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i (SR IE 85%~95% ) TR, AT 1. 4. 7. 10, 14K, R4S H AR, REMARE R4 bk
Ao RFABARE — PHT Y b i 7 7= AN ) st ) ssi s 2 2454 A9 BB Ak 5 SR FH Western blot £ A F1 RT-
GPCR KGN 9 20 B 7= B AS [ R ) s Bl 220 HO-1 F1 GCLC 2B 1A M mRNA (YR8 1k, S8R S 4Mt, WER
AR AT MR (P<0.05) o 5284, m a4l ™ R SUR Y] i WoR 4 R 25k 250 . e
T i i | At 5 H s A 1 Ak o 5 SR R U 4140 HO-1 mRNA AR Rk e AR 7 KM T25 541,
A 10, 14 REFE TS (P<0.05) o a7 B ZT GCLC mRNA FAHASS 1. 4. 7 REME T2
S, 1 10 Kifm T8R4 (P<0.05) o S5 g, mE R RImH4ih HO-1 B AR IAKELE4
TR BREE 1 KA, GCLC 8 AR AR FE HAL A R S TR (P<0.05) o 4iE  mA S S8 ™
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Effect of hyperoxic exposure on the expression of heme oxygenase-1 and glutamate-
L-cysteine ligase catalytic subunit in lung tissue of preterm rats

CHU Xiao-Yun, CAI Cheng, ZHANG Xiao-Yue, ZHOU Hui-Lin, SUN Jun-Fang, WENG Bo-Wen. Department of
Neonatology, Shanghai Children's Hospital, Shanghai Jiao Tong University, Shanghai 200062, China (Cai C, Email:
caicheng2004@163.com)

Abstract: Objective To study the effect of hyperoxic exposure on the dynamic expression of heme oxygenase-1
(HO-1) and glutamate-L-cysteine ligase catalytic subunit (GCLC) in the lung tissue of preterm neonatal rats. Methods
Cesarean section was performed for rats on day 21 of gestation to obtain 80 preterm rats, which were randomly
divided into air group and hyperoxia group after one day of feeding. The rats in the air group were housed in room
air under atmospheric pressure, and those in the hyperoxia group were placed in an atmospheric oxygen tank (oxygen
concentration 85%-95%) in the same room. Eight rats each were selected from each group on days 1, 4, 7, 10, and 14,
and lung tissue samples were collected. Hematoxylin and eosin staining was used to observe the pathological changes of
lung tissue at different time points after air or hyperoxic exposure. Western blot and RT-qPCR were used to measure the
protein and mRNA expression of HO-1 and GCLC in the lung tissue of preterm rats at different time points after air or
hyperoxic exposure. Results Compared with the air group, the hyperoxia group had a significant reduction in the body
weight (P<0.05). Compared with the air group, the hyperoxia group had structural disorder, widening of alveolar septa, a
reduction in the number of alveoli, and simplification of the alveoli on the pathological section of lung tissue. Compared
with the air group, the hyperoxia group had significantly lower relative mRNA expression of HO-1 in the lung tissue
on day 7 and significantly higher expression on days 10 and 14 (P<0.05). Compared with the air group, the hyperoxia
group had significantly lower mRNA expression of GCLC in the lung tissue on days 1, 4, and 7 and significantly higher
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expression on day 10 (P<0.05). Compared with the air group, the hyperoxia group had significantly higher protein

expression of HO-1 in the lung tissue on all days, and the protein expression of GCLC had same results as HO-1,

except on day 1 (P<0.05). Conclusions

Hyperoxia exposure may lead to growth retardation and lung developmental

retardation in preterm rats. Changes in the protein and mRNA expression of HO-1 and GCLC in the lung tissue of

preterm rats may be associated with the pathogenesis of hyperoxia-induced lung injury in preterm rats.

[Chin J Contemp Pediatr, 2019, 21(6): 594-600]
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ANHL A R e (HE, BT AR LRI R
L, RS & B A, PUE LR R
fiX, KEEE®RE LT SBCCREMEATAR
( bronchopulmonary dysplasia, BPD ) ft) % 4= !,

BPD J&—Ff fi 2 i 5 5 R 19 7™ 5 - AT g f
T A 1 0 R i s s BPD 1 s R A & S AL
Hilw AR sE 2, HifKZ5e## I8, BPD By
KRS E AL B VIR . HO-1 S 2
P EME Al —, T RETLR. JLEL. ¥
M4 . s g SRR R 2 R TR
B -L- e R 2R (GCL) 238 AR
HAK (glutathione, GSH ) B NARERE, GCL &
GCL AL (GCLC) FMIHAT WA (GCLM )
PR 5 R R . GCLC Y335 F I8 m] 5| i 41 g
GSH & B /b, WEMA A M EZ, NS
A EABGI0 & A: P AR SCRTERT R AR R
X B AR N HO-1. GCLC & [ mRNA 351
S, RTRE A i U 0 B I S A
1 MR5R®
1.1 FERAFSUE
HO-1 —¥7 (ab13243, Abcam 23], Fif) |
GCLC —#T (12601-1-AP, Proteintech 23], 5[ ) ,
A RNA i) & ( TRIzol, Qiagen AT, fH[EH ) ,
19 ( B ERAE AR AT o

Y] A AL (HM315R B, Leica 23], 5[ ) ,
HERHL CHPJ-A B, &0 g AR A A )
FERHL (TPJ-A B, H MR TSR AR ), 5
LML ( Centrifuge5417R, Eppendoff A7), FEE ) |

EERT IV Mini—protein® tetra cell, Bio-Rad A &), 5 H ),
ZIIREMFRIL ( SpectraMax M2e, Molecular Devices
), KED , BERBRIL (Gel Logic 2200 Pro,
KODAK A7), %[ ) , PCRX (X96, Bio-Rad 2%
Al, EHE) .
1.2 RWEHYHARERIEST

Z ARV A RTS8, #E B R R
S80I 5 A0 5 B0 100 R T 250~300 g fil B i 4E SPF
% Sprague-Dawley (SD) KR 30 H, HifE R 20
H,OHER 10 B MEREE 2:1 BERTR. A%,
UL 5 BF A e A RS T Rk 2 2 i o
MRFRC N 0d, 24 SD KRALTZ2 21 d B, AP
AR TR . B RS, 4R 45°
PEER, BRI ST 0.5% I EL H 2405 SRR EE . 15
28 Rk AJRIBERAS IS, AT 3 = BB = R, R
IR 2~3 d N B AR W i B RS FLEL, SR )5
R RE FRAREN, HUIMEAFL RIS
T SR 1 d B AL A 2 AR A
Mo, ZEARRETENEERESTPESE, &
AR = R EE R —ZE N AP (CRIRE
85%~95% ) 1 F% o /il FaLHEE 1.4, 7,10, 14K,
B 8 HR R T35 .
1.3 —MkiER

ST E IS A REREH 1, 4, 7. 10, 14
TR FR AR T A B, SIS SR
1.4 (RAERE

T 98 25 o ) 7 K B s PR T 5 0.5% I
U280 1 mL, RRHIE ARBORS S, FEfE H
Tl & b, XIS R A T BE S , T A
F0 572 F O ME R E A28 B, ARBTG5 88
O, 25447 B3RS, BAMGIEST T, bR
AT 5 mL RRHASEE D, BRI T PG
H, RIGHZE 80 CHKFR URIASE. AN EHH
49% WEERE 2, HTWEEY) R ROp AR - A4 (HE)
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1.5 FiELRIEFERN

PRZE L BRI 2 SUbR AR A 78 R . K
A PR HE Yea, 7t N g iig 2
S BRAE AR
1.6 RT-gPCRAZEKRMIHER~RM AR
HO-1 #1 GCLC mRNA &3i&

PIZH L UL 2R 7 5 RNA $RHL, Fe e
SR G UL EAT R SR, Wi SRR EAT PCR
P4, PCR WK & (20 pul) : 2x SYBR Green
PCR Buffer 10 pl., I F i 51 9 (10 pmol/L) 4%
1 uL, ¢DNA & #z 10 ng, ddH,0 %b & % 20 plL,
SN . 50°C 2 min, 90°C 10 min; 95°C 15 s,
60°C 1 min, 40 MG, BOARATFATHE 2 A
A, WO CT S8, DL H B IFE S SR
GAPDH () CT {EfWZ(EIC A ACTH, T8 H A3
P mRNA BYARFFe A&, 4550272 R, 5l
P BT 5 A el iR E b 2E A R W 52
Mo W 1.

%1 HO-1. GCLC #1[5% GAPDH W5 #1F5
FEH JF51 (5 — 3') R B E

F: GGCTTTAAGCTGGTGATGGC

HO-1 80 bp
R: GGGTTCTGCTTGTTTCGCTC
F: GAGCGAGATGCCGTCTTACA

GCLC 170 bp
R: TTGCTACACCCATCCACCAC
F: TGGCCTCCAAGGAGTAAGAAAC

GAPDH 69 bp

R: GGCCTCTCTCTTGCTCTCAGTATC

1.7 Western blot 7 K& il # 4 B =R AT A S
HO-1 #1 GCLC EA &KX

JEV R Il L LU TR, I AGE &
SRR, SRR AR N S RS A
FEMEE ) Mk, SDS-PAGE HUIK /MBS 5, 2568
% PVDF B I, FH & 5% Wi s Wh ks (1) TBS % i 3
M1 h; IARPT HO-1 ZriEPiiR—dt (R
J91:1500) , i GCLC ZrafEdiik—4t (Fikk
FEH1:500) , /MRS GAPDH £ 5apehiik—bi (Hi
FEREN 1:7000) , 4CHRE SR, FIABURS A
a7/l Za OISt 7 AT AT TS =571 AN e W 1 =
Feplml—dt) . FWEEE 1h, P TBS 2k vt
B3R, R 15 min, HIIA E IR . K
AT, EUR ST E H 0500 Bt
BEEE(E (10D ) , LA o-Tublin N2, LLH M

NS 10D FUIEAE s I AHXT ik i .
1.8 HITFENH

K SPSS 24.0 St 4R A S - T4 4 oy
M, THERER IR + frifE2 (x+s) FR,
PR 2 8] R FH PRI ST FEAS ¢ K 3, P<0.05 2 25
SAGEE L

2 #R

21 WAFERFREEMNSKMETL
HESHAM, mAAR R IRELES 4
KIFUE TR, HERTLGEIFE X (P>0.05) ; 5
7. 10, 14 KEEAR " BIRER S AR E TR
(P<0.05) o 753 L RN U2 ™ BRAE 45 B ] B
KK 2 fb—20, Widlm 8K g E 55
PEE L (P>0.05) o L% 2~3,

®2 FMARFRARMNEREELLR

A n IR FE4R FETR HEIOKR F14XK
2354 8 6.8+0.6 122+1.8 223+1.0 26.1+4.6 37.4+82
A4 8 7.0+08 11.4+1.0 16.0+0.8 20.0+1.0 30.1 +3.5

(xxs, g)

B 0.422 1.909 15.247 3.894 2.335
P 0.679 0.063 <0.001 0.004 0.044
%3 MARFRARMNESGKEEE (x+s, mm)
A n FIR FA4R FEITRK FIOKRK F14R

754l 8 49.4+2.1 60.0+ 1.4 69.5+5.1 747+6.3 86.6+7.5
A 8 50.6+1.459.8+1.4 68.5+1.8 745+1.1 86.0+2.7
t{H 1.538 0.415 0.721 0.081 0.245
PA{H 0.154 0.682 0.481 0.936 0.809

22 WMAFERTRMALRETL
2 AR 4 RGBT T 1T ULl 41 21
b TR, 2RSSR/, Binidinil %,
Jili bl [A] B 5 s 56 7 R s BRA ek, Pl e A
BT 2, IR, IR ) PR P A, AR
NI AR RS 4 RIS AT Ui 2
ZUKM, BAIMAEY 5K, RIEANAIRIE, IfiE bR
Wrad, Bhisd; 55 7 KAk, RUENHIRIE.
JIT 13 000 B s 2H 2R i A i S B e, S i 1)
W, MAHRZEMZEEL; 56 10 REF, FiRIEHLEL
RIS, MG EL s 5 14 KA,
Jit ) S, iy i B S R, o il
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AL DL RN . ULIAT 1,
23 WAHAFER~RAALH HO-1 f1 GCLC
mRNA RiETL

HaS M, mRAR R4 HO-1
mRNA 7655 1, 4 REPHXTFRB R, HESFTC

Gt E L (P>0.05) 5 55 7 REPHXT A R T
(P<0.05) ; %510, 14 K Wt AH % 26 35 & 3%

(P<0.05) . W4,
a5 MIE, SEAR RIS GCLC
mRNA X} F A RS 1, 4., 7 REHFEE ( P<0.05 );
5510 KA FA R W (P<0.05) . % 14

g

1

PR & B 7= R A B 8 R AT A R RIB T (AN - et
WRCEZWIE 2, IR AR, IREI/NY ST BT S ] B RE I, R el T OB T Al L B AR i 2L
eI B o, It S s/ R L AT

KEFHZH GCLC mRNA /K L 22 R Iege it 5 5
(P>0.05) . W% 5.

2.4 MWAFERFRAMAELSH HO-1 1 GCLC &
SE$eS

oK AMt, mEARRES 1. 4. 7.
10, 14 KB4 21 h HO-1 85 [ A v 2235 3 B 3%
ThEr (P<0.05) , W6,

KA, &R A KRS 1 Kl
HLirh GCLC%E?‘%iiﬂ(SF%ﬁﬂE%ﬁ%%X
(P>0.05) ; TE45 4. 7. 10, 14 K, EAAH
GCLC%E?@LK"m?*/—QE(PwOS) Wk,

., % 400) 2SR OB T AT DA

x4 WABRFBEARRES HO-1 mRNA RikKEE  (x+s, x107)

20 51 n AN 54K 7K 210 K 514K
2R 8 1.77 £ 0.49 1.50 + 0.89 2.52 +0.90 0.56 +0.22 0.48 +0.13
AN 8 1.94 + 0.65 1.89 £ 0.91 1.30 +£0.29 1.24 +0.34 1.55+0.73

il -0.553 -0.737 3.616 -3.656 -3.556

Pl 0.589 0.478 0.004 0.003 0.005

*R5 WHBFRARRIEL GCLC mRNA Riz/KELLE  (xxs, x107)

2153 n F1R 4R ENDN 10 K 14 K
=R 8 8.28 +2.86 8.38+1.74 8.02 +3.41 1.60 + 0.56 1.23+0.19
AN 8 2.89 +2.00 4.19+1.99 3.13+1.57 475 +2.06 1.38 + 0.60

t{H 3.786 3.892 3.192 -2.941 -0.489

P 0.004 0.003 0.010 0.015 0.638
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#*6 WMARFRARRESRHO-1 EAFRIEAKFILE (x=xs)

2151 n CAS CIEPS CIES 510 K 5514 K
=R 8 1.038 £ 0.008 0.859 £0.178 1.312 £ 0.040 1.653 £ 0.049 2.039 +0.049
[ 8 1.326 £ 0.030 1.593 £ 0.004 1.983 £ 0.078 2.800 + 0.025 3.458 £0.121

1 -5.514 —69.852 -13.302 -36.304 -18.815

PAE 0.005 <0.001 <0.001 <0.001 <0.001

*7 BMARFRAERES GCLC EEFRIZKFLE (xxs)

b n ERPS %4 K EINIPS 5510 K %14 K
=4 8 0.790 + 0.029 0.925 £ 0.024 1.071 £ 0.052 1.249 + 0.084 1.419 +0.023
1o 4E 8 0.853 + 0.030 1.217 £ 0.035 1.462 + 0.062 1.515+0.078 2.642 £0.019

1 -2.609 —-12.047 —-8.843 4.014 -69.951

PAE 0.059 <0.001 0.001 0.016 <0.001

3 g F AN CCOBARIN T RCHR 2 ik, AT 24

5NN & B AL, B A R B A
BLD S, 4l AR (420~13d) . &
BRI (22 13~18d) . /NEI] (22 19~20d) |
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LB & B I RN IG 1 2 28 JEit (1 fili & &
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BAEMUMNEMMER, 38200 B i 8
LA HO-1. GCLC mRNA FI7E ik AKF, it
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B e SR R R I (R A R, A R R T  BE
TS, KRR, PRI SR, (RERGK TR
SEFRI TRIH B G BE T | Al 2125 R 3R L
ity [ B v . i 50 o/ i 7 LA

HO-1 25 d b S e 2y, K
1o S A0 B AL A AR AP L 3 IR T Ll
fif = —4A ks (CO) . LI, CO MDAk
AN E S T2 5 2R s R, BA %
SR VER, A B AR 5 AR BORAS e 2ot fili
P BRI SV A B, KR CO 1T
DARE R sliit i PRI B 520k, RE R S vsids
e ET il & B A R, 38 T R
F14) il i P 4 R U 0 9, e i

il 25 AL TR SR PP E T ™, IRZE 2R F ML
AL, R R TE TR Ay SRR A o A
M R A IR R BT AV E . WFEERB, HA R
RE VR 11 40 5 00587 PN B A R R B, T e
T P it W e — A Y TR Tl 2 2L A Bl P BT M S 4
MuryEte, MR BREM. ML R Wb s
TR B 8 B (2 S AL R A A B9 VE T, AT
1 Fenton J2 W 2 5 17 M S 008 S0 91 5 1 At 26Uk
AR, fEHEE UL AL BTSRRI M
Haber-Weiss J2 I/, W EA R, MEEH
A AT B T IR A SR AN RE v, T A 4%
P AN G g P AR B, TR
FL7 5 BPD BERSh, dl g R HO-1 g3k, W]
VRIS R AEAE I I A AR A A R E A, A
TR L SV 005 , 3 A ™ B g e
11T e B A3 R BB A2 T i ik HO-1 448Uk
PLRAE FHSM I 5 40 P - (3 Fak i sea
B, JRAFFEEI ", HO-1 Mgty Ve A
TEBIMH, HO-1 Ay i K38 ] DA S A0 0 I 3
A5, S SRALIAR R BTELRE Sy o 5 HO-1
Tk JBE R T N e T A R A A A o

TEAWT S v i U2 T A 7 BRUE R 2 i S
# MIZHAH HO-1 S RIA B & m T4, X
it 22 S A8 A W] RE 2 MILAA 7 52 30 475 35 M 3R g ) —
FLRAF L, B IR AL 2 i — 2P i
HRORAP LR E S SRR R, 74 A
S FARE A BT T, HO-1 mRNA KAk
T, HO-1 EHE RIS L, SARNIGE hH A
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AR AR 1. 4 KA HO-1 B REKFEE
T SHMGT . M2 HO-1 mRNA FIEE 5
FEIR TG LR BT SR B BVE R, DA il
8 S8 N S A0 o (P i o 42 R T [R] 179 A 4
Ll U BN, il & 2280, i HO-1 1
PUARLR IV A AE I (E, A 90 b 5 4020 HO-1
mRNA 7655 10, 14 KEFFRR BT A FES4, H
BEAT HO-1 8 (AL 32 1k 5 Il A 2 (a2 Al i
YER R ER, TR EE— 2 5E . RIS
A L2 B HO-1 mRNA 76 B A R TR 7 Rtk
KL F AR SFEA B YRR C, 3
ARG ] 5 A AR TE], HO-1 A RIAAF TR
SRS R R

GSH Ml 2N E BT Rz —, 16
AERFAN N EAIE AR, KA R0 5 S AE
PRERA 1 R 20 i 5 vk Dy T 4% AR M
EA W ITIESE, 7E8 4 R BPD AL AL, 5 i 2
5 GSH Fik/KF, A& FHLH " GCL &
GSH & Y BREf, JR45 GSH AR B i) 2 A
GCLC HA GCL A WML I PE, 78 vk 5 A 2%
&, PUART @ B GOL 1% ¥, 4n GSH iy
Feik, DT FE DS o UM A8 05 e R v 4 T AR
U, AERGE R, B R R RIE S AR R A
KA 2t GCLC FEH R AR AU, 7EmHA
BEIGE 4. 7. 10, 14 K} GCLC EH XKL R FH
Fhim s i e A AR U121 GCLC mRNA
AN F IR AR B RS TR AR 10 R s 4.
X AR5 B AT g 5 ATLAAR 32 30 S Ak I ORI
PUEALBI B R A TR A . mARBERY, £
FPpL E AL 5T RE S BT A= 7= L GCL Ak I 3
GCLC % 5 Ll 4s 781 A 8+ X 38 ) ARE 7T
P56 SR Nef2 254, AT A4 GCL 3
s S eah, B R R4 HO-1 (%)
1 27 T, T e A R A 3 O A A i AR
JA¥E GCL B MRk, I & # A b4 1
FHo TR A B BRAE S | R R 1L 4. 7 R4
21 GCLC mRNA AHXT R IN AL T2 <4, Al g
DR A ARSI P 18] 5 B AS ], GOLC 85 A B ek AE e %
A RPRE R BATRER N GCLC /K Fd i,
F T YRR Y A A SR RS R PR AR
T GCLC mRNA AU A FIEE 5

gi bk, SRR TR A R

FeJa, MUK E R A RS T A i
K, DNA 4505 FIAR I Ak, M- Bedn i iy
MR RZET ", B AR DI AL i oK 58 42 BB
SETCAT AL RS ", HO-1 Rl GCLC J2 M4 N
BRPURACE I, A AT S A R U
4 HO-1 Fl GCLC 25 F1 mRNA B35, fiEH
TEVERG N, 38 i 2 Fh R AR IR AR L B AU
WO R AR R, HTEER S, HO-1 R4 fdr
VERAFAE (R nfe] & BRI HE HO-1 J GCLC &
1T mRNA &3k DS S 1) 981 By o St 0 114 i A=
K i i E— I
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AW R EF R AT (W HH5: 2019-06-03-098; 125274 8 43 ) , WA E A LR
“PRAEALR T SR AR, R SRR LI PRIV T & R A i SCRAROR , A A= L2 B 30 i i 2 R AOAYT
NICU F¥ /¢ ECMO # VLIRS X5 . ARG A YT A L S BR i  fidos e)-FERE % L B A JLI sl ik e e R TE MR I
U NO W ARYT . AT A Xk P W ATL I T ) g e PP I S8R AR LB b A it 52 i SR . Ry
A LI B ) B B AE LSS HFOV 0 S 7 B A — L R, b 238 1538 <Al B (NAVA FR ) 788 A LB R
fEHE A LB IIIA YT . U T AR BUIR SRR R LRSR R W S X R LS mANE SR
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