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[(# E] HK WEREASUSHENEE (CLD) A KR4 20 ACE, Ang T Fl Col T 2 1 & mRNA & &1
SR, LIRS A ARV R bLHl . Ak A FE Wistar KR 240 1, BENL D 9 H A4 a5 SO0 8
A RFCEFNIR TP AL EL K R, AR 2045 60 H o ¥ i A4 B O BRA AR 3635 A va o7 4L %) 2 H BT A Wistar K
ol (e R R B ) A= i BV T 4 A RREE IR ik B 4R (FiO, = 0.9) 21 d 3 Al ey S8 A A5 A5 8 , 22 SO0 IR IR A 25 <o
FREEFEIFH TG 7 d BRE H SRR FIEE A4 H 30 me/kg, Fhkxh B4 45K 4 B &R IR &R B K.
RS TSI TR G55 1,3,7,14,21 REEHLZER 6 HURRIESS 4058, il 4 20R Al ELISA 3 5E Col T 21 & 4,
HH 7= 7170 4 A shA: A W0 e ACE 362, L S il Ang 1T /) & /. H RT-PCR &4 I 2020 ACE, Ang
II,Col I mRNA ik 18 A4 [RIBF ME AT HLUE A0 b, SR 52 A IR L, i E A RO IR 2 il
HYUACE, Ang I, Col T ZE 118 & mRNA FiA7ESTIR 545 14 KW T, 46 21 Kakmilég (P <0.05 o P <0.01),
RIS FIEIT A LR TE bR -5 = AL kO IR e B IR (P < 0. 05 5% P < 0.01) (B4 & F 25 [ IREL (P <
0.05) . UL FEA  m AA ER KX RS 14 KA 2L STt £, B et gt as . 26 21 KIEH it
SEHTE R AU B E L AL, RIS RNIRYT A 2T ARG AR B s . g5 RIS Bl
T AL CLD A K U414 ACE, Ang TT, Col T 25 [ 4t % mRNA K3k 5 T B £F e AL 28 , X nl g 2 R 403
I % v AR i 15 0 B DR A AL i 2 — . [ FEHRILFIZER,2007,9(2) :169 -173 ]

(% & R T4k FHEEA R KR

[hFESEE] R-33 [XEIRIEE] A [XZTHS] 1008 —8830(2007)02 - 0169 - 05

Protection of captopril against chronic lung disease induced by hyperoxia in neonatal
rats

LI Jiu-Jun, XUE Xin-Dong. Department of Pediatrics, Second Affiliated Hospital, China Medical University, Shenyang
110004, China ( Email; lijijun@ 21cn. com)

Abstract: Objective This study examined the protein and mRNA contents of angiotesin converting enzyme ( ACE) ,
angiotensin II (Ang II) and type I collagen and the changes of lung histomorphology in neonatal rats with hyperoxia-
induced chronic lung disease (CLD ) and investigated the protection of captopril against CLD and the possible mechanism.
Methods A total of 240 term neonatal Wistar rats were randomly assigned into air, model, normal saline and captopril-
treated groups (n =60 each). The air group was exposed to room air (FiO, =0.21) immediately after birth. The other
three groups were exposed to hyperoxia (FiO, =0.9)for 21 days to induce lung injury. The captopril-treated group received
captopril daily ( 30 mg/kg ) by intragastric administration between the 7th and 21st days of hyperoxia exposure. The
normal saline group was administrated with normal saline instead. At each time interval of 1, 3, 7, 14 and 21 days after
experiment , six rats of each group were randomly chosen and sacrificed. The protein and mRNA levels of ACE, Ang II and
type I collagen were measured by enzyme-linked immunosorbentassay, radio-immunity technique and RT-PCR. The
changes of lung histomorphology were observed under a light microscope. Results The protein and mRNA expressions of
ACE, Ang II and type I collagen increased significantly in the model and normal saline groups on the 14th and peaked on
the 21st days of exposure compared with those of the air group (P < 0. 05 or 0. 01). Captopril treatment reduced
significantly the protein and mRNA expressions of ACE, Ang II and type I collagen compared the model and normal saline
groups on the 14th and 21st days, although the values were significantly higher than the air group (P <0.05 ). The
histopathologic examination demonstrated broadened lung interstitium and reduced alveolar quantity and lung fibrosis was
developed in the model and normal saline groups on the 14th day of exposure. Captopril treatment obviously alleviated the

changes of lung histomorphology. Conclusions Captopril can inhibit the protein and mRNA expressions of ACE, Ang II
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and type I collagen and alleviate lung fibrosis in neonatal rats with hyperoxia-induced lung injury/CLD. This may contribute

to one of the possible mechanisms underlying the protective effects of captopril against lung injury/CLD.
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angiotesin system, RAS) IR AWFE, AT L IME
Bk Rl (ACE) fitfb - AR B Bk R 1
(Ang I ) B0 S 354 il i 2T 4 40 i 1) DNA & il 46 8
R A AT AR A0 N ) G5, 0 B 22 ) e S R o3
T Z L 27 ek, 7R 4538 A2 ACE il
R, AT BR 22 A H Ak, B A A A R R
P AN LUK M, BA —E M PTR Her ik
o ABTE R EUM 4 . CLD Jr i -RAGE A 2 & B A
PRIPERT, HRTAR WLARIE

ARSI DA H F A Wistar KB AR 5 B RE£2
AR (FiI0,:0.9)21 d i B = AN i A B 7
[F] I 25 7 R 4635 A 5 5 16 9T, T8 A D Jili 2H 21
ACE Ang Il \ I B (Col T ) 25 H % & & mRNA
eSS A CIE Uk 291 E A e S AR A 7S =R = S
CLD A= K RUIt 4121 RAS (1) sl 25 48 1k K+ 3635 F
PRI VEH], L — 2005 i S 0B AR R B CLD 1Y
RARHLTR, Az L R 24 S (ke )

1 ZWHB5ETE

1.1 i

1o AL RO B R R R AR T 40K R A
ik Wistar KB (% A BE L) 2B )5 BIVE T ML
SR N HF S e Vi B AR (IO, 0.9 FHI AU A
W21 d & B e 4 A A AL, CO, MR E < 0. 5%
(HEvA KWL CO,) iR 23 ~25°C , JB B 50% ~
70% , B R E W TFFE 1 h B HoK ek R s e g
It 5 23 ST REZH A2 AR B UL 3l A PR 4 2 1717 3
MEFRRE ) TR, 25 A IR AR, Bk 5k K&
SE R R A RIEEANGITH T4 7 d
H 28 BN RACE A 30 mg/kg (A= BEER /K FC 1K
5.4 mg/mL BRI ) , thAK X AR 5 K4 B B HE MR
S R R K
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Hyperoxia; Fibrosis; Captopril; Neonatal rats

1.2 FRAREMGE

RRLH o 5 TSR BT 0R fE 15 1,3,7,14,21 K Fifi
HLEH 6 H, 6 vE ST 10% /K455 WE 3 ml/ ke BRI
JERbBE . KA E T 4% 2 W R EE %
FUEK A WA, AL 4 pwm B0 R, IR ARG -G 21 %
ML Ak, BUT A I, % A H
IR G FR L, W T K 43, BT JC R W A% R 4 i Tk
(Rnase) [ Eppendorf 1, —80°C ¥ R AFFFI
1.3 SLAH*

OB AW EE A LT A K BRI — RS RIS T
B0 KRR, fiff P A A R A T AR AR R R A=
R IF R S AR A A 2 . QR IIE A
ST UL R AT IR AR - g 5, DB T B
ASWEEAR L AE K UI A s BRI AR . DRl 21
ACE, Ang Il ,Col I #5112 2 mRNA £iA 138572
b T H 7 7170 4 3 sh A4k 2 B A & ACE 995
PE TSR EAT ) 5 TR A DU i ZH 21 Ang T Vi FE 5 IR
G EWZ L (ELISA) gh Al fili 2 48 Col 1 2R &%
AR s g A Uk A H R (SABC) 32 A I fili 28 41
Col I 115K 15 ; RT-PCR F AR AG I il 2 41 ACE,
Angll , Col I mRNA &35k, PCR ¥ 3454
ACE Fjjf#:5'-TTC GTA GAG GAG TAT GAC C-3',F
JE: 5'-CCA GTA ACA GAC AAG TGC C-3' (4t
346bp) ; Ang I I+ {i:5-TCA GCA CTA TGA TGC
CAA GC-3', Fff: 5'-CCA TTC GCA CCA CAG
ACG-3" (3150 bp) ;Col I | ¥f#:5'-TTC AGT GGC
TCG CTT CGG-3', Fii%:5'-TCC AGC ACC AAT CCC
TTC-3" (4£201 bp) .
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AR B e A R B A2 U B A A R W AR, v
AAWREEML, (P <0.01), 7 d ERAEE AT H
AR I g SRR AL R e AL, T 25 A TEAE T
2.1.2 BARERKAKERN HAAESSA
255 7 d 5, AR A 15 28 O I A L T %
(P <0.05) , i v S 2% 2 I [A] A AE I, AR 25 57
Wi (P <0.01) , RIGE G724 A s e iy, 8
KA. MR 1,
2.2 BHEMEAXRMARRBEESEZN

il ZHL 2 ) BRI - 23 U 5 1 RR B i
P WA, it (B B U2, 25 3 ~ 21 Rl s R/ N A
— B0, ity ) B 2 5 e AR S R K AL B 1 R ) A
SO IR, B 3 ~ T R BE T A0 LA K, Al 1) B
I Il it i) B B fi e fls AL A P A 200 R T 5 14

R 53 it e s 7 e A<, il ) o 34 5, il 1) i 248 i 384
Z MBI 2L e fb ks o 5 21 R IE i 2
PR O, 5% B8 I o L A% B b 4 /0N, JiT 2L 20 1 B ™ o
MIEF Al . RFCEFITE T 2000 4 20 2 4 b s A5 B
IR e
2.3 HfiZEZR ACE,Angll,Col | EB84=K mRNA
ML ACE, Ang T , Col T 5 H &= M mR-
NA FIAELIEH 1,3,7 RIS TS5
SL(P>0.05) 5 48U AR KO BRZL 5 14 KRB T
AR 21 KakElg (P <0.05,5(P <0.01) ., KL
FIIGY74] ACE, Ang T, Col T % [ %+t J2 mRNA 3
5 A T e AL M R K G RRZH (P <0. 05,1 P <
0.01), #HWFEL1~7,

£ 1 AL ACE KFE(FFEHELL) (n=6,x%s)
205 1d 3d 7d 14 d 21d
WO 145.00 +21.74 170.25 £25. 16 144.00 +36.72 146.17 +28.58 132.17 £24.31
EA4 160.20 +41.43 140. 67 +35.47 225.00 +97.01 241.00 +31.84" 249.20 +20. 19"
LRk xR 2 167.32 +32.46 156.53 +31.28 214.23 +56.23 224.67 +64.19* 207.60 =63.02°
R FIGTT A 158.33 £5.76 132.64 +8.73 140.29 +7.27 38.17 £5.78°¢ 45.4 £10.04°
a 5 SA K P <0.05; b P<0.01; ¢ 5% SR KM B L P <0.05
%2 FhH#HEZ ACE mRNA KF (n=6,x%s)
20 51 1d 3d 7d 14 d 21d
B popie| 1.13 £0.52 1.33+£0.33 1.38 £0.52 1.33+0.82 1.17 £0.75
Al 1.50 +1.05 1.17 £0.75 2.33+0.52 2.50 +0. 55" 2.67 +0.52"
Ehokoxt IR 21 1.33 +0.33 1.50 +0.75 2.13 +0.55 2.17 £0.47* 2.33 +0.52°
R R A 1.13 £0.33 1.33+£0.33 1.38 £0.52 1.83 £0.41° 1.00 +0.55¢
a HZEFUA K P <0.05; b P <0.01; ¢ 5454 KhKxf B4 AL P <0.05; d P <0.01
*3 MHEL Angll KF (ng/mgn=6,x+s)
ZH 7 1d 3d 7d 14 d 21d
N R 451.59 +74.51 356.68 +115.16 434.51 +30.70 426.50 +57.89 442.51 +47.25
pet= | 540.55 £92.62 622.62 +101. 44 676.87 +148. 83 707.21 +182.90° 838.22 £197.75"
LRk xR 589.25 +84.78 642.82 +86.79 608.36 +95.83 700. 85 +89.29* 759.97 +60.81*
AL FNEYF L 592.64 +89.36 630.29 +95.37 585.39 +98.95 547.23 +30. 84° 554.52 +59.32¢
a 5ZEFU ;P <0.05; b P<0.01; ¢ 5% HKERKN B HFL P <0.05; d P<0.01
x4 FHZHZE Angll mRNA 7k (n=6,x%s)
ZH 7 1d 3d 7d 14 d 21d
2N R 0.83 +0.75 0.83 +0.75 0.85 +0.41 0.87 +0.63 1.00 £0.52
pet= | 0.83 +0.75 0.83 +0.75 1.13+£0.52 1.67 +0.68* 2.50 +0. 84°
R R 0.83 +0.75 1.13 +0.33 1.33 £0.52 1.50 £0.55 2.33 +0.58%
RICHFIIEY T4 0.83 £0.75 0.83 +0.75 1.13 £0.64 1.83 +£0.41 1.50 +0.84"
a S P<0.05; b 55 A4 K /K AL g P <0.05
x5 HHAL Coll EAKTF (ng/mgn=6x+s)
2H 5] 1d 3d 7d 14 d 21 d
250 B 389.34 £62.71 378.39 £53.91 331.45 £65.17 253.21 +23.91 216.94 +83.27
=il 433.55 +54.55 395.46 +28.27 382.53 +45.99 397.97 £88.76" 539.85 +81.03"
LRk X} ALl 368.54 £55.67 383.25 £58.32 376.28 £66.35 391.47 £94.69" 490.08 +89. 18"
I FARITA 386.38 +44.38 390.23 +64.28 358.34 £78.35 277.89 +30.89¢ 342.92 +103.49°

a 5 P<0.05; b P<0.01; ¢ 5% MR KX B LA P <0.05; d P<0.01
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£6 FHHZL Col I mRNA kFE (n=6,x*s)
20 5 1d 3d 7d 14 d 21d
v ol 1.13 +0.48 1.33 £0.52 1.33 £0.52 1.33 £0.52 1.33 £0.52
e L2 1.33 £0.52 1.50 +0.55 1.83 +0.65 2.30 £0.89° 3.0 +0.05"
Rk R 1.33 +£0.52 1.33 +£0.52 1.88 +0.67 2.17 £0.41* 2.58 £0.89"
R FRITA 1.33£0.52 1.33£0.52 1.86 +0.48 1.83 +0.58° 1.87 +0.43¢

a GRS P<0.05; b: P<0.01;c 54 LKA e P<0.05; d P<0.01

R7T FBHHELR Col ]l EAKREBETW (n=6,x+s)
20571 1d 3d 7d 14 d 21d
AT IR 2.95 £0.99 7.75 +2.98 7.69 +4.44 9.22 +1.81 11.98 +7.44
A 3.48 +0.89 9.04 £3.99 11.98 £5.43 11.90 £1.07* 21.65 +4.83"
R R 4.32 +£0.57 10.24 +2.59 10.33 +3.67 19.76 £9.38* 35.89 +8.65"
RAGEAAITAH 3.01 £0.87 9.01£3.22 8.58 £2.52 15.64 +4.63"° 12.73 £6.35"¢
a 5 SN IR P <0.05, b P <0.01; ¢ 5 &4 Kb KXt FR4L HER P <0.05
2.4 FHELRR Col | EBRETMUKLBENNET
40 | T
351 —— AL 25X HREH Col T 88 A AE 048 BE B3 ML A8 1E Ko
—~30 [ N
st ;A CHL R 245 40 L A O 223 8 L A 0 T
Z20 /_/ koAl H1d,3d,7dRIFFBALIF 1,14 d B PREPE R IR 40
15[ N R \ Ny Se
10 | R AATF S, A i ) T LR R R v T A AN
4 I BEAL(P <0.05) ,21 d W WLA kil FR 40 3% , 9%
3 7 421 KGRI I T as A A (P <0.01) 5 R 657
R VAT Col T 76 14 26 1k 38 8 W) 1% T 13 SR04 B Bk
Bl REGETHLE XTHRAL (P <0.05 8¢ P <0.01) . W& 2,
s Bl T TR T e ey AT
I‘\ \‘1‘3}5\\ - gé Q ‘i\%a SR %M‘ *;‘_i i s
;g‘\.f' T @D" 32, a«ﬁ rs P ad oy € y; 2
e ‘%‘ p* % “m;.. . ;;;,} e
I Ny a ‘«:‘ 7
/r o ’.\\ aa“gk
ad . e %&]ﬁ \Ri

B2 ®RE21dARRN Col | EEHRIE(BRRAN x400) A 7341 Col 1 8 17KV BE B I BBl 45 47 41 408
S5 e €0 PR P RSOAE Z0 i 5 B - 15 42027 1) i P T AL DR i €0 B A7 200 MM 5 © -« sk /A L 7 i ) 55 9 K B A (8 BH MR 20 i s D -
T 57 2L A ) 5 PAY o A €20 00 40 P 8 0k

2 CLD Je A fi i LB JEU N A G B i TR & Il

3 g R 1R 22 o R AN e e il 713697 CLD {7 4%
2, RITER R
R RO AL LI IR S 5 A S D5 40 T BLEL I, AT 2R AN i 2 il 2 2 2 24 A ad A 1)

ST BN R R SR AT ARG IR (HAA L O AN, REAS G AN M AN RN I R . AT
R R JR ) LT BN ] O BLBRGE I LA AR RBAE S 20 S E S g, AT 45 11 2 i vt [
EMRERR . XA TR LA A (HADD R R A — S 2 B D RE , A (e £ AL AR
R S 91 407 117 B0 A i (CLD) i =T A IEAESRIOBIS K I ACE fiE4E = 1 Ang 1T H
CLD A i) B i B 2 LAk 8 PR 58 A ] B A e b2 M /4, A M SRR i e £ A, 9T 55 A )
LR Ak R B B R B RN & B BUR AR REAFLEILIIE AT 5. Marshall % % 8 Ang 1T 7
B, KL i R e el 2 (HIR A IR E Mol R LSRN I ST E AN A 220 25 . 55
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AN IR 3% B4 i 47 sl 27 2 A R A B
BEL A AT Ak 2 L 2 P 4 R iyt T 7R B 240 M 2
AN A I EERA Y Ang T 1 U2 (AL R i 3
IR TCE-B, , 55 I [ A, A6 75 PAY A 45 ol e, i
PO T LR B AR BN o B v 3E B S v S —
M EESKER LAY 1 B 2RSS0 nl o i R A 2 41
Ang T B2 Ak A J15 B A 0, HLRE A4 TGF-B,
(18928 AT DRl A 453 7 s il £ A Ak, 1 705 il 21 4
U KR a5 M R KR 1 RS B R
P TGF-B, Ay ik, M T 8] 4 2 ot <63 Jes £ 1 il 19
I3 UBFEIR AR A IS R A M i AT A 2 i
RGBT s S R %L S

RS i R H B SR e AU A R WL 3
o A AUH A B ACE (Ang I T BRI 4 K%
mRNA [FRIATEAE ST 14 d.21 d W] i i 25 000 i
A, SV 25245 R s /2 H 8 AR B 241 4155 14
R 73 A 1P 72 B K, it i) o 15 i, A i) Jo 240 i 4
Z , MBI L AU o 5 21 RIEH 45
THIE 5k B ATt S AR U e /N, It 2 2 B o 27
HEA it 2 2 Gy AL ZE R s e U 4121 Col
RKBWB & T2 AN A, ACE Ang I K T BUK
Ji e A 2 A 5 il 2 B 2 2 IS A — B R
RAS 25 1 w8 ili 45 s il £F A AL i) S A K g o 4
B SCHR AT HEHL ) AT BE 2 Ang T1HA 98 9 i £F 4
200 0 52 20 L DR 1 2%, DA TR 2 208 A 2T A6 A 1Y &
AN TR R R T USRS A W
TEE, RIS ANAIF 4 ACE Ang I | T Y J5 &5 i
Je mRNA ek W] R AT w5 4020 Kbk xd B2, LAl
HYUL 7 R KL FNIRT 7 20 i 22T Ak AL e
A 0 i , R R A R o v S5 47 i 2T Ak AL
AR X ATRES R R T Al
ZIRAS RGEA I, NI T LT 24 240 M Je St i) 2
IR AERTE] DR, s T AT dE AL R
FER S ACE HIHIF7) i R L 25 2 A 3R Y7 e i
RS MO ) 208, DR L2 4y v B A 8 B T B A 4t
SEACVET, ATTE R Z A A 2 30 n] R AR A ) o 1
Ve, IR AR R ZUK b, SR — R B PT R AT
Mo FAMRFEEAE 7T LU 5 5E A B =4 B4
(945 I8, 90 ) P 0 I 4 A B BT i
TSR O ) ST SR, AE A VI BIL ik A+
T,

e OB A LI R A L CLD (18 &R HIL T 53 52
2%, AT JCE 18 o AR SCilad %t A2 H 8 A i 41 21
RAS ZhZ5A2 H ) W, DA 55 — > 00 T sz ke g SR il
05 CLD 9 % B, 3 P R = 48 38 A kA7
TR, WA R B b sl 1 vy 4 B il 41 4
o BT RICE AR E R TR, B8O 2 4, Hfg
H AR ZE 25, AN 2K SR A DLl R 36 7 il 45 475 K% 33 By
CLD fy—Fog 3G 7 1 it o

(& % X #]

[1] Manktelow BN, Draper ES, Annamalai S, Field D. Factors affect-
ing the incidence of chronic lung disease of prematurity in 1987,
1992, and 1997 J]. Arch Dis Child Fetal Neonatal Ed, 2001,
85(1) :F33-F35.

Jobe AH, Bancalari E. Bronchopulmonary dysplasia[ J].
Respir Crit Care Med, 2001,163(4) :1723-1729.
2T e [ () R I s e D B AR A I 5 0
[J]. AP & 5E 53, 2002,22(2) :82-84.

Marshall RP, Mc Anulty RJ, Lauremt GJ. Angiotensin [ is mito-
genic for human lung fibroblasts via activation of type [ receptor
[J]. Am J Respir Crit Care Med, 2000, 161(6) :1999-2004.
Morrison CD, Papp AC, Hejmanoski AQ, Addis VM, Prior TW .
Increased D allel frequency of the angiotensin converting enzyme
Human Pathol, 2001, 32(5):

Am ]

(3]

(4]

(5]

gene in pulmonary fibrosis [ J].
521-528.

XU HE, 5B, BEE AR S OB A= BT B 3 i 1 20 41— %Ak
RALE A mEERAELT]. B E G ALRE R, 2005,7(1) :71-
74.

Coalson JJ. Experimental models of bronchopulmonary dysplasia.
Biol Neonate, 1997, 71 (Suppl)1:35 -38.

Marshall RP, Gohlke P, Chambers RC. Angiotensin II and the fi-
bro-proliferative response to acute lung injury [ J]. Am J Physiol
Lung Cell Mol Physiol, 2004, 286(1) . L156-L164.
Marshall RP. The pulmonary renin-angiotesin system [ J].
Pharm Des, 2003, 9(9) :715-722.

Otsuka M, Takahashi H, Shiratori M, Chiba H, Abe S. Reduc-

tion of bleomycin induced lung fibrosis by candesartan cilexetil, an

(6]

(7]

(8]

(9]

Curr

[10]

angiotensin Il type 1 receptor antagonist [ J]. Thorax, 2004, 59
(1):31-38.
Molteni A, Ward WF, Tsao CH, Taylor J, Small Jr W, Brizio-

Molteni L, et al. Cytostatic properties of some angiotensin I con-

[11]

verting enzyme inhibitors and of angiotensin [ type I receptor an-
tagonists [ J]. Curr Pharm Des, 2003, 9(9) : 751-761.

B AR)E 55, . R AT RN S 0 i ) 5 4 Ak Ak i T
BAERILY]. BRBUR2EH,2003,24(2) :117-119.

Wang R, Ibarra-Sunga O, Verlinski L, Pick R, Uhal BD. Abro-

gation of bleomycin-induced epithelial apoptosis and lung fibrosis

[12]
[13]

by captopril or by a caspase inhibitor[ J]. Am J Physiol Lung Cell
Mol Physiol, 2000, 279(1) :L143-L151.

(AR 5B

- 173 -





