is NRDS with surfactant group. Group D is NRDS with 
surfactant and budesonide group. *Compared with Group B, p<0.01. Compared with Group C, χ2 =4.00, p=0.046.

Group The number of  Mechanical  Occurrence rate (%) BPD
 cases (n) ventilation again with PS

Group A 30 6.67 0 0
Group B 30 26.67 30 23.33
Group C 30 16.67* 13.33* 10.00*
Group D 30 6.67* 6.67* 3.33*,#

χ2  34 30 22
p  0 0 0

Table V. The rate of adverse effects in each group (%).

Note: Group A is control group. Group B is NRDS group. Group C is NRDS with surfactant group. Group D is NRDS with 
surfactant and budesonide group. 

Group The number   Occurrence rate (%)
 of cases (n) 
  Hypertension Hyperglycemia Gastrointestinal NEC Hospital
    bleeding  infection 

Group A 30 0 0 0 0 3.33
Group B 30 0 3.33 0 3.33 6.67
Group C 30 0 0 0 3.33 6.67
Group D 30 0 3.33 0 6.67 6.67
χ2     4 7
p     0.135 0.072
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Discussion

BPD is one of the severe complications of 
preterm infants in the neonatal intensive care unit, 
and its etiology and pathogenesis are complex, 
without separate prevention and treatment mea-
sures29. There is a long use of oxygen and length 
of stay, high mortality, the possibility of sequelae 
of legacy, family, and social burden in premature 
infants with BPD. Therefore, prevention and treat-
ment of this disease have become one of the most 
difficult problems in the Department of Newborn 
Medicine. PS has been widely used in prevention 
and treatment of NRDS in clinic. Europe NRDS 
Prevention Guide (2013) also pointed out that PS 
replacement therapy plays an important role in 
the management of NRDS, but for preterm in-
fants of different gestational ages the choice of 
the optimal formulation, the optimal dose, and 
the best time is not clear30. However, the previ-
ous study31 has pointed out that for very low birth 

weight infants, PS completely lacks ventilation 
flow imbalance. Inflammatory injury is a key link 
in development of the BPD, and GC has the effect 
of inhibiting inflammatory reaction. GC could 
reduce bronchial and pulmonary edema, promote 
lung anti-oxidase and PS production and rapid 
improvement of lung function, improve extuba-
tion success rate and exposed to reduced oxygen, 
as well as reduce the BPD incidence. Therefore, 
it is widely used in prevention and treatment of 
BPD32. However, due to the premature lung tissue 
in a collapsed state, intrapulmonary gas content 
is less and contains more blood15. In this study, 
the instillation of pulmonary surfactant for car-
rier drops into hormone not only increases drug 
utilization and more effective suppression of in-
flammatory response. In addition, a large number 
of clinical trials33 showed that systemic usage of 
GC may cause infection, hypertension, hypergly-
cemia, hypertrophic cardiomyopathy, gastroin-
testinal perforation, necrosis of the small intes-

Figure 1. Levels of ROS in 
PBMCs of each group. A, 
ROS expression examined 
by laser scanning confocal 
microscope (magnification 
200×). B, Statistical anal-
ysis for ROS expression. 
Note: Group A is control 
group. Group B is NRDS 
group. Group C is NRDS 
with surfactant group. 
Group D is NRDS with 
surfactant and budesonide 
group. *Compared with 
Group A, p<0.01. #Com-
pared with Group B and 
Group D, p<0.01.

A

B
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tine colitis, brain development and neurological 
movement abnormalities, and adverse reactions. 
Budesonide, as a new synthetic GC, is the only 
FDA approved atomizing inhaled corticosteroids. 
Its lipophilicity is stronger than systemic hor-
mone, and the intrapulmonary deposition rate is 
high. It is conducive to promote the maturity of 

alveolar type II cells, so as to promote synthesis 
and release of surfactant. This study proved that 
the disposable, small dose of endotracheal instil-
lation of the way, not only could reduce the ad-
verse consequences caused by systemic applica-
tion of GC, but also increase the effective amount 
of the aerosol inhalation.

Figure 2. Location of 
SIRT1 in PBMCs of each 
group. A, SIRT1 location 
examined by laser scan-
ning confocal microscope 
(magnification 200×). B, 
Statistical analysis for 
ROS expression. Note: 
Group A is control group. 
Group B is NRDS group. 
Group C is NRDS with 
surfactant group. Group 
D is NRDS with surfac-
tant and budesonide group. 
*Compared with Group A, 
p<0.01. #Compared with 
Group B and Group D, 
p<0.01.

A

B

Table VI. The rate of adverse effects in each group (%).

Note: Group A is control group. Group B is NRDS group. Group C is NRDS with surfactant group. Group D is NRDS with 
surfactant and budesonide group. *Compared with Group A, p<0.01. #Compared with Group B and D, p<0.01, χ2=176.00 and 
X2=89.00, respectively.

Group The number                                 Incidence rate (%)
 of cases (n) 
  Mean number of  Average number of Translocation
  translocation cells (unit) cells (one) rates (%)

Group A 5 6.6 180.6 3.77
Group B 5 106.4 205.6 51.47*
Group C 5 69.6 210.8 33.16*#
Group D 5 18.8 154.8 12.4*
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The clinical indicators demonstrate the intra-
tracheal instillation of Poractant Alfa within 12 h 
after medication, the rapid correction of pH and 
PO2, as well as the disassembly and reduction 
of BPD. The usage of budesonide combining Po-
ractant Alfa injection compared with simple in-
stillation of Poractant Alfa, can more effectively 

prevent BPD, hypertension, hyperglycemia, and 
gastrointestinal bleeding. However, there is no 
significant difference in the total length of stay 
in each group, which is related to the develop-
ment of various organs in premature infants. In 
addition, there were no significant differences in 
the occurrence rate of adverse reactions among 

A

B

Figure 3. Relative expres-
sion of SIRT1 and SENP1 in 
PBMCs of each group. Note: 
Group A is control group. 
Group B is NRDS group. 
Group C is NRDS with sur-
factant group. Group D is 
NRDS with surfactant and 
budesonide group. *Com-
pared with Group A, p<0.01. 
#Compared with Group B and 
Group D, p<0.01.

Figure 4. The process of 
high oxygen lung injury in-
duced SIRT1 signal pathway.
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all groups. Also, this study only conducted a sin-
gle center investigation with a less sample size. 
Therefore, it also needs long-term follow-up in 
children with nervous system and growth and 
development. Moreover, we would amplify the 
sample size and conduct a multi-center study for 
further verification. Oxygen therapy is one of 
the most basic treatment measures for premature 
infants with dyspnea. It cannot only relieve dys-
pnea, prevent NRDS, but also reduce occurrence 
of BPD. However, long time and high concen-
tration of oxygen will make the risk of chronic 
oxygen dependence, retinopathy of prematuri-
ty (ROP), and the other significant increase34,35. 
ROS has strong oxidation ability and is one of 
the most powerful oxidants36. In normal condi-
tion, production of ROS and ability of anti-oxi-
dase elimination were in balance, but the prema-
ture lung development was not mature, and the 
activity of antioxidant enzymes was low. When 
the immature lung is exposed to high oxygen en-
vironment, the body produces a large number of 
ROS, and these ROS can’t be cleared in time, 
resulting in alveolar epithelial cell apoptosis, re-
sulting in lung injury37. SIRT1 is a kind of NAD+ 
dependent protease, which mainly exists in the 
nucleus. Its main function is to regulate cellular 
oxidative stress reaction and regulate life cycle, 
which can inhibit cell apoptosis. SIRT1 is a key 
protein in body, which is very important for anti 
oxidative stress. Under the catalysis of the specif-
ic protease SENP1 of small ubiquitin like modi-
fier SIRT1, the 734 lysine of SIRT1 will be modi-
fied by SUMO38. Tanno et al39 show that once the 
high oxygen and other factors lead to increased 
SENP1 activity, which would promote the ability 
of SIRT1 out of nucleus that illustrates the nucle-
ar plasma shuttle, antioxidant capacity decreased 
and increased apoptosis. Therefore, in Figure 4 
we demonstrated a conclusion of the previous ex-
periment. Therefore, SIRT1 signaling pathway is 
an important signaling pathway for the high oxy-
gen lung injury.

Budesonide and Poractant Alfa injection can 
effectively prevent the occurrence of BPD, but 
the mechanism can make nothing of it. BPD is 
often secondary to NRDS, and is closely related 
to preterm birth and high oxygen lung injury. The 
former researcher has found that SIRT1 content in 
nucleus in tracheal aspirate of children with BPD 
was reduced40. PS for the prevention and treatment 
of BPD has been recognized as effective. How-
ever, whether PS can reduce the oxidative stress 
and reduce mechanism of SIRT1 kernel plasma 

shuttle and inhibit cell apoptosis has not been 
clarified. In addition, SIRT1 not only has the role 
of inhibiting apoptosis, but also has anti-inflam-
matory effect. Budesonide with strong suppres-
sion of the inflammatory response, can promote 
the anti-oxidase and PS, but whether this process 
is related with SIRT1 pathway remains unclear. 
The research results showed that NRDS group 
compared with control group, the ROS level was 
increased significantly, the expression of SENP1 
was increased, and expression of SIRT1 in nucle-
us was decreased. These results were consistent 
with the SIRT1 signaling pathway in high oxy-
gen lung injury. The levels of ROS and SENP1 in 
NRDS + PS group and NRDS + PS + budesonide 
group were lower than that of NRDS group. The 
rate of SIRT1 nucleus plasma shuttle was lower 
than that of NRDS group, expression of SIRT1 
in nucleus was higher than that in NRDS group, 
and the change of NRDS+PS+budesonide group 
was more evident than that of NRDS+PS group. 
The results showed that the hyperoxia lung injury 
can increase the level of ROS, the expression of 
SENP1, and the rate of SIRT1 nucleocytoplasmic 
shuttling, and increase the apoptotic cells. Porac-
tant Alfa or the mixed liquid of budesonide and 
Poractant Alfa were dripped into inner tracheal in 
6 h after birth. The results showed that ROS lev-
els, the expression of SENP1, rate of SIRT1 nucle-
ocytoplasmic shuttling, and apoptotic cells were 
reduced. Dropping into the mixture of budesonide 
and Poractant Alfa was better than just Poractant 
Alfa only. SIRT1 signaling pathways not only in-
volved in Poractant Alfa for prevention of BPD 
process, but also participated in budesonide com-
bined with Poractant Alfa for prevention of BPD 
process, and the latter effect is more significant 
than the former.

Conclusions

Budesonide combining Poractant Alfa can 
effectively prevent BPD, and better than Porac-
tant Alfa Injection. SIRT1 signaling pathways not 
only involved in Poractant Alfa for prevention of 
BPD process, but also participated in budesonide 
combining Poractant Alfa triggered prevention of 
BPD process.

Conflict of Interests
The Authors declare that they have no competing financial 
or commercial interests in this manuscript. 



Budesonide and Poractant Alfa prevent BPD

11041

References

  1) MailaparaMbil b, Krueger M, HeizMann u, ScHlegel K, 
Heinze J, HeinzMann a. Genetic and epidemiolog-
ical risk factors in the development of broncho-
pulmonary dysplasia. Dis Markers 2010; 29: 1-9.

  2) guner S, guner Si, goKalp Ma, ceylan MF, unSal SS, 
DeMir H. Do the trace elements play a role in the 
etiopathogenesis of development dysplasia of hip? 
Eur Rev Med Pharmacol Sci 2018; 22: 910-913.

  3) TSai ly, cHen yl, TSou Ki, Mu Sc; Taiwan Premature 
Infant Developmental Collaborative Study Group. 
The impact of small-for-gestational-age on neo-
natal outcome among very-low-birth-weight in-
fants. Pediatr Neonatol 2015; 56: 101-107.

  4) Ho ly. Bronchopulmonary dysplasia and chronic 
lung disease of infancy: strategies for preven-
tion and management. Ann Acad Med Singapore 
2002; 31: 119-130.

  5) coSTeloe Kl, HenneSSy eM, HaiDer S, STacey F, 
Marlow n, Draper eS. Short term outcomes after 
extreme preterm birth in England: comparison of 
two birth cohorts in 1995 and 2006 (the EPICure 
studies). BMJ 2012; 345: e7976.

  6) loHMann p, luna ra, HolliSTer eb, DevaraJ S, 
MiSTreTTa Ta, welTy Se, verSalovic J. The airway 
microbiome of intubated premature infants: char-
acteristics and changes that predict the devel-
opment of bronchopulmonary dysplasia. Pediatr 
Res 2014; 76: 294-301.

  7) Iyengar a, DaviS JM. Drug therapy for the preven-
tion and treatment of bronchopulmonary dyspla-
sia. Front Pharmacol 2015; 6: 12.

  8) liu g, wu Hw, li zg. Study on sildenafil combined 
with inhalational nitric oxide therapy on the curative 
effects and serum levels of HIF-1aplha, ET-1, and 
calcium in neonatal pulmonary hypertension. Eur 
Rev Med Pharmacol Sci 2018; 22: 4683-4690.

  9) ManDell e, SeeDorF g, gien J, abMan SH. Vitamin 
D treatment improves survival and infant lung 
structure after intra-amniotic endotoxin exposure 
in rats: potential role for the prevention of bron-
chopulmonary dysplasia. Am J Physiol Lung Cell 
Mol Physiol 2014; 306: L420-L428.

 10) STrueby l, THebauD b. Advances in bronchopulmo-
nary dysplasia. Expert Rev Respir Med 2014; 8: 
327-338.

 11) ali z, ScHMiDT p, DoDD J, JeppeSen Dl. Bronchopul-
monary dysplasia: a review. Arch Gynecol Obstet 
2013; 288: 325-233.

 12) alberS H. The progress in prophylaxis and treat-
ment of obstetrical and gynecological peritonitis. 
Arztl Forsch 1954; 8: I/433-I/442.

 13) Kuo HT, lin Hc, TSai cH, cHouc ic, yeH TF. A fol-
low-up study of preterm infants given budesonide 
using surfactant as a vehicle to prevent chronic 
lung disease in preterm infants. J Pediatr 2010; 
156: 537-541.

 14) wei gX, wang Sl, zHang l, Ma yQ, Xing HS. 
Impact of postoperative pituitary tumor adrenal 
insufficiency and hormone replacement therapy 
(HRT) on tumor recurrence. Eur Rev Med Phar-
macol Sci 2017; 21: 2671-2675.

 15) SlaugHTer Jl, STenger Mr, reagan pb, JaDcHerla Sr. 
Utilization of inhaled corticosteroids for infants 

with bronchopulmonary dysplasia. PLoS One 
2014; 9: e106838.

 16) baSSler D. Inhalation or instillation of steroids for 
the prevention of bronchopulmonary dysplasia. 
Neonatology 2015; 107: 358-359.

 17) Tang M, Tian y, li D, lv J, li Q, Kuang c, Hu p, wang y, 
wang J, Su K, wei l. TNF-alpha mediated increase of 
HIF-1alpha inhibits VASP expression, which reduces 
alveolar-capillary barrier function during acute lung 
injury (ALI). PLoS One 2014; 9: e102967.

 18) nariTa K, Kuwabara y, FuJii y. Lung injury after 
intestinal ischemia-reperfusion may be avoided 
by the reduced absorption of locally produced 
cytokines. Surg Today 2004; 34: 937-942.

 19) zHang c, li Q, Kang l, lei X, zHai X, zHao S, 
Dong w. Resveratrol inhibits hyperxia-induced 
cell apoptosis through up-regulating SIRT1 ex-
pression in HPAECs. Xi Bao Yu Fen Zi Mian Yi 
Xue Za Zhi 2015; 31: 590-595.

 20) yang X, Dong w, li Q, Kang l, lei X, zHang l, 
lu y, zHai X. Hyperoxia induces reactive oxy-
gen species production and promotes SIRT1 
nucleocytoplasmic shuttling of peripheral blood 
mononuclear cells in premature infants in vitro. 
Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi 2015; 31: 
1669-1672, 1676.

 21) zHao S, Dong w, zHang c, li Q, Kang l, lei X, 
guo l, zHai X. The interference effect of lentiviral 
mediated shRNA on the expression of Pin 1 in 
A549 cells. Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi 
2014; 30: 245-249.

 22) lv X, zHou X, yan J, Jiang J, Jiang H. Propofol 
inhibits LPS-induced apoptosis in lung epithelial 
cell line, BEAS-2B. Biomed Pharmacother 2017; 
87: 180-187.

 23) STein S, MaTTer cM. Protective roles of SIRT1 in 
atherosclerosis. Cell Cycle 2011; 10: 640-647.

 24) zHang rr, zHang H, cHen FX. Research progress 
on chemoresistance mechanism of nuclear factor 
kappa B signalling patheway in acute myeloid 
leukemia. Zhongguo Shi Yan Xue Ye Xue Za Zhi 
2015; 23: 1785-1790.

 25) ingawale DK, ManDliK SK, paTel SS. An emphasis 
on molecular mechanisms of anti-inflammatory 
effects and glucocorticoid resistance. J Comple-
ment Integr Med 2015; 12: 1-13.

 26) MorneaulT l. Advanced practice in neonatology. 
Infirm Que 2002; 10: 51-55.

 27) MiKolKa p, MoKra D, Kopincova J, ToMciKova-MiKuSiaKova 
l, calKovSKa a. Budesonide added to modified por-
cine surfactant Curosurf may additionally improve 
the lung functions in meconium aspiration syn-
drome. Physiol Res 2013; 62 Suppl 1: S191-S200.

 28) Jobe aH, STeinHorn r. Can we define bronchopul-
monary dysplasia? J Pediatr 2017; 188: 19-23.

 29) Ma l, wang M, yu X. Progress in the genetics of 
bronchopulmonary dysplasia. Zhonghua Er Ke 
Za Zhi 2016; 54: 231-233.

 30) SweeT Dg, carnielli v, greiSen g, HallMan M, ozeK 
e, plavKa r, SaugSTaD oD, SiMeoni u, Speer cp, venTo 
M, HalliDay Hl; European Association of Perina-
tal Medicine. European consensus guidelines on 
the management of neonatal respiratory distress 
syndrome in preterm infants--2013 update. Neo-
natology 2013; 103: 353-368.



F.-L. Du, W.-B. Dong, C. Zhang, Q.-P. Li, L. Kang, X.-P. Lei, L. Guo, X.-S. Zhai

11042

 31) Su X, li z, wang M, wang Q, lu w, li X, zHou 
y, Xu H. The protective effect of different airway 
humidification liquids to lung after tracheotomy 
in traumatic brain injury: the role of pulmonary 
surfactant protein-A (SP-A). Gene 2016; 577: 
89-95.

 32) MiTra a, baSSler D, DucHarMe FM. Intravenous 
aminophylline for acute severe asthma in chil-
dren over 2 years using inhaled bronchodila-
tors. Cochrane Database Syst Rev 2001; 4: 
CD001276.

 33) loKe yK, blanco p, THavaraJaH M, wilSon aM. 
Impact of inhaled corticosteroids on growth in 
children with asthma: systematic review and me-
ta-analysis. PLoS One 2015; 10: e0133428.

 34) waKabayaSHi S, yaMagucHi K, KuMaKura S, MuraKaMi 
T, SoMeya a, KaJiyaMa y, nagaoKa i, inaDa e. Effects 
of anesthesia with sevoflurane and propofol on 
the cytokine/chemokine production at the airway 
epithelium during esophagectomy. Int J Mol Med 
2014; 34: 137-144.

 35) naToli r, valTer K, barboSa M, DaHlSTroM J, ruTar 
M, KenT a, proviS J. 670nm photobiomodulation as 
a novel protection against retinopathy of prema-

turity: evidence from oxygen induced retinopathy 
models. PLoS One 2013; 8: e72135.

 36) cervellaTi c, roMani a, Seripa D, creMonini e, 
boSi c, Magon S, bergaMini cM, valaccHi g, piloT-
To a, zuliani g. Systemic oxidative stress and 
conversion to dementia of elderly patients with 
mild cognitive impairment. Biomed Res Int 2014; 
2014: 309507.

 37) SaugSTaD oD. Bronchopulmonary dysplasia-oxi-
dative stress and antioxidants. Semin Neonatol 
2003; 8: 39-49.

 38) cHinnaDurai g. Transcriptional regulation by C-ter-
minal binding proteins. Int J Biochem Cell Biol 
2007; 39: 1593-1607.

 39) Tanno M, SaKaMoTo J, Miura T, SHiMaMoTo K, Horio 
y. Nucleocytoplasmic shuttling of the NAD+-de-
pendent histone deacetylase SIRT1. J Biol Chem 
2007; 282: 6823-6832.

 40) MoDy K, SaSlow Jg, KaTHiravan S, eyDelMan r, bHaT 
v, STaHl ge, pyon K, bHanDari v, agHai zH. Sirtuin1 
in tracheal aspirate leukocytes: possible role in 
the development of bronchopulmonary dysplasia 
in premature infants. J Matern Fetal Neonatal 
Med 2012; 25: 1483-1487.


