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 E HM ATHEFFHEF la(HIF-la)/HIF-20/0 % 1 & A K BT (VEGF) 42 5 i@ AR T 4 F 4 £ K R L AEMHA
F R B (BPD) 49 BLEAE A A ALH] . 73k H560 247 4 SD K R AL A I B (NC)4L BPD 48 & F 40 A W fs 4 (Fa A
AP, A5 R, NCAXREFFREA, LA 3AR KB/ HRAA T RE 14 dHEBPD R ABEA . BRI G, T E
Fo R R ES T B4 200 mg/kg, A A2 K R FACBENT Hu a8 1.5 mg/kg, B B 1K, # 4 14 d;BPD 2182 NC 21 K AR
HAEAT AL, B A28 K R4 27 5% 38 5 T AL SR AT 30 e 3 4038 , 3 A8 M 2k (BALF) P & s ieit 4
Fa fir 7 R 50 B F «(TNF-0) . & 4 JA~2& 6 (IL-6) IL-1B . A8 AALH B ALEE(SOD) it R AL A B (CAT) . R =B (MDA ) R -F, A 48 2%
% VEGF .HIF-la HIF-2a mRNA A3 Rk Ak G R8T, SR 5NCAkE , BPD AKX KM AL B I LH 4 ; & mieit i,
il 8 39 AR 9B F2 TNF-o IL-6 . IL-18 MDA /K-35 2 % L3 ; % 41K 8.3+ %2, SOD . CAT 7K -F , VEGF \HIF-1o . HIF-2cc mRNA #8 5
RXFEOREEHEFTIAP<0.05), 5BPDLULIE, [ F R AR IEA KR LEIRAFHY 2554 (P<0.05), &it
T4 & T B E# A K R BPD 89 R Rk, 34 K R BAL SRR, AR A AU 5T AT 8 i3 3k % HIF-1o/HIF-20/ VEGF 43
F il Bk IR AR

KR FMHEE; LAFWAE AR AR gAY S AF TR T hF R AKEF

Improvement effects of azithromycin on bronchopulmonary dysplasia in neonatal rats and its mechanism
DU Weina, GAO Shugiang, JU Rong, XI Yufeng(Dept. of Neonatal Intensive Care Unit, the Affiliated Women’s
and Children’ s Hospital, School of Medicine, University of Electronic Science and Technology of China/
Chengdu Women’s and Children’s Central Hospital, Chengdu 611731, China)

ABSTRACT OBJECTIVE To investigate the improvement effects of azithromycin on bronchopulmonary dysplasia (BPD) in
neonatal rats based on hypoxia-inducible factor-la (HIF-la)/HIF-2a/vascular endothelial growth factor (VEGF) pathway.
METHODS Sixty newborn SD rats were randomly divided into negative control group (NC), BPD group, azithromycin group and
budesonide group (positive control), with 15 rats in each group. Rats in NC group were given normal breathing air, while rats in
other three groups were exposed to high-concentration oxygen for 14 days to establish BPD rat models. After successful modeling,
rats in azithromycin group were intraperitoneally injected with azithromycin 200 mg/kg, and rats in budesonide group were
atomized with budesonide 1.5 mg/kg once a day for 14 consecutive days, while rats in BPD group and NC group were not treated.
Pathological changes of lung tissue, radial alveolar count and mean alveolar intercept of rats were observed in each group. The
white blood cell count in bronchoalveolar lavage fluid (BALF) and the levels of tumor necrosis factor-a (TNF-«) , interleukin-6
(IL-6) , IL-1B, superoxide dismutase (SOD), catalase (CAT) and malondialdehyde (MDA) were detected; mRNA and protein
expressions of VEGF, HIF-la, HIF-2a were also detected. RESULTS Compared with NC group, the lung tissue in BPD group
was obviously damaged; the white blood cell count, average alveolar intercept and the levels of TNF-a, IL-6, IL-13 and MDA
were significantly increased; the radial alveolar count, SOD and CAT levels, the relative expressions of VEGF, HIF-la, HIF-2ax
mRNA and protein were significantly decreased (P<<0.05). Compared with BPD group, the changes of the above indexes in
azithromycin group and budesonide group were significantly reversed (P<<0.05). CONCLUSIONS Azithromycin can obviously
improve the symptoms of BPD in rats, reduce inflammation and oxidative stress, and exert lung protection, the mechanism of
which may be realized by activating HIF-la/HIF-20/VEGF
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X AE M & B A R (bronchopulmonary dysplasia,
BPD)J& £ & T 5 7= LAY A8 P Il 45 40 1 e 0, i LA
BRI AT A L2 i8 B A I B A B D REAS 42
IFAE A & B IR, ™ U LA A s R
WFFEUESE , FEMLAIE < 8T R R v WA SRR 2ot v
AT I AR 349 P S 8 7 AR PN R TR 1 3 42
ARA 3, 51k 4l il % 6 (interleukin-6, 1L-6) | Jif
B IRFEIH T o (tumor necrosis factor-o, TNF-a) 25 R i
TR B T R, 2 5 A N B AR
SN R A AT RS At 7 , 6 2 8k g 2 BPD™ . {H
H Hi ¢ BPD 495 B & AR AL i & 58 44, FLIG R
il = V) S R T SRy B, IR SE BPD A1 4L
TR S5RYT Ik A B E L,

B B R — A ) 15 TC IR EE A Y R ER DY g
Fehi e AR M b F 5 WK A 35~48 h, 2530
St A, BT R B PTTR 259 J5 RN, #F G g2 IR 4
R gy R RN, HRTC A uEs: T k]
AFRERAE T K IRYY BPD Jr i iFE A, SR H B H
MU AR BT, MEET Bk 5 AR %58 T P4y
B ZNHT A K B BPD (19 1 FH B AL, & 76 2 BPD
TR AR T S
1 #

1.1 FEUE

AHIFGE BT 32 B AR 42 45 BH-5160CRP #1 4> [ )
BB (R 352 DU B 7 A A BR A 7)) \PE-300 % i
e (] N BHE FER A AR A BR/A F] ) \HD-3001 BUA% iR
AR A IS (1 98 4 MG 43 B A A BR 23 | ) | Light
Cyclerd80 ISR 2 i f 5 A i =X S niz (PCRO)AY (G
+-Roche 23 7)) .\DW-86LI59BPT %I 80 °C I I vk Af (bt
M T R a8 64 45 RS 7)) . GenoSens 220 7 ¥ i A 1%
ARG (G EFRRFFAER A D
1.2 FEHmERF

By A B 25 T ST W (MAS 2 mL: 0.1 g, [ 25 #E
H20051466 ) 4 |7 V. 52 24 Ml 5 B A BR 28w 5 W A A
Hh S TRV (PH X B2, A% 2 mL: | mg, [ 247
H20203649) 14 F TN KK 250 A7 B2 w AR T I 24
A R H 5 TR AR -HHT (HE ) B2 3 (41E5- G1005) 1 4
BOUTEYE IR AR PR 2w ) 5 S 500 A8 P fe AR R R
(vascular endothelial growth factor, VEGF) . 5 [# i 1A
(#it ab32152) AiliH 475 5 K+ 1a(hypoxia-inducible
factor-lac, HIF-1a) 52 5 B i 44 (L5 ab129733) | A U
HIF-20 SR REHTAAR (125 2608) ¥4 11 5RIN 254 MR
A PR ] TNF-or JL-6 TL- 13 FHBC A2 W BRI 7 (ELISA)
WA & (5435 8 KE1002 . KE10007 . 19811-1-AP) 15
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&) F 9 [E] Proteintech 23 F 5 # S8 {1k ¥ 157 fk i (superoxide
dismutase, SOD) . i: %A fb & iff (catalase, CAT) . N [
(malondialdehyde, MDA ) ELISA ix %] & (41t 5 23 5 N
20211016.20211112.20211218) 414 [ B L s A= 9 T
FEBFSE T 3 B-WUBH R 1 (B-actin) Ak (L5 191050722) |
FPie ZPr (S 139931) ¥ A AL A2 S A
AABR2 7] s DAB 857 (k5 G32415) W [ M =
AR A RN B 5 RIPA 24 (FiE5- 20220416) 14 H
P 3 i R A B AT BN F 5 Trizol 3K 51 (4t 45
NRO0002) W H At 50 5w A= R A R A vl o
1.3 KIENY

Az SDREL60 H,2 it MEME# > (K E 5~10 g,
W A At A it S A R AT IR ] S50 s A e e]
IE5 SCXK (5)2021-0001, FfA K [ 3% F SPF 443
YIS D IR 22~25 °C, AHXHREE 40%~60%, 34 A H
T UOK I B ROkl ARSI R R T I &
JUEE A0 5 B s ) S 5040 B B 2t v e [t 15
FHIFHEH 2023(51)-2 5],
2 FHik
2.1 9H BIR58RY

14 60 FUBR A= SD K BUBE AL 43> B X HE(NC) 41
BPD 41 Bl 47 8¢ 2241 A M A3 F 2 (FHAE X IR, B4 15
H, H A NC 2 R BRUIE # PR 25 <, HoAy 3 41 K Bl o 78
e B AR (4 A i >90% ) P B 2 14 dF9 % BPD K
FURRAYS ) R R I , B 47 55 2% 41K R $% 200 mg/kg
I s BT R 2 ™, A M 2 R R #% 1.5 mg/kg
AL AT b 2SR B 20 min®™ | [F]A 2 4 247 A4
AEPREOKEEE B H 1K, B4E 14 d; BPD ZH FINC 41K
SR HAT b 2
2.2 MHLREFEE

RS HCS KRB ALSE, 3 B2, — 4
T —80 cCRARIMR VKA TR AF , ) — T3 Hh 4% Z R WP
i o HBCHE T2 A Al A 20, i ok A L R ) B, SR A
BN 28 BB FE 215 (70% . 80% . 90% , 1009% ) 1 flig
WK, AR YO, BERRER S R ik, &R R L L
G346 5 P UGE o B 2T (100% . 90% . 80% . T0% ) i
K, ZHORE AN S B R, 7E PE-300 B i flse T g8
20 K UG Bl 4 200 B 2E AR Ak I E— 253 1 Image J
BGRB9S 4 A
2.3 HHREIHEEL RS ST ET

PR I 4% 2H 9 43 10 R, ph R B0/ 4 A 4t ik
B HEAEER K AR R WA SRR I I HE Y W (bron-
choalveolar lavage fluid, BALF) , 2.0 )5 B8 B T3E -4 i
4 [ SR AT ARSI e e P 4 T4
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2.4 BALF R E B F & S M s R

W 4R & 20 R 4y 10 KR BRUAY BALF, 7£ 4 °C T L
3000 r/min 50> 10 min, BT, #8 ELISA 37 &t
B 5 48 4, K600 p TNF-o IL-6 ., IL-1B . SOD ., CAT .
MDA /K-,
2.5 448 th VEGF . HIF-1a #1 HIF-2a mRNA %%
i

BALF WAL 4500 K3 42 1 10 HOR BRARAE R
Trizol B2 HLE RNA , 22 HD-3001 4% iR 25 1 1 B 46
SRS J5 4 RNA 533775 578 ¢cDNA, I — 2547 14 . )
1A % : SYBR Premix 12.5 pL, | Fi#514(10 pmol/L) 4%
1 uL,cDNA 0.5 pL,ddH.0 10 pL, R 5544295 °CHiAs
£ 3 min; 95 °C7E 1 30 5,58 °CiB 4 30 5,72 °CHEMH1 30 s,
I35 ANEER . L H i -3- B R B & il (glyceralde-
hyde-3-phosphate dehydrogenase, GAPDH) & N £, 3%
27 MEK I VEGF  HIF-1au, HIF-200 mRNA B AHXT 2635
i, SIFSIER L.

*1 S5|UFSIRFHKE

HEHAR FfAl(5'-3") FEHIK i iop

VEGF 351415 -CGGATCAAACCTCACCAA-3 187
#5145 - TCTCCGCTCTGAACGAGG-3'

HIF-In 145" -AGTTCC-GCAAGCCCTGAAAGC-3' 152
15" -GCAGTGG-TAGTGGTGGCATTAGC-3

HIF-2 L3145 - TGAAAACGGAGTCCGAAGCC-3'! 148
NSl #5"-GTGGCTGACTTGAGGTTGA-3'

GAPDH FiiE3l#5'-CAAGTTC AACGGCACAGTCAAG-3' iy

51415 -ATCCGTTGACTCCGACCTTCACS'

2.6 ML H VEGF HIF-1o #1 HIF-20 B B R iA#

B HR PR T (R A 1 il 4 03 £, A RIPA 24 W 2
BB H Sl PR E 5, A8t BB A
I, UK R e B R T ORI B 2 h R A
el VEGF HIF-1oa HIF-20 — T (R BE LA 1:1 000),
T4 °CF i s Yk H il i TBST 28 M EE Uk 5 A -4t
G P (B R 1:2 000) , TR FIEE 2 h, IA
ECL .14, B T GenoSens 220 I EEIE A% & 4t 1% , 1
1t Quantity One #5347 VEGF \HIF-1a \HIF-2a 2 1 5
W2 1 B-actin I K BEAE LUAE, 3o B R IR
2.7 GFITEFE

K FH SPSS 21.0 A X E R #E A T 4013 o #5451
Ao B 7 22 VR TR BORI A x + s KR, 2401 ik
SR LR R T 22530, A1) PR L3R SNK - K 56 o
K56 K E =0.05,
3 HR
3.1 KRAMALRFEZTN

NC 20K BRI 2H 2 3% it ot 45 4 TE 5, oA & B4 s i
R s BPD 20 K R 2 23 i B0 S 463 45, it 5 2% K HL

HHEEZGS 2024 4F5 35 55 2 )

[ g AN 329 50 il e el 25 s/, A W e F) S A i
{1 5 ol 7y 2 2R 4R BRUTZH 2L 5 BRAE IR A BTl , B

D. i b7 1

SO AN

Bl |AXRMALREFETN(HESRE)
3.2  KER BALF w5 40 B 11 51 70 fifi 28 47 o i 531K Al i
TR AR T B BE T L

5 NCL %, BPD 41K fUBALF H (40 3 45 il
WIS 0 2 A BRI I 0 2 R R (P<
0.05), 5 BPD 41 LhAs, Bl 7 75 2% 20 A b 7% 7R 20 K R
) FA 200 AR5 S 4 9 2y T R SR A
THECE 3 1R (P<0.05), BT#2 R 4154 s 4 1
L EREGIEE X (P>0.05), 45R %2,
*2 FHEKXRBALF b AMMITE SR AR5

R FHEEE R (x £+ 5)

A5 FEPRG=00000L) R G=s)h

BT A8 (n=5) jum

NCA 26274096 1100£1.00 3993£175
BPD# 14693467 480£041° 5440£2.29°
MAEEA 7153£290° 1027£088° 30874113
[ 827+291° 10534092 4093+183
F 3819510 182.804 23333

P <00001 <00001 <0001

a: 5NCL H#, P<0.05;b: 5BPDA H 4%, P<0.05,

3.3 KFE BALF FKJEREFKFEZTH

5 NC 4 %, BPD 41 K [ BALF H' TNF-a IL-6
IL-1B /K P34 53 i (P<<0.05) ., 5 BPD 4 %, bif &F
B 241N A M 4% #8240 K BUBALF H TNF-a [ IL-6, IL-1B
KR R (P<0.05) . Bl 4355 25 415 4 i 2 1]
FoES, Z RS T#E X (P>0.05), G5 L33,
34 KR BALF A& HIEFRTH

L5 NC4 %, BPD 41 K fil BALF 1 SOD .CAT /K-
B4 T E, MDA ZKF- 1 2 18 (P<<0.05), 5 BPD4
LA, BT 47 B 2% 41 A M 23 7 40 K B BALF 1 SOD
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%3 KHAKRKBALF 1 TNF-« IL-6 #1 IL-1B 7K F £
B(xts,n=10)

415 TNF-o/(ng/mg) 1L-6/(ng/mg) 1L-1/(pg/mg)
NC4 0894007 0554005 26.10£2441
BPD# 1894008 1294011 832137153
MEEEA L12£0.04 061005 269.00+31.13°
il ma 1.12£0.04° 061£0.03 259,104 35.56°
F 778,641 394143 622849

P <00001 <00001 <00001

a: GNCH HEL, P<0.05;b: 5BPDA [#4, P<0.05,
CAT /K-35 5838 1, MDA /K - 5.3 T # (P<<0.05) ,
B2 2 F 2 S A R TR L, 2 R eSS (P>
0.05), 4R ILFE4,
#4 HKHAKXRBALF #1 SOD MDA #1 CAT 7k F Eb %

(x*ts,n=10)
Fib) SOD/(Ulmg) MDA/(nmol/mg) CAT/(Ulmg)
NC4 I3 5784034 80.67+11.34
BPD4 75014824 0854112 439£720°
MAEEA 11437£9.2% 590+040° 12624996
T 116.89+9.86° 5751042 75.15£10.5°
F 73397 144138 41365
P <0001 <0.0001 <0001

a: 5NCH L#, P<<0.05;b: 5BPDZH b4k, P<<0.05,

3.5 KA F VEGF HIF-1a 1 HIF-2a mRNA &

5 NC 4 e, BPD 4 K FUili 41 41+ VEGF , HIF-
la HIF-2a0 mRNA AH X} 2 35 £ 3 1 2% 7 98 (P<<0.05) o
5 BPD 41 b4, b2 25 2 20 A b 45 2 K Ui 21
VEGF HIF-1a, HIF-2ae mRNA % 2 ik f 1 i 3 14
(P<<0.05) . B[ 7375 R 2H 5 A M A5 P20 LU, 25 % 58
TR L(P>0.05), Z5RILE 2,

I NC4
== BPD 41
= A R
= T A gl

VEGF HIF-1a HIF-20
a: SNC4 b4, P<0.05;b: 5BPDH M4, P<<0.05,
2 £ HKXRAHAEZ PR VEGF, HIF-1a 71 HIF-2a
mRNA RiEEE (n=10)

3.6 XRAHALZH VEGF HIF-1la #1 HIF-20 & B R i%
T

5 NC 4 %8, BPD 4 K Uit 2 21 v VEGF , HIF-
lo HIF-2a0 8 3R I8 T8 24 3% i (P<<0.05) . 5 BPD
2 LA, BT 2 25 2 AT b s P2 R R 41 2 VEGF
HIF-1la HIF-20 £ 1 323K 0 3 0 25 R (P<<0.05) . B
WA G MR EA I, Z 5 LR E X (P>
0.05), Z5HULIE 3,
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” ” 36 kDa

R
93 kDa

-C-.

HIF-1a

NC# BPD# BIZFRERAl  Aid A A
A HLIKIE

- NC4l
== BPD 4]
L RUkog = il
=3 Ak A g

A

LRSS

VEGF HIF-1a HIF-2a
B AERE (n=10)
a: GNCA H#, P<0.05;b: 5BPDA HL, P<<0.05,
B3 &K R 4L P VEGF  HIF-1a 1 HIF-2a &

BRIELLE

4 iFig

BPD &AM E 2%, Ho= LA G A e & &
AN DL, N2 WA v B AR X o R e TR
FﬁJLBPDE’JZiéEFL 61, B L& AE BPD JE l R HL

K H WG D)6 FﬁiT [FFEBE A RZ A, AR b/ Ny
ifﬂhiﬂﬁﬁ\m‘,ﬁﬁﬁ@ﬁﬂiiﬁ ReP i . HatA
ﬂ‘]&%%ﬁ/x%%ﬁ’ﬁ%TEﬁﬁ{ﬁ ML FR 2 B R T
TR LR X & E R I L SRS R O s
W HABE &5 % BPDY ", Wi 4R E A TNF-a |
IL-6 IL-1B %54 % K 71 K it B i fF BPD & A4 & g it
FErh R 2 CHEEMERY Ao KR E

T B AR P R R 14 d 197 S0k i BPD AR, HiCH il
4, 2 HE e (0 )5 & W, BPD K BUI 20 27 % 7 B 46
5, Wil f 75 A8 R LTI AN 14157, iyt i i 2 ARG, A
A 55 19 9 90 A BRLIR I 5 B b 2 46, BPD KB BALF H
AT S Y #HE F TNF-o \ IL-6 \ IL-18 MDA 7K
34 8 2 R FECRPR AN 4O SOD \ CAT 7K - 34t
Z R, X478 BPD K R )

BT 87 R 2% AT BRI BT A S Az AT VE T, ZERRAIG
i Dy REA 10 B B Ty TSR 5 5 5 A R A I iR 24t
AR RI A, BT25 25 25 0] 2 5 30 TR = R 1
P S W IR S, BT AT 2 2R A AN A R PR R A L A
SRy Sug L sl (T M TNy PONS i b 2X 1
{ﬁrifﬁdzﬁfﬂn FFBEL Lk A0 JE] I 1 A 240 43 9 30 P 4R

%, AR KT e R RAE ™, R 4R 1A
7N, TP A BT A 2 2R T A AU R AT A < L
BPD (1) & A AT R, A b 2 4 Shy — o B ol
WMEZY), Br“iiﬁﬁﬁ?%ﬁﬂﬁiiﬁﬁﬁwéf JHAE
BB SRR R AE T, 18 03 S S R R K B BPD
TR EFE A, AR 706 A b 25 EAE by BH PR X IR
2, ARWFFRSE R BN, 5 BPD 4 LA, B 47 8 5 4 Fifi
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th 2% fE 21 K B2 20 v B Y BPD i BEUE BRI 4T Ir el
3, BALF ™ 1 40 A T4 it i ~F- 2 # FE A TNF-o [ IL-6
IL-1B. MDA7KE|ZWE%TFJ SR $0R SOD
CAT /K- 5 25 18], 330 158 BH o] 25 5 28 v el P e vk 32
IR BPD K RS AU it 2 S5 93 , 410 1 S E B S8 AL Ry
PRI
HIF-1la ) HIF-2a ¥ )& F 4% St RN 7, 7T 2 56t
Aad I KRR, W78k, KRR A Sk E A

S Al 3 R A SGE | 2 40 M P HIF-20/ VEGE/VEGF
ZAKAE S8 B IOE , JF R R VEGE 2235 , 3 i v Ak 1F

2, RAS 5 BPD RAE" . AWIRAR LR, SNCALIL
#, BPD 41 K U141 ' VEGF HIF-1a \HIF-20e mRNA
AHXS R MR PR A R 3% N, B/ BPD kR

J FE L A ] HIF-1o/HIF-20/ VEGF 75538 [ ) 30T 410

il 5 M 2B 4785 R T W5 , BPD KR 40 ik b

PR e | 1X i 7 B 73 4 3% ] fE T i 0 HIF-1o/HIF-

20/VEGF {55 538 46 oK i 3% BPD A FURE AU il 4 U5 7

T SEAE S ARSI, R A AR A 4 o

25 Bk WA R AT W R G R A R BUBPD YA

RUREAR , #0058 E K S A SRR, AR AL ) e 2

i L BTG HIF-10/HIF-20/ VEGF {5 53 R SC Lt £ 47
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