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[(HZE] BE  OFEREASMER (cardiopulmonary bypass, CPB) i fifi JE 45 1 S HAHSCHLH . ik 24 FUHENE SD R
BEHL 53 BLP 4 - D F A2 (Sham 2H) FIRSMEFRLE (CPB 1) , Sham ZH 737, CPB HIRIEH , N IEAFIARSMIGER ; CPB 41 7 7 AR b
TR it i A6 I e R [ =100 ml/ (kg + min) JEERFEE I 60 min, THEGRITAAHT (T0) FHRES S (T1) ARG 1 h(T2) AR
J& 2 h(T3) ARJ5 12 h(T4) 47 I Mg PR FE A (tumor necrosis factor-au, TNF-o0) 3 Jii 45 J& 25 [ -9 ( matrix metalloproteinase-
9,MMP-9) [ T4 K Z bk 3B o RS 12 h(T4) FRIR S TE i i H#E B8 M (bronchoalveolar lavage fluid , BALF) F1fili 2 24
] TNF-oo , MMP-9 ¥ B J7 fithi 2H 2L A FIAZ 55 55 I 7 NF-kB ( nuclear transcription factor-Kappa B, NF-kB) {3 ik /K, H-474H 21
KitE, 4R CPB 4 CPB )5 KRG gl 41 BALF 4 5E Rl F TNF-o [ MMP-9 3435 Sham 41H] g -7}, CPB 4 /iliZ 41 NF-
kB A KT B35 5 T Sham 41 (P <0.05) s ZHLUERA KB CPB 413 B A rf Mobr 4 B 3= i 1) S5 A b | o I, 38 WA s
FBURIRSESE PR . Z5i8  CPB Al BUIMZHZ NF-«B %, 18 TNF-o MMP-9 %5 58 5E 73R 3k , 5| Bt 47
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[ Abstract ]

mechanism. Methods
and CPB group. Sham group establish CPB model , but without CPB bypass. After establish the CPB,the flow rate was gradually adjusted

Objective To investigate the influence of cardiopulmonary bypass (CPB) on lung injury in rats and its related

Twenty four male Sprague Dawley rats were randomly divided into two groups:sham operation group ( Sham)

to the maximum[ =100 ml/ (kg « min) ] and maintained for 60 min. Blood samples were collected at the beginning and the end of
CPB,1 h,2 h,12 h for assays of tumor necrosis factor-a ( TNF-a) , matrix metalloproteinase-9 (MMP-9) and arterial blood gas analy-
sis. Bronchoalveolar lavage fluid (BALF) and lung tissue were obtained 12 h after the operation for detection of TNF-oae, MMP-9 and
NF-kB protein expression levels, histological examination was also performed. Results Compared with Sham group, inflammatory cyto-
kines of TNF-a \MMP-9 of the CPB group in serum lung tissue and BALF significantly increased and NF-kB protein expression levels
in the lung samples were obviously higher after CPB (P <0.05). Histological examination revealed that the CPB group showed neutro-
phil infiltration , interstitial pulmonary edema,hemorrhage ,hyaline membrane formation and necrosis. Conclusion Lung injury induced
by CPB is related to NF-kB activation and thus increase of TNF-oo \MMP-9.
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1.2 CPB AR R 2% IE H%Z (50 mg/
ke ) M I A T SRR I, AR 2t 7 B MR Wang 2510 (9 5
2, 0F3d Y ek CPB BEAL, e sl ks A &R A
24G EEE ML, Bk E A 206 £85I 5 IR
SR I S 1 3% B, A SAh 5 KR ALY
16G B4 2470 b7 A0 F LA A K Il A i 1, i
CRERAE /NS YRR R R AT A . BT IR
P2 40 ml/ (kg - min) |, 2825 B8R it o 52
% 100 ml/ (kg + min) , JFZEFRF I H%E B 60 min, SR )5
GG AR AR, A P o U0 e I Bl K s 0 2T
SEREPR RIS SRR A O Pl e 3l KA 4 4k
SRR EEREVE AR MR T BARFIKF S 4k, R B A
JBeEh bk 2 h S SRR A, B DI WLEE R BRUAE A IR IR A2
b, BRI, AR, 258, A lToK.

L3 FRAGBMERA 00T I RS T
(TO) FFE R AE R 5 (T1) ARJF 1 h(T2) . ARJ52 h
(T3) AR JG 12 h(T4) i 2 A e ) ik >R 1fi 0. 7l
5000 r/min Z.0» 10 min, 00245 20 cm, JXEE FJZ
13, - 70 CHARIR KA RAFARA . T4 B UCRR
PR B, FT R M, U0 16 32 S U8 M H o 3, it s
F 3 22T LA hanks YR VE, ARBOC A Il
FEVEVK (bronchoalveolar lavage fluid, BALF) , A 1000
r/min # 0> 10 min, 2.0 4% 20 cm, L EEE F
=70 CHRAF, fA il A FIE T - 70 C F R
18,47 LIE T 10% vk HRE S h DR AE o

L3.1 (i< HTO ~ T4 i 8] 4 3h bk i 4 i
oM, DU E B ik i 4070 I (PaO, ) (S ik il — Ak
43 He (PaCO, ) \pH {EFIZL A1l AR (HCT) . 115
-1 48 %4 ( respiratory index, RI) ,RI = P( A-a) DO,/
Pa0, ;P(A-a) DO, = (PB - PH20) x FiO, — PaCO, -
Pa0, . [FICSEARFT S5 A S 143k (MAP)
1.3.2 RAEPIF I NF-«B kil i v e R AL A
7 (tumor necrosis factor-o, TNF-ov ) . 38 it 4= J& &5
fit-9 ( matrix metalloproteinase-9 , MMP-9 ) [R 7 & #% ¥4
sk Al NF-kB (nuclear transcription factor-Kappa B,
NF-kB) Western blot 2 25 [ 6 Il 15 4 156 BH 5 #4F
TNF-o \MMP-9 ELISA 350 & (e 5t AR YR A

FR 2N ), 164-5051 Western blot F, 3k X ( 2€ [E Bio-
Rad), NF-«xB & A $ii & ( 3£ Santa Cruz CA),
Braford 2 [ & & A AR & 5 % 5 e i g ok
R R & (R st L AR W R R A R 2
F)) o HH TNF-o ¥k BE7E MLVE H DA pg/ml R, 7E
JliZH 2 h A pg/mg 3271 ; T MMP-O 7E 1L 3% 1 LA ng/
ml LR, FEM AL LA ng/mg £ o

1.3.3  flZAZUA A B e T H R e 2,
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R 21 e 5, S0 BE T W 52 i 28 200 31 A2 Ak, hiz
Shao S (1 5 5 73 7 R AT AR A3 P45
1.4 %itg sz R SPSS 14.0 &, & B s
DAYSEL £ ARUEZE (% £5) R s NI ] 5 LU AR
PRI 2R 07 22 504 5 T 7 E5F ) e L5k T LSD A s 5 7
) LR ¢ R A8 1 2 (3] C R R Pearson F
AT, P <0.05 225 A et oe i o

2 &% R

firf CPB 418y ¥ i Al g 57 CPB P A2 i o
BRI MR G 12 b, W) 52 5 I 3H 52 36 s A4 B BB
R AR Y o
2.1 RAFEBALHERFRIGH TN  Sham 4
KEARFASG ML P TG B 257 (P >0.05) , 1
ZH R BOR AT MAP K 5y ik i < 43 B 85 4 =2 8] e . 2%
ZS(P>0.05);f CPB 41 CPB J5 K il MAP pH
B HCT BBARFTW AL, PaO, FhHisg i 3 (P 3 <
0.05) ,PaCO, TCH] 254k (P >0.05,% 1), CPB 41
CPB J5 K ELRI B B, 76 T1 A8 &, 5T 1
[, T1 ~ T4 45 B[] f5 4745 Sham 41 g & F+ = (P <
0.05) ,{H TO I MZH e B 25 5% (P >0.05,[8 1),
2.2 RERFEELTA  Sham 20 M5 J0E K T
TNF-o MMP-9 57K, CPB 4] I Ft#a %] i,
T2 ~ T4 £&Aja] 5 TNF-o . MMP-9 %% Sham £ 8] & |-
Tb, B R ETHEHR (P <0.05) ,{H TO I P ZH TS
W2 (P >0.05,[5 2 K 3), CPB 4filiZH41%
4% K BALF Ht TNF-oo \MMP-9 484 A 7% Sham 21 i,
FEIE(P<0.01,%2),

®1 WAKXR CPBRIEEEIEIRILE (v £5)

5 Bl MAP(mmHg) Pa0, (mmHg) PaCO, (mmHg) pH HCT(% )
Sham 4] TO 109.12 +8.11 160.32 £15.50 38.10 £2.01 7.39 £0.01 44.41 £2.12
(n=12) T1 106.41 £7.03 162.01 £13.43 39.21 £2.22 7.39 £0.02 43.63£2.92
CPB 4 TO 108.02 +8.90 157.92 £12.30 38.50 £2.41 7.40 £0.01 45.02 £2.40
(n=12) Tl 83.12£6.31""  241.71£25.22""  41.11£2.93 7.33+0.07""  31.32£3.30""

TE S FIARFTK T HLAL, * P <0.05 ;45 Sham 21 [ He4z,"P <0.05
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R2 AL BALF RRRERF TNF-o MMP9 BIRIE (¥ +5)

51 \ TNF-a MMP-9
W44 (pg/mg) BALF (pg/ml) 54141 (ng/mg) BALF (ng/ml)
Sham 2H 12 21.20 £4.91 8.11 £2.32 13.82 £2.71 6.70 +1.83
CPB 4 12 2518.22 +241.32" 324.93 £21.20° 1356.80 +151.32° 195.21 +16.10"
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H NF-«kB % Sham 4 B35 (P <0.05, & 4) .
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ZIAFEAEW] S AEAR DG (r =0.84,P <0.05) ,
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3 W #
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B R, JF R S A 47 B O R L) I KE =2
—, F A A A7 1 BEAE BRI AR H R 2%
ARG ENMERR I LR GR Bid . S RTRIVLS A CPB
SR LN IRTESDNI 7p 2 HUE 3 ] [ ok A/ N
ARG B IR TR A 4 25 32 T ST v 4 S
RACANNE, SR 1 A2 1 RN
¥ JRAE A o7 RS AR ; HLk CPB i 2 AR IE
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(S LA , 00 BB A8 O A A, TR A —
e L P T AR 0 0, e R L T O R A B
itk . S S5 R 28 5 o) B e g, B0 fe 7
KRG, BR RIER N, NI T E4 T
RERRTRS A ™ FEJF & . SCHRRIE R, CPB R
J B EER AT AR [ R 4 i 0 R e A, L vpr 29 T
KSR ARDS, JET- R 853k 50% ~70% % .l T fig
WA HIEGE CPB g ili i 43 , A I 5% i 57 1 Al HE 1
A M S A7 AR i B KRR CPB R, 28
WF5E % B CPB 51 KB R W& EJH, 25 AR5 41
YURBIZE KA $77% CPB 92X i B A o

1R i R~ NF-kB 2 8 28 (1) 9 0E 8 48 i >3 [
T LRI G T RE R B T A
FYUNOL A, AT AT RO AR R, A S E 4N R T A
SHYJAE N AR SCHEAE Y M4 i s 3RS £
A 2 SN IR R O A S ek
1B A, S50 NF-«B #0002 4 4%, - F TNF-,
MMP-9 %% 22 S8 i A T3 , 1T 5 | 7 o 1 240
BT SR A, 5 B2 40200 D I8 ik R 1) 4 A R 4
#5 ARBESE R R, CPB 5 12 h KR 414 NF-
kB FiA# Sham 4 W] 145, $2/~ CPB A] LU o fifi
P NF-«B {351k, Z5BE58iA N CPB i I ik 5
N TR AR B fih S Sk o, P88 346 5 T i P 5 f Ak 7
RNE PR TR 5, 3 Be [ £ AT A5 CPB AR J5 NEF-
kB ITE LA

TNF-o S A8 E 2 4 2 b 8 B2 4 48 TR 7, T
DAXT RS 220 IR T A 98 5 2 22 3 4 LB 7
SR RE BN, I P75 I AET P R A e P 4 i ™
ES (/| s A A U TR A R S 1 P U )
DA B % TNF-o 55 19 3h 28 W0 %
B, CPB J5 IfiL3% Fp TNF-o 7K - B A5 54 11, CPB 4%
IR R g, ARSCEH, CPB 5 LK b TNF-o 742
EIF S ERBFER R, X — 25 5 A BE I AR SR e R
RIS G4 5 o ARSI K BUI 4 TNF-«
K24 9 M3 10 4%, 3% — 45 5 Kotani 25 ff
FERRFE , FLRFFE I A T 06 5 s 200 0 R L 1 % Hh b 6
KL ML A JR T 22 B9 TNF-o, DA T 452 775 it 41 41
TNF-o 5 RAE -5 200 il 45 5¢ 22 B D)

MMP-9 RE A 255 46 fifp 20 /1 6 I3 A4 2 P P 20
A5 Y 7E S0 2 & 45 4 . Lin 261 4R H
TRIME IR AR J5 , 1 3¢ th MMP-O () vk B 2 35 7 5.
Carney 2" i 45 H O JIE LR J5 , S8 %% BALF
MMP-9 (&5 36, I H MMP-9 {4 7K 7 5 o i
AN BB VA S AR SCEE AT A Bk s,
CPB J5 f13¢ % BALF 1) MMP-9 ¥ 38,

TNF-o \MMP-9 J&& NF-«B i #5 9 %8 i 2 I v
i, AR TNF-o , MMP-9 H]{E 8 CPB R J5
JUE 2% 0 fE R 4x S i 28 40 98 A 2 IO 450405 A BE
T AT & B BALF K Jifi 40 TNF-o . MMP-
9 S R T2 3R K 15 il 28 2 461 40 L B 5L W S T AH
%(r=0.84,P <0.05), H CPB J5 Il 7& TNF-a.
MMP-9 #45 b I}, HF R AT EJy CPB i 7% S 2 i
5 Sl SN A BOE SN TR AR I
VE R 40 T T IR 45 X 411 NF-«B , AT A 5 13 46
JiE K T F2 k840, 51 TNF-o, MMP9 #5482 |-+ &%
FTZHSU . 12U B2 K A 4R, CPB 41 K Bl
T BE K Bt 384V HR B R A AR, v e B 40 S
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X F W] CPB Ay S i T K R 4L B4 175 o
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i, A5 TNF-o MMP-9 485 3 3% b TH, AT 5
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